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My Creed . . .
is that public service must
be more than doing a job
efficiently and honestly.
It must be a complete
dedication to the people
and to the nation with
full recognition that every
human being is entitled to
courtesy and consideration,
that constructive criticism
is not only to be expected
but sought, that smears are
not only to be expected
but fought, that honor is to
be earned but not bought.

Margaret Chase Smith

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR
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the margaret chase smith essay

The Margaret Chase Smith Essay

Sustainability:
The Challenges
and the
Promise
by Senator George J. Mitchelll

I

grew up in Waterville on the banks of
the Kennebec River. My mother worked
in several textiles mills that drew their
power from the river. The economies of
Waterville and many other towns depended
on the rivers and forests that supplied
timber and other natural resources.
Not only did the Kennebec and other
rivers provide a convenient source of
power, they allowed easy disposal of the
waste from the mills. I remember standing
on the riverbank with my brothers and
feeling the sting in our eyes as we watched
the river run choked with the cast-off
chemicals from the textiles mills and other
industrial facilities. Riverfront houses had
to be repainted often, as the chemicals
peeled off the paint.
My early experiences in this town built
by a river influenced the way I came to
think about human needs and the environment. I realized at an early age that people
and nature cannot ever be separated.

Although we’ve made remarkable
progress in some areas of environmental
protection over the past several decades,
including passage of the Clean Water Act,
the Clean Air Act, and other important
legislation, we still have a long way to go
in addressing the broader challenge of
sustainable development. More than 20
years ago, I wrote about this challenge
in my book, World on Fire: Saving an
Endangered Earth (1991). The central
goal of sustainable development is to
promote forms of economic and community development that also protect the
planet’s life-support systems, so that
current generations can meet their needs
without compromising the ability of
future generations to do the same.
There is an ongoing discussion about
the meaning of “sustainable development,”
but I believe that its essence is its focus on
the type of world we want to help create
for future generations. How can we make
decisions that result in a strong economy,
thriving communities, and a healthy environment? How do we balance the need
for continuity and change in our society?
How can we ensure that future generations have more opportunities, not fewer?
Sustainability challenges arise in
many different contexts, including efforts
to enhance the livability of our cities
and towns, increase our energy security,
improve the management of our natural
resources, and respond to a changing
climate. Regardless of the specifics, these
issues are inherently challenging because
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they involve complex connections
between human well-being and environmental protection, between local and
global, between present and future, and
especially between knowledge and action.
There is a tendency to think about
sustainable development as a pressing
challenge for developing nations, a challenge that is all too often out of sight and
out of mind for the U.S. and other developed nations. But these kinds of problems
exist everywhere. Moreover, efforts by the
U.S. to help solve these problems in other
regions might be more welcomed, and
more successful, if we did a better job of
tackling the problems in own backyard.
One promising effort toward
achieving this goal is Maine’s Sustainability Solutions Initiative (SSI), in which
faculty and students from many universities and colleges across the state are
working with diverse partners to solve
problems at the intersection of economic,
social, and environmental issues. Led by
the University of Maine center that bears
my name, SSI represents one of the
nation’s largest and most innovative efforts
to learn how institutions of higher education can serve society more effectively.
Given my roots, I have a special
interest in SSI’s focus on advancing the
science and practice of sustainable development in ways that can directly benefit
Maine’s families, communities, and businesses. But I also commend SSI’s efforts
to share the lessons it is learning with
other regions of the nation and the world.

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR
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From my travels throughout Maine
and around the world, I have learned that
there is no one-size-fits-all approach to
sustainable development. Effective solutions to sustainability challenges must take
into account the values, needs, concerns,
and traditions of the local communities
that are striving to create a brighter
economic, social, and environmental
future. To that end, a focus on the social
and cultural context of diverse stakeholders is one of the cornerstones of SSI’s
approach to problem solving.
The challenges are complex and
multifaceted. As described in this issue,
teams of SSI faculty and students are
working all across Maine in solutionsdriven partnerships with all levels of
government, business and industry, and
non-governmental organizations. They
are seeking solutions to a diverse array
of problems, including renewable-energy
development, urban planning, waterresource management, and the future
of Maine’s North Woods.
In every project, research teams
bring together different kinds of knowledge—including the expertise and experience of citizens. For example, in the
Eastport area, researchers are collaborating with local fishermen, along with
agencies, business, and nongovernmental
organizations, to make sure tidal power
is developed sustainably. In southern
Maine, a team is working with stakeholders to safeguard the Sebago Lake
watershed, which provides drinking
water for nearly 200,000 people, in addition to being a source of hydropower
and a treasured place for recreation.
Another team is engaging with citizens
in my home watershed to study alewife
restoration and economic development
on the Kennebec and Androscoggin
rivers, in work that may also yield
insights to help to revive the state’s
devastated groundfisheries.

By working with communities to
understand the problems they are facing
and search together for potential solutions, we can find ways through complex
challenges. In my work as a legislator and
mediator, I have learned that relationships
form the center of our ability to work
across different kinds of boundaries, be
they political, ideological, or disciplinary.
SSI is taking a unique approach that
assumes that success in crossing boundaries and working together is not happenstance, but is a result of cultivation and
dedicated effort to finding ways to speak
a common language and understand
diverse perspectives.
I believe that programs such as SSI
are sorely needed in today’s world, but I
also know that such activities sometimes
encounter criticism and resistance due
to the disparate and often conflicting
nature of stakeholder perceptions and
values. It can be difficult to persevere
when such efforts encounter setbacks or
“get caught in the cross-fire” of public
debate. It is important, however, to
remain steadfast in the belief that societies
can respond to difficult challenges and
more sustainably meet the needs of
current and future generations.
I’ve also learned from experience that
patience is required for efforts that seek to
create a new vision and sense of purpose
and take risks in the search for innovative
solutions; they take time. With the issues
facing us, however, it is clear that we will
need durable institutions that can continuously adapt to new challenges as they
search for and implement new solutions.
I am confident that SSI is one such institution, one with a long-term commitment
and capacity to contribute to a better
world, beginning in Maine.
In a larger sense, the ethos of SSI
reflects one of my deepest beliefs: the
importance of public service. The many
faculty and students involved have

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

committed themselves to a goal larger
than themselves, a goal of helping to build
a better world. In a world with many
problems, SSI is cultivating a cadre of
educated citizens, flexible thinkers, and
solutions-oriented scholars. This initiative
has the potential to show how colleges
and universities can help society to chart
a more sustainable path.
Based on my years in public service,
I believe the long-term rewards of such
work will more than outweigh the difficulties involved. By articulating a
common vision, building broad-based
partnerships, and focusing on the needs
of others, we can create a brighter future
for Maine, the nation, and the world. 
Sen. George J.
Mitchell
served as
U.S. Special
Envoy for
Middle East
Peace from
January 2009
to May 2011.
A U.S. Senator from 1980 to 1995, he was
Senate majority leader for six years. His
many accomplishments include leading the
1990 reauthorization of the Clean Air Act and
authoring the first national oil spill prevention and clean-up law. In 1995, Sen. Mitchell
served as Special Advisor to President Clinton
on Ireland and led peace talks that culminated
in the Good Friday Agreement in 1998. He is
chairman emeritus of the international law
firm DLA Piper and the author of four books:
Men of Zeal (with Sen. Bill Cohen); World on
Fire; Not For America Alone: The Triumph of
Democracy and The Fall of Communism; and
Making Peace.
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Introduction

Introduction
by Linda Silka, Bridie McGreavy
Brittany Cline and Laura Lindenfeld

This issue of Maine Policy Review is devoted to
the Sustainability Solutions Initiative (SSI). This
endeavor, funded by the National Science Foundation,
is a unique large-scale effort that brings together faculty
from campuses throughout the state to work with
stakeholders on sustainability issues through the lens of
sustainability science. Sustainability is key to Maine’s
future. Sustainability science aims to balance ecological,
economic, social, and cultural needs to preserve the
planet for future generations. At its core, sustainability
science is about aligning research with the needs of
communities to ensure that science can inform decision
making and lead to more sustainable practices.
The depth of resources across Maine’s campuses
for addressing these issues is great. For example, more
than one-third of the faculty at the University of Maine
is involved in research related to the environment and
sustainability, and many of the faculty at campuses
throughout the state are focusing their efforts on
sustainability. In the past, the efforts have too often
been scattered and disconnected, but SSI is working
to change this, at the confluence of ecological, social,
and economic science.
This initiative is a unique and important experiment in many ways. Few other states have brought all
of their campuses together, and few states have made
bringing stakeholders and researchers together a centerpiece of research. It is also highly unusual for disciplines to work together on common problems, or for
people working on different problems to look for the
shared underlying themes. Moreover, university faculty
are used to examining problems in isolation from citizens and policymakers rather than on searching for
solutions and developing policies together with citizens
and policymakers.
SSI is also very much focused on place. Each
investigation occurs at a certain place: in Fort Kent or
on the shores of the Belgrade Lakes; the tidal zones of
Washington County or the verdant forests near Unity
10 · Maine Policy Review · Winter/Spring 2012

College. Although work must be situated in a context,
findings and solutions must also be generalizable to
the state, the nation, and internationally. Articles in
this issue address how to extend insights more generally
without losing the deeply placed-based nature of the
analysis and findings, and how these generalizations
might allow us to predict future landscape change or
conditions. SSI emphasizes scaling up: How can the
lessons learned in individual settings be brought to
larger arenas? If certain findings emerge in individual
municipalities, how can they be useful for counties or
the entire state?
As the titles of the articles suggest, SSI is built
around projects that focus broadly on issues of water,
forestry, and climate and energy. Individual projects are
the basic building blocks: What can be learned from
individual tidal power projects in easternmost Maine?
What are the implications if individual rural areas
in northernmost Maine move to greater reliance on
biofuels? If the emerald ash borer will decimate trees
essential to Wabanaki basketmaking, what steps should
be taken?
Yet, SSI is not just about individual projects, it
is also about bringing the building blocks together to
understand cross-cutting issues. The paramount challenges involve finding ways (1) to engage stakeholders
throughout the process of developing and continually
reevaluating solutions; and (2) developing common
languages and shared methods for conducting this
work. Many of the articles in the issue highlight the
joint challenges and rewards of this kind of research.
For example, what can we learn about sustainability
by comparing the approaches to the woolly agelgid and
emerald ash borer insect pests (Ranco, Arnett et al.)?
What can we learn by comparing energy approaches
from the biofuels (Johnston and Cardenas) and tidal
power (Johnson and Zydlewski) projects? What can
we learn by analyzing lessons from projects in forestry
versus projects on urbanization (Waring)? SSI is about
finding the commonalities. The water article
(Peckenham et al.) reflects this search for commonalities in its presentation of a guided tour of the commonalities of various water-related projects.
SSI is also a complex endeavor with many goals.
Change is being pursued on many different fronts.
Readers might well be daunted by the range of efforts
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Introduction

This initiative is a
covered in this issue. To make it easier to sort through
and make sense of the wealth of SSI activities, goals,
and endeavors, we have introduced an innovative “top
10” list format. These lists represent the actual input
and insights of students, faculty, and stakeholders who
are conducting this work. Throughout the issue, you
will see seven top-10 lists such as “Top 10 Ways That
SSI Is Not Science as Usual,” “Top 10 Ways SSI Will
Make a Difference for Maine in the Policy Arena,” and
“Top 10 Ways SSI Will Make a Difference for
Workforce Development.” Our hope is that readers will
find the lists to be useful guides and will share them
with others. The lists may be particularly helpful for
stakeholders and policymakers as they look to bring
together multiple strategies and solutions from a range
of disciplines.
Students are central to SSI. Throughout this issue
we have included “student spotlights” to illustrate
student work and involvement. Each spotlight features
a student from one of the SSI campuses. The students
represent many different disciplines, many different
programs, and many different institutions of higher
education in Maine. Students at all levels (high school,
undergraduate, and graduate) are involved. Some
are midcareer professionals completing their Ph.D.
programs. Others are in their first years as undergraduates. These accounts highlight SSI’s emphasis on
mentoring and empowering Maine’s next generation
and on workforce development. Many of the students
grew up in Maine and hope to use what they are
learning to make a difference in the state.
Information use is also key to this effort. SSI is
working to streamline data use and access among
Maine’s higher education institutions and communities. The question of how stakeholders, partnerships,
and others collect, manage, and use information has
become a central focus. For example, an important
strand of work concerns the development and use
of decision-support tools. One article (Waring’s
“Wicked Tools”) focuses specifically on modeling tools
to predict the causes and consequences of specific
land-, water-, and energy-use decisions. The development of these decision-support tools will be critical
to resource managers and policymakers when they
face difficult decisions for stewarding Maine’s environment, workforce, economy, and way of life. Concerns

with information issues emerge
unique and important
in other articles. The articles
on history (Lichter and Ames;
experiment….
Fleming and Love), for
example, reflect the importance
Few other states have
of drawing on the diverse
perspectives of groups that have
brought all of their
had varying experiences with
a particular place, across wide
campuses together,
scales of space and cultural
memory. By finding inventive
and few states
ways to tap views of a place
across generations, it becomes
have made bringing
possible to extend the length
of time considered for sustainstakeholders and
ability issues.
SSI is focused on Maine.
researchers together
The intent is to find new ways to
do research that will be helpful
a centerpiece
to Maine’s future: preparing a
workforce, solving interrelated
of research.
sustainability problems, and
finding robust solutions. This
cutting-edge approach to
research also puts Maine on the national and international map. The Margaret Chase Smith Essay by
Senator George Mitchell captures the importance of
this work to Maine, as seen through the lens of one of
Maine’s native sons and an iconic international figure
in politics and peace-brokering/conflict mediation.
Also, as noted by international sustainability leader
Robert Kates in his interview, what is learned in Maine
through SSI has international significance and implications well beyond Maine. Places around the world are
struggling with these same interconnected problems,
yet few of them have developed such an integrated and
aggressive place-based approach to trying to address
these issues. SSI’s strategies are producing widespread
interest throughout the world, and the lessons learned
here are being carefully scrutinized for possible application elsewhere.
This special issue of Maine Policy Review is
designed with policymakers as a key audience in mind.
What is reported here is intended to assist policymakers
with the challenging decisions they face. Our goal is to
show how scientific information can make it possible to
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address sustainability questions in integrated, transformative ways. Questions addressed here include:

Bridie McGreavy is
a doctoral student in

•	What workforce-development issues are raised
by sustainability questions (Renault et al.)?

the Department of
Communication and
Journalism and a research

•	If Maine is to safeguard its environment while
pursuing workforce development, what will
be the role of science, technology, engineering
and math (STEM) education (Keller)?
• How do sustainability issues link to economic
development (Noblet et al.)?
• How do we foster continual dialogue, communication, and information transfer between
researchers and policymakers (Hall et al.)?
Ultimately, our intent is to show how universitybased research can be increasingly helpful to policymakers by recognizing potentially conflicting research
goals and focusing on practical solutions.
Finally, taken together, the articles in this issue
offer insights into the many lessons that SSI participants are learning about how to incorporate insights
from different disciplines and collaborate across
institutions, how to bring historical insights into
scientific endeavors, and how to involve stakeholders
in the co-production of knowledge and engage
students in these urgent problems. Although SSI
focuses on Maine, we hope that the insights gained
here will be helpful elsewhere. -

fellow in the Sustainability
Solutions Initiative at the
University of Maine. As a
member of SSI’s Knowledgeto-Action Collaborative, her research focuses on communication and collaboration within sustainability science.

Brittany Cline is a Ph.D.
student in the Department
of Wildlife Ecology at the
University of Maine and a
graduate fellow with the
Sustainability Solutions
Initiative (SSI). She is a
member of an interdisciplinary research group
investigating the fauna of vernal pools as a case study for
protecting natural resources at municipal scales in Maine.

Laura Lindenfeld is
an associate professor

Linda Silka directs the

in the Department of

Margaret Chase Smith Policy

Communication and

Center and is a professor

Journalism and the

in the University of Maine

Margaret Chase Smith

School of Economics. Her

Policy Center at the

research focuses on building

University of Maine.

partnerships among diverse
groups. In the Sustainability

She co-leads the SSI
Knowledge-to-Action Collaborative.

Solutions Initiative, Silka
co-leads the knowledge-to-action work, assists in developing
grant-writing capacity, and teaches graduate courses in
stakeholder-researcher partnerships.
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Top 10

Questions We Are Trying
to Answer with SSI

How do people, landscapes, and technologies affect one
another?

How do we balance ecological, economic, and social
needs to support Maine’s future?
How can we manage the natural environment for human
benefit in ways that leave ample resources for future
generations?
What research do different types of decision makers
need to address their pressing concerns, and can
modeling and visualization be used as tools in planning
for a more sustainable future?
How do we prepare our workforce with the skills to address
sustainability issues and meet future STEM (science,
technology, engineering, and math) industry demands?
How do we create better linkages between the production
of knowledge and motivating action toward solutions?
In what ways does interdisciplinary, collaborative research
improve decision making?
What strategies and structures encourage universities
and colleges and communities to work together to develop
short- and long-term solutions?
How do we transform a state’s higher education network
into a collaborative infrastructure and foster a culture of
engaged research?
How can we reach a more comprehensive understanding
of the interactions in social-ecological systems for making
decisions while allowing for potential sources of scientific
uncertainty?
“Top 10” lists provide a synthesis of common themes, methods, strategies and outcomes
within SSI and reflect the collective input of more than 30 SSI faculty and students.

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

Volume 21, Number 1 · Maine Policy Review · 13

Interview with Robert Kates

Interview with
Robert Kates,
Pathfinder in
Sustainability
Science

In this interview, Robert Kates discusses the challenges
of sustainability science in moving from what scientists
know to actions that can provide solutions to pressing environmental and development problems. Kates
notes that sustainability science has the dual mission
of addressing core scientific and intellectual questions,
while at the same time addressing development in
particular places. He suggests that one of the key questions is how to address long-term trends and transition to a “better synthesis between environment and
society.”
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I think one of the
What do you see as the key sustainability challenges
in Maine and how did you come to recognize these
challenges here?

Robert Kates: Sustainability challenges in Maine are
part of universal sustainability challenges: the linkage
between environment and development. Sustainable
development plays out in different ways. It involves not
only the conflict between environment and development, but also the ways in which environment and
development support each other. The Sustainability
Solutions Initiative (SSI) has decided to focus on three
long-term trends and how these relate to environment
and development: changes in urban development in the
southern part of Maine; forest management in the rest
of the state; and climate change over time. Other longterm trends could also be considered and should be on
the sustainability agenda, for example, the key role and
long-term cost of energy. The Sustainability Solutions
Initiative has begun to address energy as well.
Some sustainability challenges can be picked up
just by reading the newspaper, for example, Should
we build natural gas pipelines? Should we run a big
electricity line to the rest of the New England states?
What’s happening to the cod in the Gulf of Maine?
But there are also longer and larger trends. For
example, what is the changing demography and how
does that affect environment and development?
Currently, we have many specific research problems,
but no overall effort addressing each of the major
trends. I would hope that eventually we would try to
bring them together and synthesize what we are seeing
about the environment, development, and the interaction in each of these areas. More important, sooner or
later, there needs to be an even larger question: How
do those trends interact and what have we learned, if
anything, about the ways that they interact?
I think one of the challenges of the work in SSI thus
far is the need for a mix between what policymakers,
stakeholders, towns, and institutions feel they’re getting
from a project and what the people involved in the
project think. One of my thoughts on how to achieve
that balance is to come up with solutions that challenge
existing theories and provide real answers to placebased issues in the short run that also contribute to our
knowledge about the long-run situation.

Do you feel as if the solutions
piece is unique to SSI? If you
were to brand SSI, are solutions
at the heart of it?

grand challenges
for sustainability

science is to move
Robert Kates: I do. To my
knowledge, SSI is unique. It is
knowledge into
the only endeavor in the U.S.
where all of the statewide instiaction to provide
tutions of higher education have
come together not merely to
solutions.
address sustainability science
research, but to see that research
move into action. It involves
finding solutions to problems
that have been jointly identified by people who can use
the solutions and people who can help find solutions in
which science and technology can be applied.
Do you see other ways that
SSI is helping to advance sustainability science as a
field, beyond the solutions lens?

Robert Kates: I think one of the grand challenges for
sustainability science is to move knowledge into action
to provide solutions. SSI is a major experiment because
of its breadth, its range of participation, its funding, and
its involvement with stakeholders throughout the state.
So it’s a pathfinder in how to do it. This puts an enormous sense of responsibility, collectively, on SSI. To
date, SSI has suffered from one of the major problems
of sustainability science generally, in that it does much
better on the environment side than it does on the
development side. Partly this grows out of the fact that
most sustainability scientists come from the environmental disciplines. But now we have, for the first time, a
major study on how sustainability science has developed
since the 1970s (Bettencourt and Kaur 2011). The study
finds that there is a significant literature, often in developing countries, that deals with the development side of
sustainable development and the development side of
environmental development. And that’s encouraging.
The study looks at some 20,000 articles that contain the
word “sustainability” in their title or abstract, and the
bulk are not produced on the East Coast (Harvard
complexes) or the West Coast (Stanford and others).
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Why do they think that is?

Robert Kates: The authors think it is because of some
of the distinctive roles of interdisciplinarity, which is
often easier to do in places away from the deeply
entrenched disciplines. They think it’s because of the
concern with practical problems. They think it’s also
because lot of the sustainability work is often done by
government agencies.

Stakeholders will have something to teach
us and will bring something important
to the statement of the problem.

I’ve heard you say that no one size fits all. When
Eleanor Ostrom came and spoke at the University of
Maine last year, she talked about this idea that there’s
no panacea. In your paper in Science on sustainability
science you articulate some core questions that are
central to this field. I wondered if you could talk about
those core questions relative to a policy audience.

Robert Kates: Sustainability science, as distinct from
SSI, has always had this kind of dual mission. One is to
address what seem to be the seven core questions. (See
sidebar.) The other is to have science and technology
support sustainable development in particular places.
It has these dual missions: first of trying to describe an
entire interdisciplinary field using a series of scientific
and intellectual questions and second of being useful in
the world and applicable to this environment-development interaction. Now, it turns out that a number of
the core questions can be quite useful. For example,
to advance our understanding of this useful work, especially when you say, “How does it work out here in
Maine?”—one of the key core questions, the one on
which I work in my own research—is long-term trends
and transitions. This is partly the essence of SSI, to
address these long-term trends and to transition locally
in places and in the state as a whole, to a better
synthesis of interactions between environment and
16 · Maine Policy Review · Winter/Spring 2012

society. Another core question that’s powerful and useful
would be: How can we measure sustainable development? What would sustainable development mean here
in Maine? There is, of course, a big contradiction there.
If you take a short-term horizon of, say, one generation,
practically everything is sustainable. If you take forever,
which critics often cite, nothing is sustainable. How far
in the future should Maine towns plan for?
Another core question is whether there are known
limits or boundaries. What is the commercially cut
forest size that is needed to support Maine industries
in the long term, given that the generation of trees is
so long? Where does biomass fit into our long term
energy needs? How much biomass will we really need?
In many ways, the core question about whether there
are terminal limits at all is really a discussion about
values and how values differ.
So does science have anything concrete to say about
drawing lines—“guard rails,” some people call them—
fencing in boundaries of all kinds? How do we model
nature-society or human-environment interactions?
When you read through the discussions of some of the
SSI projects, a number seem to be putting a lot of
emphasis on building models. While these may be
important to the core questions of sustainability
science, they are abstract to policymakers and many
have yet to demonstrate how useful they will be. One
of the frequent problems is that model building is difficult and you often run out of time and energy before
you get to the place where you can actually use them.
On the other hand, there is a good deal of evidence
that there are many useful models that already can be
used at the town level. For example, there is simple
software that enables a user to change the forecast
about how a town is developing and look at its builtup area. You can take a map of any town and show
how it would look given its current rate of growth, a
much faster rate of growth, a slower rate of growth, or
growth that has more commercially available land. You
can put in, on a very simple model, questions that any
town can find useful as it tries to develop a comprehensive plan. So, there are lots of relatively simple
models that we already have that can be useful. There
are other models that are useful, but that are one
further step removed from what people in policy need,
except for those in specialized areas of policy that
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require models for things such as forest management,
fisheries, and so on.
In SSI there is a real emphasis on stakeholder engagement as fundamental to linking knowledge and action.
Could you speak to stakeholder engagement? Is that
something you see happening in other sustainability
science programs? What do you see as the value of
bringing in stakeholders?

Robert Kates: Well, I don’t like the term stakeholder
engagement (chuckles). But it’s very widespread. For
many institutions in our society, it becomes a formulaic
method of supposedly participatory involvement. What
I am deeply interested in and what I think many of the
projects in SSI are trying (or ought to be trying) to
accomplish is the co-production of knowledge. In the
next town from me, Surry, there’s a big debate about
raising oysters and clams in Morgan Bay. And in my
own town, Goose Bay, they’ve just gotten permission
to move ahead. The Department of Marine Resources
makes sure there’s a public hearing, makes sure there’s
a scoping session, makes sure there’s a commentary
session, makes sure the Morgan Bay Improvement
Association gets involved, and so on and so forth. But
none of those kinds of groups necessarily had a role in
setting up the criteria that say, “Yes. No. You can. You
do meet our particular criteria.” Partly, that’s based on
an overall decision by the legislature and the state
agency, which says “Aquaculture is important for Maine
and our only concern is that it not interfere with the
rest of the working waterfront.” So there is stakeholder
engagement. There is stakeholder involvement, but it’s
not the co-production of the knowledge that creates
reasonable criteria for aquaculture.
Stakeholders will have something to teach us and
will bring something important to the statement of
the problem. That is probably the most important
issue. Over and over again, those involved in science
and technology think they have identified the problem.
They have identified a useful research problem, or even
a solution, and they then go looking for people who
might be able to use it. So what about the co-production of identifying the research problem to work on?
What might the possible solutions to that problem be?
Joint agreement is the important critical first step.

Core Questions of Sustainability Science
1. 	How can the dynamic interactions between nature
and society—including lags and inertia—be better incorporated into emerging models and conceptualizations
that integrate the Earth system, human development,
and sustainability?
2. 	How are long-term trends in environment and
development, including consumption and population,
reshaping nature-society interactions in ways relevant
to sustainability?
3. What determines the vulnerability or resilience of the
nature-society system in particular kinds of places and for
particular types of ecosystems and human livelihoods?
4. Can scientifically meaningful “limits” or “boundaries”
be defined that would provide effective warning of conditions beyond which the nature-society systems incur a
significantly increased risk of serious degradation?
5. What systems of incentive structures—including
markets, rules, norms, and scientific information—
can most effectively improve social capacity to guide
interactions between nature and society toward more
sustainable trajectories?
6. 	How can today’s operational systems for monitoring
and reporting on environmental and social conditions be
integrated or extended to provide more useful guidance
for efforts to navigate a transition toward sustainability?
7. 	How can today’s relatively independent activities of
research planning, monitoring, assessment, and decision
support be better integrated into systems for adaptive
management and societal learning?
Source: Kates et al. (2001)

But it also turns out that policymaker stakeholders do
appreciate, at least in the beginning of the relationship,
what we know already about a situation and the range
of things we might be able to do. So there’s this kind
of mutual learning. Often it takes a lot of time, and it
may take so much time that you haven’t really launched
the research and you’ve run out of time for it. So there’s
always a balance. It turns out that there’s a real advantage, for example in SSI, between the research groups
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that have long-standing relationships with some of the
potential users and some of the stakeholders.
The vernal pools project [see sidebar] is an example
that demonstrates this, as researchers were able to move
more quickly to address what the useful research would
be for policymakers. When legislation that was enacted
to protect vernal pools was viewed as restricting development legislation, the researchers did not step forward
with what often is the classic response of saying, “Here
is what we scientists know about the importance of
vernal pools for the protection of these particular
species, but also for the maintenance of the healthy
forests and the like. Here are all the good reasons you
should be supporting the legislation.” Legislation is
often broad brush: one size fits all. The vernal pool
team was able to present options that had not been
explored in the legislation that would allow towns a
greater degree of flexibility. The group stepped forward,
working with specific towns, specific places, looking at
their vernal pools, looking at their maps. With enough
of a cross section of those towns, they were able to
draw larger questions. They came up with one initial
set of possible solutions, and then were able to explore
other solutions. One gets a sense that these researchers
are both helpful and are being recognized.

Science is always a process
of changing, looking anew.

Do you think this approach enters into the ongoing
negotiations around the vernal pool legislation?

Robert Kates: Yes. I attended a legislative hearing
in which I listened to a presentation given by these
researchers. The legislators all started with a common
base of misinformation about how and why the
legislation was developed. It actually was developed
to prevent a larger federal role, to maintain the state
role, to localize the issue. None of the legislators
had realized that. And when they did realize that,
they began looking at it freshly and anew. It was
a powerful presentation. You could see it change
18 · Maine Policy Review · Winter/Spring 2012

people’s perceptions. You could see the heads shaking
both in the audience and in the panel of legislators.
I think the vernal pool example speaks to this next
question. How do you think SSI’s findings have contributed or will contribute to tangible solutions and
a more sustainable future for the people of Maine?

Robert Kates: I think SSI has created a group of people
and institutions that, many of whom for the first time,
are focusing on sustainability problems. They’re doing
it in an interdisciplinary way and they’re training a
large number of students. There’s been a whole,
wonderful input of new faculty and students. All of
them bring good ideas.
In many ways what the project has done is to find
the 21st century version of the challenge to the land
grant university. When the University of Maine was
formed, the state was a different place. In many ways
both the hopes and the conflicts of environment and
development reflect the major changes and the challenge of the land grant university today.
I think it’s a good time for everyone with SSI
research projects to pause a moment and ask themselves
a question: What is the state of the problem we’re
working on? In many cases there should be a restatement of the problem. They will have changed from
where they originally began. Acquiring more stakeholder input can lead to a restatement of the problem.
But they should stop and pause now because it’s easy
to get started with original assumptions and not have
effectively absorbed both how the world has changed
and what the research says. Science is always a process
of changing, looking anew.
I think that projects that have not identified the
nature of solutions by now are candidates for not
succeeding. For every problem there are multiple solutions. Some problems are intractable and there are no
solutions that are obvious. But if you don’t keep your
eye on solutions, you can drown in your own research
and are unlikely to come up with solutions.
In your experience, what are the most effective ways
to leverage solutions from local to broader scales?
How do we move these solutions across scales?
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Robert Kates: We have tens of thousands of case
studies of particular places, some of which come up
with solutions to problems, some of which are just
good at stating a problem or identifying a troubling
trend or concern. In my experience you can’t take case
studies and elevate the understanding deriving from
them unless you have some elements of common
data, common concern, common questions, within
the distinctive situation of the case studies. The case
studies are inevitably lacking because they are done at
different times and places and with different people.
Sometimes they use existing methods, sometimes
existing questionnaires, but in general they are each
unique. So my short answer is that the few successful
cases we have of leveraging across scales have common
elements from the beginning. It is possible to go back
and try to think across scales or have a long-term study
area. There are a significant number of good examples
of that. To some extent SSI has elements that aim to
move across scales. There’s been some limited sharing
of common methodology. There are a number of projects that have participants who are involved in longterm and in-depth study.
Let me go back to the common data set. There also
is commonality of places, which can tell you a lot.
So it isn’t just that they’re using the same methods.
I’ve always been intrigued with so-called natural experiments. These occur where there’s been some change
that has taken place that extends over a large area and
we can look at before and after that change. Then our
challenge is to what extent can we draw upon our
understanding of the local to the larger regional? I’ve
always found that it helps, as part of that, to try to
define clearly what you think are the common elements
and then systematically look through our 400 towns
in Maine and ask which meet those criteria? So when
we’re talking about leveraging up, we can talk about
commonalities, say for example, in the 142 towns that
share the same quality, or towns under 4,000 in population, or ones that have a single source of water, or
whatever the issue is. You can then clearly define who
you’re trying to reach and then scale up.
I have one example that popped into my mind of
my own research that can illustrate this from 15 years
ago. I’ve always been interested in Africa and have
always been interested in demography. In general,

Africa is under-populated, which surprised me, but it
does have some places with very large populations. I
was curious about the natural experiment of how
people have dealt with hunger, food supply, and food
security in places that were underdeveloped. Could we
look at places that had high populations and see as
their populations increase what did people do, how did
they do it, did they have a world in which they suffered
famine? Did they have to leave or were they able to
absorb the change in resource availability? And if so,
how? It turned out that using census data and a
subunit of national data and districts or regions we
could find 200 places that had enormous populations
by any standard of more than 200 people per square
kilometer. So we looked for people who had written
over a long time about an area within those areas. We
found 10 who had been doing long-term research in
those areas and recruited them to just answer the questions: How, over time, did people cope with increased
density? Did they suffer famine? Did they starve? Were
they able to develop new crops? From that we got
important insights on African agriculture. The first step
was to define the common places for the natural experiment—places that had changed rapidly over time—
and the second, who had studied within those places
and were willing to help by answering a few welldefined questions.
I have two more questions. What advice do you
have for students who are entering the field of sustainability science?

Robert Kates: When friends or family visit places I ask
them to send me a postcard, picture postcard preferably, with three adjectives that either reflect how they
feel in that milieu or that describe the milieu, or a
combination of both. So I have this big box of cards,
which I keep promising I’m going to sort through.
Meanwhile, I keep urging people to send me a postcard
when they go some place new. I’ve been writing “three
adjectives” because I did a research project on forests
in which I took out groups to the Harvard Forest and
tried different methods to get them to characterize
what they were seeing. I found that asking them for
three adjectives in a forest often turned out to be just
as effective as any complicated indicators.
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Top 10

on our way to reorganizing how science is done, how
universities are organized. That will take a long time,
may take a longer time to change. To give an example,
we will no longer have departments of physics or
cosmology or astronomy. Instead we will have the
department that tries to answer—the cluster of people
who try to answer—what is the origin of the Universe,
you see? I’m reminded that one of the nicest invitations
I had was one I could never turn down because once a
year, the graduate students organize a conference just
amongst themselves at Arizona State University. This
was something that the IGERT (Integrative Graduate
Education and Research Traineeship) students had organized and I was the keynote speaker. Somebody in the
audience got up and asked the chairman, “You’ve been
talking all about their presentations, all about integration and how you’re integrating this and integrating
that. What about your professors?” And immediately
the chair said, “Oh, we’re, we’re so far ahead of our
professors it’s incredible.” That’s how you ought to feel.

Ways SSI Is Not “Science as Usual”
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So my last question: Is there anything I didn’t ask
that you’d want to add to this conversation?
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So my three words of advice for students entering
the field of sustainability science are “excited,”
“comfortable,” and “integrated.” I think you should feel
excited that you’re on the cusp of a new great development. You should be excited because of the remarkable
opportunity here, getting support and so on; the good
people you will learn from and work with; the sense
of bridging the gap between learning and doing. You
should feel comfortable and set aside all your worries.
You have two kinds of worries: worries that you share
with every other graduate student in anything, and then
a few distinctive worries, although they become more
widely shared, such as, Will I ever get a job? What will
I do in the future? How can I possibly learn enough
within and across my disciplines? And integrated
because—and this is strictly my own—some time in
this century, disciplines will disappear. I think we’re
20 · Maine Policy Review · Winter/Spring 2012

Robert Kates: One of the things I didn’t bring up is
education. Sustainability scientists are divided about
where they should go with education. There is an
evolutionary group who want to slowly develop some
interdisciplinary courses, but never challenge or take on
the limits of disciplinary organization, knowledge, and
so on. There are others who want to move ahead with
either creating new disciplines, like sustainability
science, or more often transcending that stage and
creating schools of sustainability science. And then
there’s a variant of that one, such as the Earth Institute
at Columbia, which creates an institution. To some
extent, the George Mitchell Center at the University
of Maine is similar because it is an existing institution
that can take this project under its wing. But often
the challenge is: Is there a distinctive degree in sustainability science or is it a notion that it’s a degree in an
established discipline with an emphasis maybe on
sustainability science? I don’t know how much of that
discussion is going on. I do believe that the having
people work together on research is probably often the
best way of initiating that discussion. -
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the University of Maine.
As a member of SSI’s
Knowledge-to-Action Collaborative, her research focuses
on communication and collaboration with sustainability
science.
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Advancing
Science and
Improving
Quality of
Place:
Linking Knowledge
with Action in
Maine’s Sustainability
Solutions Initiative
by Damon M. Hall
Linda Silka

Damon Hall, Linda Silka and Laura Lindenfeld
give an overview of how research carried out through
Maine’s Sustainabilty Solutions Initiative (SSI)
improves traditional models of science by providing
a fuller picture of the interaction between social and
ecological systems. They provide examples of universitycommunity research partnerships, where there is a
continuous communication and feedback process that
identifies problems and develops projects with a solutions-oriented focus. SSI projects, they argue, “focus on
issues that may make lasting improvements to Maine’s
quality of place.”



Laura Lindenfeld
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L

ike a hand-crank ice-cream machine lying on
its side underwater, the paddles of the new tidal
energy technology slowly spin as the tidewaters pass
through. Dependable and cyclical tidal currents push
the paddles generating plug-in-ready electricity. Ocean
Renewable Power and the University of Maine are
working together to understand how this technology
interacts with marine conditions. In addition to fieldtesting, university faculty also are investigating impacts
on the biological systems. To understand the local
and regional social, cultural, and economic systems,
researchers are visiting with people in Maine’s coastal
towns to hear their concerns, ideas, and thoughts
about this technology. The information mutually
benefits the team’s need to develop a comprehensive
picture of tidal power’s long-term suitability for Maine.
The aim is to integrate the management of economic,
ecological, and social sectors so that research moves
sustainability into reality.
Finding practical pathways to integrate knowledge
of social, economic, and environmental systems and
then presenting that information in ways that are useful
to business and civic decision makers is a principal aim
of sustainability science. This case of tidal energy
testing and development is one experiment in learning
how to improve the linkages between research-based
knowledge and action. This article will highlight ways
that researchers are learning to position university
knowledge to help Maine citizens and community
leaders to make decisions and implement researchbased changes for the good of their communities.
When researchers consider the applicability of our
research, it encourages us to think differently about
many aspects of our work. Within the Sustainability
Solutions Initiative (SSI), our group of researchers
studies the linkages between knowledge and action.
We term this concept K A to emphasize the reciprocal, dynamic relationship between knowledge
production and action. Sustainability science pushes
us to rethink many of the ways in which we work in
academic institutions. It requires that we listen to
community members. It asks us to consider how we
can best balance the production of science with the
need for scientific information and how we match
those pressing needs with the research and information
resources at the university.

SSI strives to
Through SSI, our research
improve tradi
aims to create useful knowledge
by working with Maine comtional models of
munities. The goal is to create
feasible, healthy, and long-term
science by carrying
solutions that enhance the
overall quality of life in Maine.
out research that
SSI strives to improve traditional
models of science by carrying
provides a more
out research that provides a more
complete picture of how social
complete picture
and ecological systems mutually
influence one another.
of how social and
Researchers working within
diverse fields and with diverse
ecological systems
backgrounds and perspectives
share their knowledge to identify
mutually influence
key decision points and practices
that foster improvements in the
one another.
system. This research cycles back
and forth between knowledge
production and application to
ensure that research, produced
collaboratively with stakeholders and communities,
leads to meaningful, practical, and innovative
outcomes. This ongoing process of linking knowledge
with decision making and useful action depends on
university and community relationships.
SSI asks how it can ensure that scientific knowledge is useful and gets used. That people use research
is particularly challenging for academics because
academics are trained to value peer-reviewed publications and to speak with each other in specialized
language that is difficult for those outside a particular
discipline to understand. Yet, many academics have
become increasingly concerned that their work will go
unused. Harvard researcher David Cash (Cash et al.
2006) refers to this as the “loading-dock problem,”
where scientists write the results of their research and
publish them in documents that then are left on a
loading dock, waiting to be picked up and used by
practitioners. An antidote to this problem is increased
engagement with decision makers and communities
who will use that science. With support from the
National Science Foundation, SSI is working to change
how universities design research so the knowledge
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Karen Hutchins

S t u d e n t Sp o t l i g h t

Graduate Research Assistant,
Sustainability Solutions Initiative IPh.D. candidate,
Department of Communication and Journalism, University of Maine
An avid fly-fisherwoman with deep family roots in Bethel, Karen Hutchins
decided to pursue her Ph.D. through SSI because she wanted to conduct
research that would help Maine communities. As a member of SSI’s
Knowledge-to-Action Collaborative, she is leading a statewide survey of
municipal officials to identify the most urgent problems Maine communities
face—and find more effective ways to solve them.
What problem are you working
to solve?
The key problem our team is
addressing is the disconnect between
knowledge production and “real-world”
action. University researchers produce
knowledge, but often it is not used in
decision making; the suggested solutions do not match the needs of
communities; or researchers are not
studying the issues communities need
us to investigate. To help address this
mismatch, my research focuses on
contributing to models of stakeholderuniversity collaborations by identifying
and exploring the factors that influence the likelihood and style of those
partnerships. The belief is that
improving researchers’ working relationships with stakeholders will make
research and solutions more relevant
and useful to stakeholders, and better
aligned with community needs.
What progress are you making
toward solutions?
Our research is contributing to
solutions by helping to understand,
analyze, and inform the development
of community-university partnerships.
We believe these partnerships are critical for developing sustainable solutions. My primary research involves a
statewide survey sent to more than
2,500 municipal officials in every
community in Maine.
Through this survey, we identified
current problems facing municipalities

and assessed factors that influenced
the likelihood of officials’ interest in
developing a community-university
partnership, as well as their preferred
partnership structure, in terms of the
level of involvement in problem identification, research, solution development, and implementation.
Thus far, our analyses show that
municipal officials’ belief that university researchers can assist them with
solving problems in their communities
is the strongest predictor of their
interest in a partnership. We are
continuing our analyses and our
outreach to municipalities, and we will
be conducting additional surveys to
expand and improve our model.
How could your findings contribute
to a more sustainable future in
Maine and beyond?
I believe that improving connections between university and college
researchers and stakeholders in Maine
will contribute to a more sustainable
future. This research will help us to
find more effective ways for universities and communities to work together
by identifying stakeholders’ partnership preferences prior to collaboration.
Findings also will determine key
factors that may help to improve
collaboration between researchers and
stakeholders to better identify solutions to some of the state’s most
pressing sustainability challenges.
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— Kim Ridley

produced promotes strong economies, vibrant communities, and healthy ecosystems upon which Maine
depends. Our K A research focuses on the challenges
and opportunities for this different type of science.
The theme of understanding the connections between
knowledge and action cuts across all SSI projects and
infuses our work with an ethos of responsibility and
responsiveness to Maine’s needs.
The following sections share a few examples of
what SSI is doing and learning in the field. Each
section intends to give a flavor of the work while identifying the most striking ways it is moving research
towards a solutions-focused applied science.
Rethinking Teams as
Learning Organizations

R

ethinking research teams stands at the center of
the effort to improve linkages between knowledge
and action. Sustainability problems, such as gradually declining water quality and fish stocks, are more
complex than any one individual or discipline can
address alone. The SSI views its research teams as
learning organizations. Groups of decision makers and
researchers create shared understandings of a problem
and identify pathways for designing and implementing
solutions. Being a learning organization also means that
the group collectively reflects on its efforts to ensure it
is developing effective strategies for working with all
its members and community partners. Furthermore, as
part of a learning organization, the work will change
through engagement with relevant information and
new voices. Thus, SSI is open to adapting its vision of
the problem.
The emerald ash borer (EAB) project, described in
another article in this special issue (Arnett et al. this
issue), provides an example of how a learning-organization-approach enables the K A process. Originally,
SSI researchers approached Maine’s Wabanaki
(Maliseet, Micmac, Passamaquoddy, and Penobscot)
tribes about assisting with their forest-management
planning needs. After a series of conversations, the
communities expressed little interest in general planning, but they were concerned about the potential
impacts of the EAB, an exotic insect species that kills
ash trees. The insect is expected to arrive in Maine in
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2015 and may cost the state millions of dollars in tree
removal (Quimby 2011). Even more important, this
infestation poses a risk to basket making in the
Wabanaki communities.
In response, SSI researchers altered their plans and
objectives. Though the researchers were not experts on
this pest, they brought in new expertise to learn about
the insect. They traveled to Michigan with four representatives from the Maine Indian Basketmakers
Alliance to see the damages from the EAB infestation
first hand. Together the group learned about the insect’s
biology and brought this knowledge back to Maine.
The team hosted a workshop to discuss research objectives, information needs, and steps necessary to develop
an emergency management plan should the insect
arrive in Maine.
Viable sustainability solutions are those that citizens are willing, able, and committed to implement.
University research can match practitioners’ needs,
provided the researchers take the time to listen, learn,
and adapt. When the research team is viewed as a
learning organization, learning as the priority has an
equilibrating effect on the diverse problem-solving
team. Here, voice is given to good ideas regardless of
who the speaker is. Integrating these voices is one way
SSI is advancing science.
Rethinking Expertise

T

he integration of knowledge and action demands
that researchers remain open to multiple ways of
understanding social and ecological systems. The social
theorist and literary critic, Kenneth Burke notes that
the universe “would appear to be something like a
cheese; it can be sliced in an infinite number of ways—
and when one has found his pattern of slicing, he finds
that other men’s slices fall in the wrong places” (1984:
103). Expert training offers distinct ways of slicing
the world for its examination and action. Many of the
problems plaguing ecological and social systems are
best grasped by gathering, integrating, and synthesizing
many lenses of expertise.
SSI works in teams of diverse specializations that
include economics, biology, psychology, ecology,
communication, education, history, forestry, anthropology, chemistry, and engineering. To change from

Colleen Budzinski

MA student in Communication and Journalism, University of Maine
Colleen Budzinski is working with research teams at SSI partner institutions
that are helping to advance one of SSI’s central goals: building a statewide
network of coordinated research to address sustainability challenges in Maine.
Budzinski’s communication research focuses on facilitating the development of
this network, which currently includes 10 Maine colleges and universities where
SSI teams are working on issues ranging from lake-water quality to renewableenergy development. A new mother, she says her son and husband inspire her
to contribute to a more sustainable future.
What problem are you working
to solve?
My research focuses on working
with teams at SSI partner institutions
to better understand their needs
within the larger SSI project. I
examine team dynamics, communication, and stakeholder engagement.
My research analyzes communication
practices and how they support or
undermine interdisciplinary collaboration. I also assess SSI’s current
communication modes, including the
web site and all-team meetings, to
understand how SSI researchers at
partner institutions perceive these
communication platforms. The goal
is to provide a critical analysis of
their attitudes toward their own
projects, SSI in general, and the project’s communication outlets, while
observing and better understanding
the cultural dynamics of each team.
What progress are you making
toward solutions?
We distributed a statewide survey
to research teams at SSI partner institutions to better understand team
development and engagement while
identifying communication barriers.
Based on survey results, SSI developed workshops to help these teams
to meet EPSCoR grant requirements,

conducted site visits, and redesigned
its web site to provide more
resources and to help these teams
to stay current with SSI information,
people, and projects. In the future,
we will interview teams to better
understand the barriers that each
group faces when communicating
with one another on an interdisciplinary level and with stakeholders
through knowledge-to-action research.
Findings from these interviews will
help streamline communication for
teams at SSI partner institutions.
How could your findings contribute
to a more sustainable future in
Maine and beyond?
Partner institutions are important
to SSI’s overall success in developing
a statewide pipeline for sustainability
science research in Maine. By
serving as a liaison between SSI
management teams at the University
of Maine campus and research
teams across the state, the partner
institutions program will help to build
and strengthen SSI’s statewide
network. Our research will yield new
insights into improving communication to facilitate the development of
statewide research networks in
Maine and elsewhere.
— Kim Ridley

what philosopher Nicholas Butler (1934) says about
the expert “who knows more and more about less and
less,” an essential first step is spending time understanding how one’s specially trained ways of slicing up
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the world can be integrated to tell a more complete
story of a particular problem. Expertise, however,
comes in many forms, and specialized training is
merely one form. In fact, “the whole of science”
according Albert Einstein, “is nothing more than a
refinement of everyday thinking” (1954: 290).
Expertise also comes from familiarity with one’s place.
Residents of an area can teach research teams about
relevant lessons from the past. They can provide insider
information about interpersonal and inter-organizational relationships that should be considered and
respected if a policy or business solution is to be
enacted. Good science goes nowhere without an understanding of the social landscape.
26 · Maine Policy Review · Winter/Spring 2012

One example of this cross-discipline, cross-sector
research is in an SSI project focused on helping lakeshore landowners improve the water quality of their
common resource, the Belgrade and Rangeley lakes, a
collaboration between Colby and University MaineFarmington biologists, social scientists, and chemists,
and the Belgrade Lakes Association. One aspect of the
project involves working with citizens to provide monitoring resources and data for identifying best lawnmanagement practices to preserve and improve the lake’s
water quality. This approach exemplifies a common
effort among all SSI research teams of learning how to
integrate the outsider’s general knowledge about watersheds and the lakeshore resident’s insider knowledge
of a specific place.
The success of research partnerships such as the
Belgrade and Rangeley lakes projects depends upon the
involvement of the year-round and summer residents.
Because residents share a shoreline, they know how to
talk to their neighbors about related problems they
share. They have the credibility as stakeholders—people
who have a stake in the local quality of place.
SSI projects focus on issues that may make lasting
improvements to Maine’s quality of place, such as invasive species, private forest decision making, regional
economic development, renewable-energy electricity
production, and water quality and management. Longterm problems require long-term relationships with the
people who live and lead in Maine’s communities.
Because university researchers often do not live near the
places they study, they need to rely on others more
familiar with that place. These local residents will
remain the “experts” left on the scene after the research
is completed.
Rethinking How Knowledge
Is PrioritizeD

P

ost-industrialism changed work from manufacturing goods to providing specialized services.
This led to increased efficiency in how those original
goods were produced. A similar change is happening
in universities. Knowledge production is giving way
to knowledge services. The role of the university is
becoming that of a hub that brings together science
and education and policymakers and citizens.
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One example comes from this information age:
people already have access to an abundance of information. Yet when it comes to making decisions within a
complex setting, few Mainers need more information.
Rather, they need to find the best information to
address their decision-making needs and a means of
seeing through complex human-environment relationships to understand the issue as a coherent story. The
SSI has several projects that are exploring the specific
information needs of Maine communities. One such
project is the Maine municipal survey (see Hutchins
and Conrad, this issue).
A questionnaire was sent to key officials in Maine’s
499 communities asking local leaders about the problems they face now and those they anticipate in the
future. Officials from 86 percent of these communities
completed and returned the survey. What SSI is
learning about the needs, concerns, and visions of
Maine’s communities has been instrumental in shaping
the research it conducts and delivers to its partners. The
interdisciplinary survey-analysis team is bringing relevant information to other SSI teams about the places
and problems they are researching. The opinions of
community leaders are shaping the design and approach
of some teams’ research. For example, teams are evaluating their approach based on how communities have
expressed they wish to collaborate with researchers.
Further, several respondents expressed the importance
of academic institutions working with regional groups
of communities across Maine. They expressed the need
for a study on the feasibility of regional efforts across
municipalities, which would require us to understand
the complexities across individual communities. SSI is
actively participating in and seeking out partnerships
with organizations such as the Bangor Area Stormwater
Group and the Maine Municipal Association, which
deal with pressing issues regionally. The importance of
partnerships with organizations such as these was a
significant insight gained through this survey.
A project led by SSI, Maine Sea Grant, and
Cooperative Extension has adapted its approach based
on community feedback. The team spoke with municipal officials in several coastal Maine towns about longterm changes and anticipated town liabilities related
to climate change’s erratic weather patterns. Scholarly
journals and popular media often emphasize the threats

of sea-level rise as the main concern, but when the
team met with municipal decision makers, they heard
a different story. In the near-term, planners are particularly concerned with large precipitation events that
exceed drainage systems, holding ponds, culverts, and
other town infrastructure. Sharing these findings across
teams led to research examining culvert sizes around
the state to ensure that they are appropriate for the rain
events of the next 20 years, which are likely to be
markedly different from rain events when the drainage
structures were originally installed. It has also led to
investigating the process towns use when deciding what
diameter of culvert to install. Thinking in terms of
systems and longer-time frames reveals how a decision
to save $50 on a smaller metal part may lead to a flood
that causes millions of dollars in damages.

SSI projects focus on issues that may
make lasting improvements to Maine’s
quality of place….

Rethinking Action and Solutions

S

SI is finding that linking knowledge to sustainable
solutions requires a big-picture understanding of
the interactions between social, political, economic,
cultural, and ecological systems. Working closely with
local resident experts moves teams closer to revising
everyday practices towards solutions.
For some projects, starting discussions with the
desired endpoint and working backwards makes it
easier to see the means needed to get there. One project
attempting this approach involves a partnership
between SSI, Cooperative Extension, and the Maine
Business School. This group traveled throughout the
state speaking with 200 of Maine’s agricultural
producers who intended to be farming in 2025 to ask
them what they think Maine agriculture will be like in
2025. By starting with a desired vision of the future,
the team is working backwards to address likely barriers
to the flourishing of Maine’s agriculture.
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Maine’s farmers are teaching SSI about solutions
in unexpected ways. Agricultural producers in Maine
are an intelligent and self-sufficient community of
growers, business owners, and marketers. Individual
farmers, who are effectively competitors over the
same slice of market, share trade secrets to help one
another increase productivity. They collectively organize what they grow to find new ways of expanding
market share. This culture of common-pool problem
solving is evident in off-season conferences, face-toface meetings, and general camaraderie. Sustainable
solutions are not limited to sweeping policy changes;
often solutions are changes in habit and practice that
fit the places where people live. Linking knowledge
with action does not assume that defining the
problem is as important as focusing on ways to adapt
practices towards a desired endpoint. An emphasis
on ends or a shared vision of the future moves
researchers away from knowledge about (for academic
audiences) to knowledge how, the latter phrase
emphasizing action.

Sustainable solutions are not limited to
sweeping policy changes; often solutions
are changes in habit and practice that
fit the places where people live.
A glance across SSI’s projects reveals that when
academic teams define a problem, they should consider
addressing a set of interrelated problems. Reducing
problems to a single culprit may be comforting in the
face of difficulty, but such a convenience risks overlooking important details. Worse yet, poorly designed
“solutions” can turn into new problems, more unwieldy
than the original.
Feasible solutions depend upon knowing the interconnections within human and natural systems and not
upon the empirical findings alone. SSI teams seek to
build solutions by leveraging scientific knowledge that
makes transparent the links between data, the assump-
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tions that shape our understandings of the social and
ecological world, the judgments involved in data collection, the particular circumstances of the context, and
the specific conclusions made (Fischer 2000). Crafting
sustainability solutions is a matter of aligning and coordinating the people, capacities, resources, experts, and
political will to reach a desired vision for the long-term
quality of a place. Successful solutions are built upon a
foundation of mutual learning relationships with the
resident leaders of Maine. This is not science as usual.
Conclusion: Rethinking Relationships

S

ustainability science at its heart is about putting
knowledge into the hands of those who are best able
to use it. The aim of sustainability science is not only to
produce smart technologies, practices, tools, and policies to sustain the natural world and our communities,
it also aims for sharpened and heightened attention
to the important relationships between human beings
and the natural world. What good is ocean energy if it
damages fish resources? What good is a lakefront vacation rental or camp if the waters are too polluted for
swimming? Sustaining shared natural resources requires
that people also sustain social and cultural resources
because they are fundamentally linked.
SSI is a pioneering force within sustainability
science worldwide, even though it is working in and
focusing solely on Maine. As a team, SSI is aware that
the nation and other states are watching to see if this
experimental program of universities working with
each other and with the public to solve long-term
sustainability problems is a worthy investment. In
every case, SSI teams are finding that understanding
key relations between society and nature depends upon
the relationships researchers build and sustain with
Maine’s resident experts. Making science more meaningful for Maine begins with rethinking these fundamental relationships. Acknowledgments
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Wicked Tools:
The Value of Scientific
Models for Solving
Maine’s Wicked Problems
by Tim Waring

“Wicked problems” are urgent, high-stake socioeconomic-environmental challenges that often involve
ideological conflict and have no “best solutions.” Using
examples from Maine’s Sustainability Solutions Initiative projects, Tim Waring describes how scientific
models can be used to address these kinds of problems.
When well-constructed and tested models are used
to address policy-relevant issues, include input from
stakeholders, and integrate social, economic and environmental dynamics, they can become “wicked tools”
to address some of society’s biggest challenges.
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A

t the turn of the millennium, I lived in Florida and
worked for the South Florida Water Management
District (SFWMD). This state agency was responsible
for managing the state’s water for human use while
at the same time maintaining the greater Everglades
ecosystem. On face value, these dual goals seem relatively simple. But, as I learned, managing water in
South Florida is, in fact, a “wicked problem.”
The term “wicked problem” is not just a New
England colloquialism, but also a term used by planners, scientists and policymakers to describe the sorts
of complex interlinked socio-economic-environmental
challenges common today. Wicked problems are
urgent, complex, have high stakes, and low tolerance
for error. Wicked problems often involve strong ideological conflicts between stakeholders, and have no best
solutions, and are often connected to a web of other
problems in such a way that “solving” one wicked
problem could make another one worse.
The attributes of a wicked problem are as follows
(paraphrased from Rittel and Webber [1973]). Wicked
problems
• have no single definition
• have no best solutions
• have no stopping rule
• have no ultimate test of a solution
• have no enumerable set of solutions
• are always unique
• have only one-shot solutions
• may be symptoms of other problems
• contain multiple relevant, potentially
contradictory, perspectives
• are too important not to solve
Water management in South Florida is a wicked
problem. Floridians need water to drink, clean and
bathe, and use water for their lawns, and in industries.
But Floridians also love and value the Everglades as a
source of unparalleled recreational opportunities, spectacular biodiversity, and as a unique natural heritage.
Both the growing coastal cities and the Everglades

The term “wicked
ecosystem require huge amounts
problem” is not
of freshwater. There is only a
limited amount of water availjust a New England
able, and its delivery (via rainfall) is unpredictable. Managing
colloquialism, but
the complex network of water
supply canals and floodwater
also a term used by
control infrastructure and water
management areas is a wicked
planners, scientists
problem all to itself. It gets truly
complex, however, when we
and policymakers
must also include and sustain
the Everglades.
to describe the
To sustain the Everglades,
the SFWMD has to answer a
sorts of complex
vast array of complex questions.
What nutrient levels are required
interlinked socioto maintain the natural
Everglades vegetation without
economic-environchoking its waterways with algae
and invasive plants? How should
mental challenges
water be channeled to maintain
the unique tree islands and charcommon today.
acteristic ridge and slough landscape that naturalists and
hunters most value? What
timing and velocity of water
flow across the swamp will sufficiently scour accumulated debris from the channels, and maintain critical
alligator, fish and wading bird habitat? How did the
historical Everglades look and function before the
canals were created in the early 1900s? How closely
should a restored Everglades match that earlier state?
Amazingly, the SFWMD has been largely
successful in its mission to serve both the cities and
their natural treasure. A critical part of that success has
been the strategic use of carefully designed water- and
ecosystem-management models. The Everglades
Landscape Model (ELM), a massive biogeochemical
computer simulation model, which I helped improve,
is an example of one such management power tool.
Two characteristics made the ELM successful. First,
the ELM was a scientific and engineering marvel,
combining the most rigorous scientific understanding
of every aspect of how the Everglades functioned with
all of the best data on the Everglades, current and past,
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to create a virtual Everglades ecosystem. With startling
accuracy, the ELM simulated the water and nutrient
flows and the plant and algal growth across the millionacre Everglades and surrounding areas over 50 years.
Second, the ELM allowed managers to evaluate the
future ecological impacts of complex and permanent
water management decisions, the sort that entail
billion-dollar infrastructural changes and can only
happen once. They were able to model the impact of
these decisions without moving a shovel-full of dirt.
The ELM allowed the SFWMD to escape some of the
wicked-ness of the wicked problem it faced, and to
design policies and infrastructure that protected both
city and swamp.

…scientific models.…provide a means
for complex and technical matters to
be handled transparently and objectively
even by people who share different
views on the subject.
Of course, Florida is not the only place with
wicked problems. Maine has its own wicked problems,
from collapsing fisheries and economic stagnation to
water contamination and rural poverty, from energy
security to climate change and urban sprawl. We need
scientifically sophisticated, empirically robust, and
policy-relevant models designed to address our wicked
problems. The Sustainability Solutions Initiative (SSI)
has begun numerous projects that employ scientific
models to these sorts of wicked problems, so that planners, legislators, decision makers and citizens across
Maine can better evaluate how the choices of today
influence the future of our state.
WHAT IS A SCIENTIFIC MODEL?

S

cientific models are the core element of modern
science. They are where theory meets data, where
assumptions are tested, and where predictions are
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created. There are many types of models, from physical
models (scale replicas of various landscape or engineering systems) to conceptual models (including
flowcharts and maps) to formal scientific models.
All of these types of models are valuable in various
contexts, but the most important, and perhaps the
hardest to understand, are the formal scientific models.
Simply, formal models are special domains in
which the rules of pure logic are employed to achieve
accuracy and validity. Models are used to test the
validity of assumptions, to predict outcomes, and to
help to explain data. A formal model is an abstract and
simplified system of logic (usually equations or algorithms) meant to capture important features of the real
world. Here I will use the term “model” to refer to this
type of system. The reason that models are so valuable
is that they employ objective logic to create reproducible results. Models allow scientists, engineers, and
practitioners to use logical inference to examine the
results of explicit assumptions and theories about how
the world works, and turn those assumptions into new,
testable predictions.
Like any powerful tool, scientific models must be
used with care. Researchers must assess that the model
is logically consistent (internal validity) and provides
a useful picture of reality (external validity). To design
such a model, researchers use deductive logic, drawing
on algebra and calculus to test model assumptions and
to demonstrate that the results fit the premises of the
model. Once a model is built, researchers will often
employ inductive logic to extrapolate the results and
test model predictions in new contexts.
There are many uses of scientific models. For
example, a business owner might use a statistical model
to determine what factors drive business traffic. An
engineer will employ mathematical models composed
of one or more equations to calculate the best location
for support columns for a bridge. A regional planner
might use a simulation model with hundreds or thousands of interacting individual components to examine
the likely future outcomes to alternative development
policies. Mathematical, statistical, and computational
models are applied everyday to improve society. In each
of these examples, the value of the model output is a
unique and exact result of the logical structure of the
model. This is the power of scientific models—they
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Spencer R. Meyer

S t u d e n t Sp o t l i g h t

provide a means for complex and technical
matters to be handled transparently and objectively even by people who share different views
on the subject.
SCIENTIFIC MODELS AT WORK FOR
SUSTAINABILITY IN MAINE

A

t the University of Maine, there are
hundreds of formal scientific models in
active development and use. Some of the most
relevant applications of these models come
from SSI. Below, I provide a guided tour of a
handful of SSI projects that make innovative use
of scientific models in the search for improved
economic, social and environmental quality of
life in Maine.

Maine’s Alternative Futures

Perhaps one of the largest challenges facing
Maine is how to encourage economic development while maintaining the high-quality natural
resources the state offers. Unfortunately, land-use
decisions are often made with little information
about the larger opportunities within Maine’s
landscape, putting development at odds with
forestry, agriculture, and environmental conservation. At the policy level, land-use decisions occur
within the context of broad, ideological arguments about the relative value of environmental
conservation or economic development. These
arguments often lack good data and science and
as a result are likely missing effective compromises. Rob Lilieholm, a professor of forest policy
at the University of Maine, is searching for those
“win-win” solutions by combining advanced
modeling techniques with the know-how and
expert opinion of some of Maine’s business
leaders, resource managers, and citizens.
A prominent problem in land-use planning
is that information on the value of land for
different uses is patchy and only available for
small areas. Imagine the following common
scenario. Conservationists use habitat quality or
biodiversity to identify a parcel as prime conservation land. Meanwhile developers use distance

Graduate Research Assistant, Sustainability Solutions Initiative; Ph.D. student,
School of Forest Resources; Associate Scientist, Forest Stewardship, Center for
Research on Sustainable Forests University of Maine
A New England native, Spencer Meyer has a passion for the natural world and an
appreciation for the interconnections between people and the places where they live.
He recently decided to combine his personal interests and professional expertise to
pursue a Ph.D. through SSI. After working for years with large landowners on sustainable
forest management in Maine, Meyer is examining the bigger picture of landscape
conservation as a member of SSI’s Alternative Futures Team. His work on land use
models could help Maine communities make more sustainable choices amid pressures
ranging from development to rising fuel prices.
What problem are you working
to solve?
I’m helping to build stakeholder-driven
models of land use in Maine. We want to
know from conservationists, foresters,
farmers, and developers what makes land
best suited to their missions. Once we get
a better understanding of needs and landuse suitability, we can begin to identify
areas where land uses will likely overlap.
For instance, where do forestry and
conservation assets co-occur? What areas
are most at risk for development and have
high conservation value? We can then
model multiple scenarios to estimate what
might happen in the future.
What progress are you making
toward solutions?
We’ve been working with a terrific
group of business leaders, public servants,
developers, scientists, and other citizens
who want to see Maine plan for our
state’s future. We recently met with
these partners to review our first project
results: land-use-suitability maps for the
Lower Penobscot River watershed, which
includes Greater Bangor.
Our maps show areas where land uses
are likely to compete and other areas
where there are opportunities. For instance,
our results reveal that most of the watershed is highly suitable for forestry, and
we’ve identified other areas that have
notable value for ecosystem services,
biodiversity, and recreation. Forestry and
conservation are highly compatible, so
there are clear opportunities to expand
conservation efforts.
We’ve also identified areas that are
highly suitable for residential, commercial,
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or second-home development. We see
some locations where this development,
if it comes, is likely to have an impact on
some of our natural resources.
Our models suggest that there’s plenty
of room to accommodate all land uses if
Maine communities plan well. We’re now
fine-tuning these models based on partner
feedback and then spreading the word. We
hope to talk with communities, land trusts,
state agencies, and landowners about how
our maps might help them make decisions.
Now that we have a proof of concept
for mapping the suitability of development,
we’re also planning to expand our work to
southern Maine. We’ve partnered with SSI
researchers including Dave Owen of the
University of Maine Law School to look at
how our models can help identify watersheds and forested areas that are most at
risk of development. By identifying healthy
urban streams that might be at risk of
becoming impaired through development,
we can help inform communities about the
benefits of proactive planning to avoid
potential expenses of water-quality mitigation required by environmental regulations.
How could your findings contribute
to a more sustainable future in Maine
and beyond?
As development pressures increase
and Maine’s demographic changes, landuse pressures shift. By investigating alternative future conditions under multiple
land-use and demographic scenarios, we
hope to help land-use planners to better
match policy tools and economic incentives to the changing needs of Mainers.
—Kim Ridley
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Graduate Research Assistant, Sustainability Solutions Initiative
Ph.D. Student, Ecology and Environmental Science, University of Maine
As the owner of a small geographic information systems (GIS) consulting business in Yarmouth, Judy Colby-George specializes in using geospatial tools to
“empower citizens to become involved in decision making in their communities.”
She had long been considering returning to school, and SSI’s philosophy and
ideals appealed to her. Colby-George says she seeks an education that enables
her to more deeply explore the work she’s been doing for more than a decade
and contribute to making a difference in her community and the state.
What problem are you working
to solve?
I am looking at how and where
GIS is most effective in communicating complex ideas to stakeholders
and the public. I’m interested in the
ways in which these new technologies can bring people to the table to
better understand the choices they
are asked to make on a regular basis.
For example, on a personal level,
people are making decisions about
buying, selling, developing, and
preserving land and housing. On a
community level, municipalities are
making choices about what they want
to be and how they create policies
and communities that reflect those
choices. Specifically around land use,
communities are deciding what types
of development make sense for them
and how will they provide jobs,
housing, and community-based
amenities that work for their town.
What progress are you making
toward solutions?
I’m currently working with two SSI
teams, the Sustainable Urban Regions
project and ESCAPE (Ecological and
Social Change: Adaptation, Place and
Evaluation). I’ll be surveying landowners in Greater Portland and

Greater Bangor this spring to better
understand their perceptions of landscape change and their role in it.
Landscape change is difficult for many
people to envision because it happens
incrementally and often on a large
scale. The research should illuminate
the differences between various
groups’ understanding of landscape
change and help communities to
move toward consensus about the
facts of this change even if values
differ. A shared understanding of the
facts will help communities to evaluate and implement policies intended
to reach their shared goals.
How could your findings contribute
to a more sustainable future in
Maine and beyond?
I believe that the work we’re
doing can help to inform participatory
decision making in Maine communities and the ways in which geospatial
technology is used within those
processes. In the end, our work will
contribute to better ways or best practices for using this technology to
empower people to understand problems, envision solutions, and implement effective policies and practices
in their communities.
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—Kim Ridley

to urban centers to screen sites for development. But,
the two plots overlap. In this scenario, there is no
win-win solution because with one parcel, someone
always gets there first—it is always win-lose. If each
land-use interest only considers their own primary indicator of land quality, as a whole, society will be unable
to assess tradeoffs and will likely miss the best-mix
solutions across the broader landscape. The problem is
that developers pay no attention to conservation value
or biodiversity, and conservationists do not pay heed
to commercial or development value. The result is that
individual choices and municipal policies can become
myopic and miss strategic opportunities to satisfy
multiple land-use needs simultaneously. Lilieholm’s SSI
team is exploring a way to address this problem, by
broadening the spatial scale at which all land-use interests can prioritize parcels.
Lilieholm leads the “Alternative Futures” SSI
research team. His team has created a statistical model
that combines high-quality spatial, biophysical, and
economic data with expert knowledge from developers,
foresters, mill owners, farmers, ecologists, and others.
Lilieholm’s team uses a simple process to identify areas
that are suitable for multiple land uses. First, stakeholder groups identify key aspects of land value for
their purposes. Next, the researchers assemble all of the
data needed to address land-use suitability for all three
sectors. Finally, the team employs the expert land-valuation model to these data to predict which land parcels
hold the highest value in each sector and to find both
regions of likely conflict and tradeoff opportunities.
The team’s central challenge is to get all of these
divergent groups thinking about each other’s needs.
Their solution lies in creating a single set of land-use
suitability maps that are valuable to developers,
foresters, farmers, and conservationists. Each of these
suitability maps is based on relevant biophysical and
socioeconomic information for each land use.
Therefore, while a map of soil quality is useful for agricultural operators, a map of distance to urban centers
is valuable for developers, and a map of biodiversity is
important for conservation organizations. All organizations benefit from seeing where their priorities are
likely to conflict. To find win-win scenarios, the team
identifies these areas of conflict and tradeoff opportunities so that the development of plans in each sector
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FIGURE 1: 	Bayesian Belief Network (BBN) Model

does not happen in isolaConservation – Forestry Opportunity
tion from those in other
sectors.
Other Conservation
At the heart of this
Conservation – Forestry Opportunity
effort is a scientifically
Other Forestry
valid, transparent, and
trustworthy process for
stakeholders in each
sector. To build that trust,
Lilieholm’s team works
with stakeholders to
create an advanced statistical model, which
produces these specialized
maps. The model is called
a Bayesian belief network,
or BBN, named for probability theorist Thomas
Bayes. A BBN accumulates the expert judgment
on various aspects of the
land and then makes
spatial predictions about
the areas most suitable for
are indeed valuable for their uses. The work of the
each land-use type. If the
Alternative Futures research team demonstrates how
model accurately represents expert opinion, then
the application of scientific modeling to stakeholder
experts recognize that the model successfully identifies
needs is valuable, no matter how you value land. (For
land that is valuable to them. Naturally, stakeholders
more information, see McCloskey et al. [2011])
would have no reason to trust such a model if they had
not already contributed to its construction.
Sustainable Cities for Maine
The team’s BBN model, illustrated in Figure 1,
The Sustainable Urban Regions Project, led by
combines detailed spatial data with expert opinion
Charles Colgan at the University of Southern Maine’s
from stakeholders in different sectors to predict land
Muskie School of Public Service in Portland, has a
value for different uses. The model also identifies
similar goal to that of the Alternative Futures team, but
conflicts and synergies between different land uses. In
Colgan’s research team is targeting the complex interacthe example shown in Figure 1, the BBN model identitions and tradeoffs in cities. Because the interactions of
fied overlapping areas valuable for both forestry and
residents, laws, economics, infrastructure, and the built
conservation, and presenting a unique opportunity for
environment of cities are exceedingly complex, plans and
a mixed land-use type.
policies tend to miss important connections among the
In this way the Alternative Futures team gives us
many different systems that make up an urban region.
a clear example of how scientific models can serve as
Colgan’s approach to addressing this problem is to
powerful collaboration tools, even across divergent
build simulation models, similar to the Everglades
interest groups. An important milestone for the
Landscape Model, to help cities make the best choices
Alternative Futures team came at a meeting in late fall
about how they develop over time. Focusing on the
of 2011, during which experts and stakeholders agreed
Portland and Bangor metropolitan areas, the simulation
that preliminary maps generated by this BBN model
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FIGURE 2: 	A Comparison of Actual and Simulated Distribution of Three Household Types on the Portland

Peninsula in 2000

Actual

Simulated

Note: Simulations such as the one that produced the output to the right can be calibrated based on their match to real data. Note the
similarity between the two images. Simulations of this sort can be used to experiment with different zoning and planning options.

models under development combine multiple
approaches to modeling, from econometrics to artificial
intelligence, to capture the richness of sustainability
challenges in urban areas. Current projects include
detailed spatial simulations that integrate housing,
economic activity, and land use, transportation simulations that track vehicle movements on each road, and
energy systems simulations that link land use, transportation, and climate impacts. Social simulations of this
magnitude are many times more complex than models
of physical, chemical, or biological systems. This
complexity comes with added challenges and benefits.
The challenge of complex simulations of entire
cities is that a small amount of error or uncertainty in
one assumption or piece of input data can spread
through a simulation and make results unrealistic. This
problem is overcome through the processes of model
validation. Dr. Colgan’s UrbanSim team uses three
types of validation. First, the team collects the data
they need to initialize the simulation. Data at the individual parcel level are needed for nearly 90 Maine
towns. Colgan’s team has gathered large amounts of
accurate spatial, social, and economic data on Portland
and Bangor areas. These initialization data ground
the simulations of virtual social interactions in a realistic context. Next, simulations are subjected to rounds
of robustness, sensitivity, and uncertainty analyses to
determine if any assumptions, parameters, and model
36 · Maine Policy Review · Winter/Spring 2012

procedures might have undue, unusable, or unrealistic
influence on model dynamics. These analyses require
running the model a great many times to accumulate
statistics about how it works under different conditions. After improving the model based on these
results, the simulation is finally calibrated so that it
matches the real-world conditions of each city.
Model calibration often uses a second set of data
that the model has not been initialized with, and has
never “seen,” as a test of predictive accuracy.
Calibration is successful when model simulations reliably predict real-world test data. Among the calibration
techniques to be used are “back casting” approaches—
testing the model by asking it to replay actual history.
This final step is a strong signal of model quality
because if the model can correctly predict real-world
outcomes beyond the range of data on which it was
“trained,” it may well be able to identify subtle but
important issues influencing the future.
Throughout this process of model validation are
important opportunities for stakeholder input and trust
building. Like Lilieholm’s team, Colgan and his
research team are working with stakeholders from the
business and environmental communities, real estate
development and conservation groups, and regional
and local officials in each of the two metropolitan areas
to make sure that the model is understood, trusted to
make reliable output, and directed toward useful and
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challenging questions. For example for their work in
Portland, Colgan’s team is working with the Maine
Department of Transportation, the Greater Portland
Council of Governments, the Maine Turnpike
Authority, and Southern Maine Regional Planning,
among other groups. Early development of the models
has focused in particular on energy and climate issues
along with the changing demographics of the regions
based on input from stakeholders.
The benefit of these procedures, applied well, is a
city simulation that can accurately respond to complex
urban scenarios, which real cities have not yet had to
face directly. Once the design, testing and calibration
of the simulation is complete, Colgan’s team will work
with stakeholders to identify a number of different
policy scenarios to examine. Each carefully chosen
scenario will represent relevant policy choices facing
Maine’s two largest urban regions in the coming years.
When carefully constructed, initialized, and validated, simulation models such as Colgan’s urban simulation provide planners with a special power to examine
critical issues. What are the implications of an aging
society that no longer needs large suburban houses?
What are the prospects for development of empty big
box stores? When can denser development be most
effective at conserving forests and wildlife habitat?
These sorts of questions are only accessible through a
simulation of an entire city.

how lake outflows, controlled by a dam, are managed.
How low should the lake be drawn down in the
summer? How high should we allow it to fill in the
spring? How often should it be high and low? Should
down-river interests have a say in the management of
Sebago Lake? The Eel Weir Dam, near the outflow to
Sebago Lake, is currently being relicensed by the
Federal Energy Regulatory Commission (FERC), and
groups with different viewpoint are voicing their opinions to regulators in an effort to shape future lake-level
management.
Andrew Reeve, a University of Maine professor of
earth science specializing in hydrogeology, is beginning
a project to simulate lake level within Sebago Lake. The
goal of this modeling effort is to provide a virtual environment that allows interested parties to experiment
with different climate, development, and lake-management scenarios to forecast how lake level will respond.
The team hopes that this model will inform stakeholder
groups about the processes that influence lake level and
identify management strategies that strike a balance
between groups advocating for different management
plans. The lake-level model being developed will be
used to predict lake-level responses to a variety of alternative scenarios.

When carefully constructed, initialized,

Portland’s Water Source:
Sebago Lake

Sebago Lake is many things to many people.
Sebago provides drinking water to the 200,000 residents of the greater Portland area; it is an important
recreational destination and a source of hydroelectricity
for local factories; and the lake is a diverse aquatic
ecosystem cherished by residents and visitors alike.
However, much like the challenge of managing the
Everglades for multiple uses, just managing the level
of Sebago Lake has proven controversial due to these
multiple interests and uses. The wickedness of this
problem lies in disagreement about the optimal lake
level and lake-level variability throughout each year and
between multiple years, driven by seasonal inputs from
rainfall and melting snowpack. This lake-level variability influences the various lake uses and influences

and validated, simulation models…
provide planners with a special power
to examine critical issues.
A watershed is all of the land that drains into a
water body. The Sebago watershed model is composed
of sub-models that simulate the water flow into Sebago
Lake from different streams and rivers. These subwatershed models are each calibrated individually with
stream data being collected from the major rivers
discharging into Sebago Lake, including nearly continuous stream-water-level measurements and periodic
stream-flow measurements. The simulated outflows of
these calibrated sub-watershed models, driven entirely
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FIGURE 3: 	A Sub-watershed Model Prediction for Sebago Lake, Calibrated with Data from 1997 and Made

to Predict Water Discharge for 1998
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by weather-related data, are then combined with
discharge at the outflow to predict the changing level of
Sebago Lake over time. Although the complete model
is still in the construction phase, the sub-watershed
models have been calibrated and produce accurate
predictions (Figure 3).
Reeve and his team are assembling a web-based
interface for the computer model to allow access to this
simple model by user groups, stakeholders, and decision makers. This lake-level model cannot resolve
disputes, but it can provide a transparent and objective
framework different groups can use to assess how
changes within the Sebago Lake watershed will influence lake levels.
THE VALUE OF SCIENTIFIC MODELS
FOR SOUND POLICY IN MAINE

C

arefully constructed, tested, and calibrated scientific models are powerful tools for management
and planning. Such models provide the best possible
meeting ground for diverse and competing interests in the quest to solve society’s wicked problems.
Fundamentally, scientific models are valuable because
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they provide objective and transparent tools for planning, predicting, and understanding the hardest challenges Maine will face in the coming decades.
No model is perfect, of course, and until tested,
calibrated, validated, and verified, preferably with
representatives of all relevant stakeholders, no model
will be useful. Building high-quality reliable models
of complex social-economic-environmental issues
requires a great deal of expertise and advanced training.
Traditionally, these sorts of models are developed
within the confines of a single business, academic institution, or government agency. That narrow approach
limits the applicability of the model and reduces its
ability to help multiple constituencies and can aggravate conflicts between economic sectors, resource user
groups, or political ideologies, making wicked problems worse. In the three examples above, we see the
opposite—models being used to unite divergent interests around a way to envision, and plan for, a common
future. These SSI projects employ different types of
models to different challenges in a similar way. Four
characteristics that these projects share transform traditional, narrow scientific models into wicked tools.
They are (1) a focus on a policy-relevant issue, (2) the
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TABLE 1:

Wicked Problems Require Wicked Tools

Wicked Problems:

Wicked Tools (or Good Models):

inclusion of stakeholders and
have no single definition
are clearly defined
multiple interests in the design and
have no best solutions
produce measures of solution quality
calibration, (3) the integration of
have no stopping rule
are clearly bounded
social, economic, or environmental
dynamics, and (4) robust and reliable
have no ultimate test of a solution
can test many alternative solutions
scientific design, testing, validation,
have no enumerable set of solutions
can evaluate a set of alternative solutions
and calibration. With these addiare always unique
are always unique
tional characteristics, scientific
have one-shot solutions
allow you to pick better solutions the first time
models can become wicked tools.
Scientific models applied in the tradimay be symptoms of other problems
make complex interconnections explicit
tional narrow fashion do not address
contain multiple relevant, potentially
are objective, and can facilitate
wicked problems. However, if sciencontradictory, perspectives
communication across perspectives
tific models are designed to focus on
are too important not to solve
are too powerful not to use
a policy-relevant issue, are made to
include input from relevant stakeholders, to integrate social, economic,
and environmental dynamics, and are
well-built, tested, validated, and calibrated, they can
REFERENCES
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Building
Statewide
CommunityUniversity
Partnerships:
Working with the Maine
Municipal Association

Karen Hutchins and Eric Conrad’s “dialogue” illustrates the relationship between researchers from the
University of Maine and the Maine Municipal
Association (MMA). The stimulus for this unfolding
relationship was the administration of a survey by
the Sustainability Solutions Initiative Knowledge-toAction group to Maine town officials about their experiences with, interest in, and preferences for university-

by Karen Hutchins

community partnerships. Although municipal officials

Eric Conrad

are interested in such partnerships, Hutchins and
Conrad point out the need for improved communication and relationships with officials, so that they recognize researchers’ abilities (and limitations) in addressing municipal concerns.
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Building Statewide Community–University Partnerships

T

he research focus of Maine’s Sustainability
Solutions Initiative (SSI) is on three drivers
of landscape change in Maine: urbanization, forest
ecosystem management, and climate change. Given
Maine’s history of strong local control, much of
the decision making about these landscape changes
takes place at the municipal level. To improve understanding of municipal agents, key decision makers, and
the problems they are facing in their municipalities,
the Knowledge-Action SSI team sent a mail survey to
a statewide sample of Maine municipal officials. The
survey gathered information about community characteristics, problems facing the municipality, and official’s
experiences with, interests in, and preferences for
establishing community-university partnerships.
Once the results were in, we began to consider
what they said about the opportunities and challenges
for researchers to work with communities. As discussed
here, the research findings are enlightening and the
projects and relationships stemming from the survey
are rich.
To capture what we learned, this “article” includes
two voices: a representative of the research team
(Karen) and a representative of the Maine Municipal
Association (MMA) (Eric). The intent of the article is
to reflect on ways that researchers and stakeholders can
work together to ensure that research in Maine is
responsive to the needs of communities.

Given that it can be challenging to identify partners,
will you discuss how this partnership began?

Karen: When we received responses from the statewide
survey of Maine municipal officials, we found that
more than half of the respondents were interested in
working in partnership with Maine universities and
colleges. I immediately became concerned that we
could not individually partner with all municipalities
or address the range of issues they were experiencing.
I also realized that SSI researchers did not bring the
particular areas of expertise sometimes needed to
address the research needs of, for example, fire or
welfare departments. The SSI research expertise is in
areas such as water quality, climate change, environmental economics, education, wildlife ecology, and
social psychology. Yet, we felt that it was important

…responses from
to seek ways we could help—
the statewide survey
after all, we did ask for their help
with our research. I then received
of Maine municipal
an email from Eric Conrad,
Director of Communication
officials...found that
and Educational Services at the
MMA, expressing an interest in
more than half of the
collaborating to serve municipalities. This opened the door to
respondents were
new opportunities and a new
way of approaching the survey
interested in working
responses.
After our first email
in partnership with
exchange and follow-up conversations, I realized that we did
Maine universities
not have to figure out how to
help Maine municipalities on
and colleges.
our own. Instead we needed to
develop partnerships with organizations, such as the MMA, to
help us to work with a range of
communities that are addressing a variety of problems.
Such partnerships offer researchers the opportunity to
conduct locally informed and meaningful research that
is also broadly applicable, and they provide communities and organizations with important research support
for making decisions and developing solutions.
Opportunities are often also challenges. Luckily,
MMA and Maine colleges and universities have similar
missions to educate, and MMA employees and SSI
researchers both desire to help to promote a socially
vibrant, economically strong, and environmentally
healthy future for Maine. However, developing partnerships can be challenging and takes time, patience,
learning, and flexibility. Often, we are working on
different timelines, with different resources, and with
conflicting goals. Further, developing statewide partnerships requires countless conversations to figure out
which collaborations are viable. Yet, when dealing with
complex issues in this challenging fiscal environment,
we believe partnerships are absolutely essential for
conducting engaged research, establishing strong
community-university networks, and developing solutions. The benefits far outweigh the challenges, and we
look forward to future collaborations with MMA and
other Maine organizations.
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How did the survey help you identify potential
partners?

Karen: Using the MMA’s mailing list, in August and
September, 2010, we mailed 2,553 surveys to municipal leaders in 499 municipalities and townships
throughout Maine and included participants from 13
different municipal positions. Those surveyed include
town and city managers, mayors, chief elected officials,
community development, purchasing, assessing,
finance, public safety, recreation, public works, welfare,
code enforcement officers, and additional personnel.
The survey goals were to:
1. Gather information on the pressing issues and
concerns of Maine municipalities in order to
inform research practices at Maine universities
and colleges.
2. 	Assess interests in community-university partnerships to deal with these issues.
3. Determine preferences for the structure of these
partnerships (i.e., the level at which we collaboratively problem-solve, conduct research, and
develop solutions) and the factors that impact
these choices.
4. Begin conversations about working together to
promote a sustainable future for Maine.
Among other things, the survey helped us to identify key resources for municipal officials. Results
showed that more than 80 percent of officials draw on
the resources of the MMA for help with day-to-day
tasks. Universities and colleges, on the other hand, were
rated as the least used sources for help with municipal
issues. MMA offers valuable insights on and connections with municipal governments, as well as opportunities for community-university partnerships that may
not have been previously possible.

Eric: We want to be honest: We were initially glad to
read the survey because it cited us as the top resource
for municipal officials. But there was a lot of other very
useful information, as we kept reading.
One of our challenges—a challenge facing local
government as a whole—is getting younger adults
42 · Maine Policy Review · Winter/Spring 2012

interested in running for municipal office, serving in
appointed positions, and working in town and city
halls. The more we thought about the survey, the more
we realized it offered an opportunity for MMA to work
toward mutual goals with universities and colleges.
What did you learn from the survey about municipalities and their present and potential relationships with
Maine universities and colleges?

Karen: From a university researcher’s perspective, I find
the survey information valuable because it provides
insights into municipality needs and concerns, their
perspectives on Maine universities and colleges, and the
potential for and challenges of working together on
some of the problems facing the state. For example,
results revealed that economic concerns are the most
serious problems facing municipalities, specifically
reductions in state funding and increasing health care
and energy costs. Social issues, such as increasing
unemployment, poverty, and drug and alcohol abuse,
and environmental issues, such as increasing invasive
insects and plants, loss of farmland, and increasing
traffic congestion are also testing communities.
Municipalities, like SSI researchers, are trying to
manage and figure out how to solve complex, socialecological issues. The results remind researchers that
municipal officials are likely dealing with numerous,
conflicting problems and that we need to be aware of
and sensitive to that when working with municipalities.
In addition, we learned important information
about present and potential partnerships. Only 20
percent of respondents reported working with university or college researchers, including faculty, staff, and
students. Statistical analyses conducted on the survey
data indicate that the belief that researchers can help
solve municipality issues is a key determinant of
respondents’ interests in developing community-university partnerships. Unfortunately, more than half of the
municipal officials surveyed did not think or were
unsure if university researchers could help them deal
with the problems in their municipalities. If increased
partnerships are a goal, university and college
researchers must improve communication and relationships with municipal officials so that they recognize
researchers’ abilities to address municipal problems.
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Given SSI’s interest in developing communityuniversity partnerships and that the university was
not rated as a top resource for municipalities, when
Eric contacted us to discuss the survey and potential
partnership opportunities, we jumped at the opportunity. Collaborating with MMA offers our team and
other researchers the opportunity to work with a
well-respected, knowledgeable organization that
understands municipal government and has the
connections with municipal agents not presently
realized by the university.

Eric: We can see a lot of member (municipalities are
our members) upsides to working more closely with
university and college staff and students. And, we see
little downside. Maine colleges and universities have
expert knowledge and their students’ have time and
youthful energy. We feel that, properly introduced,
towns and cities can start taking advantage of this. That
could be especially valuable right now because towns
and cities are really under the gun financially and have
been reducing staff.

This information will help us reach multiple communities through one association. The opportunities are
numerous, and we look forward to further developing
this partnership.

Eric: I would agree with Karen. In time, however,
Maine universities and colleges also can establish direct
ties with our members, or at least with the members
who are interested in having such a relationship. MMA
offers many ways to reach our members: our monthly
magazine; web site; e-mail newsletter; convention;
stand-alone workshops; and our hands-on relationship
with key municipal affiliate groups, such as the Maine
Town and City Management Association. But we’re
also fine if our members work directly with universities
and colleges.

If increased partnerships are a goal,
university and college researchers must
improve communication and relationships

How is a relationship between SSI and the MMA
mutually beneficial?

Karen: Eric and I have discussed several possibilities.
First, representatives of the SSI team attended the
MMA annual convention this year to better understand
the resources MMA provides and municipal government in general. We hope to offer a panel on community-university partnerships at next year’s annual
convention to showcase existing partnerships and
discuss opportunities for working with other municipalities. MMA will provide the venue for and guidance
on how to make these connections.
Second, one of MMA’s goals is citizen education.
Although their focus is on educating citizens about
municipal government, we still share a similar mission
to educate the people of Maine. There are numerous
opportunities for collaboration on education initiatives,
such as internships, trainings, curriculum development,
and program development. Finally, MMA has already
helped us better understand how municipal government operates and some of the groups to contact, like
the Maine Town and City Management Association.

with municipal officials so that they
recognize researchers’ abilities to address
municipal problems.

What can we learn from this partnership with MMA
about the importance and potential of bringing together
universities and municipalities?

Karen: This partnership provides important lessons
about the mutual benefits of collaboration. In this case,
MMA, universities and colleges, and municipalities are
strengthened by their association. First, by expanding
their resource and research networks, MMA is better
able to serve municipalities and tap into the education
system to improve citizen municipal education. Second,
by partnering with MMA, university and college
researchers are better able to access and understand the
municipal officials with whom they need to work in
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order to conduct engaged, solution-focused research
that matters at a local level. Third, MMA has a strong
legislative voice, and its employees have extensive experience working with legislators. They understand the
communication and information needs of this group
in a way that most university and college researchers
do not. They are likely to help us understand how to
improve the communication of our research in order
to better inform policy decisions. Fourth, we anticipate
that university and college researchers and municipal
officials will gain a deeper understanding of how to
work together and the benefits of the relationship, thus
improving connections between universities and
colleges and local decision-makers.
Finally, the partnership demonstrates the importance of identifying boundary organizations or organizations that help facilitate the communication, work,
and production of knowledge between diverse groups
(Cash, Borck and Patt 2006). From our perspective,
MMA is a boundary organization and plays an important role in helping connect university and college
researchers with municipal officials, focus resources and
collaboration efforts, and promote successful and resilient networks of people who have the potential to
significantly influence the future of Maine.

Eric: We concur.

-
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Top 10

New Policy-related Practice
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Coming out of SSI
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to action
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h stakeholders
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New techniques for un
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emerge
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The Path to
Sustainable
Water
Resources
Solutions

Water is essential both to human survival and to the
ecosystems on which people depend. Although Maine
is blessed with abundant water sources, managing
them is crucial for both short and long-term uses. John
Peckenham and his co-authors describe the varying
time and spatial scales involved in managing water

by John Peckenham

resources, pointing out that policy decisions made at

David Hart

one time can have far-reaching consequences. They

Sean Smith

provide illustrations of water-resource projects from

Shaleen Jain

Maine’s Sustainability Solutions Initiative, ranging in

Whitney King

size from Sebago Lake to vernal pools on individual
properties.
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Water’s role is
High quality water is more than the dream
of the conservationists, more than a political
slogan; high quality water, in the right
quantity at the right place at the right
time, is essential to health, recreation, and
economic growth.
EDMUND S. MUSKIE,
U.S. Senator, speech, March 1. 1966
INTRODUCTION

I

t is difficult to imagine the state of Maine without
also envisioning its waters. Unlike some other
regions across the globe, Maine is rich in rivers, lakes,
streams, and wetlands. These water resources not only
help to define the state’s character, but also fill many
valuable roles for the people of Maine. Water gives us
sustenance, slakes our thirst, powers our homes and
industries, and instills a sense of tranquility. Water
resources are important to Maine’s economy, and lakes
alone have a net economic value that is greater than
$6 billion (Boyle, Scheutz and Kahl 1997). Today, and
far into the future, we rely on these water resources
to continue to provide all of these services undefiled
and undiminished (Brookings 2006). Water is like
the blood in our veins: constantly moving to perform
the many tasks that sustain us and our communities.
Water’s role is fundamental in sustainability science
because it is essential for both human beings and the
natural ecosystems that sustain them.
The character and form of water resources are a
result of the complex interplay of geologic, climatic, and
human factors, much of which have occurred just in the
past 12,000 years. Geological formations provide the
underlying structure of the land made up of granite and
schist that may in turn be covered with sand or clay.
Living nature drapes this base with forests and meadows,
and human beings alter the land for farms and towns.
Climate controls the timing and amount of moisture
delivered by weather systems. Maine’s weather is
famously variable, yet the landscape receives precipitation throughout the year. The state’s dynamic climate
includes plentiful rain and snow, along with temperatures that can range from well below freezing to the high
eighties each year. Most years have ample water that
flows over and under the land surface and ultimately

returns to the sea. Maine has an
fundamental in
extraordinary number of highvalue permanent waters in the
sustainability
form of lakes, rivers, and streams.
There also are transient waters
science because
such as vernal pools, springtime
boggy areas, which serve imporit is essential for
tant hydrological and ecological
functions.
both human beings
Maine’s Sustainability
Solutions Initiative (SSI) is a
and the natural
federally funded statewide
initiative being implemented
ecosystems that
in Maine through the Senator
George J. Mitchell Center at
sustain them.
the University of Maine. SSI
researchers pursue their work
through collaborative partnerships with citizen groups,
community and municipal officials, state and federal
agencies, and the private sector. Given the inextricable
links between Maine’s people and its vibrant landscape,
SSI researchers approach each place-based research
endeavor with broad partnerships that recognize past,
current, and emerging social, cultural, and economic
perspectives.
One SSI objective is to investigate the nature and
scale of human dependence and impacts on water
resources, which is the focus of this paper. The projects
described here seek to understand how people can
strike the balance between maintaining natural water
systems and pursuing societal needs. People have long
benefited from Maine’s waters via transportation,
fishing, industry, and tourism. One key question to
answer is how all of the demands for water’s services
can be balanced for the benefit of current and future
generations (Chapin, Kofinas and Folke 2009). Progress
toward these answers is currently emerging from a
broad dialogue between researchers and stakeholders.
The foundation for water-resources management
goes back to ancient civilizations. Management of
water resource is not simple and requires an understanding of the complexities of natural systems, population growth, and demand for a diversity of uses (NRC
2004). None of this work would be possible without
the firm foundation that has been built by science and
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FIGURE 1: 	Location of SSI Water Projects in Maine (a)

Rangeley Lakes
University of Maine
Farmington

Belgrade Lakes
Colby College

the campuses of the University
of Maine System and by Maine’s
private colleges and universities.
The support of and collaboration with these agencies and the
private sector are essential to the
long-term success of SSI. Figure
1 shows some of the partner
academic institutions that are
currently working on an SSI
project focused primarily on
water resources.
APPROACH

E

xperience suggests that
effective approaches to
water-resource management and
stewardship in the real world
require more than a set of rules
to guide actions. Applying a
one-size-fits-all formula is a
poor solution to many problems. The SSI’s research strategy
recognizes that solutions needed
by society must come from a
Anddroscoggin &
process that has participation
Kennebec Rivers
from a broad set of stakeholders,
Bowdoin College
each of whom has interests and
Bates College
Sebago Lake
University of Southern Maine
University of Maine
expert knowledge to contribute.
University of Maine
Such an approach is wellSouthern Maine
suited to variable conditions
and affords flexibility to revise
Lower Saco River
and update solutions-oriented
University of New England
work. This approach, while
promising, presupposes effective
(a) Vernal pool study areas are found across the state. Base map shows the major rivers
communication and effective
and lakes of Maine.
methods to exchange and tailor
technical knowledge. To this
end, SSI projects place emphasis
on understanding and communicating complex issues,
natural-resource agencies involved with water resources,
including both technical scientific knowledge and
such as the U.S. Geological Survey (hydrology),
stakeholder knowledge.
National Weather Service (weather and climate), and
The process uses models in different forms as tools
the Maine Department of Environmental Protection
for analysis, understanding, and communication. When
(natural-resource management). There is also a long
it comes to defining problems and finding solutions,
tradition of water research by faculty and students at
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models show complex relationships and how
things relate to one another. If people want to
know how decisions affect conditions in the
future, models can be used to show future conditions. Specialized maps are a type of model that
show both reality and the potential shape of future
conditions, for example, how the size of lakes
would change if average rainfall increased by 25
percent. Models can also follow rules to describe
how different environmental factors affect one
another, such as how temperature and rainfall
affect the growth of different trees. The rules used
in models may appear as mathematical equations
that relate rainfall to water level, or they may be
qualitative, expressing the personal preferences of
stakeholders. Models can help us to visualize issues
of concern and locate pathways to solutions. In
terms of understanding the size of some problems,
teams use maps to model the physical and human
dimensions of questions about water resources.
(See article by Waring, this issue, for more detailed
discussion of models.)
Water resources have unique associations across
scales of time and location (Figures 2 and 3). Figure 2
shows the scales of natural features such as weather and
climate, along with the limits of human experience,
human history (collective memory), and policy decision making. The scales used are time on the horizontal
axis and size on the vertical. Although the process of
forming policy may take a relatively short time, the
consequences may reach far into the future. Weather
operates on a time scale of seconds to days and covers
microscopic areas up to regions the size of New
England. Climate naturally covers a larger region and a
time period of centuries or longer. Climate and geology
interact to shape the land’s surface. Individual human
experience (dotted box, Figure 2) overlaps weather and
climate and contributes to human history. Policy decisions may start by occupying a narrow zone in time
and space that is constrained by how governmental
institutions function. However, after the decisionmaking process is completed, some policies have broad
and long-lasting effects. One example of this is the
Clean Water Act, which continues to improve the
quality of surface waters across the country decades
after the policy was instituted. Problems and solutions

Physical Dimensions of Water Resource Drivers

Country

FIGURE 2:

Human Experience
Seconds

Days

Years
Time Scale

Centuries

Aeons

may be found anywhere. For example, a chemical spill
can cause localized contamination that may not persist
for long, whereas in contrast, mercury deposition
affects all of Maine and the consequences will be seen
in ecosystems for many decades.
Competing human demands have different scales
and importance that must be incorporated into solutions. Figure 3 represents some of the human dimensions that SSI addresses. Here, the scales represent the
complexity of social organizations on the horizontal
axis and number of people affected on the vertical.
Organizations are loosely defined to include everything
from informal groups of individuals to formal businesses
and governments (Scott 2008). This diagram illustrates
variations in the scale of the decision-making process
involving people and resources in different organizations,
based on the number of people involved and the reach
of a given organization. Such depictions help to explain
how people and communities might be affected by an
area of intersecting demands. Are the primary stakeholders who have interests in a particular problem neighbors, a town, a state agency, or a mix? Relationships
may determine the scales of the issue and identify the
appropriate scales for desired solutions. Scale helps to
determine who should be part of the solution-finding
process, from individuals to national government.
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FIGURE 3: 	Human Dimensions of Water Resource Issues
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increased delivery of sediment to many
rivers, lakes, and coastal regions (Eves
1992). The natural landscape continues to
change in response to weather and climate.
Natural forces such as climate are known to
vary over long time periods. Over shorter
time periods, extreme weather events such
as floods or droughts have detrimental
effects on people and places. Waterresources problems and solutions become
hard to discern because the systems that
drive the delivery of water constantly
interact with human modifications of the
landscape. For example, heavy rain in a city
will cause flooding because the natural
drainage has been lost and rainwater is
diverted to now inadequate drain systems.
Considering all of the pieces at once,
making decisions for something as apparently simple as maintaining the water level
in a lake used for water supply, hydropower, and recreation becomes very complex. Decisions about how
much water should be held back by an impoundment,
how much should always be flowing downstream, and
how much flooding can be tolerated along the shore
have connections and consequences to many different
people and things. The SSI process helps stakeholders
to integrate new knowledge of the complex workings
of the natural system with human needs and actions to
make decisions that lead to desired lasting effects.
People tend to remember and recognize patterns
learned through observation. However, our memory
can sometimes play tricks on us: were winters really
colder and snowier when we were six years old? The
underlying forces that shape the natural world work
on scales that can range from obvious to too subtle to
detect. In general, the memory from human experience
may be limited in time (generations) and location
(hometown). Patterns of variation in water resources in
time and space (Figure 2) exceed the limits of what we
would consider to be human experience. This means
that as individuals, it is not easy to comprehend the
dynamic roles of water in the landscape based only on
personal experience and observations. For example, few
of us have experienced a massive flood or multiple-year
drought, but we may understand that they occur on
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There are other dimensions we do not depict,
which should also be considered, including economic
well-being, community values, and how individuals
understand the context of the problem. It is our goal
to find answers to these complex and interwoven
questions using this kind of figure to drive the inquiry,
seek the root causes of conflict, and derive solutions.
The SSI process links knowledge with action via
communication, collaboration, effective implementation of policies, and other engagement processes
(McNie 2007; Hage, Leroy and Petersen 2010). Some
key aspects of this approach involve forming partnerships with diverse interests and agreeing to goals that
are necessary, reasonable, rational, and practical. What
is the issue of concern, what tools are needed to characterize the situation, what will happen as an outcome,
and can the outcome (solution) work? Conceptual
models are used as tools to define problem boundaries
and to identify stakeholders who may be missing,
neglected, or silent.
In the specific area of water resources, the problems and solutions often change in response to human
expectations and needs and uncertain changes in
natural systems. Human landscapes change over time
and affect water resources. Land use in Maine during
the 19th century led to deforestation that caused
50 · Maine Policy Review · Winter/Spring 2012

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

SUSTAINABLE WATER RESOURCES SOLUTIONS

average once or twice a century. Pathways to solutions
need to accommodate human experience while
providing credible and trustable new knowledge.
People are used to things as they are, even if the current
condition is actually a long-forgotten alteration of the
natural landscape. These alterations have consequences
that an individual may accept as the present-day
natural condition. Past human actions, such a building
a dam, could have consequences that do not become
apparent for decades.
In practice, all the variables in a given problem
are not apparent, and the solution may not be visible
immediately. That is why we need a method to test
what will happen given appropriate scales of time and
space. Concepts of scale are used by SSI teams to focus
on problems involving water resources that are important to people today and where action will be capable
of producing results within the span of human experience. A challenge is how to get acceptance for a solution that has greater value at some future time.
Sustainability science research seeks to yield actions
that provide both a present-day and a future benefit.
WATER-RESOURCES PROJECTS

T

he SSI has a number of projects that focus on
managing water resources, and several others
connected to water resources but in which it is not a
central focus. The water-resources projects underway
address problems on different human (individual or
organizational), time, and space scales. To illustrate
this concept, Table 1 shows some of these within the
dimensions relevant to human decision making. The
projects shown cross over many scales that link diverse
stakeholders. We describe three here that are associated
with complex water-resource issues: Sebago Lake; the
Belgrade Lakes; and vernal pools. The lower Saco River
basin project is shown in the sidebar.

Sebago Lake

The Sebago Lake watershed is 361 square miles
and overlaps numerous towns from Portland to Bethel.
Sebago Lake provides drinking water to approximately
200,000 Greater Portland residents, along with hydropower and recreational opportunities. The SSI Sebago
Lake team is working in collaboration with two entities

with a significant investment in managing the lake, the
Portland Water District and South African Pulp and
Paper, Inc. (SAPPI), along with the Maine Department
of Environmental Protection, Lakes Environmental
Association, and Friends of Sebago Lake.
The Sebago Lake region exemplifies the complexity
of entwined social-ecological systems. The character of
the lake is vulnerable to the effects of urbanization,
changes in forestland management, and a changing
climate. An impressive range of links between the lake
and people are evident from the lake’s ecology, its yearround recreational use, and use for hydroelectric power
generation and as a water supply. A primary focus of
the community of lake users and stewards is lake level.
Underlying this issue are the economic benefits derived
from hydropower generation, the convenient boating
experience afforded by higher lake levels, potential
degradation of water quality from erosion with higher
lake levels, and loss of lake frontage due to high lake
levels. The sheer size of the watershed means that fully
integrated control of the biological or physical aspects
of the lake is beyond the ability of any one stakeholder.
For example, the outlet dam can be used to store or
release only a small fraction of the water stored in the
lake. As a consequence, adjusting lake levels using the
outlet dam is in the control of the hydropower interests. However, the timing and amount of water going
into the lake is mainly controlled by annual weather
patterns and the connections between Sebago Lake and

In…water resources, the problems and
solutions often change in response to
human expectations and needs and
uncertain changes in natural systems.
its sub-watersheds. If SSI research data support the
supposition that weather and climate are the factors
that most strongly affect lake levels, then solutions will
need to focus more on having a plan to react to specific
weather conditions, rather than agreements or rules to
maintain an absolute lake level via the outlet dam.
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TABLE 1: 	Scales of SSI Water-Resources Projects

Upper Limit of
Spatial Scale

Range of Time
Scale

University of Maine

500 km2

Weeks-Years

Regional-State Entities

Belgrade Lakes

Colby College

100 km2

Weeks-Years

Individual-Local-Regional-State
Entities

Lower Saco River Basin

University of
New England

100 km2

Years-Decades

Individual-Local-Regional Entities

Rangeley Lakes

University of MaineFarmington

100 km2

Weeks-Years

Individual-Local-Regional Entities

Coastal Communities

University of Maine

1000 km2

Years-Decades

Local-Regional Entities

Lower Androscoggin River Basin

Bowdoin College

1000 km2

Weeks-Decades

Individual-Regional-State Entities

Vernal Pools

University of Maine

0.01 km2

Weeks-Years

Individual-Regional-State Entities

Focus Area
Sebago Lake

Lead SSI Institution

Belgrade Lakes

The SSI team of researchers at Colby College and
the University of Maine-Farmington, along with stakeholders including the Belgrade Conservation Alliance,
the Maine Congress of Lake Associations, Maine Lakes
Resource Center, five lake association, and several state
agencies and towns are focused on the Belgrade Lakes.
This project team is particularly focused on understanding the effects of a changing landscape and
climate on lake-water quality. The Belgrade Lakes
region is an important economic engine in central
Maine that includes seven major lakes and 13 communities. The lakes are an important economic and recreational resource to the local communities and are also
central in defining community members’ sense of place
and family history. There is strong stakeholder interest
in maintaining lake quality.
The problems and place-based context seen in the
Belgrade Lakes region represent a different set of
stakeholders and needs than we see at Sebago Lake. In
the previous century, invasive fish species were stocked
to improve fishing for destination hotels. Not only has
the traditional profile of fish species of the lakes been
altered, but the lakes themselves have changed. The
current shape of the lakes was determined by dams
built circa 1850. The Belgrade Lakes SSI team is
studying how these and other landscape changes
have affected the lakes and whether the quality of
the lakes is near a crisis condition caused by phosphorus and other nutrient runoff or invasive species.
Related research includes working with individuals
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and associations to understand how landowners
perceive changing water quality and decide whether to
use best practices on their property to prevent nutrient
runoff. The team is addressing the need for new
knowledge to educate stakeholders from individuals
and lake associations to entire towns. The overall goal
is to inform the decision-making process to derive
actions and policies that will sustain lake-water
quality. This project is contributing a roadmap to solutions that uses a combination of discovering historical
land-use change, analyzing the long-term effects of
changing land use on water quality, and assessing the
vulnerability of the lakes to change in the future. A
solution in this project could be a process that helps
individuals to commit to actions that benefit all the
other individuals within the region.

Vernal Pools

Vernal pools are particularly difficult to manage
because of their small size, widespread distribution,
seasonal hydrology, habitat requirements of poolbreeding amphibians, and state law regulating development around “significant” pools. Management must
include not only the pool itself, but also the critical
habitat surrounding the pool. Adding to this
complexity is the fact that vernal pools fall under
multiple jurisdictions (federal and state agencies plus
local municipalities) with multiple landownership
boundaries. The vernal pool team is focused on
inproving the management of vernal pools on private
land by integrating ecological research on patterns of
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Collaborating with Stakeholders to Support an Estuary’s Health
By Kim Ridley
The Saco River estuary is running cleaner than it has for
decades, due largely to restoration efforts and the closing
of textile mills. Fish and birds are returning, people are
enjoying recreational opportunities on the estuary, and
many in Biddeford and Saco are looking to the river to help
to revive the local economy. Now, however, the estuary
faces new pressures, including increasing development
and population and changes in land use and climate.
Helping local stakeholders to guide a healthy future for the
estuary and its surrounding communities is the focus of an
SSI project at the University of New England (UNE) led by
Pamela Morgan, associate professor in the Department of
Environmental Studies, and Christine Feurt, director of the
Center for Sustainable Communities.
The UNE researchers are collaborating with scientists from
the Wells National Estuarine Research Reserve and local
stakeholders to understand how coastal development and
other factors affect plants and animals in the estuary. More
than 100 bird species have been recorded in the estuary,
along with sturgeon and other important fish species and
rare plants. The team’s findings will identify ecological
indicators of the estuary’s health that local stakeholders
can use to make more informed decisions to support a
sustainable future for the region.
A key element of the project is training the next generation
of problem solvers by giving UNE undergraduate students
opportunities to conduct hands-on research in the field
and in the community. As part of an environmental
communication course, UNE students worked with faculty
to develop a “Sustaining the Saco” workshop, along with
other educational events for local community members.
Students and faculty on the team have so far engaged
representatives from nearly 40 stakeholder groups,

movements and habitat use by amphibians with
research on how stakeholders make decisions. The
purpose of this research is to understand the perspectives and concerns of landowners that become part of

including Saco and Biddeford officials, residents, business owners, and planning board members, along with
conservation groups and local and national agencies for
workshops, trainings, and community dialogues.
The researchers are gathering stakeholder input each step
of the way as they study the ecology and economy of the
region, about which little was previously known. After
two years of fieldwork, the UNE team has collected valuable data about the estuary and identified key stakeholder
concerns, which include water quality; coastal development; curbing invasive species; protecting rare, threatened,
and endangered species; and the effects of sea-level rise.
“We know much more about what stakeholders value and
what they’re concerned about, and we’re working with
them to figure out how to best address these issues,”
Morgan says.
Both Morgan and Feurt see collaborating with stakeholders as essential to the project’s success. “By engaging
the people who care for a place with researchers who are
willing to direct their studies to answer questions important for land-use policy, conservation, and stewardship,
we are developing a model for collaborative research that
supports community goals for sustaining local values,”
Feurt says.
Team Members: Noah Perlut, Stephan Zeeman, Michael
Daley, Michelle Steen-Adams, James Sulikowski and Greg
Zogg of the University of New England; and Michele
Dionne of the Wells National Estuarine Research Reserve.
Project Stakeholders: Saco River Corridor Commission,
Maine Department of Environmental Protection, the city
of Biddeford, the town of Saco, Saco Valley Land Trust,
local residents, Saco River Salmon Club, Southern Maine
Regional Planning Commission.

conservation practice to enhance their cooperation in
proactive planning.
The vernal pool team and collaborators are studying
how vernal pools are affected by activities such as urban
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development and forest practices. Private landowners,
local governments, developers, and regulators all have
interests that must be addressed while complying with
state and federal natural-resource-protection regulation.
This SSI project will contribute a roadmap to solutions
that combines discovering historical changes in land
use, analyzing the effects of development and forest
management on vernal pools, understanding the
economic impact of conservation of vernal pools on
landowners and communities, and assessing how the
vulnerability of pools affects decisions for local landuse management. As shown in Table 1, the human
dimensions for vernal pools are defined by a smaller
individual scale compared to lake projects, while the
consequences are important at a large statewide scale.
Ultimately, individual action (setbacks, zoning restrictions, avoiding fragmentation of the landscape), within
constraints imposed by governmental institutions, will
drive the cumulative solutions that will sustain vernal
pools in the landscape. Solutions in this project will
enable communities to better balance economic development with the conservation of natural resources on
private land and allow individuals to make decisions
about how to manage vernal pools on their land for
ecological and land-use goals.
SOLUTIONS

T

he goal of SSI is to help Maine communities and
people to find solutions to urgent problems at the
intersection of economic, social, and environmental
issues. Ultimately, findings from SSI research projects
help communities to make more informed decisions
about their future and also contribute to improved
public policy. At the same time, SSI aims to advance
the emerging field of sustainability science, which seeks
to meet the needs of current and future generations
without compromising the planet’s life-support systems.
Solutions arise from partnerships between diverse
stakeholders and researchers who together link knowledge with action (Cash et al. 2003; van Kerkhoff and
Lebel 2006) in a two-way exchange. The effectiveness
of different knowledge-action strategies varies with the
characteristics of the perceived problem or need. SSI
works to identify context-dependent best practices for
developing durable solutions. Context is important, for
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example, the role of the Army Corps of Engineers in
water resources differs from that of the Federal Energy
Regulatory Commission. This is also true of individual
stakeholders, governments, and other interested parties.
Projects employ a process in which researchers and
stakeholders collectively define a focal point. Sometimes this process can take a project in unanticipated
directions. Such interactions ultimately improve
communication, build trust, and strengthen collaboration. A good example is a project working with coastal
communities, where the solution process illustrates
both the flexibility of the SSI approach and the use of
new knowledge to solve water-resources problems. The
project team initially worked on planning for anticipated future climate-related sea-level rise. The original
plan involved coupling social research on knowledge,
attitudes, and perceived risks with scientific research to
define likely future hydrological states. An important
early finding from the social research was that the
future risks and uncertainties from gradual increases in
sea level were of less immediate concern to communities than the damage caused by the runoff from large
storm events. As a result, many coastal communities
helped to redirect research towards understanding the
needs and requirements to resize culverts to minimize
damage to roads and property from excessive storm
runoff. This stakeholder-informed programmatic
change was viewed by towns as a more important need
and desired solution, even though preparing for sealevel change remains a long-term challenge. (See
sidebar for a student spotlight related to this project.)
Sometimes the solution involves a public space
where diverse stakeholders can gather, learn, and deliberate. One such outcome has been a new building to
bring focus on the lakes. The coincidental establishment
of the new Maine Lakes Resource Center (dockstodoorways.com) provides a location for regional conservation
groups to meet and a venue for researchers to share
information about the health of the lakes and other key
findings with the public, such as best practices to maintain and restore lake-water quality. The Belgrade Lakes
team is taking advantage of this opportunity to get
involved in numerous activities ranging from field
research experience for undergraduates to water-quality
research. The learning center provides a physical focal
point to build even more connections with stakeholders.
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Alexander Gray

Masters Student, Ecology and Environmental Sciences;
Graduate Research Assistant, SSI

Other times solutions emerge from new information that contributes to improved public policy and
more informed individual and community decision
making. For example, SSI’s vernal pool project is
working with two Maine towns to develop model solutions that allow regulatory flexibility and help communities to plan development in ways that benefit people
and wildlife alike. The team’s findings will provide data
to help communities conserve natural resources, guide
development, and reduce uncertainty for landowners.
Ultimately, findings will be used to create management
policies that address the economic concerns of Maine
citizens while conserving significant vernal pools,
crucial habitat, and the amphibians and other wildlife
that rely on these important places.
Water resources are not just important to the
people of Maine. They also sustain the natural
resources that form the foundations of the state’s
economy through forestry, fisheries, tourism, and
recreation. Maintaining the form and function of
water in Maine’s landscape is one of many challenges
that must be faced in the 21st century. Just as water
moves across the landscape and connects people and
places, the solutions approach adopted in SSI joins
people and their landscapes in new ways to solve problems that are important today and into the future. In
this paper we have presented just some examples of the
work currently underway. Each of SSI’s water projects
has a place-based focus identified by stakeholder needs
and a plan for the types of solutions desired. The
approaches employed by SSI teams are building longterm relationships that will help continue this work
into the future. ACKNOWLEDGMENTS
This work was supported by National Science Foundation
award # EPS-0904155 to Maine EPSCoR at the University
of Maine. Numerous individuals, agencies, and organizations have contributed to the SSI projects described. The
dedication and hard work of the SSI team and partners
across many institutions, corporations, and governments is
acknowledged. The accomplishments are many and more
details on the breadth of involvement in SSI can be found
at www.umaine.edu/sustainabilitysolutions. Special thanks
to Jessica Jansujwizc for input on vernal pools and Emily
Peckenham for a critical review.

The Patriot’s Day storm of 2007 caused an estimated $45 million in infrastructure damage in Maine communities, according to the U.S. Geological Survey.
While such severe storms are uncommon, they are expected to become
increasingly frequent and intense due to climate change, and Maine’s coastal
communities are particularly vulnerable. Alexander Gray is part of a team developing a framework for solutions that will help these communities address their
particular challenges in adapting to climate change.
What problem are you working
to solve?
Our research focuses on the risks
that coastal communities face as
climatic conditions change, along with
the barriers that make adapting to
these changes difficult. We’re specifically looking at flooding from extreme
storms, which can cause costly
damage to local communities. Our
team is trying to understand the
problems associated with managing
storm-water runoff in a changing
climate and the local decision-making
processes in coastal towns.
Managing storm-water runoff is
not a straightforward process. First,
using “hard” solutions—making physical infrastructure changes—is expensive. Second, current climate science
and models are often too uncertain
and broad to be useful to local decision makers. We need to figure out
what information people need and
will act on in order to drive solutions.
What progress are you making
toward solutions?
We’ve surveyed coastal officials
and interviewed stakeholders
including county emergency management directors, a regional planning
director, a town manager, a town
administrator, and Maine Department
of Transportation staff to understand
how they view the problem of stormwater runoff and how they’ve been
managing it.
We’ve learned that coastal
communities experience different
types of damage during storms. For
example, in Lincolnville, when heavy

rains flood lakefront properties, the
town must ask the downstream town
of Camden to open a dam to lower
water levels. This usually causes
flooding in Camden’s downtown riverfront buildings, so the town is often
reluctant to open the dam. In Portland,
downtown flooding is the result of
culverts that are too small to handle
the runoff from severe storms. The
city wants to fix the culverts, but
limits of federal assistance further
strain limited municipal resources.
Our findings so far have made it
clear that solutions need to be based
both on the particular problems and
the type of community, for instance, a
small rural town versus a city. In addition, information to solve these problems needs to be specific to each
community in order to support its
decision-making process.
How could your findings contribute
to a more sustainable future in
Maine and beyond?
By studying how coastal communities prepared for, and were affected
by, extreme weather like the Patriot’s
Day storm of 2007, we can begin to
understand how decision-support
tools and information tailored to
specific locations can improve
community resiliency to storms.
A more sustainable Maine is one
in which decisions today don’t
adversely affect the generations of
tomorrow. Our findings could provide
insight into current decision-making
processes and how those processes
might change to create more sustainable solutions for the future.
—Kim Ridley
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Research for
the Sustainable
Development
of Tidal Power
in Maine

Generating electricity from Maine’s substantial tides
has been a dream for generations. Today, as Teresa
Johnson and Gayle Zydlewski describe, the state is
poised for a new era in sustainable tidal-power development. A pilot project is already underway in the
Cobscook Bay/Western Passage area near Eastport and

by Teresa Johnson

Lubec. Tidal-power development presents technical,

Gayle B. Zydlewski

environmental, and social challenges, however, and
the authors discuss how the Maine Tidal Power Initiative is working to develop a cooperative framework
that integrates stakeholders, developers, and policymakers to tackle some of these challenges.
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Tidal-power develINTRODUCTION

S

ustainable energy futures will require a diversified portfolio of alternatives (Bosetti et al. 2009;
IEA 2010) that are carbon-free and environmentally
acceptable. The energy crisis of 2008 brought to the
forefront Maine’s dependence on natural gas and
other fossil fuels for home heating and transportation and pointed to the need to reduce this dependence to protect the economic well-being of the
state. Currently, Maine’s electric generation capacity
is dependent (~60%) on natural gas, oil, and coal,
none of which is indigenous to the state (OETF
2009). With the need to make serious choices about
its energy future, the state of Maine considered its
renewable portfolio standards in 2009 and decided
to include a focus on the potential for ocean energy
resources. The state enacted legislation to aggressively
pursue a multifaceted strategy to diversify its energy
portfolio with a variety of indigenous resources,
committing to prepare for offshore wind, tidal, and
wave power. While the technology for offshore ocean
wind energy remains decades away, tidal power is
currently feasible at the small-scale level, and commercial technologies are developing rapidly.
The need to sustain the Gulf of Maine’s biological
resources and existing marine uses while pursuing
energy resources was a priority for the Governor’s
Ocean Energy Task Force (OETF). As such, one of the
six subcommittees of the task force considered natural
resources and human uses of the marine environment
as potential challenges for ocean energy development
and aimed to identify the best path forward to guide
decision making about this new technology. Two of the
largest challenges identified were the lack of knowledge
about our ocean resources (baseline information) and
the interaction of ocean energy development with
other uses of the marine environment. The task force
recognized the need to identify, manage, and resolve
potential conflicts through early consultation and
collaboration. A shared understanding of the proposed
technology, how and where it would be deployed, and
related cost considerations were recognized as critical
components of the discussion.
Much uncertainty still exists concerning the risks
and benefits of developing ocean energy (see the urgent

call for research by Inger et al.
opment is new and
2009). Marine hydro-kinetic
(MHK) energy captured from
presents a different
tides, also called tidal power, is
carbon-free, but environmental
suite of potential
impacts of MHK devices remain
uncertain. Furthermore, power
effects than does
generation from the tides is
restricted to areas of the globe
conventional riverthat have tidal currents fast
enough to generate power, e.g.,
based hydropower.
peak currents of >2 m s-1
(or four knots) in areas with
semidiurnal tides (Polagye et al.
2011). Areas in the United States
with sufficient tidal energy include the Gulf of Maine,
Puget Sound, and Cook Inlet, Alaska. Tidal-power
developers have targeted these areas for innovative
design and deployment.
The major challenges and uncertainties related to
tidal-power development include, but are not limited
to, assessing environmental impacts, resource availability, technology efficiencies, community acceptance,
and social-economic impacts. Tidal-power development
involves complex interactions among biophysical and
social systems, along with the intersection of the
emerging technological components with the biophysical and social. Understanding the implications of these
interactions is necessary for decision making and
moving this technology forward in a responsible way.
Regulators and developers must balance the uncertain
consequences to marine resources and the environment
in their decisions for advancing this industry. Tidalpower development is new and presents a different
suite of potential effects than does conventional riverbased hydropower. For this reason, federal and state
agencies are taking a cautious approach, requiring
rigorous environmental research and monitoring before
approving permits. Entities proposing tidal-power
development need assessments of potential environmental effects and impacts to obtain permits for pilotscale deployments. They also need to monitor effects of
pilot deployments to obtain licensing for commercialscale deployments.
At the intersection of biological resources and
community acceptance are fish communities and the

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

Volume 21, Number 1 · Maine Policy Review · 59

Tidal Power Development

human communities that depend on them. Local
communities are concerned about potential detrimental
effects on their current uses of the marine environment,
e.g., disruption of fishing activities or degradation of
fish populations. Maine’s marine resources are important to its people, culturally and economically. Maine’s
working waterfronts generate more than $740 million
in income and support more than 26,000 jobs
(Sheehan and Cowperthwaite 2004).
In this article, we present our integrated, stakeholder-driven research approach aimed to promote the
sustainable development of tidal power. To illustrate
the effort being developed by the Maine Tidal Power
Initiative and Maine’s Sustainability Solutions Initiative
(SSI), we focus here on the integration between the
human dimensions and biological research.

…the Maine Tidal Power Initiative...
is developing a cooperative tidalenergy-development framework that
integrates stakeholders, developers,
and policymakers....

MAINE TIDAL POWER INITIATIVE

I

n response to the growing demand for knowledge
necessary to develop tidal energy, an interdisciplinary
team of engineers, biologists, oceanographers, and
social scientists from the University of Maine and
the Maine Maritime Academy are collaborating
with tidal-power developers and state and federal
regulators to promote the responsible development of
tidal/marine hydrokinetic (MHK) energy. Organized
as the Maine Tidal Power Initiative (MTPI), this group
is developing a cooperative tidal-energy-development
framework that integrates stakeholders, developers, and
policymakers in environmentally sensitive, multi-use
coastal communities. Although our work is focused
primarily on the efforts in eastern Maine, we are also
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working with several smaller sites that are in earlier
stages of development.
Vital to the MTPI framework is the importance of
tailoring to the local social and ecological conditions
of each renewable energy site and how energy resource
development may be guided by principles that ensure
broad, sustainable benefits to all citizens. These principles must be rooted in a solid understanding of the
natural environment, state-of-the-art and well-suited
technologies, sound economic returns, and broad social
acceptance. Although the work of the MTPI will be
transferrable throughout Maine and the U.S., our sitespecific work is focused currently on Cobscook Bay/
Western Passage near Eastport and Lubec, Maine,
possibly the most viable commercial tidal energy site
in the U.S. The team is investigating the potential for
additional MHK deployment locations in Maine.
Taking SSI’s sustainability science approach, which
recognizes that responsible tidal-energy development,
requires developing linkages and capturing feedback
between social, engineering, and biophysical systems,
MTPI brings together multiple disciplines and integrated research components. MTPI’s seafloor geomechanics team is researching solutions and options for
efficient and robust foundations for both fixed-bottom
and floating tidal-energy devices. Using local information about sediment types, they are considering the
complex lateral loading from currents and scour and
sediment transport around foundations using experimental modeling.
The resource assessment team is researching
the commonality and uniqueness of targeted MHK
developments worldwide. Water current data collected
at specific sites are used with modeling methods to
assess MHK tidal resources, documenting the accuracy
and uncertainties associated with different methods,
and assessing the impacts of energy extraction on
hydrodynamics.
The turbine engineering team focuses on characterizing baseline MHK systems to provide industry
benchmarks to evaluate and compare emerging turbine
technology with regard to energy-extraction performance. This focus includes the laboratory design and
testing of standard turbine types and the development
of experimentally validated design codes to assist the
design of new turbines.
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The fish assessment study team uses innovative
field methods to determine the effects of MHK devices
on fish, particularly their behavior and water column
distribution. Multiple gear types and approaches are
deployed at potential tidal project and control sites
to develop models and protocols that allow industry,
management agencies, and stakeholders to make
informed decisions.
With funding from SSI, the human dimensions
research team is engaging local groups and individuals
to investigate factors that influence public support.
By doing this they are identifying effective and efficient
engagement practices that allow stakeholders to shape
the direction of research on MHK device development
and make informed decisions about MHK development in their communities and beyond, while at the
same time improving the use of research in future
energy policy making.
IDENTIFICATION OF INDUSTRY AND
REGULATORY NEEDS

T

he fish assessment study team of MTPI has been
stakeholder driven from the beginning. While
formulating plans for tidal-device development and
deployment in Eastport, the Ocean Renewable Power
Company (ORPC) identified the need to consider
the potential impacts of their activities on fishes,
from both a technical and permitting perspective.
Mechanical engineering colleagues at the University of
Maine pointed ORPC in the direction of the School of
Marine Sciences where there existed interest and expertise to help. With funding from the U.S. Department
of Energy, within the newly formed MTPI, the fish
assessment study team began identifying approaches to
address the highest priority questions concerning fish
interactions and responses to proposed ORPC devices.
Although ORPC started discussing permitting
requirements with the Federal Energy Regulatory
Commission, they had not yet started discussions with
state natural resource regulatory staff charged with
making decisions regarding deployment. Recognizing
the difference between conventional hydropower devices
and the open design of ORPC, the fish assessment study
team designed a scientific approach (within budgetary
constraints) to understand these basic questions:

• How do fish interact with an open design
tidal device?
•	Where and when are fish in the water column
(particularly at the deployment depth of the
device)?
• How does the tidal device affect fish distribution in the water column?
Methods included using sound to document fish
distribution in the water column at all tidal stages, over
multiple seasons at two sites (the planned deployment
site and a control site), before and after a device would
be deployed. The objective was to document the spatial
and temporal changes in fish distribution in the region
of a deployment of atidal device.
University of Maine scientists attended multiple
meetings among ORPC and state and federal regulatory agencies (Department of Marine Resources,
Department of Environmental Protection, Department
of Conservation, Department of Inland Fisheries and
Wildlife, U.S. Fish and Wildlife Service, and the
National Oceanic and Atmospheric Administration).
The MTPI fish assessment study team’s approach to
assessing tidal devices was discussed and adjusted to
address the questions of the regulatory agencies. For
example, all agencies agreed that low fish abundance
in the winter months could not be assumed and that
information on fish presence and distribution would
need to be collected year round. The team worked
with ORPC to identify and secure funding to conduct
sampling during all seasons rather than only the seasons
that were expected to have high abundance of fishes.
In these meetings, regulators raised concerns about
larger scale impacts. While the planned research would
provide site-specific information about fish distribution
in two locations, there was a question about fish presence and distribution in areas that were in the bay but
not near the turbine (we call these “far-field” effects).
Since little is known about fishes of Cobscook Bay,
we needed to understand fish communities of the bay
before one (or an array of ) tidal devices would be
deployed. Again, ORPC asked our fish assessment
study team for an approach to this question and worked
to secure funds to address the questions of bay-wide fish
community impacts. Research began in spring 2011.
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BOOTS ON THE GROUND: IDENTIFICATION
OF COMMUNITY NEEDS

A

s stated earlier, there is a complex interplay of
the biological (fish) community and local human
community needs. Therefore, we initiated a study to
understand the Eastport and Lubec community perceptions about the state of tidal-power development in
the region. To facilitate this, we partnered with the
Cobscook Bay Resource Center and the University of
Maine Sea Grant and Cooperative Extension to identify stakeholder concerns and experiences related to
tidal-energy development in eastern Maine. We were
concerned with the community’s broad perceptions
and experiences related to tidal power. Not surprisingly,
we were also interested to understand the work of the
ORPC because it is currently the tidal project that is
furthest along in this region and the Ocean Energy
Task Force identified it as a community-based engagement model.
With our research partners, we set out to interview
individuals in the community to ensure our research
was informed by a diversity of stakeholder perspectives.
We interviewed a total of 38 individuals representing a
wide range of stakeholders from the communities
around the Cobscook Bay. The majority of the stakeholder interviews were not recorded, but detailed notes
were taken and then analyzed to better understand
perceptions and attitudes about on-going stakeholder
engagement efforts in the community, perceptions of
potential positive and negative impacts, questions or
concerns about tidal-power research, and familiarity
with MTPI researchers and their research.
Community members were interested to learn
more about tidal-power development; the majority
of respondents interviewed (71 percent) stated that
there were some aspects of tidal power that they
would like to know more about. When asked what
they would like to know more about, most expressed
having questions about environmental impacts
(including impacts to fish and other fauna) and issues
related to tidal-power technology (including questions
about the specific models being tested in the area,
those available globally, and the ability of these devices
to produce power). Other questions centered on
uncertainties about the potential energy and economic
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benefits that tidal power may provide. We found
similar results when we asked stakeholders specifically
what they thought researchers should be studying.
Understanding environmental impacts topped the
list of what researchers should be studying related
to tidal power. More interestingly, however, was that
70 percent of respondents reported that they did
not know what University of Maine researchers were
studying related to tidal power. As one informant
noted: “We know they are studying …we don’t know
what they are doing.” This suggested to us an opportunity to do a better job communicating our research
in the community.
Fortunately, stakeholders provided valuable recommendations for how to better share our findings with
the community. Most people identified public meetings
as an appropriate forum, including formal briefings to
stakeholders and public officials. Other more informal
communication strategies were also suggested, such as
face-to-face meetings and community gatherings.
Respondents also recommended we write short articles
in the local and state newspapers, such as the Quoddy
Tides and the Bangor Daily News, and provide information through a public website.
In addition to these suggestions for where to
communicate our results, we received valuable suggestions about how we should communicate (i.e., style).
Most recommended that we be sure to communicate
the results to a broader, nonscientific audience; for
example, one individual expressed the importance of
communicating publically funded research in a way
that the public can understand: “Publically funded
research needs to be passed to the public in such as
way that their eyes don’t glaze over.” Similarly, another
respondent explained:
maybe seeing those reports or a non-techno
version of those reports in layman’s terms to
explain what they are doing and how they
are doing it, and what they are collecting,
and what they are finding out, and even the
questions they are asking and the answers
they are finding….
Others emphasized the need to disseminate the
information broadly and informally to the local
community:
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Boots on the ground is the best way. People
associated with the project talking directly
to people….The information can’t just be
given to a select few because they may not
spread the word….Just talk directly with
people like at coffee shops and bars. That’s
how information is delivered locally.
It is interesting to note that many of the suggestions we received are not unlike the way stakeholders
describe the approach that ORPC used in getting the
word out about their project. One respondent
suggested we might follow a similar approach:
The way it’s been done so far by ORPC is
a collaborative effort and that is good. You
have to talk to local people on their level.
Local people need to be made comfortable.

sending invitations with hand-written notes to key
individuals and advertising the meeting in the local
paper, the Quoddy Tides, as had been suggested to us.
A total of 13 people attended our meeting and provided
suggestions and details on sites to sample. To facilitate
two-way communication, we spent most of the meeting
working in small groups, discussing the kinds of fish we
would likely find in different parts of the bay and how
we would or would not likely find them depending on
when and how we sampled. The conversations were
invaluable; we were able to modify our research design
to improve the success of our effort. Keeping with the
stakeholder-engagement model, we plan to return to
the community in the winter to present the findings
from our first year of sampling and solicit additional
feedback about our approach as we move forward.

We intend to make use of these and other valuable
suggestions as we move forward with our research in
hopes of achieving the broad goal of improving the linkages between knowledge and action. For example, we
have already developed a website for sharing our work
with the public (http://umaine.edu/mtpi/overview/).

Better information conveyed to the general
public, especially to local community
members, is key to allowing productive
dialogue and decision making about the

FINDING FISH: RESPONDING TO
COMMUNITY CONCERNS

A

rmed with the knowledge of what community
members wanted to know and how they wanted
to receive information, we decided to tailor our
research on the impacts to the bay-wide fish community (requested by the local regulatory agencies) to
involve community members, particularly fishermen,
more directly. Because we want to better understand
the fish community in Cobscook Bay, a logical start
to the study was to use local knowledge. We discussed
our knowledge gap and needs with local fishermen
and identified a place-based approach to achieving
our goal of engaging with the fishing community in a
two-way exchange of information about the fishes of
Cobscook Bay. Our plan was to gather their knowledge to determine sampling locations and they would
receive information from us regarding the fish in
their backyard. Following recommendations from our
community interviews, we organized a local meeting,

risks and benefits of tidal power.
Following SSI’s approach, we are working with
federal and state regulatory agencies, tidal-power developers, and community stakeholders to better link our
research to their needs. By engaging the users of the
information we are being asked to provide, we are
improving the chances that our research results will be
more relevant to the decision-making processes that our
stakeholders face, whether the stakeholder are developers interested to know if they should bother to
develop in a location or regulators who need to make
decisions about these projects on behalf of the public.
Better information conveyed to the general public,
especially to local community members, is key to
allowing productive dialogue and decision making
about the risks and benefits of tidal power. -
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Top 10

Ways SSI Is Using Tools
to Work
across Disciplinary Boun
daries

Models: Using coup
led social-ecologica
l-eco
simulations to unde
rstand, predict, protec nomic
t, and enhance
Maine’s unique herit
age, such as
• Social network an
alysis
• Bayesian belief ne
tworks and future sce
narios
• Agent-based mode
ling
• Species-niche mo
deling
• Mediated modelin
g and participatory
mapping
• Water-flow models
Social science metho
ds: Using mixed-meth
(quantitative and qu
ods
alitative) to underst
and, predict,
protect, and enhanc
e Maine’s heritage, su
ch as
• Participant observa
tions
• Targeted focus gro
ups
• Interviews (structur
ed, semi-structured
)
• Surveys

Citizen science: Expa
nding and educating
for improved
science outcomes
Economics-based ex
pe

rimental games
Paleo-reconstruction
to
landscapes and distur better understand historic
bance regimes
Maps for improved
and long-term decis
ion making.
Enzyme, isotope, an
d dissolve organic ma
tte
to understand lands
cape effects on water r analyses
Molecular population
genetics analysis
High tech tools, e.g.,
innovative radar tag
s for tracking
movements of amph
ibians or other small
-bodied
organisms and autom
ated loggers for wa
ter level
Low-tech tools, e.g.,
“One Orange,” a stop
watch and
tape measure for str
eam flow.
“Top 10” lists provide a
synthesis of common the
mes, methods, strategies
within SSI and reflect the
and outcomes
collective input of more
than 30 SSI faculty and
students.
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Place-based
Approaches to
Alternative Energy:
The Potential for Forest
and Grass Biomass for
Aroostook County

Teams at the University of Maine Presque Isle and
the University of Maine at Forth Kent are engaged in
evaluating the potential for forest and grass biomass
energy in Aroostook County, funded through Maine’s
Sustainability Solutions Initiative. Jason Johnson
and Soraya Cardenas discuss how this potential

by Jason Johnston

is being evaluated and the possible ways in which

Soraya Cardenas

expanding grass and wood biomass might benefit
farmers and residents of The County. They suggest
that using some of Maine’s farmland for fuel might
be sustainable with appropriate management and
with consideration for potential environmental and
socioeconomic drawbacks.
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U

sing biomass as a heating source in Aroostook
County is not new. Families in northern Maine
used wood to heat their homes long before the current
heavy reliance on oil. According to Dan Vaillancourt
(personal communication, December 28, 2011), CEO
of Daigle Oil, the average Aroostook County consumer
uses about 600 to 650 gallons of oil, which at current
prices is $2,000 to $2,500 dollars of a family’s annual
budget. Vaillancourt contends that the impact of high
oil prices has been kept partially in check because of
new, more efficient furnace and boiler technologies and
conservation efforts by consumers who have lowered
their thermostats and increased home insulation to
keep costs in check. Despite these efforts, oil prices
remain uncertain and their impact on family budgets
a continuing concern. In 2008, the annual average
cost of a barrel of oil surged to $91.48, its highest
level since the energy price spike of 1980 (Inflation
Data 2012). Though prices then declined, they have
begun to climb anew. This high cost of oil is especially
burdensome to the residents of Aroostook County, one
of the poorest in Maine, with an average household
income of $34,868, which is $10,000 below the state
average and $15,000 below the national average (U.S.
Census 2010).
But now the potential for biomass to help reduce
The County’s dependence on high-priced foreign oil,
while boosting the local economy, is a major emphasis
of community and regional economic-development
efforts. In 2010, the Northern Maine Development
Commission (NMDC) and Aroostook Partnership for
Progress commissioned an analysis of potential energy
alternatives for northern Maine and concluded that
biomass offered greater economic opportunities than
wind power (ViTAL Economy Alliance 2010).
According to Michael Eisensmith (2011) of the
NMDC, a 2010 survey found that 5.9 million gallons
of fuel oil are consumed each year in Aroostook
County, at an annual cost to consumers of $18.8
million dollars, only $4.2 million dollars of which
was retained in the region. In comparison, using the
45,000-ton regional capacity for pellets would result
in more than $11 million dollars of retained wealth.
With the incentives of high energy costs and a
biomass resource base unrivaled in the eastern U.S.,
Aroostook County planners, businesses, communities,

…the potential for
and public institutions are
biomass to help
pursuing local biomass as a
way to reduce energy costs and
reduce The County’s
develop the predominantly
natural resource-based economy.
dependence on
With the aid of the American
Recovery and Reinvestment
high-priced foreign
Act (ARRA) of 2009, 22 public
institutions in Maine have
oil, while boosting
converted oil boilers to wood
pellet or biomass boilers with
the local economy,
grants from the U.S. Forest
Service, with several of these
is a major emphasis
in Aroostook County. Under
ARRA, new heating systems
of community and
have been installed in Fort
Fairfield, Madawaska, Limestone,
regional economicand Houlton public schools. The
Northern Maine Medical Center
development
also received a grant to install a
10-million-BTU biomass heating
efforts.
system. Three of the areas institutions of higher education,
Northern Maine Community
College, University of Maine at Fort Kent (UMFK),
and University of Maine at Presque Isle (UMPI), also
updated boilers to either biomass or pellets. All told the
biomass-boiler projects completed or under construction in Aroostook County are projected to save roughly
$2.1 million annually.
In addition to these savings, which will benefit
local taxpayers, the local economy will also benefit.
Any loss of oil revenue will be offset because 78 percent
of money spent on pellets and wood chips remains in
the local economy versus only 22 percent for oil
(NMDC, personal communication, 2012). According
to an article by Jen Lynds in the November 14, 2011,
Bangor Daily News, the biomass heating system at
Northern Maine Community College is expected to
provide heat for nearly 70 percent of the total square
footage of campus buildings. The new heating system
at UMPI will heat the campus’s two main teaching
buildings, by burning approximately 100 tons of pellets
per year, with an estimated cost saving to the university
of $37,500. This project combines with new solar
panels on the roof, a variety of energy efficiencies, and
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previously installed heat pumps—systems that complement each other to add further energy savings. Projects
like these that reduce both costs and carbon footprint
are intended to serve as demonstrations of comprehensive energy systems for other public and private facilities.
Significant resources are being directed at these
conversion efforts, going beyond one or two buildings.
An article by Julie Daigle in the Fiddlehead Focus
on November 7, 2011, states that UMFK and Maine
School Administrative District (MSAD) 27 secured
two grants totaling more than three million dollars
under the leadership of UMFK’s Center for Rural
Sustainable Development, headed by Brian Kermath.
The Maine Department of Conservation and federal
stimulus funds grant totaling $500,000 will help
convert UMFK’s two largest facilities to a single
biomass heating system, and the U.S. Department of
Agriculture High Energy Cost Grant for $2.6 million
will allow for the construction of a biomass heating
system with a single boiler for nine buildings on the
UMFK and Fort Kent Community High School
campuses. According to the May 24, 2011, Fiddlehead
Focus article by Andrew Birden, Kermath states “the
projects will be good for the local economy, the environment, and the University’s bottom line, if managed
sustainably and they will help educate the larger
community on critical energy issues.”

…energy [is] clearly the most pressing
concern to the Aroostook River
watershed in terms of ecological,
sociological, and economic importance.
What remains to be seen is if conversion to local
biomass for heating can be sustained without federal
stimulus money. For example, Caribou is also assessing
the feasibility of a city-wide district heating system that
would use biomass as an energy source. It is seeking
funds for an engineering analysis to determine the
mechanical feasibility of connecting several buildings
to the network (NMDC 2004). In a conversation with
68 · Maine Policy Review · Winter/Spring 2012

Caribou town manager, Steven Buck, he points out
that Caribou High School’s conversion to wood chips
was done on cost-savings alone, with no tax increase.
With $242,000 in savings per year, the $2.7 million
project will be paid for within 11 years.
Interest in using woody and perhaps grass biomass
for local heat, electricity production, and industrial use
is apparent in the minutes at meetings of the Biomass
Working Group, which has been convened by the
NMDC. This collection of industry, policy, municipal,
academic, and government representatives has been
exploring options for economic development through
local biomass use and production for more than two
years. As the development of a local biomass economic
sector has proceeded, many new questions have
emerged. Is there enough wood to supply a growing
industry? Is it feasible to use agricultural land to grow
biomass, and are farmers interested? Does support
for crop conversion exist in the farm community?
Are furnaces and boilers limited to certain kinds of
biomass? How much agricultural and forest land is
potentially available for biomass production? How
do we educate community members about the many
questions and issues raised by biomass energy?
Finding answers to these and other questions is
the impetus for two research projects that are part
of Maine’s Sustainability Solutions Initiative (SSI).
Through a National Science Foundation grant to
Maine EPSCoR, UMPI and UMFK have begun to
conduct research directly linked to their local communities. By engaging a variety of stakeholders from the
inception of their research, the institutions are planning
to accomplish one of the central goals of this SSI
project—to help bring “knowledge to action.” Both the
UMPI and UMFK projects address biomass as a potential source of local energy and economic development
for Aroostook County. UMPI focuses on the potential
for production of grass biomass on currently underused
land, within the Aroostook River watershed. UMFK’s
work, though in some ways parallel to UMPI’s, specifically focuses on Fort Kent, a St. John Valley community, in an effort to implement economic and life-style
changes. The idea is that insights from these changes
will be shared with other Aroostook communities.
Ultimately, both projects will contribute to assessing
the feasibility, scale, and extent of Aroostook County’s
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developing biomass initiatives. It is hoped that this
work will benefit residents through cost savings and
stimulation of local economies, while addressing potential negative impacts of shifting land-use practices.
UNIVERSITY OF MAINE-PRESQUE ISLE
AND GRASS BIOMASS

W

hen the research team at UMPI began to
consider options for an SSI project, energy was
clearly the most pressing concern to the Aroostook
River watershed in terms of ecological, sociological,
and economic importance. The interest among UMPI
researchers linked nicely to a project already underway
through the leadership of University of Maine
Cooperative Extension’s (UMCE) Andrew Plant that
involved the exploration of grass biomass for energy.
The UMPI team began to focus on research collaboration with UMCE to evaluate the feasibility of grass
biomass for the region. As this article lays out, this
project typifies both the challenges and opportunities that SSI is attempting to address. The challenges
concern how to collect and create knowledge that will
be useful to local stakeholders. We have embraced the
opportunity to transform academic research from its
typical outlet in peer-reviewed journals to “boots on
the ground” research, stakeholder engagement, and
recommendations that actually are implemented.
The UMPI team’s research approach involves identifying potential land and landowners, assessing likely
ecological impacts, connecting interested stakeholders,
conducting economic assessments, and examining how
knowledge of the past can be a tool in leading discussions of future land use change. Chunzeng Wang (earth
and environmental sciences) is using a combination of
satellite imagery, aerial photos, ground-truthing, and
tax maps to determine potential land area for grass
biomass production. While some of these lands may
currently be in row-crop production, the primary focus
is on hay, fallow, or old field habitat. Although
Aroostook still has the most agricultural land of any
county in Maine, its cultivated acreage has declined
by roughly 200,000 acres (about 50 percent) since the
1940s, when potato production peaked at 219,000
acres (Robin Helrich, personal communication, January
13, 2012). There are currently 205,000 acres of total

farmland, with 126,000 acres currently planted in
potatoes, grains, or broccoli. While 28,000 acres are
enrolled in the Conservation Reserve Program, another
67,000 acres remain idle (ViTAL Economy Alliance
2010). A considerable portion of underused land is
mowed biannually to prevent forest succession. To
obtain an accurate assessment of these lands, the final
GIS database will identify suitable plots, current land
use, ownership, and landowner interest in providing
fiber for biomass.
The grass biomass project captivated the UMPI
group’s attention because of its potential to benefit
from currently underused land, but also because there
was the potential for ecological benefit. Often “development” and “ecological sustainability” are seen as
antithetical, but converting crop or old field habitat
into grasslands harvested late in the season may provide
some benefit to grassland birds—among the most
threatened species of birds in the Northeast and U.S.
(Vickery and Herkert 2001). For this reason, Johnston
(wildlife ecology) has been leading research into the
habitat potential of grasslands for common and threatened grassland birds. By measuring food availability,
physiological condition, and bird abundance of 14
grassland bird species in five different grassland habitat
types, Johnston will be able to evaluate the amount and
quality of current and potential habitat for these birds.
State-threatened species such as the upland sandpiper
are only encountered in large, open agricultural areas,
such as those in Aroostook, the blueberry barrens of
Washington County, or preserves and airfields. Even
if biomass grass fields are not equivalent to preserves,
they may still offer habitat that is not currently
afforded by row-crop farming. While a variety of native
and non-native grasses are being explored for production, some concern remains over the invasiveness of
reed canary grass, especially if planting expands to
thousands of acres. Thus, by monitoring current and
past reed canary grass plantings, Johnston and his
student researchers will investigate its ability to disperse
into and dominate adjacent habitats.
There are several challenges in exploring this potential energy source. Are landowners interested? Is there a
market for the product? Are new commercial enterprises
needed for getting product to market? How do all the
potential stakeholders connect with one another?
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University researchers are playing a critical role in
addressing these questions and coordinating to help to
evaluate potential economic development opportunities
that might otherwise not get off the ground. For
example, many small non-farmer landowners may have
an interest in growing grass for biomass but do not
possess the necessary equipment or expertise. There
may be interested farmers, but they may not have the
ability to harvest the biomass if the timing conflicts
with the potato harvest. Municipalities may have
interest in encouraging this development in their town,
but lack the GIS capability to compile a townshipscale map and a plan that would assist in this effort.
Therefore, to bring together diverse stakeholders interested in grass biomass, our university research team is
using meetings, outreach, and survey instruments to
evaluate interest, feasibility, and logistical concerns.
By providing information to landowners, potential
custom operators, municipalities, and others, we can
provide a clearer path for them to evaluate their potential involvement in grass biomass production. This
outreach is being conducted by David Putnam of
UMPI and David Vail of Bowdoin College.
A final component of feasibility analysis is assessment of economic feasibility. Plant has already created
a farm enterprise budget, and Vail will expand on this
work to evaluate costs, revenues and risks to additional
types of stakeholders, such as non-farm landowners,
custom haying operators, and bulk transport businesses. He will also evaluate impacts on local employment and economic activity, building on ViTAL
Economy’s previous modeling.
Whether or not grass biomass ever reaches a scale
of thousands of acres in Aroostook County depends
largely on potential economic gain to three types of
stakeholders: landowners, pellet fuel manufacturers/
distributors, and end users. How people view the land
and what it should be used for, however, plays a part
in their willingness to convert to a new land use. One
way we plan to engage stakeholders in discussions of
whether to grow grass for biomass is to have them
consider the history of land use in our region. As the
foundation for this dialogue, Kimberly Sebold (history)
is conducting historical analyses based on agricultural
censuses, population censuses, and other historical
records. She is developing a comprehensive database of
70 · Maine Policy Review · Winter/Spring 2012

past agricultural land uses in the town of Fort Fairfield.
We will use these histories to engage people in imagining the future landscape of our region. We will
combine current and historical data to create a variety
of alternative future scenarios (e.g., McCloskey,
Lilieholm and Cronan in review), to inform a participatory land-use planning process.
We anticipate many useful outcomes from this SSI
research project. They include (1) a map and analysis
of potential areas for grass biomass development along
with identification of interested landowners; (2) an
assessment of ecological risks and opportunities of
conversion to grass biomass; (3) management guidelines and plans for non-farmer landowners, farmers,
and municipalities; (4) an economic analysis and feasibility study; and (5) an overall analysis of past, present
and potential future land uses for the agricultural
portion of the Aroostook River watershed. By
providing comprehensive place-based knowledge, we
hope to arm stakeholders with the capacity to decide
whether grass biomass fits within their own management plans. Regardless of whether this leads to thousands of acres of grass for biomass, the research and
participatory activities will provide local stakeholders
with both the knowledge and perspective to decide the
most appropriate and sustainable uses for their land.
The fact that UMPI and UMFK independently
selected renewable energy production for their SSI
work underscores how prominent this topic is from
both academic and societal perspectives. The teams are
using an interdisciplinary approach that considers both
scientific and socioeconomic factors. While UMPI is
considering primarily grass biomass, UMFK is considering a range of renewable local sources.
UNIVERSITY OF MAINE-FORT KENT
AND LOCAL BIOMASS

T

he focus of UMFK’s research is geographically
narrower and more applied, looking specifically
at the impact on the Fort Kent community of implementing both wood and grass biomass as a supplementary heating source. UMFK’s research team is in
its second year of the SSI project. The team is made
up of an interdisciplinary group of researchers, which
includes biologist Kim Borges, forestry professor Dave
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Hobbins, psychologist Kurt Holzhausen, and environmental sociologist Soraya Cardenas. The team is
investigating whether biomass production can help
to reduce heating costs and stimulate the economy in
Fort Kent, through the development of a place-based
research model. Can land owners produce enough
biomass to fuel a community and could any additional
product be sold elsewhere? Are farmers and woodlot
owners interested in producing biomass? What are the
risks for farmers and woodlot owners? Are residents
and businesses alike interested in supplementing or
replacing their primary heating source with biomass?
Are there retailers of biomass equipment and how
accessible is it to residents and businesses?
Before these questions can be addressed Borges
and Hobbins must first determine the availability of
land for biomass conversion. Through a GIS analysis,
Hobbins has begun to outline the potential boundaries
for woodlot and agricultural production for biomass
products. Borges has begun to assess actual land use
through ground-truthing methodologies. She also will
determine the most appropriate biomass crops, looking
at potential risks such as crops that may be invasive
species and may have sensitivity to low temperatures
and high moisture. Once Borges and Hobbins have
determined the availability of biomass, they will
provide a calculation of the land area available for
production and the potential maximum biomass yield
for the Fort Kent area.
Though a maximum calculation for grass biomass
may be determined, there are economic and social
factors that may affect feasibility of growing biomass
use for heating. According to Plant, some biomass
furnaces and boilers are restricted to wood pellets, relegating grass biomass primarily to commercial or industrial use, or as part of a manufactured product that is
predominantly wood. Farmers also may be slow to
transition from potato to grass biomass crops because
of lower revenue compared to potatoes. According to
Plant, despite lower annual input costs to farmers to
grow grass crops, farmers may still be slow to transition
because of cultural ties and familial traditions. Many
farmers from The County have a long history of
growing potatoes and other traditional crops such as
buckwheat. Potato harvest is so ingrained in the
community culture that festivals such as Fort Kent’s

Scarecrow Festival and Fort Fairfield’s Potato Blossom
Festival highlights the region’s annual cultural events.
Throughout Aroostook County many elementary and
high schools still close for two to three weeks to
provide workers for the potato harvest. Further limiting
the economic feasibility of grass biomass are the transportation costs associated with moving the crops to the
pellet plants. Thus, Plant has explored the possibility of
a mobile pellet plant and shared operating costs
between farmers, which may provide incentives to tap
into a potential growing market as technology begins
to adapt to the availability of renewable resources.

The fact that UMPI and UMFK independently selected renewable energy
production for their SSI work underscores
how prominent this topic is from both
academic and societal perspectives.
To fully capture the complex social and economic
consequences of converting a community to biomass
from oil, Cardenas and Holzhausen have begun to
interview focus groups in the Fort Kent area. These
focus groups consist of business owners, retailers of
biomass equipment, biomass distributors, and
producers. In addition, residential occupants were
interviewed during the 2010-2011 academic year with
the assistance of undergraduate students in Cardenas’s
“Rural Societies” class, and four UMFK interns, Travis
Nadeau, Sandy Mosquera, Shannon Berube, and
Amber Garrison.
Cardenas and the students found that socio-demographic factors along with cultural influences affected
homeowners’ decisions to use alternative heating
sources. A total of 20 women homeowners who are
current residents of Fort Kent were interviewed, with
ten being not originally from Maine (and not previously living in an urban or suburban area) and ten
being originally from the St. John Valley or with close
family ties to the community.
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Among the findings were that many of the women
who were not originally from the Valley came from
higher income and educational categories and these
demographic factors appeared to have affected some
of their choices for heating. Some of them reported
preferring oil to wood because it was not messy and
they didn’t have to think about it. As one respondent
put it: “Yeah, I do not want to do wood, it’s messy….”
Some suggested that as long as they could pay
for the oil, they preferred not to invest in alternative
sources. On the other hand, others with lower economic
means reported that they would consider alternative
sources, but needed some economic assistance.
Well, using pellets is an alternative source, if
doing something else that was… less costly,
and…good for the environment. I would
and …where retrofitting the house would
not be a costly thing, or where there was
some kind of grant program, absolutely.

Using a portion of Maine’s forest and
farmland resources for fuel for biomass
may be sustainable if resources are
managed appropriately and with consideration for potential environmental
and socioeconomic pitfalls.
Of the ten women interviewed from the Valley, six
already supplemented their homes with wood biomass;
of the ten not from the Valley, only four did. The
women from the Valley reported using wood as a way
of life and a way to reduce the expense of oil, and they
were not averse to using alternative sources. One
woman said, “This year … we purchased ten cords of
wood… the wood heat is wonderful… because I think
that the oil is really expensive right now.”
Their behavior appears not to be a consequence of
their education levels, but rather to be economically
72 · Maine Policy Review · Winter/Spring 2012

driven and influenced by culture. Income considerations are further exemplified by the women who were
not from Maine; those who did use wood were at lower
income and educational levels. According to a study by
Tanner (1999), education level appears to affect
people’s attitudes and beliefs, but it does not correlate
with changing behaviors. In another study by Verhallen
and Van Raaij (1981), individual attitudes did not
affect decisions about choosing more environmentally
friendly measures to heat homes. The more important
determinants of environmental choices were sociodemographic characteristics of respondents. The
researchers hypothesized that price tags attached to
behaviors may have a greater influence on consumers
to invest in energy-saving practices when cost of energy
exceeded their financial means.
Based on our findings, women with higher
incomes, who could afford oil, were more inclined to
pay for oil because it was less messy and more convenient. Meanwhile, lower income residents in Fort Kent
tended to adopt more affordable sources. Though
further investigation is warranted, socio-demographic
characteristics appear to be the driving force, but
cultural experiences should also be considered. Women
originally from the Valley grew up burning wood,
while women not originally from Maine did not.
Cardenas and Holzhausen plan to further investigate the role of the biomass producers, distributors,
retailers and local businesses owners through openedended interviews. This information will be used to
provide a descriptive analysis of the current stakeholders in Fort Kent. Upon completing this analysis,
this information will be analyzed by economist Brad
Ritz. The data produced will then be used to inform
stakeholders, community members, town offices and
non-profit organizations, such as the NMDC, so that
they can make better-informed decisions, build stronger
partnerships, and create sound policy decisions.
POLICY CONSIDERATIONS OF
PLACE-BASED APPROACHES TO BIOMASS
IN AROOSTOOK COUNTY

I

t is somewhat ironic that local energy sources, i.e.,
wood and grass, that were the primary feedstocks
of agricultural and home energy more than a century

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

Place-based Approaches to Alternative Energy

S t u d e n t Sp o t l i g h t

ago, are now being re-considered as “alternatives.”
Our research is premised on the assumption that
biomass feedstocks can be produced sustainably and
that the potential economic benefits are significant.
The main thrusts of these projects are to evaluate
these assumptions and help implement practices that
optimize socioeconomic benefits while minimizing
negative land-use impacts.
It may or may not turn out that biomass is more
affordable than current energy sources. However, even
if biomass fuels are ultimately more expensive than oil,
their development may be justified by the economic
multiplier effect of locally generated income recirculating in the local economy through purchase of products and services (ViTAL Economy Alliance 2010). At
the same time, producing biomass for fuel could place
additional stresses on forest and farmland habitat,
which may include invasive species or habitat loss for
non-game wildlife and deer. Using a portion of Maine’s
forest and farmland resources for fuel for biomass may
be sustainable if resources are managed appropriately
and with consideration for potential environmental
and socioeconomic pitfalls. An additional advantage
to using tillable land (especially underused land) is
that this may conserve farmland for additional future
expansion. With food demand increasing globally, and
with a growing demand for local food in the region,
northern Maine is in a position to greatly increase the
production of food crops, especially through diversified
or organic farms (Beach 2011; Beal and Jemison 2011).
Having 10,000 acres of extensively managed grassland
that could easily be re-converted to higher-value food
crops might be a smart hedging strategy.
Whereas forest biomass has already proven to be
economically viable, grass biomass remains unproven.
At present, there is no good consumer outlet due to the
difficulty of producing a household-scale boiler that
can withstand the corrosion from burning grass. Thus,
the market for the product is uncertain and may be
limited to commercial or industrial users. Furthermore,
the claim that biomass is a renewable and carbon
neutral energy source has also been questioned
(Manomet 2010). A life-cycle carbon analysis for
Aroostook County may be needed to determine if the
fuel demands of cultivation and harvesting make grass
biomass a sustainable alternative. Life-cycle carbon

Gary Parent

SSI Undergraduate Researcher;
Environmental Studies major, University of Maine at Presque Isle
Gary Parent was in his forties
when he decided to pursue his undergraduate degree at the University of
Maine at Presque Isle in order to get
a good job. A native of Aroostook
County who lives in Fort Fairfield,
Parent says he has long been
concerned about the region’s sustainability. “I would like to remain here
and help provide a future for my children so The County’s rich history can
be preserved,” he says.
Now in his junior year, Parent is
contributing to the region’s future—
and gaining marketable skills—as an
SSI undergraduate researcher. He is
one of several UMPI students helping
rural communities in Aroostook
County to transfer paper tax maps
into a digital format, which will enable
them to more easily and efficiently
manage their data with free Google
Earth software.
“Many of these smaller communities don’t have the fiscal ability to
purchase software or pay a salary for
someone to complete a project like
this,” says Parent, who has worked
on maps of five towns in Aroostook
County including Easton, Mapleton,
Chapman, Castle Hill, and New
Sweden. “This project will allow
towns to enter the digital age and go
from using 18th century technology
to using 21st century technology.”
Parent and his fellow students are
working with Chunzeng Wang, asso-

ciate professor of earth and environmental science at UMPI, who is
overseeing mapping of land ownership in the Aroostook River watershed and creating a GIS database that
links land use to land ownership.
Wang’s work is part of an SSI
research project on sustainable development of the Aroostook River watershed led by Jason Johnston, assistant
professor of wildlife ecology at UMPI.
The SSI researchers are studying
various aspects of sustainable development including historical and
current land use and its impacts,
promoting the region’s unmotorized
trails, and identifying the best land for
producing biofuels in ways that minimize potential effects on grassland
birds and other wildlife. They are
working with more than a dozen
stakeholders as part of the study.
Students working on the project
have the rare opportunity to gain
hands-on experience in helping to
solve real-world problems. For Parent,
who also has done GIS mapping for
Fort Fairfield, this has made all the
difference. “As a 45-year-old, it has
taken me a long time to find my
niche,” he says. “Using the skills I
have learned at UMPI and through
some connections I have made
through this work, I hope to start a
career in a field that focuses on
sustainability. This project has definitely given me a head start on that.”
—Kim Ridley

analyses of corn and switchgrass used in ethanol
production, with associated worldwide forest clearing
to meet increasing demand for food, suggest that
greenhouse-gas emissions will actually increase by 20
percent and 50 percent, respectively, in warmer U.S.
regions (Searchinger et al. 2008). Thus, claims that
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renewable fuel is carbon neutral (Adler, Del Grosso and
Parton 2007) may not be valid for our region, when
the fossil-fuel inputs and loss of sequestration capacity
are considered.
Maine has experienced a variety of land-use pressures over the last two decades, e.g., a loss of farmland
to development and conversion of working forest
ownership from large industrial owners to various
investment entities. However, in The County the landuse concerns differ from statewide patterns. Forestland
is still largely owned or managed by industrial, sustainably certified forest products companies such as Irving
Timberlands and Seven Islands Land Company. Urban
sprawl and consequent loss of potential agricultural
land can be detected in bedroom communities
surrounding a few small cities such as Presque Isle.
However, the loss of agricultural land to forest succession is the dominant land-use change over recent
decades. Regardless of whether the UMFK and UMPI
research efforts spur increased forest or grass biomass
development, a discussion will be opened with the
community about the best use for these lands—forests,
farms, conservation lands, or more housing subdivisions. By engaging stakeholders at all levels without a
prescriptive message of what should be done, we hope
to avoid the mistakes of others who have recommended
large-scale land-use changes for The County. The
memory of one such environmental and economic
disaster—Fred Vahlsing’s encouragement of sugar beets
(Beem 2008)—is still part of the local culture. By
engaging citizens, municipal officials, policymakers,
businesses, farmers, and foresters we hope to do the
kind of work a university should be well positioned to
perform. Through our analysis of economic, ecological,
and societal costs and benefits of energy alternatives, we
hope to spur planning not just about local energy strategies, but about optimal land-use practices. -
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Two Maine
Forest Pests:
A Comparison of
Approaches to
Understanding Threats
to Hemlock and Ash
Trees in Maine

The authors describe two invasive insect forest
pests; the hemlock wooly adelgid (HWA) has already
arrived in Maine, and the emerald ash borer (EAB)
has not yet reached Maine, but will have a devastating

effect on the state’s Indian basketmakers when

it does arrive. With funding through Maine’s Sustainability Solutions Initiative, teams based at the Univer-

by Darren Ranco, Amy Arnett,

sity of Maine and Unity College are bringing together

Erika Latty, Alysa Remsburg,

faculty, students, and stakeholders to better under-

Kathleen Dunckel, Erin Quigley,

stand the threats that infestations pose to the ecology

Rob Lilieholm, John Daigle,

and economy of the Maine’s forests and to longstanding

Bill Livingston, Jennifer Neptune,

cultural practices.
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INTRODUCTION

O

ne of the increasingly complex problems for
environmental and resource-oriented science
has to do with the management response to and
study of the impacts of invasive species on natural
resources. Developing scientific research programs
that are both accurate and responsive to the needs
of resource managers and users is the topic of this
essay. Here, we see how two research teams working
through Maine’s Sustainability Solutions Initiative
(SSI) are addressing two different exotic forest pests,
the hemlock woolly adelgid (HWA) and the emerald
ash borer (EAB), by working with various partners
and stakeholders to produce results that will assist
the citizens of Maine to more effectively address the
threats to their natural resources.
TWO SPECIES, MULTIPLE PROBLEMS

M

ost Maine citizens can readily envision a forest
dominated by eastern hemlock. Such forests are
known for their tall tree boles carrying densely foliated
branches that cast dim, dappled light on a sparsely
populated understory. The effect is a cool, serene parklike atmosphere. Such forests mark a late-successional
end point to the forest communities of this region and
as such serve as critical habitat for white-tailed deer
and numerous bird species, including ruffed grouse and
a variety of warblers. For our neighbors in the southeastern part of the country, however, hemlock forests
may invoke very different images: skeletonized canopies, well-lit understory environments, and warming
trout streams. In fact, in Shenandoah National Park,
as many as 80 percent of the hemlocks have died due
to infestation with the hemlock woolly adelgid, a sapsucking insect native to East Asia. In southern New
England, hemlock abundance has declined dramatically. Parts of Connecticut have experienced a 70
percent decline (Small, Small and Dreyer 2005), and
researchers in Massachusetts have reported widespread
hemlock mortality, with remaining trees averaging a
greater than 50 percent needle loss (Orwig, Foster and
Mausel 2002).
Following its initial introduction in the eastern
United States in Richmond, VA, around 1950, the

Common Names	Latin Names
Plants
Ash .....................................................................Fraxinus spp.
Brown ash ....................................................Fraxinus nigra Marshall
Green ash .....................................................Fraxinus pennsylvanica
Marshall
White ash ......................................................Fraxinus americana L.
Black birch ......................................................Betula lenta L.
Eastern hemlock ...........................................Tsuga canadensis (L.) Carr.
Red maple .......................................................Acer rubrum L.
Birds
Ruffed grouse ................................................Bonasa umbellus
Black-throated green warbler ..................Dendroica virens
Insects
Hemlock woolly adelgid ............................Adelges tsugae Annand
HWA predators
Hemlock woolly adelgid
lady beetle................................................Sasajiscymnus tsugae
Tooth-necked fungus beetle ............Laricobius nigrinus
Emerald ash borer ................................Agrilus planipennis Fairmaire
EAB predators
Smoky-winged beetle bandit ...........Cerceris fumipennis
Mammals
White-tailed deer .........................................Odocoileus virginianus

HWA has spread throughout the hemlock range. It
was first discovered in Maine in 1999 on nursery stock
transported from Connecticut. The first infestations
in Maine forests were discovered in York and Kittery
in 2003. Currently HWA has established itself in 29
Maine townships located in Cumberland, Lincoln,
Sagadahoc, and York counties. Researchers and officials
find new infestations every year.
HWA populations are checked by extreme cold,
and in laboratory experiments adelgids rarely survive
in temperatures below -30° C (Parker et al. 1998).
Currently, the cold temperatures in mid- and northern
Maine help to control population spread in that area.
However, the fact that hemlock stands tend to produce
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Hemlock Wooly Adelgid Life Cycle
The HWA life cycle is tied to the production of new hemlock
needles and consists of two parthenogenetic generations per
year. The overwintering adelgid population (sistens) develops
from June to March. Newly emerged sistens settle on young
hemlock needles over the summer and begin feeding on ray
parenchyma cells at the needle bases in the early fall. The sistens
feed throughout the winter and produce a second parthenogentic
population the following spring (progrediens). The progrediens
continue to feed on the same needles as their parents.

Photo above left: http://www.nps.gov/neri/naturescience/hwa.htm
Photo above right: Chris Evans, River to River CWMA, Bugwood.org,
http://www.forestryimages.org/

milder microclimates (Lishawa, Bergdahl and Costa.
2007), combined with the evolution of cold resistance
in HWA populations (Butin, Porter and Elkinton
2005) and future climate warming, may lead to
increased HWA in the northern stands. In fact,
according to a recent study, HWA has the potential
to spread throughout the hemlock range within the
next 30 years (Albani et al. 2010).
The aftermath forests of states with a longer
history of HWA infestation provide clues about what
may happen in Maine. Forests south of Maine’s borders
are becoming increasingly dominated by deciduous
hardwoods as mature hemlock trees die. In some parts
of southern New England, black birch and the already
78 · Maine Policy Review · Winter/Spring 2012

ubiquitous red maple are regenerating under the dying
hemlocks (Orwig and Foster 1998). We also expect to
see an overall increase in herbaceous plant diversity that
includes a significant increase in opportunistic, invasive
species as the once thick canopy begins thinning,
allowing light to penetrate to the forest floor. Effects
on wildlife are also expected. There are at least eight
bird and ten mammal species strongly associated with
hemlock forests of the northeastern United States
(Yamasaki, DeGraaf and Lanier 2002) and future
conservation of these species could prove problematic
when hemlock is absent. The limited data available on
wildlife populations in diseased stands indicate changes
in the wildlife communities. For example, Connecticut
has witnessed significant declines in populations of the
black-throated green warbler in HWA-infested stands
(Tingley et al. 2002). Consequently, as hemlock
becomes rarer, we expect shifts in the distribution of
wildlife in Maine forests. Given that Maine is more
forested than any other state and almost 10 percent
of that forest is comprised of the hemlock/red spruce
cover type, we have to ask: “How will Maine’s forested
landscape be altered by the hemlock woolly adelgid
and how can Maine citizens prepare for this change?”
While hemlock forests are found throughout the
region, Mainers may have less familiarity with the
often wet, low-lying environments that support the
growth of brown ash (also referred to as black ash)
trees—although many Mainers have white and green
ash lining the main street of their towns or for shade in
their yards. As in the hemlock forest described above,
an invasive insect threatens to destroy the ecology of
this place and erode the deep cultural heritage associated with this tree species. Unlike the hemlock woolly
adelgid, the emerald ash borer, or EAB, is not yet
found in Maine. The EAB is an invasive beetle from
Asia that has caused widespread loss of ash across the
central and northeastern United States, killing at least
50 to 100 million trees. EAB was first discovered in
the U.S. in Michigan in 2002 and despite aggressive
eradication efforts has since spread to 15 states and two
Canadian provinces. Since first detected in Detroit,
EAB has spread outward, most recently appearing in
New York and Quebec (Kovacs et al. 2010; USDAAPHIS 2011). EAB is projected to spread across much
of natural range of ash species in the Northeast by

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

Two Maine Forest Pests

2019 (Kovacs et al. 2010). Kovacs et al. (2010) estimate the economic impact of EAB-related street tree
removal and replacement in a 25-state region at $10.7
billion—a cost that excludes community and residential amenity values associated with the loss of street
trees, or losses to forest landowners and the forest products sector due to tree mortality, restrictions on wood
movement during quarantines, and falling stumpage
values as ash markets respond to a glut of dead and
dying trees. EAB dispersal occurs when adult beetles
fly to a new host tree (usually less than 100 meters),
or more significantly, when people unknowingly transport infested trees, logs, or firewood to new locations
(Kovacs et al. 2010).

Emerald Ash Borer Life Cycle
The EAB’s life cycle takes one year. Adult beetles take flight in
May and June to feed on ash leaves for three to six weeks. EAB
mate during this narrow time frame, and females oviposit after
several weeks of feeding. Between late July and August, each
female lays 30 to 90 eggs on the surface of ash bark or in its
cracks and crevices. The eggs hatch in two weeks, and the larvae
burrow into the bark to feed on the cambium and phloem from
late July through October. This severs the sapwood, damages
the phloem and xylem, and disrupts the tree’s nutrient and water
transport. Pupation occurs in April and May, and adult beetles
emerge from their host trees through D-shaped exit holes
(Poland and McCullough 2006).

PREVENTING AND RESPONDING
TO INFESTATIONS

B

oth of these infestations require rapid, thorough,
and resource-consuming responses. In response
to the spreading HWA pest, the Maine Forest Service
(MFS) has been conducting annual surveys for HWA,
and in 2009 the state began developing a coordinated monitoring program with New Hampshire
and Vermont. MFS has also placed the townships of
Eliot, Kittery, Ogunquit, South Berwick, Wells, and
York under quarantine, which limits the movement
of hemlock materials within Maine and across state
boundaries. Chemical and biological control methods
also are being used to reduce HWA’s spread. Chemical
control methods include several pesticides such as
systemic insecticides with the active ingredient imidacloprid. The long-term economic and ecological costs
of the pesticides result in limiting their use to individual specimen trees, usually with outstanding cultural
value. In the hopes of protecting forested stands,
biological control agents have been released in Maine.
Between 2004 and 2010, more than 38,000 individuals
of two predatory beetles have been released in Maine to
control HWA spread (Maine Forest Service 2011).
As in the case of the HWA, surveys and monitoring are crucial to EAB control efforts, as early detection can lead to a higher probability of success
(Katovich and McCullough 2010). Pheromone traps
and girdled “trap trees” can be used to detect EAB and
to monitor the spread of an infestation once discovered

Photo: David Cappaert, Michigan State University, Bugwood.org
http://www.forestryimages.org

(Marshall et al. 2009). Purple pheromone traps can
be used to detect adults at high population densities.
These two-foot-long corrugated plastic purple prisms
can be seen in certain areas of the state hanging vertically from a branch of an ash tree in an area that
regulators believe is particularly likely to attract EAB.
Girdled trap trees are more effective at detecting low
EAB densities (Lelito et al. 2008). Girdled trees are
more reliable indicators than pheromone traps, but
girdling is costly and results in delayed detection since
it requires waiting for any eggs laid on each new trap
tree during the summer to develop into larvae and then
adult beetles (Cappaert et al. 2005).
Once EAB is detected, state and federal governments develop quarantines to prevent further spread
at the landscape scale (Poland and McCullough 2006).
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Quarantines regulate the movement of ash trees, logs,
firewood, and other products to prevent the insect
from being transported to new locations. Sometimes
vacuum or heat treatment can be used to kill larvae
or adult beetles residing in ash lumber before it is
transported (see, for example, Chen et al. 2008).
Insecticides can be applied to individual trees preemptively although they are more often applied after
infestation has occurred.

With the possibility of losing a dominant
tree species in parts of Maine, managers

M

ultiple stakeholder partnerships provide a key
strategy for integrated efforts to prevent and
respond to the threat of invasive insects. With funding
from SSI, teams at the University of Maine and Unity
College are bringing together faculty, graduate, and
undergraduate students, and diverse stakeholder groups
to better understand the ecology and economy of
Maine’s forests and threats to longstanding cultural
practices that infestations pose.

Hemlock Woolly Adelgid Group

and landowners want information
about how best to manage their hemlock
forests either before or after HWA
[hemlock wooly adelgid] infestation.
Biological control agents are increasingly being
used in infested stands. Hymenopteran parasitoids
of EAB from the insect’s native range in Asia have
been tested for introduction to North America as
potential control agents (Liu et al. 2007; Duan et al.
in press). Here in Maine, a native wasp that also preys
on EAB is being used for biosurveillance (Careless
et al. 2007). Affected trees can also be mechanically
removed and destroyed. When a new outbreak of
EAB is detected, all ash trees within a half-mile radius
can be felled, chipped, and burned, with remaining
stumps treated with herbicide to avoid sprouting
(Poland and McCullough 2006). Purple pheromone
traps and lures, along with girdling, can be used to
draw beetles to specific trees before they are salvaged,
to increase the number of adults eradicated. The
mechanical method is the most common response
currently being used, but it is expensive, resource
intensive, and unpopular with landowners.
Mechanical eradication is also relatively ineffective
(Mercader et al. 2011).
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STAKEHOLDERS AND SOLUTIONS:
LESSONS FROM PARTNERSHIPS FOR
ADDRESSING THE THREAT OF INVASIVE PESTS

Research on the ecology of hemlock forests by four
members of the Unity College faculty, along with a
large team of undergraduates, is driven by practical
concerns of stakeholders who need to make management decisions about Maine forests in anticipation of
HWA. Despite some successes with the use of predatory beetles as biological control agents, decades of
effort in other states indicate that there is currently
little we can do to prevent widespread hemlock tree
death after the pest arrives in an area (Orwig and
Kittredge 2005). With the possibility of losing a dominant tree species in parts of Maine, managers and landowners want information about how best to manage
their hemlock forests either before or after HWA infestation. While best management practices depend on
the goals and values for a particular property, several
ecological processes are fundamental to achieving these
goals. For example, the manager seeking to maximize
growth rates of desirable timber species relies on the
ecological processes of seedling recruitment, nitrogen
cycling in the soil, and decomposition on the forest
floor. The Unity College research team is working to
provide information for landowners and other forest
stakeholders about how management decisions affect
key ecological processes, along with resulting plant
growth and biodiversity.
The most common options for HWA management
include harvesting hemlock timber prior to HWA
infestation, or leaving infested trees to die (Orwig and
Kittredge 2005). The Unity College field research
experiment compares logged and unlogged forest areas
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to answer questions about how hemlock harvesting
changes the forest ecosystem in terms of tree regeneration, supporting ecological processes, and species diversity. The research results help forest managers to decide
whether harvesting hemlock trees would lead to the
type of ecosystem desired for ongoing forest management. Additional stakeholder questions about the consequences of leaving HWA-infested trees to die, as may be
the practice on a “Forever Wild” land trust property, led
the Unity College researchers to add a new dimension
to the field experiment. This research includes girdling
hemlock trees so that they die slowly in a process that
mimics the death of trees infested by HWA.
Frequent interactions between the hemlock
researchers and landowners are essential to the success
of the project. The study requires working closely with
local landowners, foresters, land trusts, and forestoriented organizations to create the research questions.
The researchers have learned about priorities for
Mainers and different interest groups based on interactions with stakeholders. At a forest ecology workshop
held at Unity College in July 2011 in conjunction with
the MFS, the researchers realized that many of the
participants wanted to manage their forest so that sugar
maple will eventually become one of the dominant
canopy tree species. Workshop participants also were
interested in birds and the impact of deer. These
conversations, followed by similar findings in surveys
of broader groups, have led to a redirection of the
research to be more focused on wildlife and forest
composition following HWA infestation. The team
is also continuing to work closely with the MFS to
communicate management guidelines and information
to broader stakeholders. One of the primary things
that the team has learned is that it is important to be
flexible and to be able to adapt to stakeholder interests
and needs. Engaging with stakeholders changed the
hemlock study process, allowed development of new,
more applicable ideas, and ultimately will provide
better-fitting solutions to the people of Maine.
Work with stakeholders of hemlock forests also
revealed socioeconomic concerns about the loss of
hemlock that are driven by how an individual or organization values the resource. Stakeholder values can
be categorized as ecological, recreational, aesthetic,
educational, and/or economic. Taking a walk through

a hemlock stand in Maine it is easy to understand
the unique aesthetic value, a perception documented
throughout New England (Holmes, Murphy and
Bell 2006). Hemlock is not of significant value to the
lumber industry, but it can be important to local economies (Ward et al. 2004). Other economic loss could
be the result of a decrease in property values and lost
revenue from recreational opportunities (e.g., hunting,
hiking, camping, fishing). Along with ecological data,
the Unity College research team is assessing this socioeconomic piece by quantifying how stakeholders value
forest resources, particularly hemlock, through a
questionnaire using the contingent-valuation method.
The results of this survey will inform management
recommendations along with a spatial model of potential impacts. The hemlock research team is also using
a geographical information system (GIS) to map
hemlock throughout the state, which will allow
foresters and biologists in the state to understand
which areas are at greatest risk of infestation.

Emerald Ash Borer Group

Similarly, the SSI research team working on the
emerald ash borer seeks to bring diverse perspectives to
the problem. Four members of the University of Maine
faculty, the Maine Indian Basketmakers Alliance, and
two graduate students have come together to study and
facilitate the ways that Wabanaki (translated, the
people of the dawn) basketmakers, tribes, state and
federal foresters, university researchers, landowners,
and others come together to prevent, detect, and
respond to the EAB. Building on earlier collaborative
work between the Maine Indian Basketmakers Alliance,
the University of Maine, and the MFS, the current
group of invesigators has met with key tribal, state, and
federal stakeholders over the last two and a half years
(Summer 2009-Fall 2011). Of particular note to the
EAB team’s research has been the collaboration between
the research and the needs of stakeholders, particularly
Wabanaki basketmakers. In addition to numerous focus
groups, this work has included three stakeholderengagement meetings at the University of Maine, one
in October of 2009 and another in May of 2010, and
one focused on emergency-response planning in May
of 2011. These facilitated one-day workshops have
brought together a diverse set of stakeholders
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concerned about EAB and the sustainability of Maine’s
ash resources. Through these workshops and other
meetings, the EAB team has identified four areas of
collaborative research: (1) mapping ash resources, (2)
developing policy guidance, (3) public education and
stakeholder engagement, and (4) seed collection.
Maine Indian basketmakers and tribal government
resource professionals from all of the Tribal nations in
Maine—the Penobscot Nation, the Passamaquoddy
Tribe-Pleasant Point, the Passamaquoddy Tribe-Indian
Township, the Houlton Band of Maliseet Indians, and
the Aroostook Band of Micmacs—have made up close
to half of the partners at the three large team meetings
so far. This shows the profound commitment that tribal
basketmakers and tribal governments have to ash
resources, particularly brown ash, in the state. One of
the oldest arts traditions in North America, Native
woven brown ash baskets are a critical cultural and
economic resource to Maine’s Indian communities.
The critical cultural, social, and economic significance
of brown ash to Maine Indians means that it can be
thought of as a cultural keystone species (Garibaldi and
Turner 2004), wherein its removal will radically change
the social, cultural, and physical health of the tribal
nations in Maine. It is this fact, among others, that
explains the reasons that tribal basketmakers and
resource professionals have been at the forefront of
planning for the EAB in Maine. Moreover, two of the
faculty members on the research team come from
Maine Indian basket-making families and have brought
their concern for this tradition with them into the
research collaboration.
Originally focused on developing a cross-cultural
forestry-management tool for tribal foresters to maintain and monitor basket-quality brown ash on tribal
lands, the research focus changed because of stakeholder concerns and a group of researchers committed
to collaborative research. Thus, a primary objective of
the EAB team is to examine the connections between
scientific knowledge regarding social ecological system
(SES) dynamics and stakeholder actions that potentially affect SES resilience. The research team has
chosen to do this by establishing themselves as a
boundary organization for the emerald ash borer in
Maine by convening diverse interests so that everyone
involved, including the researchers, can collectively
82 · Maine Policy Review · Winter/Spring 2012

work on better solutions. Therefore, the team is not
only managing the boundary between science and
policy as Cash et al. (2003) suggested, but also between
science, policy, and the stakeholders. The team is
studying and facilitating the process of knowledge
development (such as in the areas of policy and emergency response and mapping) that will lead to better
solutions, and it is also “provid[ing] a forum in which
information can be coproduced by actors from different
sides of the boundary” (Cash et al. 2003: 8809).
To maintain this role as an engaged boundary
organization, the EAB team is studying how the group
of research partners develops and interacts over time
with a particular emphasis on how different power
positions and knowledge intersect to create barriers and
opportunities for sustained collaboration. In this early
phase of the research process, the team has gathered
baseline data on the different ways that stakeholders see
themselves participating in the process for sustainable
collective action around an invasive threat. As Van
Kerkhoff and Lebel (2006: 466) ask, “What is it that
people do differently to shift power balances, challenge
the status quo, or resolve specific sustainability problems?” The EAB team’s research is also oriented around
this basic question and will continue to track the
barriers to and opportunities for collaboration, recognition, and integration of different forms of knowledge
and enacting policy so that an invasive threat can be
prevented, detected, and addressed.
The team is particularly interested in how the
group interacts in a context where power and knowledge are unevenly shared and how the group creates
power-sharing through a “learning” environment where
“researchers and practitioners both share learning experiences with equal power to implement them in their
respective contexts” (van Kerkhoff and Lebel 2006:
467). The team is purposefully aiming to create this
kind of power sharing in the collaborative context, but
is mindful that different forms of power relationships
can exist in partnerships between researchers and practitioners (see van Kerkhoff and Lebel 2006). This
approach is particularly important as the research team
is working with a group of stakeholders with different
forms of knowledge that are not always recognized as
legitimate in policy-making contexts. By seeing themselves as mutual learners, the “researchers,” or those
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commonly thought of as having the knowledge, are
more open to different kinds of questions and different
ways of answering these questions that build long-term
relationships. This also means that those often thought
of as “stakeholders” in such situations are more integral
to the overall process that leads to regulatory, scientific,
and other potential responses to the EAB threat. In the
end, a mutual learning environment contributes significantly to the success on a project in which many types
of people with different forms of knowledge must work
together to respond to invasive forest pests and build a
system of working together that will be in place for the
next invasive threat.
POLICIES AND PRACTICES: ASSESSING THE
SITUATION AND IMPLEMENTING SOLUTIONS

B

ecause HWA is established in southern Maine,
there is obvious concern about containing the
spread. The MFS is working to educate the public
on how to recognize and monitor the spread (www.
maine.gov/doc/mfs/TASvolunteers.htm) and the Unity
College hemlock team is collaborating with the MFS to
create management guidelines for woodland owners in
Maine. The primary concern facing landowners will be
whether they should cut their hemlock. If landowners
decide not to cut, they can expect a gradual decline
of their infested hemlock trees over four to 15 years
(Orwig and Kittredge 2005). If they decide to cut, they
need to consider multiple variables including the time
of year, equipment, severity of cut, state quarantines,
and risk of infestation. Harvesting options will differ
among landowners depending on whether the management goals are aesthetic, wildlife oriented, focused on
water-quality protection, successional dynamics, timber
revenue, or a combination of these goals. Current
recommendations do not include preemptive cutting
of uninfested forests since future interactions between
hemlock and HWA are unknown, and the cutting
could potentially remove resistant hemlock trees.
The Unity College hemlock ecosystem project is
working toward an understanding of both ecological
and social changes that will occur with the loss of
hemlock along the coast and potentially throughout
Maine. The research will provide landowners with information that will allow them to decide how to improve

Erin Quigley

Ph.D. Student, School of Forest Resources
SSI Graduate Research Assistant
Erin Quigley has covered a lot of ground in her work. She’s been a forestry
consultant, wetlands assessor, Forest Service field technician, GIS mapper,
adjunct faculty member, canoe trail administrator and “climate change superhero,” among other things. In SSI, she has found a unique opportunity to
combine that experience with her degrees in anthropology and sociology and
natural resources to help to solve sustainability challenges. “I was drawn to SSI’s
focus on working with communities to find solutions to real, local problems,”
Quigley says. “Not many Ph.D. programs involve that kind of practical work.”
What problem are you working
to solve?
My research team is working
with Wabanaki brown ash basketmakers to prepare for the arrival of
the emerald ash borer in Maine. The
EAB is an invasive beetle from Asia
that destroys all species of ash
trees. It was introduced to the U.S.
in 2002, and it’s not in Maine yet,
but it’s spreading in this direction. We’re trying to bring together
basketmakers, tribes, state and
federal foresters, university
researchers, landowners and others
to prevent, detect, and respond to
the threat.
Recently, I’ve been focusing
on the policy creation process and
state-level response planning. I’m
looking at a number of issues
including what has been effective
so far, what states with response
plans wish they had done differently,
and how all stakeholders can be
involved in response planning. I’m
working on a white paper that I hope
will be useful for resource managers
in Maine and beyond.

What progress are you making
toward solutions?
So far we’ve had several workshops to bring together collaborators,
stakeholders, and experts to plan the
EAB response process. We’ve also
had seed-collection workshops for
youth on Indian Island to start saving
ash seeds for future replanting. We’ve
gone out in the field with basketmakers to learn more about how they
select basket trees. We’re using
statistical techniques that incorporate
expert knowledge to map the ash
resource to prioritize protection areas.
And we’re assisting the state in the
creation of a formal EAB-response
plan that works for all stakeholders,
including basketmakers, the forest
industry, municipalities, and others.
How could your findings contribute
to a more sustainable future in
Maine and beyond?
A Maine with diverse, healthy
socio-ecological systems is a sustainable Maine! We hope to preserve
ash species’ role in the Maine
ecosystem, while at the same time
promoting economic and cultural
well-being for all Mainers across
cultural groups.
— Kim Ridley

their woodlot for their own personal goals. This project
will not provide one foolproof solution, but is working
to provide information that will guide landowners
toward an array of better management solutions.
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Building on the process of collaborative sustainability science outlined above, the EAB team is helping
to coordinate policies to respond to the EAB when it
gets to Maine. Coordination plans are following the
May 2011 stakeholder workshop on EAB-emergencyresponse plans, which brought together key state,
federal, and tribal regulatory agencies and speakers
from states already dealing with the impacts of EAB.

…hemlock and brown ash have important
cultural significance to different groups
of Mainers, and this requires different
approaches in linking people to research
and policy responses to protect resources.
The approach of the EAB partners is already
addressing the potential gaps in invasive pest management. Often, the policies implemented to control an
invasive species, from the local to national level, are
incoherent and address small pieces of the problem
rather than the whole (Simberloff, Parker and Windle
2005). Policy responses also are often applied
uniformly across heterogeneous areas due to lack of
local knowledge, leading to decreased effectiveness
(Albers, Fischer and Sanchirico 2010). Similarly,
management plans often address invasive species problems from a technical standpoint, but are less likely to
address the social and economic needs of stakeholders
at a variety of scales (Larson et al. 2011). The EAB
group is developing more comprehensive and wellresearched comparative policy analyses and management plans that incorporate both biological knowledge
of EAB and an explicit consideration of the environmental, economic, and social factors that concern local
stakeholders. To ensure sustainable responses to invasive species, Larson et al. (2011) recommend that
management plans and associated policy not only
address technical aspects of control, but also involve
stakeholders and community members; expand spatial
and temporal scales of cost-benefit analysis and
84 · Maine Policy Review · Winter/Spring 2012

economic-impact planning to include those stakeholders; and increase the coordination of agencies and
knowledge networks to better inform plans and policies. The EAB team project is uniquely positioned to
address these gaps and offer guidance to Maine, Maine
tribes, and other states on management planning and
policy formulation.
As one could guess by the make-up of the larger
group, one of the key tenets of the EAB emergencyresponse-planning process has been the involvement
of Wabanaki basketmakers and tribal governments.
Brown ash is valued by the Wabanaki people for its
use in basket making, with basket sales estimated at
$150,000 annually (Daigle and Putnam 2009). Native
American tribes have not been involved in invasive
species response at the state level due to uneven power
dynamics and long-standing struggles over sovereignty
and resource jurisdiction. Few of the response plans
that have already been developed in other states
mention Native American tribes as a stakeholder,
despite their significant forest holdings and status as
sovereign nations. Few plans directly address potential
impacts on tribes or how tribes might be involved
in response as collaborators. Often, tribes are treated
simply as an interest group on par with the forest
products industry or conservation organizations.
In a broader sense, the EAB team and its partners
are exploring how to further incorporate communitybased collaboration into the emergency-responseplanning process as a way to increase stakeholder
investment and sense of ownership, increase social
capital and cooperation between various agencies,
groups and individuals, and disrupt power dynamics
that in the past have led to the exclusion of some
groups from the planning process, especially Native
American tribes (Reo 2010).
CONCLUSION

B

oth the HWA and EAB research projects have
focused on the long-term effects of invasive insects
in Maine forests and on how researchers, stakeholders,
and other partners can work together to produce
scientific and policy responses to complex problems.
These SSI projects have been driven by a need to better
understand how resource use can remain sustainable
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in changing ecosystems and thus address Maine’s
cultural attributes. In the case of the EAB study, the
research questions have been guided by the tribal uses
of ash trees. The hemlock study investigates the role of
hemlock as an ecological foundational species (Ellison
et al. 2005), and the investigators seek to understand
forest-regeneration patterns and invertebrate communities in hemlock forests. In working towards achieving
sustainable solutions for Maine forests, both studies
emphasize the valuation of the tree species based on
their cultural and ecological significance in addition to
their direct economic worth.
Drawing comparisons between these projects can
highlight new directions for each study. For example,
with the HWA already in Maine, the regulatory
response has begun, and it is clear that the HWA
research team has been trying to include the ecological
and social perspectives that are often left out of
responses to invasive pests. The HWA team has sought
to broaden their stakeholder group to represent ecological, recreational, resource management, and economic
interests. In response to the threat of an EAB introduction into Maine, the social values and perspectives of
Wabanaki basketmakers are obviously influencing the
effort to plan responses, which will lead to better
processes of inclusion if and/or when the EAB gets to
Maine. The EAB team has not yet engaged groups and
concerns that may be harmed because of the impact of
the EAB on forest ecology (for example, animals that
may rely on ash seeds as part of their diet or the institutions that may care about these animals and their
habitats). This approach to broadening the involved
groups who will fight to protect these resources can
and should happen.
The differences in strategy may have a lot to do
with the resources themselves, who cares about them,
and why. It is clear that both the hemlock and brown
ash have important cultural significance to different
groups of Mainers, and this requires different
approaches in linking people to research and policy
responses to protect resources. Working with indigenous
resource users will always require an understanding of
how different forms of knowledge and the power to
access resources and regulatory institutions are situated.
Working with woodlot owners to manage hemlock has
more subtle, but equally complex dynamics.

In both these studies, the solutions will be determined by multiple entities that draw from the expertise
of researchers, woodland owners, forest managers,
tribes, basketmakers, politicians, and other stakeholders. For example, both research teams share a
common goal to develop management strategies that
protect forest resources in the face of pest introductions. Thus our research programs are focused on
collecting data that will help guide the best management practices for hemlock-dominated forests and ash
resource users. We are using multiple models to predict
pest occurrence and social and ecological impacts, and
are working to synthesize our findings with those from
other parts of the country to help us manage these
pests in Maine. ACKNOWLEDGMENTS
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Healthy Lakes
and Vibrant
Economies:
Linking History,
Sense of Place, and
Watershed Protection
in the Belgrade Lakes
Region
by James Rodger Fleming

Using interviews, targeted questionnaires, and historical documents, James Fleming and Erin Love show
how history and “sense of place” can help encourage
individuals to support environmental protection. The
project they describe focuses on watershed protection
in the Belgrade Lakes region of Maine, and is part of
a larger Sustainability Solutions Initiative project in
that region. They argue that “connection to place leads
to caring about it.”



Erin A. Love
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What we know about
Sense of Place is the kind of knowing that
involves the senses, the memory, the history
of a family or a tribe; the knowledge of place
that transcends single generations and looks
to the future—Wallace Stegner

W

hen does place become more than a backdrop
for our lives? How does a landscape take on
personal significance and even ultimate meaning?
How, by sharing our sense of place within a supportive
community, can we enhance stakeholder engagement
and connect what we know—both intuitively and
through organized study—with what we care about
deeply? The answers are varied and worthy of reflection. What we know about a place connects us to that
place and provides motivation to protect it.
Sense of place involves our sensibilities, the collective memories and history of a family, a tribe, a region;
it generates both knowledge and traditions that transcend the generations and shape the future in meaningful ways. Artists, historians, scientists, and poets can
invoke this in memorable ways. So, too, can everyone
bear compelling public witness to both personal and
shared sense of place.
Sense of place links tangible elements of the natural
and the built environment with memories, emotions,
narratives, rituals, values, and sensory perceptions. If
you think about the house that you grew up in, you’re
not going to think about just the physical location,
you’re going to think about all your childhood memories from that house. They will come flooding back to
you. In this way sense of place is a holistic impression
that you get when you think back to a time in your life,
a place in your life and the people in your life.
The formulation of a sense of place is not a lone
endeavor. As we visit, remember, revisit, and live in the
important places in our lives, our sense of place is articulated through shared experiences and in dialogue with
others. How we remember a place, how we live in a
place; how we take responsibility for a place; and how
we build and empower community in a place
contribute to a fluid, continuously reconstructed, and
continuously evolving sense of place.
Maine’s Sustainability Solutions Initiative (SSI)
aims to advance economic and community development

while protecting the environa place connects us
ment. Colby’s project focuses
on the science and the staketo that place and
holders of the Belgrade Lakes.
Specifically, the SSI team is
provides motivation
studying the effects of development on lake-water quality and
to protect it.
local economies in the Belgrade
Lakes region, an important
economic engine in central
Maine, encompassing 180 square
miles in 13 central Maine towns with seven major lakes
totaling more than 19,500 acres of surface area. The
overall project is focusing on a widespread and difficult
problem: phosphorus pollution from development and
other human activity. (See article by Peckenham et al.,
this issue, for additional information on the overall
Belgrade Lakes region SSI project.)
The Colby History and Sense of Place team is part
of this larger project and seeks to define, create, and
share a useable past and a sense of place for the
Belgrade region that can also serve as a model for stakeholder engagement elsewhere, even beyond the state
(Schnettler 2010; Westhafer 2010).1
One of the main focuses of this SSI project is
knowledge-to-action, or encouraging people to act
effectively to protect the environment once they are
supplied with relevant knowledge and can connect it to
their sense of place. Our techniques aimed at accomplishing this include textual, archival, and oral history;
targeted questionnaires; and community conversations
about sense of place that build identity and resiliency
in the face of mounting local, regional, and global
economic and environmental challenges. These various
modes of concept exploration, data collection, and
presentation allow people to reflect on their own experiences and share them. We have done this at the
Maine Congress of Lake Associations, at the Belgrade
Regional Conservation Alliance, and at national meetings of the Geological Society of America and the
American Society for Environmental History (Love,
Fleming and Rueger 2011). If this work sounds like a
high calling, it’s really made of ordinary, everyday stuff,
with individuals building on the foundation of their
personal sense of place in support of coordinated group
efforts responsive to pressing environmental needs.
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Some early results of our interviews with members
of the greater Belgrade community have led us to
several conclusions.2 Sense of place often reaches back
across the generations. Dianne Oliver, owner of Day’s
Store grew up right here:
I’ve always lived in Belgrade Lakes, all my
life, and I’ve always been right at this store.
It was my grandparents’, then my parents’,
and now mine and my husband’s.
We asked, “How do you see Day’s Store contributing to the character of the Belgrades?”
If it’s good for the Village, it’s good for Day’s
Store. If it’s good for Day’s Store, it’s good for
the Village….The slogan that the whole region
uses is “Where Memories Last a Lifetime,”
and I think that’s true. I think we’re part of
a major memory people have when they come
to the area here…. Sometimes we’re the first
place they stop, even before they go to camp.
Bear Spring Camps, Rome, on the shore of Great
Pond’s North Bay has had summer cabins for rent since
the days of E. B. White. We asked the owner, Peg
Churchill, about her guests’ senses of place. She
responded, For a lot of them, it’s more home than
home. One regular camper, Lisa Boyer reinforced this
sentiment, posting on her web site, “a summer without
Bear Spring Camps isn’t really a summer at all”
(pubpages.unh.edu/~lav592/mysummers.html).
Others, with equally deep commitments arrived
in the area much more recently. Pete Kalin, executive
director of the Belgrade Regional Conservation Alliance
and an ESPCoR partner, moved here in 2006. He told us,
As hard as I work, I can’t save the lakes by
myself. I have to get other people to help me
save these lakes….One key thing is getting
people to realize that their personal participation and action will make a difference.
Sense of place can provide a rootedness and a field
of action in which individuals can truly make a difference, rather than just fretting about large-scale problems. Maggie Shannon, executive director of the Maine
Congress of Lake Associations is concerned about
global environmental issues, but focuses her attention
92 · Maine Policy Review · Winter/Spring 2012

and energy on state and local issues where she can truly
make a difference:
I don’t obsess about it…but I am fundamentally distressed about the condition of
the world’s ecology/ecosystem….It’s a deep
anxiety…I can’t do very much about the
polar bears, but I can try to do something
about this corner [of the world], which
seems to have so far escaped.
Rick Watson, president of the North Pond
Association, did not set out to be its president, but
made his commitment based on his childhood sense
of place:
There, behind my cottage, were hundreds
and hundreds of acres of woods all the way
into Norridgewock, and at that time, you
did not need permission from the landowners, so I grew up hiking and biking and
camping and all that with friends that I
made up and down the lake.
Rick’s commitment to place, formed in childhood,
has continued to grow along with his responsibilities:
People…don’t think their 50-foot-lot or
100-foot-lot impacts the lake, and you
know, maybe it’s septic, maybe it’s runoff,
maybe it’s the driveway...all that matters.
Nevertheless, there are challenges in developing a
shared sense of place for a region as large and as diverse
at the Belgrade watershed. Nan Mairs, president of the
Belgrade Historical Society made this clear in her interview:
There are advantages [to having a single,
agreed-upon identity] because everybody will
work together better if they have a unified
hope or dream for their town….But I don’t
know whether people are too independent to
set aside…the trivial things they don’t agree
about to really focus on the important question, “Where do we want to go from here?”
Where we go from here is to initiate more conversations within the community that have the potential
to reach across the state and beyond.
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The stakes are high. Polly Beatie, president of the
Belgrade Lakes Association, attended Camp Runoia as
a child and later moved permanently to the region:
If the lakes fail, the community will fail. Or
at least it will change in a way nobody really
wants it to.
She noted that many factors were involved in
motivating people to take action in their communities,
especially with regard to environmental issues, but
pointed out that the SSI project was making a real
difference:
Colby brings a sense of urgency and importance to what’s happening here.
Connection to place leads to caring about it.
Connection also leads to knowledge of not just where
we are but who we are. We can reflect on our own
sense of place through memory and share this with
each other through conversation. We can then move
toward a communal sense of place that can serve as the
basis for future action. We should all be involved in
protecting environments, and in changing attitudes,
and in building community. We are charged with
pooling our talents—scientific, literary, artistic, organizational, communal—to provide the Maine lakes with
the sense(s) of place they deserve. ACKNOWLEDGMENTS
This research is supported by National Science Foundation
award #EPS-0904155 to Maine EPSCoR at the University
of Maine.

ENDNOTES
1. For more information on Colby College’s History,
Geology, and Sense of Place Team, visit the web
site: web.colby.edu/senseofplace/2011/07/
2. 	Interviews with Polly Beatie, Peg Churchill, Peter
Kalin, Nan Mairs, Dianne Oliver, and Maggie
Shannon were conducted by Erin A. Love in July
and August of 2011.
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Reaching
into the Past
for Future
Resilience:
Recovery Efforts in
Maine Rivers and
Coastal Waters
by John Lichter
Ted Ames

John Lichter and Ted Ames discuss how analysis of
environmental histories of human activities affecting
Maine’s estuary, river, and coastal marine ecosystems
can shed light on the role key fish species may play.
Through Maine’s Sustainability Solutions Initiative,
a group of researchers from Bowdoin, Bates, University of Southern Maine, and Penobscot East Resource
Center have teamed up to examine ecological recovery
in the state’s waterways and coastal fisheries. Several
river restoration efforts were already underway, and
others are being planned as a direct result of this interdisciplinary project.
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M

any degraded ecosystems fail to recover populations of key biological species and functionality,
or only move slowly toward recovery, despite the
discontinuance of anthropogenic disturbance. The
reasons are twofold: First, chronic disturbance can push
ecosystems into alternative regimes in which recovery
is opposed by natural resilience that develops within
the altered ecosystem (Scheffer et al. 2001). Second,
even where a regime shift has not occurred, ecosystem
recovery may be slow because ecological processes
operate on multiple time scales, some of which involve
changes occurring so slowly that they are ponderous
relative to the time scale of human activities and needs.
Thus, in the first case, recovery may truly be stalled,
and in the second, it may only seem to be stalled. That
said, restoration efforts have accelerated ecosystem
recovery when information about the key species and
processes necessary for healthy functioning of a particular ecosystem is known. Reconstructing ecological
history can provide such vital information and help
managers develop reasonable goals for restoration. Over
the last few decades, restoration ecology has developed
as a scientific discipline seeking to renew degraded
ecosystems by stimulating the natural processes that
would eventually bring an ecosystem back to functionality. That is not to suggest that the original or
pristine ecosystem state can be reestablished, but rather
that a better understanding of the original ecosystem
and the changes that occurred during the period of
human disturbance can provide information about the
key species and ecological processes that produced the
original abundance and functionality of the ecosystem,
with the goal of recovering what is recoverable.
Historical reconstructions of ecological systems
have relied on documentary records, archeological
studies, sedimentary records, and radiometric dating.
Biological and chemical analysis of sediments from
lakes, rivers, and nearshore marine environments can
provide quantitative evidence of environmental change
over thousands of years. For example, Köster and
colleagues (2007) examined species of algae called
diatoms that are preserved in the intertidal sediments
of Merrymeeting Bay to reconstruct an 1,800-year
record of natural variability and human-induced
changes on the Kennebec and Androscoggin rivers.
Radiometric methods including carbon-14 and lead-

Environmental histo210 were used to provide
ries of human activiapproximate estimates of sediment age. Another study by
ties affecting river,
Lotzi and Milewski (2004)
examined archeological and
estuary, and coastal
historical evidence spanning two
centuries of human impacts in
marine ecosystems
the Quoddy region of coastal
Maine and New Brunswick. This
can provide insights
study documented overhunting
of marine mammals and birds,
into the role key
overfishing of groundfish, and
the damming of rivers and
species may play
polluting of waterways that
resulted in the collapse of diadand the ecological
romous fish species. However, it
also documented the partial
processes needed for
recovery of some species and
improved water quality to reveal
restoring ecosystem
successful conservation and
restoration efforts.
functionality.
Environmental histories of
human activities affecting river,
estuary, and coastal marine
ecosystems can provide insights
into the role key species may play and the ecological
processes needed for restoring ecosystem functionality.
Stocks of groundfish such as Atlantic cod, haddock,
and pollock were harvested sustainably in coastal waters
for centuries by Maine fishermen until industrialization
and improvements in fishing technology enhanced
harvest rates beyond sustainable levels (Baird 1874;
Bolster 2008; Meyers, Hutchings and Barrowman
1996; Rosenberg et al. 2009). Altough overfishing is
the conventional explanation for the decline of coastal
fisheries, historical accounts by fisheries scientists in the
late 19th century suggest a more complicated story of
fisheries depletion. As U.S. Commissioner of Fisheries
Spencer F. Baird (1874: xii) wrote:
The general conclusions which have been
reached as a result of repeated conversations
with Captain Treat and other fishermen on the
coast incline me to believe that the reduction
in the cod and other fisheries, so as to become
practically a failure, is due to the decrease off our
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coast of the quantity, primarily, of alewives; and,
secondarily, of shad and salmon, more than to
any other cause.
In other words, Baird was certain that coastal cod
populations were disappearing because their forage base
had been decimated by events occurring on land and
on the major rivers, that is, dam building and overfishing of forage species. Baird identified a potentially
pivotal ecological linkage between coastal groundfish
and anadromous fish species that may have generally
been known by fishermen at the time, but has since
been underappreciated by scientists and managers.
Other fisheries experts following Baird corroborated a
connection between groundfish and anadromous fish
runs (Atkins 1887; Belding 1921; Fields 1914). Baird’s
conclusion that inshore groundfish populations
depended on river herring (i.e., alewife and blueback
herring) returning to their natal rivers to spawn along
with their young-of-year emigrating from the rivers to
coastal waters might prove to be a vital piece of information to stimulate the ecological recovery of nearshore fisheries. Further examination of the link between
freshwater and marine ecosystems can be achieved
today by examining historical patterns of fishing
activity and the seasonal movements of groundfish
in relation to extant populations of river herring along
the coast of Maine.

Historical information suggests that river
herring populations were a vital resource
for nearshore cod populations and without
a substantial recovery of river herring,
coastal fisheries will remain depleted.
Fisheries scientists have long relied on the empirical knowledge of fishermen to understand the spatial
patterns of groundfish habitat and movement patterns.
In the late 19th century, George Brown Goode (1887)
interviewed fishermen to map fishing grounds in the
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Gulf of Maine. Following Goode, Walter H. Rich
(1929) added the accounts of many fishermen active
in the early 20th century to produce a more complete
picture of fishing grounds from Cape Cod to the Bay
of Fundy. Trying to understand why fish disappeared
from the once bountiful grounds along Maine’s coast,
fisherman and fisheries scientist Ted Ames has
continued the tradition of Goode and Rich by interviewing retired fishermen who were active in the era
before the rapid introduction of new technologies to
New England fishing fleets placed severe pressure on
coastal fish stocks. Ames’s objective was to understand
the ecology of groundfish populations when they were
still relatively abundant with the hope of discovering
fundamental ecological processes that might aid
restoration efforts (Ames 1997, 2004, 2010, 2012).
To this end, he interviewed fishermen who were active
prior to 1950 to supplement the historical database
of Goode and Rich.
The resulting spatial database provides a unique
opportunity to piece together vital information about
groundfish ecology in the Gulf of Maine. But because
fish stocks are so depleted today, modern field studies
may not be useful for detecting or evaluating many
important ecological connections needed for successful
restoration. To date, Ames’s work has supported the
conclusion of Baird and his contemporaries about the
importance of river herring to coastal groundfish populations. For example, the spatial array of former fishing
grounds and seasonal movement patterns in the 1920s
and 1930s indicate that cod moved inshore during the
spring and fall in mid-coast Maine, where substantial
alewife runs still occurred in the Damariscotta,
Medomak, and St. George rivers. Presumably, cod
preyed on the adult alewives returning to their natal
river in the spring and on juvenile alewives emigrating
from the rivers in the fall. The seasonal movement
patterns observed in the Damariscotta region contrast
sharply with most other rivers along the Maine coast
where alewife runs had collapsed and coastal cod had
moved further offshore (Ames and Lichter in review).
Historical studies of the Inner Kettle Bottom and Outer
Kettle Bottom fishing grounds near the mouth of the
Kennebec River may provide additional ecological
insights. With more than 400 known fishing grounds
described in the Goode-Rich-Ames database, these two
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fishing grounds were reported to be among the best for
year-round cod fishing throughout the study period.
Although the Kennebec and Androscoggin rivers had
been dammed much earlier (i.e., 1837 and 1815,
respectively), the tidal waters of Merrymeeting Bay
and its small tributaries may have afforded sufficient
spawning and nursery habitat to maintain river herring
populations before the raw industrial and municipal
wastes of the mid-20th century caused the complete
collapse of anadromous fish stocks (Köster et al. 2007;
Lichter et al. 2006; Taylor 1951).
Historical information suggests that river herring
populations were a vital resource for nearshore cod
populations and without a substantial recovery of river
herring, coastal fisheries will remain depleted. This
insight is profound, because in addition to overfishing
groundfish populations in the Gulf of Maine, human
activities have undermined the marine food web to the
extent that once bountiful coastal fishing grounds no
longer produce any fish. Recognizing this historical
connection, Ted Ames has taken the next logical step by
linking historical coastal spawning areas of groundfish
that were near rivers to the availability of juvenile river
herring as forage for both young and adult groundfish.
Young river herring do not join migrating schools of
adult fish, but remain in coastal waters until their
second year (Collette and Klein-MacPhee 2002). Ames’s
hypothesis suggests that recovery of coastal cod populations, along with other groundfish species, may depend
as much on river restoration as on implementing fishing
regulations to maintain sustainable harvests.
River restoration efforts are underway in the
Kennebec and Penobscot watersheds. Dam removal
and improvements in fish passage are being implemented at some locations, while other restoration projects are in the planning stages. In 2011, approximately
three million alewives and blueback herring returned to
the Kennebec during their spring spawning migration,
thanks to the efforts of the Maine Department of
Marine Resources (MDMR) and dam owners. The
resulting number of juvenile fish leaving the Kennebec
should exceed the adult abundance by many multitudes. This is a terrific start, but historically tens of
millions of river herring returned to Maine rivers and
lakes each year to spawn (Hall, Jordaan and Frisk
2011). Their young-of-year may have numbered in the

Miguel Barajas

SSI Undergraduate Researcher
Environmental Science major, University of Southern Maine
When Miguel Barajas began interning with USM’s Aquatic Systems Group
last summer, he never imagined he’d be rising before dawn to hop aboard
fishing boats, where his task was to figure out what cod had eaten for breakfast. When fish were captured, he flushed out their stomachs, collected the
contents, weighed and measured the cod, and released them back to the sea.
“Making fish throw up is definitely an experience this research is giving me
that I wouldn’t otherwise have had,” he wryly observes.
Barajas is part of a team studying
the role of river herring, or alewives,
in the cod’s diet. An important food
source for cod and many other
species, alewives have been on the
decline over the past century due
largely to human activity on rivers,
including dams and pollution from
factories.
It’s not clear what happens to
groundfish such as cod when alewife
populations decline. To help solve one
piece of the puzzle, Barajas is using
computer modeling to simulate how
consuming fewer alewives affects
their growth. His findings could yield
clues to help revive Maine’s decimated groundfisheries.
“If the computer models suggest
that reductions in river herring negatively affect groundfish growth, it may
be possible that future efforts to
restore river herring could positively
affect groundfish growth,” Barajas
says. “This would have many
economic implications for the Gulf of
Maine groundfish industry as well as
the surrounding coastal communities.”
Barajas is working with Karen
Wilson, assistant research professor,
and Theo Willis, adjunct assistant
professor, both of USM’s Department

of Environmental Science. They are
members of an SSI research team
at Bowdoin, Bates, and USM
studying alewife restoration in the
Kennebec and Androscoggin rivers,
and the ecological and economic
impacts of these efforts on fisheries
and economies from the headwaters
to the coast.
Led by John Lichter, Samuel S.
Butcher Associate Professor in the
Natural Sciences at Bowdoin, the
project will help communities and
groups make more informed decisions about the costs and benefits of
river restoration efforts. It also will
contribute to a better understanding
of the effects of river restoration on
fisheries and economies at the basin
and town scales.
Now a junior at USM, Barajas is
already hooked on doing research
that helps solve sustainability challenges. “Through my experiences
working on the SSI research, I have
come to the realization that I want
to continue studying marine and
freshwater systems,” Barajas says.
“I want to focus on the management
of these resources for future generations in Maine.”
—Kim Ridley

tens of billions. This huge influx of fish into coastal
waters each year was likely the reason the Gulf of
Maine was once so bountiful with cod and other predatory fish species (Baird 1874).
History can tell us what was lost over the centuries,
but perhaps more importantly, it can also help us
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Graduate Research Assistant, Sustainability Solutions Initiative;
Ph.D. Student, Ecology and Environmental Sciences;
Program Manager/GIS Analyst and Adjunct Lecturer in Environmental
Studies, Bowdoin College
Eileen Johnson has a unique perspective on SSI: she is a Ph.D. student at
the University of Maine and a staff person and lecturer at Bowdoin College,
where she facilitates community-based research projects in the Environmental
Studies Program. She brings this experience to SSI, which she chose for her
doctoral work because of its focus on connecting knowledge with action and
its emphasis on developing effective strategies for engaging stakeholders.
What problem are you working
to solve?
I am currently a member of an SSI
team comprised of researchers from
Bates, Bowdoinm and the University
of Southern Maine. Our research
focuses on river systems and seeks
to understand barriers to restoration.
What progress are you making
toward solutions?
My research focuses on the role
of institutions and the incorporation of
stakeholders in the research process.
Through my research, I have come to
have a fuller understanding of how
stakeholders characterize “restoration,” what questions and concerns
they have about the two river
systems in our study, along with

understanding opportunities for
engaging stakeholders throughout the
research process, including effective
ways of sharing our results.
How could your findings contribute
to a more sustainable future in
Maine and beyond?
Our research will help communities to better understand the value of
restored river systems and help us to
understand how we can collaborate
more effectively with stakeholders. I
hope that our work will help to forge
collaborations among all of the
different individuals and groups
currently connected with our two
rivers of study, the Androscoggin and
Kennebec.
—Kim Ridley

understand how to recover what is recoverable of our
once bountiful natural resources. To this end,
researchers at Bowdoin and Bates colleges and the
University of Southern Maine have teamed up with
Ted Ames of the Penobscot East Resource Center to
examine ecological recovery in Maine’s waterways and
coastal fisheries. Through Maine’s Sustainability
Solutions Initiative (SSI), they are investigating the
ecological and social influences on further ecological
recovery of our rivers, estuaries, and nearshore marine
habitats and are estimating the potential economic
benefit that further ecological recovery would bring
neighboring communities. Working with individual
stakeholders and stakeholder organizations, they seek to
understand the best steps that can be taken to stimulate
100 · Maine Policy Review · Winter/Spring 2012

recovery and to develop a vision of functioning, rich
coastal ecosystems that benefit people as well as wild
populations. (See sidebars for student spotlights related
to this project.)
To date, the Bowdoin-Bates-USM collaboration
has presented several public lectures and has partnered
with the Kennebec Estuary Land Trust (KELT) and
the Merrymeeting Bay Trust to organize a stakeholder
symposium titled, Many Rivers, One Estuary. These
events brought together hundreds of interested people
from a variety of organizations to discuss ecological
recovery in the Kennebec and Androscoggin watersheds, their common estuary, and the coastal fisheries
that once depended on the river-estuary complex. In
response to these unusual, open discourses between
academic scientists, state scientists, and concerned
stakeholders, several local restoration projects have
been initiated. For example, the Bath water district, the
Woolwich fish commission, KELT, and Woolwich residents are examining options for restoration of their fish
ladder on the Nequasset River. Experts from WrightPierce Engineering, the U. S. Fish and Wildlife Service,
and the MDMR provided technical information, and
this group recently submitted a grant proposal to help
fund repairs of the Nequasset fish ladder. Another
important collaboration has emerged between NextEra
Energy, the MDMR, the Androscoggin River Alliance,
and the Bowdoin-Bates-USM research team to address
ecological concerns in the Androscoggin River. Their
goal is to determine whether fish-lift technology would
improve passage of American shad at the Brunswick
hydroelectric dam. These efforts are a direct consequence of the novel discourse and collaborations generated between groups that generally have not interacted
in the past.
Reconstructing ecological history can play an
important role in understanding the vital ecological
relationships that once resulted in truly bountiful
resources supplied by our rivers, estuaries, and coastal
waters. Understanding and sharing that history can
play an equally important role in generating public
support for ecological restoration. Harvest of the
annual alewife, blue-back herring, shad, salmon, and
sturgeon runs was an important source of food and an
important export commodity during the Colonial era
throughout coastal Maine. Embracing restoration of
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fish passage today is in many ways embracing the
pioneer history and traditions of our coastal communities. As Maine’s coastal economy depends critically on
tourism, embracing a historical narrative focused on
the connection between the unique character of Maine’s
people, their communities, and the unique ecology
of coastal Maine seems well advised. Restoration of
historic fish runs can only benefit Maine’s coastal
economy with increased fish harvests as well as
enhanced tourism based on working waterfronts and
restored spawning runs. Over the long run, resilience
of coastal communities may depend on a diversity of
economic activities that better weather external disturbances in our increasingly interconnected world. ACKNOWLEDGMENTS
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Our Environment:
A Glimpse at What
Mainers Value
by Mark W. Anderson

Understanding environmental worldviews is important because values can play a strong part in
defining

and

resolving

policy

debates.

Mark

Caroline Noblet

Anderson, Caroline Noblet and Mario Teisl present

Mario Teisl

analysis of a survey that included questions about
Mainers’ environmental values. They note that people
can value the environment in multiple ways at the
same time, and that these values are not necessarily
mutually exclusive. In the end, they say, “values
matter” in environmental policy.
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Values matter in
Measurement of environmental values, especially as they are understood and projected
across time, is a central problem of any
theory of sustainability (Norton 2005: 155).
IMPORTANCE OF VALUES IN PUBLIC POLICY

I

t was an early December morning and the auditorium of Greenville High School was marked
by quiet chatter. County sheriff’s deputies searched
backpacks and questioned citizens at the entrance.
Print and broadcast media were busy gathering interviews from Maine Land Use Regulation Commission
(LURC) members and from both proponents and
opponents of what came to be known as “Plum
Creek.” Plum Creek Timber Company, Inc., was
proposing a concept plan to rezone thousands of acres
of land in Maine’s unorganized territories, and LURC
was in Greenville for the first of four public hearings
on the latest version of that plan. Greenville was the
center of potential impacts. Local residents, business
owners, and others from the region were ready to share
their concerns and hopes for the future of their homes,
businesses, and communities.
What was notable about these hearings was the
passion that Maine people felt about the Plum Creek
proposal. Mainers, whether for or against the plan,
cared deeply about what should be protected and what
should be developed. There were calls for protecting
a way of life and a sense of place. Some residents
expressed the desire for their children to have an
economic future in the communities in which they
were raised, so wanted their businesses to flourish.
There were no unambiguously clear answers for
LURC members about what would be good for the
Moosehead Lake communities and what would not be
in the public interest. For some speakers, “people from
away” were proposing to change the region in unacceptable ways; while for others a different group of
“people from away” was trying to block progress. Many
deeply held values about how human beings should
relate to the natural environment were in evidence.
Public servants, both LURC commissioners and professional staff members, needed to navigate the choppy
waters of these diverse values.

Understanding values and
public policy even
their role in complex solutionsfocused research is central to the
though we rarely talk
Sustainability Solutions Initiative
(SSI). One component of the
explicitly about them.
SSI Knowledge-to-Action
Collaborative Team is built
around understanding environmental worldviews, which are
manifestations of underlying values. Different worldviews
affect our understanding of the very nature of problems
and the construction of research agendas by scientists
and stakeholders. Hart and Calhoun (2010: 260) identify a central challenge facing scientists in the emerging
field of sustainability science: “many decisions are also
affected by values, attitudes, and belief systems that are
completely unrelated to or in direct conflict with rationales based on scientific information.” The boundary
between scientists, stakeholders, and citizens is, at least in
part, defined by values. So understanding differences in
values is one step toward spanning this boundary.
The above example points out that values matter in
defining and resolving policy debates, and that people
can hold diverse values. Indeed, each individual can
hold multiple values at the same time—values that can
even lead to internal conflicts on how he or she views
policy options. SSI’s research recognizes that reactions
to policy changes, both within and across individuals,
can be heightened when values are ignored, simplified,
or gathered only at the end of the process. A practical
implication is in a charged policy discussion (e.g., Plum
Creek), allowing people to present and discuss their
values early may improve decision making while also
reducing conflict. One way SSI researchers address this
boundary is by involving stakeholder groups early in
the process, often when defining the problem.
Values matter in public policy even though we
rarely talk explicitly about them. Sometimes we even
pretend that there are public policies that transcend
value differences. Human values are complex, personal,
and often uncomfortable to bring up in public
discourse. Yet good public policy requires an understanding of value differences. For sustainability scientists
working to be part of knowledge systems that create
solutions (see Cash et al. 2003), exploring values differences will need to be central to their research approach.
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Philosophers and social scientists have uncovered
diverse ways humans think about the value of the
natural environment. Many ways to characterize types
of values have been proposed (Anderson and Teisl
forthcoming). For some people, nature is valuable only
for the services it provides to human beings.
Researchers have called this “consumptive use” value, a
value that reflects what philosophers refer to as utilitarianism. Others feel that nature is valuable in and of
itself without reference to human wants and needs.
Researchers term this “intrinsic” value. Others believe
nature’s existence is important for human beings, but
not necessarily for the sake of nature itself. Researchers
term this “existence” value. Yet the complexities are
even greater than these individual differences suggest.
Many people have been found to hold multiple values
at the same time, and many of these environmental
values are not mutually exclusive. In addition to the
individual-based values, new findings suggest that some
values are held collectively by communities and reflect
natural or cultural phenomena of worth that transcend
individual valuations (Norton 2005).

Many people have been found to hold
multiple values at the same time, and
many of these environmental values
are not mutually exclusive.
Sustainability scientists can use insight into values
differences in defining problems, in designing research
collaboratives with stakeholders, and in communicating
about research findings. Policymakers can benefit in two
ways from understanding the diversity of value types.
First, such understanding helps policymakers to better
appreciate the underlying differences among the people
they serve and helps them interpret the meanings of
passionate expressions like those heard in Greenville.
Second, understanding the values citizens hold can
help policymakers both improve the discourse around
contentious issues and design policies that better match
what people value. What, then, do we know about the
106 · Maine Policy Review · Winter/Spring 2012

values toward the environment held by Mainers and
what are the implications for policymakers?
SURVEY DATA ON MAINE PEOPLE’S VALUES

A

s part of a larger survey of Mainers’ attitudes on
energy issues conducted in the summer of 2010,
we asked a representative sample of Maine residents
to rate their level of agreement with various statements designed to reflect variations in environmental
values. Some of these items were drawn from a widely
used measure of environmental worldviews called the
“Revised New Ecological Paradigm” (Dunlap 2008),
while others were unique to this study. Responses to
these statements were collected using a five-point scale:
Disagree Strongly, Disagree, Unsure, Agree, Agree
Strongly.1
This brief survey of environmental values in
Maine offers an important glimpse at some surprising
perspectives Mainers hold on the relation between
human beings and nature. Our discussion here is
intended to give policymakers and concerned citizens
a means of thinking about how understanding environmental values might contribute to making better
environmental policies.
There are multiple dimensions along which environmental values can vary (Anderson and Teisl forthcoming), and this diversity can be seen in some
responses from Mainers in this survey. One important
dimension emphasizes the idea that people have the
right to use nature for utilitarian purposes.
Utilitarianism, the idea that value is principally derived
from use, is fundamental to the progressive conservation ethic developed by Gifford Pinchot more than a
century ago (Nash 1982) and underlies neoclassical
economic theory (Rawls 1971: Sec. 5). Pinchot
expressed the utilitarian perspective when he famously
argued for the scientific management of natural
resources based on accomplishing “the greatest good,
for the greatest number of people, for the longest
period of time.”
Given the prevalence of the utilitarian ethic, it
may seem surprising that our survey shows that
Mainers generally disagree that human beings have the
right to modify the natural environment to suit human
needs (Table 1, statement 1). This could indicate that
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TABLE 1: 	Responses of Maine Residents to Items Expressing Environmental Values

Statement

Total
Responses

Disagree
Strongly

Disagree

Unsure

Agree

Agree
Strongly

%

1. Humans have the right to modify the natural
environment to suit their needs

181

32.5

31.4

20.9

11.4

3.8

2. When humans interfere with nature it often
produces disastrous consequences.

181

2.7

13.7

20.8

34.4

28.4

3. The earth has plenty of natural resources
if we just learn how to develop them.

185

4.9

10.9

15.2

37.0

32.0

4. Humans will eventually learn enough about
how nature works to be able to control it.

183

3.3

11.5

25.7

26.2

33.3

5. Nature is valuable for its own sake, even if
humans get no goods or services from it.

183

3.9

4.4

10.9

37.7

43.1

6. Plants and animals have as much right
as humans to exist.

185

4.9

8.7

14.6

31.8

40.0

7. I am concerned about the effect of global
warming on Maine

186

10.8

5.9

16.1

31.2

36.0

8. The U.S. needs economic growth to protect
the environment.

183

9.8

12.0

26.8

32.3

19.1

Mainers reject utilitarianism, or given responses to a
second statement in our survey, that Mainers think that
the modification of nature to serve human needs leads
to undesirable consequences (Table 1, statement 2). Of
course we need to be cautious interpreting data such as
these since “interference” and “disastrous consequences”
in the wording of these items in the survey may mean
different things to different respondents.
The view that human interference with nature has
negative consequences is in marked contrast to
responses to another question. Mainers were asked
about the human potential to learn about nature and
ultimately control it. Nearly 70 percent of respondents
believe the world has “plenty of natural resources”
(Table 1, statement 3), reflecting people’s confidence
in nature’s potential to provide, and a majority believe
humanity will learn how to control nature (Table 1,
statement 4), reflecting people’s confidence in human
potential to harness what nature has to offer. It is not
altogether clear how to reconcile this pessimism about
past human actions with optimism about our species’
ability to control nature in the future. Maine people
apparently hold at the same time the belief that human
interference has been disastrous for nature in the past
and that we will eventually learn enough to begin to

control it—although “control” may or may not be seen
as a desirable thing for respondents. This seeming
contradiction reflects that people often value nature
and their use of it in complex ways not captured well
in simple models of values.
These items in the survey largely have to do with
utilitarian perspectives on human/nature interactions.
One of the more surprising outcomes of the survey,
particularly given Maine’s heritage of natural-resource
use, was the way respondents reject utilitarianism as the
only way of relating to nature. When responding to an
expression of intrinsic value (the idea that nature is
valuable for its own sake), approximately 80 percent
of the respondents agreed or agreed strongly with this
statement (Table 1, statement 5), which was designed
to reflect a biocentric perspective (Lundmark 2007).
This item, and the responses to it, does not calibrate
the magnitude of this biocentric value, and the survey
question does not ask respondents to trade this value
against more utilitarian values. But the result was
consistent with how people responded to a statement
that plants and animals have as much right to exist as
human beings (Table 1, statement 6). Given that the
survey was completed in a time of economic stress in
Maine, this level of support for intrinsic value of nature
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Cross Tabulation of Responses to Biocentric and
	Utilitarian Items

TABLE 2:

Statement 5
Nature is valuable for its own
sake, even if humans get no
goods or services from it.
Statement 1
Humans have the right to
modify the natural environment
to suit their needs

Disagree
or
Disagree
Strongly

Unsure

Disagree or Disagree Strongly

3.3

5.0

55.6

Unsure

2.8

3.9

14.4

Agree or Agree Strongly

2.2

2.2

10.6

Agree or
Agree
Strongly

%

is especially surprising and intriguing. Mainers clearly
value the natural world in complex ways that include
recognition of both the usefulness of nature to human
beings and the intrinsic value of nature in and of itself.
Values can also be revealed indirectly by people’s
concerns and expectations for the future. For example,
responses to statement 7 (Table 1) indicate that many
Maine residents have concerns about climate change,
with more than 60 percent agreeing that they are
“concerned about the effect of global warming on
Maine.” Although we do not know the details of what
motivates this concern, when combined with other
values statements in this survey, we can speculate that
part of the motivation reflects concerns for adverse
impacts on “plants and animals” and on human
systems. Note that a significant minority, more than
10 percent, of Maine residents strongly disagrees with
the global warming statement while about 15 percent
were unsure.
The survey also provides insight into what Maine
people see as solutions to environmental problems.
Insights like this are important to sustainability
science, which embraces an evolving ethic that the very
definition of problems and the nature of solutions is a
responsibility shared among researchers, policymakers,
stakeholders, and citizens. As we see in the responses
to statement 8 (Table 1), more than half the respondents agree that “the U.S. needs economic growth to
protect the environment.” The idea that per capita
economic growth improves environmental quality is
sometimes called the environmental Kuznets hypothesis (Stern 2003). Resource and environmental econo-
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mists disagree over the applicability of the Kuznets
hypothesis to environmental and economic problems.
Although the hypothesis may apply to localized, visible
air or water pollution reductions, it is not necessarily
applicable with environmental effects with longer
temporal or larger spatial scales (e.g., global climate
change). Nonetheless, the majority of survey respondents embrace the expectation that economic growth is
necessary for environmental protection.
We do not propose to translate this glimpse of
Mainers’ values into direct policy implications. Rather
we think they are indicative of the diversity of values
that Maine people hold on environmental issues and of
the complex way in which people respond to environmental issues. We do, however, believe that values, and
knowledge about values, are important to consider
when developing and implementing public policy.
Further, the public policy process itself can be positively transformed if values are explicitly considered.
DISCUSSION

S

urveying citizenry to find out what they think is
fundamentally important when public policy is
made. However, when survey data are used in policy
formation, they tend to be survey data on a specific
issue—should a dam be removed from this river or
should a wind power facility be located on that ridge?
This research suggests that surveys limited in this
manner may not be sufficient.
It is also important to understand the apparent
contradictions in people’s values as part of policy
debates. People can value the environment in multiple
ways at the same time, and these values are not always
mutually exclusive. One can believe that an aspect of
nature has consumptive use value and intrinsic value at
the same time without the two views being necessarily
contradictory. We can see an example of this when the
responses to the idea that people have the right to
modify nature (data from statement 1) are cross tabulated with the idea that nature is valuable for its own
sake (data from statement 5). It might be expected that
if one agrees with one of these statements one would
necessarily disagree with the other. In fact, more than
10 percent of the respondents to this survey agree with
both perspectives (Table 2).
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These findings suggest that environmental policy
need not always be an either/or proposition; instead it
can be some of both. Consider, for example, landscape
conservation set-asides such as those made under the
Plum Creek decision. People may value the public
acquisition of land both for the recreational opportunities it may provide (consumptive and non-consumptive
use values) and for the intrinsic worth of the species or
ecosystems that exist in those parcels. If people do hold
multiple values in this way, it suggests that a program
that only purchases land for multiple-use management,
by definition reflecting a use-based perspective, might
not address completely the values of Maine citizens. An
alternative program design that segregates land into
parcels with different uses and protections could more
fully address the multiplicity of values. Of course there
will also be examples where environmental decisions
are necessarily zero-sum games, and not all the values
held by the citizenry can be supported by the policy
prescription. In these cases, some values will need to be
supported at the expense of other values.
In the end, the important point is that values
matter in environmental discourse and policy. We
should be prepared to understand and discuss our
values with each other as we work to make Maine a
better place. Indeed what is “better” is the very crux of
what values are all about. Solutions are those policies
that result in outcomes that best reflect our values. ACKNOWLEDGMENTS
This research was conducted in conjunction with Maine’s
Sustainability Solutions Initiative, supported by National
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and environmental information and works to develop
ways to estimate people’s
values for environmental goods. Teisl has published more
than 50 journal articles and his research has been used by
numerous state and federal agencies.
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STEM
Education
Policy in Maine
and the Nation
by Thomas E. Keller

Thomas Keller provides an overview of K-12 STEM
(science, technology, engineering, and math) education
policy in Maine and the nation, and makes recommendations for several agencies in the state. He argues
that although standards and assessment are important,
there need to be corresponding changes instructional
materials methods and in school culture. Although we
do not yet have a fully integrated STEM curriculum,
Keller suggests that “we are overdue for interdisciplinary work where possible.”
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…the new focus on
INTRODUCTION

R

ecent policy reports have made urgent calls for
improving U.S. STEM (science, technology, engineering and mathematics) education in response to
both poor test performance by U.S. youth and worsening economic conditions in this country (Committee
on Prospering in the Global Economy 2007; Carnegie
Corporation 2009; PCAST 2010). These documents
are filled with comparative statistics that show the
relative decline of U.S. students’ test performance and
national competitiveness and the increase of both in
other nations.
The broad-brush analyses in these reports call for
reflection on the status, goals, and actions that have
brought the nation and its K-12 students to this low
point and consideration of the status of STEM education as the perceived solution to the problems our
nation is facing. This article is written for two purposes:
first, to offer a perspective on the STEM education
policy at the national and state levels, and second, to
apply that perspective by making recommendations
to be taken by various agencies in Maine.
THE STATUS OF STEM EDUCATION IN K-12

I

n many respects, STEM education is in its infancy.
Indeed, STEM might reasonably be described as still
in its neonatal state. Full models of STEM education,
that is, ones that integrate the content and processes of
science, technology, engineering, and mathematics into
one highly coherent STEM curriculum, at any grade
level are rare, and across the K-12 span are largely
non-existent. The Board of Science Education of the
National Academies has recently begun a study on
“iSTEM” (www7.nationalacademies.org/bose/iSTEM_
homepage.html), but the final study report is still many
months away and seems likely to point to the promise
rather than the actuality of integrated STEM education
in schools.
The promise of integrated approaches to STEM
that ensure continuity across the educational spectrum
is becoming more tangible, due to recent efforts
both at the state and national levels. The recent development of the national Common Core State Standards
for Mathematics and English Language Arts (ELA)

(www.corestandards.org), and
practices may help
the soon-to-be-developed Next
Generation Science Standards
teachers to teach
(NGSS) (www.nextgenscience.
org) provide unprecedented
knowledge within
opportunities to create a more
coherent and coordinated educaauthentic contexts
tional system nationwide. The
ELA standards already make a
of use, rather than
link to science by including a
section on science literacy,
as disembodied
emphasizing the skills of critical
reading and writing of nonabstractions to be
narrative texts that are so central
to today’s information age. It is
memorized.
expected that the NGSS will
increase the coherence by
creating specific standards that
are parallel or even overlapping
with the mathematics ones. For example, both emphasize the importance of learners developing a set of
domain-specific practices.
The use of the term “practices” was deliberate, at
least in the science education field, as a way to signal
that scientists use these skills as they conduct their
investigations and work (thus, practice) and that
students must practice the skills to become proficient.
Practices cited in the standards include developing and
using models and planning and carrying out investigations (for science and engineering), and using appropriate tools strategically and attending to precision (for
mathematics). One example of the parallelism is the
clear overlap between the mathematical practice of
“constructing viable arguments and critiquing the
reasoning of others” with the scientific and engineering
practice of “engaging in argument from evidence.” The
concept of practices integrates content and processes by
emphasizing the criticality of content knowledge along
with the ability to apply and use this content in meaningful ways. Because of this, the new focus on practices
may help teachers to teach knowledge within authentic
contexts of use, rather than as disembodied abstractions
to be memorized. The full set of science standards is
being built from foundational work put forth in A
Framework for K-12 Science Education (NRC
2011a), which outlines a vision for science education
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along with three dimensions for it (a limited set of
core ideas, scientific and engineering practices, and
crosscutting concepts). These standards are still in a
developmental stage and Maine is one of 26 lead states
participating in their creation under the guidance of
Achieve, Inc. This is an important effort and is the first
step toward a coherent system.

Students will perform no better, even
on better tests built on better standards,
without corresponding changes in
curriculum materials, instructional
methods, and school culture.
Simultaneous with the development of national
standards, there are significant changes in the landscape
of assessment that also offer significant opportunities for
better learning. For example, “Race to the Top” funding
is supporting two assessment consortia to create assessments that, among other goals, support and inform
instruction. These developments have the potential to
redefine assessments, but we need to keep expectations
realistic and be ready to build on what will surely be
beginnings rather than complete systems. With the
availability of waivers for adequate yearly progress as
currently written in the No Child Left Behind legislation, drafts of a revised Elementary and Secondary
Education Act that point to the limitations of current
assessments, and the expectations that the Race to the
Top assessment consortia will generate superior assessments, the pressure felt by states to identify a failing
school is prematurely lessening. Unfortunately, this may
end up addressing the symptom without addressing the
disease. The public should not entirely eliminate
accountability measures that have done an outstanding
job of pinpointing lack of educational equity; rather, we
should demand that those measures be designed to more
comprehensively show what students can know and do.
With any luck, the new standards and the new
assessments will align in calling for instruction that
114 · Maine Policy Review · Winter/Spring 2012

emphasizes productive practices, but even this may
be insufficient to guarantee success in our schools.
Students will perform no better, even on better tests
built on better standards, without corresponding
changes in curriculum materials, instructional methods,
and school culture. Complex systemic problems always
require systemic solutions, and it will be the responsibility of states and districts to support the coherent
vision at the local level.
As recently as the early 2000s, Maine was leading
the nation in these content areas and assessment as a
result of work on a comprehensive local assessment
system that was designed to include a state-testing
component with a curriculum-embedded one. Teacherbased teams in science, mathematics, English, language
arts, and social studies generated standards-based assessments, and thousands of hours of professional development were undertaken across the state. As a result of
this effort, the assessment literacy of teachers and
administrators (and state department of education staff
and higher education faculty) was increased statewide,
and instruction and assessments built to common standards was becoming common.
Currently Maine uses the New England Common
Assessment Program for testing in mathematics and
reading in grades 3-8, and uses the SAT as the major
portion of its high school assessment. There is no
longer any curriculum-embedded component to
measure attainment of standards, so all scores depend
on high-stakes test results from state assessments. In
science, the state creates and implements its own test
for grades 5, 8, and 11. Professional development in
assessment as a statewide activity for teachers and
administrators is not conducted as it once was, yet the
needs for understanding the level of performance of
each student is just as great.
Another relevant development is the changing role
of engineering and technology, the “E” and “T” in
STEM. In spite of a flurry of interest at the national
level, these are subjects that continue to have little
traction in most K-12 schools. Technology has always
suffered from an identity crisis: Does “technology”
mean the use of laptops and other technology-based
instructional tools, or is it the set of courses taught in
some middle and high schools around topics such as
small engines and machine tools, or is it that which is

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

STEM Education Policy

taught in career and technical education centers, or
even some of combination of these? There are other
obstacles to broader uptake of these subjects at the
K-12 levels. For example, science and mathematics
teachers are often lacking the professional development,
confidence, resources, or time to embed key concepts
and principles from their subjects in a design-focused
lesson structure. And, pockets of “T” may be taking
place outside comprehensive schools. An informal
review of the Maine Department of Education’s Career
and Technical Education (CTE) web site shows that
much technology education is underway in this area
at CTE schools. However, even in CTE schools there
seems to be little or no integration of STEM subjects.
There is reference to a technology and mathematics
program in CTE schools, but little mention of STEM
education, per se. Going forward, technology needs to
be given greater credence in comprehensive school
programs, but only if well integrated with science,
engineering, and mathematics (and ELA).
Engineering educators have done much work
nationally, supported largely by the National Academy
of Engineering (NAE) and the International
Technology and Engineering Education Association,
to advance more widespread teaching of engineering
education. This is evidenced by the implementation
of two curriculum projects: Engineering Is Elementary
(www.mos.org/eie) and Project Lead the Way (www.
pltw.org/). Two recent reports (Katehi, Pearson and
Feder 2009; NAE 2010) conclude that, although much
work in curriculum and instruction has been accomplished, the field is not quite ready for a full set of
K-12 standards. There is, however, promising research
indicating that instruction in engineering process and
design lead to greater student achievement in mathematics and science, and both reports recommend that
engineering be incorporated as a pedagogical approach
to teaching science and math. This research also led to
the inclusion of engineering design as both a practice
and a core idea in A Framework for K-12 Science
Education (NRC 2011a). In other words, engineering
has made entry into K-12 science standards that may
become common across the country. The embracing
of engineering, especially the design process, was facilitated by common scientific and engineering practices
and the value for K-12 students to experience both

science and engineering for career exploration, use in
everyday life, and personal interest.
SUGGESTED ACTION STEPS

I

f research and practice have yet to create a system of
integrated STEM education (as opposed to the separate content areas of science, technology, engineering
and mathematics), and our students continue to
perform poorly on separate current measures S,T,E,M,
what are meaningful short- and long-term goals for
educators and the general public?
This takes us back to the national (and I propose
state) goals of STEM education, which the NRC report
Successful K-12 STEM Education (NRC 2011b)
identifies as
• Expanding the number of students who ultimately pursue advanced degrees and career in
STEM fields and broaden the participation of
women and minorities in these fields.
• Expanding the STEM-capable workforce
and broaden the participation of women and
minorities in that workforce.
•	Increasing STEM literacy for all students,
including those who do not pursue STEMrelated careers or additional study in the
STEM disciplines.
According to A Framework for K-12 Science
Education (NRC 2011a), these goals are likely to be
achieved, at least in science, by engaging students in
studying a set of core ideas through science and engineering practices over multiple school years. A related
strand of work on 21st century skills (also known as
“deeper learning” or soft skills) indicates that such skills
overlap with science education in five areas—adaptability, complex communication/social skills, nonroutine problem solving, self-management/
self-development, and systems thinking (NRC 2010,
2011c). All of this work points to the conclusion that
learning just the facts of science, mathematics, engineering, or technology is insufficient to achieve the
three goals cited earlier. What is needed is a definition
of STEM that emphasizes interconnections of ideas
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and practices and support for key players in the state
education system.
The changes that are needed are as follows. First,
we will need to align goals (and standards) with practice. This is stated in various ways in educational circles
though usually the issue is approached from an assessment perspective. Phrases such as “what you test is
what you get,” “measure what is important,” and “teach
to the test” each signal the crucial role that assessment
plays. If our goals in science education are the three
cited earlier (STEM-focused, STEM-capable, and
STEM-literate), we cannot develop these capacities by
viewing these subjects as discrete bodies of knowledge
to be memorized rotely, and we cannot assess them
such that instruction is driven to this end. Assessment
is just one area of misalignment between goals and
practices, but it is a particularly important one. Maine
has the opportunity to drive the actions of one of the
two Race to the Top assessment consortia by being a
“governing state.” The state should do so by advocating
for robust, technology-based platforms that allow for
high-powered simulations that provide more realistic
and authentic assessment (and learning) in science
along with math and ELA. Learning about assessment
for formative and summative purposes and for alignment with standards and instruction has multiple entry
points for professional development for teachers and
administrators. Finally, a state-level data system must
be built from local school-level data systems, which is
founded on a system of common aligned standards,
curriculum, instruction, and assessment to yield meaningful results.
Second, we need to take advantage of school as a
group experience. Scientists and engineers operate in
teams or at least in a social environment. They must
work together and communicate clearly and effectively.
Looking across current STEM policies, social engagement is a strong theme. For example, the Common
Core State Standards for Mathematics refers to the
importance of being able to construct viable arguments
and critique the reasoning of others. A Framework for
K-12 Science Education (NRC 2011a) cites engaging
in argument from evidence and obtaining, evaluating
and communicating information. Engineering in
K-12 Education (NAE 2009) urges research on how
design ideas and practices develop in students over
116 · Maine Policy Review · Winter/Spring 2012

time, and work on 21st century skills identifies the
need for complex communication/social skills. Clearly
success in the 21st century requires social skills and
these necessitate explicit instruction and classroom
time. Too many schools in Maine separate students
and treat learning as an isolated individual endeavor.
Third, we need more educators who act as leaders.
Though it is evident that teachers are most important
for the improvement of improving student achievement, research has shown that school leadership and
school climate are vital to establishing the conditions
for success in schools (Bryk et al. 2010). Maine must
have effective, learning-focused principals, curriculum
coordinators, lead teachers, or some structure that
provides consistent supportive educational leadership in
schools, and we need a system that produces, develops,
and sustains these talented individuals. Greater coordination across advanced learning opportunities (be they
at in-state higher education institutions or cohorts of
Maine educators enrolled in out-of-state institutions)
would lead to better efficiency and the chance to give
focused attention to Maine’s issues. For example,
regular colloquia on research findings and their relationship to practical needs should be instituted in both
face-to-face and distance-learning formats.
Fourth, we need to cross content lines. Clearly
there are basics in each subject area (e.g., multiplication
in math) that must be learned in order to apply them
across subject areas (e.g., determination of momentum
in physics). Knowledge of and facility with the multiplication tables are necessary for chemistry and physics;
knowledge of and facility with reading a multitude of
genres of text are vital for approaching an article on
biotechnology. Unfortunately, students are frequently
expected to make these leaps on their own and just as
frequently they do not. Flexible application of core
ideas across a variety of contexts and topics is strongly
promoted (or even mandated) in the practices within
the common core mathematics standards; the scientific
literacy sections of the common core ELA standards;
and the scientific and engineering practices, crosscutting
concepts and core ideas within A Framework for K-12
Science Education (NRC 2011a). Although we as a
state and country are not yet positioned for a fully integrated STEM curriculum, we are overdue for interdisciplinary work where possible. There are schools and
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classrooms in Maine that serve as experiments and
models. Work at Falmouth High School, Durham
Middle School, and across South Portland demonstrates
how subject disciplines can enhance each other. Indeed
at the University of Maine, interdisciplinary work
through the Sustainability Solutions Initiative cuts across
the fields of social sciences, natural sciences, mathematics, economics, communication, and engineering.
Fifth, we need to train teachers and administrators
better both initially and continually. According to data
collected by the U.S. Department of Education (title2.
ed.gov/Title2STRC/Pages/SupervisedExperience.aspx)
Maine currently has 15 institutions (eight private and
seven public) that prepare teachers. The U.S.
Department of Education also collects data on the
average number of clock hours required before student
teaching. While the data gathered for this statistic
could be interpreted in various ways, and the value
of the statistic itself could be questioned, these clock
hours for private institutions range from 0 to 600,
and for publics from 35 to 120. This variability seems
unreasonably large considering that all of these are
preparing students for the same K-12 classrooms. More
coordination among these programs would identify
common goals and lead to sharing of best practices.
In the interests of efficiency and coherence, it may also
be valuable to focus our teacher training and reduce
the need for seven public institutions that train teachers
in small and separate programs.
Maine does have, or rather had until 2008, a
state-funded system of professional development,
termed the “Per Pupil Professional Development
Funds,” which were combined with local funds to
create local and regional systems for professional development. Maine still has active teacher and administrator professional societies such as the Maine Science
Teachers Association, the Association of Teachers of
Mathematics in Maine, and the Maine Curriculum
Leaders Association. Led by volunteers with some assistance from Maine Department of Education (MDOE)
staff, these organizations are providing important
professional development opportunities. At the same
time, dependence on voluntary leadership leads to variability. Bringing these associations (and other groups)
into a standing advisory council for the MDOE would
provide coordination of schedules and focus areas,

along with some economies of scale. They also could
advise the University of Maine System on its K-12
educational endeavors such as pre-service teacher placement, needs of pre-service teachers, and needed types
of professional development. Continuing to have
subject-area specialists in the MDOE to serve as the
connection between state policy, higher education, and
classrooms is necessary to support good teaching and
learning in these areas.
Sixth, we need to better mine the research and
continually evaluate our actions. Maine has undertaken
several unique educational efforts, but these are largely
unreported in national peer-reviewed journals and
seldom evaluated. Three major projects with connection to STEM are the laptop initiative that put
computers in the hands of every middle school student
in Maine, the requirement for all high school juniors to
take the SAT, and the comprehensive local assessment
system. What lessons and best practices have been
learned from these? How has this knowledge been
transferred to others? How well have they achieved
their goals (e.g., for more Maine students to attend
post-secondary training as a result of free SAT scores)?
When Maine takes the lead with an innovative initiative, we need to invest in related research and evaluation or we have no idea whether we were successful.

Although we as a state and country are
not yet positioned for a fully integrated
STEM curriculum, we are overdue for
interdisciplinary work where possible.
Seventh, knowing that each year’s cohort of
students is one that we cannot afford to teach poorly,
we need to tie together the pockets of excellence we
have in Maine—the science-rich businesses and
nonprofits, institutions of higher education, distance
learning, informal science and environmental education
providers, state government, and schools—for the
purpose of engaging and keeping youth in STEM
pathways. Maine has several economic and education
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foci that are unique and/or underdeveloped. Certainly
we have an active energy research and development
community of practice with such groups as Central
Maine Power, the Island Institute, Bangor Hydro
Electric, the Maine Mathematics and Science Alliance,
the Maine Energy Education Project, Efficiency Maine,
and the Gulf of Maine Research Institute creating a
Maine energy-literacy plan. We have world-class marine
resources at the Bigelow Laboratory for Ocean Sciences,
University of Maine’s Darling Marine Center, Mount
Desert Island Biological Laboratory, and Gulf of Maine
Research Institute, which house cutting-edge scientific
research and provides educational experiences for Maine
students. Within the medical field, we have examples
such as the Jackson Laboratory, the University of
Southern Maine, and the Foundation for Blood
Research engaged in life-saving research and educational
opportunities for Maine students. In engineering, we
have the University of Southern Maine’s Manufacturing
Applications Center and External Programs, University
of Maine’s College of Engineering, and Boston’s
Museum of Science all supporting the interests of
Maine students in engineering. Connecting the
researchers with the educators at these institutions
would bring fruitful rewards to both. Many times,
however, we do not capitalize on the opportunity of the
proximity of learning and research. Even worse,
students and their parents either must have an earlier
connection to a program or painstaking search out each
opportunity. Building these into educational and
research opportunities (“practicing science”) and
making it easy to locate information on programming is
an obvious next step to tying these pockets together.
Maine educational leaders must be bold and cannot
let the good enough stand in the way of the excellent.
Maine can lead the nation in STEM education. -
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Sustainability
and Workforce
Development
in Maine
by Catherine S. Renault
Linda Silka
James (Jake) S. Ward IV

Maine is facing challenges in terms of its workforce: education levels lag behind those in the other
New England states; population growth is slow; and
the economy is undergoing a change that has shifted
from manufacturing to more knowledge-based jobs.
Catherine Renault, Linda Silka and Jake Ward
discuss these challenges, looking at what employers
want in their employees and at the kinds of jobs
the state is likely to see in the future. They point out
that the Sustainability Solutions Initiative, with its
emphasis on a boundary-crossing approach to education, is an example of a way to train today’s students to
fill and create the jobs of the future.
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To meet the
MAINE’S WORKFORCE CHALLENGE

T

he economic challenges of the past few years have
accelerated public perception of a change that has
been going on for a decade or two—the skills required
for jobs are changing. The days are gone when a high
school diploma was sufficient to get a job at a local
manufacturing establishment that would pay enough
for a middle-class lifestyle. Not only have many of
these companies disappeared, but the jobs that are left
are quite different.
The Maine Development Foundation (MDF) and
the Maine Chamber of Commerce teamed up in 2010
to produce a report called Making Maine Work:
The Role of Maine’s Public University System. The
message was clear: jobs of the future require education
and training beyond high school. Many of the highest
growth and highest wage jobs require a bachelor’s
degree or more. Making Maine Work went on to
note that Maine’s educational attainment trails regional
rates: while 35.7 percent of Mainers aged 25 or older
have a higher education degree, 43.2 percent of New
Englanders have reached this milestone.
As a result of this, MDF and the Chamber made
two recommendations: (1) enroll, educate, and graduate more people; (2) graduate people with skills and
knowledge that meet the current and future needs of
Maine businesses. These seemingly simple prescriptions
are actually quite complicated to implement. The
biggest reason is that the composition of the workforce
is changing at the same time the demands of Maine
businesses are changing.
MAINE’S DEMOGRAPHIC CHALLENGE

W

ith baby boomers approaching retirement
age across the U.S., all states will soon be
dealing with an aging population. Maine, as the
oldest state in the country, is on the leading edge of
this challenge. The 2010 Census found that Maine’s
median age has increased from 38.6 years in 2000
to 42.7 years in 2010. Both the under 20 and 20 to
39 age cohorts have declined, while the 40 to 64 age
cohort and the population over 65 have increased.
Two counties, Lincoln and Piscataquis, had median
ages of 48.1 years.

Maine’s population growth
needs of Maine’s
comes from within the state.
Inmigration from other states is
employers, we
extremely low. Maine’s immigration rates are also low: only 3.3
will need to work
percent of Mainers were born
outside the U.S., and only onewith the young
third of those immigrated since
2000. As a result, Maine is one
people and incumof the least diverse states in the
country, with 96.9 percent of
bent workers
the population white and the
largest minority population,
already in the workNative American, at 1.9 percent.
These facts combine to
force and find ways
define Maine’s workforce challenge. To meet the needs of
to engage older
Maine’s employers, we will need
to work with the young people
workers who are
and incumbent workers already
in the workforce and find ways
past the traditional
to engage older workers who are
past the traditional retirement
retirement age.
age. As a result, Making
Maine Work observed, “Adults
need to continue their education and training to keep their
skills and knowledge current with employer needs.”
(Maine State Chamber of Commerce 2010: 6)
CHANGING COMPOSITION OF MAINE’S LABOR
MARKET

T

he Maine Department of Labor (MDOL) has been
studying changes in Maine’s labor market. They
observe that “in the past sixty years, blue-collar jobs
declined from more than half to less than one-quarter
of jobs, administrative support jobs stagnated, and
managerial, professional and technical jobs increased
from one-fifth to nearly one-third of jobs” (MDOL
2010: 3). Further, MDOL has observed that demand
for health care and computer-literate workers has
driven much of job growth in recent years.
Congressman Michael Michaud’s office recently
completed a survey of Maine manufacturers, which
found that manufacturing employment has declined
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by 40 percent since 1994 and that more than 13
percent of Maine’s factories have closed since 2001.
In the past three years, 141 factories have shut their
doors and 8,600 workers have lost their jobs in the
manufacturing sector. The congressman’s staff found
that the remaining manufacturers are maintaining
their employment base or seeking to increase it, but
have challenges finding the skilled workers they need.
More than one-half of the businesses surveyed said
they found it either difficult or very difficult to find
the workers they considered skilled or qualified for the
jobs available.
These findings are at least a partial explanation
for the continuing relatively high rates of unemployment in Maine—there is a demonstrated mismatch
between the skills demanded by employers and the
skills offered by those looking for work. The number
of job postings continues to rise, but the skills of those
looking for work have failed to keep pace with the
changing workplace.

The number of job postings continues
to rise, but the skills of those looking
for work have failed to keep pace with
the changing workplace.
The simple fact is that knowledge-based industry
is growing in Maine (as it is elsewhere). MDOL has
documented that “industries recording employment
gains between 1990 and 2009 employ a larger share of
workers with bachelor’s degree or higher than industries
with substantial employment losses” (MDOL 2011: 2).
These findings suggest that workers who have
been laid off have lower educational attainment, and
without additional training, they will have difficulty
finding employment with companies that are in fact
hiring. Skills that were previously valued such as manual
dexterity and ability to accomplish routine processes have
been replaced with the need for workers to understand
and monitor complex systems, collaborate and communicate with other workers, demonstrate computer
122 · Maine Policy Review · Winter/Spring 2012

skills, and accept a growing range of responsibility. Jobs
in paper mills increasingly require the ability to monitor
complex machines through computer interfaces. Many
manufacturers expect line workers to complete sophisticated quality control through data collection, analysis,
and recording of results.
Georgetown University’s recent survey of helpwanted advertisements (Carnevale, Smith and Strohl
2010) found that workers who use computers earn
more than those who do not; that workers with college
degrees have the lowest unemployment rates during the
recession; and that those without college degrees are
dropping out of the middle class. Their conclusion is
that the shift to jobs requiring increased education and
training is being accelerated by the recession.
WHAT DO EMPLOYERS WANT?

W

hen addressing the seeming mismatch between
the unemployment rate and the number of
job openings, many ask, “What do employers want?”
There are calls for increased “relevance” in college
and community college curricula and, as the Maine
Development Foundation and the Maine Chamber put
it, “graduate people with the skills and knowledge that
meet the current and future needs of Maine businesses
(Maine State Chamber of Commerce 2010: 1)
This rhetoric is often paired with calls for more
educational programs with specific content such as
nursing or teaching degrees, or certification programs
for medical technicians or network administrators.
Most surveys of employers, however, suggest that the
more important skills are the so-called soft skills such
as communications, teamwork, and computer literacy.
For instance, the National Association of Colleges
and Employers’ (www.naceweb.org) annual survey Job
Outlook 2012 includes a list of the top ten skills that
employers are looking for:
•	Verbal and written communication skills
• Honesty and integrity
•	Interpersonal skills
• Teamwork skills
• Strong work ethic

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

Sustainability and Workforce Development in Maine

The top skills identified by these employers were:

• Motivation and initiative
• Flexibility and adaptability
• Computer skills
•	Analytical skills
• Organizational skills
The results from MetLife’s annual survey of
teachers, students and Fortune 1000 executives are
consistent with these findings (Markow and Pieters
2011). The survey found agreement among these
stakeholders that the critical components of being
college- and career-ready are higher-order thinking and
performance skills rather than knowledge of particular
content. Ninety percent of those surveyed said that
problem-solving skills, critical thinking, the ability to
write clearly and persuasively, and the ability to work
are either absolutely essential or very important for a
student to be ready for college and a career.
Interestingly, executives placed far greater emphasis
on the capacity for collaboration than do other stakeholders. While there was a general consensus among
the groups that both the ability to work independently
and the ability to work in teams are important, a clear
majority of business executives (59 percent) rate team
work as essential, while only 40 percent give the same
emphasis to working independently.
The Association of Colleges and Universities
surveyed employers in 2010 and learned that colleges
can best prepare their graduates by helping them
develop both a broad range of skills along with knowledge and in-depth skills and knowledge in a specific
field or major (Hart Research Associates 2010).
Employers liked students who had:
• Depth of knowledge in their major and
broad skills
•	Applied their college learning in real-world
settings
• Conducted research and developed evidencebased analysis
• Knowledge of human cultures and the physical
and natural world

• The ability to communicate effectively, orally
and in writing (89 percent)
• Critical thinking and analytical reasoning skills
(81 percent)
• The ability to apply knowledge and skills to
real-world settings through internships or
other hands-on experiences (79 percent)
• The ability to analyze and solve complex
problems (75 percent)
• The ability to connect choices and actions to
ethical decisions (75 percent)
• Teamwork skills and the ability to collaborate
with others in diverse group settings
(71 percent)
GREEN IS IMPORTANT TOO

T

he conversation about “green jobs” and sustainability is running in parallel with the skills discussion, even as employment fails to recover from the
recession. Green jobs mean not only those in renewable
energy, bio-based materials, conservation, pollution
mitigation, and energy efficiency, but also those in
companies where sustainability is a core manufacturing
principle and/or a marketing strategy.
According to the Brookings Institute (Muro,
Rothwell and Saha 2011), Maine had 12,212 jobs in
the sector that produces goods and services with an
environmental benefit, and this number was growing
in Maine at four percent, faster than the national rate.
This is probably an understatement because many other
Maine businesses are interested in using renewable
energy, being energy efficient, using recycled inputs
in production processes and in products themselves,
reducing pollution, being seen as conserving resources
and protecting the environment.
Many Maine businesses are using “green” as a way
to set themselves apart from their competition. For
instance, Maine Businesses for Sustainability is a local
organization that supports a wide range of companies
that have sustainability as a core principle. Their
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members range from technology and biotechnology
companies such IDEXX Laboratories and PowerPay to
hospitality firms, utilities, and recyclers. Many Maine
farmers are taking advantage of the trend toward locally
grown food to increase their production; this is a direct
result of consciousness about the environmental costs
of shipping products long distances. Similarly, sustainable forestry and sustainable fishing practices are widely
adopted by Maine’s natural resource industries. Even
consumer products made in Maine are emphasizing
their use of recycled or “natural” ingredients such as
Sea Bags (recycled sails), Toms of Maine (natural bath
and personal-care products) and Coast of Maine
(composted residue from salmon aquaculture, blueberry harvesting, and wood processing).
HOW CAN THE UNIVERSITY OF MAINE
SYSTEM CONTRIBUTE?

T

he University of Maine is at a tipping point in an
ongoing national conversation about the balance
between a liberal arts education, the importance of
linkages to local businesses, and the value of science,
technology, engineering, and math (STEM) skills
in all fields of endeavor. The concern expressed by
some educators that more closely aligning our college
and community college courses with the needs of
employers would be the death knell to a liberal arts
education would appear to be misplaced. Most of the
skills requested by businesses such as excellent oral and
written communication, critical thinking and analytical
reasoning, ethical decision making, and organizational
capacity seem to be the same ones that a person would
acquire through a liberal arts education. And, flexible
teaching pedagogies that include team projects, use
of business computer applications, and application of
learning to real world projects would provide the rest of
the skill sets desired. Internships, apprenticeships, and
co-op experiences would only strengthen a student’s
understanding of the importance of these skills in a
work setting.
The other opportunity for the University of Maine
is that education is not just for 18- to 24-year-olds
anymore. The University should think about how to
include and encourage the participation of workers
who are already employed and those who are looking
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for jobs. Indeed, the new paradigm is life-long learning
or perhaps “just-in-time” learning, given that knowledge in most fields is changing so fast that everyone
needs to stay in learning mode just to keep up! This
imperative is even more important in Maine, given our
demographics—we need to increase the skill level of
our adult population and keep them in the workforce
longer if we are not attracting or keeping skilled
younger workers.
To do this requires the university to manage
through its discomfort with the perceived differences
between education and training and the prejudice that
is attached to any learning that is too “useful.”
For instance, existing teachers could be targeted
for ongoing knowledge infusions in fields as diverse as
science and history, along with new teaching pedagogies and technologies. This could be delivered in short
courses leading to certifications, continuing education
units (CEUs), professional development, or advanced
degrees, and supported by the Maine Department of
Education and local school systems. This could address
the real problem of the number of science teachers in
the state who did not study science as undergraduates
and greatly improve K-12 outcomes.

The Contribution of the Sustainability Solutions
Initiative to Maine’s Workforce Development

Given that sustainability is a core skill for many
Maine employers, and that the University of Maine has
significant credibility in this area, there is an enormous
opportunity to work with students, educators, and
businesses in the “green” field. The university already
has strong programs in civil and environmental engineering and is providing a steady stream of high-quality
graduates.
However, it is the cross-disciplinary Sustainability
Solutions Initiative (SSI) that has provided a model for
framing the issues on sustainability and workforce
development. SSI has sought to move beyond the
dichotomy of jobs versus the environment by seeking
to craft Maine-based approaches to sustainability that
create opportunities for workforce development that
involve redesigning education so that future generations will be prepared to solve the complex problems of
sustainability.

View current & previous issues of MPR at: mcspolicycenter.umaine.edu/?q=MPR

Sustainability and Workforce Development in Maine

In SSI we have seen that the higher education
implications of workforce development, while significant, come up against a long standing controversy at
the heart of higher education. Just as there has been
a pitting of jobs against the environment, there
continues to be a view that training for job skills is
at odds with preparing students with a broad set
of thinking and problem-solving skills. Put bluntly,
the question is, Should the purpose of college education be knowledge for its own sake or vocation?
Workforce training has been seen the province of
community colleges and technical schools and not
the responsibility of universities. As Anthony
Carnevale, director of Georgetown University
Center on Education and Workforce, notes in a
recent article, university faculty resist anything that
smacks of job-skill training. He comments that
their position has been, in effect, “we’re not here
to make foot soldiers for American capitalism”
(Marcus 2012: 18).
Despite attempts to see higher education as
inimical to job-skill training, the data reported
earlier on what businesses are looking for in new
graduates suggests that the mismatch is far less
than is often assumed. Business leaders are
looking for the same things faculty want, which
are graduates with a broad range of nimble
problem-solving skills. And higher education
scholars such as Newfield (2008) point to recent
research reinforcing this point, which indicates that
classic liberal arts education is an important way in
which students acquire these critical attributes. SSI is
paying careful attention to these arguments; we are
finding that part of the intellectual work now needed
and in which we are participating is the reconsideration
of what it means for universities to contribute to workforce development. The sustainability emphasis is
providing new opportunities for envisioning how to
integrate higher education with workforce development.
Toward that end, a first SSI goal has been to be
focused on the future in conceptualizing workforce
development. In SSI we have seen that this is far
from simply about training people for the jobs that
happen to exist right now. SSI is focused on training
graduate students so that they will be poised to create
Maine’s future jobs. It is intent on anticipating not

Top 10
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d math
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s to
match people with need help the flow of resources to
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on integrating problems of scholars and students focused
and solutions in sustaina
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just immediate needs,
but also on preparing for what will be needed five,
10, 15, or even 20 years into the future to prepare for
and respond to sustainability issues in areas of landscape change, forestry, urbanization, and for Maine’s
marine environment. Current students and faculty are
doing the research that will contribute to the creation
of those jobs.
A second SSI goal is to test new ways to teach
students that will prepare them for the workforce, but
do so without compromising a rigorous research focus
needed to devise sustainability solutions. What SSI is
doing falls within the overarching theme of boundary
spanning (Parker and Crona 2012). SSI students are
being taught to span the boundaries of individual disciplines and to close the gaps between research and
action. For example, graduate students from different
disciplines take interdisciplinary classes together that
focus on how to learn with and from fellow graduate
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students from disparate biophysical and social science
disciplines (communication, ecology, economics,
education, engineering, and psychology). Many of
these courses are solution and practitioner focused,
and students also learn from and with practitioners.
The intent is to reduce the gap between students and
practitioners, with students shadowing practitioners
to achieve a better sense of the interconnectedness of
sustainability problems. Together these efforts are
creating a different kind of graduate program experience designed to prepare students to enter the workforce and be ready immediately upon graduation to
contribute to solutions-focused efforts.
A third goal advanced by SSI has been to explore
new forms of “pipeline” approaches aimed at reframing
concepts of workforce development. We have sought
to reduce gaps between students (e.g., high school,
college, graduate school, and post docs) who have
advanced to different points in their education. Toward
this end, SSI faculty have pursued an innovative
mentoring plan designed to strengthen the science
education pipeline and thereby further enhance workforce preparation. Across a range of sustainability
research topics, SSI post docs mentor graduate students
who in turn mentor undergraduates and high school
students on real, hands-on research-action projects
throughout Maine. And these efforts are not limited to
a single campus: all of the state’s campuses are being
brought together under SSI to provide enhanced
student cross-learning, again with the intent of closing
the gaps in training, which will enhance workforce
development.

Implications for Policymakers

In sum, there is much that policymakers can learn
from the workforce-development experiments at the
heart of the SSI work. One lesson is the focus on integration. SSI is preparing students by ensuring that they
are skilled at working across disciplines, across levels,
and across institutions. We are in the process of evaluating this experiment, but the evidence thus far indicates that this approach situates and accelerates student
learning. Students finish their education with a deeper
understanding of the problems that matter in Maine
and of the opportunities that various jobs provide in
addressing these integrated, highly complex problems.
126 · Maine Policy Review · Winter/Spring 2012

Relatedly, policymakers in Maine and elsewhere can
also learn from SSI’s experience of bringing together
the intellectual capital of all of Maine’s campuses as we
envision new forms of workforce development. This
approach of bringing campuses together is still rare
across states, and we are finding that innovation and
problem solving flow from these cross-cutting activities.
By having campuses work together, we prepare students
to draw on all of the academic strengths throughout
Maine. Finally, policymakers can learn from SSI lessons
about tackling the skills versus education impasse. As
we noted at the outset, there is much commentary
about academia’s shortcomings in preparing students
for the real world of work. A lesson for policymakers
is SSI’s effort to avoid conceptualizing job training as
separate from intellectual growth and to seek to design
Maine-based approaches to integrating the two so that
students across a range of academic levels acquire
broad-based problem-solving skills that are marketable
for today’s jobs and have the potential for creating the
jobs of the future we cannot yet even envision. Acknowledgments
Supported by National Science Foundation award #EPS0904155 to Maine EPSCoR at the University of Maine.
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Economic
Development
and Maine’s
Sustainability
Solutions
Initiative
by Caroline Noblet
Kathleen P. Bell
Charles Colgan
Mario Teisl

The authors discuss how Maine’s Sustainability Solutions Initiative (SSI) can contribute to economic development in the state. SSI research is covering five of
the seven targeted technology areas identified in recent
reports as being important for economic development
in the state (forestry and agriculture, environmental,
information, composites, marine and aquaculture).
The authors note how the broad scope of research
carried out through SSI provides opportunities to
catalyze new commercial opportunities. As important,
SSI is providing many students with a unique learning environment that will prepare them for the new
knowledge-based economy.
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Despite facing
INTRODUCTION

I

t is easy to be negative about Maine’s economy. For
example, Forbes Magazine recently rated Maine
as the worst state for businesses and careers (Forbes
2011a). The Forbes ranking seems to be primarily
driven by relatively high business costs (particularly
energy costs) in Maine relative to the rest of the
country (although similar to other New England states)
(Forbes 2011b). These high energy costs may not be
surprising in a state with a small population dispersed
over a large area, given that 40 percent of these costs
are related to distribution and transmission (EIA
2012). The low density of Maine’s population may also
explain some higher taxes, as the costs of providing
public infrastructure are higher on a per person basis.
For example, Mainers support about three times more
road miles per person relative to our neighbors in
Connecticut, Massachusetts, and Rhode Island.
Yet on several other economic measures Maine
does relatively well. For example, Maine’s December
2011 unemployment rate was 7.0 percent, about one
percent better than the national average and in the
middle of the pack relative to other New England states
(Bureau of Labor Statistics 2012). Further, Maine’s
economy could be seen as more stable. Since 1976
Maine’s unemployment rate has been, on average, lower
and it fluctuates less than the nation as a whole; since
2000, Maine’s unemployment rate has been below the
national average seven out of 11 years. This may lead
some, such Laurie Lachance, president of the Maine
Development Foundation, to adopt a more positive
tone, as she highlights Maine’s creative and practical
people, innovative and resourceful companies, and
resilient culture (Lachance 2011). Arguably, a productive approach to evaluating Maine’s economy is to
acknowledge Maine’s economic challenges and strive to
identify and seize opportunities for improving Maine’s
long-term economic future.
Despite facing numerous economic challenges,
Maine is well situated to pursue economic opportunities. Various institutions in the state are advancing
strategies to seize these opportunities, ranging from
new education and training programs to meet shortterm business needs, to innovative regional initiatives
focused around themes such as renewable energy, local

food, knowledge generation, or
numerous economic
the creative class, to long-term
strategic investments in research
challenges, Maine
and development (R&D) to
promote an innovation-focused
is well situated to
economy. Maine’s Sustainability
Solutions Initiative (SSI), which,
pursue economic
among other things, regularly
brings together economists from
opportunities.
across the University of Maine
System, represents a unique
opportunity to align academic
research and training for the
betterment of Maine’s economy.
SSI is responsive to the key objectives of the
“2010 Science and Technology Action Plan for Maine”
(Maine Innovation Economy Advisory Board 2010)
and supports Maine’s cluster-based economic development strategies (Maine Center for Business and
Economic Research 2008). The 2010 plan, which sets
forth a program to foster an innovation-focused
economy, advances goals to stimulate a robust R&D
enterprise, increase employment in seven targeted technology sectors, and increase per capita income via
improved worker skills. Strategies advocated to achieve
these goals include continued growth in R&D funding;
attraction and support of innovation-focused businesses, workers, and investments to Maine; improved
alignment of private and nonprivate sector networks;
nourishment of knowledge entrepreneurs; and attraction and support of science, technology, engineering,
and math (STEM) faculty and graduate students. The
2008 cluster report (Maine Center for Business and
Economic Research 2008), which offers an assessment
of existing and emerging clusters, made parallel recommendations stressing increased R&D, targeted investments in cluster-enhancement activities, such as
technology, infrastructure, and networks, and improved
workforce development. SSI research activities are
supporting at least five of the seven targeted technology
areas by improving scientific knowledge, supporting
interactions across areas, and facilitating technology
transfer. SSI research advances are inspiring new and
creative applications of technologies to monitor and
model systems (e.g., sensors) and communicate knowledge of these systems (e.g., new media and geospatial).
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The 2010 science and technology report, and the
2008 cluster report emphasize the need to support and
develop the “supply side” of innovation through investments in Maine’s workforce, infrastructure, and entrepreneurs. SSI is clearly working hard to help in this
regard. However, developing a new innovation
economy can also require changes to state and local
government policies and operations, increased public
support for the development and siting of new industries, and market- (demand side) development assistance. SSI economists and other social-science
researchers help support Maine’s move to an innovation
economy by helping stakeholders (public institutions,
businesses and the general citizenry) to understand the
range of potential benefits and risks of these economic
changes, who is affected by these changes, the strategies
available to manage these changes, and better ways to
work together to efficiently meet these changes.

The broad scope of research underway
within SSI provides numerous ways to
catalyze new commercial opportunities
that could contribute to Maine’s
economic development.

SUPPORT FOR INFORMATION GENERATION
AND TRANSFER

S

SI provides a unique opportunity not only to
improve the understanding of how ecological and
socioeconomic systems interact with one another, but
also to provide information to decision makers more
effectively through new models of interaction between
scientists, citizens, and policymakers. New ideas, development, and regulations often are met with social push
back. We too frequently see circumstances where there
is a lack of awareness about the presence of an issue
until significant investments have been made. Maine is
now positioned to have stronger interactions where
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new scientific knowledge can be delivered to its citizens, and in turn, citizen knowledge/values can be
returned to researchers and decision makers, thereby
improving opportunities for innovation and/or
advanced planning horizons. SSI projects exemplify this
new way of integrating science and research with decision making. For example, one research team seeks to
interact with Maine landowners and municipal officials
regarding vernal pools on private properties. The team
is able to share knowledge with landowners about the
benefits associated with having a vernal pool located
on private land, along with the drawbacks. In turn,
researchers are able to learn from landowners about
desired information, changes, and potential options
for their land. The team is able to simulate the impact
of alternative policy arrangements on development
options for landowners and levels of protection for
vernal pools. Together, researchers and citizens aim to
use this information to guide management policies that
consider socioeconomic needs while conserving a valuable part of Maine’s landscape.
The other way SSI generates new ideas and better
decision making is through the development of regional
research and policy networks. One may question the
value of region-specific information in an age filled with
the World Wide Web and Google. However, just as
industrial clusters can develop and succeed because of
information sharing (e.g., the financial-services industry
in New York or London), regional information networks
can have potential value. In his study of the sources of
regional advantage, Porter (1998) demonstrates how
regions that are effective at tackling complex problems
to meet local needs create real advantages for firms that
can then use that knowledge to both reduce relative costs
of production and create new products and services for
global markets. This is echoed in the report by Maine
Center for Business and Economic Research (2008: 5):
The principal sources of …. regional competitive advantage are the unique knowledge bases
of the region and the continual expansion
and improvement of those knowledge bases….
The effective translation of regional knowledge
bases into commercial success requires effective
networks among organizations from the public,
private, academic and nonprofit sectors.
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STRENGTHENING THE R&D ENTERPRISE

B

y galvanizing the extensive network of faculty
and students in sustainability science fields, SSI is
effectively strengthening Maine’s R&D enterprise by
creating a hub for entrepreneurial activity; increasing
academic R&D capacity; bolstering alliances and
collaborations among Maine’s universities, research
institutions, non-government organizations, and private
companies; and enhancing Maine’s workforce through
increased STEM training in a novel interdisciplinary
environment.
A key part of linking the efforts of SSI researchers
to the R&D efforts in the public and private sector is
currently under development for implementation. The
broad scope of research underway within SSI provides
numerous ways to catalyze new commercial opportunities that could contribute to Maine’s economic development, but that very scope presents some real challenges.
Unlike many EPSCoR projects, including those previously awarded to Maine for research into composites
and forest biofuels, SSI research has no specific technological area as a focus.
Indeed, most SSI research is not devoted to technology development in the usual sense of the term.
Much of the knowledge acquired during the research
process in SSI is in the form of information about the
interactions among social and ecological systems and
about how to translate that information into decisions
that contribute to greater sustainability. Such information may translate into technologies such as environmental sensors and monitoring systems (including
software and computers), or technologies for the visualization of the interactions among systems. But the
information gathered by researchers may also be valuable to those in the environmental services industry,
one of the emerging clusters identified in the 2008
cluster report. The idea of R&D fostering innovation
in service industries is a boundary-spanning concept
that has been significantly under-explored in both the
research and practice of fostering innovation-led
economic development.
Because SSI research is not oriented directly to the
development of commercially viable technologies but
may still produce commercially useful products, links
must be forged from SSI and its research partners with

the business community, similar to those that exist in
all successful innovation-fostering clusters. These links
must be across a much broader spectrum of industries
and firms than in previous EPSCoR grants. To do this,
SSI has initiated a process that will establish and foster
these links over the next several years.
Maine is fortunate to have a number of organizations that bring together firms in a variety of industries
related to SSI research. These include E2 Tech (www.
e2tech.org), which is the largest organization of firms
in the environmental services, technologies, and renewable-energy fields in Maine (Noblet and Gabe 2007).
E2Tech is also spearheading, in cooperation with
similar organizations in New England the establishment of a region-wide Clean Tech Collaborative.
Maine Business for Sustainability (formerly Maine
Businesses for Social Responsibility) is the oldest organization in Maine concerned with sustainability issues.
It comprises many of the same firms as E2 Tech, but
there are additional firms in a variety of industries such
as hotels, banking, communications, legal services, and
others that are concerned with increasing the sustainability of their own operations. (www.mainebusinessesforsustainability.org). Maine’s regional economic
development organizations, acting under the banner
of Mobilize Maine, have joined together to foster
cluster-based growth throughout Maine.
Another important partner is the Maine
Technology Institute (www.mainetechnology.org), the
lead state agency fostering innovation-related activity
among Maine businesses. MTI, through its seed grants,
development awards, and cluster grants has provided
direct assistance to businesses in Maine seeking to
transform research into commercial products, and adds
the key ingredient of resources that can be used to catalyze real economic development from the links crafted
between SSI research and the business community.
SSI is partnering with these organizations to
establish links between researchers and businesses.
This partnership will begin with a series of workshops
to be held in 2012 that will bring researchers and
businesses together to identify areas of mutual interest.
These workshops will not only provide opportunities
for the results of SSI research to be shared, but
will provide businesses the opportunity to advise
researchers on where commercial opportunities may
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lie; this information will help shape the research in the
last two years of the EPSCoR grant and guide efforts
to secure funding for the post-grant period.
TARGETED SUPPORT FOR MAINE’S ECONOMY

S

SI research activities are currently supporting at
least five (forestry and agriculture, environmental,
information, composites, marine and aquaculture) of
the seven targeted technology areas through research
on changing forest conditions; local food systems;
vulnerability of specific crops to climate change; social,
economic, and environmental feasibility of multiple
renewable energy initiatives; and applications of
geospatial technologies to sustainability problems.

Energy Initiatives

SSI researchers have been working with regulatory,
industry, environmental and local area groups to assess
the social, economic, and ecological feasibility of
Maine’s renewable-energy options. Researchers have
been examining the production costs of off-shore wind
power and comparing it to the long-term pricing of
natural-gas-based electricity. In addition, researchers are
examining the factors that explain Mainers’ reactions
to off-shore wind investments, whether people will buy
Maine-based wind power, and how people evaluate
different marketing messages related to Maine wind.
SSI researchers have also been examining the potential
impacts of tidal-energy projects on fisheries, coastal
industries, and coastal communities (see Johnson and
Zydlewski, this issue). Working closely with private
businesses, community members, and relevant community organizations, researchers are exploring community
reactions to tidal-energy projects and assessing the
feasibility of alternative designs and improved understanding of permitting processes.

Regional and Local Systems

SSI researchers recognize the importance of
regional and local information in sustainability
research. SSI researchers have been working closely
with municipal officials across the state to identify key
areas of concern to the local citizens. In addition to
individual projects aimed at providing university
expertise to help these officials with specific problems
132 · Maine Policy Review · Winter/Spring 2012

(e.g., waterfront development, rising energy costs), the
project will help foster connections across municipalities that have similar problems. These connections
should lead to more efficient policy and management
outcomes. SSI research teams are also making use of
geospatial data and analysis tools to address regional
and local systems. Researchers have been adding value
to geospatial data by creating data-based tools that are
responsive to the needs of decision makers and
communities. Researchers are exploring ways to
improve access to geospatial data and testing reactions
to visualization and modeling tools. For example, one
team is creating regional geospatial databases to explore
and communicate economic and social changes in the
Bangor and Portland metropolitan areas (see Waring,
this issue). Another team developed a geospatial tool to
organize and display images to help municipal officials
to track development around lakes in the Belgrade
region. A third team is employing geospatial data to
help regional stakeholders to consider alternative social,
economic, and environmental futures.
SSI researchers are also enhancing Maine’s
capacity to manage and withstand future economic,
social, and ecological shocks. For example, multiple
teams of researchers have been examining the likely
impacts of invasive forest pests (emerald ash-borer,
hemlock woolly adelgid, and spruce budworm) on
Maine’s forest resources (see Ranco et al. this issue).
By working collaboratively with stakeholders, these
researchers are striving to reduce the negative impacts
of these pests and to foster proactive state, regional,
and local forest-management responses. Similarly,
another group of researchers is helping coastal communities to improve their understanding of future
flooding risks to support infrastructure planning and
avoid costly surprises. Researchers are responding to
regional concerns expressed by citizens. The impact
of wild turkeys is a multifaceted problem, which may
crosscut agricultural, economic, and health realms,
requiring a novel interdisciplinary approach (see
sidebar). In another project, a unique partnership
between wildlife ecologists and engineers resulted in
the development of a cutting-edge sensor technology
that is helping obtain information on the vulnerability
of Maine species and has numerous other applications
currently being explored.
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Striking a Balance: Wild Turkeys and Maine Agriculture
By Kim Ridley
Once on the brink of extinction, wild turkeys are now
thriving in Maine, thanks to reintroduction efforts started
in the 1970s. Today, more than 50,000 turkeys roam the
state, and the population is growing. The success of this
important game species, however, may come at a price:
concern is rising among some Maine farmers that wild
turkeys can damage crops and spread disease.
Christopher Lage, assistant professor of biology at the
University of Maine at Augusta, is leading an SSI project
to address this concern. Lage and his colleagues are
surveying Maine farmers and growers and studying
the biology, genetics, and distribution of wild turkeys
throughout the state to get a clearer picture of the birds’
actual and potential effects on Maine agriculture.
Two recent studies have shown that wild turkeys damage
blueberry crops in Maine and growers have raised
concerns about economic losses. In response, lawmakers
introduced a bill into the state legislature in 2010 to direct
the Maine Department of Inland Fisheries and Wildlife to
explore options for controlling nuisance turkeys in agricultural areas, including expanding hunting opportunities.
Another issue is the potential for wild turkeys to spread
disease, particularly on farms, where they often feed
on waste grain and seeds in manure in the winter. Wild
turkeys can carry bacteria, viruses, and other diseasecausing agents that could be transmitted to domestic
poultry, livestock, and humans. Little is known, however,

These are examples of SSI’s engagement in identifying potential (or missing) markets for information,
knowledge, and new technology; complementing engineering and science research to document social reactions to new innovations; and documenting emerging
trends relevant to entities from all sectors (e.g., private,
government, and nongovernmental organizations).

Workforce Development

A crucial component of translating the information economy into success clearly lies in preparation of

about which pathogens Maine wild turkeys may carry or
whether or not they are actual vectors of disease.
Lage and his colleagues are analyzing survey results from
more than 320 agricultural interests around the state, and
working with hunters and farmers to screen wild turkeys
for pathogens. They also are collecting data on Maine the
genetics of wild turkeys to answer questions including
whether some populations are genetically distinct. In addition, the researchers are preparing methods to track wild
turkey populations and habitat use in Maine.
Lage’s project is a prime example of SSI’s collaborative
approach to research, which begins with stakeholders’
needs and gathers interdisciplinary teams of researchers
to address them. He first learned of growers’ concerns
from Univerisyt of Maine Cooperative Extension educator
Caragh Fitzgerald, who’s now a collaborator on his team.
Findings from this project will address key issues for
growers and wildlife managers alike, and inform public
policy decisions to support a healthy and sustainable
population of wild turkeys in Maine. In the end, everyone
stands to benefit.
Team Members: Christopher Lage (team leader), Peter
Milligan, and Joseph Szakas, University of Maine, Augusta.
Team Collaborators: Irv Kornfield, Caragh Fitzgerald, and
Ann Lichtenwalner, University of Maine; Kelsey Sullivan
and Brad Allen, Maine Department of Inland Fisheries and
Wildlife; Kirk Shively, U.S. Department of Agriculture.

our workforce (see Renault, Silka and Ward, this issue).
Workers in today’s economy are being asked to understand scientific, economic and political ramifications of
decisions and it is imperative that SSI contribute to the
development of a prepared workforce. SSI is enhancing
Maine’s workforce through increased training in a novel
interdisciplinary environment leading to proficiency
in sustainability science, modeling, statistics, and
communication. The SSI research initiative yields an
opportunity for Maine’s future workforce to focus on
conducting real-world, problem-focused research and
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engaging with state, regional and local decision makers.
This type of workforce development helps stimulate
these students to continue their education, particularly
in STEM fields while also providing a long-term
increase in Maine’s technological workforce. The undergraduate and graduate students engaged with SSI have
the unique opportunity to flex their analytical skills in
a collaborative environment addressing Maine-based
problems. This learning environment yields precisely
the type of multi-skilled individuals that employers
seek to fill knowledge-economy positions (Renault,
Silka and Ward, this issue). In addition, students are
exposed to boundary-spanning training focused on the
generation and transfer of scientific knowledge outside
academic settings, and the conduct of research through
community-university partnerships centered on the
challenges of sustainable development. SSI continues
to reconsider what workforce development means in
134 · Maine Policy Review · Winter/Spring 2012

S

ustainable economic development requires innovative processes capable of taking bold steps to
enhance resilience and bolster full consideration
of various tradeoffs. SSI’s contributions to Maine’s
economy are occurring within a sustainability-based
framework that stresses interactions across economic,
social, and ecological systems. By adopting this framework, SSI is looking at Maine’s economic future from
an inclusive vantage point. SSI researchers recognize
the crucial role of economic implications in sustainability development, and have submitted new grant
proposals focused on further study of the intersection
of SSI’s work and economic development. We believe
SSI is implementing research and training activities
that not only complement traditional economic development goals, but also enhance Maine’s communities
and natural resources.
Clusters and innovation: SSI activities are
bolstering efforts to fortify innovation-based clusters
by enhancing skills, networks, and entrepreneurship;
boosting R&D investments to targeted clusters; and
expanding desired “two-way” knowledge and skills
development between research institutions and private
businesses (Colgan, Merrill and Rubin 2008; Colgan
and Baker 2003).
Networks and improved alignment of research
with societal needs: SSI can be a force that acts to
bring together researchers, businesses, and citizens for
opportunities in research innovation, public-sector
innovation, and business innovation. SSI’s commitment
to engaged research is fostering innovative delivery of
new scientific knowledge to stakeholders, novel uptake
of stakeholder knowledge by researchers, and collaborative processes for problem-focused research. Further,
sharing strategies and results across institutions facing
similar problems should lead to more cost-effective
management strategies and the development of better,
less-disruptive policies.
Forward-thinking: Sustainability assumes
growth and change that makes sense at the triplebottom line: economically feasible, socially acceptable,
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and environmentally safe. Mainer’s know that any
change requires making tradeoffs. Consider Maine’s
plentiful forest resource: are we better served by
engaging in harvesting for paper production, or by
attracting eco-tourism? Is there an opportunity to
pursue both options? Improved information about the
values associated with different choices can offer
important insights for decision making. SSI researchers
are working diligently with local and state stakeholder
groups to find a path that improves Maine’s economic
prospects while protecting Maine’s quality of place.
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Margaret Chase Smith Library 2011 Essay Contest
Each year, the Margaret Chase Smith

F ir s t P la c e E s s a y

Library sponsors an essay contest for

Change
From Within

Maine high school seniors. The focus
of the 2011 contest was environmental protection. The essay prompt
quoted a 1972 statement from Sen.
Smith: “We must recognize that
we’re not going to eliminate pollution
overnight. It’s going to be a hard,
long fight. It’s going to take a long
time and a lot of sacrifice on the part
of each one of us.” By happy coincidence, the essay contest topic fits
perfectly with the subject matter of
this special issue of Maine Policy
Review on sustainability. We feature
here the three 2011 prize-winning
essays, which draw upon contemporary and historical examples along
with the personal experiences and
opinions of these talented young
people.

By Zoe Anderson

E

arth is a magnificent planet, harboring
beautiful life forms as it drifts peacefully through the cosmos. From the
beginning, it has endured the births
and expirations of numerous species;
they come wave after wave, leaving little
trace behind. Creatures called humans
evolve; we are emotional, intelligent, and
complex. Our rapid progression, however,
is what makes us dangerous. When my
father was in first grade, the earth’s population was 3.9 billion. Now, 40 years later,
there are about seven billion people. As
this number continues to rise, our planet’s
health plummets into the darkness of
endangered animals, disappearing rain
forests, pollution, and other environmental holocausts. Interestingly, “human”
comes from the Latin humus, meaning
“dirt,” yet we are slowly destroying the
foundation of human existence. While
it is impossible to prevent human side
effects altogether, we can lessen our
impact through government regulations,
technology, and changing the frameworks
of businesses and households; however,
unless each individual understands his
or her role in the environment, it will be
difficult for us, as a species, to make a
difference.
Throughout the last 40 years, the
U.S. government has supported several
proposals regarding pollution, natural
resources, energy, and other serious issues.
For example, the Clean Air Act (1970)
was closely followed by the Clean Water

138 · Maine Policy Review · Winter/Spring 2012

Act (1972). In 2005 the Energy Policy
Act was enacted, which encouraged
efficient and clean energy production.
Powerful interest groups, including the
Environmental Law Institute, the
Environmental Protection Agency, and
the Natural Resources Defense Council,
have also been created and are actively
protesting and submitting new ideas to
the government. There is, however, an
ongoing list of unsolved problems
remaining that demand the government’s
control. For example, potent pesticides
continue to negatively affect the environment, poisoning the water, soil, and
consumers themselves. These impacts can
be lessened using the basic, but more
time-consuming alternatives of crop rotation and diversified planting along with
low-toxicity pesticides (Waters n.d.).
Although these techniques have been
proved successful, they are not widely
practiced among the agricultural industries. The government, however, could
encourage change by paying farms to host
free organic agricultural programs and
having pesticide manufacturers dilute
the chemicals or use natural ingredients.
Studies show that many wild plants
produce chemicals that can alter insect
metabolism and can be used to decrease
commercial crop damage (Chiras 2010).
Many of these pressing problems could be
at least partially solved if the government
gave the producers enough incentive to
support environmental protection.
In addition to needing an increase in
government intervention, the environment
would benefit from a finer remodeling of
the economy’s supply and demand. Store
items labeled “organic” are scattered
throughout the market, but an even larger
array of green alternatives is necessary for
there to be any significant improvements.
For instance, if more reusable products,
such as cloth grocery bags and metal water
bottles, replaced their wasteful counterparts,
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there would be less waste. We are a part of
an ecosystem that reuses everything in an
endless replenishing cycle; Ecological Earth,
a green business, states on its web site that
“mankind’s modern, plastic-cup way of life
is simply not sustainable. The resourcedepleting, disposable, one-way approach to
living and doing business can only go on
for so long. Planet Earth—our life-support
system—can only take so much.”
The ecocentric market, however, is
growing; renewable energy is no longer
rare; and purchasing green products is on
the verge of becoming a fad. What is there
to worry about? Although more and more
“environmentally friendly” opportunities
are becoming available, the reasons to
participate in this green movement are
often undervalued. Why invest in an
expensive wind turbine when you can
simply tap into the power lines that pass
through your property? If we, as
consumers, are not fully aware of our
impact on the natural world, it may be
difficult for us to realize the benefit
behind these lifestyle changes. Even if we
understand the significance of our actions,
without deep emotional connections how
can we be fully engaged? Rachel Carson
once pointed out that “if facts are the
seeds that later produce knowledge and
wisdom, then the emotions and the
impressions of the senses are the fertile
soil in which the seeds must grow.”1 We
have to be willing to get our hands dirty.
Furthermore, most of America’s
attention is fixed on improving the
economy as a whole when realistically we
may be better off channeling our energy
into each household. Ironically, the word
“economy” is derived from the Greek
word oikonomia, meaning “household
management;” for there to be any significant remodeling in the economy, people
must be prepared to change their perspectives and their core way of life. How can
we persuade humans to reunite with the

Earth? How can we show them that this
gentle orb of vitality needs their help?
There are several ways, but the most
powerful methods lie in hands of the
media and the younger generations.
Cogent documentaries, such as Al Gore’s
An Inconvenient Truth, along with
numerous advertisements advocating
green consumerism, have enlightened the
public. Many economists believe that the
media was the spark that ignited this
movement. Children are also being used
as promotional tools through community
and national leadership such as the
Environmental Kids Club (EPA). After
witnessing the young network of determinism others are more likely to participate. In short, once people realize that
improving the environment is an important goal, they will be empowered to selfreflect and change their lifestyles as my
family did three years ago.
Reflecting on Hermann Hesse’s statement that “the truth is lived, not taught,”
my family and I sacrificed the comforts
of Rhode Island suburban life to begin a
self-sustainable farm in Washington,
Maine. We garden, preserve food, raise
chickens, and hope to purchase a small
herd of milking goats in the future. This
year, my father researched and began a
hydropower project in a stream running
through the land. Unfortunately, settling
into a small solar house and returning to
the land is not on everyone’s agenda, but
each household is capable of small steps,
such as taking shorter showers, recycling,
cleaning with natural products, and using
less electricity.
We can no longer hide the fact that
we are altering the very fabric of our
planet’s ecosystem; neither can we deny
our knowledge and potential to improve
our dwindling relationship with Mother
Earth. Rather than being present in each
individual, however, the motivation to
change is concentrated in pockets of
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environmental activists and other organizations; the majority of society seems to
be myopic or lacks the incentives to
change its way of life; some do not recognize the beauty and fragility of this lifesupporting planet. Carson also wrote that
“the more clearly we can focus our attention on the wonders and realities of the
universe about us, the less taste we shall
have for destruction.” By realizing the
delicate networks that make up our planet
and the impact of each individual, people
would be more willing to change their
lifestyles to favor our planet’s future. ENDNOTES
1. Quotes by Rachel Carson come from the
Rachel Carson National Refuge’s web
site: From the Writings of Rachel Carson:
www.fws.gov/northeast/rachelcarson/
writings.html [Accessed March 29, 2012]
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The Little
Things in Life
By Ali Clift

W

hether you prefer to call it “global
warming” or “climate change,” the
earth’s conditions are changing rapidly.
After wearing blinders during the 20th
century, humanity has finally begun
responding to the biosphere’s plight.
However, instead of being a continual,
gradual process, our attempts at fixing or
changing our habits have been sporadic
and brief, simply a green, ecofriendly
vogue. One year it’s reusable bags, the
next year, reusable water bottles; as gas
prices rise another year, the trend shifts
to small fuel-efficient/hybrid cars, public
transportation, and riding bikes. But
once the good-deed feelings wear off
and gas prices fall, we forget the reusable
bags in the car or at home, buy water
from vending machines because it’s more
convenient, or switch back to our larger
cars. We are looking for one giant solution that will smoothly be incorporated
into our lives without our notice or
effort. In reality, it is the small, day-today changes in habit that we must decide
to make for our home in the universe
to be around for the next day, week,
year, millennium. Conservation through
moderation is the friendliest method for
the environment and the easiest to incorporate into society.
We can begin by taking baby steps,
realizing where we can easily make changes
in our daily lives. Once new, simple habits
are formed, they become second nature,

and new habits can be tackled. An easy
starting point is gradually working on
reducing our trash and increasing the
amount we recycle, reuse, compost, trade,
donate, and simply eliminate from our
lives. Items no longer needed can be
donated or traded for something of more
value and use. My friend lives minimally,
choosing to own a few clothes, bed, small
bookcase, iPod, phone, and guitar, only
possessing necessities and a handful of
pleasures. He always knows exactly what
and where everything is in his room, and
there are few things in his room that he
doesn’t use regularly. My house, along with
my grandparents’, on the other hand, is
packed with stuff. Stuff that is valuable,
stuff that may be valuable depending on
the market, stuff with sentimental value,
stuff that isn’t valuable at all, and it is all
mixed together, impossible to discern any
value at first. To find something, you are
given at least three possible general locations, and must dig through piles of
papers, objects, things that are used, things
that aren’t used, and just things.
We, as a society, are told that to be
happy, we must have things and the more
things we have, the happier we will
become. If the things are shiny and new,
we will be happy; if they are old and dull,
we will be sad and lonely. As Best Buy’s
new “Buy Back Program” commercials of
“You buy it now, we buy it back when the
new thing comes out!” illustrate our
obsession to have the newest, coolest technology and attempts to hide and excuse
our erroneous wastful habits. We are
forced to throw our perfectly fine electronics away after two years because the
parts used to make them are already
obsolete and out of date, made smaller, a
different shape, out of a new incompatible
material, or faster than our “ancient”
device can handle. To reduce the effect we
have on the environment, we must begin
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to remove our shackles of things.
Along with reducing our need for
things, we also need to slowly reduce our
chemical effect on the environment.
According to the movie FLOW: For the
Love Of Water, unnatural chemicals used
in medicine, cleaning supplies, industry,
and agriculture can rarely be broken
down into natural or safe states, so they
have nowhere else to go except into the
environment, into our water supply, and
into the food web. Birth defects numbers
in Mexico increase near agricultural areas
while fertility rates in Europe decline in
areas where heavy pesticides are used. By
using natural and biodegradable chemicals, such as baking soda, the compounds
and mixtures would decompose into
harmless substances, leaving no trace in
our water or our bodies. Filtering systems
in U.S. homes that provide our tap water
are better at providing safe and healthy
water because “the U.S. government does
not require that bottled water be tested
for [unnatural] chemicals” (Beavan 2009:
196). Buying a water filter and reusing a
metal bottle does less harm to the environment and your health than buying
bottled water, produced in a bottling
plant where materials and energy are
wasted making the container and other
packaging, filling it water, and then delivering it to your home, grocery store, business, or vending machine. Already,
countries such as Bolivia, India, and
South Africa and the state of Arizona
have to import clean water or have private
plants come in to “clean” the water for
them to use because they have run out of
a basic resource and right (Beavan 2009).
The state of New Mexico only has ten
years of drinking water left and the EPA
“estimates that in the next five years, if
water use continues unchecked, 36
American states will suffer water shortages” (Beavan 2009: 194). Water is our
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most valuable resource; without clean
water, all forms of life will suffer.
Along with helping to solve both the
obesity and traffic problems, alternative
transportation helps reduce both our
carbon footprint and our consumption of
fossil fuels. By walking, running, biking
places, not only will we be exercising, but
we will also be avoiding most of the traffic
and not producing carbon except from
breathing, the same amount we would
have produced sitting in a car. Even
public transportation or carpooling would
be better than riding alone as it would
reduce carbon emissions. In New York’s
Transportation Alternatives 7th annual
commuter challenge, a cyclist, driver, and
bus/subway rider completed a five-mile
course to compare time and carbon footprint. Biking was the fastest mode of
transportation at 16 minutes and had zero
carbon footprint; the bus/subway rider
produced one pound of carbon dioxide,
but took 29 minutes to travel the five
miles; and the driver took 22 minutes but
produced six pounds of carbon dioxide:
(www.streetfilms.org/bike-vs-car-vstransit/). Even though weather plays a
major factor in deterrence, people in
major cities like New York or in rural area
like Standish, Maine, would be much
more willing to commute via walking or
biking if the weather was pleasant and the
roads had sidewalks, trails, or wide breakdown shoulders to be safe from vehicles
(Beavan 2009). Many cities in Europe
have roads solely dedicated to bikes and
foot traffic. In more densely populated
areas, public transportation should also
be made available to help move large
amounts of people around the city.
Spending less time driving our own car
and more time carpooling, taking public
transportation, and exercising will help
improve our lives on multiple levels: less
money shelled out for gas, no need for a

gym membership, and more time to
ponder, visit, and enjoy the outdoors.
Another good habit is supporting
local sustainable farmers and local businesses that are more aware of their products and resources they use. According to
the “What Is Local” page of the
Sustainable Table web site, local farms
tend to “reinvest more money into local
economies by purchasing feed, seed, and
other materials from local businesses.”
Using local produce means fresher food,
less genetic modification and pesticides,
less energy spent transporting, and less
packaging (Beavan 2009). Along with
buying locally, some crops, like herbs,
lettuce, carrots, and tomatoes, we can
easily grow on our own, in pots on
window sills or steps instead of which
would greatly reduce the environmental
and monetary costs associated with transportation. Altough availability of the
locally grown produce is dependent on
the seasons, they can still be consumed in
the off seasons if pickled, preserved, or
frozen. My family seasonally picks large
quantities of strawberries, blueberries,
apples, beans, tomatoes, and many other
fruits and vegetables from local farms and
then freezes or cans them to be enjoyed
out of season. Not only do these frozen
and packaged foods still taste better than
the “fresh” produce found off season in
stores, but less carbon dioxide was
produced transporting them and the local
economy was supported. Sustainable
farming practices have been shown to
increase food production while also benefiting your wallet, health, local economy,
and environment.
People imitate role models and
people they trust and respect. One person
on his or her own won’t end our crisis,
but by living her or his live differently
while others look on, these habits may
spread to others. Slowly, environmentally
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friendly habits will be incorporated and
passed on, becoming a true part of society.
Then the little things will become big
things, quietly and continually returning
the environment to a healthier state where
we can rest a little easier about the fate of
tomorrow. REFERENCES
Beavan, Colin. 2009. No Impact Man: The
Adventures of a Guilty Liberal Who
Attempts to Save the Planet, and the
Discoveries He Makes About Himself and
Our Way of Life in the Process. Farrar,
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There Is
No Excuse
by Allaina Murphy

T

he planet is in trouble! It has become
routine to hear of the litany of
problems affecting the environment—
pollution, acid rain, climate change, the
destruction of rainforests and other wild
habitats, and the decline and extinction of thousands of species of animals
and plants. People are moving from
rural to urban areas, roads are widening,
and there has been an increase in the
construction of buildings and the operation of vehicles. Humans have caused the
threats posed to the environment and
now it is time to take responsibility and
fix the consequences of such actions. It
is not plausible to wait, nor is it feasible
for bureaucrats to afford to fund large,
expensive conservation projects. Problem
solving cannot be left entirely to the
governmental experts; it is the responsibility of the population as a whole to
protect the environment.
A Native American proverb states,
“We do not inherit the earth from our
ancestors, we borrow it from our children.” People must learn to live in a
sustainable way; they must learn to value
and protect their natural resources
including, air, freshwater, forests, wildlife,
farmland, and seas without damaging
them. Each person, regardless of age or
social and economical standing, can take
action to help slow down and reverse
some of the damage to the planet. This
has become necessary to ensure a world

for future peoples. A simple and inexpensive action is recycling.
A lot of rubbish is created by the
human race. Between 1992 and 2008
household waste increased by 16 percent
and now approximately a half a ton per
person is produced each year. Most waste
is buried in landfills or burned in incinerators. Both of these actions are dangerous
for the environment. Much of what is
thrown away can be used again; it
certainly does make sense to re-use and
recycle. Rates of recycling have increased
to the point of recycling 35 percent of
household rubbish.1 However, this
number could be even higher. Most of the
waste is made up of glass, metal, plastic,
and paper. Natural resources such as trees,
oil, coal, and aluminum are employed to
make everyday products and resources
will one day be completely used up.
Cutting down on energy consumption has
become necessary. People should incur
additional costs of waste disposal if they
refuse to recycle. In this economy, no
one wants to increase their expenses,
therefore, this fee would undoubtedly
improve recycling compliance.
Organic material such as potato peelings, leftover food, and tea leaves can be
transferred straight to a compost heap in
the garden and used as a natural fertilizer.
Composting can be easily accomplished
for those who live in rural areas, but can
be a challenge for those in urban areas. A
compost bin should be created for urban
areas similar to bottle redemption centers.
Incentives would need to be developed to
entice the public to participate. Ideas
could be tax credits for those who drop
their organic matter at a depository or
give the waste to the farmers who will
reuse the material in their own gardens.
Tax credits would incentivize participation
and not be an out-of-pocket expense for
either party.
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Plastic products are difficult for the
environment to break down, and have
become difficult to recycle. Every possible
attempt to avoid using plastic should be
made. Just as the U.S. Food and Drug
Administration (FDA) approves drug use,
the U.S. Environmental Protection
Agency (EPA) should approve the sale of
products that are in the best interest of
the environment. They should restrict the
manufacturing of plastic disposable products. The use of disposable plastic bags at
grocery and department stores should be
prohibited. Advertising the impact of
reusable bags to the consumer, including
waste-disposal costs as well as the purchase
of plastic and paper bags should be publicized. Unless people know how it directly
affects them, in terms of dollars and cents,
then they are less likely to participate. A
marketing campaign to educate consumers
that the use of reusable bags directly
reduces their costs would encourage
participation. The EPA should also set
limits on the amount of paper and plastic
that is used in packaging.
The manufacturing of paper requires
the use of bleach and other chemicals,
which eventually end up polluting rivers
and streams. Using recycled paper saves
trees, energy, water, and landfill space,
thereby protecting the forests, watersheds,
and ecosystems. Paper can be recycled
repeatedly, providing environmental
savings many times over. The practice of
recycling creates strong markets for local
community-recycling-collection systems,
thereby improving local job markets.
Schools should require the use of recycled
paper for all work. The cost of recycled
paper is comparative to virgin paper so
additional costs will not be incurred and a
habit will be created so that as students
become active citizens, using recycled
paper would be the norm. This also
creates jobs for local economies and does
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not add additional expenses; it merely
involves a change in behavior.
Recycling clothes, shoes, belts, handbags, and stuffed animals not only
provides the poor, both at home and
abroad, with much needed clothing, it
also helps to protect the environment.
Volumes of discarded clothing and accessories end up in America’s landfills; these
items can take hundreds of years to
decompose. Landfills are only part of the
problem. When clothing isn’t recycled,
more has to be produced, which means
more pollution of the air and water. The
manufacturing of cotton destroys farmland and pollutes waterways by the use
of pesticides. The production of just one
cotton t-shirt requires one-third of a
pound of pesticides, which enters the
ground water and streams and affects
birds, bees, animals, the farm workers,
and eventually all humans.2 Recycling
clothes conserves raw materials and
natural resources. Synthetic polyesters and
nylon are made from petrochemicals, a
byproduct of oil refining, which increases
the need and reliance on oil and increases
harmful pollution. By reusing these items,
less has to be extracted, refined, transported, and processed. Energy needed in
the manufacturing of new products is also
conserved. Less energy used means less
needs to be generated, resulting in smaller
carbon footprints and less greenhouse
gases and emissions. Taking old clothes to
the local Good Will, a form of recycling,
is a win-win for everyone and a nice way
to help those less fortunate.
One must analyze the impact of
implementing a strong recycling program
on the manufacturing of new products as
there naturally would be a change in the
demand for new items. However, some of
the loss experienced could be absorbed
with increased production of recycled
goods, and increased local jobs related to

the recycling process. The government
should take action and protect the environment just as they do endangered
species by imposing restrictions on the
production of products that negatively
affect the atmosphere. Tax incentives
currently reserved for big businesses
should be pared down and a portion of
them used to entice participation in the
various recycling programs previously
outlined. Recycling of food and
manmade products takes time and can
be arduous, but actually requires little out
of pocket expense. People just have to be
educated on what is the benefit to them.
Kurt Vonnegut Jr. once said, “We could
have saved the Earth but we were too
damned cheap.”3 It now seems as if a recycling and preventative program would be
affordable. Is there still any excuse? -
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