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Assessing the Costs of Climate Change

Climate Trends in Michigan

During the past century, Michigan’s average temper-
ature has risen, as shown in Figure 1.  This trend is 
predicted to continue if climate change progresses un-
checked.  The models used to predict climate change in 
Michigan are based on 100 years of historical weather 
data, combined with the latest climate modeling.  These 
models indicate that Michigan could become hotter 
and drier throughout this century; by 2030, Michigan 
summers will resemble those of present-day Ohio.  

Models predict a 5o F to10° F increase in average 
temperatures in Michigan, and precipitation is 
projected to increase by 20 percent to 40 percent in 
the Midwest.1  The increase in summer and winter 
temperatures, however, will outweigh the predicted 
increase in precipitation and cause an overall drier 
climate.  Drier conditions could threaten the integrity 
of the Great Lakes-St. Lawrence shipping route.  
Changes in temperature and precipitation patterns also will cause northward migration of plant and animal 
species, with likely effects on state hunting, fishing, wildlife, and nature tourism industries. These trends, 
coupled with more frequent flooding and extreme weather events, also are likely to affect agriculture and 
forestry. 

One indicator of rising Michigan 
temperatures is the change in ice cover 
during winter months.  Grand Traverse Bay 
in northern Michigan, for example, has 
experienced a decline in ice cover throughout 
the century. The number of years the bay 
froze each decade since 1851 decreased from 
an average of eight to 10 seasons per decade 
to only three between 1990 and 2000.2 

The Great Lakes likely will experience 
changes in surface temperature, evaporation 
rates, surface currents and ice cover.3  How 
these forces will interact and what effects they will have on the lakes remains to be seen.  Some models predict 
that water levels in the Great Lakes will decline by 1.5 feet to 8 feet by 2100, disrupting commercial shipping 
infrastructure, recreational boating and hydroelectric power production. Figure 2 shows the predicted water 
level declines.

Overview

In the coming decades, a changing climate 
could increase economic impacts on Michigan 
and the nation.  The most recent climate 
modeling predicts warmer temperatures and 
lower water levels for much of Michigan; 
these changes will be more pronounced if 
global emissions of greenhouse gases are 
not reduced.  The state’s shipping and water 
resources may be impaired as a result, which 
could result in billions of dollars in economic 
losses.  This report explores how the climate 
may affect Michigan’s economy and provides 
policymakers and others with insight into 
adaptation and mitigation options.  Since 
state economies are directly linked to the 
economies of neighboring states and regions, 
policymakers may wish to consider both state 
and regional policies. 

Figure 1. Change from Average Temperatures 
in Michigan in January

Source: NOAA, 2007.
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Economic Effects

Shipping Infrastructure and Manufacturing 
Sector

Surrounded by four of the five Great Lakes and situated squarely 
on the Great Lakes-St. Lawrence Seaway, Michigan is home to 
more than 40 commercial ports.4  Manufacturing, the largest 
economic sector in the state, contributes approximately 18 
percent of the gross state product and depends on the seaway for 
cost-effective transport of goods.5  The Port of Detroit, Michigan’s 
largest, handled more than 17 million tons of goods, generated 
$680 million for Michigan’s economy in 2000 and supported 
more than 10,000 jobs.6  The three largest Michigan ports oversee 
more than $1 billion in foreign imports and nearly $4.7 billion 
in exports.7 

If water levels continue to drop along the route, expensive 
channel dredging may be necessary.  By 2030, dredging along 
the entire Great Lakes-St. Lawrence shipping route would cost 
between $92 million and $154 million annually8 under a climate 
change scenario with falling Great Lakes water levels.9  In a recent 
survey of the Great Lakes conducted by the U.S. Department of 
Transportation, respondents unanimously agreed that insufficient 
dredging of ports was the most important infrastructure issue in 
determining future investment decisions.10

If Great Lakes water levels decrease as expected, system connectivity 
along the Great Lakes-St. Lawrence route could decline by 25 
percent.11  This could cause an annual economic loss of almost 
$1.5 billion in foreign trade for ports in Detroit, Muskegon and 
Huron. The increased dredging needs in just the Port of Detroit 
may result in annual losses of $142 million and more than 1,500 

jobs.12  The entire state could 
lose an additional $2.6 billion 
and 13,000 jobs from lost 
imports and exports.13

Other Infrastructure

Flooding events—predicted to occur more often as climatic changes 
produce more heavy rainstorms—threaten the entire population.  
Michigan contains 36,000 miles of rivers and streams that may 
overflow, causing significant damage.  A report sponsored by the 
National Oceanic and Atmospheric Administration (NOAA) 
showed that between 1991 and 2003 Michigan incurred average 
annual flood damages of $10 million.14  Increased flooding 
produced by climate changes could indirectly affect other parts of 
the economy, resulting in economic losses as high as $506 million 
and job losses for nearly 9,700 workers.15

 

Water Resources

The Great Lakes Basin, the nation’s fourth largest watershed, 
provides water for roughly 75 percent of Michigan residents. 
Public water supplies from the Great Lakes may be compromised 
as water levels decline.  Additional stress on water supply may 
be caused by increased rainfall—predicted by climate change 
models—that may cause flooding and polluted runoff, which 
may require more expensive water treatment.  (A study in Texas 
found that increased contamination of surface water raised the 
treatment costs by 27 percent.16)  In Michigan, the cost of cleaning 
up ground water contamination from 1989 to 1999 totaled more 
than $367 million; nearly $30 million was spent in 1999 alone.17   
These costs may increase as lower water levels in state reservoirs 
lead to higher concentrations of pollutants.  Although it is unclear 
how much additional water treatment will be necessary, the costs 
are real and likely to increase.

Other Effects

Agriculture

A recent Michigan State University report calculated that 
agriculture and related industries added $63.3 billion to 
Michigan’s economy.  The report further estimated that 725,000 
people are directly employed in the industry and that it presents 
high future growth potential.18 Disruptions to this important 
industry from climate change could have a detrimental economic 
effect statewide.  

Rising temperatures have been shown to increase soil erosion by 
affecting microbial activity and changing the productive cycle of 
crops.  Higher precipitation levels also have been found to increase 
erosion and runoff.  Runoff could increase by nearly 50 percent 
in the Michigan Thumb area and by 310 percent in southeastern 
Michigan.  The loss of topsoil also may increase.  The Michigan 
Thumb area may experience soil loss of 105 percent, while 
southeastern Michigan may see a more than 270 percent increase 
in soil erosion by 2059.19  Researchers estimate that soil erosion 
causes losses of nearly twice the value of crops produced, since 

Figure 2.  Water Levels in the Great Lakes

Source: Mackey, 2007.



topsoil is so important for productive cropland.20  If precipitation 
levels rise and cause more soil erosion and runoff as projected, 
Michigan could see annual economic losses from soil erosion in 
the range of $11.5 billion to $20.7 billion.  

The dairy industry also is vulnerable to higher temperatures.  
Dairy production decreases at temperatures around 90° F, and 
losses begin when temperature reaches 77° F.  This decreased 
productivity can translate into high economic loss.  Climate 
models predict that, by the end of the century, Detroit will 
experience 30 to 50 days above 90° F.  If the statewide effect is 
similar, the $1 billion milk industry would be affected. 
 
Recreation and Tourism

Rich in natural beauty and abundant diverse species, Michigan 
offers a wide array of wildlife-related and outdoor activities.  
An estimated 3.5 million people—35 percent of the Michigan 
population—participate in fishing, hunting or wildlife 
observation.  A total of $3.3 billion was spent on these three 
activities in 2001.  Tourism generated profits of more than $14.4 
billion, and 157,200 jobs are directly related to tourism.  

One report on species’ responses to rising temperatures found that 
80 percent of those studied are changing their behavior, migratory 
patterns and habitats.21  This indicates that higher temperatures 
will affect the state’s native flora, which may undermine 
several established tourism activities. An estimated 2.7 million 
people—17 percent were nonresidents—participated in wildlife 
observation in 2001. Collectively, they spent more than $825 
million.22  If state wildlife habitat is reduced by 20 percent, the 
tourism industry could lose $165 million.  In 2006, around $584 
million was spent by 1.4 million anglers, 13 percent of whom 
were primarily interested in trout.23  This species is sensitive to 
water temperature and stream flow.  If trout fishing no longer is 
viable due to climate change, Michigan could lose more than $75 
million in trip-related tourism.  

Snow sports also contribute substantially to Michigan’s economy.  
According to the Michigan Snowmobile Association, an average 
snowmobiler spends $150 per day on a trip; many trips last five 
days or more.  The sport contributes more than $1 billion to the 
state economy.24  The 16 ski facilities in the state generated nearly 
$50 million in 2002.25  A Canadian study predicts that the length 
of the ski season could decrease by as much as 65 percent for the 
Brighton ski area by 2050.  The study also predicts a cost increase 
for snowmaking of 10 percent to16 percent.26  

Conclusion

Lower Great Lakes water levels may 
reduce connectivity along the Great 
Lakes-St. Lawrence shipping route 
and undermine a major mode of 
transportation for the manufacturing 
sector.  More detailed research related 
to the effect of climate change on water levels in the Great Lakes 
and how lower levels would affect the shipping industry could help 
to plan for and allocate resources to mitigate negative impacts.
	  
An improved assessment of the local climate change effect on 
fresh water supplies for drinking and agricultural use will help 
to plan for potential changes to water resources.  Since flooding 
could be more intense when it occurs, planners and policymakers 
may wish to assess those areas most likely to be affected so that 
flood response plans can be modified and mitigation measures 
can be taken. 
	
Since climate change may place more stress on wildlife, policies 
that create large, inter-connected wildlife preserves where flora 
and fauna can find varied ecosystems could improve their ability 
to adapt. Small preserves surrounded by development make it 
more difficult for plants and animals to adapt to climate change.  	

Missing Information and Data Gaps

The major missing links in calculating the unavoidable 
effects of climate change relate to the water supply 
networks in Michigan.  Climate change effects are 
projected to cause both a rise in temperatures and 
more frequent severe rainfall.  Better assessments of 
how these changes could affect water supply will help 
develop effective water resource plans.



Notes

	 1.  D.R. Easterling and T. R. Karl, “Potential 
Consequences of Climate Variability and Change for 
the Midwestern United States,” in Report for the U.S. 
Global Change Research Program, Ch. 6, 167-188. 
(Cambridge, U.K., Cambridge University Press, 
2001), www.usgcrp.gov/usgcrp/nacc/midwest.htm.
	 2.  J.A. Andresen, Historical Climate Trends in 

Michigan and the Great Lakes Region (East Lansing, Mich.:  Michigan 
State University, MSU Climate Change Symposium, March 2007); 
environment.msu.edu/climatechange/presentations.html.
	 3.  J. Lehman, How might future climate affect lake temperature, 
mixing, algae and small invertebrates? Conference Report on Water 
Ecology Workshop, University of Michigan, 2001; www.geo.msu.edu/
glra/workshop/02wecoworkshp/AMtalks.htm#lehman.
	 4.  Port Detroit Statistics, Economic Impact (Detroit:  Detroit/
Wayne County Port Authority, 2000);  www.portdetroit.com/
statistics/stat_economic_impact.htm.
	 5.  Bureau of Economic Analysis, 2006.  Regional Economic 
Account (Washington, D.C.:  BEA, 2006), www.bea.gov/regional/
index.htm.
	 6.  Port Detroit Statistics, Economic Impact.  
	 7.  World Port Source, Ports in Michigan; www.worldportsource.
com/ports/USA_MI.php, 2006.
	 8.  This is under the Canadian Climate Center Model, which 
predicts a 1.5 to 3 feet drop in the lake levels by 2030. 
	 9.  Great Lakes Regional Assessment Group, Preparing for a 
Changing Climate: The Potential Consequences of Climate Variability and 
Change (Ann Arbor, Mich.:  University of Michigan, 2000), www.geo.
msu.edu/glra/PDF_files/GLRA_report.pdf, 2000.
	 10.  U.S. Department of Transportation, Maritime 
Administration, Industry Survey Series: Great Lakes Operators 2005
 (Washington, D.C.:  US DOT, 2005).  
	 11.  Great Lakes Regional Assessment Group, Preparing for a 
Changing Climate: The Potential Consequences of Climate Variability and 
Change. 
	 12.  RESI, Calculations using modified IMPLAN™ economic 
model from the Regional Economic Studies Institute of Towson 
University, 2008.

	 13.  TO BE DETERMINED
	 14.  Damages ranged from a low of $325,000 in 1997 and 1999 
to a high of around $27 million in 1996; 
R.A. Pielke Jr., M.W. Downton, and J.Z. Barnard Miller, Flood 
Damage in the United States,1926-2000: A Reanalysis of National 
Weather Service Estimates (Boulder, Colo.: UCAR,  2002; www.
flooddamagedata.org/full_report.html;  
	 15.  RESI, 2008.
	 16.  D. Dearmont, B.A. McCarl, and D.A. Tolman, Costs of Water 
Treatment Due to Diminished Water Quality: A Case Study in Texas; 
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/papers/535.pdf, 
1998.
	 17.  Ground Water Protection Council, Michigan Ground Water 
Conditions (Oklahoma City, Okla.: GWPC, 2000).
	 18.  Michigan State University, “Agriculture, food system study 
shows potential for new job, industry growth,” newsroom.msu.edu/
site/indexer/2644/content.htm, 2006.
	 19.  M.R. O’Neal et al., “Climate Change Impacts on 
Soil Erosion in Midwest United Status with Changes in Crop 
Management,” Catena 61 (2005): 165-184.
	 20.  K.V. Smith, “Environmental Costing for Agriculture: Will 
It Be a Standard Fare in the Farm Bill of 2000?” American Journal of 
Agriculture Economics 74, no. 5 (December 1992): 1076-1088.
	 21.  Terry L. Root et al., “Fingerprints of global warming on wild 
animals and plants,” Nature 421 (January 2003):  57-60.
	 22.  Census 2003, National Survey of Fishing, Hunting, 
and Wildlife-Associated Recreation: Michigan, www.census.gov/
prod/2003pubs/01fhw/fhw01-mi.pdf.
	 23.  U.S. Fish and Wildlife Service, 2006 National Survey of 
Fishing, Hunting, and Wildlife-Associated Recreation, http://library.fws.
gov/nat_survey2006_michigan.pdf.
	 24.  Michigan Snowmobile Association, Interesting Stats and Facts; 
www.msasnow.org/Snowmobile%20Facts.htm, 2007.
	 25.  Census 2003, National Survey of Fishing, Hunting, and 
Wildlife-Associated Recreation: Michigan.
	 26.  Daniel Scott, G. McBoyle, and A. Minogue, “Climate 
Change and the Sustainability of Ski-based Tourism in Eastern North 
America:  A Reassessment,”  Journal of Sustainable Tourism 14, no. 4 
(2006).

These reports are the result of collaboration between the National Conference of State Legislatures and the 
University of Maryland’s Center for Integrative Environmental Research. Funding for these publications was 

provided by the Environmental Defense Fund.

© 2008 by the National Conference of State Legislatures.  All rights reserved. 
ISBN 978-1-58024-511-1


