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• Great Lakes water levels have fluctuated naturally 
and extensively during recorded history 

• Those water levels appear to be entering a period of 
increased volatility in the Great Lakes coastal zone

• Unprecedented weather patterns seem to be driving 
many of these water-level changes

• This volatility is taxing human and natural 
infrastructure throughout the Great Lakes region

• Scientists, policymakers and the general public are 
still coming to grips with this new volatility

• Infrastructure adaptation strategies & funding are 
inadequate in many areas of Great Lakes basin
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Great Lakes Watershed



• Holds ~20% of global fresh surface water

• Enough volume to cover the lower 48 states in 9.5 feet 

of water

• But only 1% of the Great Lakes Basin’s water is 

renewed annually

• Great Lakes nourish 35 million people in U.S. & Canada 

as well as billions of creatures in a unique, fragile, 

cold-water ecosystem

• The regional economy is world’s 3rd largest ($5.8 

trillion) and much, though not all, of that economy is 

water-dependent

Great Lakes Watershed

U.S. EPA, IJC, Bank of Montreal



Great Lakes & Climate Change 

Low water, Honey Harbor, ON, Lake Huron 2012
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Climate Change v. Nat. Variability

• Most of the lakes have natural variability of +6 feet

• The Great Lakes ecosystem thrives on this natural variability

• But research now suggests we’re entering an era of water 
level extremes, breaking numerous records in the process

• Higher highs, lower lows, longer lows and more rapid rises

• Yet the overall average water level may not change much
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USGS Hammond Bay Biological Station, Lake Huron





Going to Extremes

• 1985-86 Superior, Michigan, Huron, Erie 
struggled with record highs

• 1998-99 Michigan-Huron plunged 3’ in 1 yr

• Those lakes had never fallen so far, so fast

• That drop sent Superior, Michigan & Huron 
into record-long low water from 1999-2014

• 2013 Michigan-Huron set all-time record low



Going to Extremes
• In 2013-14 Superior saw an unprecedented 

rise. Never risen so far, so fast.

• During that same time, Michigan-Huron 
saw 2nd fastest rebound on record

• Then, in 2017, Lake Ontario saw fastest 
increase ever, ~4 foot increase in 6 months

• Lake Ontario broke 2017 high-water record 
& broke that record again in 2019



Higher Water in 2020?

Detroit Free Press Oct. 11, 2019

The last 60 months have been the wettest 60 months in 
recorded history on the Great Lakes. –USACE/National Weather 
Service



What’s it All Mean?
New Era of Volatility

“What it means for the Great Lakes is that we 
need to be prepared for extremes. Whether it 
is extreme weather patterns, whether it’s 
extreme water levels, whether it’s extreme 
droughts and storms … we just need to be 
prepared for extremes.”

-Wendy Leger, co-chair, International Joint 
Commission’s Great Lakes St. Lawrence 
Adaptive Management Committee



Lake Ontario Record Water Levels 
NY Announces $1 bill. suit v. IJC 

Rochester (NY) Democrat & Chronicle

Lake Ontario high water, Upstate New 
York June 1, 2019

Bridge over Lake Ontario tributary stream, 
during calm water. June 2019



Violent Lake Superior Storms

• Duluth, MN hit by +500-year storm in 2012

• Ashland, WI hit by +1,000-yr storm in 2016

• Ashland & Houghton, MI 1,000-yr storm 2018

• ~100 mile stretch of Superior shore hit by 
three 500 to 1,000 year storms in 7 years

• Mockery of term “500-year storm event” 

• $150 mill in damage in 7 yrs/largely rural area



Duluth, MN 2012 Storm

http://cdn.patch.com/users/850314/2012/06/T800x600/bc52abdab769ec53941f61aab353b5d5.jpg

Major storm events are taxing water infrastructure throughout the 
Great Lakes coastal zone. ~$100 million in storm damage in 2012



Ashland, WI Storm 2016

Photo courtesy of Bayfield County, WI

Damage between Duluth, MN and Ashland, WI from 1,000-year storm in 2016.



Ashland, WI Storm 2018

Federal highway between Duluth, MN and Ashland, WI 
blown out by 1,000-year storm in 2018.



Sediment Plumes from Storms
Visible from Space

NOAA MODIS 6/19/18

Sediment plumes along Lake Superior’s south shore from Duluth, MN to Ashland, WI in 2018.



Plumes Lead to Algal Blooms
• Superior saw blue green 

algal blooms in 2012, 2016, 
2018 -- 2018 bloom in NYT

• All followed +500 yr. storms 

• Superior is famously cold 

• But also one of fastest 
warming lakes in the world, 
helps fuel algal blooms 

• Have we entered algal 
bloom era on the largest, 
coldest Great Lake? The New York Times, Aug. 29, 2018



Lake Erie Algal Blooms
Visible from Space

Lake Erie, the warmest and shallowest Great Lake, has experienced repeated, large 
cyanobacteria blue green algal blooms annually since 2002. This bloom is from 2011.

Photo: European Space Agency Envisat



Lake Erie Algal Blooms

• In 2014 ~500,000 people in 
Toledo told not to drink 
water due to algal blooms

• Crisis lasted for days

• Increase in runoff from ag 
fields and some urban 
areas seen as cause

• Major wake-up call for 
Great Lakes coastal zone

National Geographic Aug. 6, 2014



FEMA & Climate Change

To save taxpayer dollars, FEMA generally only allows the same size 
culvert to be installed after storms. Does that save taxpayer dollars, given 
the increase in frequency and ferocity of coastal zone storm events?

Photo courtesy of Bayfield County, WI



Take-Home Points

• Great Lakes water levels have always varied

• Water level variability is good for the environment, 

but challenging for humans

• Climate-driven water level volatility is now 

challenging human and natural environments

• Algal blooms from Lake Erie to Lake Superior show 

that issues are more complex than in the past

• Regional residents and infrastructure do not seem 

prepared for this new normal

• More adaptation/resiliency awareness and funding 

are necessary to meet current and future challenges.
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