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About this Publication

This report summarizes the methods, findings, and recommendations from the Great Lakes Regional Assessment Team regarding the
potential impacts of future climate change and variability in the Great Lakes region. It complements the national overview report that
is being prepared by the National Assessment Synthesis Team (NAST) as part of the National Assessment of Climate Change. The report
is intended for use by federal, state, and local government officials and by people in their roles as US citizens, employees, and residents
of the community. The report focuses on the years 2030 and 2090. These two times occur approximately 30 years before and after the

time when atmospheric carbon dioxide is expected to have doubled from its current value.

While there have been many national assessments and even a few Great Lakes Regional Assessments in the recent past, our assessment
includes several key features that make it unique:

1) substantial stakeholder participation. Stakeholder participation during our regional workshop in May 1998 led to decisions to

assess impacts on certain aspects of agriculture, forestry, water resources, ecosystems, and people’s well-being,

2) interdisciplinary approach. Our assessment involved a true integrated team effort and significant collaboration, using the best
science available. This proved to be challenging given existing time constraints and the fact that the team consisted of more than 40
faculty, research associates, graduate and undergraduate assistants, and external collaborators, from around the region (see Appendix
B for a list of the full team). Communication among team members was imperative to ensure that results across sectors were consis-
tent. This was especially challenging given the fact that most sector-assessment teams used different models that required specifically
formatted input.

3) recent GCM output. Our assessment required us to use recent output from general circulation models (GCMs) that accounted for

aerosols and for steady increases (as opposed to instantaneous doubling) in atmospheric carbon dioxide.

4) comparisons to previous results. Our assessment includes, wherever possible, comparisons between results from previous assess-
ments and ours. The purpose of the comparisons is primarily to highlight some of our latest results to demonstrate that (a lot of) new

information was obtained — rather than just reformatting existing information.

Enthusiastic teamwork has accomplished an astounding amount of work on a very compressed schedule. I would like to thank each
Great Lakes Regional Assessment Team member for his or her work. The interaction between researchers and regional stakeholders
in terms of their comments on earlier drafts has resulted in many modifications and improvements. On behalf of the Great Lakes
Regional Assessment Team, I would like to thank the regional stakeholders for their careful reviews, their insights, and their
thoughtful responses. [ would also like to thank Grabhorn Studio for the cover design. I would especially like to thank the US Environ-

mental Protection Agency (EPA) for their financial support and EPA Project Officer John Furlow for his periodic guidance.



Finally, I owe the greatest thanks to Ms. Jeanne Bisanz, the Regional Coordinator of our Great Lakes Assessment Team, whose untiring
efforts have led to the timely completion of this report.

Additional information is available on the Great Lakes Regional Assessment web site http://glra.engin.umich.edu. More technical infor-
mation about the Great Lakes Regional Assessment will appear in a special issue of Journal of Great Lakes Research, that will be printed
in Spring 2001. Even more detail will be in the revised longer report (current version is Sousounis et al. 2000b), which is expected to be
on the Great Lakes Regional Assessment web site by October 2000.

This report is being printed for broad review. We welcome feedback (e-mail: sousou@umich.edu; phone:734-936-0488; fax: 734-764-

5137; mail: Dr. Peter J. Sousounis, AOSS Department, University of Michigan, Ann Arbor, MI 48109-2143).

Peter J. Sousounis, Director

Great Lakes Regional Assessment Team



EXECUTIVE SUMMARY

Part of a National Assessment

The US Global Change Research Program (USGCRP) is
conducting its first National Assessment of the Potential Con-
sequences of Climate Variability and Climate Change. This
National Assessment is motivated by recently documented
evidence of warming across much of the United States, and a
concern about what future climate change may bring to the
Nation in terms of water resources, ecology, coastlines, and
human health to name a few. The Assessment has three
major components including 16 regional assessments, of
which the Great Lakes Regional Assessment is one. The
results from the regional assessments will be combined with
the results from five secforal analyses (Agriculture, Forests,
Human Health, Water, and Coastal Areas/Marine Resources)

to create a National Overview.

Goals of the Great Lakes
Regional Assessment

A team consisting of approximately thirty investigators from
around the Great Lakes region was assembled to assess the
potential impacts of climate change and variability in the re-
gion. The goals of the Great Lakes Regional Assessment were
to identify:

How key sectors in the region are sensitive to
climate-change-related and non-climate-

change related stresses

What information previous assessments can
provide relating impacts of climate change on

key sectors in the region

What the potential impacts of climate change
on key sectors in the region will be based on
climate change scenarios from the latest

general circulation model simulations

How individuals and communities can take
advantage of opportunities to reduce vulner-
abilities resulting from climate change and

variability

What additional information and research are
needed to improve decision making related to

impacts from climate change and variability.

The specific sectors that were chosen for assessment were moti-
vated in part by findings from a regional workshop that was
held at the University of Michigan in May 1998. The assess-
ments are challenging because of uncertainties in climate
change projections, socioeconomic change projections, and
because of a lack of information and models that link changes

based on these projections across sectors.

The Great Lakes Region -
Now and in the Future

The Great Lakes region, for the purposes of this assessment,
consists of the Great Lakes drainage basin, and all of Minne-
sota, and Wisconsin. The population of this region has increased
from roughly 10 million in 1900 to over 40 million currently.
Lumbering, farming, and mining played a big role in the de-
velopment of the region during the last half of the 19" century.
Steel manufacturing and the automobile industry dominated
the last half of the 20® century.



The importance of the region is related strongly to the fact that
the Great Lakes constitute the single largest source of fresh water
in the world (except for the polar ice caps). The Lakes them-
selves are a linchpin for drinking water, hydroelectric power,
commercial shipping, and recreation to name but a few. Addi-
tionally, the Lakes and the shorelines provide various habitats

for numerous plant and animal species.

The unique location of this region — halfway between the equa-
tor and North Pole within a large continental land mass and
colocated with the largest lakes in the world — gives it a unique
climate. This climate is characterized by warm summers, cold
winters, and significant precipitation year-round. Additionally,
the Great Lakes have a considerable influence on the subre-
gional climates around the lakeshores, particularly in winter
in the form of lake-effect snowstorms in winter. These storms
contribute up to 50% of the annual snowfall totals in areas

around the lakes (e.g., the snowbelts).

Climate scenarios from two General Circulation Models: the
Canadian Climate Center Model (CGCM1) and the United King-
dom Hadley Center Model (HadCM2) suggest that the climate
will be 2-4°C (3.6-7.2°F) warmer and about 25% wetter by the
end of the 21" century. There will also be fewer cold air out-
breaks and less lake-effect snow in winter — especially around
the southern lakes (Erie and Ontario). Such changes in snow-
storm frequency would decrease the cost of snow removal and
decrease the frequency of transportation disruptions. However,
there would be adverse consequences to the winter recreational
industry in southern portions of the Great Lakes. Summertime
heat waves and heavy precipitation events will become more

frequent.
Key Findings

This regional assessment focused on how a warming climate
might impact levels of the Great Lakes, streamflow, aquatic and
terrestrial ecosystems, agriculture, and quality of life. Key find-

ings are presented below.

Water Resources

The Great Lakes have historically enjoyed a relatively small
range in lake levels — 6.5 feet from the recorded monthly maxi-
mum to the recorded monthly minimum. Superimposed on
these levels are seasonal cycles of 10-12 inches. Recent declines
from record high levels in the 1980s have caused concern among
commercial shippers, hydroelectric companies, and recreational
boaters. The dredging activities that may be used to offset some
of the effects from low lake levels and channel depths are not
without their own potentially negative consequences —namely
the cost involved and the resuspension of pollutants that have

remained dormant at the bottoms of channels for decades.

Previous assessments of how climate change would impact 1ake
levels using output from steady-state GCMs have suggested that
lake levels may decline by 1.5 — 8 feet by the end of the 21*
century. In the current assessment, output from the CGCM1
model suggests that the evolution of a long-term trend toward
lower Great Lakes levels may reach magnitudes of approxi-
mately a 1.5 to 3 feet drop on the various lakes within a time
frame of about 3 decades. Output from the HadCM2 model sug-
gests no change to a slight increase in lake levels. Ice cover will
also likely decrease — both in terms of days with ice cover and
thickness of ice.

Water regulation strategies should be developed that are robust
enough for either high or low water levels. Water regulation
models need to be developed to deal with some of the lake level

changes that are anticipated from climate change.

Water Ecology

Aquatic life in the Great Lakes depends critically on how sur-
face nutrients and oxygen are mixed throughout the depth of
the lakes. The mixing in turn depends on the seasonal cycles of

lake and air temperatures, sunshine, and winds.

The CGCM1 and HadCM2 models both suggest not only that
the Great Lakes will be warmer, but that they will also remain



more stable for a longer portion of the year by the end of the
21 century. As a result, not as much oxygen will mix down
from the surface to greater depths. This would effectively re-

duce the biomass productivity by around 20%.

The flow from the streams and rivers that feed into the lakes
will also likely change. Inland rivers in the Great Lakes region
that are primarily snowmelt driven (e.g., peak flows in early
spring) may have earlier peaks as a result of less snow and
more rain. Changes in summer flows for all rivers will likely
depend on how the future increased precipitation that is sug-
gested by the GCM simulations is balanced by evapotranspira-

tion within watersheds.

The projected decline in primary production may require imple-
menting stocking strategies to rebuild stocks of native species
that have survived in the lakes through centuries of postglacial
change and appropriate public education programs to explain
such changes. Dredging attempts to maintain shipping chan-
nels should strive to minimize impacts on critical habitat re-
quired for spawning of native species and the nurturing of

young.

Critical information needs include a better knowledge of how
future precipitation and wind patterns will change over the Great
Lakes drainage basin, how land-use practices will change, and
how the links in the food web operate between the primary pro-
ducers and the top, economically important fish.

Land Ecology

Three gradients characterize the natural ecosystems of the re-
gion: a southwest to northeast gradient from prairie to forest in
Minnesota, a south to north gradient from Eastern deciduous
to Northern mixed hardwood forests in Michigan and Wiscon-
sin, and the Southern edge of the boreal forest extends into the
region. The diversity of forest ecosystems throughout the re-
gion has contributed greatly to its prosperity and quality of life
as well as its cleaner air and water, and the reduction of soil

erosion.

Economically significant trees like quaking aspen, yellow birch,
jack pine, red pine, and white pine may no longer be able to
grow in the Great Lakes region because summers may become
too warm. Other trees like black walnut and black cherry may
eventually migrate northward into the region — given enough
time. Productivity may ultimately increase, but only after a
decline during the transition (a “dieback phenomenon”), as
communities adjust to a changing environment. Because man-
aged landuse accounts for as much as three-quarters of the
land area of natural ecosystems (i.e., grasslands), more infor-
mation is needed on both the impacts that current land
management has on the ability of vegetation communities to
respond and how the dynamics of land use and management

will interact with climate change.

Changes in the Great Lakes distributions of upland game birds
may also occur. There may be more opportunities to hunt the
Ring-necked Pheasant and Northern Bobwhite, but fewer to
hunt the Sharp-tailed Grouse or Gray Partridge. There may also
be fewer duck-hunting opportunities in the Great Lakes region.
These changes are supported by recent observations. Some
models project additional losses of neotropical migratory bird
species in Michigan (32%), Minnesota (20%) and Wisconsin
(32%). Particularly hard hit would be the wood warblers with
large numbers of species projected to be extirpated from Michi-
gan (61% lost), Minnesota (52% lost) and Wisconsin (67% lost).
Losses are also projected for the other states within the Great
Lakes region. These avifaunal changes will likely have nega-
tive impacts on the ecotourism and on ecosystem health in the

region.

Reasonable response strategies within the forestry and land
management communities include monitoring the health of
the forests within their changing environment; implementing
policies, such as land use planning and/or “sprawl” taxes to
minimize land use conflicts; facilitating the migrations of plant
species with the shifting of ecological zones; and planting tree

species that are better suited to a changed climate.



An important research need is to couple models of ecosystem
productivity with models of land use change to study change

under altered climate.

Agriculture

Agriculture ranks among the most important economic activi-
ties of the Great Lakes region, accounting for more than $15
billion in annual cash receipts. Livestock, including dairy, is
the number one agricultural commodity group, comprising over
half of the total. Dairy production alone produces almost §5 bil-
lion in receipts. Crop diversity is an important characteristic of
agriculture in the region due at least partially to the moderating
influence of the Great Lakes on regional climate. Over 120 com-

modities are grown or raised commercially in the region.

The warmer and wetter climate across the region portrayed by
both GCMs and the positive effects of CO, enrichment suggest
that future crop yields may be greater than historical yields.
Some crop yields may be greater than historical yields through
2050, but may then decrease with time from 2051-2100, espe-
cially at western and southern locations. Interannual variabil-
ity of all projected future crop yields may tend to decrease with
time, especially after 2050. Greater agronomic potential may be
possible for northern sections of the region, even with less suit-
able soils. Simple adaptations to a changing climate such as a
switch to a longer-season variety or earlier planting date were

found to result in significant increases in potential crop yield.

Further analysis of the model simulations suggest that for the
assessment decade of 2025-2034 lake-modified regions sur-
rounding Lake Michigan will experience a moderate increase
in growing season length and seasonal heat accumulation and
a decrease in the frequency of subfreezing temperatures. In
addition, important growth stages for perennials (such as com-
mercial fruit trees) will occur earlier in the calendar year than
atpresent. Very large changes in temperature threshold param-
eters are projected for the assessment decade of 2090-2099, es-

pecially for the eastern shore of Lake Michigan. It is unclear for

both assessment decades whether perennials (specifically, com-
mercial fruit trees) will be more or less susceptible to damage
from cold temperatures after critical growth stages have been
reached. The simulations from the HadCM2 model suggest less
susceptibility, whereas the simulations from the CGCMI model

suggest greater susceptibility.

Improvements in technology, the CO, fertilization effect, and
the use of adaptive farm management strategies will mitigate
any negative effects of climate change for the majority of farm
operations in the Great Lakes region. Adaptive farm manage-
ment strategies include: changes in crop selection or variety;
using crop varieties that are currently used in more southern
regions; changes in the timing of planting and harvesting, and
the development of new varieties of crops that are more adapt-

able to interannual variations of weather.

Better regional- or local-scale climate models and more
sophisticated agricultural models that include pesticide, fer-
tilization, and CO, enrichment effects, as well as resulting

economic impacts are needed for future assessments.
Quality of Life

A major quality of life issue is human health. People who lack
protection to high temperature extremes eventually suffer from
heat stress, dehydration, respiratory distress, and occasionally
heat stroke or cardiac malfunction. Heat waves in the Great
Lakes region are still relatively rare. OQutput from the HadCM2
and CGCM1 models suggests significant increases in the num-
ber of days above 90°F. Additionally, interannual variability
may decrease — so cool summers may not occur as frequently
as they do now. Other impacts from short-term, extreme weather
events such as floods, tornadoes, and blizzards, may also
increase in the Great Lakes region, because these events are
forecasted to occur with increasing frequency — particularly

heavy precipitation events.



Air pollution associated respiratory disease has not been well
studied in the Great Lakes region. Results suggest that air pol-
lutants are but some of many factors involved in the etiology of
respiratory diseases. A simple analysis of the GCM output from
the CGCM1 and HadCM2 models suggests that the number of
days with synoptic patterns that are conducive to high ozone
will increase by the end of this century across much of the Great

Lakes region.

Improved weather forecasting, information distribution, spe-
cial assistance, and economic well-being will help high risk
populations to better cope with high temperature extremes.
Improving the construction of future dwellings and preventing
construction too close to lakeshores will help people in the
region to better cope with heavy precipitation events. The im-
pacts of air pollutants on health can be decreased if susceptible
people such as the elderly or those with preexisting respiratory
disease are warned to stay indoors during severe conditions
outside. In some cases, a response may be to move from more
polluted urban areas, or even to leave the Great Lakes region

entirely for cleaner and drier climates.

The uncertainties in both the forecasts of possible climate
change and the effects on public health demonstrate that ma-
jor research and monitoring efforts are needed. More research
is needed to better identify and understand the relationships

between environmental factors and diseases.
Future Work

This first Assessment of Climate Change in the Great Lakes
region suggests possible impacts from climate change. More
importantly, it demonstrates the complexities that are associ-
ated with such a multi-disciplinary study. The uncertainties
associated with projections in climate change are almost of
secondary importance compared to some of the uncertainties
associated with some of the sector-sector interactions, which
for the most part have been ignored. Future endeavors will

begin to address some of these important interactions.






The Great Lakes Region: Past, Present, and Future

2 . H ISTORICAL OVE RVIEW AND day versions. The warm periods also allowed vegetation and
wildlife to return to the region before the next glacial advance
CURRENT SITUATION | |
began scouring the region once more.

prepared by
The Great Lakes - St. Lawrence Basin watershed spans an area
Peter J. Sousounis : .
f about 400,000 mi? (1,000,000 km?). T f t of
University of Michigan, Ann Arbor, Michigan of about 400,000 mi* (1,000, ). Twenty five percent o
that amount, 100,000 mi* (250,000 km?), is covered by the
George M. Albercook Great Lakes themselves. These Lakes contain over six quadril-

Center for Environmental Policy, Economics and . 0 ,
Science (CEPES), Ann Arbor, Michigan lion gallons of water — nearly 20% of the world’s fresh water
supply. Only the polar ice caps contain more fresh water. The

water in the Great Lakes-St. Lawrence Basin serves as a

resource for sustaining human life, ecology, agriculture, trade,
The Great Lakes region, for the purpose of this report, consists 8 8h a5
, L , energy generation, and recreation, to name a few.
of the Great Lakes drainage basin, Wisconsin and Minnesota.

The drainage basin includes portions of Ontario and Quebec, IEI 48
as well as portions of Minnesota, Wisconsin, Illinois, Indiana,

Ohio, Pennsylvania, and New York, and all of Michigan. The “°
Great Lakes themselves are the geographical centerpiece of the S 44
region. The Lakes and other physical characteristics of the §42
region were formed nearly 3 billion years ago, during the §
Precambrian Era. Early sedimentary and volcanic rock were 40
repeatedly heated, folded, and eroded into the gentle rolling hills 38

-

: : . . . 890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
that still exist today in the northwestern portions of the region

Year
as part of the remnants of the Canadian Shield. The Paleozoic E 36
Era brought repeated flooding by marine seas, which were 34
responsible for the formation of a layer of sedimentary rock .32
consisting of limestone, shales, sandstone, halite, and gypsum ':% 22
— remnants of marine life. The Pleistocene Epoch brought with -§ 06
it repeated advancements and retreats of glaciers — sometimes X o4
over a mile high — to the region. The glaciers scoured the ter- 22
rain, leveled hills, and turned river valleys into what now con- 20
stitute the Great Lakes drainage basin. Each glacial retreat left 15501900 570 7920 7930 19‘\2;950 1960 1970 1980 1990 2000

behind a mixture of sand, silt, clay, and boulders — the glacier _ S
Figure2.1: Historical trendsof mean a) temperature

drift. The melting water from the glaciers filled the deeply and b) precipitation for Upper Great Lakes region:
scoured regions as lakes that were even larger than the present Michigan, Minnesota and Wisconsin. [2-1].
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Climate

The region’s location within the interior of the North American
continent contributes to the current (non-glacial) climate char-
acteristics consisting of warm summers, cold winters, and sig-
nificant amounts of precipitation year-round (Figures 2.1 and
2.2). Additionally, the Great Lakes are large enough and close
enough to each other to exert significant impacts on local and
regional weather. Areas in the north and west (International
Falls, Minnesota) have lower temperatures, a larger seasonal
temperature range, and less annual and less seasonally distrib-
uted precipitation than areas in the south and east (Detroit,
Michigan). Areas close to the lakes (Traverse City, Michigan and

Buffalo, New York) have a smaller annual temperature range
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Temperature

N L o

o o o o
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= [§) w S

Precipitation

than areas farther away (Lansing, Michigan). The primary
moisture source is the Gulf of Mexico, although the Pacific and

Atlantic Oceans are not insignificant sources.

In winter, nighttime low temperatures typically range from sub-
zero in the northwest to the teens (°F) in the southeast. Strong
low pressure systems typically approach the region from the
southwest, bringing Gulf of Mexico moisture to the region in
the form of heavy rain, snow, or a frozen mix. Weaker systems
with less moisture from the Pacific or Canada (Alberta Clip-
pers) approach from the west or northwest [2-1]. As these sys-
tems move through the region, northwesterly flow on the back
sides of the lows can bring bitterly cold (arctic) air masses into
the Great Lakes region. Temperatures can plunge to -40°F or
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Figure2.2: Monthly high and low temperatures (red curves, %), and precipitation (bars, inches) for International
Falls, Minnesota, Green Bay, Wisconsin, Buffalo, New York, and Detroit, Michigan [2-2].
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lower, especially in the northern parts of the region. As this cold
air travels across the much warmer lakes, it is warmed, moist-
ened, and destabilized. Intense lake-effect snowstorms typically
develop on the leeward sides of the lakes. Snow storm totals can
often exceed 10 inches. Lake-effect snows are most prominent
along the southern and eastern shores of Lake Superior, the east-
ern shores of Lakes Michigan and Huron, and the southeastern
shores of Lakes Erie and Ontario where such snow can account
for more than half of the annual snowfall totals [2-3]. For ex-
ample, 80 of the 160 inches that usually fall in Traverse City,
Michigan typically come from lake-effect. The amount of lake-
effect snow that any location gets in any year depends on how
much cold air and what the prevailing wind direction is among
other factors. During El Nifio years, lows move north and/or
west of the region, typically bringing less precipitation, fewer

cold air outbreaks, and less (lake-effect) snow.

Anorthward retreat of the jet stream during the summer allows
relatively tranquil conditions to exist most of the time. Daytime
high temperatures range from near 80°F (26°C) in the north-
west to the mid 80s °F (30°C) in the southeast. Cooler condi-
tions exist near the lakeshores. Southerly flow on the back side
of the Bermuda High can bring high heat and humidity from
the Gulf of Mexico and the Atlantic Ocean into the region. Al-
though low pressure centers rarely cross through the region in
summer, cold fronts do move through the region every 1-2 weeks,
bringing at times severe weather, intense precipitation, and re-
lief from intense heat. Tornadoes range in frequency from 1-2
per year in the northwest to 2-4 per year in the southeast to 12-
16 per year just south of Chicago (Figure 2.3). As a result of the
more tranquil large-scale flow, the lakes play a significant role
near the lakeshores. Lake-air temperature differences affect
thunderstorm and possibly tornado development in complicated
ways. For example, near Lake Michigan, lake-land tempera-
ture differences lead to thunderstorm increases in the north but
thunderstorm decreases in the south. On the whole, the lakes them-
selves are estimated to account for a net decrease (e.g., ~6% for
Lake Michigan) of summertime precipitation over the Lakes. In
Fall, the lakes contribute to hail storms that can cause consider-

able crop damage [2-4].
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Population & Economy

The first inhabitants of the region moved in as last glacier re-
treated nearly 10,000 years ago. A few thousand years later, the
natives had established hunting and fishing communities and
were using copper from the region. They grew corn, squash,
beans, and tobacco and moved once or twice each generation
when the resources in an area became exhausted. By the six-
teenth century, an estimated 60,000-120,000 Native (Ameri-
cans) occupied the region before the region began being settled

by Europeans [2-1].

The area was first settled primarily by the French, but soon
thereafter by the British, and Americans. The Native American
people were slowly squeezed out (of existence, in many cases).
A series of military struggles between the French and the Brit-
ish and Americans culminated with the war of 1812. Both the
Americans and the British claimed victory. The Native Ameri-

cans, who were involved to save their homeland, did not share

in the victory.

Figure2.3: Misiblesatelliteimage of a tornado outbreak
taken at 2335 UTC 02 July 1997. Source: National
Oceanic and Atmospheric Administration (NOAA), The
National Environmental Satellite, Data and Information
Service (NESDIS), Operational Significant Event
Imagery (OSEI).



Development of the region from that time to the present has
evolved dramatically. The population alone since 1900 has
increased from approximately 10 million to over 40 million
(Figure 2.4). In the last half of the 19th century, lumbering,
farming, mining, and early manufacturing dominated the
economies of Michigan, Wisconsin and Minnesota — the Upper

Great Lakes region.

Lumbering began as early as the 1830s and grew throughout
the region. In the period after the Civil War it became a domi-
nant industry, with Michigan woodlands alone producing about
a quarter of the nation’s total supply. The harvest of wood re-
sources was rapid and unsustainable. By the 1870s the great

forests of the region were drastically reduced.

The climate and fertile soil of Michigan, Wisconsin, and Min-
nesota were ideal for wheat production. Between the 1880s and
the 1920s the prairies and valleys were converted to a checker-
board of fields and pastures. During this period Minneapolis
became the country’s largest producer of flour. Like lumber, the
prairie soil was depleted and farmers had to turn from wheat to

a mix of crops.
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since 1900 [2-1].
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Tron ore mining in Minnesota began in the 1890s as thou-
sands of laborers worked on the Mesabi, Vermillion and Cuyuna
iron ranges. They built towns and dug huge pits to remove the
valuable ore. The Hull-Rust mine in Hibbing, Minnesota be-

came the largest open-pit mine on Earth.

Henry Ford, R.E. Olds, William Durant, and Walter Chrysler
used the assembly line to make automobile manufacturing
the greatest wealth creator of the 20th century. Like lumbering
and mining before it, automobile manufacturing needed la-
bor and it drew people to the region, this time in unprecedented

numbers.

Between 1900 and 1930 Flint grew by a factor of 12 to 156,000
people and Detroit grew from less than 300,000 to 1.6 million!
Earlier immigrants were from Canada and Europe with very
large numbers of Germans going to Wisconsin. The automo-
bile industry brought immigrants from new areas such as Po-
land, Hungary, Italy and Greece as well as African-Americans
from the south. The Great Lakes-St. Lawrence Basin is now
home to more than 42 million Americans and Canadians. An
estimated 97% of Quebec’s population lives within the St.
Lawrence River Basin watershed; two-thirds of its population
lives within a 6 mile (10 km) wide strip on either side of the St.

Lawrence River [2-5].

Although there has been dramatic change in the economic
structure of the Upper Great Lakes region over the past 200
years, Minnesota still provides about 70% of the iron ore/taco-
nite produced in the US; automobiles are still a very large com-
ponent of Michigan’s economy dominating the durable goods
manufacturing sector; and farming is a $2 billion/yr industry

in Wisconsin.

The Great Lakes region as a whole is suitable for growing eight
of the top ten food crops in the world. Hog production is impor-
tant in Minnesota, dairy production is important in Wiscon-
sin, and specialty crops are important in Michigan, which ranks

first in the US in tart cherry production. The wine industry is



important in upstate New York. Other specialty crops are
important elsewhere. These specialty crops grow well in these
areas, in part because of microclimates that are unique to

the region.

The St. Lawrence Seaway is currently the world’s longest deep
draft inland waterway. It consists of a series of 19 locks and 6
canals spread across 60 miles. The locks can raise ships that
are 730 feet in length and 76 feet at the beam more than 591
feet above sea level. The Seaway serves 50 regional ports as
well as a region that: 1) is home to more than 90 million people
(nearly 25% of North America’s population); 2) creates more
than a third of the continent’s gross national product; 3) pro-
duces two-thirds of Canada’s industrial output; 4) grows al-
most half the soybean and corn in the US; and 5) accounts for
some 40% of US manufacturing. It allows access to 15 major
ports that ship products around the world. The Seaway allows
shipping routes to Europe that are shorter than comparable
routes from east coast cities. It is used for commercial ship-
ping and pleasure craft traffic. Four principal dry bulk com-
modities (iron ore, limestone, coal, and grain) constitute 85%
of the regional shipping industry. Fourteen regional compa-
nies use the Great Lakes - St. Lawrence Basin for shipping. The
Seaway has carried more than two billion tons of cargo and
has accounted for $300 billion in trade since its opening in
1959. The Seaway is managed and operated by The St. Lawrence

Figure 2.5: Common shipping routes from the Great
Lakesto Europe [2-7].
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Seaway Authority of Canada and the United States Saint
Lawrence Seaway Development Corporation. It is currently open

to navigation from early April to mid-December [2-6].

The New York Power Authority provides about a quarter of New
York State’s electricity by operating 12 generating facilities and
more than 1,400 miles of transmission lines. Two hydroelectric
facilities on the St. Lawrence River are the St. Lawrence-Franklin
D. Roosevelt Power Project and the Niagara Power Project. The
St. Lawrence-Franklin D. Roosevelt Power Project has a net de-
pendable capability of 800,000 kilowatts. The Niagara Power
Project has a net dependable capability of 2,400,000 kilowatts.
Together these two facilities supply more than 10% of New York
State’s electricity. Or put another way, they supply enough elec-
tricity to light Washington, D.C. four times over [2-8]!

Ontario Power Generation is one of the largest utilities in North
America in terms of installed generating capacity. Ontario Power
Generation (formerly Ontario Hydro), a self-sustaining corpo-
ration without share capital, was created by provincial statute
and operates today under the Power Corporation Act of Ontario.
Its net dependable capability of 30,284,000 kilowatts is gener-
ated from: 69 hydroelectric stations, 5 nuclear stations, and 6
fossil-fueled stations [2-9].

Summer and winter recreation are economically important to
the region. There are more registered boaters in the state of
Michigan than in any other state. The eight state region as a
whole accounts for nearly one-third of all registered boaters in
the US. The large numbers demonstrate the importance of rec-
reational boating to the regional economy. The boating indus-
try is represented by boat manufacturers and retailers, marina
operators, marine business suppliers, and the hundreds of thou-
sands of boaters and anglers. Retail sales of marine equipment

in 1988 accounted for more than $3 billion in spending.
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Science (CEPES), Ann Arbor, Michigan

Climate

The regional climate through the end of the 21* century will
likely be warmer and wetter. The questions of how much warmer
and how much wetter may be answered by examining output
from two General Circulation Models (GCMs): the Canadian
Model (CGCM1) [1-4] and the United Kingdom Hadley Model -
(HadCM2) [1-5]. These models differ from ones in the recent
past not only in their sophistication with which they handle cloud
development and ocean currents for example, but also because
they are transient and they include the effects of aerosols. These
aerosols mask the warming effects of increasing carbon diox-
ide, an effect which will only likely be temporary. The steady-
state nature of previous models only allowed an evaluation of
effects from an “instantaneous doubling of CO,,” rather than
from a more realistic steady increase. The two models recreate
the current conditions [3-1] well but suggest slightly different
climate scenarios for the Great Lakes region.

Figures 3.1 and 3.2 show that in general, the CGCM1 scenario
is warmer and drier than the HadCM2 scenario. The models
differ only slightly for the period 2025-2034 in summer. The
models suggest that minimum summer temperatures will
increase by 1.8-3.6°F (1-2°C) across the region, while
maximum temperatures will increase 0-1.8°F (0-1°C). More

19

warming will occur in the western part of the region than in
the eastern part. The net change may be a decrease in the
diurnal temperature range in the west and an increase in the
east. The decreased diurnal temperature range may suggest
slightly more cloudiness or humidity over the western part of
the region. The models also suggest that summer precipita-
tion will increase by 15-25%.

Larger differences between the two models exist in winter. In-
creases in the minimum temperature of 7.2 - 10.8°F (4-6°C)
from southeast to northwest are projected by the CGCM1 sce-
nario and 0.9-4.5°F (0.5-2.5°C) from east to west by the
HadCM2 scenario. Increases in the maximum temperature of
3.6 -5.4°F (2-3°C) from north to south are projected by the
CGCM1 scenario. and increases 0.9-4.5°F (0.5-2.5°C) from west
to east by the Hadley scenario. Wintertime precipitation is
slightly less in the HadCM2 than in the CGCM1 scenario, which
generates precipitation that is similar to present day values.

Both models suggest more significant changes in mean tem-
perature and precipitation for the period 2090-2099, than for
the period 2025-2034. They also differ from each other more.
For example in summer, the CGCM1 scenario shows average
temperature increases of 7.2°F (4°C), while the HadCM2 sce-
nario shows increases around 3.6°F (2°C). Precipitation varies
considerably across the region and between the two models also.
The CGCM1 scenario shows near-drought conditions across the
northwestern portion of the region and increases of 20-40%
everywhere else. The HadCM2 scenario shows general precipi-
tation increases of 25% with near flood conditions (increase of
70%) over northern lower Michigan.

In winter, the CGCM1 scenario shows average temperature
increases of 10.8-12.6°F (6-7°C). More warming occurs for the

minimum temperatures and more warming occurs to the south
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Figure 3.1: Future climate projections from the Hadley (HadCM2) and the Canadian (CGCML1) general circulation
modelsfor winter (DFJ) and summer (JJA) for the period 2030. Plotted valuesarefor VEMAP averagesat 0.5°resol ution.
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than to the north — suggesting an enhanced horizontal tem-
perature gradient and possibly an enhanced storm track. The
HadCM2 scenario shows average temperature increases of 7.2°F
(4°C) with a weakening of the horizontal temperature gradient.
Both models show about a 20% increase in precipitation across
much of the region. The CGCM1 scenario shows a 40% increase
over Towa — just to the southwest of the Great Lakes region.

Understanding the mean temperature and precipitation
changes from the models is important, but understanding the
corresponding day-to-day weather (and weather extremes)
associated with those changes is tantamount to being able to
understand and to deal with climate change. Unfortunately,
such changes are difficult enough to assess in winter and even
more difficult in summer. However, some assessments of local
weather changes can be made based on the model projections
of large scale conditions and simple statistics. For example,
the probability that Chicago will experience 10 or more days in
the summer with high temperatures exceeding 90°F (32°C) is
projected to go from a 1-in-25 year event now to a 1-in-10 year
event by the end of next century. The probability that Chicago
will experience 6 or more days in the winter with low tempera-
tures below 0°F (-18°C) is projected to go from a 1-in-10 year
event now to a 1-in-50 year event by the end of the 21st cen-
tury. By the end of the 21st century, the typical winter may be
comparable to what we experience now during a moderate to
strong EI Nifio. The coldest winters may be comparable to the
normal winters we experience now. Snowfall totals may be half
the current normal totals with lake-effect snow being signifi-
cantly reduced (Focus: Climate Change and Lake Effect
Snow), but lake-effect rain being increased. Both the CGCM1
and the HadCM2 scenarios suggest more zonal flow patterns.
In winter this translates to more Pacific systems, more Gulf of
Mexico systems, and fewer Alberta Clippers. Alberta Clippers are
a primary source for reinforcing cold air over the Great Lakes
in winter. Fewer outbreaks likely means less lake-effect snow.

Population & Economy

In some sense it is considerably more difficult to imagine what

the future socioeconomic situation for the Great Lakes region
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GEeNERAL CIRcuLATION MopEL (GCM)

Quick COMPARISON

Model HadCM2 CGCM1

Type Transient Transient
Aerosols Included Included
Precipitation  much wetter wetter
Temperature  warmer much warmer
Great Lakes  Included Not included

will be than to consider how the climate itself will change. For
example, the auto industry is one of the leading industries in
the region, and while its existence is certainly not in jeopardy,
its future and exactly how it conducts business will almost cer-
tainly be more impacted by the (political) response to climate
change than by the climate change itself. The auto industry and
climate change are closely coupled — what happens to one af-
fects the other, which makes using separable climate and socio-
economic scenarios somewhat constraining. Other industries are
not so much coupled (in a two-way interaction sense) as they
are driven (in a one-way forced sense), like the electric industry,
for example. What happens politically as a result of climate
change will have an impact on this industry (it is responsible
for about a third of atmospheric C0,), but climate change itself,
with its periods of extreme weather, will also have an impact. A
third type of industry, where climate change will have primarily
direct impacts is something like recreation. Water levels and fre-
quency of extreme weather are likely to directly impact how many
people go to the beaches or go boating for example.

The US National Assessment contracted NPA Data Services to
produce regional socioeconomic projections. The socioeco-
nomic scenarios include basic information about population
and wealth and the results are shown in Figure 3.3 [1-7]. Three
alternate growth projections, baseline, high, and low were
developed, extending over the next few decades. The baseline
scenario assumes that the current trends will continue. The high
and low growth scenarios were intended to be near the limits of
plausibility. All three projections assume a relatively peaceful



world. Population is calculated from births, immigrantion,
and deaths.

National projections for the baseline scenario were based on as-
sumptions about population and follow the latest Census Bureau
projections about fertility and mortality. The number of immi-
grants is allowed to increase at a rate of 1.4 % per year until 2025
after which it remains a constant proportion of the population.
The result is a baseline projection with a national population
growth rate of 0.87% between 1997 and 2025 and a rate of 0.65%
from 2025 to 2050. Additionally a national high growth scenario
assumed an open door US immigration policy. The result was a
growth rate of 1.18% from 1997-2025 and a growth rate of 1.28%
from 2025-2050. Finally a national low growth scenario was gen-
erated based on slowing and eventually stabilizing population and
very limited immigration. The corresponding low growth rates are
0.41% and 0.20%.

The size of the economy is determined by two variables, employ-
ment and productivity in the NPA models. Employment is deter-
mined by population and labor force participation rates. Produc-
tivity comes from the gross domestic product (GDP) per person. In
the national baseline scenario the growth in GDP per person aver
ages 1.26% from 1997-2025 and then to 1.12% by 2050. In the
high growth scenario dramatic growth was assumed with produc-
tivity allowed to grow by 2.4 % per year from 1997-2050. In the low
growth scenario, productivity was slower and eventually virtually
stagnant. The rates were 1.23% until 2025 and 0.13% to 2050.

These national projections were converted to regional projections
using the Regional Economic Information System (REIS) of the
Bureau of Economic Analysis of the US Department of Commerce.
The regional projections cover IL, IN, MI, OH, WI, and MN, which
is not exactly the Great Lakes region, but is likely sufficiently close
to get a sense of a possible trend. The major differences with re-
spect to employment involve the self employed and those employed
in the military. These are handled more thoroughly in the REIS
database. With respect to the economy, personal income data are
used in the REIS database and are available at the county level
while GDP is only available at the national level. For the future,

employment projections show an increase for most industries from
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Figure 3.3: Socioeconomic trends for: a) population,
b) employment, and c) total regional incomefor Illinois,
Indiana, Michigan, Ohio, Wisconsin, and Minnesota.
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an absolute-dollar perspective (Figure 3.4) but decreases in automobile manufacturing and farming and a slight gain in lumber and
wood manufacturing from a percentage-contribution perspective (Figure 3.5). Employment in amusement and recreation are expected
to increase by approximately 35% between 2000 and 2050.

Year 1967 1990 2020 2050
Farm 13 7 5 11
Forestry and Fisheries 1 3 9 15
Mining 3 3 4 6
Construction 29 39 86 129
Manufacturing 173 185 231 305
Transp., Comm. & Public Utilities 31 43 70 95
Wholesale Trade 27 46 88 127
Retail Trade 50 61 104 146
Finance, Insurance & Real Estate 21 41 102 157
Services 60 157 359 534
Government Activities 52 91 136 191
Totals 425 607 1051 1491
Population 43,006 46,463 53,570 62,097
Income 565,892 940,607 1,698,387 2,483,407
Per Capita Income 13,159 20,244 31,704 39,992

Figure 3.4: Regional (i.e., Illinais, Indiana, Michigan, Ohio, Wisconsin, and Minnesota) economy: Current and future projections
for selected industries and four different time periods. (1992 hillions of dollars; population in millions) [3-3].
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industries and four different time periods[3-3]. A
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FOCUS

CLIMATE CHANGE AND LAKE-EFFECT SNow

study conducted by

Kenneth E. Kunkel, Nancy E. Westcott, and David A. R. Kristovich
Illlinois State Water Survey, Champaign, lllinois

ake-effect snow is a common cold season phenomenon in the Great Lakes region, occurring

most frequently in late autumn and early winter. This type of snow results from the rapid warm-

ing and moistening of Arctic air masses that pass over lakes that are still relatively warm. The
Arctic air becomes unstable and the resulting convection forms clouds and precipitation. The precipi-
tation falls over and downwind of the lakes. For very cold air masses, temperatures remain below
freezing even after passage over the warmer lakes, causing the precipitation to fall as snow. Lake-
effect snow causes considerable enhancement of snowfall in narrow snowbelts along the downwind
lakeshores. For example, Detroit, Michigan, on the western (upwind) shore of Lake Erie receives an
average of 42 in yr', while Buffalo, New York, on the eastern (downwind) shore of Lake Erie, receives
an average of 92 in yr'. Toronto, Ontario, on the northwestern (upwind) shore of Lake Ontario, re-
ceives about 54 in yr', while Syracuse, New York, located to the southeast (downwind) shore of Lake
Ontario, receives 109 in yr'and is the snowiest metropolitan area in the United States. The lake-effect
snow season typically extends from November through February over all of the Great Lakes except
for Lake Erie, which normally freezes over by the end of January, putting an abrupt end to the lake-
effect snowfall in places like Erie, PA and Buffalo, NY for the remainder of the winter.




Lake-effect snow creates transportation problems and results in additional costs to keep roads clear.
A major transportation artery, Interstate 90, passes along the southern shore of Lake Erie and is
vulnerable to lake-effect snow storms. Increased property damage, injuries, and deaths due to acci-
dents and exertion accompany such events. Major airports at Cleveland and Buffalo are also vulner-
able to disruptions. The roofs of buildings in the snowbelts must be built to support heavier loads of
snow than for locations away from the snowbelts [F3-1]. Retail sales may drop temporarily. A single
severe lake-effect snowstorm near Cleveland, OH in November 1996 resulted in 8 deaths, hundreds
of human injuries, widespread power outages, damage to numerous buildings, and over $30 million
in economic losses ([F3-2]; S.A.Changnon, personal communication). On the positive side, there is a
large private snow removal business sector that benefits from the snowfall. Sales of winter-related
products may increase. Lake-effect snowfall also supports an important winter recreational industry
in some parts of the Great Lakes. Although there is not a large downhill ski industry in the Lake Erie
snowbelt, many of the Midwest’s premier downhill ski resorts are located in the snowbelts of the other
lakes in the region.

Abnormally light snowfall amounts during the winter season have also created significant negative
impacts, particularly when snowfall deficiencies have been widespread and the associated losses
have affected many locations throughout the Great Lakes region. Such was the case over most of the
Great Lakes region during the 1997-1998 EI Nifio year. The widespread nature of this event resulted
in impacts over a large area. For example, business at Midwestern ski resorts was down 50% and
losses were estimated at $120 million (S.A.Changnon, personal communication).

Recent studies show that past changes in lake-effect snowfall on decadal time frames were related
to climatic shifts. For example, lake-effect snowfall on the lee shore of Lake Michigan increased from
the 1930s into the 1970s — coincident with a decrease in mean winter temperature [F3-3]. More
recently, changes in heavy lake-effect snow events were evaluated as part of the current assess-
ment for the Lake Erie snowbelt. Lighter events certainly occur more frequently and contribute signifi-
cantly to the total annual snowfall totals, but Great Lakes residents have adapted to them so they are
not nearly the societal concern that heavy events are. For the period 1950-1995, all occurrences of
lake-effect snowfall in excess of 8 inches at Erie, PA and Westfield, NY were identified. Four surface
conditions (air temperature, lake-air temperature difference, wind speed, wind direction) were found
to be highly correlated with the occurrence of heavy lake-effect snow, when they occur within certain
favorable ranges simultaneously. In the 1950-1995 observational data, favorable conditions occurred
approximately 17 times per decade. In the HadCM2 simulation for the 1960-1989 period, favorable
conditions occurred approximately 15 times per decade, very similar to the observational record.

The simultaneous occurrence of these favorable conditions decreases from 15 to 7 times per decade
in the HadCM2 model between the 1960-1989 and 2070-2099 period. This decrease occurred —
even though the lake-effect season was extended through the end of February to account for the fact
that Lake Erie would no longer likely freeze over — almost entirely because of a drop in the number of
days below freezing. When the simultaneous occurrence of the other favorable conditions was ex-
amined, there was very little difference between the 1960-1989 and the 2070-2099 periods. Even the
frequency of occurrence of lake-air temperature differences did not change because the lake tem-




perature increased about the same amount as the air temperature. This suggests that the decrease
in heavy lake-effect snow may be accompanied by an increase in winter-time lake-effect rain events,
which are now most frequent in the autumn [F3-4]. A similar analysis for the Lake Michigan and Lake
Superior snowbelts indicates that the southern Lake Michigan snowbelt will experience a decrease
in the number of below-freezing days in the late 21st Century similar to the Lake Erie snowbelt, but
little change in the other variables. However, for the Lake Superior snowbelt, the mean winter tem-
perature remains below 32°F and there is little change both in the number of below-freezing days
and the frequency of favorable ranges of the other variables. Thus, there may be little change in the
frequency of heavy lake-effect snow in the Lake Superior snowbelt and a substantial decrease in the
southern Lake Michigan and Lake Erie snowbelts. The fact that air-temperature was found to be the
primary determining factor in reducing the frequency of heavy lake-effect events in this study sug-
gests that the frequency of light(er) events may be influenced in the same way. Figure F3.1 summa-
rizes the anticipated regional impacts of climate change on lake-effect snow patterns — suggesting
almost no change in the northernmost belts but approximately a 50% decrease in southernmost
belts. The spatial variability demonstrates that the impacts of climate change as portrayed by the
HadCM2 model can be greatly influenced by subtle regional differences. The overall warmer sce-
nario portrayed by the CGCM1 model suggests an even greater reduction in lake-effect snow than
was found here.

Future (2070-2099)
Estimated Percent Reduction

— in Heavy Lake-Effect Snow
T, - =
. "‘!,\ 0%

/ vLake SUperig,
Y

Present (1961-1990)

- 160 inches
- 130 inches
[] 100 inches

- 80 inches

Figure F3.1: Annual snowfall totals, including both lake-effect and other types of snowstorms. Present amounts
shown by contours (inches). Areas where the |ake-effect causes a sizeable increase in snow amounts are
highlighted in color. The impacts of climate change by 2070-2099 on heavy |ake effect snow events, as estimated
from HadCM2, is shown by the shading. Note that, although the shading covers the entire map, it strictly applies
only to the lake-effect snow belts (colored regions) since this study did not look at all types of snow events.
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