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Executive Summary
Located on the international border between Canada and The United States, Lake Erie
is home to 1500 species, and supports millions of families on a transboundary level. The
Great Lakes support over 30 million people, accounting for 10 percent of the US
population and 30 percent of the Canadian population. In the last 100 years, Lake Erie
has been subjected to eutrophication that is human induced as a result of anthropogenic
and ecological pressures. Excessive phosphorus concentrations as a result of non-point
agricultural run-off are a major contributing factor to the growth of Harmful Algae Blooms
in Lake Erie. This excessive growth of HABs lead to hypoxic environments, wherein
submerged plants and animals cannot survive, creating ‘dead zones’. This causes a chain
reaction within an ecosystem, causing ecological damage and jeopardizing ecosystem
services. These blooms are the leading cause of water pollution and have emerged as a
major regional and global environmental issue. Initiatives to restore Lake Erie have been
launched since the 1970s but have been criticized for a lack of enforcement and
coordination. This document will outline governance measures that the International Joint
Commission can use to control and mitigate Lake Erie's phosphorus eutrophication.
The recommendations include implementing Nutrient Management Program and DPSIR
model for long-term sustainability. Additionally, it urges for ecological engineering
investment.

Figure 1: Map of Lake Erie (Sea Grant Michigan, 2021).
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Foundational Science: Discussion & Analysis
Anthropogenic disturbance in biogeochemical flows has created a shift in aquatic
ecosystems. Non-point sources of agricultural pollution pose challenges within water
bodies, wherein nitrogen and phosphorus flows have led to human induced
eutrophication. On both a regional and global scale, there has been a rise in these flows,
which has had a direct effect on changes in both aquatic and terrestrial habitats, serving
as a catalyst for climate change (Johan et al.,2009).
Lake Erie is North America’s fourth-largest lake that borders Canada (Ontario) and the
United States (New York, Pennsylvania, Ohio, Michigan) as seen in Figure 1. The lake is
home to major commercial fisheries and provides drinking water to over 13 million people
(The OEC,2021). In 2018, the lake accumulated more than $357 million in tourism in the
United States, creating 13,918 tourism-related jobs. (Johnston, 2019). However, the lake
has been subjected to severe eutrophication for many decades, posing a transboundary
threat to socioeconomic and environmental systems.
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Figure 2: Diagram illustrating the effects of phosphorus on eutrophication (Elsevier Inc., 2013)

This over-reliance on fertilizer, which induces phosphorus eutrophication, is economically
damaging, biologically ineffective, and endangers aquatic ecosystems. (Guignard et al., 2017).
Moreover, rising climates warm water bodies, increasing productivity of surface water, triggering
the growth of algae, further contributing to eutrophication (UOM,2019). The presence of
eutrophication results in a decrease in revenue generated through recreational (tourism) and
ecosystem services (fishing etc.) (Munn et al., 2018). If the blooms at Lake Erie are not

1

Hypoxia: low levels of oxygen present. Hypoxic
environments are incapable of supporting life and

thus become "dead zones," destroying aquatic
ecosystems (National Ocean Service,2021).

addressed, it is estimated that the lake will cost $270 million per year for the next 30 years to
maintain (Haggert, 2019). ‘Dead zones’ are large areas of hypoxic waters and are found 50 feet
below Lake Erie (CWD, 2021). These conditions are unsuitable for fish and plants, resulting in
the extinction of an ecosystem, creating loss at various levels of the food chain. Zebra Mussels,
an invasive indicative species that thrive in high phosphorus levels, have colonized Lake Erie
(Vanderploeg et al., 2001). Figure 3 illustrates the progress of HABs in Lake Erie in 2011, as a
result of storm runoff.

Figure 3: Satellite imagery of Algal growth in Lake Erie’s Western Basins 2011 (Mangels, 2013)

Assessment of Existing Governance
Formed in 1909, The International Joint Commission (IJC) aims to resolve differences between
The US and Canada under the ‘Boundary Water Treaty’ (IJC,2020). The IJC's "Great Lakes
Water Quality Agreement GLWQA," signed in 1972, was the first initiative to protect ecosystems
across international borders (Tschorke, 2008). The treaty’s primary objective at the time was to
reduce human-induced pollution by limiting phosphorus loadings and encouraging wastewater
clean - up. IJC received praise from international actors for their transboundary cooperation, and
Lake Erie significantly improved (IJC,2021). Figure 4 depicts the moderation in management
prospects that the GLWQA have made since 1972. These changes were made as the treaty
was criticised for being outdated and unclear in it’s intentions (Tschorke, 2008).

Figure 4: Updates made to the GLWQA (Binational, n.d.)

Figure 5 presents the total annual phosphorus loadings following the treaty's implementation.
The treaty was effective in setting phosphorus loading targets, and a decrease in its use can be
seen until the end of the 1980s; however, despite ongoing efforts to reduce discharges, HABs
in Lake Erie have increased since the 1990s (US EPA, 2021). Poor governance is one of the
reasons for this. The treaty lacks accountability, wherein citizens and actors are unaware of their
roles (Tschorke, 2008). Without a sense of responsibility, critical actors are unable to deliver on
commitments, resulting in lower engagement. Furthermore, the treaty was deemed to ‘lack
enforcement mechanisms,' preventing them from achieving the full extent of their goals (Ibid.)

This is because IJC is not legally binding. Therefore, in order to tackle phosphorus eutrophication
in Lake Erie the treaty must be incorporated into transboundary domestic law.

Figure 5: Phosphorus Loadings overtime in Lake Erie (Scavia et al., 2014)

In 2010, the US Environmental Protection Agency launched the ‘Great Lakes Restoration
Initiative’ (Fortin, 2020). Figure 6 presents their areas of focus in the past decade.

Figure 6: Long term Goals for the GLRI (GLRI Action Plan, 2019)

In 2020, the Agency invested approximately $11 million in the development of 20 projects with
the goal of reducing phosphorus loading in the Great Lakes (Ibid.). This demonstrates the
government's determination to keep operations running in order to carry out plans for lake
recovery. However, in 2017, Lake Erie experienced an algal bloom that stretched over 1.5
kilometres in the Western Basin (NOAA, 2020 as cited in DeGood, 2020). This therefore attested
to the agency’s ineffectiveness. Some of the reasons for this might include poorly coordinated
restoration efforts and a lack of a comprehensive plan (CRS report, 2013). Coordination failure
frequently results in a gap in data distribution, rendering organizations ineffective.
Environmental collaboration should be prioritized by policymakers when developing
recommendations and policies. Transboundary cooperation and novel governance approaches
are key to restore Lake Erie.

Governance Recommendations
Mitigating phosphorus eutrophication in Lake Erie will necessitate collaborative efforts from
policymakers, researchers and communities. This brief recommends that the International Joint
Commission implement the following measures to reduce anthropogenic and ecological
stressors:

Reduction of Anthropogenic Stressors
1. Implement transboundary “Nutrient Management and Monitoring” schemes.
The reduction of excessive fertiliser has no
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2. Application of the ‘Drivers Pressures State Impacts Responses (DPSIR) Model to
ensure long term sustainability.
The DPSIR model identifies the interaction between society and the environment and is effective
in analysing causes for environmental pressures through human-induced malpractice (Food
Safety and Environmental, 2021). Therefore, addressing each anthropogenic stressor of
phosphorus eutrophication is vital to establish long term sustainability in Lake Erie. A successful
example of the DPSIR Framework is seen in the Maldives, wherein their Government introduced
a Community Based Management Scheme to solve human induced waste at an island level and
reflected the community’s willingness to adopt green programs through the use of the framework
(Shadiya and Shareef, 2020).
Figure 7 displays a sample DSPIR framework curated for marine eutrophication that the IJC
could potentially model as a part of their frameworks. To personalize a framework, the IJC’s
Great Lakes team must conduct a series of tests and cross-sectional research approaches in
cities bordering Lake Erie. Data collection is vital in the development of the lake.

Figure 7: The DPSIR Framework applicable to Eutrophication (Cosme and Niero, 2017)

Reduction of Environment Stressors
3. Invest in ecological engineering to restore Lake Erie
The IJC must aim to obtain funding from governmental bodies to introduce biotechnological
interventions within Lake Erie as a method of tackling nutrient surface run-off in Lake Erie:
Buffer Zones are barriers of plants bordering lakes to absorb excessive nutrient run-off (George
et al., 2021). Since Lake Erie is subjected to storm run-off, these should be effective around the
Western Basins. They offer biodiversity and introduce employment opportunities for farmers
(Naiman et al., 1993). A Study in Canada observed the effectiveness of buffer zones to achieve
reductions in nutrient loads over a 10-year period (Dunn et al., 2011).

Figure 8: Buffer Zone for wetlands (Ma, 2016)

Policy Suggestions:
•

Create economic incentives and subsidies to encourage investment from organisations
or individuals

•

Conduct extensive preliminary research on the best suited crops for absorbing nutrients
(Oregon NRCS, 2018)
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