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Abstract
Current trends and modelled predictions indicate that the impacts of global warming during the
next century will be signiﬁcant and widespread. Most, if not all, ecosystems and their constituent
organisms, including people, will be affected. While it is logical to assume that the best solutions for
a sustained future will result from combinations of cultural-social-economic-ecological decisions,
determining optimal mixes of decisions in a rapidly changing world (the ecosphere) will be difﬁcult.
In large part, effective management of climate change impacts will depend on how well societies
embrace sustainable living objectives and implement an ecosystem approach. This paper examines
tools and techniques that could be used in support of a commitment to sustainable living in a changing climate.
Keywords: climate change, sustainable living, ecosystem approach, adaptive management, tools
and techniques

Introduction
Greenhouse gases are critical to life on Earth. For example, water vapour (the most abundant greenhouse gas)
and carbon dioxide help regulate climate by trapping the Sun’s energy that has been re-radiated from Earth’s
surface in the form of heat. This natural greenhouse effect, where the gases function as an insular blanket to
maintain the Earth’s surface temperature 33oC warmer than it would be if the blanket did not exist, provides
enough heat for life on Earth as we know it.
People have added carbon dioxide, nitrous oxide, methane, and other greenhouse gases to the atmosphere by
extracting and burning fossil fuels such as coal, oil, and natural gas. The drainage of wetlands and the conversion of forests and grasslands to other uses have also contributed to the release of greenhouse gases to the
atmosphere. In fact, atmospheric carbon dioxide has increased 30% since pre-industrial times, and these additional greenhouse gas molecules have trapped new heat and accelerated the rate of global warming.
In Ontario, mean annual temperatures have increased by 0.5oC in the last hundred years and could increase
another 2 to 5oC in the next century. Although temperature increases likely will be greater in winter than in
summer, and in the north than in the south, there will be signiﬁcant changes to all seasons in every ecosystem
throughout the province. The additional heat energy will increase variability in temperature, precipitation
(rain, snow, and ice), and wind patterns. For example, as more heat energy is trapped in the lower atmosphere
by greenhouse gases, it is likely that the frequency and size of extreme events such as ice storms, heavy rains,
droughts, and windstorms will increase.
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Given that just about every ecosystem on Earth is or will be affected, managing for climate change must occur
within the context of a commitment to sustainable living. While admittedly anthropocentric, the ideas and values associated with the concept of ‘sustained life’ signify balance—balance between the people who draw from
and use Earth’s processes and resources to survive and the ecosystems of which they are a part. Sustainable
living, therefore, is envisioned as an ecosphere ﬁlled with healthy ecosystems and healthy people—a condition
or state of ecospheric-human balance that a sustainable society would predict can be attained and maintained
(Gray and Davidson, 2000).
An ecosystem approach to management is often cited as one method through which sustainable living might be
achieved. During the last 30 years, thousands of journal papers, technical reports, books, and online documents
have been prepared about the subject. These products describe ecosystem composition, structure, and function,
outline principles, provide tools and techniques, and cite examples of ecologically oriented programs. And yet,
after decades of work, a clear and concise description continues to elude us. As one approach, I suggest that
program designers spend time identifying the appropriate questions that help us decide how we want and need
to conduct our lives in ways that allow us to aspire to a goal of sustainable living.

An Ecosystem Approach to Management
An ecosystem approach to management is based on the idea that appropriate values combined with the required
knowledge and tools can protect and maintain ecosystems and provide a range of beneﬁts to society now and in
the future. Asking the right questions helps organizations design the most suitable approach—questions about
the spatial and temporal context in which to make decisions and questions that enable organizations to apply
a suite of tools and techniques to keep the landscapes, the waterscapes, and the airscapes working (Figure
1). Even though all ecosystems are different, questions can be organized according to these three interrelated
themes:

Figure 1: An ecosystem approach to management framework. The modules are linked and often employed
simultaneously or in unison to develop and deliver ecologically-based programs (adapted from Gray et al., 1995).
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Context:
1. Space – Have we mapped and described large and small ecosystems, and do we use these descriptions in a
framework to plan and manage human activities? Now that human actions have created or contributed to signiﬁcant change of continental and global proportions (e.g., climate change), an ecological context is increasingly required to identify and understand the issues, establish partnerships, and design appropriate management programs. The ecosystem provides an integrating spatial framework within which natural asset managers
can work to address the spectrum of cultural, social, economic, and ecological factors and forces that shape
modern life. Many ecosystem classiﬁcation systems have been developed in countries around the world, such
as the Ecological Land Classiﬁcation system used in Ontario (Crins, 2000).
2. Time – Have we made the short- and long-term commitment needed to care for ecosystems in the context of
climate change and other impacts? Ecosystem processes operate on a spectrum of time regimes ranging from
less than a second to more than a thousand years. And our decisions about the allocation and use of ecosystem
services and products must reﬂect the short- and long-term characteristics of ecosystem composition, structure,
and function.

Enablers:
1. Philosophy and Values – Do our organizational philosophies allow us to care for ecosystem values? Ecosystems provide many values, including critical life support services such as breathable air and potable water, and
social, cultural, and economic products associated with food, clothing, recreation, and other kinds of wealth.
Our success will depend on how we use these values to guide our behaviour and pursue sustainable living
goals.
2. Partnership – Are we involved with all the necessary partners, and do we have the tools to keep partnerships
engaged and progressive? No one agency or organization retains the scientiﬁc expertise, the legal authority,
or the ﬁnancial resources to care for all ecosystems. Partnership is an important tool in the protection and sustainable use of ecosystems, including education, research, policy formulation and implementation, technology
development, and information management.
3. Corporate Structure and Function – Do our organizational (corporate) structures and their functions provide
a progressive and positive culture to implement an ecosystem approach? An ecosystem approach requires that
participating agencies, organizations, companies, and institutions ensure that corporate structure and function
supports intellectual development, participatory decision-making, and the creation of appropriate services,
products, and experiences—a place where people can organize into productive groups to work in support of
an ecosystem approach.

Tools and Techniques:
1. Knowledge Gathering and Synthesis (Data and Information Management) – Do we support and/or have access to traditional and community knowledge and to data and information collected and prepared by scientists
and resource managers to allow proactive decision-making? Successful development and implementation of an
ecosystem approach to management depends on how well we discover, retain, use, and share knowledge and
information about the composition, structure, and function of ecosystems and the impacts of people who live
and work in them. People must have the best information available to mitigate the impacts of climate change.
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2. Knowledge Dissemination (Education) – Are we disseminating essential knowledge among staff, partners,
clients, and the public in support of decision-making and life-long learning opportunities? Every person must
be provided an opportunity to understand climate change and its impact on ecosystem function. Knowledge
dissemination through accessible and current life-long learning opportunities (i.e., education, extension, and
training programs) is a prerequisite to effective participation in decision-making, particularly in view of the
fact that climate change is a complex and encompassing issue.
3. Strategic Approach (Plan) – Do we have a vision and/or mission statement that describes the condition
or state (of the ecosystem) to which we aspire? In other words, have we described the path we want to take?
We use strategic planning to determine the direction we will take and the techniques we will use to care for
ecosystems. Effective strategic plans are constantly re-evaluated and modiﬁed to meet evolving needs and
challenges.
4. Policy – Do we make a commitment to care for ecosystems with policies and plans that account for climate
change? Given the complex, dynamic, risky world in which we live, policy formulation and implementation
must be progressive and ﬂexible. Policy and plans must allow managers to respond effectively to unexpected
and unconventional issues and problems—it must be learning oriented, science based, and adaptive.
5. On-site Actions – Are we protecting, restoring, and/or using ecosystems in ways that keep the landscapes,
waterscapes, and airscapes working? Effective protection and sustainable use of ecological assets depends on
how well organizations allocate assets, mitigate impacts, and resolve on-site land-use, air-use, and water-use
conﬂicts.

Concluding Remarks
The importance of a commitment to sustainable living cannot be overstated—it is critical if people expect to
prepare for and adapt to a rapidly changing ecosphere (Earth’s largest ecosystem) in the twenty-ﬁrst century.
And identifying the appropriate suite of questions is an important initial milestone. An ecosystem approach to
management can be used as a framework with which to ask the questions, deﬁne the issues, and address the
risks that need to be managed in a new world climate.
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