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Overview 

• What are waves? 

• Where do waves come 
from? 

• Wave characteristics 

• How do waves impact 
shorelines? 

• Wave energy 
assessments 



The land-water 

interface 

• Critical habitat 
niche 

• Important for 
water quality 

• Susceptible to 
erosive forces  



What is a wave? 

• A swell in a body of 
water, typically with 
forward motion 

• Created by energy 
passing through water 

• Waves are a transfer of 
energy without a transfer 
of matter 



A Few Quick Definitions 

• Fetch=longest 
uninterrupted distance 
across the open water from 
a site 

• Wave runup=“Maximum 
onshore elevation reached 
by a wave” (Coastal Wiki) 

• Bathymetry=elevation of 
the bed in a body of water 

• Slope is often described as 
“Run:Rise” 
– IE, a “5H:1V” slope has 5’ of 

run for every 1’ of rise 5’ 

1’ 



Wave Origins 

• Wind driven 

• Gravitational (tides) 

• Disturbance driven 

– Tsunamis 

– Boats 

– Cannonball? 



Wind Driven Waves 

• Wind causes friction across the 
water 

• Energy from the wind is 
transferred to the water 

• Friction causes microripples, 
which cause more friction, 
which cause larger ripples…and 
wave height grows 

• Wave height is a function of 
fetch, wind speed, duration, 
and water depth 

Source: University of Wisconsin 



Boat Driven Waves 

• Boats displace water as they move 

• Size and shape of wave influenced by 
boat hull and speed 

• Wave height is reduced when boat 
begins planing 

• Wave height is a function of wind 
speed, duration, and water depth 

• Boats “push” water, creating higher 
waves than wind-driven waves 

• Waves are periodic, but usually have 
longer period and greater height 
than wind driven waves 





• Waves break over and lose energy when wave height reaches  water 

depth of 1.3 times the wave height.  

• The gentler the slope, the further off shore the wave will break 



Wave Characteristics 

 

• Wave height comes from 

– Fetch 

– Depth 

– Runup 

– Site orientation 

– Influence of adjacent features 

– Presence/absence of aquatic 
vegetation 

 

• Wave height is most often limited 
by either fetch or depth 



Waves break over and lose energy when wave height reaches ~ 

80% of water depth. (USACE, 1981) 



• Waves break over and lose energy when wave height reaches  80% of 

water depth (an 8” wave will start to break in 10” of water) 

• The gentler the slope, the further offshore the wave will break 





Wave Characteristics 

 

• Wave height comes from 

– Fetch 

– Depth 

– Runup 

– Site orientation 

– Influence of adjacent features 

– Presence/absence of aquatic 
vegetation 

 

• Wave height is most often limited 
by either fetch or depth 



Wave height 

(feet)) 

Critical weight 

of stone 

Shoreline 

slope 

*12” stone=100 

lbs 

  5” stone =10 

lbs 

  2-3” stone=1 lb 

Slope Implications 



• For the same shoreline, 

a 1.5’ wave will move a 

~9 lb stone, while a 6” 

wave will move a ~0.3 

lb stone.  

• But, a 1.5’ wave will 

move a 1 lb stone on a 

5 degree slope, but a 

10 lb stone on a 30 

degree slope 

• Huge design 

implications 

 

Slope Implications 



Impacts of water levels on waves 



How does wave energy 

degrade shorelines? 

• Soil erosion 

• Physical displacement of 
plants 

• Turbidity 

• Waves are a function of 
fetch, depth, slope, wind 
speed and wind duration 



How does wave energy 

degrade shorelines? 

• Waves lead to armoring, 
whether they are wind or boat 
driven 

– From 1 review, ~25% of low 
energy shorelines have been 
armored, likely as a result of 
boat traffic (Bilkovic 2017) 

• Armoring further impacts 
shorelines 

• As wave energy is deflected, 
erosion and turbidity can 
increase 

Source: Bilkovic 2017 



4 Shoreline Erosion video clips  
Find them on the MNSP website 

https://www.mishorelinepartnership.org/erosion-
at-the-shoreline.html 
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Calculating Wave 

Energy 

• Hindcasting/Model
ing 

• WDNR Wave 
Energy Calculator 

– Fetch 

– Depth 

– Storm wind speed 

• Observations 



Simplified Wave Energy 

Assessment 

• WDNR Wave Energy 
Calculator 

• Uses fetch and depth as 
inputs, calculates wave 
height using assumed storm 
wind speed 

• https://dnr.wisconsin.gov/t
opic/Waterways/shoreline/
erosioncalculator.html 



Intensity and frequency can vary from year to 

year.  Factors include:  

•Freeze/thaw expansion and contraction 

•Lack of snow cover   

•AND/OR… 

•Spring ice-out (break-up) 

•Orientation of site to spring winds 

• Rate of warm up 

 

 

Why You Need Multiple Tools! 
 



Project Location 

Same fetch, but very different runups=very different 

waves 

Why You Need Multiple Tools! 
• Desktop modeled 0.9’ waves for both sites 

• Physically observed 1.5’ waves at project site, but 6” waves 300’ 
east during 40 MPH winds across maximum fetch 

 



The name of the game… 
Natural Shorelines 

• 10:1-20:1 slopes 
• Dynamic and transient 
• Not always vegetated 
• Often have mosaics of 

shrubs, grasses, and 
wildflowers 

• Provide template for 
understanding how to 
restore shorelines 

 



Questions? 



In summary: 
 

• Need to balance functional and ecological 
goals 

• Plants alone may not cut it 
• Keep the big picture in mind 
• Remember that a failed project benefits no 

one 
• Don’t let the perfect be the enemy of the 

good 
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