


Strengthen communities to prepare, 
respond and recover in the face of 
climate impacts and other disruptions 
through collaborative, innovative 
solutions. 

communityresilience-center.org

Dr. Christa Daniels
Senior Associate, CCPCR

http://www.communityresilience-center.org/


• Engage in each course for 4 weeks
• Enroll for graduate credit or audit the 

course
• Increase your skill set in climate resilience 

for better outcomes
• Discover solutions to local issues you face 

on the job or in your community.
• Register for one course or the whole series.

Climate Change Resilience
… a series of online courses focused on the fundamentals of climate change resilience. 

http://www.communityresilience-center.org/climate-change-resilience-series/

http://www.communityresilience-center.org/climate-change-resilience-series/


Climate Change Resilience Certificate

Climate Change: the Science, Uncertainty, and Risk

Online ( 1-credit) Course Aug 30, 2020 through Sept 6, 2020

Already communities are being 
impacted by a changing climate. 
This module focuses on the science 
of our changing climate and how to 
ascertain uncertainty and risk in the 
models and science. System 
thinking principles and application 
in this field will be explored in 
depth. 

For more information or to register for this course: 

https://www.communityresilience-center.org/climate-change-science/

https://www.communityresilience-center.org/climate-change-science/


Additional Fall 2020 Climate 
Change Resilience Professional 
Certificate Online Courses

Climate Impacts: Communication, 
Facilitation, and Stakeholder Capacity 
Building

Dates: October 4-31, 2020

Asynchronous Online Class 

Climate Impacts: Vulnerability and 
Adaptation Planning

Dates: November 8 – December 12, 2020

Asynchronous Online Class

Policy Advocacy: Climate

Dates: Sept 10- Nov 19, 2020

Synchronous Online Class: 
Thursdays 10:00-11:00 AM ET

http://www.communityresilienc
e-center.org/climate-change-
resilience-series/



Meet the challenges of a changing climate by finding 
information and tools to help you understand and 
address your climate risks. 

toolkit.climate.gov 

Dr. Ned Gardiner, 
Engagement Manager 



If you have a question, please write it in the Q&A section (not Chat) and select 
to All Panelists, so we can see the questions. 

If you are having technical difficulty, please use Chat and send to Host, so we 
can address the issue with you directly. 

The presentation will be recorded and posted to the Antioch website within a 
week  www.communityresilience-center.org 

Logistics



Office for Coastal Management

Great Lakes Water Levels
and Coastal Impacts

Brandon Krumwiede
Great Lakes Regional Geospatial Coordinator
CSS Inc on contract to NOAA Office for Coastal Management

PRE-RECORDED



Office for Coastal Management

Presentation Overview

Water Levels
Water and Wind
Coastal Impacts

Data, Tools, and Resources



Office for Coastal Management



Office for Coastal Management

Great Lakes Water Levels:
Current
JULY 2020
Precipitation just above average for the Great Lakes 
basin

Lake Superior rose 2 inches in July

Lake Michigan/Huron remained high and 2 inches 
above past monthly mean July record

Lake Erie and Lake Ontario declining in water levels



Office for Coastal Management

Great Lakes Water Levels:
Inputs and Outputs

2019
Wet across much of the Great 
Lakes basin in 2019

Year to Date Precipitation 
Departure from Average
2019



Office for Coastal Management

Great Lakes Water Levels:
Inputs and Outputs

2020
Wet across central part of the 
Great Lakes basin

Year to Date Precipitation 
Departure from Average
Last 6 months



Office for Coastal Management

Water + Wind



Office for Coastal Management

Lake Superior Water Levels: Storm Impacts

Approximate 
change of 15 inches 
in 30 hours.

Increased 
water and 
wave action for 
24 hours.

https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9099064&units=metric&bdate=20181009&edate=20181011&timezone=LST/LDT&datum=IGLD&interval=6&action=


Office for Coastal Management

October 21, 2019

October 10, 2018

October 27, 2017



Office for Coastal Management

Great Lakes Water Levels:
Coastal Impacts

● Coastal Erosion
● Increased sediment transport in the littoral zone
● Alterations to stream and river mouths
● Damage to coastal infrastructure
● Flooded marinas and docks
● Hazards to navigation
● Loss of coastal terrestrial and wetland habitat
● Shrinking beaches for recreational use
● Increased impacts when storms move through
● Damage and loss of private property



Office for Coastal Management

Brighton Beach Monday October 21, 2019 8:48AM Brighton Beach Monday October 28, 2019 8:50AM

Brighton Beach, Duluth, MN



Office for Coastal Management

Illinois Beach 
State Park

Coastal Erosion

Impact to coastal 
wetlands

Littoral sediment 
transport

Red - erosion

Blue - deposition

Littoral 
Sediment 
Transport

20182008



Office for Coastal Management

Coastal Erosion
Lincoln Charter Township, Michigan
AUGUST 2005



Office for Coastal Management

Lincoln Charter Township, Michigan
APRIL 2011

Coastal Erosion



Office for Coastal Management

Coastal Erosion
Lincoln Charter Township, Michigan
SEPTEMBER 2015



Office for Coastal Management

Coastal Erosion
Lincoln Charter Township, Michigan
MARCH 2019



Office for Coastal Management

Ontario Beach Park, Rochester, NY

June 14, 2019



Office for Coastal Management

Digital Coast

Data, Tools, Trainings, and Resources

https://coast.noaa.gov/digitalcoast/

https://coast.noaa.gov/llv/
https://coast.noaa.gov/digitalcoast/topics/climate-adaptation.html


Office for Coastal Management

• Work on the Lake Level Viewer began over 7 years ago

• First official release in November 2014

• Funded by the Great Lakes Restoration Initiative

• Fills a critical information data gap through easy to navigate 
mapping and visualization

• Digital elevation model data updated in 2016

NOAA’s Lake Level Viewer



Office for Coastal Management

NOAA’s Lake Level Viewer: Tool

https://coast.noaa.gov/llv/


Office for Coastal Management

NOAA’s Lake Level Viewer: Data

Digital Elevation Models 
(DEMs):

Red area denotes coastal 
areas that fall between 
record high and record low 
water levels for Lake 
Superior

Mouth of Brule River, Cook County, MN



Office for Coastal Management

NOAA’s Lake Level Viewer

Recent Examples:
Duluth, Minnesota October 21, 2019
Buffalo, New York November, 1, 2019

Large storm event moving west to east across the Great Lakes 
basin causing lakeshore flooding in multiple locations.



Office for Coastal Management

NOAA CO-OPS Water Level Data

IGLD 1985

LTA

MMRH

Storm 
Event



Office for Coastal Management

Duluth, MN

10/21/2019 4PM

184.33 meters
604.75 feet

LTA
183.41 m
601.74 ft

Difference
+0.92 m
+3.02 ft

Does not account for wave runup!



Office for Coastal Management

NOAA CO-OPS Water Level Data

IGLD 1985

LTA

MMRH

Storm 
Event



Office for Coastal Management

Buffalo, NY

11/1/2019 12AM

176.59 meters
579.36 feet

LTA
174.16 m
571.4 ft

Difference
+2.43 m
+7.96 ft

Does not account for wave runup!



Office for Coastal Management

Coastal Inundation Mapping Training

https://coast.noaa.gov/digitalcoast/training/inundationmap.html


Office for Coastal Management

Great Lakes Coastal Zone Management Programs



Office for Coastal Management

Resources

Digital Coast coast.noaa.gov/digitalcoast/

Lake Level Viewer coast.noaa.gov/llv/

Water Level Dashboard www.glerl.noaa.gov/data/dashboard/GLWLD.html

NOAA CO-OPS Water Levels tidesandcurrents.noaa.gov/stations.html?type=Water+Levels

US Interagency Elevation Inventory coast.noaa.gov/inventory/

Coastal Inundation Mapping Training coast.noaa.gov/digitalcoast/training/inundationmap.html

USACE Great Lakes Information www.lre.usace.army.mil/Missions/Great-Lakes-Information/



Office for Coastal Management

Contact Information

Brandon Krumwiede, CGP-R, GISP

brandon.krumwiede@noaa.gov

(320) 290-1381



Adam Bechle

Vulnerability to Heightened Lake Levels 

on Wisconsin’s Great Lakes

Coastal Engineering Outreach Specialist

Wisconsin Sea Grant

bechle@aqua.wisc.edu

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

mailto:bechle@aqua.wisc.edu


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

[www.amaps.com]



Lake Michigan Water Levels (1918-2020) 
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Time Scale of Water Level Changes

• Inter-annual

• Seasonal

• Short-term

– Seconds – wind waves

– Minutes/hours – storm surge

[modified from 
Melby et al., 2012]

41

[Nadal-Carabello et al., 
2012]
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+1.5’
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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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Melby , J. A., Nadal-Caraballo, N. C., Pagan-Albelo, Y. and Ebersole, B. A. (2012), 
“Wave Height and Water Level Variability on Lakes Michigan and St. Clair,” U.S. Army Corps of Engineers, TR-12-23

Historic Green Bay Coastal Flooding
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April 8, 1973

[Green Bay Press-Gazette] [Green Bay Press-Gazette]
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+3.3’

April 8, 1973
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May 12, 

1973

[Green Bay Press-Gazette]



575

576

577

578

579

580

581

582

583

584

1960 1970 1980 1990 2000 2010 2020

Water Level 
(feet

IGLD 1985)

50

December 3, 1990

+5.4’
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Timing of Water Levels + Storm Surge

+3.3’

+5.4’

+4.0’

+3.5’

+3.8’



[Julia Noordyk]

+2.4 foot storm surge
(~average annual storm surge height)

December 1, 2019



[Jeff DuMez, Brown County]

+2.6 foot storm surge
(~2 to 3 year return interval storm surge height)

April 28, 2020
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Timing of Water Levels + Storm Surge
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January 11th 2020 Southeastern Wisconsin Coastal Storm

[Stephanie Jones – Racine Journal Times]

[Michael Sears – Milwaukee Journal Sentinel]

[Mike De Stisi – Milwaukee Journal Sentinel]



Summary

• Multiple Time Scales of Coastal Risk in the Great Lakes

– Inter-annual - Lake Levels

– Seasonal - Lake Levels

– Short-Term - Storm Surge and Waves

56



Climate Change Impact on Great Lakes Water Levels 

• Precipitation onto a lake surface

• Runoff into a lake

• Evaporation from lake surface

• Flow through connecting channels

• Diversions into/out of lake system

P

F F

?

57

E



58

Climate Change Impacts on Ice Cover

[MODIS Satellite Image]



Summary

• Multiple Time Scales of Coastal Risk in the Great Lakes

– Inter-annual - Lake levels

– Seasonal - Lake Levels

– Short-Term - Storm Surge and Waves

– Climate Change - Lake Levels, Ice, and Storms

59



Awareness of Coastal Hazard Risks ∝
Great Lakes Water Levels?
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Coastal Resilience Outreach
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Coastal Resilience Self-Assessment

Part 1: Identifying Coastal Hazard Risks
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Coastal Resilience Self-Assessment

Part 2: Resilient Practices Questionnaire

• Understanding Coastal Hazard Impacts 

• Hazard Mitigation Planning 

• Community Planning

• Local Ordinances

• Public Education and Engagement

• Shore Protection 

• Managing Water on Coastal Lands

• Beaches

• Ports Harbors and Marinas
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Yes    No   ?

64

Coastal Resilience Self-Assessment
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Coastal Resilience Self-Assessment



Summary

• Multiple Time Scales of Coastal Risk in the Great Lakes

– Inter-annual - Lake Levels

– Seasonal - Lake Levels

– Short-Term - Storm Surge and Waves

– Climate Change - Lake Levels, Ice, Storms

• Coastal Resilience Outreach

– Build and maintain institutional knowledge

– Self-Assessment to start conversation about holistic approaches to 
resilience

66
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Adam Bechle
Coastal Engineering Outreach Specialist

Wisconsin Sea Grant

bechle@aqua.wisc.edu

https://www.seagrant.wisc.edu

https://sewicoastalresilience.org/

Funding provided  by the Wisconsin Coastal Management Program and 
the National Oceanic and Atmospheric Administration, Office for 
Coastal Management, Grant # NA17NOS4730144

mailto:bechle@aqua.wisc.edu
https://www.seagrant.wisc.edu/
https://sewicoastalresilience.org/


68

Images
• https://www.jsonline.com/story/communities/northshore/news/port-washington/2020/01/13/lake-

michigan-waves-damaged-port-washingtons-breakwall-during-storm/4453700002/
• https://madison.com/wsj/weather/storm-causes-millions-in-damage-to-port-milwaukee-11-killed-in-

midwest-south/article_29b08cf1-6674-5936-9d46-c380fe39c37d.html
• https://journaltimes.com/news/local/assessing-the-damage-from-saturdays-storm-20-foot-discharge-pipe-

thrown-like-soda-can/article_47ff1e25-9754-58df-8f67-08f074131e7e.html
• https://www.greenbaypressgazette.com/picture-gallery/weather/2018/04/09/green-bay-weather-

remember-the-april-flooding-of-73/33676945/
• Wisconsin Shoreline Inventory and Oblique Photo Viewer - http://floodatlas.org/asfpm/oblique_viewer/
• NOAA Lake Level Viewer - https://coast.noaa.gov/llv/

Water Level Data
NOAA GLERL - https://www.glerl.noaa.gov/data/dashboard/data/
Ice Data
NOAA GLERL - https://www.glerl.noaa.gov/data/ice/#historical
Surge Data
Melby , J. A., Nadal-Caraballo, N. C., Pagan-Albelo, Y. and Ebersole, B. A. (2012), 
“Wave Height and Water Level Variability on Lakes Michigan and St. Clair,” U.S. Army Corps of Engineers, TR-12-
23
Nadal-Caraballo, N. C., Melby, J.A. and Ebersole, B.A. (2012), “Lake Michigan: Statistical
Analysis and Storm Sampling Approach”. U.S. Army Corps of Engineers, TR-12-19.
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2D Modeling Applications for 
Watershed Modeling Studies in 
Toledo, OH and Duluth, MN

August 13, 2020

Joe Chapman, PE
Vice President 



Study Overview



Framework for Original Pilot



Old Pilot vs New Pilot



New Project Objectives

▪ Evaluate application of 2D 
modeling approach to 
previous pilot study areas

▪ Assess existing and future 
(with and w/out GI) 
scenarios

▪ Prepare summary 
findings and 
recommendations



1-D Modeling vs 2-D Modeling
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1-D Modeling vs 2-D Direct Rainfall Modeling
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Modeling Input Parameters
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1-D Modeling vs 2-D Modeling – Silver Creek
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1-D Modeling vs 2-D Modeling – Chester Creek
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Modeling Scenarios

▪ TUFLOW GPU 

▪ 2015 – rainfall, landuse, landcover

‒ Without Green Infrastructure

‒ With Green Infrastructure

▪ 2035 – projected rainfall, landuse, landcover

‒ Without Green Infrastructure

‒ With Green Infrastructure



Simulating Impacts of Green Infrastructure

▪ Green Infrastructure impacts modeled through changes to 

surface roughness and percent impervious

‒ Estimate of percentage of area to be impacted by GI

‒ Modify surface roughness and percent impervious for 

impacted area of watershed



Modeling Results



Modeling Results



Modeling Results – Average Peak Discharge Reductions



Modeling Results – Average Inundation Area Reduction



Takeaways

▪ GI can be a cost effective tool for reducing impacts of more frequent 

flood events

▪ GI measures can reduce impact of climate induced rainfall increases and 

extend design life of stormwater infrastructure

▪ Results vary depending size and shape of watershed, topography, 

urbanization,  etc.

▪ 2D modeling provides a cost effective method to quickly perform 

comprehensive watershed wide assessments

▪ The future of 2D modeling continues to evolve rapidly



2D Modeling – Probabilistic Flood Risk Assessment



Thank You

Joe Chapman
joe.chapman@aecom.com



Research as Climate Advocacy: Using Scholarship for Social Change

Wednesday, August 19, 2020 – 12:00-1:15 PM EDT

Research on climate change and societal response to the issue may have started 

in the academy, but it didn’t stop there. Advocates, whether in collaboration with 

scholars or on their own, have developed an extensive and varied corpus of 

research on climate impacts, policy responses, and approaches to build public 

support and political power on climate change. 

Learn more and register at:
http://www.communityresilience-center.org/research-as-climate-advocacy-using-scholarship-for-social-

change/

http://www.communityresilience-center.org/research-as-climate-advocacy-using-scholarship-for-social-change/


• August 19, 2020 Research as Climate Advocacy: Using 

Scholarship for Social Change

• Sept. 17, 2020 Enhancing Opportunities for Socially Vulnerable 

Populations to Have “a Seat at the Table” in Climate Resilience 

Planning

• Oct. 22, 2020 Climate Migration: Research, Analyze, Implement 

– What can we learn from other places?

Make sure to join our mailing list so that we can keep you up to 

date for upcoming webinars. 

www.communityresilience-center.org

Fall 2020 Webinars

http://www.communityresilience-center.org/

