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GREAT LAKES BASIN
Biophysical Features
Basin Size

The Great Lakes basin comprises five lakes: Lake Superior, Lake Michigan, Lake Huron, Lake Erie,
and Lake Ontario. Total surface water area is estimated between 244,160-246,049 km2 and total area of
the basin is 765,990 km2.1,2,3 The average depth of each lake is as follows: Lake Superior 147 m; Lake
Michigan 85 m; Lake Huron 59 m; Lake Erie 19 m; and Lake Ontario 86 m. The volume of each lake
measured at low water is: Lake Superior 12,100 km3; Lake Michigan 4920 km3; Lake Huron 3540 km3;
Lake Erie 484 km3; and Lake Ontario 1640 km3. Total volume of the lakes measured at low water is
22,684 km3. Total land drainage area is 521,830 km2. The shoreline of the Great Lakes (including the
islands) is 17,017 km in length. The retention time of each lake, also known as residence time is: Lake
Superior 191 years; Lake Michigan 99 years; Lake Huron 22 years; Lake Erie 2.6 years; and Lake Ontario 6
years.4,5 The Great Lakes are one of the largest freshwater systems of earth and account for roughly 22%
of the world’s available surface freshwater and nearly 84% of the North America’s surface freshwater.
Less than 1% of the Lakes’ waters are renewed by annual precipitation.6 Putting it into perspective, the
Great Lakes contain roughly 22.7 quadrillion liters of fresh water.7
Lake Superior is the largest freshwater lake in the world by surface area. It’s drainage basin
includes Ontario, Minnesota, Wisconsin, and Michigan. It is comprised of cobble beaches, soaring bluffs,
and waterfalls. It is the largest great lake by volume and also the deepest and the coldest. Most of the
basin is forested, with little agriculture given the cool climate and poor soils. There is sparse population
in this part of the Great Lakes Basin. Relatively few pollutants eventer the lake and when they do it is
mainly from airborne transport and atmospheric deposition.8,9
Lake Michigan is the second largest of the great lakes and the only lake to be contained entirely
in the U.S. It has variable climate, population density, and development. The northern basin is colder,
less developed and sparsely populated. The southern basin is more temperate, and among the most
urbanized in the Great Lakes system – e.g. Milwaukee and Chicago have roughly 8 million people which
is 20% of the total population of the Great Lakes Basin. Green Bay has one of the most productive Great
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Lakes fisheries but also receives a lot of waste from world’s largest concentrations of pulp and paper
mills.10
Lake Huron is the third largest of the lakes by volume. It borders Michigan and Ontario. It has an
abundance of shoreline habitat and there are many vacation homes on the beaches of Huron and along
the rocky shores of Georgian Bay. There are over 30,000 islands, including Manitoulin Island, the largest
island in the world located in a freshwater lake. The Saginaw River Basin is intensively farmed, and the
Saginaw Bay area contains productive fisheries. Flint and Saginaw Bay are heavily populated urban
areas.11,12
Lake Erie borders Ontario, Michigan, Ohio, Pennsylvania, and New York. Lake Erie is the
shallowest and most biologically diverse of the Great Lakes; hence, it supports one of the largest
fisheries in the world. There are numerous beaches and extensive wetland complexes. 80% of inflow
comes from the Detroit River, 11% is from snow and rain, and 9% from other tributaries. The lake is the
smallest of the lakes by volume. It warms rapidly in spring and summer, and frequently freezes over in
winter. The Western basin, which accounts for 20% of the lake, is very shallow with an average depth of
just over 7 metres. The lake is mostly surrounded by agricultural and/or urban land. There are 17
metropolitan areas with populations over 50,000 within the Lake Erie basin, making it the most
populated of the Great Lakes. There are significant effects experienced in the lake as a result of urban
and agricultural runoff. The lake receives the highest volume of effluent from sewage treatment plants
than any of Great Lake. Southwest Ontario and the northwest Ohio contribute immense sediment
loadings to the lake due to exposed agricultural and urban lands.13,14
Lake Ontario shares boundaries with Ontario and New York. It is the last of the chain of the
Great Lakes and is therefore impacted by human activities occurring throughout Lake Superior,
Michigan, Huron, and Erie basins. It is the second smallest of the Great Lakes by volume and has the
highest ratio of watershed area to lake surface area of the lakes. The lake is surrounded by agriculture
and urbanization, with significant urbanization occurring in metropolitan centres of the Greater Toronto
Area.15,16

Historical state of the region

Governance in the Great Lakes Basin can be traced back to the establishment of the
International Joint Commission (IJC) in 1909. This was a result of the Boundary Waters Treaty which
Canada and the United States signed to address issues arising from waters that cross a shared boundary.
This approach was extended further once the two countries signed the Great Lakes Water Quality
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Agreement (GLWQA) in 1972.17 The Agreement focuses on water quality issues facing the Great Lakes
and St. Lawrence River. The agreement is intended to respect differences in approaches to water
management and to adopt shared goals, objectives and institutions. An important note for the purpose
of this research is that the two governments acknowledged the need for the Agreement to be adaptable
as existing issues became more thoroughly understood and new issues arose. Therefore, amendment is
relatively simple, and the Agreement is subject to periodic reviews of its operation and effectiveness.18
Leading up to the agreement was the Great Lakes Basin Compact 1968 which was negotiated among
Great Lakes states, as well as Ontario and Quebec. The Canada Water Act followed in 1970, and this
banned phosphates and detergents, and gave federal-provincial agreements the authority to address
water quality and resource management priorities. This was followed up by the first Canada-Ontario
Agreement in 1971 and the Clean Water Act in the United States in 1972. 19
The 1972 GLWQA sought to identify where pollution was occurring that was detrimental to the
health or property of populations on either side. High phosphorus levels were recorded at several
locations and remedial action plans and new institutions were put into place to manage this. At the time
the Agreement was seen as a model for international environmental governance. Basinwide quality
objectives and a binational commitment to design, implement and monitor municipal and industrial
pollution control programs were put in place. The Commission was made responsible for collecting,
analyzing, and disseminating water quality data, monitoring water quality and related programs, and
providing advice and recommendations to attain water quality objectives.20 The 1978 Agreement
brought in new information from scientists and introduced toxic (e.g. persistent toxic substances) and
hazardous polluting substances as a new focus, in addition to phosphorus and bacteria. The two
countries agreed that persistent toxic substances should be eliminated in the Great Lakes and
international portion of the St. Lawrence River. One of the biggest paradigm shifts in the Agreement was
the incorporation of an “ecosystem approach” into the Agreement’s commitment “to restore and
maintain the chemical, physical, and biological integrity of the waters of the Great Lakes Basin
Ecosystem.”21 The 1983 Amendments added a Phosphorus Load Reduction Supplement to Annex 3 of
the 1978 Agreement, and each jurisdiction in the basin adopted implementation plans. The 1987
Protocol amended the Agreement to add new annexes such as Annex 2: Great Lakes Areas of Concern
(AOCs) and Remedial Action Plans (RAPs), for the most seriously polluted areas of the basin. Another
notable change was the transferring of responsibility for major data collection and reporting from the
Water Quality Board to the governments. The Protocol also required bilateral consultation twice a year
to coordinate respective work plans and evaluate progress, and thus the Binational Executive
Committee was established.22
Over a generation later, the Great Lakes-St. Lawrence River Basin Water Compact came into
place in 2008 to address water diversion threats. Shortly after, the Great Lakes Water Quality
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Agreement 2012 Protocol was ratified. The revised 2012 agreement includes strengthened measures to
anticipate and prevent ecological harm in the basin. New provisions address aquatic invasive species,
habitat degradation and the effects of climate change, and support continued work on existing threats
to people’s health and the environment in the Great Lakes Basin such as harmful algae, toxic chemicals,
and discharges from vessels.23
However, it should be noted for the purpose of this research that the Great Lakes Basin
Ecosystem remains in a jeopardized state. Some research has suggested that the basin may be
approaching its ecological threshold or tipping point and the cumulative stressors which threaten the
ecological services provided by the basin should be addressed in an urgent manner.24

Extent of Modification

There are at least 12,000 dams throughout the Great Lakes Basin and, of these, roughly 3,400
are considered “large” (>2m in height), including 1,910 in Canada and 1,452 in the U.S. These large dams
are most likely to influence nutrient and sediment regimes via impoundments.25 Dams and barriers have
played a significant role in impacting the health of aquatic ecosystems for over a century and have
impeded the recovery of some fish populations. Dam and barrier construction was at its peak over a
century ago when water power was the primary energy source in the basin. Most of the larger dams
built in the 20th century were for hydro-electric power generation. Few new dams have been built in
recent decades, and efforts to remove and decommission old dams have been undertaken.26 Loss of
aquatic habitat connectivity not only limits access of fishes to spawning and nursery habitats, but also
impacts nutrient flows, and riparian and coastal processes. Road-stream crossings and their impacts are
now better understood and regional initiatives have been put into movement to identify and mitigate
culverts which act as barriers. These efforts are largely based on Biodiversity Conservation Strategies
developed for each lake.27
Looking at individual lakes in the basin, we can find various contextual differences regarding
dams and barriers and their impacts. In Lake Superior they are a serious threat to migratory fish and
have caused problems for fish populations such as Lake Sturgeon, Brook Trout, and Walleye. In Lake
Michigan, nearly 83% of tributary stream habitat is unavailable to migratory fish due to fragmentation
caused by dams. In Lake Huron, nearly 86% of tributaries are not connected to the basin. In Lake Erie,
64% of tributary stream habitat is unavailable to migratory fish. In Lake Ontario, dams have also been
identified as a critical threat to the health of the lake and dam decommissioning is underway in various
parts of the basin.28 It should be noted that the removal of dams is not necessarily straightforward in
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terms of environmental benefits. Currently, some dams and barriers are preventing the spread of some
Great Lakes invaders. Lake Huron is an example, where the largest population of sea lampreys thrives
and dams and low-head barriers have served to control this species from spreading throughout the
Great Lakes Basin.29

Source: Great Lakes Environmental Assessment and Mapping Project, 2012.
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Source: Great Lakes Environmental Assessment and Mapping Project, 2012.

Wetland coverage

The Great Lakes includes more than 121,406 hectares (300,000 acres) of coastal wetlands.
Wetlands are essential for improving water quality via: trapping and filtering sediment and pollutants;
and storing and cycling nutrients and organic material derived from the land.30 Wetlands include a range
of habitats in the basin, from small, forested vernal pools to vast swathes of coastal marches. However,
it has been estimated that over half of the Great Lakes wetlands have been lost basin wide with up to
90% in some areas.31
Wetlands have been destroyed by human activities, and many remaining coastal wetlands suffer
from anthropogenic stressors such as nutrient and sediment loading, fragmentation, invasive species,
shoreline alteration, and water level control, as documented by a binational Great Lakes-wide mapping
and attribution project. In the southern lakes, Saginaw Bay and Green Bay, agricultural sediments have
30
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resulted in highly turbid waters which support few or no submergent plants.32 Urban development
degrades wetlands by hardening shoreline, filling wetland, adding a broad diversity of chemical
pollutants, increasing stream runoff, adding sediments, and increased nutrient loading from sewage
treatment plants. In most urban settings, almost complete wetland loss has occurred along the
shoreline.33 Along many coastal wetlands, residential development has altered wetlands by nutrient
enrichment from fertilizers and septic systems, shoreline alterations for docks and boat slips, filling, and
shoreline hardening. Mechanical alteration takes a diversity of forms, including diking, ditching,
dredging, filling, and shoreline hardening.34
Agriculture also degrades wetlands in several ways, including nutrient enrichment from
fertilizers, increased sediments from erosion, increased rapid runoff from drainage ditches, introduction
of agricultural non-native species (reed canary grass), destruction of inland wet meadow zone by
plowing and diking, and addition of herbicides. Finally, precipitation Amounts can also impact wetlands
as change in atmospheric temperature will potentially affect the number of extreme storms in the Great
Lakes region which will, in turn, affect coastal wetlands.35

Land Use
Public lands/Private lands

On the Canadian side of the border Ontario’s Crown (public) land represents 87% of the
province.36 Crown land is governed by federal and provincial legislation. The allocation of forested lands
is 90% public (including parks and protected areas) and 10% private.37 Ontario is also covered by 46
treaties and other agreements with First Nations communities, which were signed between 1781 and
1930.38 There are also 50 current land claims which have been accepted for negotiation, 3 are being
researched and assessed, and 11 settlement agreements are being implemented. Many treaties
provided for Aboriginal communities to be compensated in return for giving up rights to their land and
many also provided for the creation of reserves for the exclusive use of those Aboriginal communities.
Where land claims are settled, some ownership of land is transferred from the Crown to the tribe or
nation who inhabits the territory.39
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In Michigan, 22.47% of land is publicly owned; in Indiana, 2.28% of land is publicly owned; in
Illinois, 2.35% of land is publicly owned; in Minnesota 17.57% of land is publicly owned; in Ohio, 2.59%
of land is publicly owned; in Pennsylvania, 14.74% of land is publicly owned; in Wisconsin, 16.21% of
land is publicly owned; and in New York, 36.97% of land is publicly owned.40 Public land is governed by
federal or state legislation. The remaining land is under private ownership. In addition to public and
private land, there is also the issue of Tribal lands, many of which are disputed by Native Americans in
the United States. In Minnesota, Wisconsin, Michigan there are 11 recognized Indian Tribes. In New York
there are 8 federally recognized Indian tribes. In Indiana, Illinois, Ohio, and Pennsylvania, there are no
federally recognized Indian Tribes. Many tribes were forced to move to Indian reservation in Oklahoma
during the 1700s or forced to assimilate into white society.41 In the United States, Tribal Lands and
Indian Lands are held “in trust” by the federal government, meaning they do not own the land, but land
is meant for the indigenous inhabitants of the area.

Urban

Within the Great Lakes basin there are 10 Census Metropolitan Areas (CMAs) in Ontario and 24
Metropolitan Statistical Areas (MSAs) in the United States. In Canada, a CMA is defined as an area
consisting of one or more adjacent municipalities situated around a major urban core with a population
of at least 100,000. In the United States, an MSA must have at least one urbanized area of 50,000 or
more inhabitants and at least one urban cluster of at least a population of 10,000 but less than
50,000.42
There are consistent patterns of urban population growth on both the US and Canadian sides of
the basin. The 2001 Statistics Canada report noted between 1996 and 2001 that the population of the
Great Lakes basin CMAs grew from 7,041,985 to 7,597,260, an increase of 555,275 or 7.9% in five years.
The 2000 U.S. census reports that from 1990 to 2000 the population contained in the MSAs of the Great
Lakes basin grew from 26,069,654 to 28,048,813, an increase of 1,979,159 or 7.6% in 10 years.43
MSA populations in the Great Lakes grew from 25,262,700 total inhabitants in 2000 to
25,756,217 inhabitants in 2015. 44 In 2015, the United States was recorded as having 389 MSAs
nationwide.45 Each MSA has at least one “urbanized area of 50,000” habitants or more.46 Metropolitan
statistical areas along the Great Lakes include those in the following table47:
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Metropolitan Populations in the U.S.
MSAs in Great Lakes (U.S.)

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Chicago-Joliet-Naperville, IL-IN-WI
Michigan City-La Porte, IN
Detroit-Warren-Livonia, MI
Flint, MI
Cleveland-Elyria-Mentor, OH
Akron, OH
Milwaukee-Waukesha-West-Allis, WI
Racine, WI
Grand Rapids-Wyoming, MI
Muskegon-Norton Shores, MI
Holland-Grand Haven, MI
Buffalo-Niagara Falls, NY
Rochester, NY
Syracuse, NY
Toledo, OH
Kalamazoo-Portage, MI
Battle Creek, MI
Saginaw-Saginaw Township North, MI
Bay City, MI
Green Bay, WI
Erie, Pa
Duluth, MN-WI
Niles-Benton Harbour, MI
Sheboygan, WI
Sandusky, OH

Total Population of MSAs in Great Lakes (U.S.)
Year 2000
Year 2015
25,262,700
25,756,217
Methodological note: A Metropolitan Statistical Area (MSA) is a unit of population measurement used
by the U.S. Census Bureau to describe areas with high population densities. An MSA is described as
having at least one urbanized area of 50,000 inhabitants or more. MSAs are useful for identifying
highly urbanized regions, which often have greater water needs due to larger populations and
continued population growth.
CMA populations in the Great Lakes grew from 8,107,739 total inhabitants in 2011 to 8,549,367
inhabitants in 2016. 48 In 2017, the Ontario was recorded as having 33 CMAs nationwide.49 Each CMA has
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a population of at least “100,000 of which 50,000 or more live in the core.”50 Metropolitan statistical
areas along the Great Lakes include those in the following table51:
Metropolitan Populations in Canada
CMAs in Great Lakes (Canada)

•
•
•
•
•
•
•
•

Windsor
London
St. Catherines-Niagara
Hamilton
Toronto
Oshawa
Belleville
Kingston

Total Population of CMAs in Great Lakes (Canada)
Year 2011
Year 2016
8,107,739
8,549,367
Methodological note: A Census Metropolitan Area (CMA) is a unit of population measurement used
by Statistics Canada to describe areas with high population densities. A CMA is described as having at
least “100,000 of which 50,000 or more live in the core. CMAs are useful for identifying highly
urbanized regions, which often have greater water needs due to larger populations and continued
population growth.
Of note is that the growing urban areas in the Great Lakes basin seem to be increasing their
geographical area at a faster rate than their population. For example, at current rates in Ontario,
residential building projects will consume some 1,000 km2 (386 mile2) of the province’s countryside, an
area double the size of Metro Toronto, by 2031. Also, gridlock could add 45% to commuting times, and
air quality could suffer due to a 40% increase in vehicle emissions. The pressure urban sprawl exerts on
the ecosystem has not yet been fully understood. It may be years before all of the implications have
been realized.52
Basin-wide between 2001 and 2011 there was a net conversion of 393 km2 from natural land
cover to developed land cover. For Lake Superior, much of the basin still remains in natural land cover at
93%. There also is a trend toward a decreasing population in this part of the basin [Data only existed for
US side of border]. Lake Michigan has 11% of land categorized as developed and the status is therefore
“Fair”. Lake Huron has 8% of the watershed in developed land and the status is “Fair” [Land cover data
were unavailable for the Canadian portion of the basin outside of the SOLRIS coverage]. In Lake Erie 17%
of the watershed is in developed land, and the status is considered “Poor” [Land cover data were
unavailable for the Canadian portion of the basin outside of the SOLRIS coverage]. 11% of the watershed
for Lake Ontario is in developed land and the status is considered “Fair” [Land cover data were
unavailable for the Canadian portion of the basin outside of the SOLRIS coverage].53 Overall across the
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basin, in a study which used data from a 2012 analysis, there was an increased of 1342 km2 of developed
land, a decrease of 1780 km2 of forested land, and a decrease of 948 km2 of agricultural land, showing a
trend of increased developed and urbanized lands. The large variation in land use across the basin
reflects underlying climatic and soil gradient which have historically constrained the conversion of
forested land to agricultural land use. The greatest change toward human modified land use most
recently has occurred in Lake Erie, being attributed to an increase in developed lands. Similar changes
have occurred in Lake Ontario with a significant increase in developed lands and decreases in
agricultural lands. All lakes however, apart from Lake Superior, are seeing an increase in developed lands
and a decrease in agricultural lands.54

Rural

The Great Lakes Basin is a major site of agricultural land on both the Canadian side and
American side of the border with 25% of Canadian agricultural production and 7% of American farm
production contained within it.55 Lake Superior does not have underlying land and soils that are
conducive to agricultural use. However, the rest of the basin hosts a significant amount of agricultural
land use. Lake Michigan has 42% of the watershed in agriculture as does Lake Huron and Lake Ontario
[Land cover data were unavailable for the Canadian portion of the basin outside of the SOLRIS
coverage]. Lake Erie has 62% of its watershed in agriculture. Overall, however, agricultural land use is
decreasing.56 Throughout the Great Lakes basin, according to land cover and land use data from
Statistics Canada for 2011, 3.5% of the land is built-up area, 10.3% is arable land, 0.8% is natural land for
pasture, and 85.4% is natural and semi-natural area. In terms of square kilometres, built up area is
10,998 km2, arable land is 32,846 km2, natural land for pasture is 2,606 km2, and natural and seminatural area is 271,411 km2.57
U.S. Great Lakes Land Cover58
Land usage category
Forest
Agriculture
Wetland
Water
Developed
Shrub
Grass
Barren
Total
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Size (km2)
92904
79799
49485
25712
20612
10129
6371
968
285980

Percent of land cover
32.5
27.9
17.3
9.0
7.2
3.5
2.2
0.3
100
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Canada Great Lakes Land Cover59
Land usage category
Built-up area
Arable (“composed of the

Size (km2)
10998
32846

Percent of land cover
3.5
10.3

2606
271411

0.8
85.4

cropland, tame or seeded
pasture and summerfallow
land”)

Natural land for pasture
Natural and semi-natural area
(all residual land not included in
previous categories)

Maps
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Water Use
Public vs. Private Water Rights/Ownership/Uses

Water rights in the Great Lakes basin are a product of the governance and bilateral agreements
between the United States and Canada, as well as varying local regimes. The Boundary Waters Treaty
and the Great Lakes Water Quality Agreement provide the overarching bilateral framework for dealing
with water use disputes. The International Joint Commission (IJC), introduced above, is charged with
preventing and resolving disputes over the use and quality of boundary waters and with providing
advice to both governments. The Boundary Waters Treaty provides authority to the two federal
governments and to the IJC for approval of water uses, obstructions, and diversions of boundary waters
that may affect water levels or water flow. In addition, the Great Lakes-St. Lawrence River Basin
Sustainable Water Resources Agreement is a “good faith” agreement between the American and
Canadian governments to set goals and objectives for water conservation on a regional basis. The Great
Lakes-St. Lawrence River Basin Water Resources Compact is a binding document under which the eight
US states turn the commitments of the Agreement into state and U.S. federal law. The premiers of
Ontario and Quebec are associate members of the board of directors for the Council of Great Lakes

Governors, and they have also implemented the agreement within their jurisdictions. The Agreement
and the Compact essentially put a ban on water diversions outside of the region.60
Population reliant on Water
Throughout the Great Lakes Basin there are over 30 million people. This accounts for 10% of the
US population and 30% of the Canadian population.61 The long term trend is that the total population in
the Great Lakes is increasing. The region has experienced 19.3% growth in population from 1971 to
2011. In the short term, there has been a 1.5% increase in total population from 2006 to 2011. Over the
long term, Lake Superior basin has experienced a 3.7% decrease in population. The short term trend
indicates a 0.1% decrease in population from 2006 to 2011. Population in the Lake Michigan basin has
increased by 15.9% over the long term, with a short term 0.9% increase. From 1971 to 2011, the
population has increased by 34.1% in the Lake Huron basin with the Canadian side of the basin having
over a 60% increase in population over the same time period. Short term growth has been significantly
lower with the population increasing by 0.2% from 2006 to 2011. In Lake Erie, the long-term trend
indicates a 2.7% increase in population from 1971 to 2011. Over the short term, there has been a 0.7%
decrease in population. From 1971 to 2011, the population has increased by 51.7% in the Lake Ontario
basin. Over the short term, the population has increased by 5.7%. The population of the province of
Ontario has also grown the most over the long term; the population increased 70% over the same 40year period.62
Lake by Lake – US pop/Canadian pop/Total pop:
Lake Superior - US pop. 444,000; Canada pop. 229,000; Total pop. 673,000.
Lake Michigan - US pop. 12,052,743.
Lake Huron - US pop. 1,483,872; Canada pop. 1,476, 487; Total pop. 2,960,359.
Lake Erie - US pop 10,640,671; Canada pop 1,892,306; Total pop 12,532,977.
Lake Ontario - US pop 2,856,360; Canada 2,835,818; Total 5,692,178.63
Allocation of Uses and Permitting
As mentioned previously, the Great Lakes Water Resources Compact and Agreement between
the United States and Canada is the bilateral agreement which sets out how the two governments share
and manage the resource. This supports:
1) a ban on new out-of-basin diversions, subject to narrow limited exceptions for “straddling”
communities that are partly within the basin and partly outside it and for certain intra-basin
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2)

3)

4)
5)

transfers (e.g., a diversion from the watershed of one Great Lake to the watershed of another
Great Lake);
establishment of uniform regional standards for evaluating and permitting proposed water
withdrawals and consumptive uses, including requirements that return flows shall be to the
source watershed, no individual or cumulative adverse impacts on water quality or quantity
shall be permitted, all withdrawals and consumptive uses must be implemented so as to
incorporate environmentally sound and economically feasible water conservation measures,
and each permitted withdrawal or consumptive use shall be “reasonable” as determined by
reference to a multi-factor balancing test set out in the Compact and Agreement;
requirements that each state (and province) develop a comprehensive water resources
inventory and contribute to a common database on water resources and withdrawals, adopt a
state or provincial water management conservation and efficiency plan and submit it for
regional review, establish a program to prohibit new diversions and regulate water withdrawals
and consumptive uses in accordance with basinwide standards set forth in the Compact and
Agreement, and report at five-year intervals on how the Compact and Agreement are being
implemented in each respective jurisdiction;
establishment of a regional governing body called the Great Lakes Water Resources Council,
consisting of the governors of each of the states (or their representatives), and a parallel body
called the Regional Body, consisting of the governors and the premiers of the two provinces;
the Council and Regional Body are to meet concurrently and are empowered to develop
guidance and promulgate and enforce basin-wide regulations, to develop and implement
region-wide water management conservation and efficiency plans, to review the water
management plans and implementation reports of the basin states and provinces, to make
recommendations to the states and provinces regarding implementation of the Compact and
Agreement, and to exercise “regional review” permitting authority over proposed withdrawals
or diversions deemed to be of region-wide significance or of precedent setting character.64

States and provinces have water use reporting programs in place, which require water users to
report their water use each year to the jurisdictions. In 2016 for the entire basin water withdrawals by
water use sector were as follows: public water supply 13.1%; Self-Supply Commercial & Industrial 0.4%;
Self-Supply Irrigation 1.1%; Self-Supply Livestock 0.4%; Self Supply Industrial 10,8%; Self-Supply
Thermoelectric Power Production (Once-through cooling) 64.8%; Self-Supply Thermoelectric Power
Production (Recirculated cooling) 1.9%; Off-stream Hydroelectric Power Production 5.2%; Other SelfSupply – 2.3%.65
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Water Use Summary Table—Top 5 Uses in Great Lakes
Water Use Category
% Use Across Both Countries
Self-Supply Thermoelectric Power Production
64.8%
Public Water Supply
13.1%
Self-Supply Industrial
10.8%
Off-Stream Hydroelectric Power Production
5.2%
Other Self Supply
2.3%

Water Diversions:
Diversions of water from the Great Lakes are currently negligible. The total reported 2016
diversion out of the Great Lakes-St. Lawrence River Basin was 1,158 mgd or 4,382 mld. More than 86
percent (993mgd, 3,757 mld) of this amount was associated with the Illinois diversion, which takes
water from Lake Michigan and discharges it into the Mississippi River watershed. The reported amount
associated with the Illinois diversion decreased by 7 percent compared to the 2015 reported amount of
1,044 mgd (3,952 mld). Smaller diversions throughout the region make up the balance of the total, and
some of the diverted water is returned to the source watershed as return flow. There are a number of
diversions into the Basin, including the Long Lac and Ogoki diversions (incoming diversions from the
Hudson Bay watershed into northern Lake Superior) which contributed 3,504 mgd (13,262 mld) to the
entire Basin in 2016. This is a slight decrease from the 2015 reported amount of 4,063mgd (15,401 mld).
Despite this decrease, the inflow from the Long Lac and Ogoki diversions is well within the range of flow
variability observed from 1944-2015. The flow from these diversions has ranged from 1,643 mgd (6,219
mld) to 5,181 mgd (19,612 mld).3 When conditions in the Long Lac and Nipigon (downstream of Ogoki)
watersheds are wet, the diversions are often reduced, and water that otherwise would have been
diverted into Lake Superior is instead directed through natural outlets that flow toward Hudson Bay.
Conversely, when conditions are dry in the downstream watersheds, the diversion flow may be higher.
Overall, the net diversion, i.e., incoming diversions minus outgoing diversions, is a gain of 2,357
mgd4 (8,921 mld), meaning that more water is diverted into the Basin than is diverted out of the
Basin.66 However, an increasing number of droughts due to climate change appears to be resulting in
more arid conditions in the southern, central, and western US. Moreover, the US population is expected
to swell by 50 percent – an additional 150 million people – in the next few decades, thus exacerbating
water needs. As fresh water supplies are dwindling in the American West and South, US states
surrounding the Great Lakes experienced increasing pressure to divert water to dry parts of the
country. Water diversions from the Great Lakes on a large scale could have serious consequences and
such proposals have proven very controversial.67
Requests for Diversions and Exports of Great Lakes Water
• 1981 Powder River Coal Company is denied a diversion of Great Lakes water to Wyoming to feed
a pipeline that would carry coal slurry to the Midwest.1982 The U.S. Army Corps of Engineers
studies and denies a diversion of Great Lakes water to recharge the Ogallala Aquifer that
underlies 8 states from South Dakota to Texas.
• 1990 Pleasant Prairie, WI, gains approval for a temporary 3.2 mgd diversion from Lake Michigan
for public supply. The village must return treated wastewater to the lake by 2010.
• 1992 Lowell, IN, is denied a 2 mgd diversion for public supply (vetoed by governor of Michigan).
• 1998 Akron, OH, gains approval for a diversion from Lake Michigan of up to 4.8 mgd (an average
0.32 mgd is diverted) for public supply.
• 1998 The Nova Group gains a permit from the Ontario Ministry of the Environment to export
approximately 160 million gallons per year (an average 0.4 mgd) of Lake Superior water to Asia
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•

in bulk containers. The permit is revoked due to objections of Great Lakes governors and
citizens.
2006 New Berlin, WI, applies for 1.83 mgd (and up to 2.48 mgd by 2050) of Lake Michigan water
for parts of the community outside the Great Lakes basin. As of early 2008, New Berlin is in
discussions with Milwaukee about a potential sale of Great Lakes water, and has not
resubmitted its application to the DNR.68

Permits to Take Water:
In Ontario for example, you must have a permit if you plan to take 50,000+ litres of water in a day
from the environment. You don't need a permit if you intend to: take less than 50,000 litres of water per
day; take water for: livestock, poultry, domestic purposes (e.g., home gardens and lawns), firefighting or
other emergency purposes, wetland conservation, a weir that was constructed prior to March 29, 2016,
passive and/or active in-stream diversions for construction purposes, receive water supplied by
someone with a valid Permit to Take Water (e.g., municipality, your neighbour). There are 3 types of
permits: Category 1: is considered low risk and includes renewals where there is no history of
complaints; Category 2: is for water takings with a greater potential to cause adverse environmental
impact; Category 3: is considered high risk.69 In addition, Ontario recently updated its rules and fees to
stop new or expanding water bottling companies from taking water from groundwater sources, and
stricter rules for renewing existing water bottling permits and increased fees. The Province has put a
two-year moratorium on new or expanded water takings from groundwater by bottling companies. The
Province will also be charging a new fee of $503.71 for every million litres of groundwater taken.70
Each state has its own permit rules and fees in place. An example from the US side is with the
state of New York, under the Department of Environmental Conservation, any water withdrawal system
with a capacity of 100,000 gallons per day or more requires a permit and needs to send annual reports
to the department.71
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Municipal Uses

Water systems (public/private; primary/secondary/tertiary; full costing; % foreign ownership)
In Canada, there are six main stages in municipal water systems: source water; water treatment;
water distribution systems; wastewater collection systems; wastewater treatment; and stormwater
systems. Throughout Canada most systems are operated by municipalities, although an increasing
number are being operated, and in some cases owned, by private companies.72 Total Water Use per
Capita in litres per capita per day for responding municipalities in Ontario was 409, and residential water
use per capital in litres per capita per day was 225. 87.5% of responding municipalities in Ontario were
served by sewers, 12.2% used private septic systems, and 0.2% relied on sewage haulage (holding
tanks). For responding municipalities of all provinces in the survey, 78.7% connected to sanitary sewer
systems has wastewater effluent treated at a secondary level or high. Only 3.2% had no treatment or
preliminary treatment only. 18.1% received primary treatment, 6.8% received secondary treatment in
waste stabilization ponds (sewage lagoons), 54.5% received secondary mechanical treatment and 17.4%
received tertiary-level treatment.73

Source: Source: OECD. 2017. Environmental Performance Reviews: Canada 2017.
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Municipal water systems have typically been financed through a combination of customer
revenue (fees on water and sewer bills), general tax revenue (municipal property taxes and federal/
provincial infrastructure support) and development charges. In order to better align fees with costs
incurred, as well as address the limitations of volumetric fees, many municipalities are moving toward
rate structures that include a combination of rates for different services, including wastewater and
stormwater. Unlike other utilities (e.g. energy utilities), provinces and territories typically do not provide
oversight in setting municipal water rates, which is a function of municipal councils. As such, there are
highly variable rate structures across the country. Affordability of essential services is an important
element for consideration and is being dealt with in different ways by different communities.74
In the United States, 12% of the population is served by private community water systems and
88% is served by public community water systems. For wastewater treatment, passage of the Clean
Water Act in 1972 made secondary treatment a requirement for all wastewater treatment plants in the
United States. In many cases, however, secondary treatment is not sufficient to meet the CWA
standards for swimmable and fishable receiving waters. The federal government has no regulations for
nonpotable reuse, although many states do, and one of the requirements generally applicable is
provision of tertiary advanced treatment following the secondary treatment. In the Guidelines for Water
Reuse, the U.S. EPA recommends tertiary treatment followed by chlorine disinfection for unrestricted
nonpotable reuse.75
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Water pricing systems used in the United States varies by municipalities. Pricing structures that
encourage conservation can take the form of increasing block rates, time of day pricing, water
surcharges for excessive water use, seasonal rates.

Source: Canadian Municipal Water Consortium. 2015. Canadian Municipal Water Priorities Report:
Towards Sustainable and Resilient Water Management.

Industrial uses

Industrial uses are the 3rd largest primary use within the Great Lakes, following Thermoelectric
Power Production (Once-through cooling) and public water supply. Industrial uses accounted for 2,933
millions of gallons withdrawn per day (mgd) for Great Lakes surface water, 1,349 mgd for other surface
water, 283 mgd for groundwater, with a total of 4,565 mgd. Consumptive use was 656 mgd, and is
defined as the portion of the water withdrawn or withheld from the basin that is lost or otherwise not
returned to the basin due to evaporation, incorporation into products or other processes.76 Industrial
water uses includes manufacturing of metals, chemicals, paper, food and beverage and other products.
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It also includes mining – extraction or washing of minerals, such as coal and ores, crude petroleum and
natural gas. Quarrying and milling is also included. Great Lakes industrial use accounted for 10.8%.77

Commercial uses
Self-supply commercial and institutional accounts for 0.4% of water use. 17 mgd was
from Great Lakes surface water, 156 mgd was from “other” surface water, 12 mgd was from
groundwater, for a total of 186 mgd in the basin. Commercial uses include water used by
motels, hotels, restaurants, office buildings and institutions, both civilian and military. It also
includes water for mobile homes, hospitals, schools, air conditioning and other similar uses not
covered by public supply. Amusement and recreational water uses such as snowmaking and
water slides are also included.78
Hierarchy of water uses

The Boundary Waters Treaty of 1909 established the following order of precedence for water
uses in the Great Lakes basin:
1) Use for domestic and sanitary purpose;
2) Uses for navigation, including the services of canals for the purpose of navigation;
3) Users for power and irrigation purposes.
Each Contracting Party has equal and similar rights in the use of the waters. No uses are permitted
which materially conflicts with or restrains the above identified order of precedence uses. 79

General State of the Environment
Environmental Problems

Canada ranks 25th out of 180 countries for the Environmental Performance Index 2018. Its
overall score is 72.18. The United States ranks 27th out of 180 countries for the EPI 2018, with an overall
score of 71.19.80
The top environmental stressors in the Laurentian Great Lakes as identified by experts can be
seen in the following table. Individual stressors related to invasive and nuisance species such as invasive
zebra and quagga mussels (e.g., dreissenid mussels and ballast invasion risk) and climate change were
assessed as having the greatest potential impacts. These results mark a shift away from the longstanding

77

The Great Lakes Commission. 2016. Annual Report of the Great Lakes Regional Water Use Database
Representing 2016 Water Use Data. Retrieved from https://waterusedata.glc.org/pdf/2015-Water-Use-ReportGallons-Liters-FINAL.pdf
78
The Great Lakes Commission. 2016. Annual Report of the Great Lakes Regional Water Use Database
Representing 2016 Water Use Data. Retrieved from https://waterusedata.glc.org/pdf/2015-Water-Use-ReportGallons-Liters-FINAL.pdf
79
International Joint Commission. 1909. Boundary Waters Treaty. Article VIII. Retrieved from
http://ijc.org/en_/BWT
80
Yale Center for Environmental Law & Policy (YCELP) and The Center for International Earth Science
Information Network (CIESIN). 2018. Environmental Performance Index. Retrieved from
https://epi.envirocenter.yale.edu/

emphasis on nonpoint phosphorus and persistent bioaccumulative toxic substances in the Great Lakes.
Stressors differ greatly across the Great Lakes in their spatial scale and pathways of impact.81

Source: Smith et al. 2015. Rating impacts in a multi-stressor world: a quantitative assessment of 50 stressors
affecting the Great Lakes.

81

Smith et al. 2015. Rating impacts in a multi-stressor world: a quantitative assessment of 50 stressors affecting the
Great Lakes. Retrieved from
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/116318/eap2015253717.pdf?sequence=1&isAllowed=y

Source: Environment and Climate Change Canada and the U.S. Environmental Protection Agency. 2017. State of the Great Lakes
Technical Report

Source: Environment and Climate Change Canada and the U.S. Environmental Protection Agency. 2017. State of the Great Lakes
Technical Report

Generally speaking, the Great Lakes remain a high quality source of drinking water. Ontario and
the US both compare microbial, radiological and chemical parameters in treated drinking water to
health-based standards. Nearly 60% of Ontarians get their drinking water from the Great Lakes and
treated water tests met standards 99.83-99.88% of the time from 2007-2014. In the US, 95-97% of the
population living within the GLB, close to 27 million people were serviced with drinking water that met
all applicable health-based standards from 2012-2014. However, it is acknowledged and recognized by
both sides of the border that continued efforts are required to reduce source water pollution from
microbial, chemical, and radiological contamination in order to lower the risk of contaminants reaching
consumers’ taps and to keep drinking water treatment costs as low as possible. In 2014, the total human
population living in the Great Lakes Basin counties of the eight Great Lakes States is 26,672,882 and is
served by a total of 4,148 water supply systems. 95.4% of the total population had drinking water that
met all health-based drinking water quality standards with 93.8% of the water supply systems in
compliance with drinking water regulations.82
Overall, beaches are swimmable but certain beaches are unsafe some of the time due to
bacterial contamination. Fishing is good but contaminants in fish require limits to be placed on the
amount of fish consumed that is safe for human health. Generally, lakes are free from pollutants that
are harmful to human health but some Areas of Concern have problem concentration levels. Some parts
of the basin have healthy wetlands and habitats for native species, while some areas are suffering in this
respect. Nutrient loadings are an issue and Lake Erie is the main concern, with nearshore areas of
Huron, Michigan, and Ontario also undergoing stress from toxic and nuisance algae.83

Pollution

Air Quality: Throughout Canada, air quality is generally good, but exposure to air pollutants
varies significantly across country. It is estimated by Canadian authorities that nearly 30% of Canadians
live in areas where outdoor levels of PM2.5 and/or ozone exceed national air quality standards.84
Ambient levels of PM2.5, for example, are typically higher in large urban centres close to Canada-US
border, notably in southern Ontario and southern Quebec. More than half of Ontario’s population was
exposed to PM2.5 levels above the WHO guideline value in 2015. In some urban areas the percentage of
population exposed reaches nearly 100%. This is due largely to emissions from transport, residential
wood heating and local industries, but also pollutants from coal-fired electricity-generating stations in
the American Midwest.
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Phosphorus and nutrient loadings: This is a growth-limiting nutrient in the Great Lakes. In the
past, phosphorus concentrations were elevated throughout many of the lakes. Presently, the problems
of excess phosphorus are confined primarily to some nearshore areas and parts of Lake Erie. In Lakes
Michigan, Huron and Ontario, offshore total phosphorus concentrations are currently below objectives
and may be too low, negatively impacting lake productivity (phytoplankton, zooplankton and fish
production). Nearshore, symptoms of nutrient enrichment persist in some locations. In Lake Erie,
objectives are frequently exceeded and conditions are deteriorating. Only in Lake Superior are offshore
objectives being met and conditions acceptable.85
For Lake Erie total phosphorus objectives continue to be exceeded and trends indicate possibly
increasing concentrations. Collectively, the information shows that the open portions of lakes Superior,
Michigan and Huron are in the ultraoligotrophic range (i.e., very low in nutrients and below the
objective of oligotrophy), Lake Ontario is in the oligotrophic range (i.e., nutrient poor and below the
objective) and Lake Erie ranges from eutrophic in the west (nutrient rich and exceeding the objective) to
meso-trophic in the central basin (exceeding the objective) and oligotrophic in the east (below
objective). This indicates that the offshore regions of the Great Lakes are nutrient deficient with the
exception of Lake Erie which suffers from elevated nutrient conditions.86
Increasing nutrient inputs from diffuse and point sources, climate change (severe storm events,
differences in insulation/harmful irradiation, ice-cover and mixing), and invasive species (e.g. dreissenid
mussels) in the Great Lakes may lead to an increased risk of more frequent, widespread and severe
nearshore (attached/benthic) and offshore algal blooms (e.g. presence of nuisance benthic algae such as
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Cladophora and harmful algal blooms) and favour the predominance of cyanobacteria, particularly in the
more eutrophic areas of the lower lakes.87
Harmful algal blooms are a major issue in Lake Erie, and increasingly Lake Ontario. There is little
systematic monitoring outside of Lake Erie and Lake Ontario to enable a rigorous evaluation of HABs in
the Great Lakes. HABs (toxic and nuisance) have become a major issue for the western basin of Lake Erie
and some eutrophic inshore embayments in lakes Michigan, Huron and Ontario and recently, Lake St.
Clair. Based on available data and best professional judgement, the overall status of the Great Lakes in
deep offshore waters is generally good and although the trend is deteriorating in the embayments,
shallower basins or nearshore areas, the overall trend for the Great Lakes is noted as Undetermined.88
HABs cause significant economic harm. Annual estimates vary, but range up to annual 4.6 billion
USD/year in the USA including monitoring, fisheries, tourism, public health & advisory, lost revenue and
property value. For the Lake Erie basin alone, a recent report estimated that the major 2011 HAB event
cost approximately 71million USD; the smaller 2014 HAB event approximately 65 million USD. Lost
benefits of 1.3-2.2 billion dollars are predicted over the next 30 years with no management action to
control the blooms, a cost which could be reduced by 60-75% if remedial action is taken. The greatest
concern is with HABs caused by cyanobacteria (cHABs), which include toxic blooms, caused by a subset
of cyanobacterial species with the capacity to produce one or more toxins (neurotoxins, hepatotoxins or
dermatotoxins) and currently are the only known sources of algal toxins in inland waters that directly
affect humans.89
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Toxic Chemicals Concentrations Open Water: The Toxic Chemicals Indicator used for the report
The State of the Great Lakes shows that nearly all older and regulated or banned chemicals, including
PCBs and mercury have decreased over the last 40 years. Non-legacy compounds such as
Polybrominated Diphenylethers (PBDEs) have shown slow decline but replacements for these
compounds are increasing in the environment. Occasional exceedances of PCBs for water quality occur.
Whole fish and Herring Gull eggs have seen decreases in contaminants but sometimes PCBs and PBDEs
exceed environmental guidelines. Sediments in AOCs and hazardous waste sites are potential threats to
water quality as these can remain sources for years to come. PCBs residues can also be carried via air
currents within and from outside the basin, therefore atmospheric deposition will remain a significant

source of PCBs for the decades to come. Current-use pesticides, pharmaceuticals, and personal care
products have been added to the monitoring program for the Toxic Chemicals Indicator.90
Contaminants of emerging concern such as pharmaceuticals, personal care products,
polybrominated flame retardants, detergent metabolites, pesticides, polycyclic aromatic hydrocarbons,
and plasticizers have all been identified in the Great Lakes basin.91 Plastic pollution has become a
widespread concern in the basin, and microplastics are prevalent in many rivers which flow into the
Great Lakes. Ingested microplastics can cause digestive and reproductive problems, as well as death, in
fish, birds and other animals. Unhealthy additives in the plastic, including flame retardants and
antimicrobials, have been associated with cancer and endocrine disruption in humans. Also, pollutants
such as pesticides, trace metals and even pathogens can accumulate at high concentrations on
microplastic particles.9293

Species

In Ontario alone, which shares a border with 4 out of the 5 Great Lakes (all but Lake Michigan),
there are more than 200 species of plants and animal which are at risk of disappearing. The Endangered
Species Act was established to provide science-based assessment, automatic species protection, and
habitat protection. Species have been classified as extirpated (lives somewhere in the world, but no
longer in Ontario); endangered; threatened, and of special concern.94

Invasives

Invasive species are a major concern in the Great Lakes and one of its biggest threats and
challenges. The current status of invasives is poor and deteriorating. The number of new invasive
species entering the Great Lakes has been significantly reduced; however, those invasive species already
in the Great Lakes such as Sea Lamprey, Zebra Mussels and Purple Loosestrife continue to cause more
than $100 million annually in economic impacts in the U.S. alone. To date, over 180 aquatic non-native
species have become established in the Great Lakes Basin. Only one new non-native species has been
discovered since 2006, a zooplankton called Thermocyclops crassus. This tremendous success in
reducing the introduction of invasive species is largely due to the regulation of ballast water from transoceanic ships. Additionally, the Asian carp species established in the Mississippi River, which are
threatening the Great Lakes, have not become established. This success is attributed to the important
prevention eff orts in both countries, including the U.S. Army Corps of Engineers electrical barrier on the
Chicago Sanitary and Ship Canal. Despite the significant slowdown in recent introductions, the impacts
of established invaders persist and their ranges within the lakes are expanding.95
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It is believed that at least 30% of the aquatic non-native species found in the Great Lakes have
significant environmental impact. For several decades, Sea Lamprey have been causing severe ecological
impacts. However, Sea Lamprey abundance has been reduced significantly in the five lakes through
active, ongoing, and basin-wide control measures. But, native fish such as Lake Trout, Walleye and Lake
Sturgeon are still subject to Sea Lamprey predation. Dreissenid mussels, also known as Zebra and
Quagga Mussels, are prominent invasive species in the Great Lakes as well. As a dominant component of
the bottom-dwelling community, Dreissenids have played an instrumental role in the alteration of the
zooplankton and phytoplankton communities as well as disrupting the nutrient cycle and increasing
water clarity. On the land, terrestrial invasive species have a significant impact and continue to spread
throughout the Great Lakes Basin. Five terrestrial invasive species were assessed collectively—
Phragmites, Purple Loosestrife, Garlic Mustard, Emerald Ash Borer and Asian Long-horned Beetle. All
five of these species have a detrimental impact on the surrounding ecosystem, including degrading
habitat and water quality. Changes in water quality, global climate change, and land use also may make
the Great Lakes more hospitable for the arrival of new invaders. There is particular concern that climate
change may be facilitating the northward spread of both invasive species and the spread of native
species into adjacent habitats to which they are not native (e.g., range expansion).96
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Source:
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Lakes Technical Report

Water Stresses

Water stress, defined as the ratio of water abstraction on renewable resources, is among the
lowest in OECD member countries in Canada. However, regionally there are disparities and much of
Canada’s renewable water supply is out of reach for the general population. The Great Lakes region
clearly has an advantage over other regions in the country. However, it is affected by variable water
levels, which impair the capacity to absorb and dilute nutrients for urban wastewater management. For
freshwater abstraction per capita, Canada ranks among the highest of the OECD member countries
which is putting pressure on freshwater supply in some urban settings.97
The situation in the United States is similar, reflecting regional disparities, with the Great Lakes
overall having less water stress than other parts of the country which have less abundance of freshwater
resources. According to the figure below from Columbia Water Centre, which developed a Normalized
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Deficit Index (NDI) and a Normalized Deficit Cumulated (NDC), we see that for the year with the worst
deficit (this has a chance of happening once in 60 years), most of the country has NDI < 1 indicating
moderate storage requirements or water stress. As one considers persistence in climate beyond 1 year,
we see from the NDC map that the current use patterns portend severe stress over much of the
agricultural belt of the mid west USA as well as the arid regions of California and Arizona. Chronic or
multi-year stress consequently emerges as the event of concern in these areas with many locations
requiring greater than 2 times to greater than 5 times the average annual rainfall in the location in
storage or to be transferred from other locations to make it.98
While the World Resources Institute’s Water Stress Index measures water stress in river basins,
the Great Lakes basin can be assumed to have a medium water stress, as the St. Lawrence River basin
experiences medium to high stress, Canada experiences low to medium water stress, and the U.S. faces
medium to high stress.99
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We can also see from the next figure that the Great Lakes have seen less vulnerability to droughts than
other regions of the country.

Source: Columbia University Earth Institution. 2013. America’s Water Risk. Water Stress and Climate Variability.

Source: OECD. 2017. Environmental Performance Reviews: Canada 2017.
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The Cumulative Stress Index highlights major spatial disparities in human influence across the
Great Lakes. Large sub-regions of moderate to high cumulative stress are apparent in Lakes Erie and
Ontario, Saginaw and Green Bays, and along Lake Michigan’s shoreline. In contrast, extensive offshore
areas of Lakes Superior and Huron, where the coasts are less populated and developed, experience
relatively low stress. The highest stress is seen in wetlands and river mouths, and cumulative stress
declines rapidly from the shoreline to offshore. Near-shore habitats generally experience 12–18
stressors (mean = 15.2 ± 3.0 SD, maximum = 31), reflecting the coincidence of land- and lake-based
stressors. This pattern is troubling from a biodiversity perspective, because roughly 90% of Great Lakes
fish and invertebrate species occupy near-shore habitats.100
Comparing the spatial distributions of cumulative stress and ecosystem services reveals that
locations supporting Great Lakes fisheries and recreation are disproportionately stressed. In particular,
the locations of beaches, marinas, and perch spawning areas are strongly skewed toward highcumulative stress areas. These patterns reflect broad north-south gradients in lake productivity and
human population densities, both of which peak in Lakes Erie, Ontario, and southern Lake Michigan. In
addition, high cumulative stress at bird-watching and charter fishing sites results from the concentration
of human impacts along the shoreline and in wetlands and river mouths. In contrast, the skew in
cumulative stress is lower for commercial fishing, which is widely distributed throughout all lakes, and
lake trout spawning, which is concentrated in Lakes Michigan, Huron, and Superior, where average
cumulative stress values are relatively low.101
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Economic Context
GDP – countries and regional

Using comparable data from the CIA Factbook (2017 estimates), Canada has the 17th largest
economy in the world ($1.7 tril) while the US has the second largest economy ($19.4 tril).102 Canada’s
GDP per capita is $48,400 while that of the US is $59,800. The biggest spread in units of GDP per capita
in the Great Lakes is between Ontario ($42,037) and New York ($71,252).
GDP by state
Canada103:
Ontario- $685,000 million (2016)
• 2.2% GDP growth in 2011-2016
102
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•

$42,037 (USD) GDP per capita (2016)

United States104:
Illinois- $822,539.6 million (2017)
•
•
•

5th largest state economy
0.4% GDP growth in 2017
$58,217 GDP per capita

Indiana- $352,272.7 million (2017)
•
•
•

16th largest state economy
1.8% GDP growth in 2017
$48,170 GDP per capita

Michigan- $508,904.8 million (2017)
•
•
•

14th largest state economy
2.2% GDP growth in 2017
$46,055 GDP per capita

Minnesota- $350,178.9 million (2017)
•
•
•

17th largest state economy
1.6% GDP growth in 2017
$57,809 GDP per capita

New York- $1,606,601.3 million (2017)
•
•
•

3rd largest state economy
1.9% GDP growth in 2017
$71,252 GDP per capita

Ohio- $645,746.9 million (2017)
•
•
•

7th largest state economy
1.6% GDP growth in 2017
$50,666 GDP per capita

Pennsylvania- $756,268.5 million (2017)
•
•
•

6th largest state economy
2.2% GDP growth in 2017
$54,725 GDP per capita

Wisconsin- $321,373.3 million (2017)
•

104

21st largest state economy

Bureau of Economic Analysis. (2018). State BEARFacts—GDP and Personal Income Data:
https://apps.bea.gov/regional/bearfacts/statebf.cfm

•
•

1.3% GDP growth in 2017
$50,431 GDP per capita

Economic Snapshot of the Region

Canada is 2nd largest country by area and 11th largest economy in the OECD. Real GDP increased
by about 35% over 2000-16. Canada recovered more strongly following the 2008-09 recession than most
other OECD member states due to a prudent banking system and an impressive rise in commodity prices
for oil, coal, and iron ore. A comparatively strong recovery in the US also helped to support this given
that the US is Canada’s main trading partner taking 76% of merchandise exports in 2015. A drop in oil
prices since 2014 hit the economy; however, growth continued to increase again in 2015. Canada has a
diversified economy and is more reliant on natural resources than the economies of most OECD
member countries. One quarter of all industrial activity is linked to oil, gas, and mineral and metal
extraction. Canada is one of the world’s top five producers of crude oil, natural gas, primary aluminum
and copper. It is also a major exporter of pulp, paper and a number of agricultural commodities such as
wheat, canola, soybeans, and vegetables. Natural resource economy accounts for around 17% of GDP
and employs 1.8 million people. After the drop in oil prices in 2014, the economy is shifting more
towards non-resource export-related sectors (E.g. finance and insurance, real estate, retail trade,
transportation and warehousing). 105
In the most recent economic outlook produced by the OECD, strong economic growth was
noted in the first half of 2017 which was led by household consumption. Export increases weakened due
to the stronger Canadian dollar. Interest rate increases reduced monetary stimulus. Mild expansionary
fiscal policy supported growth in 2016 and 2017, which quickened the economy’s return to full
employment. However, delays limited the benefits from planned increases in infrastructure spending.
Modest fiscal tightening is projected for 2019. High house prices and associated debt levels remain a
important source of financial vulnerability. Macro-prudential responses have occurred from the federal
government and provincial measures also slows house growth for the interim.106
On the south side of the border, the US has the largest global economy of the G20 nations.107
The top 5 industries are energy, manufacturing, healthcare, agriculture, and transportation.108
Manufacturing industries accounted for ~61% of US exports. The top ten manufacturing industries
includes electrical equipment, fabricated metal products, medical equipment, sporting goods, primary
metal, agriculture, petroleum and coal products, computer and electronic products, machinery,
chemicals, and transportation equipment.109 Since the financial crisis the US economy has rebounded,
and output has surprised its pre-crisis peak by 10%. There have been strong private-sector employment
gains which have significantly reduced unemployment, and fiscal sustainability has been largely
restored, along with high corporate profits. The short-term outlook for growth is predicted to near its
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potential and it is noted by the OECD that investments in infrastructure, skills and green growth would
contribute to a more robust and sustainable expansion.110
However, it is noted that despite rebounding, productivity growth has still been slower in recent
years for most sectors of activity, even in “frontier firms” of industries such as ICT and pharmaceuticals.
This could create challenges, specifically for addressing income inequality, welfare promises, raising
standards of living, and investment incentives. In addition, while growth has rebounded, it is unequally
distributed across socioeconomic groups and income inequality continues to increase. Women tend to
be paid less than men, and children of poor families lack equal access to opportunity to attend highquality schools.111
Exports to the U.S. and Canada112
Economic Region
2017 Exports to Canada
(in US millions)
Illinois
17.695
Indiana
13,164
Michigan
24,895
Minnesota
4,304
New York
15.398
Ohio
18,959
Pennsylvania
10,308
Wisconsin
6,911
Ontario
-

2017 Exports to the U.S.
(in US millions)
149,428

2017 Total Exports
(in US millions)
65,187
37,737
59,870
20,692
77,915
50,103
38,702
22,306
181,784

Fiscal Capacity/State of National and Subnational Governments

Government Spending in the United States increased to 2921.13 USD Billion in the fourth
quarter of 2017 from 2899.97 USD Billion in the third quarter of 2017.113 Government Spending in
Canada increased to 284.86 USD Billion in the third quarter of 2017 from 282.77 USD Billion in the
second quarter of 2017 (Canadian figures have been converted from CAD millions to USD billions for
cross-comparison).114
Total and per capita spending by state for the Fiscal Year 2016 (USD millions) and per capita
spending (not in millions) was: Illinois – total 55,978, per capita 4,373; Indiana – total 31,406, per capita
4,735; Michigan – total 54,672, per capita 5,507; Minnesota – total 38,209, per capita 6,922; New York –
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total 150,708, per capita 7,633; Ohio – total 67,450, per capita 5,807; Pennsylvania – total 78,011, per
capita 6,102; Wisconsin – total 45,670, per capita 7,903.115
According to the Mercatus Research Centre in their 2017 report Ranking the States by Fiscal
Condition, Illinois ranks 49th, Indiana ranks 16th, Michigan ranks 36th, Minnesota ranks 24th, New York
ranks 39th, Ohio ranks 13th, Pennsylvania ranks 45th, and Wisconsin ranks 29th. The rankings are based on
each state’s fiscal solvency in five separate categories: Cash solvency – Does a state have enough cash
on hand to cover its short-term bills? Budget solvency – Can a state cover its fiscal year spending with
current revenues, or does it have a budget shortfall? Long-run solvency – Can a state meet its long-term
spending commitments? Will there be enough money to cushion it from economic shocks or other longterm fiscal risks? Service-level solvency – How much “fiscal slack” does a state have to increase spending
if citizens demand more services? Trust fund solvency – How large are each state’s unfunded pension
and healthcare liabilities?116
In Ontario total spending for the fiscal year 2015-2016 was $133.4 billion CAD, which was $1.5
billion more than was forecasted in the 2015 Budget plan.117 Between 2014-2015, Ontario had the
lowest per capita revenues of all provinces at $12,619. Program spending per capita was second lowest
among provinces at $12,403. 118
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Social Context
Social well-being
The World Bank’s GINI index indicates a score of 34 for Canada and 41 for the United
States. The Gini index measures the extent to which the distribution of income among
individuals or households within an economy deviates from a perfectly equal distribution. The
higher the score, the greater the inequality.119120
In Ontario, 14.3% of the population live beneath the poverty line. Poverty rates are
higher among indigenous peoples in Ontario with 24% living below the poverty line compared
to 14% for the non-Indigenous population. The unemployment rate is 5.5% in Ontario as of
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2017.121122 In the U.S. bordering states between 2015-2016 those living under the poverty line is
as follows: Ohio – 13.6%, Michigan – 11.9%, Indiana – 12.7%, New York – 13%, Illinois –
11.5%, Pennsylvania – 11.7%, Wisconsin – 11.1%, Minnesota – 8.3%. The unemployment rate
by state in 2017 as a percentage of the labour force was: Wisconsin – 3%, Minnesota – 3.1%,
Indiana – 3.4%, New York – 4.6%, Michigan – 4.7%, Ohio – 4.7%, Pennsylvania – 4.7%,
Illinois – 4.8%.123124
According to the Human Development Index, Canada has an HDI of 0.920 as does the United
States, both ranking in at 10th in the world. However, the inequality adjusted HDI (IDHI) for Canada is
0.839 and for the United States is 0.796. The IHDI combines a country’s average achievements in health,
education and income with how those achievements are distributed among country’s population by
“discounting” each dimension’s average value according to its level of inequality.125126127

Corruption perceptions

According to the Corruption Perceptions Index 2016, Canada scored 82/100 and ranks 9th
globally, while the United States scored 74/100 and ranks 18th globally. The global average score was 43.
The lower-ranked countries in the index are noted to be plagued by untrustworthy and badly
functioning institutions like the police and judiciary. People often face situations of bribery and
extortion, and rely on basin services that have been undermined by the misappropriation of fund, and
control official indifference when seeking redress from authorities. Higher ranked countries tend to have
higher degrees of press freedom, access to information about public expenditure, stronger standards of
integrity for public officials, and independent judicial systems. High-scoring countries may not be
affected by the most obvious forms of corruption, but they are not immune to closed-door deals,
conflicts of interest, illicit finance, and patchy law enforcement that can distort public policy and
exacerbate corruption at home and abroad.128 This is important when examining the index rating for the
U.S., which scores lowest among its highly industrialized peers. The transparency and ethics of President
Trump’s administration have been called into question, and may further impact governance in the Great
Lakes.
When examining the Social Inclusion Index for OECD countries for Canada and the United States,
it is clear that the countries differ in terms of the marginalization and exclusion of populations. Canada
received a score of 7 out of 10 (ranked 8th out of 41 countries), whereas the United States received a
score of 5 out of 10 (ranked 26th out of 41 countries). The United States is also one of several countries
identified as exhibiting a decrease democratic standards and quality of governance, while also
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intensifying party-political polarization.129 Governments that experience this decline have been known
to make fewer attempts to engage broad-based consultation with societal actors.

Environmental values/opinions

In 2009, a public affairs agency by the name of Hoggan conducted a survey of more than 5,300
Canadians for their views on social, environmental, and economic sustainability titled Shared Values,
Canadians and Sustainability: a survey of the general public. OF those surveyed: 93 percent felt we
should make sustainability a priority; 83 percent felt that corporate sustainability claims were more for
public relations with only 17 percent believing businesses that talk about sustainability are truly
committed; only 48 percent of respondents felt that the move would yield a positive impact on the cost
of living. Meanwhile, many Canadians (79 percent) felt that the move would have a positive impact
on quality of life, 66 percent felt it would have a positive impact of employment, and 56 percent felt it
would have a positive impact on international competitiveness; 72 percent believe climate change
impacts will be very serious; 62 percent believed human activity was the primary cause; 67 percent felt
that even during hard economic times such as the recession that was occurring at the time, that the
government and businesses should make both economic and environmental challenges a top priority; 75
percent felt that their leaders were not doing enough; 50 percent would pay an additional 10 percent
for clean, green, renewable energy; 88 percent felt that environmental violations by companies should
be followed with severe punishment.130
In 2014 ecoAmerica carried out a survey with 2,946 respondents for their views on climate and
environmental issues titled, American Climate Values 2014. In respect to climate change 81 percent
believe polluters are responsible for doing something about it, 78 percent believed the EPA is
responsible for doing something about it, and 75 percent believed that people themselves are also
responsible for doing something about it. 75 percent of Americans feel that it is their personal
responsibility to do something about climate change. Over 75 percent view clean air, clean water,
unpolluted, toxin-free neighbourhoods, and access to parks and natural spaces to be personal rights that
should be available to all people. They also believe that doing something about climate change will
improve the air we breathe. 80 percent support a U.S. energy transition away from coal and oil towards
more clean energy.131

Water Values/Paradigms

CANADA
According to the 2017 RBC Canadian Water Attitudes Study of 2,017 people, economic issues
and healthcare are viewed among the most important and concerning issues while water issues rate
relatively lower. 45 percent view fresh water as the most important natural resource, nearly 25 percent
perceive oil and gas as the most important natural resource, and only in Alberta perceptions of oil and
gas (57 percent) surpass water (27 percent) as Canada’s most important resource. 80 percent of
Canadians believe there is enough fresh water where they live. 30 percent agree that parts of Canada
are at risk for fresh water quality problems and 25 percent believe parts of Canada are at risk for fresh
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water supply shortages. Climate change and global warming have risen to become the top perceived
threat to Canada’s fresh water supply with one in five believing this compared to one in ten in 2008. 132
42 percent of Canadians are very confident in their drinking water supply. However, 79 percent
are “very” and “somewhat” concerned about water conditions on First Nations reserves. Over 50
percent believe that the government of Canada should be held responsible for improving the water
quality on First Nations reserves in Canada. 93 percent believe access to water is a human right. 31
percent believe infrastructure for drinking water supply is a high priority. Over a third have no idea what
condition their stormwater management or water treatment and delivery systems are in. 49 percent
believe storm water systems are in good condition and 40 percent believe water treatment and delivery
systems are in good conditions. Around 20 percent believe that systems require an immediate major
investment.133
49 percent of Canadians “strongly agree” that commercial enterprises should pay the full cost of
delivering and treating the water they use and obtain licenses for ground water use (48 percent), as well
as the need for stricter rules and standards to manage water use by industries and municipalities (45
percent). This appears to suggest a stronger role for government in managing commercial use of water.
Fewer Canadians agree with paying the full costs of water delivery, sewage, and treatment at the
consumer level (20 percent) and paying more for water use at the household level (9 percent). When
Canadians were asked to choose from a number of measures to encourage people to help ensure the
safety of drinking water and/or wastewater disposal for their homes, for example, paying through a
water bill or taxes or stricter rules on their property, no particular measures stand out from the others
which suggests that these may be a challenge for policy makers to gain acceptance by consumers.134
77 percent believe good conservation habits are important to prevent a fresh water shortage.
Around 70 percent agreed that people will waste water if no price is put on it, however the same
number of people believe the price of water is already high enough to incentivize this. In respect to
those who put effort into saving water and saving energy, of those who say they put more effort into
saving water, the primary motivation is to better protect the environment (71 percent), whereas people
who say they put more effort into saving energy say they do so to save money (79 percent). This
suggests that increasing the price of water could encourage better conservation habits.135
UNITED STATES
In 2016, the Value of Water Coalition conducted a survey of 1000 adults to measure their level
of concern about water infrastructure and their willingness to pay more on the monthly water bill. The
willingness to pay more varied across regions. After receiving further information/education about the
state of infrastructure and water issues, willingness to pay more jumped from 47 percent to 60 percent.
55 percent rated the nation’s and their local community’s infrastructure as good, which could drive
down a willingness to pay more on local modernization improvements. However, once asked if the
water structure should be improved, 71 percent felt it very important to improve and modernize the
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water infrastructure system. When given tangible percentage increases a large majority was willing to
pay a 5 percent increase and 25 percent was willing to pay a 10 percent increase.136
An interesting ‘coalition of the concerned’ emerged in the poll – women, African-Americans,
Hispanics, non-college educated, lower income, and urban respondents – felt it was very important to
improve and modernize the water infrastructure system. These groups show the most significant
movement towards paying more after being informed of water issues.137

State of organized interests (environmental, agricultural, industry, etc.)
Both the United States and Canada have a large number of established groups that are
focussing on the Great Lakes, albeit with the United States having a stronger base of
organizations than that of Canada’s as well as overall better access to public data.
CANADA
Within Canada there is the Freshwater Alliance in the Great Lakes region whose
mandate is to support and strengthen the community engagement efforts of freshwater
organizations and groups on the ground. Their focus is primarily in Ontario, with some
partnerships and networks with water organizations in the United States as well as expanding
partnerships into Quebec. They work with a broad range of actors including conservation
groups, municipalities, recreational groups, First Nations communities, farmers, cottages and
more. There are also legal organizations such as Ecojustice and the Canadian Environmental
Law Association which support initiatives and efforts within the Great Lakes. Other important
groups include Environment Canada, the International Joint Commissioner (binational),
Environmental Defence, the Sierra Club (binational), Great Lakes Guardian Council (binational),
Ducks Unlimited Canada, Nature Canada, the World Wildlife Fund (Binational), WaterKeepers
(binational), Nature Conservancy of Canada, Wellington Water Watchers, Assembly of First
Nations, Canadian Environmental Network, Ontario Environment Network, Conservation
Ontario (plus each individual conservation authority), David Suzuki Foundation, Green Peace
(binational), Great Lakes Commission (binational), Pembina Institute, among others.
UNITED STATES
Within the United States there is the Alliance for the Great Lakes whose mandate is to
bring together a network of advocates, volunteers, education, and research to ensure the
health of the Great Lakes. There is also the Great Lakes Environmental Research Laboratory
(binational) that is a branch of the National Oceanic and Atmospheric Administration. They
have onsite partnerships with groups such as the Cooperative Institute for Great Lakes
Research, the Great Lakes Observation System, the Great Lakes Regional Collaboration Team,
the Great Lakes Restoration Initiative, the Great Lakes Sea Grant Extension Office, the
International Association for Great Lakes Research, the NOAA Habitat Conservation
Restoration, the Thunder Bay National Marine Sanctuary, as well as may other partnerships and
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collaboration such as those with the International Joint Commission (binational), the
Environmental Protection Agency, the National Water Research Institute, the Council of Great
Lakes Governors, the Great Lakes Commission, the Great Lakes Protection Fund, the
Cooperative Institute for Climate and Ocean Research, among many other. Other groups
include those such as the Sierra Club (binational), Greenpeace (binational), the World Wildlife
Foundation (binational), the National Wildlife Foundation, the Union of Concerned Scientists,
the Water Environment Federation, the World Resources Institute, among many others.
Indigenous communities

23.6% of indigenous population are estimated to live in poverty in Canada, though the data is
limited to on-reserve and territories. Indigenous communities are among the most marginalized, facing
ongoing and persistent barriers. They continue to suffer the impacts of colonialization and cultural
genocide through the legacy of residential schools, forced migration, and intergenerational trauma. Due
to barriers involved with tax filing, many indigenous households are not accessing the Canada Child
Benefit, which could significantly improve child poverty rates. Indigenous children continue to
experience high rates of poverty, physical and mental health challenges, and lack of equal access to care
and to education. Indigenous communities have high rates of food insecurity, with Nunavut
experiencing the highest rate at 46.8% (Nunavut’s population is 80% Inuit). Indigenous communities
continue to live in unhealthy conditions with desperate need for improvements to infrastructure to
provide safe water and housing.138
In Ontario there are 126 First Nations communities.139 Numbering 309,845, 22% of the

Aboriginal identity population in Canada lived in Ontario in 2011. They made up 2.4% of the
total population of that province. Just over one in ten Aboriginal people in Ontario resided in
Toronto, although they represented less than 1% of the total population living there. Ontario
was home to 209,510 First Nations people, 86,020 Métis, and 3,360 Inuit, with the rest
reporting other Aboriginal identities (8,050) or more than one Aboriginal identity (2,910). From
2006 to 2011, the First Nations population in Ontario increased by 32%, while the Métis
population rose by 17%, and the Inuit population rose by 65%. Of those who identified as First
Nations people in 2011, a little under two-thirds (64% or 133,835) reported being a Treaty
Indian or a Registered Indian as defined by the Indian Act of Canada. Just over one-quarter
(27% or 55,885) of all First Nations people (41% of First Nations people who were Treaty or
Registered Indians, or 54,730 individuals) lived on a reserve.
The water supplied to many First Nations communities on lands known as reserves is
contaminated, hard to access, or at-risk due to faulty treatment systems. The government regulates
water quality for off-reserve communities, but has no binding regulations for water on First Nations
reserves. Drinking water advisories alert communities when their water is not safe to drink. In Canada,
these advisories are highly concentrated in First Nations communities. They exist for 134 water
systems—90 of them in Ontario Province—in 85 First Nations reserves across Canada, as of January
2016. Many of these drinking water advisories for reserves persist for years, sometimes for
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decades. They are indicative of the broader systemic crisis that leaves many First Nations persons facing
daily challenges just to access safe water for drinking and hygiene.140

Indigenous communities in Ontario surrounding the Great Lakes. Link to full map:
https://files.ontario.ca/treaties_map_english.pdf

In the United States the total American Indian/Alaskan Native population living alone or in
combination with other faces based off of the 2010 Census was 5.2 million or 1.7% of the US population.
Broken down by Great Lakes states, the numbers are: Illinois – 0.6%; Indiana – 0.4%; Michigan – 0.7%;
Minnesota – 1.3%; New York – 1%; Ohio – 0.3%; Pennsylvania – 0.3%; Wisconsin – 1.1%.141
The Special Rapporteur concludes that indigenous peoples in the United States – including
American Indian, Alaska Native and Native Hawaiian peoples – constitute vibrant communities that have
contributed greatly to the life of the country; yet they face significant challenges that are related to
widespread historical wrongs, including broken treaties and acts of oppression, and misguided
government policies, that today manifest themselves in various indicators of disadvantage and
impediments to the exercise of their individual and collective rights.142
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Significant federal legislation and programmes that have been developed over the last few
decades, in contrast to early exercises of federal power based on misguided policies, constitute good
practices that in significant measure respond to indigenous peoples’ concerns. Especially to be
commended are the many new initiatives taken by the executive to advance the rights of indigenous
peoples in the last few years. The Special Rapporteur finds, however, that existing federal programmes
need to be improved upon and their execution made more effective. Moreover, new measures are
needed to advance toward reconciliation with indigenous peoples and address persistent deep-seated
problems related to historical wrongs, failed policies of the past and continuing systemic barriers to the
full realization of indigenous peoples’ rights.143

Minnesota:

Wisconsin:
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Michigan:

Illinois: There are no federally recognized Indian tribes in Illinois today.
The Indian tribes of Illinois are not extinct, but like many other native tribes, they were forced to move
to Indian reservations in Oklahoma by the American government. You can find their present-day
locations by clicking on the tribal links above.
Indiana: There are no federally recognized Indian tribes based in Indiana today.
However, the Pokagon Band of Potawatomi Indians, a federally recognized tribe based in Michigan,
also has tribal service areas in Indiana, where some of its members live.
Ohio: There are no federally recognized Indian tribes in Ohio today.

Most Native Americans were forced to leave Ohio during the Indian Removals of the 1800's. These tribes
are not extinct, but except for the descendants of Ohio Indians who escaped from Removal, they do not
live in Ohio anymore. They were moved to Indian reservations in Oklahoma instead. If you click on the
link for each tribe above, you can find more information about them.
Pennsylvania: There are no federally recognized Indian tribes in Pennsylvania today.
Most Native Americans were forced to leave Pennsylvania during the 1700's, when eastern tribes were
being displaced by colonial expansion. These tribes are not extinct, but except for the descendants of
Pennsylvania Indians who assimilated into white society, they do not live in Pennsylvania anymore. Most
tribes that once were native to Pennsylvania ended up on Indian reservations in Oklahoma.

New York:

All above information was re: federal recognized American Indians in the Great Lakes states was sourced
from Native Languages of the Americas website and can be found under Maps of United States Indians
by State. Retrieved from http://www.native-languages.org/states.htm

