JGLR-00830; No. of pages: 10; 4C:

Journal of Great Lakes Research xxx (2014) XXX-XXX

Contents lists available at ScienceDirect

Journal of Great Lakes Research I AG LR

journal homepage: www.elsevier.com/locate/jglr

Thriving and prosperous: How we rallied to confront collective challenges

Bryan Comer **', Shannon A. Fera ™!, Sophie Splawinski ', Katrina L. Laurent ¢, Kathryn B. Friedman ¢,
Gail Krantzberg f, Don Scavia &, Irena F. Creed ¢

@ SUNY College of Environmental Science and Forestry, 1 Forestry Drive, Syracuse, NY 13210, USA

Y Trent University, Environmental and Life Sciences, 1600W Bank Drive, Peterborough, ON K9] 7B8, Canada

€ McGill University, 805 Sherbrooke Street West, Montreal, QC H3A 0G4, Canada

4 Western University, 1151 Richmond Street North, London, ON N6A 5B7, Canada

€ University at Buffalo Regional Institute, State University of New York, 77 Goodell Street, Buffalo, NY 14203, USA

f Centre for Engineering and Public Policy, McMaster University, 1280 Main Street West, Hamilton, ON L8S 4L7, Canada

& University of Michigan, School of Natural Resources and Environment, 625 East Liberty St., Suite 300, Ann Arbor, MI 48104, USA

ARTICLE INFO ABSTRACT

Article history: Scenario analysis can be a useful tool to explore paths to a desirable future. This paper is a ‘future history’
Received 27 October 2013 describing the how stakeholders in the Great Lakes-St. Lawrence River basin of North America rallied to confront
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regional challenges 50 years into the future (2013-2063). This future scenario was developed by considering
how nine drivers of change (aquatic invasive species; biological and chemical contaminants; climate change;
demographics and societal values; economy; energy; governance and geopolitics; water quantity; and tech-
nology) might impact the region. This “thriving and prosperous” scenario envisions that in the beginning,
Great Lakes residents, scientists, and policymakers saw “the writing on the wall,” recognizing that past
approaches to environmental policy failed to provide long-term environmental, social, and economic prosperity.
In response, policymakers in the Great Lakes region began formulating and implementing new policies, but
actions were scattered across the region and uncoordinated across geopolitical boundaries. Recognizing the
need to coordinate their efforts, Great Lakes stakeholders began “marching in step” by agreeing on a common
set of guiding principles for future policy actions. Building on this momentum, Great Lakes policymakers
implemented a suite of regulations and initiatives that recognized the Great Lakes region as a complex social-
ecological system. Between 2053 and 2063, the region began to reap the benefits of coordinated policy action.
By 2063, the Great Lakes region showed how a long-term commitment to improving the environment can
sustain a thriving and prosperous ecosystem and economy.
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Introduction 50 years thanks in part to new technologies, including social media,

that lower the barriers to participation in policy discussions. Non-

By the year 2063 the Great Lakes-St. Lawrence River basin of North
America is “thriving and prosperous,” delivering economic benefits
while maintaining social and ecological integrity. Prosperity in the
region has been fostered by cooperation between Great Lakes
region residents, non-government organizations, academic institutions,
government, and industry. Residents of the Great Lakes region have
been an integral part of the policy making process over the past
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government organizations continue to play an important advocacy
role in promoting initiatives that improve quality-of-life in the region
while protecting the environment. Academic institutions in the Great
Lakes region support researchers who craft innovative solutions to
complex social-ecological problems. Government provides incentives
for social-ecological research and green technology development.
Industry responds to public demand for ecologically responsible goods
and services by implementing solutions proposed by researchers and
experts (including local residents who may or may not have formal
scientific training) and by taking advantage of government incentives.
The “thriving and prosperous” scenario described in this paper
occupies the upper-right quadrant of a two-dimensional coordinate
plane. The horizontal axis represents the human capacity to affect
change, and the vertical axis represents environment and economic
balance (as described in Laurent et al,, this issue). We envision moving
toward this upper-right quadrant through an amalgamation of newly
applied policies spanning an intricate framework of institutions: from
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the average Great Lakes resident to researchers, policymakers, natural
resource managers, and industry.

This paper covers a broad spectrum of topics with the goal of provid-
ing future researchers, policymakers, and advocates a foundation from
which they can consider possible avenues to a desirable future for the
Great Lakes region, not only within specific sectors (e.g. water quality,
air quality, soil quality, and economic health), but as a whole (i.e.
improving quality-of-life while sustaining environmental and economic
health). This is crucial, as the Great Lakes region is known to be an
interactive and dynamic system influenced by complex, non-linear
interactions and relationships. While it is impossible to predict the
future with absolute certainty, the development of plausible scenarios
as a means of forward-thinking, as we have done in this special issue,
provides a proactive approach to decision-making. The “thriving and
prosperous” scenario presented here is characterized by a potent
human capacity to affect change and an environment-economy balance
that fosters prosperity.

A strong human capacity to affect change in the Great Lakes region
was reflected in a set of guiding principles for policymaking established
in the 2040 Great Lakes Region Sustainable Resources Agreement
(GLRSRA). The GLRSRA was signed by the US and Canadian govern-
ments (federal and sub-national), Tribal Nations, and First Nations.
The GLRSRA detailed principles for decision-making in the Great Lakes
region, with a focus on promoting and enhancing human well-being
and environmental health. In this “thriving and prosperous” scenario,
scientists, industry, the public, and decision-makers are assumed to be
capable of working together to understand, respond to, and prepare
for future environmental, social, and economic challenges.

A desirable environment-economy balance was hard earned.
Globally, natural resource scarcity led to (sometimes violent) conflict.
This spurred mass migrations to regions with abundant natural
resources, like the Great Lakes region. Despite growing human popula-
tions over the past 50 years, the Great Lakes region successfully eluded
violent conflict over natural resources by avoiding three types of
resource scarcity: supply induced scarcity, demand induced scarcity,
and structural scarcity (Bernauer et al., 2012; Homer-Dixon, 1991,
1994). Policymakers and natural resource managers in the Great Lakes
region successfully (a) maintained healthy stocks of water, timber,
and wetlands (avoiding supply induced scarcity); (b) reduced per-
capita consumption of natural resources (avoiding demand induced
scarcity); and (c) ensured equitable distribution of natural resources
throughout society (avoiding structural scarcity). The region's economy,
once driven by fossil fuels, the automotive industry, and the shipping
industry, is now driven by green energy, social-ecological research,
green technology development, and clean transportation systems. A
thriving economy balanced with a healthy ecosystem was crucial in
providing resiliency to withstand unpredictable future events.

With a focus on precaution and adaptability, Great Lakes region
stakeholders controlled and prevented invasive species introductions,
reduced biological and chemical contamination, developed clean energy
sources, modified agricultural practices, improved data-sharing and
communication, upgraded transportation systems, and revitalized the
economy. A thriving and prosperous Great Lakes region exists in 2063
because stakeholders (including residents, academics, business leaders,
community leaders, non-government organizations, policymakers, and
decision-makers) prioritized long-term ecosystem and human well-
being. Through effective government and industry action, supported
by research and strong public participation in decision-making, a
balance between economic prosperity and environmental protection
persists.

Scenario narrative
This section describes a future history of the Great Lakes region

decade-by-decade from 2013 to 2063. Fig. 1 summarizes the major
events described in this section. These events were conceived by

considering nine drivers of change in the Great Lakes region: aquatic
invasive species (AIS); biological and chemical contaminants; climate
change; demographics and societal values; economy; energy; gover-
nance and geopolitics; water quantity; and technology. Other articles
in this special issue (Bartolai et al., in this issue; Campbell et al., in this
issue; Cornwell et al., in this issue; Jetoo et al,, in this issue; Kelly et al.,
in this issue; Maghrebi et al., in this issue; Méthot et al., in this issue;
Pagnucco et al., in this issue) describe how these drivers impacted the
Great Lakes region over the past 50 years (1960-2010) and project
their impacts 50 years into the future. Although “technology” was not
originally identified as a driver of change, it was added to the future
histories found in this special issue after conferring with Great Lakes
region stakeholders. The future states of some of these drivers of change
were not fully described in the main text of this article due to length
considerations. Thus, Appendix A describes in detail the state of each
driver in 2063 (see Table A1 for a summary).

The writing on the wall (leading up to 2023)

“Most of us can read the writing on the wall; we just assume it's
addressed to someone else” — Ivern Ball (Benson, 2010, p. 51)

By 2013, the Great Lakes region had faced serious environmental,
social, and economic challenges. Environmental challenges included
threats from AIS (e.g., quagga mussels and Asian carp) as noted in
Mills et al. (1993), Pagnucco et al. (this issue), and Rixon et al. (2005);
biological contamination (e.g., excess phosphorus and Escherichia coli)
as noted in Cornwell et al. (this issue) and Whitman et al. (2003);
chemical contamination (e.g., mercury and brominated flame retar-
dants) as noted in Cornwell et al. (this issue); Stewart et al. (1999),
and Zhu and Hites (2004); and climate change (e.g., uncertain impacts
on the hydrologic cycle and habitat suitability for native species) as
noted in Bartolai et al. (this issue); Hayhoe et al. (2010), and Mortsch
and Quinn (1996). Social challenges included health risks from
exposure to contaminated water, soil, and air (Dorevitch et al., 2012;
Kelly et al., this issue; Martinez et al., 2012; Venier and Hites, 2010)
and urban sprawl (Méthot et al., this issue). Economic challenges
included municipal budget crises, like the City of Detroit declaring
bankruptcy in 2013 (Patton, 2013), declining jobs in the manufacturing
sector (Campbell et al,, this issue), and substantial spending on invasive
species control (Pimentel et al., 2005).

These problems were not new for the Great Lakes region; the US and
Canadian governments had been trying to overcome these persistent
environmental, social, and economic problems for some time. For
example, the 1972 and 1978 Great Lakes Water Quality Agreement
(GLWQA) and its implementation protocols (e.g. 1987 and 2012)
aimed to improve Great Lakes water quality, in part, by cleaning up
contaminated “areas of concern” in the US and Canada (Jetoo et al., in
this issue). Despite numerous attempts to work across geopolitical
boundaries and protect natural resources in the Great Lakes region
(e.g. the Canada-Ontario Agreement Respecting the Great Lakes Basin
Ecosystem, the Great Lakes-St. Lawrence River Basin Water Resources
Compact, the Great Lakes-St. Lawrence River Basin Sustainable Water
Resources Agreement, the GLWQA and its Protocols, and the Great
Lakes Restoration Initiative), overconsumption of natural resources
continued, excluding and ignoring the needs of future generations.

By 2023, a number of particularly troubling events underlined the
link between the environment and the economy and opened peoples'
eyes to the sensitivity and vulnerability of the Great Lakes basin. First,
in 2013, reports confirmed that Asian carp were reproducing in the
Lake Erie basin (Fig. 1). These fish threatened to wreak havoc on the
Great Lakes basin ecosystem and, by extension, the economy and
society. Second, large toxic algal blooms became commonplace in
locations such as Lake Erie, Saginaw Bay, the southern shore of Lake
Ontario, and Lake Michigan near Chicago. A massive toxic algal bloom
spread across most of Lake Erie in 2015, reminiscent of earlier large
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Fig. 1. Timeline of the events occurring from 2013 until 2063 within the Great Lakes-St. Lawrence region under the “thriving and prosperous” scenario.

blooms in 2011 and 2013 (IJC, 2014; Michalak et al., 2013; Steffen et al.,
2014), causing drinking water plants to temporarily shut down. Further,
the toxic algae reportedly led to the death of a number of pets who
drank lake water and it resulted in lost tourism revenue. Third, there
were widespread sport fish reproductive failures in 2020 (Fig. 1),
which were believed to have been caused by toxic levels of
anthropogenic chemical contaminants; the resulting population crash
crippled sport and commercial fisheries. Fourth, a new microscopic
biological invader was discovered in the Great Lakes basin in 2022
(Fig. 1). It was an invasive protozoan that affected low-trophic-level
species in the basin and threatened to undermine the food web. The
protozoan was likely introduced via ballast water from ocean-going
vessels transiting the lower Great Lakes and the St. Lawrence River. It
thrived in warm Great Lakes waters: average Great Lakes water temper-
atures were 2.5 °C warmer than in the previous decade, an alarming
increase. Lastly, 2023 saw the lowest water levels in history in the
Great Lakes basin (Fig. 1). Ships could not keep up with demand for
bulk goods due to light-loading; many homeowners' docks no longer
reached the water; some marinas where commercial fishers stored
their boats were virtually dry; and the Fermi I nuclear reactor, located
between Toledo and Detroit, suffered a near meltdown when record
low water levels, coupled with a sudden oscillation of water caused by
extreme winds, temporarily prevented the cooling intake pipes from
getting enough water. These events sparked petitions from basin
residents who demanded government action to protect public health,
the Great Lakes regional economy, and their way of life.

Taking the first steps (2023-2033)

“The journey of a thousand miles begins with a single step” — Lao
Tzu (Ni, 1979, ch.64)

The Great Lakes region is geographically large and populous, and
it spans numerous geopolitical boundaries at multiple scales (e.g.
municipal, state, provincial, tribal, national, and supranational). These
factors made it difficult to formulate, implement and evaluate

environmental and economic policies at a regional scale, resulting in
highly fragmented ecosystem and economic restoration initiatives in
the region. A number of policies aimed at protecting the environment
and promoting the economy had been attempted prior to 2023, but
with limited success. These policies were criticized for treating the
symptoms rather than the causes of environmental degradation and
economic troubles. For example, projects to “restore” water quality
often focused on temporary clean-up in specific areas of concern but
did not address the sources of the increasing number of pharmaceutical
and agricultural contaminants inundating the Great Lakes basin's
waters.

While Great Lakes region stakeholders had seen the writing on the
wall by 2023, decision-makers tried to tackle complex social-ecological
challenges under existing governance frameworks. To restore the Great
Lakes region sport fishery, lake trout continued to be stocked in large
quantities each year. However, at this point, the effects of AIS and
chemical contamination were affecting so many native organisms that
stocking individual species was no longer effective. It was clear that a
healthy commercial and sport fishery would require controlling AIS
introductions and chemical contamination at their sources.

To prevent the inflow of Asian carp into Lake Michigan, the US Army
Corps of Engineers and the Illinois Department of the Natural Resources
finished the installation of a permanent hydrologic barrier in the
Chicago Sanitary and Ship Canal in 2025. The barrier stemmed the
flow of AIS through the canal but at the expense of short-term economic
costs associated with disrupting shipping between the Illinois River and
the Great Lakes and upgrading Chicago's sewage and storm water treat-
ment and management facilities. However, the long-term benefit of
protecting the Great Lakes ecosystem from Asian carp seemed to justify
the costs of constructing new goods-transfer infrastructure and
upgrading wastewater treatment facilities in Chicago. Ongoing Asian
carp management was in effect in Lake Erie following years of research
on effective control, and to curb future AIS introductions, new ballast
water regulations were introduced in 2026 that required on-board
ballast water treatment for ocean-going vessels or the use of variable
buoyancy technologies, which eliminate the need for ballast (Parsons,
2010). While this requirement increased the cost to ship goods via
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ocean-going vessels, shipping remained the least costly alternative for
transporting bulk goods into the region. However, intra-basin travel
was exempt from ballast water treatment policies and therefore ballast
water discharges (and the biofouling of vessel hulls) continued to
facilitate the transport of invasive species throughout the basin. This
concern was confirmed following the discovery of another new invasive
protozoan in Lake Ontario in 2027, which spread to Lake Huron in 2028
and Lake Michigan in 2029. Thus, beginning in 2030, the International
Joint Commission recommended, and federal governments implement-
ed, a suite of policies to minimize new AIS introductions and mitigate
the impacts of already established invaders (Fig. 1). First, on-board
ballast-water treatment polices were extended to include intra-basin
movements: this affected the domestic Great Lakes basin shipping
fleet, but again, shipping remained the preferred option for transporting
bulk goods (iron ore, grain, aggregate, etc.) in the region. Next, a
comprehensive list of threatening species was created. Listed species
were immediately banned from all forms of live trade and movement,
with strict penalties for violating these rules, including sizeable fines.
Rapid-response protocols were created to enable quick response to
new invasions, though managers across the basin emphasized preven-
tion over control, as it is more expensive to control invasions than
prevent them.

To meet the goals of the 2012 GLWQA Protocol, binational standards
were established in 2031 to virtually eliminate harmful chemicals in
the Great Lakes region. Legacy contaminants of concern were closely
monitored using newly developed detection methods. Many novel
chemicals of concern, including pesticides, personal care products, and
pharmaceuticals, were listed based on the precautionary principle
and slated for virtual elimination. Agencies created comprehensive
regulations reducing or preventing the use of these chemicals of
concern. Additionally, specific, attainable goals for reducing current
contaminants were created, and they were informed by scientific
research. During this time, innovative government and industry-based
research programs produced viable alternatives to these chemicals.

To curb phosphorus and nitrogen loading to the lakes, non-point
source agricultural runoff was reduced through the expanded use of
nutrient management plans. Agricultural operations were required to
calculate overall nutrient inputs and outputs and create individualized
plans to reduce and manage excess nutrients. The 2012 GLWQA
sparked state and provincial jurisdictions to require that all agricultural
operations complete these nutrient management plans by 2024 and
renew the plans every three years. Furthermore, nitrogen was added
to the list of contaminants of concern under the GLWQA (in addition
to phosphorus, which was already included). Government incentives
and financial support to create these plans were put in place to
minimize the cost to farmers. The initial costs of the transition program
were justified by the reduction in fertilizer costs, the ecological resilien-
cy gained by the new farm management practices, and safer drinking
water. During this decade, expansions and upgrades to wastewater
treatment facilities were completed on a case-by-case basis to further
curb sewage effluents and reduce nutrient loading. However, without
US and Canadian federal agricultural policy reform to lower the thresh-
olds for nutrient surpluses, the problems of toxic algal blooms persisted
in many areas.

To combat low lake levels, in 2026 the US Army Corps of Engineers,
with the approval of the International Joint Commission, began divert-
ing more water into Lake Superior from the Long Lac and Ogoki
diversions and out through the St. Mary's River. While water levels
were reduced in Long Lac and the Ogoki Reservoir, water levels
throughout the entire Great Lakes basin were raised, helping maintain
the ecological integrity of wetlands and bolstering the Great Lakes
basin shipping industry. Additionally, Great Lakes region Governors
and Premiers reaffirmed their commitment to preventing out-of-basin

diversions by signing the Great Lakes Compact Protocol in 2030 (Fig. 1).

To begin tackling climate change and its associated regional effects,
new policies incentivizing clean energy technology development and

implementation were established in 2023. These policies, chosen for
their positive results over short time periods (see Changnon, 1995)
had been implemented in some US states successfully. In 2023, rules
were established creating an energy-efficiency rating system for
residential, commercial, industrial, and public buildings (following
Iowa's policy). This was funded by taxes on gas and electric utilities
(Changnon, 1995). In 2025, once again following in lowa's footsteps,
all new construction of buildings, or renovations, required the submis-
sion of at least three proposals, one of which was required to reflect
“the lowest life cycle cost possible using commercially available
technology” (Changnon, 1995). Within this policy, taking after Connect-
icut, electrical energy efficient standards for substantially renovated
buildings were determined for each class of electric customers. These
standards were based on cost-effectiveness, building design, insulation,
efficiency of lighting, heating, and the usage of electrical appliances
(Changnon, 1995). Green tax credits and energy incentives (as
proposed by the American Recovery and Reinvestment Act of 2009)
were once again provided; penalties were applied to those not meeting
basic standards. In 2030, these policies, among others, were incorporat-
ed in the CAN-AM Clean Energy Initiative, a binational agreement to
support clean energy development and air pollution reduction in the
Great Lakes region.

To respond to biological and chemical contamination, this decade
saw increasing, yet scattered, local initiatives to clean up their commu-
nities. Small-scale plans were developed that improved short-term
environmental quality while planning for long-term monitoring and
adaptation. However, these plans were uncoordinated across govern-
ments. Eventually, local government officials began to understand that
improving the environmental quality of their communities would
require working with other municipalities, reaching across political
borders, unifying intentions, and incorporating the viewpoints of multi-
ple stakeholders.

Marching in step (2033-2043)

“We all do better when we work together. Our differences do matter,
but our common humanity matters more.” -President Bill Clinton
(Benedetto, 2004, para. 20)

Until 2033, policies aimed at improving the environment and the
economy of the Great Lakes region had seen varying success. While
environmental quality (e.g. water quality, air quality, and soil quality)
began to improve, the Great Lakes region needed innovative and
creative pathways toward a desirable future. Between 2033 and 2035,
the Transborder Research University Network (TRUN) for Water
Stewardship Consortium facilitated a series of symposia called Greater
Great Lakes (Fig. 1) that brought together Great Lakes basin stake-
holders including business leaders, politicians, regulators, academics,
community leaders, aboriginal peoples, and interest groups. Additional-
ly, the general public was invited to participate in person or through
social media. (The social media boom of the early 21st Century provided
an excellent platform through which information could be disseminat-
ed and debatEd.) The symposia were incorporated into the meetings
and conferences held at the annual Great Lakes Week. Because Great
Lakes Week brings Great Lakes organizations and other stakeholders
together from across the basin, the symposia were well attended.

The Greater Great Lakes symposia highlighted the importance of
cooperation between stakeholders. The symposia were slated to end
in 2035, but given their success, they were extended through an amend-
ment to the 2012 GLWQA, which occurred in 2036. Since 2036, the
biannual Greater Great Lakes symposia have been moderated by the
binational Great Lakes Executive Committee (established by the 2012
GLWQA Protocol) and alternate between the US and Canada. Surveys
of Great Lakes regional regulators and natural resource managers
suggested that they appreciated the input of business leaders,
academics, community leaders, interest groups, and the public. The
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feeling seems to be mutual: 90% of stakeholders surveyed felt that their
concerns were listened to by decision-makers and 80% felt that their
ideas were incorporated into Great Lakes regional policies.

At these Greater Great Lakes symposia, a set of guiding principles for
future policies was created. In 2040, these guiding principles were
incorporated into the Great Lakes Region Sustainable Resources Agree-
ment (GLRSRA, Fig. 1), which was signed by local, state/provincial,
federal, tribal, and aboriginal governments in the US and Canada.
Some of the guiding principles in the 2040 GLRSRA are complementary
to the “principles and approaches” found in Article 2 of the 2012
GLWAQA Protocol (e.g., participation, cooperation, and precaution), but
they are farther reaching. For example, the guiding principles
established in the GLRSRA advocate the following: enhancing well-
being as the chief goal of public policy; applying a social-ecological
systems approach to problem solving; expecting uncertainty and sur-
prise in complex social-ecological systems; recognizing natural limits
to growth; and acknowledging tradeoffs in policy decisions. The 2040
GLRSRA espoused the following eight guiding principles for future
policy development:

1. Well-being. Improving well-being should be the chief goal of public
policy and economy (Daniels, 2010a,b; DeCanio, 2009; Parrish,
2007). The well-being and quality-of-life of Great Lakes basin
residents are of paramount importance, and well-being should not
be traded off in the name of increasing gross regional product. In
fact, Costanza (2008) argues that excess consumption can reduce
well-being. Instead of using GDP, which can increase even when
well-being decreases (think of expenditures for cleanups after
natural disasters), other measures of well-being could be adopted.
There are many proposed measures of well-being, including the
Genuine Progress Indicator which separates market activity that
reduces or improves well-being and estimates the value of non-
market environmental and social goods and “bads” (Costanza,
2008). A similar Genuine Progress Indicator could be developed for
the Great Lakes region, as Maryland has done (Maryland DNR, 2011).

2. Participation. To promote environmental justice, those who are
impacted by policy decisions must be able to participate meaningful-
ly in the decision-making process (Cutter, 1995). As Funtowicz and
Ravetz (2003) note, in an age of post-normal science where “facts
are uncertain, values in dispute, stakes high, and decisions urgent”,
we must acknowledge, accept, and integrate the various ethical
questions, ways of knowing, uncertainties, and legitimate differing
viewpoints of stakeholders in environmental policy problem-
solving. Further, the burdens of outreach and communication are to
be placed on governments to ensure that those who will be affected
by policies are well-informed and have the opportunity to voice their
opinions.

3. Social-ecological systems approach. The environment is part of a
complex social-ecological system (Collins et al., 2010). Policy
decisions must move beyond an “ecosystems approach” and recog-
nize that the Great Lakes region is part of a complex system that is
sensitive to both ecological and social changes. While the ecosystems
approach certainly considers human impacts on natural systems
and uses scientific knowledge to inform policy, a social-ecological
systems approach would go one step further and incorporate natural
scientists, social scientists, policymakers, and non-expert stake-
holders into policy decision-making in the Great Lakes region
(Lash-Marshall et al., In prep.).

4. Expect the unexpected. Uncertainty and surprise are inherent in
complex social-ecological systems (Swart et al., 2004). Acknowledg-
ing the role of uncertainty and surprise should be encouraged
by adaptive management approaches in the Great Lakes region,
promoting healthy ecological, social, and economic systems.

5. Limits to growth. Technology, labor, and capital cannot be substituted
for natural resources indefinitely (Costanza et al., 1997; Dietz and
Neumayer, 2007). The Great Lakes region has vast natural resources,

but there are natural limits that must be respected. These natural
resources should be used in a sustainable manner, as overuse may
trigger a tipping point from which Great Lakes basin ecosystems
cannot recover (Bails et al., 2005; Krantzberg, 2012). Authors have
noted that reduced economic growth or even degrowth does not
necessarily mean reduced well-being, provided basic needs are met
(as summarized by Schneider et al., 2010).

6. Cooperation. Transparency and sharing scientific knowledge facilitate
proactive, instead of reactive, management of natural resources,
especially when knowledge is co-produced by scientists and laypeo-
ple (Roux et al., 2006). Thus, we support initiatives that facilitate
collaboration and learning between laypersons, researchers,
policymakers, and resource managers rather than “knowledge trans-
fer” from one group to another.

7. Precaution. Protecting the earth's life support systems is crucial to
long-term sustainability (Dietz and Neumayer, 2007). Specifically,
we want to continue protecting and improving air, water, and soil
quality in the region. To do this, we agree that the precautionary
principle should be the default position when considering new
policies.

8. Trade-offs, not win-win. Policies rarely, if ever, produce truly “win-
win” outcomes (McShane et al., 2011). Thus, policy alternatives
should be evaluated in terms of social, environmental, and economic
trade-offs. These trade-offs are already being made. Whether or not a
policy is ethical may depend on the answer to the following
question: who bears the brunt of the economic, environmental, and
social costs?

The 2040 GLRSRA was used to evaluate the desirability of manage-
ment decisions and policy proposals in the Great Lakes region. Since
its adoption, significant progress has been made toward meeting the
goals of policies related to ecological, social, and economic restoration.
The act of bringing stakeholders together reshaped how policymakers
and decision-makers in the Great Lakes region thought about good
governance. New policy proposals were vetted against criteria found
in the 2040 GLRSRA, and policies were monitored and adapted after
implementation to ensure they achieved desirable environmental
and economic results while minimizing environmental, social, and
economic costs.

Setting ourselves up for success (2043-2053)

“Coming together is a beginning; keeping together is progress;
working together is success.” - Henry Ford (Andersen, 2013, para. 5)

With the 2040 GLRSRA and the Greater Great Lakes symposia
serving as a foundation, the Great Lakes region was poised to make
big strides toward improving environmental, social, and economic
quality. The Greater Great Lakes symposia sparked interest from the
public, industry, and government to contribute to, and participate in,
pollution and invasive species prevention research. There were also
calls for research and development to create innovative green technol-
ogies. Thus, governments and industries invested in the academic future
of the Great Lakes region by passing the Great Lakes Ecosystem Research
Initiative (GLERI) in 2043, which unlike the US-only Great Lakes Resto-
ration Initiative, was a binational venture (Fig. 1). The GLERI provided
funding for research, ecosystem monitoring, and green-technology
development. It also supported research activities aimed at preventing
and reducing AIS introductions as well as biological and chemical
contamination. Governments and industries recognized that the recur-
ring costs of remediation and invasive species control could be better
spent in research and program development. Supporting science-
based and prevention-focused research and development fit nicely
within the newly adopted GLRSRA framework.

To help specify a path forward, a revised GLWQA Protocol was
signed by the US and Canada in 2045 with a particular focus on
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agricultural runoff; greenhouse gases and air pollution; transportation;
renewable energy; and data and information sharing (Fig. 1). Agricultural
runoff was more effectively dealt with binationally by establishing
nutrient thresholds similar to European standards, which greatly
reduced the allowable levels of nutrient excess and runoff. Fines were
assessed to agricultural operations that exceeded allowable nitrogen-
phosphorus-potassium (N-P-K) levels, and nutrient management
plans were more strictly monitored for compliance. New technologies
made waste control more efficient, in many cases turning waste into
biofuels or ensuring their re-use as compost. Farmers frequently incor-
porated ecologically-based management practices using buffer zones,
catch crops, and crop rotations as nutrient management practices.
While the GLWQA historically dealt with water quality as its
main concern, the 2045 GLWQA Protocol also tackled greenhouse gas
emissions and other air pollutants: utilities and transportation were
two major sources (Bartolai et al., in this issue). For utilities, building
on the US Energy Policy Act of 2005 (as amended in 2025) and the
CAN-AM Clean Energy Initiative of 2030, policies were implemented

to sustain the transition toward low-carbon energy sources, and utilities
were also required to use a portion of their operating revenues to
support the development of residential, commercial, and industrial
energy-efficiency programs. The CAN-AM Clean Energy Initiative also
limited emissions from passenger and freight transportation. By 2050,
many passenger vehicles were powered, at least in part, by electricity.
However, this was not the case for the freight transportation sector.
Through the GLERI, port electrification projects were funded for major
Great Lakes basin ports including Montreal, Hamilton, Cleveland,
Toledo, Detroit, and Duluth in 2053, and completed by 2056 (Fig. 1).
This allowed Great Lakes basin commercial marine vessels to plug in
to shore-power delivered by the (now cleaner) electric grid. This greatly
reduced air pollution in near-port communities, leading to health
benefits. In 2053, electric rail projects were in the works for major
freight corridors and the first long-haul electric freight rail in the region
made its inaugural run between Toledo and Buffalo in 2058. Finally,
heavy-duty trucks were finding novel ways to reduce their fuel
consumption and emissions through new technologies, including all-

©'Creed, 2013. Original artwork by Andrea Guzzetta

Fig. 2. Original artwork illustrating the outcomes of a “thriving and prosperous” scenario for the Great Lakes-St. Lawrence River region in the year 2063.
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electric freight trucks.

The 2045 GLWQA Protocol also called for improved data sharing
and communication among Great Lakes basin researchers, policy-
makers, and natural resource managers. Great Lakes basin stakeholders
(especially academics and natural resource managers) touted the
importance of collecting and sharing data and information across the
basin. Building off of existing data-sharing projects like the Great
Lakes Observing System, a Great Lakes region-wide online database
containing physical, biological, and social data (e.g. demographics)
was launched in 2050. Data were made freely available to everyone
(Fig. 1). Having a clearinghouse for Great Lakes regional data that was
well organized and consistently updated served as a launch pad for
multidisciplinary collaboration, helping solve socio-ecological problems
in the region.

Lighting the way (2053-2063)

“Never doubt that a small group of thoughtful, committed citizens
can change the world. Indeed it's the only thing that ever has.” —
Margaret Mead (Sommers and Dineen, 1984, p. 158)

The Great Lakes region went from the “Rust Belt” to the “Green Belt”
and became a model for integrating environmental, social, and econom-
ic values into long-term decision-making. As this decade passed, the
Great Lakes region found itself reaping the rewards of its dedication
and hard work. The ecosystem showed definitive signs of rehabilitation;
academics flocked to the region with the promise of cutting-edge
research opportunities; companies invested in green energy and green
technology; and government implemented polices that reflected the
collective values of Great Lakes basin stakeholders (Fig. 1).

By 2063, there were decades of collaboration among government,
business, industry, interest groups, academia, and the public. Mostly,
policies were chosen based on their potential to improve the long-
term well-being of humans and ecosystems. Those living in the Great
Lakes region invested in protecting vital, life-sustaining natural
resources. The imperatives of environmental protection also facilitated
the creation of a green economy where recreation and service industries
were booming, green energy became a large source of revenue, and the
Great Lakes region became a leader in innovative research and technol-
ogy. Further, all levels of government recognized the importance of
adaptive management practices to quickly respond to changes in
complex social-ecological systems like the Great Lakes basin. Commu-
nity partnerships, binational agreements, and strong public support
allowed emerging problems to be solved collectively and were critical
to developing a thriving and prosperous Great Lakes region (Fig. 2).

Conclusion

Over the past 50 years, decision-makers in the Great Lakes region
have responded to environmental, social, and economic challenges,
including invasive species, toxic algae, biological contaminants, chemi-
cal contaminants, fluctuating water levels, and climate change. At first,
Great Lakes basin governments reacted defensively by implementing
policies that were limited in scope, both geographically and temporally.
Realizing that the status quo was failing, decision-makers, business
leaders, community representatives, politicians, natural resource
managers, academics, and the public got together and developed a set
of guiding principles that would be used to judge the desirability of
new policies. Two important principles were (1) any policy must
improve the long-term well-being of Great Lakes basin residents and;
(2) decision-makers must be upfront about the trade-offs of policy
alternatives (i.e., who wins and who loses). Once this framework for
policy formulation, implementation, and evaluation was established, a
suite of policies that recognized the Great Lakes region as a complex
social-ecological system were implemented. These policies adhered to

the precautionary principle, recognized that there are natural limits to
growth, and focused on cooperative adaptive management. Great
Lakes regional leaders leveraged public participation, fostered strong
support for academic research, collaborated with business and industry,
and promoted value-driven policy analysis to create a thriving and
prosperous environment, economy, and society (Fig. 2).

This future-visioning scenario is intended to spark debate among
Great Lakes basin stakeholders and present some pathways toward a
desirable future for the basin. While some of the events and solutions
mentioned here might seem unlikely or unattainable under present
geopolitical circumstances, we felt it was important to put forth a few
bold ideas nonetheless. In future work, some of the solutions presented
in this paper will need to be compared to alternative policies and their
trade-offs will need to be made explicit. Identifying the reasons why
some of our ideas might, or might not, work in practice will be helpful
as Great Lakes basin stakeholders search for ways to work together to
protect and promote human, ecosystem, and economic well-being.
Our hope is that future researchers, policymakers, natural resource
managers, and non-expert stakeholders can use this paper as a refer-
ence to draw ideas and inspiration about ways to achieve a more thriv-
ing and prosperous Great Lakes region.
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Appendix A. Drivers of change

Table A1
The state of nine drivers of change in the Great Lakes region in 2063.

Driver Description

Aquatic invasive
species

Negative consequences of invasive species have been
minimized via specialized management committees
aimed at identifying threats and initiating rapid

response programs. US and Canadian regulations on
shipping and live trade, coupled with public awareness
programs, have minimized new introductions.

Biological contaminants such as phosphorus and
nitrogen have been reduced through agricultural policy.
Legacy contaminants and contaminants of emerging
concern have been eliminated, reduced, or prevented
from being introduced throughout the Great Lakes region,
resulting in delisting some of areas of concern, regulating
chemicals produced by industries, and using less harmful
personal care products and pharmaceuticals. Wastewater
treatment and cleanup programs have improved water
quality.

Biological and
chemical
contaminants

(continued on next page)
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Table A1 (continued)

Driver Description

Climate change The Great Lakes region has adapted well to climate change,
owing to adaptive and preventative measures taken at the
national, regional, and especially local levels. Measures to
mitigate climate change include implementation of policies
aimed at reducing anthropogenic emissions as well as
investment in green energy sources.

While there are over 60 million people living in the Great
Lakes region in 2063, with many so-called “climate
refugees,” a shift toward a more communitarian and
egalitarian worldview for most Great Lakes region
residents, coupled with a focus on ethical
decision-making, has enabled population growth
without environmental catastrophe.

A focus on reducing greenhouse gases has led to a thriving
economy centered on green energy sources rather than fossil
fuels. Further, improved air, water, and soil quality has
helped the economy by reducing the negative impacts of
environmental degradation and promoting responsible
business development, tourism, and recreation.

National and regional energy policies have paved the
way toward investment in green energy and energy
efficiency in electricity generation, transportation,
industrial, commercial, and residential sectors.

A strong, peaceful relationship persists among and
between all levels of government in the Great Lakes
region. Governance focuses on improving well-being,
enhancing participation in decision-making, applying a
social-ecological systems-thinking approach to policy
analysis, recognizing natural limits to growth, and
considering the trade-offs of policy decisions rather

than claiming “win-win” solutions.

Great Lakes basin surface water has remained within

the basin and has not been diverted to other regions.
Additionally, scientists continue to accurately predict

water level fluctuations, leading to effective planning

and management of activities that rely on water

quantity (shipping, fishing, recreation, etc.).

Groundwater protection has been strengthened with
policies limiting aquifer withdrawals by private companies.
A number of new technologies have emerged that have
helped improve environmental and economic prosperity.
In particular, social media platforms have facilitated the
sharing of data, analyses, and recommendations among
and between scientists and policymakers. Technologies
developed over the subsequent decades at universities in
the region have helped propel the Great Lakes region to
the forefront of developing green energy solutions.

Demographics and
societal values

Economy

Energy

Governance and
geopolitics

Water quantity

Technology

A2. Drivers of change in the year 2063
Aquatic invasive species

In the past, invasive species were a powerful driver of change in the
Great Lakes-St. Lawrence River basin. Aquatic invasive species caused
ecosystem disruptions, food web imbalances, and economic losses in
the Great Lakes states estimated at $100 million dollars per year in
2012 (Rosaen et al.,, 2012). Ballast water exchange regulations of 2006
and 2008 were effective at reducing the influence of this vector, and
the addition of these regulations to include all ships traveling within
the Great Lakes basin curbed new species introductions. The threat
of further invasions caused governments to respond by closing the
Chicago Sanitary and Ship Canal to prevent new species entering the
basin. Waters are closely monitored so that rapid response programs
can be initiated if new species are introduced. Public education and
outreach programs help to mitigate further spread.

Biological and chemical contaminants

The reduction of contaminants in the Great Lakes basin can be
attributed to effective, collaborative regulation across the basin. By

strengthening cooperation among all levels of government, chemical
and nutrient loading into the Great Lakes basin has been reduced.
Specific, attainable goals for reducing current contaminant levels were
established and were effective. Additionally, new potentially harmful
chemicals were banned by applying the precautionary principle, and
agricultural operations are monitored and regulated to prevent nutrient
runoff. Biological contaminants have been reduced by on-board ballast
water treatment technologies including UV filtration, ozonation, and
biocides (Gongalvez and Gagnon, 2012). Lastly, new technologies have
replaced chemicals, including pharmaceuticals, flame retardants,
personal care products and plastics with safer alternatives.

Climate change

Climate change in the Great Lakes region has already impacted the
system and its effects continued (e.g. see Angel and Kunkel, 2010;
Bartolai et al., this issue; Brown et al., 2010; Changnon, 2004; Hay
et al., 2001; MacCracken et al., 2003; Maghrebi et al., this issue; Smith,
1991). Lake levels decreased, affecting drinking water, recreation,
and shipping (Campbell et al., this issue; Smith, 1991; Upper Great
Lakes Study Board, 2012). Changes in precipitation and temperature im-
pacted the agriculture and tourism industries, particularly growing sea-
sons and winter recreation. These changes led local governments to
implement adaptation strategies. Policies to reduce anthropogenic
greenhouse emissions, first implemented in various regions of the US
(see Changnon, 1995), were put in place after the aforementioned adap-
tation, and have been successful.

Demographics and societal values

Over the past 50 years, the population of the Great Lakes region has
grown, particularly on the Canadian side of the border. The population
of the region has grown from approximately 48.5 million in 2010 (30.8
million in the US and 17.7 million in Canada) to about 62 million people
by 2060 (35 million in the US and 27 million in Canada) as predicted by
Meéthot et al. (this issue). Relatively higher immigration to Canada has
led to a smaller population gap between the US and Canadian portions
of the region. Additionally, immigration has led to greater diversity on
both sides of the border, particularly on the Canadian side. Méthot
et al. (this issue) put forth a “Friendly Folks” scenario where people in
the Great Lakes region work cooperatively, are non-materialistic, and
care about the environment. Greater population growth on the Canadian
side of the border helped drive a shift toward a more egalitarian and
communitarian world view for the basin. Canadians as a whole are con-
sidered more egalitarian and communitarian than Americans (Lipset,
1990), and Canada sought immigrants who are more likely to assimilate
to the existing culture (MacDonald, 2013). Because many of those who
immigrated to Canada had or developed communitarian worldviews, co-
operation in the region improved.

Economy

The economy is thriving and prosperous as a result of effective
environmental policies and initiatives that have made the Great Lakes
region a desirable place to live. In addition, there are a number of excel-
lent research universities and high-tech industries in the Great Lakes
region in 2063 that are focused on developing green technology.
While it took a few decades to see strong economic growth, the Great
Lakes region now benefits from the hard work of preventing environ-
mental catastrophes before they happen.

Energy
Energy was a major factor driving a thriving and prosperous Great

Lakes Region. Energy sources in the Great Lakes region in 2013 revolved
around fossil fuels, and cities within the region had previously been the
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central hubs of the automotive industry. Over time, policies incentivized
renewable energy and energy efficiency. New practices by the energy,
transportation, and construction industries enabled green technologies
to slowly meld into the economy, providing a transition that was
economically feasible and regionally sustainable. This transition
allowed the Great Lakes region to evolve into a world leader in green
energy.

Governance and geopolitics

The Great Lakes region has benefitted from a relatively peaceful
world and an emerging culture of cooperation in the region itself. Over
the past 50 years, the various governments of the region (national,
provincial, state, tribal) have maintained peace within and across their
borders. Improving the quality and efficiency of governance in the
Great Lakes region has been a major focus over the last 50 years.
Policymakers and regulators recognized that institutional fragmentation
and overlapping jurisdictions complicated governance in the region.
Thus, through an amendment to the 2012 GLWQA, an annual forum
was created where Canadian, US, and tribal governments at all scales,
as well as academics, business leaders, community leaders, and the
public, came together to discuss common problems. Further, to help
meet the objectives established in earlier agreements and initiatives,
the 2040 GLRSRA was established. The GLRSRA incorporated principles
into Great Lakes basin decision-making that have been recognized as
crucial to developing and maintaining the quality of social-ecological
systems. Great Lakes regional governance focuses on improving well-
being, enhancing participation in decision-making, applying a systems-
thinking approach to policy analysis and management, recognizing
natural limits to growth, enhancing intergovernmental cooperation,
applying the precautionary principle, and encouraging the consideration
of policy trade-offs rather than claiming “win-win” solutions.

Water quantity

Water quantity affects industry, recreation, tourism, and drinking
water supplies. Given water's importance, steps were taken to maintain
water quantity in the face of climate change. For example, the Gover-
nors and Premiers of the Great Lakes states and provinces reaffirmed
their commitment to prevent out-of-basin water diversions from the
Great Lakes basin. Within the basin itself, policies revolving around
the protection of groundwater were put in place. Included in these
policies were limits to groundwater withdrawals from aquifers by
private companies.

Technology

Social media technologies provided an efficient means of communi-
cation between Great Lakes region stakeholders and decision-makers.
Additionally, by investing in research and development of new technol-
ogies, the Great Lakes region was poised to overcome the collapse of
the automotive sector in the early 2000s. Supported by government
incentives and industry-academy partnerships, businesses began
developing green technologies. Technological developments spanned
the industrial, transportation, commercial, and residential sectors, and
these technological advancements helped propel the region toward a
clean technology future, driving environmental, social, and economic
prosperity.

References

Andersen, E., 2013. 21 Quotes from Henry Ford on business, leadership and life. Forbes.
(Accessed online 10-16-2013 at). http://www.forbes.com/sites/erikaandersen/2013/
05/31/21-quotes-from-henry-ford-on-business-leadership-and-life/.

Angel, J.R., Kunkel, K.E., 2010. The response of Great Lakes water levels to future climate
scenarios with an emphasis on Lake Michigan-Huron. J. Great Lakes Res. 36, 51-58.

Bails, J., Beeton, A., Buckley, J., DePhilip, M., Gannon, ., Murray, M., Regier, H., Scavia, D.,
2005. Prescription for Great Lakes ecosystem protection and restoration: avoiding
the tipping point of irreversible changes. Healing Our Waters-Great Lakes Coalition
Technical Advisory Committee (Accessed online 07-03-2013 at: http://healthylakes.
org/publications/#sthash.jgnDwWZW.dpuf).

Bartolai, A., He, L, Hurst, A., Mortsch, L., Paehlke, R., Scavia, D., 2014. Climate change as a
driver of change in the Great Lakes St. Lawrence River basin. J. Great Lakes Res. (this
issue).

Benedetto, R., 2004. A day that would have made George Washington proud. USA Today.
(Accessed online 10-15-2013 at). http://usatoday30.usatoday.com/news/opinion/
columnist/benedetto/2004-11-19-benedetto_x.htm.

Benson, B., 2010. Other People's Words. Lulu.com.

Bernauer, T., Bohmelt, T., Koubi, V., 2012. Environmental changes and violent conflict.
Environ. Res. Lett. 8, 1-8.

Brown, PJ., Bradley, R.S., Keimig, F.T., 2010. Changes in extreme climate indices for the
northeastern United States 1870-2005. J. Clim. 23, 6555-6572.

Campbell, M., Cooper, M., Friedman, K.B., Anderson, W., 2014. The economy as a driver of
change in the Great Lakes-St. Lawrence River basin. ]. Great Lakes Res. (this issue).

Changnon, S.A,, 1995. State roles in the global climate change issue. Bull. Am. Meteorol.
Soc. 76, 227-233.

Changnon, S.A., 2004. Temporal behavior of levels of the Great Lakes and climate variability.
J. Great Lakes Res. 30, 184-200.

Collins, S.L., Carpenter, S.R., Swinton, S.M., Orenstein, D.E., Childers, D.L., Gragson, T.L.,
Grimm, N.B,, Grove, .M., Harlan, S.L.,, Kaye, ].P., 2010. An integrated conceptual frame-
work for long-term social-ecological research. Front. Ecol. Environ. 9, 351-357.

Cornwell, ER,, Goyette, ].-O., Sorichetti, RJ., Allan, J.D., Kashian, D.R,, Sibley, P.K, Taylor,
W.D,, Trick., C.G., 2014. Biological and chemical contaminants as drivers of change
in the Great Lakes St. Lawrence River basin. ]. Great Lakes Res. (this issue).

Costanza, R., 2008. Stewardship for a “full” world. Curr. Hist. 107 (705), 30-35.

Costanza, R., d'Arge, R, De Groot, R,, Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem,
S., O'neill, R.V., Paruelo, J., 1997. The value of the world's ecosystem services and
natural capital. Nature 387 (6630), 253-260.

Cutter, S.L., 1995. Race, class and environmental justice. Prog. Hum. Geogr. 19 (1),
111-122.

Daniels, P.L., 2010a. Climate change, economics and Buddhism—part 2: new views and
practices for sustainable world economies. Ecol. Econ. 69 (5), 962-972.

Daniels, P.L., 2010b. Climate change, economics and Buddhism—part I: an integrated
environmental analysis framework. Ecol. Econ. 69 (5), 952-961.

DeCanio, S.J., 2009. The political economy of global carbon emissions reductions. Ecol.
Econ. 68 (3), 915-924.

Dietz, S., Neumayer, E., 2007. Weak and strong sustainability in the SEEA: concepts and
measurement. Ecol. Econ. 61 (4), 617-626.

Dorevitch, S., Pratap, P., Wroblewski, M., Hryhorczuk, D.O., Li, H., Liu, L.C,, Scheff, P.A.,
2012. Health risks of limited-contact water recreation. Environ. Health Perspect.
120 (2), 192.

Funtowicz, S., Ravetz, ]., 2003. Post-normal science. In: International Society for Ecological
Economics (Ed.), Online Encyclopedia of Ecological Economics (Accessed online 03-
20-2013 at: http://isecoeco.org/pdf/pstnormsc.pdf).

Gongalves, A.A., Gagnon, G.A., 2012. Recent technologies for ballast water treatment.
Ozone: science & engineering. J. Int. Ozone Assoc. 34, 174-195.

Hay, LE., Markstrom, S.L., Ward-Garrison, C., 2011. Watershed-scale response to climate
change through the twenty-first century for selected basins across the United
States. Earth Interact. 15, 1-37.

Hayhoe, K., VanDorn, J., Croley II, T., Schlegal, N., Wuebbles, D., 2010. Regional climate
change projections for Chicago and the US Great Lakes. ]. Great Lakes Res. 36, 7-21.

Homer-Dixon, T.F,, 1991. On the threshold: environmental changes as causes of acute
conflict. Int. Secur. 16 (2), 76-116.

Homer-Dixon, T.F., 1994. Environmental scarcities and violent conflict: evidence from
cases. Int. Secur. 19 (1), 5-40.

International Joint Commission (IJC), 2014. A balanced diet for Lake Erie: reducing
phosphorus loadings and harmful algal blooms. Report of the Lake Erie Ecosystem
Priority (Accessed online 10-22-2014 at: http://www.ijc.org/files/publications/
2014%201JC%20LEEP%20REPORT.pdf).

Jetoo, S., Thorn, A., Friedman, K.B., Gosman, S., Krantzberg, G., 2014. Governance
and geopolitics as a driver of change in the Great Lakes St. Lawrence River Basin.
J. Great Lakes Res. (this issue).

Kelly, B., Keeler, B., Helm, G., Krantzberg, G., Lyon, T., Friedman, K., Mabee, W., 2014.
Energy as a driver of change in the Great Lakes-St. Lawrence River basin. ]. Great
Lakes Res. (this issue).

Krantzberg, G., 2012. Renegotiation of the 1987 Great Lakes Water Quality Agreement:
from confusion to promise. Sustain. 4 (6), 1239-1255.

Lash-Marshall, W.G., Stewart-Ibarra, A.M., Luzadis, V.A., Montefrio, M.J., 2014. Under-
standing Great Lakes Complexity through Social-Ecological Systems (in prep.).

Laurent, K.L., Scavia, D., Friedman, K.B., Krantzberg, G., Creed, LF., 2014 (this issue). Critical
forces defining alternative futures for the Great Lakes St. Lawrence River basin.
J. Great Lakes Res.

Lipset, S.M., 1990. Continental Divide: The Values and Institutions of the United States and
Canada. Routledge, New York, NY.

MacCracken, M.C,, Barron, EJ., Easterling, D.R., Felzer, B.S., Karl, T.R., 2003. Climate change
scenarios for the U.S. National Assessment. Am. Meteorol. Soc. 84 (12), 1711-1723.

MacDonald, A., 2013. Canada seeks immigrants who fit better: Ottawa screens applicants for
English, French fluency and “adaptability”. Wall Str. . (Accessed online 08-31-2013 at:
http://online.wsj.com/article/SB10001424127887323980604579030964060914466.
html).

Maghrebi, M., Nalley, D., Laurent, K.L., Atkinson, ]., 2014. Water quantity as a driver of
change for the Great Lakes-St. Lawrence River basin. J. Great Lakes Res. (this issue).

http://dx.doi.org/10.1016/j.jglr.2014.12.004

Please cite this article as: Comer, B., et al,, Thriving and prosperous: How we rallied to confront collective challenges, ] Great Lakes Res (2014),



http://www.forbes.com/sites/erikaandersen/2013/05/31/21-quotes-from-henry-ford-on-business-leadership-and-life/
http://www.forbes.com/sites/erikaandersen/2013/05/31/21-quotes-from-henry-ford-on-business-leadership-and-life/
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0005
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0005
http://healthylakes.org/publications/#sthash.jqnDwWZW.dpuf)
http://healthylakes.org/publications/#sthash.jqnDwWZW.dpuf)
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0235
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0235
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0235
http://usatoday30.usatoday.com/news/opinion/columnist/benedetto/2004-11-19-benedetto_x.htm
http://usatoday30.usatoday.com/news/opinion/columnist/benedetto/2004-11-19-benedetto_x.htm
http://Lulu.com
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0015
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0015
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0020
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0020
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0250
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0250
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0025
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0025
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0030
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0030
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0035
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0035
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0255
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0255
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0045
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0260
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0260
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0050
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0050
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0055
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0055
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0060
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0060
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0070
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0070
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0075
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0075
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0265
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0265
http://isecoeco.org/pdf/pstnormsc.pdf
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0080
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0080
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0085
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0085
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0085
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0090
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0090
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0095
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0095
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0100
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0100
http://www.ijc.org/files/publications/2014%20IJC%20LEEP%20REPORT.pdf
http://www.ijc.org/files/publications/2014%20IJC%20LEEP%20REPORT.pdf
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0280
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0280
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0280
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0285
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0285
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0105
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0105
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0290
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0290
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0295
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0295
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0295
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0110
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0110
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0115
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0115
http://online.wsj.com/article/SB10001424127887323980604579030964060914466.html
http://online.wsj.com/article/SB10001424127887323980604579030964060914466.html
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0305
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0305
http://dx.doi.org/10.1016/j.jglr.2014.12.004

10 B. Comer et al. / Journal of Great Lakes Research xxx (2014) XxX-Xxx

Martinez, A., Erdman, N.R,, Rodenburg, Z.L., Eastling, P.M., Hornbuckle, K.C., 2012. Spatial
distribution of chlordanes and PCB congeners in soil in Cedar Rapids, lowa USA.
Environ. Pollut. 161, 222-228.

Maryland DNR, 2011. Maryland's genuine progress indicator: An index for sustainable
prosperity. (Accessed online March 7, 2014). http://www.dnr.maryland.gov/mdgpi/.

McShane, T.O., Hirsch, P.D., Trung, T.C., Songorwa, A.N., Kinzig, A., Monteferri, B.,
Mutekanga, D., Thang, H.V., Dammert, ].L., Pulgar-Vidal, M., 2011. Hard choices:
making trade-offs between biodiversity conservation and human well-being. Biol.
Conserv. 144 (3), 966-972.

Meéthot, ]., Huang, X., Grover, H., 2014 (this issue). Demographics and societal values as a
driver of change for the Great Lakes-St. Lawrence River basin. J. Great Lakes Res. (this
issue).

Michalak, A.M., Anderson, E.J., Beletsky, D., Boland, S., Bosch, N.S., Bridgeman, T.B., Chaffin,
J.D., Cho, K., Confesor, R., Dalogluy, 1., DePinto, ].V., Evans, M.A., Fahnenstiel, G.L.,, He, L.,
Ho, J.C,, Jenkins, L., Johengen, T.H., Kuo, K.C., LaPorte, E., Liu, X., McWilliams, M.R.,
Moore, M.R,, Posselt, D.J., Richards, R.P., Scavia, D., Steiner, A.L,, Verhamme, E.,
Wright, D.M., Zagorski, M.A., 2013. Record-setting algal bloom in Lake Erie caused
by agricultural and meteorological trends consistent with expected future conditions.
Proc. Natl. Acad. Sci. U. S. A. 110 (16), 6448-6452.

Mills, E.L., Dermott, R.M., Roseman, E.F., Dustin, D., Mellina, E., Conn, D.B., Spidle, A.P.,
1993. Colonization, ecology, and population structure of the “quagga” mussel
(Bivalvia: Dreissenidae) in the lower Great Lakes. Can. J. Fish. Aquat. Sci. 50 (11),
2305-2314.

Mortsch, L.D., Quinn, F.H., 1996. Climate change scenarios for Great Lakes Basin ecosystem
studies. Limnol. Oceanogr. 41, 903-911.

Ni, H., 1979. The Complete Works of Lao Tzu: Tao Teh Ching and Hua Hu Ching. Sevenstar
Communications.

Pagnucco, K., Maynard, G., Fera, S., Yan, N., Nalepa, T., Ricciardi, A., 2014. Aquatic invasive
species as a driver of change in the Great Lakes St. Lawrence River basin. J. Great Lakes
Res. (this issue).

Parrish, B.D., 2007. Designing the sustainable enterprise. Futures 39 (7), 846-860.

Parsons, M.G., 2010. The variable buoyancy ship: a road to the elimination of ballast. In:
Bellefontaine, N., Haag, F., Lindén, O., Matheickal, J. (Eds.), Proceedings from IMO
and World Maritime University Research and Development Forum: Emerging Ballast
Water Management Systems. WMU Publications, Malmo, Sweden.

Patton, M., 2013. Detroit files for bankruptcy protection: the facts, the figures, the
fallout. Forbes. http://www.forbes.com/sites/mikepatton/2013/07/22/detroit-files-
for-bankruptcy-protection-the-facts-the-figures-and-the-fallout/ (Accessed online
07-22-2013 at).

Pimentel, D., Zuniga, R., Morrison, D., 2005. Update on the environmental and economic
costs associated with alien-invasive species in the United States. Ecol. Econ. 52 (3),
273-288.

Rixon, C.A., Duggan, 1.C,, Bergeron, N.M,, Ricciardi, A., Macisaac, H.J., 2005. Invasion risks
posed by the aquarium trade and live fish markets on the Laurentian Great Lakes.
Biodivers. Conserv. 14 (6), 1365-1381.

Rosaen, A.L, Grover, E.A., Spencer, C.W., 2012. The Costs of Aquatic Invasive Species to
Great Lakes States. Anderson Economical Group, East Lansing, MI.

Roux, D.J., Rogers, K.H., Biggs, H., Ashton, P.J., Sergeant, A., 2006. Bridging the science-
management divide: moving from unidirectional knowledge transfer to knowledge
interfacing and sharing. Ecol. Soc. 11 (1), 4-23.

Schneider, F., Kallis, G., Martinez-Ailer, J., 2010. Crisis or opportunity? Economic degrowth
for social equity and ecological sustainability. Introduction to this special issue.
J. Clean. Prod. 18, 511-518.

Smith, ].B., 1991. The potential impacts of climate change on the Great Lakes. Bull. Am.
Meteorol. Soc. 72 (1), 21-28.

Sommers, F.G., Dineen, T., 1984. Curing nuclear madness. A New-age Prescription for
Personal Action (Toronto, Methuen).

Steffen, M.M.,, Belisle, B.S., Watson, S.B., Boyer, G.L, Wilhelm, S.W., 2014. Status, causes and
controls of cyanobacterial blooms in Lake Erie. . Great Lakes Res. 40 (2), 215-225.
Stewart, P., Darvill, T., Lonky, E., Reihman, J., Pagano, J., Bush, B., 1999. Assessment of
prenatal exposure to PCBs from maternal consumption of Great Lakes fish: an

analysis of PCB pattern and concentration. Environ. Res. 80 (2), S87-S96.

Swart, RJ., Raskin, P., Robinson, J., 2004. The problem of the future: sustainability science
and scenario analysis. Glob. Environ. Chang. 14 (2), 137-146.

Upper Great Lakes Study Board, 2012. Lake Superior regulation: addressing uncertainty in
upper Great Lakes water levels. Final Report to the International Joint Commission:
Summary of Findings and Recommendations. Upper Great Lakes Study Board of the
1JC (Accessed online 10-22-2014 at: http://ijc.org/files/publications/Lake_Superior_
Regulation_Full_Report.pdf).

Venier, M,, Hites, RA., 2010. Time trend analysis of atmospheric POPs concentrations in
the Great Lakes region since 1990. Environ. Sci. Technol. 44 (21), 8050-8055.

Whitman, R.L.,, Shively, D.A., Pawlik, H., Nevers, M.B., Byappanahalli, M.N., 2003.
Occurrence of Escherichia coli and enterococci in Cladophora (Chlorophyta) in
nearshore water and beach sand of Lake Michigan. Appl. Environ. Microbiol. 69 (8),
4714-4719.

Zhu, LY., Hites, R.A., 2004. Temporal trends and spatial distributions of brominated flame
retardants in archived fishes from the Great Lakes. Environ. Sci. Technol. 38 (10),
2779-2784.

http://dx.doi.org/10.1016/j.jglr.2014.12.004

Please cite this article as: Comer, B., et al., Thriving and prosperous: How we rallied to confront collective challenges, ] Great Lakes Res (2014),



http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0120
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0120
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0120
http://www.dnr.maryland.gov/mdgpi/
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0125
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0125
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0125
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0315
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0315
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0315
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0130
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0130
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0130
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0135
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0135
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0135
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0140
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0140
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0145
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0145
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0320
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0320
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0320
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0150
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0325
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0325
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0325
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0325
http://www.forbes.com/sites/mikepatton/2013/07/22/detroit-files-for-bankruptcy-protection-the-facts-the-figures-and-the-fallout/
http://www.forbes.com/sites/mikepatton/2013/07/22/detroit-files-for-bankruptcy-protection-the-facts-the-figures-and-the-fallout/
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0160
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0160
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0160
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0165
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0165
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0165
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0170
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0170
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0175
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0175
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0175
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0335
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0335
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0335
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0185
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0185
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0340
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0340
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0195
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0195
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0200
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0200
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0200
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0205
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0205
http://ijc.org/files/publications/Lake_Superior_Regulation_Full_Report.pdf
http://ijc.org/files/publications/Lake_Superior_Regulation_Full_Report.pdf
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0210
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0210
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0215
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0215
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0215
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0220
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0220
http://refhub.elsevier.com/S0380-1330(14)00265-2/rf0220
http://dx.doi.org/10.1016/j.jglr.2014.12.004

	Thriving and prosperous: How we rallied to confront collective challenges
	Introduction
	Scenario narrative
	The writing on the wall (leading up to 2023)
	Taking the first steps (2023–2033)
	Marching in step (2033–2043)
	Setting ourselves up for success (2043–2053)
	Lighting the way (2053–2063)

	Conclusion
	Acknowledgements
	Appendix A. Drivers of change
	A2. Drivers of change in the year 2063
	Aquatic invasive species
	Biological and chemical contaminants
	Climate change
	Demographics and societal values
	Economy
	Energy
	Governance and geopolitics
	Water quantity
	Technology

	References


