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Presenter Notes
Presentation Notes
Thank you Tom. And thank you for having me on Wednesday Nite at the Lab to talk about some important issues facing Wisconsin’s Great Lakes coasts. Fluctuations in Great Lakes water levels are a major challenge to coastal communities and residents, especially at extreme high and low lake levels like the record lows seen in 2013 and record high lake levels seen in 2020. Before I get into that, I’d like to give a little background on my organization, Wisconsin Sea Grant, and what we do. Sea Grant is a Federal-University partnership

mailto:bechle@aqua.wisc.edu
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Wisconsin Sea Grant

[www.amaps.com]

Wisconsin Sea Grant 
promotes the sustainable 
use of Great Lakes resources 
through research, education 
and outreach



wicci.wisc.edu

WICCI’s mission: Generate and 
share information that can foster 

solutions to climate change in 
Wisconsin (and beyond).



2010s the wettest decade by far

Warmer and Wetter

2000s and 2010s = warmest decades
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Adapting to a Changing Great Lakes Coast

• How is climate change affecting Great Lakes coasts?

• What are the impacts to coastal communities?

• What strategies can be used to adapt?

9



Wave Energy

Great Lakes Coastal Climate Stressors
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[https://lre-wm.usace.army.mil/ForecastData/GLBasinConditions/LTA-GLWL-Graph.pdf]

Historic Water Levels
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Great Lakes Water Budget
• Precipitation onto a lake surface
• Runoff into a lake
• Evaporation from lake surface
• Flow through connecting channels
• Diversions into/out of lake system

P

E

D

Net Basin Supply (NBS)
NBS = P + R - E
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Seasonal NBS Components

22
[NOAA]

Presenter Notes
Presentation Notes
Spring 2022: . Lake Superior tied for the largest spring water level rise since 1918. April 2022 twice average precipitation; May 2022 25% above average
March 2021 – March 2022 15% below average precip (~5 inches less than normal). Record evaporation in January 
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Low 
Evaporation

High Evaporation

Presenter Notes
Presentation Notes
Common question – are Lake Superior high outflows making Lake Michigan higher? Answer: Lake Superior outflows are certainly above average but so are Lake Michigan-Huron outflows into Lake Erie so it’s a balance. Human regulation of dams has some impact but mother nature is the main control of water levels.
It made a difference in 2014 because Lake Michigan was still below average water levels so Lake Michigan outflows weren’t as high as today.
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https://www.lre.usace.army.mil/Missions/Great-Lakes-Information/Great-Lakes-Water-Levels/Water-Level-Forecast/

Monthly Bulletin of Great Lakes Water Levels

https://www.lre.usace.army.mil/Missions/Great-Lakes-Information/Great-Lakes-Water-Levels/Water-Level-Forecast/
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https://www.lre.usace.army.mil/Missions/Great-Lakes-Information/Great-Lakes-Water-Levels/Water-Level-Forecast/

Monthly Bulletin of Great Lakes Water Levels

https://www.lre.usace.army.mil/Missions/Great-Lakes-Information/Great-Lakes-Water-Levels/Water-Level-Forecast/
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Water Levels in a Changing Climate
• Precipitation onto a lake surface
• Runoff into a lake
• Evaporation from lake surface
• Flow through connecting channels
• Diversions into/out of lake system

P

E

D

Net Basin Supply (NBS)
NBS = P + R - E
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Projected Water Levels
• Precipitation onto a lake surface
• Runoff into a lake
• Evaporation from lake surface

29

2011 WICCI Report
NBS = P + R - E

Croley et al., 1990

Hartman, 1990

Hayhoe et al., 2010

Angel and Kunkel, 2010

2021 WICCI Report
NBS = P + R - E

MacKay and Seglenicks, 2013

Music et al., 2015

Notaro et al., 2015

Mailhot et al., 2019

VanDeWeghe et al. 2022

Seglenicks et al. 2022

Kayastha et al. 2022

Net Basin Supply (NBS)
NBS = P + R - E?



Projected Water Levels

[ECCC; Seglenicks et al. 2022]

Potential for
• Higher Highs
• Lower Lows
• More Rapid Fluctuations

Historic Record Low

Historic Record High
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Declining Ice Cover

[MODIS Satellite Image]

[Wang et al., 2020]
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Declining Ice Duration

[MODIS Satellite Image]

[Wang et al., 2020]

All Great Lakes
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Ice Duration Projected Changes

             
[Xue et al. 2022]

Presenter Notes
Presentation Notes
While the deep lakes are projected to be nearly icefree
by the end of the century, Lake Erie is projected to still
experience some ice coverage and lead to a relatively lower
increase in LST during winter. This is because deep lakes are,
by nature, large heat reservoirs that can transfer heat from a
deep layer to the surface reducing ice formation.

and by the late century, ice duration is projected to decrease
by up to 60 d in the coastal regions where higher ice covers
are typical in the present-day climate.
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Wave Energy Trends

[ Huang et al. 2021]

Significant 
increasing 
trend

Significant
decreasing 
trend

1979-2020
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Anticipated Wave Energy Trend

Huang et al. (2021)

Low Ice 
2013

High Ice 
2014

No Ice 
2013

No Ice 
2014

50% increase 
in Mean Hs
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Anticipated Wave Energy Trend

“Loss of ice cover is the dominant mechanism for an 
increasing wave climate in the Apostle Islands”
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Great Lakes Coastal Climate Change Impacts
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[Jeff DuMez][Wisconsin Sea Grant/Gene Clark] [Wisconsin Shoreline Inventory and Oblique Photo Viewer]

[www.amaps.com]
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January 11th 2020 Southeastern Wisconsin Coastal Storm

[Stephanie Jones – Racine Journal Times]

[Michael Sears – Milwaukee Journal Sentinel]

Record High 
Water Levels

No Ice 
Cover $30 Million 

Presidential 
Disaster 

Declaration



Adapting to a Changing Great Lakes Coast

• How is climate change affecting Great Lakes coasts?

• What are the impacts to coastal communities?

• What strategies can be used to adapt?
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Adaptation Strategies
• Consider function at all lake levels

• Assess vulnerability of critical assets

• Coordinate actions along the coast

• Locate homes away from eroding shorelines



• Consider function at all lake levels

• Assess vulnerability of critical assets

• Coordinate actions along the coast

• Locate homes away from eroding shorelines

• Work with natural processes to protect the coast

Adaptation Strategies

Barry Kreiner, City of Marysville, Mich. Michigan Department of Environment, Great Lakes and Energy
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https://publications.aqua.wisc.edu/product/adapting-to-a-changing-coast-for-property-owners/

Learn More About Adaptation Strategies

https://publications.aqua.wisc.edu/product/adapting-to-changing-coast-for-local-officials/

Presenter Notes
Presentation Notes
Inventory and assess Milwaukee County’s coastal assets
Assess vulnerability of coastal assets to hazards
Develop a Coastline Management Policy to guide approach to coastal hazard issues 

https://publications.aqua.wisc.edu/product/adapting-to-a-changing-coast-for-property-owners/
https://publications.aqua.wisc.edu/product/adapting-to-changing-coast-for-local-officials/
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Learn More About Adaptation Strategies



https://wicci.wisc.edu/coastal-resilience-working-group/

https://wicci.wisc.edu/coastal-resilience-working-group/
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Adam Bechle
Coastal Engineering Outreach Specialist

Wisconsin Sea Grant
bechle@aqua.wisc.edu

[Capt. Dennis Carr, Wisconsin Civil Air Patrol][USACE]

2012 2016 2020

[Dave Mickelson]

Thank You
wicci.wisc.edu

Presenter Notes
Presentation Notes
Thank you Tom. And thank you for having me on Wednesday Nite at the Lab to talk about some important issues facing Wisconsin’s Great Lakes coasts. Fluctuations in Great Lakes water levels are a major challenge to coastal communities and residents, especially at extreme high and low lake levels like the record lows seen in 2013 and record high lake levels seen in 2020. Before I get into that, I’d like to give a little background on my organization, Wisconsin Sea Grant, and what we do. Sea Grant is a Federal-University partnership

mailto:bechle@aqua.wisc.edu
https://wicci.wisc.edu/


Protecting coastal investments
A top-down approach

Top

Slope

Toe



Protecting coastal investments
A top-down approach

Top: Manage Land Use, 
Water & Vegetation

Slope

Toe



[Wisconsin Sea Grant: Protecting Coastal Investments]

Building Setbacks in Local Ordinances



Building Relocation

[All photos from Wisconsin Shoreline Inventory and Oblique Photo Viewer]

2007 2017

Sheboygan County



Asset Relocation

[Capt. Dennis Carr, WI Civil Air Patrol]

Bay View Park



Asset Relocation

[Milwaukee County Land Information Interactive Map]

Bay View Park - 1995Bay View Park - 2005



Maintain and Enhance Vegetation
Frame Views

Prune Trees

Deep Rooted & Native

“No Mow” Buffer
[Adam Bechle][Adam Bechle]

[Adam Bechle] [Adam Bechle]



Protecting coastal investments
A top-down approach

Top: Manage Land Use, 
Water & Vegetation

Toe

Slope: Manage Water, 
Vegetation, & Stability 



Maintain and Enhance Deep Rooted Vegetation

[Adam Bechle]

Bender Park



Protecting coastal investments
A top-down approach

Slope: Manage Water, 
Vegetation, & Stability 

Toe: Reduce 
Wave Impact 
Only If Absolutely 
Necessary 

Top: Manage Land Use, 
Water & Vegetation



http://sagecoast.org/info/information.html

Green-to-Gray Spectrum of Shore Protection
U.S. Army Corps of Engineers

Systems Approach to Geomorphic Engineering

Nature-Based Shorelines
Living Shorelines

Coastal Green Infrastructure
Natural and Nature-Based Features (NNBF)

Engineering With Nature (USACE)

Coastal Structures
Hard Armoring

Gray Infrastructure

Presenter Notes
Presentation Notes
Outreach on project to local government and property owners. Hear of interest in “greener” practices but wanted Great Lakes specific options and examples.
Set reasonable expectations

http://sagecoast.org/info/information.html


Armoring in Duluth

[KUMD; http://www.kumd.org/post/it-just-me-or-are-there-lot-more-damaging-storms]

Presenter Notes
Presentation Notes
City’s lakewalk hit by storms in Oct 2017, April 2018, October 2018 - $30 million in damage



Armoring in Duluth

[Derek Montgomery for MPR News; Duluth rebuilds Lakewalk to — hopefully — withstand future storms | MPR News]

https://www.mprnews.org/story/2020/12/21/duluth-rebuilds-lakewalk-to-hopefully-withstand-future-storms


Nature-Based Shoreline - Samuel Myers Park, Racine

USDA NAIPUSACECapt. Dennis Carr



Nature-Based Shoreline - Samuel Myers Park, Racine

[[Racine Department of Public Health]
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https://publications.aqua.wisc.edu/product/adapting-to-a-changing-coast-for-property-owners/

Learn More

Presenter Notes
Presentation Notes
Inventory and assess Milwaukee County’s coastal assets
Assess vulnerability of coastal assets to hazards
Develop a Coastline Management Policy to guide approach to coastal hazard issues 

https://publications.aqua.wisc.edu/product/adapting-to-a-changing-coast-for-property-owners/
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Learn More



https://wicci.wisc.edu/coastal-resilience-working-group/

https://wicci.wisc.edu/coastal-resilience-working-group/


https://wicci.wisc.edu/coastal-resilience-working-group/

https://wicci.wisc.edu/coastal-resilience-working-group/


• Consider function at all lake levels

• Coordinate actions along the coast

• Locate homes away from eroding shorelines

Adaptation Strategies



• Consider function at all lake levels

• Coordinate actions along the coast

• Locate homes away from eroding shorelines

• Work with natural processes to protect the coast

Adaptation Strategies

Barry Kreiner, City of Marysville, Mich. Michigan Department of Environment, Great Lakes and Energy
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https://publications.aqua.wisc.edu/product/adapting-to-a-changing-coast-for-property-owners/

Learn More About Adaptation Strategies

https://publications.aqua.wisc.edu/product/adapting-to-changing-coast-for-local-officials/

Presenter Notes
Presentation Notes
Inventory and assess Milwaukee County’s coastal assets
Assess vulnerability of coastal assets to hazards
Develop a Coastline Management Policy to guide approach to coastal hazard issues 

https://publications.aqua.wisc.edu/product/adapting-to-a-changing-coast-for-property-owners/
https://publications.aqua.wisc.edu/product/adapting-to-changing-coast-for-local-officials/
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https://publications.aqua.wisc.edu/product/adapting-to-changing-coast-for-local-officials/

Learn More About Adaptation Strategies

Presenter Notes
Presentation Notes
Inventory and assess Milwaukee County’s coastal assets
Assess vulnerability of coastal assets to hazards
Develop a Coastline Management Policy to guide approach to coastal hazard issues 

https://publications.aqua.wisc.edu/product/adapting-to-changing-coast-for-local-officials/


https://wicci.wisc.edu/coastal-resilience-working-group/

https://wicci.wisc.edu/coastal-resilience-working-group/
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Presenter Notes
Presentation Notes
Thank you Tom. And thank you for having me on Wednesday Nite at the Lab to talk about some important issues facing Wisconsin’s Great Lakes coasts. Fluctuations in Great Lakes water levels are a major challenge to coastal communities and residents, especially at extreme high and low lake levels like the record lows seen in 2013 and record high lake levels seen in 2020. Before I get into that, I’d like to give a little background on my organization, Wisconsin Sea Grant, and what we do. Sea Grant is a Federal-University partnership

mailto:bechle@aqua.wisc.edu
https://wicci.wisc.edu/
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[NOAA]

Wisconsin’s 1000 Miles of Great Lakes Coast

Presenter Notes
Presentation Notes
Wisconsin’s Great Lakes coast are 
The Great Lakes are where many of us live - Over $6 billion of improved property value located within ¼ mile of the coast
The Great Lakes are also an economic driver for Wisconsin - Wisconsin’s Great Lakes ports generate over 1.5 billion dollars in revenue annually.
The Great Lakes are also where many of us recreate - Wisconsin has over 200 Great Lakes coastal beaches. Those assets are important drivers of tourism to coastal communities



[Jeff DuMez][Wisconsin Sea Grant/Gene Clark] [Wisconsin Shoreline Inventory and Oblique Photo Viewer]

[www.amaps.com]

Presenter Notes
Presentation Notes
Increased transportation costs in the Port of Milwaukee have been estimated at $1 million per 



Coastal Flooding
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Coastal Flooding
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Coastal Flooding

High Water Levels
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Green Bay Coastal Flooding 2019-2020

[Jeff DuMez – Brown County]

[Julia Noordyk]

April 28, 2020

Dec. 1, 2019
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April 8, 1973

[Green Bay Press-Gazette] [Green Bay Press-Gazette]
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May 12, 
1973

[Green Bay Press-Gazette]
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[J ulia Noordyk]

+2.4 foot storm surge
December 1, 2019



[J eff DuMez, Brown County]

+2.6 foot storm surge
April 28, 2020
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[Jeff DuMez][Wisconsin Sea Grant/Gene Clark] [Wisconsin Shoreline Inventory and Oblique Photo Viewer]

[www.amaps.com]



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs



Water Level Impacts on Coastal Bluffs

“Unstable surfaces progressed up the bluff faces 
at an average rate of ~4.4 m/year”



1976
2012
20172018

[Wisconsin Shoreline Inventory and Oblique Photo Viewer]

Bluff Height Impact on Recession Response



20122017201820192020

[Wisconsin Shoreline Inventory and Oblique Photo Viewer] [Wisconsin Shoreline Inventory and Oblique Photo Viewer]

Bluff Height Impact on Recession Response

2018



water levels
waves

Natural processes

[USACE/Wisconsin Sea Grant: Living on the Coast]

Factors of Shoreline and Bluff Recession
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water levels
waves

changing 
nearshore 
dynamics

Natural processes Human Alterations

modified 
drainage 

vegetation
removal

[USACE/Wisconsin Sea Grant: Living on the Coast]

Factors of Shoreline and Bluff Recession



no.floods.org/wcmp
121

Track Changes at no.floods.org/wcmp





Nature-Based Shorelines use or mimic 
natural features to stabilize the coast 123

Briana Shea, Adam Bechle, Gene Clark



https://publications.aqua.wisc.edu/product/nature-based-shoreline-options-for-the-great-lakes-coasts/

Great Lakes Nature-Based Shorelines

https://publications.aqua.wisc.edu/product/nature-based-shoreline-options-for-the-great-lakes-coasts/


http://sagecoast.org/info/information.html

Green-to-Gray Spectrum of Shore Protection
U.S. Army Corps of Engineers

Systems Approach to Geomorphic Engineering

Nature-Based Shorelines
Living Shorelines

Coastal Green Infrastructure
Natural and Nature-Based Features (NNBF)

Engineering With Nature (USACE)

Coastal Structures
Hard Armoring

Gray Infrastructure

Presenter Notes
Presentation Notes
Outreach on project to local government and property owners. Hear of interest in “greener” practices but wanted Great Lakes specific options and examples.
Set reasonable expectations

http://sagecoast.org/info/information.html


Benefits of Nature-Based Shorelines

Barry Kreiner, City of Marysville, Mich. Michigan Department of Environment, Great Lakes and Energy

• Habitat creation or improvement
• Water quality improvements
• Can use hybrid approaches

• Aesthetic enhancements
• Public access may be easier
• Costs may be lower



Challenges in the Great Lakes

Adam Bechle

• High wave energy
• Ice impacts
• Water level fluctuations

• Short growing season
• Maintenance needs
• Emerging practices

Adam Bechle



Presenter Notes
Presentation Notes
Mention that ratings are qualitative and intended to differentiate options



Vegetation
Case Study
Bradford Beach
Milwaukee, WI

Native vegetation planted on the shore 
to reinforce sediments with its roots, 
dissipate wave energy and slow erosive 
runoff and wind. 

Stevan Keith, Milwaukee County



Nourishment 
Case Study
Blue Harbor Beach 
Sheboygan, WI

The placement of clean sediment, often 
sand, on beaches, dunes or in 
nearshore waters to replace lost sand or 
build dunes. 

USACECapt. Dennis Carr, Wisconsing Wing – Civil Air Patrol



Slope Stabilization 
Case Study
Former University of Wisconsin-
Milwaukee Chancellor Residence 
Shorewood, WI

Regrading or reinforcing an eroding or 
failing bluff, bank or dune to a stable 
slope to allow vegetation to establish. 

USACECapt. Dennis CarrMarek Landscaping



Edging

Case Study
Shoreline Park
Sandusky, Ohio

The placement of coir logs, wood or 
stones at the toe, or base, of the 
shoreline to prevent erosion and allow 
vegetation to establish. 

Erie Soil and Water Conservation District 



Sill

Case Study
Marysville Living Shoreline 
Marysville, Michigan

A low-profile structure located in the water 
just off the shoreline to dissipate wave 
energy and create an area of protected 
natural marsh.

Michigan Department of Environment, Great Lakes, and Energy



USDA NAIP

Ecologically Enhanced Hard Armoring

Case Study
Samuel Myers Park 
Racine, Wisconsin

Vegetation, textured surfaces or other 
features added to conventional hard 
armoring structures to provide habitat and 
other benefits.

USACECapt. Dennis Carr

Presenter Notes
Presentation Notes
Importance of adaptive management. 
Issue with FEMA recovery – is natural infrastructure “infrastructure”
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