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ABSTRACT 
The trend of using larger boats for wake surfing in river 

systems has caused concern for dock stability, bank erosion, 
safety of other boaters, and natural resource conservation. This 
study evaluates the wave energy due to boat traffic in the 
Newberg Pool of the Willamette River using budget conscious 
equipment and involving community stakeholders. Low-cost 
motion activated game cameras were used to record videos of 
waves when boats passed.  

The video processing was completed using image 
analysis in the computational tool Matlab. For each image a 
high-contrast point of reference was used for the tracking, often 
tape on a dock piling. As the wave or dock moved, the reference 
point in the image was tracked in Matlab using the maximum or 
minimum grayscale pixel in a specific part of the image. This 
calculation allowed the research team to approximate the 
change in vertical direction in pixels.  

A computational analysis tool was used at 4 sites, 2 in 
wake surfing zones, 1 in a wake zone, and 1 in a no wake zone, 
to quantify wave height and period. A total of 8567 videos were 
collected from the four sites, and 1227 were analyzed. For the 
wake surfing zone, the average and maximum wave heights were 
0.026 m and 0.149 m, respectively, and average and maximum 
wave energies were 0.905 W/m and 19.2 W/m, respectively. In 
the wake zone, the average and maximum wave heights were 
0.031 m and 0.137 m, respectively, and average and maximum 
wave energies were 1.405 W/m and 5.74 W/m, respectively. The 
average wave energy was higher in the wake zone, however, the 
maximum wave height and the number of boat-caused waves 
recorded were higher (2984 in the wake surfing zone compared 
to 1117 in the wake zone) in the wake surfing zone. Cameras were 
attached to dock pilings which may have resulted in lower values 
due to the dampening of the dock. Wake surfing was also 

observed in wake zones, where it is not allowed. This study 
indicates that the large boats used for wake surfing create larger 
waves that can potentially cause damage to property along the 
river and natural resources. 

The processes and procedures used within this research 
would not have been possible without citizen involvement. The 
citizens partaking in the research allowed for their property to 
be used as a heavily monitored site or a self-monitored site. The 
self-monitored sites were a useful tool in collecting more data.  

 
INTRODUCTION 
  Wake surfing, which is a water sport where a person 
surfs on a boat’s wave without a tow rope, has become a popular 
sport in recent years [1]. In order for the boat to create large 
enough waves for surfing, boats larger than typical water skiing 
boats are used and typically use wake enhancing devices 
(WEDs). WEDs include increasing the ballast in the vessel, 
modifying the hull design, installing wedge platforms on the 
stern, operating at slower speeds, and installing elevated tow 
platforms to optimize wake waves [1]. Waterfront property 
owners and conservationists have become concerned that these 
waves cause significant damage to river banks and increase 
turbidity to levels that can cause damage to nearshore habitat and 
aquatic ecosystems on the Willamette River, as has been 
demonstrated in other aquatic systems [2]. An overview of the 
recreational boat wake interaction with a dock is shown in Figure 
1.  

In 2019, the Oregon State Marina Board (OSMB) 
implemented new rules to allow wake surfing in the Newberg 
Pool of the Willamette River [3]. These rules allowed wake 
surfing only in specific reaches, with other recreational boating 
activities (water skiing, fishing, etc.) allowed in other reaches of 
the Newberg Pool. These new rules concerned community 
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stakeholders, including a homeowner group, Oregon River 
Safety and Preservation Alliance (ORSPA), and river protection 
groups (Willamette Riverkeepers, Calm Water Coalition). 
Members of ORSPA expressed concern after observed damage 
to docks and erosion of their river banks as a result of wake 
surfing that had occurred prior to the implementation of the new 
rules. Although wake surfing was not permitted, wake surfing 
still occurred in the Newberg Pool due to low enforcement. 
ORSPA members noted that it was not safe to be on their docks, 
particularly young children, when a wake surfing boat passed 
due to the vertical movement of the dock and large wave that 
would often wash over the top of the dock.  

In addition, the National Oceanic and Atmospheric 
Administration (NOAA) has notified OSMB that their new rules 
may violate the Endangered Species Act (ESA) due to the 
population of salmon and steelhead in this section of the river 
[4]. According to the letter to OSMB from NOAA, the danger of 
the wakes is high with juvenile salmon. Regular boat waves can 
beach juveniles on the river bank as noted from work done by 
the National Marine Fisheries Service (NMFS). The risk of 
beaching juvenile salmon increases with the larger waves caused 
by wake surfing boats. 

Due to lack of data specific to Newberg Pool, OSMB was 
not able to address these concerns. As a result, community 
stakeholders agreed to help with a study to evaluate wave energy 
in the Newberg Pool of the Willamette River. The research team 
organized data collection using low-cost equipment installed at 
homeowner’s docks to evaluate the impacts of the new wake 
surfing zones. The goals of this study were to: 

1. Quantify the volume of recreational boating along the 
three river zones. 

2. Determine the viability for low-cost video analysis 
using computer software to estimate wave energy. 

3. Compare wave energy in zones allowing wake surfing 
to wave energy in non-wake surfing zones. 

BACKGROUND 
Several studies have evaluated the impacts of boat 

wakes on water quality [5]–[7] and erosion of riverbanks [2], 
[7]–[10]. These studies found a significant increase in turbidity 
and erosion as a result of boating activity. Johnson observed that 
peak turbidity corresponded to peak boating activity, and found 
a direct correlation between the number of boat passes and 
suspended solids [7].  

The size of boats has increased significantly in the past 
50 years, which exacerbates erosion and degradation of water 
quality. Asplund found that more than 40% of registered boats 
were 16-39 ft long in 1997-1998 compared to only 18% in 1968-
1969 in Wisconsin [11]. The horsepower of these boats has also 
doubled.  Boat waves have been estimated to contribute 80% of 
total energy dissipation against the banks [10]. Bhowmik et al. 
found that longer boats that create a deep draft create larger 
waves, and increased speed diminished the size of the waves. 
The slow speed and deep draft necessary for wake surfing likely 
causes higher waves and increased wave energy. The wave 
energy associated with wake surfing, which requires a large boat 
to create a big enough wave to surf, has been found to be four 
times larger than the energy created from wakeboarding or water 
skiing [1]. Many studies have found that waves from boats cause 
significant erosion [2], [7]–[9]. Johnson measured total erosion 
of 14 feet in a channel with intense boating activity compared to 
less than 3 feet in a similar channel with light boating activity on 
the Mississippi River [7], and Dorava and Moore found that bank 
loss was 75% higher in a high boat use area compared to a non-
motorized area [10].  

Measurement of wave height and energy from boats in 
freshwater systems has been previously studied using wave 
probes or electronic wave gauges. A summary of prior studies in 
freshwater is shown in Table 1. Wave probes or gauges require 
significant instrumentation at the site. In most river systems, the 
Army Corps of Engineers has a significant permitting process 
before a river can be instrumented. Video analysis is one way to 
evaluate wave height and energy without instrumentation in the 

Figure 1. Recreational boat wake and dock interaction, with the generalized experimental setup.  
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river. A few studies in ocean environments have conducted 
qualitative video analysis [12], [13], but we are not aware of any 
studies using video analysis in freshwater. This study is one of 
the first to use videos to observe waves and quantify wave energy 
in a river system. 
 
Table 1. Summary of previous studies evaluating wave height 
and energy from boat wakes in freshwater systems. 
 

Author Year 
 

Analysis 
Type 
 

Results 

Nanson et 
al [9] 

1994 Wave 
Probes 

Wave heights above 30 
cm cause erosion 

Bhowmik 
et al [8] 

1992 Electronic 
Wave 
Gauge 

Maximum wave height 
= 0.52 m, 0.065 m on 
average 

Johnson 
[7] 

1994 Electronic 
Wave 
Gauge 

Wave height from boat 
waves 10-25” 
compared to 4-8” for 
natural waves. 

Ruprecht 
et al. [14] 

2015 Wave 
Probes 

Wave energy 
associated with wake 
surfing compared with 
wave heights. 

This 
Study 

2021 Wave height 
estimates 
from video 

Low cost video and 
citizen science useful 
for quantifying wave 
height and wave 
energy. 

 

METHODS 
 
Study Sites 

 The recreational zones established by OSMB in the 
Newberg Pool (RM 30-50) are summarized in Table 2 by River 
Mile (RM) [3]. Zone 1 is a slow no wake zone, and includes the 

river reach with Boones Ferry Marina (RM 38.5-38.6) and within 
100 feet of a dock. Zone 3 allows all recreational boating 
activities including wake surfing. The five river reaches that 
allow wake surfing include: RM 30-34.5, RM 35.5-37, RM 41.5-
42.5, RM 46-48.5, and RM 49.5-50. Zone 2 allows all 
recreational boating activities except for wake surfing, which 
includes the remaining reaches of the Newberg Pool. 

Table 2. Recreational boating zones at the time of the study [3]. 

Project 
Terms 

Description Bounding River 
Miles 

Newberg 
Pool 

Refers to all portions of the 
river regardless of the zone 
designation 

30-50 

Zone 1 Slow, no wake zone: no 
activity that creates a wake 

Boones Ferry 
Marina (38.5-
38.6), within 100 
feet of a dock 

Zone 2 Wake activity zone: allows 
for all water and boating 
activities except for wake 
surfing  

34.5-35.5, 37-
38.5, 38.6-41.5, 
42.5-46, 48.5-49.5   

Zone 3 Wake surfing zone: allows 
for all water and boating 
activities including wake 
surfing 

30-34.5, 35.5-37, 
41.5-42.5, 46-
48.5, 49.5-50 

 
Figure 2 shows the wake surfing zones and study sites 

in the Newberg Pool. Two sites were selected in Zone 3. For 
comparison, one site in Zone 1 and one site in Zone 2 were also 
selected. RM 38-5 is located in a no wake zone near a major 
interstate bridge. The no wake zone was used as the control 
reference for the other sites. RM 42-1 and RM 47-17 are both 
located in Zone 3, where wake surfing is allowed. RM 42-1 is 
near a major interstate and Boones Ferry Marina, resulting in 
much higher boating traffic compared to RM 47-17 which is in 
an agricultural area near Newberg, Oregon. RM 40-12 is located 

Figure 2. Study sites in Newberg Pool on the Willamette River. 



   
 

 4 Copyright © 2021 by ASME 

in a wake activity zone but some wake surfing traffic was 
observed during the study period. This could be due to its 
proximity to Boones Ferry Marina and a river reach designated 
as Zone 3 (wake surfing zone); RM 41.5-42.5. The variety of 
locations allowed for observations of waves in the different 
zones with many types of boating traffic. A summary of the data 
collection sites is shown in Table 3. 

Three of the 4 sites (RM 42-1, 40-12, and 47-17) were 
located on private property that citizens allowed us to access and 
monitor. The Zone 1 site (RM 38-5) was located in a park owned 
by the City of Wilsonville.  

Table 3. Study sites by river mile and river zone. 

Site Name River 
Mile 

Number of 
Videos 
Collected 
/Analyzed 

Analysis 

Zone 3 
RM42-1 

42 2984 /810 Quantitative Matlab 
processing of 230 
videos, qualitative 
review of 580 
videos 

Zone 2 
RM40-12 

40 1117 /210 Quantitative Matlab 
processing of 33 
videos, qualitative 
review of 177 
videos 

Zone 1 
RM38-5 

38 2139 /41 Qualitative review 
of videos 

Zone 3 
RM 47-17 

47 2327 /166 Qualitative review 
of videos 

 
Experimental Setup 

A Campark T45 Trail Hunting Game Camera 14MP 
1080P was used to record videos at each site. The cameras were 
selected for price and useability after testing with other low-cost 
trail cameras. 

The cameras were attached to stationary objects 
including dock pilings and trees (Figure 1). The cameras were 
then pointed to look at another stationary object, such as a dock 
piling. Yellow tape was put on the stationary object to help with 
visibility and video analysis. The motion sensor on the camera 
detected when boats went by, and recorded the wave created by 
the boat. Known dimensions of the stationary objects were used 
to estimate the size of the waves. The sites were monitored by 
the research team on a weekly basis. Data was collected from 
May to September 2019. To verify this method, staff gages were 
installed in August 2019 and an additional camera was installed 
to record changes in water height with the staff gage. 
Comparison of data from the docks and staff gages indicated that 
waves were dampened by the dock by ~25%.  

Videos were qualitatively reviewed to evaluate whether 
wave height could be measured quantitatively through video 
processing in Matlab. Some videos did not have sufficient 
resolution or waves were not large enough to quantify and could 

not be processed in Matlab. No waves of notable size were 
observed at RM 38-5, and thus none of the videos were processed 
in Matlab. However, this indicates that wave energy in the no 
wake zone is negligible. No videos were processed from RM47-
17 due to the lack of a dock/stationary object in the river and 
permit delays for installation of staff gauges. The number of 
videos collected at RM 42-1 was much higher than the other 
sites, which may be due to the higher boat traffic (including wake 
surfers) observed in that zone. 
 
Video Processing Method 

The video processing was completed using image 
analysis in the computational tool Matlab. First, each video was 
loaded into the software as a sequence of image files. The 
embedded video information for frame rate capture by the 
camera was extracted from the video metadata. The image files 
were converted to matrices on a grayscale from 0 to 100. Each 
pixel in the original image was coded based on the grayscale.  

For each image a high-contrast point of reference was 
used for the tracking, often tape on a dock piling. As the wave or 
dock moved, the reference point in the image was tracked in 
Matlab using the maximum or minimum (lightest or darkest) 
grayscale pixel in a specific column of the matrix (green vertical 
line in the lower left image of Figure 3). This calculation allowed 
the research team to approximate the change in vertical direction 
in pixels. An example video screen in Matlab is shown in Figure 
3. 
 

 
Figure 3. The Matlab screen used by the research team for 
monitoring the calculations. The upper image is the original 
video, the lower left shows the green vertical line of pixels where 
the tracking is occurring. The lower right shows the pixel height 
measurement over each frame of the video. 
 

Once the image was loaded in Matlab, a reference was 
used for the pixel to length conversion. The reference was to a 
known dimension in the camera field of view, often the diameter 
of a dock piling or the width of the marking tape used on the 
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dock. This conversion introduces the most error in the 
calculations, so the measurements in pixels were done carefully 
by the research team. The pixel to length conversion was used to 
convert the vertical change in position in pixels to meters, as 
shown for one example video in Figure 4. 
 

 
Figure 4. Example of a wave height calculation from a video on 
site RM 42-1 recorded in late May 2019. Circles indicate the 
maximum and minimum height of the wave calculated by the 
algorithm. 
 

Once the wave height (H) was determined using the 
software algorithm, the wave trace was used to calculate other 
parameters. The wave height was calculated as the difference 
between the peak and valley determined by the algorithm in 
meters. The period (T) was calculated as the difference of wave 
peaks in seconds. The frequency (f) is determined as the inverse 
of the period, where f=1/T.  

The wave power was determined from the density of 
water (𝜌), gravity (g), the wave height (H), and the period of the 
wave (T). The wave power is determined in kW/m [15]. 
 

𝑃𝑜𝑤𝑒𝑟	 = 	𝜌𝑔!𝐻!𝑇/64𝜋 
 
The density of the water (𝜌) was assumed to be 997 kg/m3 for all 
sites.  
 
Visual Gauge Validation 

A visual analysis was conducted to verify the numbers 
from the MATLAB code. The maximum height from the code 
was compared to the maximum height observed against the staff 
gauge. The MATLAB code provides a value 25% or less than the 
value observed by the staff gauge. This confirms the MATLAB 
code is providing a conservative estimate due to the dampening 
of the dock. The dock removes a portion of energy from the 
wave, decreasing the amplitude. When observing the movement 
of the dock it can be seen it does not move in a traditional wave 

pattern. Waves create more movement horizontally than 
vertically, for the dock. This is another reason why there is such 
a large difference between the heights of the two different 
methods. Another potential source for error is the difference of 
location between the dock pilings and the gauges. The distance 
was under 10 meters, but still may have impacted the results due 
to the inconsistencies of the river.  
 

RESULTS 
A summary of the wave energy statistics by site is 

provided in Table 4. The average statistics in this table were 
calculated as the mean value from the total collection of videos. 
Average values in the two zones were about the same, but 
maximum values were higher in the wake surfing zone (site RM 
42-1). The similar average values may be due to the data 
collection method. All types of waves were recorded, making the 
data a mix of waves coming from all types and sizes of boats. In 
addition, wake surfing was observed in the non-wake surfing 
zone (site 40-12). Due to many different types of boats in each 
zone, the maximum values may be a better indicator of how wake 
surfing is impacting the river. 

 
 

Table 4. Wave energy statistics from sites RM 42-1 and RM 40-
12. 

Site RM 42-1 RM 40-12 
Number of Videos 
Analyzed 

230 33 

Wave Energy [W/m] 
     Average 
     Maximum 

 
0.905 
19.2 

 
1.405 
5.74 

Wave Height [m] 
     Average 
     Median 
     Maximum 
     Standard Deviation 

 
0.026 
0.022 
0.149 
0.019 

 
0.031 
0.029 
0.137 
0.015 

Period [s] 
     Average 
     Maximum 

 
1.92 
7.18 

 
1.98 
3.22 

Average Maximum 
Amplitude [m] 

0.057 0.069 

Average Frequency 
[1/s] 

0.520 0.509 

 
 

For site RM 42-1 the most videos were analyzed, which 
provided a more detailed view of the type of wave events as 
shown in Figures 5-7. The average values in these figures was 
calculated for each video, since the wave height varied over the 
time duration of each video clip.  
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Figure 5. Histogram of the maximum wave amplitude at site RM 
42-1. 
 

Figure 6. Histogram of the average wave height at site RM 42-
1. 
 

The results have some uncertainty due to variability of 
boat distance from the bank/cameras. The distance of boats from 
the point of data collection varied based on the width of the river 
at the site and the direction the boat was moving. The river depth 
also changed depending on the site location. Because waves 
slowly dissipate with distance and depth of water, some 
measurements may be lower than others. Dampening of the 
waves due to the dock also decreased the wave height and 
resulting wave energy. Therefore, wave height and energy are 
likely higher than the data in this study.  
 
 

 

Figure 7. Average wave period at site RM 42-1. 
 

 

CONCLUSIONS 
This study indicates that the large boats used for wake 

surfing create larger waves that can potentially cause damage to 
property along the river and natural resources. Maximum wave 
energy and wave height was higher in the wake surfing zone 
compared to the non-wake surfing zone. 

Inexpensive video capture was used to quantify, with 
low precision, the wave energy due to boat activity. The 
processes and procedures used within this research would not 
have been possible without citizen involvement. The citizens 
participating in the research allowed for their property to be used 
as a heavily monitored site or a self-monitored site. The self-
monitored sites were a useful tool in collecting more data points 
with the collection being performed by the homeowners.  

The citizens acted as the driving force for the research. 
Many of them are parts of organizations which helped voice 
concerns which impacted new boating regulations. New boating 
regulations were passed requiring those who plan on boating 
within the Newberg Pool to take an educational safety course. 
This will help inform boaters on where certain activities are 
allowed and how far they must stay away from structures like 
docks or the bank of the river. The zones have also been altered. 
The Zone 3 areas were pushed to the outer edges of the Newberg 
Pool. This minimizes the impact on homeowners as the new 
areas have fewer residents along the river.   
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