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Executive Summary

Over the past decade, both the average rainfall and the frequency of high precipitation storm
events in the Great Lakes Basin have been steadily increasing as a consequence of climate
change. In this same period, cities and communities along the coasts are experiencing record
high water levels and severe flooding events (ECC Canada et al. 2018). When cities are
unprepared for these floods, the safety of communities and the water quality of the Great Lakes
are jeopardized. For example, coastal flooding increases runoff pollution and contaminates the
freshwater resource that 40 million people rely on for drinking water (Lyandres and Welch
2012, Roth 2016). Since the Great Lakes are shared between two nations, the United States and
Canada, the region is protected by several international treaties and national compacts,
including the Great Lakes Water Quality Agreement (GLWQA) and the Great Lakes Restoration
Initiative (GLRI). In order to increase climate change resiliency against flooding in the region,
we recommend the United States Environmental Protection Agency (EPA) work with
Environment and Climate Change Canada to relocate the GLRI under the GLWQA in order to
guarantee consistent funding and protection efforts. We additionally recommend expansion of
both agreements in their scope and long-term commitments to engender cooperative efforts

to protect the Great Lakes against climate change.

I. Statement of issue

The Great Lakes are an invaluable resource to both
the United States (U.S.) and Canada: these five
interconnected lakes make up the world’s largest
freshwater system and contain 21% of the world’s
freshwater supply (EPA 2019). Roughly 40 million
people in both the U.S. and Canada are dependent on
the Great Lakes for clean drinking water (Roth 2016,
EPA 2019). Additionally, they are critical to
industrial and economic productivity, as 7% of U.S.
and 30% of Canadian farm production is reliant on
the Great Lakes and the regional economy is worth
an estimated $6 trillion (EPA 2019; Desjardins
2017).

As a result of climate change, the Great Lakes Basin
has been experiencing more intense and frequent
storms that lead to severe flooding events. In 2018,
both water levels and precipitation rates were
higher than average across the Great Lakes,
resulting in flooding in Indiana, Illinois, Michigan,
Ontario, and Minnesota (ECC Canada et al. 2018). As
demonstrated through these flooding events, the
effects of climate change are already impacting
communities along the Great Lakes coasts and
extreme weather events are predicted to continue
increasing in both frequency and intensity (EL and
PC 2019). Within the past year, the Great Lakes
coasts have experienced several major flooding
events: Toronto enforced a shoreline hazard
warning throughout the spring (MRCC et al. June
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2019); State of Emergencies from high water,
flooding, and wave action were declared in Port
Clinton (OH) and all New York counties adjacent to
Lake Ontario (MRCC et al. June 2019); and significant
shoreline damage was sustained in Traverse City
(MI), St. Joseph (MI), Buffalo (NY), Port Colborne
(ON), and Chicago (IL). Most notably, Geneva-on-
the-Lake (OH) lost 35 ft. of shoreline from erosion
(ECC Canadaetal. 2018; MRCC et al. December 2019;
MRCC et al. March 2020).

In addition to jeopardizing coastal infrastructure,
major flooding events compromise the Great Lakes’
water quality by increasing rates of urban and
agricultural runoff. In 1987, forty-three Areas of
Concern (AOCs), defined as geographic areas where
significant impairment of beneficial use had
occurred as a result of human activities at the local
level, were identified by an international committee
(USGS 2014). Remediation of many of these sites has
been completed, but no new sites have been
assessed over this period for designation as a Great
Lakes AOC. Additionally, there are numerous EPA
Superfund sites that may be susceptible to increased
flooding risk and discharge toxic, chemical, or
nuclear waste into the Great Lakes watershed.
Coastal communities and cities along the Great
Lakes are currently over-reliant on Combined
Sewage Overflows (CSOs), which are a significant
source of pollution to the Great Lakes during floods
(Lyandres and Welch 2012).

There are 184 CSO-based systems that spill waste
into the Great Lakes during flooding events, which
are damaging to the ecosystem and water quality
(Lyandres and Welch 2012). Unfortunately, funds
for infrastructure overhaul are lacking nationwide
and revamping of these systems has been delayed
repeatedly (EPA 2016). Due to increased risk of
lowered water quality from Superfund site and CSO
runoff, a new survey identifying AOCs should audit
each of these additional at-risk sites with increased
flooding frequency and intensity in mind. If steps are
not taken to remediate existing AOCs, Superfund
sites, and CSOs, the increase in intense flooding
events will cause more frequent dumping of
hazardous sewage and significant degradation of
Great Lakes water quality and wildlife ecosystem.

Increasing climate change resiliency by protecting
cities and preventing the pollution of the Great Lakes

requires new coastal infrastructure that can
withstand recurring, major storm events. While the
Great Lakes Basin has only recently begun
experiencing higher than average water levels, the
eastern and western coastal regions in the U.S. have
been actively dealing with the problems of coastal
erosion, flooding, and rising sea levels for decades
(U.S. Army Corps of Engineers 2015; NOAA Office for
Coastal Management 2019; Murphy et al. 2017).
Marine coastal regions have begun to acknowledge
that, while some man-made infrastructure is
necessary to prevent localized flooding and shore
erosion, living shorelines and natural, green
infrastructure projects are most effective for
reducing ecological impacts and enhancing
resiliency (Bulleri and Chapman 2010; Glick et al.
2014; Winters et al. 2012; Foster et al. 2011; Sutton-
Grier et al. 2015). In total, wetlands across the
United States are estimated to provide over $20
billion worth of storm protection services (Foster et
al. 2011).

Green infrastructure and living shorelines are often
misunderstood to be feasible exclusively in rural
areas along coasts, primarily due to the perceived
simplicity of preserving wetlands as opposed to
restoring degraded urban coastal ecosystems (Sun
and Carson 2020). In reality, green infrastructure
along urban coasts is also feasible and more
economically advantageous than similar rural
measures. Wetlands along urban and metropolitan
coasts provide an average of $2.3 million/coastal
kilometer of protective services annually, as
compared to an average of $126,000/coastal
kilometer in rural regions (Sun and Carson 2020;
The Office of Rural Health Policy 2018). Though
most of the focus has been on marine coasts, green
infrastructure and living shorelines have also
successfully increased resiliency against floods and
major storm events in the Great Lakes region.

For example, a wetland restoration and shoreline
stabilization project in Muskegon Lake, MI boosted
the local economy by almost $60 million (Great
Lakes Commission 2018). Rain gardens saved
Aurora, IL $1.8 million, and green roofs and
permeable pavement in Chicago, IL capture 85
million gallons of stormwater per year (Glick et al.
2014; Eastern Research Group Inc. 2014).
Additionally, a $200,000 EPA grant for natural
infrastructure and flood mitigation in Duluth, MN is
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forecasted to provide almost $4.7 million in benefits
for the city (Cassell and Rowan 2014; EPA 2014).
Three cost-benefit analyses in the Great Lakes have
estimated that green infrastructure could reduce
annual damages by $38,000, $89,000, and $2.6
million in Toledo, Duluth, and Green Bay,
respectively (NOAA Office for Coastal Management
2015).

II. Current Great Lakes policies

Because the Great Lakes are international waters,
the United States and Canada have enacted a series
of agreements governing the protection of these
lakes as a valuable freshwater resource. Among the
most significant of these agreements is the Great
Lakes Water Quality Agreement (GLWQA). The
GLWQA was enacted in 1978 to set a series of
commitments for reducing pollutants and protecting
Great Lakes resources (IJC 2012). To achieve water
quality goals and standards outlined in the GLWQA,
the United States formed the Great Lakes
Restoration Initiative (GLRI). The GLRI is an
interagency initiative, chaired by the Environmental
Protection Agency (EPA) Administrator, to address
five major priorities: toxic substances and Areas of
Concern, invasive species, nonpoint source
pollution, habitats and species, and an
accountability, education, and monitoring program
(Great Lakes Interagency Task Force 2010).

The GLRI is considered a U.S. bi-partisan success
and, although it is mainly an EPA initiative, it is
valued by both the American and Canadian
governments (Klobuchar et al 2018; Heurtel et al
2017). The GLRI has supported more than 4,700
projects, roughly 5,000 jobs per year, and for every
dollar spent through GLRI funding there is an
estimated $3.35 economic benefit for the Great
Lakes region (Great Lakes Commission des Grands
Lacs 2019; University of Michigan RSQE 2018). As
climate change exacerbates flooding events in the
region, we recommend increasing funding and
expanding the scope of this initiative to enhance the
resilience of the natural and manmade systems that
millions of people rely on every day.

III. Recommendations

i. Recommendation 1: Amend the GLWQA to formally
include GLRI

The GLRI has successfully acquired and invested
over $2.4 billion in federal and state funding since its
launch in 2010. However, the GLRI is only
authorized in four-year increments and remains
subject to U.S. executive branch volatility and
changes in funding priorities from both countries
(Interagency Task Force and Regional Working
Group Agencies 2019). Because of the success of the
GLRI, we recommend its inclusion within the
GLWQA so that federal funding from both the U.S.
Environmental Protection Agency and Environment
and Climate Change Canada is required annually and
indefinitely.

An additional benefit of including the GLRI within
the GLWQA is that Canadian provincial governments
could be included under the initiative given there is
not a Canadian equivalent. Bilateral collaboration of
this sort has been effective in fisheries management
and air quality, where unilateral regulations have
been amended to be under the supervision of both
U.S. and Canada, bestowing increased resources and
regulatory powers (USA and Canada 1990, USA and
Canada 1991). Amending the GLWQA to include the
GLRI would ensure that both the United States and
Canada are financially contributing to water quality
efforts and that stable funding will be secured
beyond short, four-year increments.

ii. Recommendation 2: Reestablish the GLRI as a Great
Lakes Restoration and Protection Initiative

While the focus on the GLRI is restoration,
characteristics of a “restored” Great Lakes are not
defined. We recommend that the GLRI is
reestablished as the Great Lakes Restoration and
Protection Initiative, which acknowledges that
maintaining a restored Great Lakes is an ongoing
endeavor requiring planning and investments for
“post-restoration” infrastructure and maintenance.
As shown by the effects of climate change and severe
flooding on the Great Lakes’ coasts, preventative
measures must be taken in building and maintaining
green coastal infrastructure. This expansion of the
agreement should include a thorough review of
climate change predictions and the development of
five, ten, twenty-five, and fifty year action plans to
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address the ongoing need for climate change
resilience.

iii. Recommendation 3: Include Climate Change
Resilience in the GLRI as a 6th Priority

Currently, the five focus areas within the GLRI are:
toxic substances and AOCs, invasive species,
nonpoint source pollution, habitats and species, and
a program for accountability, education, and
monitoring (Great Lakes Interagency Task Force
2010). With unprecedented flooding as a result of
climate change, we suggest that additional efforts
should be made to preserve coastline health and
implement green infrastructure in the Great Lakes
region. Projects across the United States and the
Great Lakes regions have shown that
implementation of natural wetlands, permeable
pavement, and green shoreline stabilization
improve local economies and effectively combat the
disastrous effects of flooding. Establishing climate
change resilience as a priority in the GLRI expands
the reach of the initiative to include the terrestrial
Great Lakes basin, therefore enabling the
implementation of green infrastructure and
reducing the necessity for additional water quality
restoration in the future. This addition would not be
unprecedented in U.S. policy, as the Department of
Defense started implementing climate change
impact assessments and resilience

recommendations in 2011 (Resetar and Berg, 2016).
Climate variability will become more extreme as
years go on, so it is important that the next steps
taken ensure that the United States and Canada are
dedicated to working together to protect one of our
greatest natural resources.

IV. Conclusions

In conclusion, we suggest that the EPA take an active
role in advocating for the next step in protecting the
Great Lakes ecosystem. We recommend the EPA
works with the president, congress, regional states,
and Canada to expand the GLWQA to include the
GLRI. Acknowledging that the effects of climate
change are already being felt in the region and that
the future holds more extreme flooding events, we
recommend the scope of both the GLWQA and GLRI
are expanded to emphasize the impacts of climate
change. Furthermore, the timescale of these
initiatives should be extended so that action is taken
now to address impacts in the decades to come. By
adopting these changes, the governing bodies in the
Great Lakes Basin can assume responsible
stewardship of this invaluable natural resource,
boosting resilience of both the natural ecosystem
itself, as well as all the communities that rely on the
Basin.
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