
Module 1:  Climate Change and 
Adaptation in the Great Lakes 



Climate change across scales:  
Global averages mask regional differences 

1. MARS portal and Cities Initiative MARS webpage, 
www.ccadaptation.ca/mars; 
www.glslcities.org/mars.cfm 
 

2. Training webinar series 
 

3. Adaptation Calls to Action  
 

4. Climate adaptation infographics  and case studies 
 

5. Demonstration projects 
 

6. Adaptation award at the 2015 Cities Initiative annual 
conference 

 

Municipal Adaptation and Resiliency Service 
(MARS) 
 

http://www.ccadaptation.ca/mars
http://www.glslcities.org/mars.cfm


Climate change: Global Phenomenon 
Local Effects 



Climate change across scales:  
Global averages mask regional differences 

Climate change is global in its nature; 
however, its precise impacts will vary 
on a regional level. 
 
Natural variability plays a larger role at 
the regional scale due to changes in 
land use (e.g. urbanization) and 
geographic features (e.g. mountains 
and lakes). 
 
Thus, local practitioners turn to 
downscaled global climate 
information. 

Climate change across scales 
Global averages mask regional differences 

Image source: Deutscher Wetterdienst, Klimaprojekten fuer die Stadtplannung (German Weather Service, Climate Project for Urban Planning) 

http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T176000665321293013118916gsbDocumentPath=&switchLang=de&_pageLabel=P27200165321293012986287
http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T176000665321293013118916gsbDocumentPath=&switchLang=de&_pageLabel=P27200165321293012986287
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http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T176000665321293013118916gsbDocumentPath=&switchLang=de&_pageLabel=P27200165321293012986287
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http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T176000665321293013118916gsbDocumentPath=&switchLang=de&_pageLabel=P27200165321293012986287
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http://www.dwd.de/bvbw/appmanager/bvbw/dwdwwwDesktop?_nfpb=true&_windowLabel=dwdwww_main_book&T176000665321293013118916gsbDocumentPath=&switchLang=de&_pageLabel=P27200165321293012986287


Climate change across scales:  
Downscaling global climate models (GCMs) 

When assessing climate change in your region, consider both 
historical trends and future projections: 

 
Historical trends focus on observed climate data that was recorded 
by climate stations in the past century. These trends provide 
greater certainty to estimate near-ǘŜǊƳ ǿŜŀǘƘŜǊΣ ōǳǘ ŀǊŜƴΩǘ ƎƻƻŘ 
at predicting extreme events. 

 
Climate projections provide an idea of what to expect over the next 
century, but lose certainty as they are downscaled to the regional 
level. 

 
Climate preparedness and resilience does not necessarily require 
climate data, but this data helps build the case for adaptation for 
city council and residents, and allows us to better prepare for 
extremes. 

Image source: ConsulClimate, Downscaling GCM Outputs, http://consulclima.co.uk 

Climate change across scales 
Historical trends and future projections 



Climate Change in the Great Lakes 
HISTORICAL OBSERVATIONS & FUTURE PROJECTIONS 

Image source: Union of Concerned Scientists 



Climate change across scales:  
Regional variation in the Great Lakes 

The Great Lakes significantly influence the 
ǊŜƎƛƻƴΩǎ ƳƛŎǊƻ-climates by: 
ǒ ...moderating the temperature of 

surrounding land. 
ǒ ...increasing the moisture content of 

the air throughout the year.  
 
So, cities on southern shorelines may deal 
with different impacts than those along a 
ƴƻǊǘƘŜǊƴ ǎƘƻǊŜΗ LǘΩǎ ŎǊƛǘƛŎŀƭ ǘƻ ǘŀƪŜ ƭŀƪŜ 
effect, as well as land changes due to 
urbanization and agriculture into account.  

Image source: Environment Canada and U.S. Environmental Protection Agency.  1995.  Great Lakes Atlas. 

Climate change in the Great Lakes 
Regional variation due to the lake effect 

http://www.epa.gov/glnpo/atlas/intro.html


Observations & projections in the Great Lakes: 
Observed changes since 1900 

Image source: GLISA, Climate Change in the Great Lakes Region, 6/18/2014, http://glisa.msu.edu 

Observations and projections in the Great Lakes 
Observed changes since 1900 



Observations & projections in the Great Lakes: 
Projected changes through 2099 

The climate future generations 
experience in the Great Lakes will 
be fundamentally different than 
the climate today. 

 
What is changing? 
Scientists often discuss changes in 
terms of averages, but our 
environments are managed in 
terms of timing and extremes. 
Thus, we take into account 
precipitation and temperature: 
ǒ Averages 
ǒ Extremes 
ǒ Seasonality 

Observations and projections in the Great Lakes 
Projected changes through 2099 

Image source: Union of Concerned Scientists, Confronting Climate Change in the Great Lakes, 2005 

http://www.ucsusa.org/assets/documents/global_warming/gl-exec-summary-update-05-doc.pdf


Observations & projections in the Great Lakes:  
Temperature: More hot days per year 

Higher annual average temperatures: 
Historical trends show increasing rise in 
temperatures. Rise projected to continue. 

 
Increased extremes: 
Increase in frequency of 95°F+ days 
 
Change in seasonality: 
Frost-free season has increased by 9 days 
compared to 1901-1960.  

Image source: Climate Change Impacts in the United States: The Third National Climate Assessment Report 

Observations and projections in the Great Lakes 
Temperature: More hot days each year 



Observations & projections in the Great Lakes: 
Precipitation: More severe weather 

Increased annual precipitation: 
Increase is expected to continue, though regional 
projections of future precipitation vary. 

 
Increased extremes: 
Precipitation via heaviest 1% of storms increased by 37% in 
the US Midwest from 1958 through 2012. 
 
Climate change increases floods and droughts in the region. 
 
Change in seasonality: 
More precipitation is falling as rain instead of snow. 
 
Snow melt:  
Rapid winter snow melts, combined with precipitation 
events, can lead to extensive flooding. 
 

Image source: GLISA, Weighted averages of nClimDiv divisional data from 8 U.S. Great Lakes States. 

Observations and projections in the Great Lakes 
Precipitation: More severe weather 



Observations & projections in the Great Lakes: 
Lake levels & ice cover: downward trend 

Lake levels: Still some uncertainty, 
but likely overall trend is downward.  
 
Year to year fluctuations due to other 
environmental factors (e.g. solar 
radiation, precipitation, wind speed, 
etc).  
 
Ice cover: Rising temperatures will 
continue to lead to a reduction in 
seasonal ice cover. 
 
 

Image source: Kenneth Kunkel, Cooperative Institute for Climate and Satellites - NC 

Observations and projections in the Great Lakes 
Lake levels and ice cover: downward trend 



Impacts on Great Lakes Cities 
THE CASE FOR ADAPTATION ACROSS MUNICIPAL SECTORS 

Image source: NBC Chicago 



Impacts on Great Lakes cities:  
Health 

Heat risks: 
ǒ Heat related illnesses and deaths especially 

affect elderly, homeless, low-income, children 
ǒ Increased smog will worsen asthma 
ǒ Increase in food-borne illnesses 
ǒ Increase in ragweed pollen season  
ǒ Tick and mosquito habitat will increase 
 

Precipitation risks: 
ǒ Increased waterborne diseases 
ǒ Injuries and deaths from flooding & winter 

storms  
ǒ Increases in basement mold from flooding 

events 
 
 

Heat waves can be deadly: 
ǒ 2003 European heat wave: 70,000 deaths 
ǒ Chicago 1995: 550+ deaths 
ǒ Toronto 2005: 6 known deaths  
ǒ Ontario 2005: 17,000 hospital admissions and 60,000 emergency 

room visits due to air pollution  

Impacts on Great Lakes cities 
Public health and vulnerable populations 

Image source: Chicago Tribune, July 13, 1995 


