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ABSTRACT. The need for environmental foresight has increased in recent decades as the pace of change has accelerated and
the frequency of surprise hasincreased. Successfully dealing with the growing impacts of change on social-ecological systems
depends on our ability to anticipate change. But traditional scientific tools are blunt instruments for studying a future that does
not exist. We propose that futures research, atransdisciplinary field of inquiry that has been devel oping for more than 50 years,
offersan underused but fruitful set of approachesto addressthisimportant challenge. A few futures research methods—notably
several forms of scenario analysis—have been applied to environmental issues and problemsin recent years. But futurists have
developed an array of other useful methods for exploring possible, plausible, and preferable futures, important insightsinto the
nature of change, and perspectivesfor thinking creatively and deeply about thefuture. We present an overview of futuresresearch
and its potential to enrich environmental planning and policy by offering a cross-fertilization of new ideas and approaches,
providing amore complete view of emerging environmental problems, and facilitating the devel opment of strategiesto increase

adaptive capacity and deal more effectively with surprises.
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INTRODUCTION

The need for environmental foresight has increased in recent
decades as the pace of change has accelerated and the
frequency of surprise has increased. The Millennium
Ecosystem A ssessment concluded that “ over the past 50 years,
humans have changed ecosystems more rapidly and
extensively than in any comparable period of time in human
history, largely to meet rapidly growing demands for food,
fresh water, timber, fiber, and fuel” (Millennium Ecosystem
Assessment 2005:1). Surprises are increasing along with the
expanding scale of human impacts (Gunderson and Folke
2008). Hibbard et al. (2007) refer to the period following
WorldWar |1 asthe” Great Acceleration,” atimeof significant
increase in the scope, scale, and intensity of impacts on the
social-ecological system. Globa indicators of the Great
Acceleration discussed by Hibbard et al. (2007) include rapid
growth in human populations, atmospheric carbon dioxide
concentrations, average global temperatures, use of
nitrogenous fertilizers, percent of marine fisheries fully
exploited, and species extinctions. Add to these therapid pace
of technological change with the potential for sweeping
environmental effects—such as genetic engineering and
nanotechnologies—and it is clear that the need for
environmental foresight has never been greater (Olson and
Rejeski 2005).

In attemptsto gain environmental foresight, substantial effort
has been devoted to forecasting the future of social-ecological
systems. But this work has been plagued by a host of
shortcomings, and the track record has been poor at best
(Sherden 1998, Sarewitz et al. 2000, Pilkey and Pilkey-Jarvis

2007). Ecological forecasts are filled with irreducible
uncertainties due to drivers beyond the scope of ecology (for
example, climate change, demographic change, management
interventions), unknown feedbacks in coupled social-
ecological systems, and unpredictable human actions
(Carpenter 2002). The complex interactions of people and
ecosystemsensurethat ecol ogical forecastsarefundamentally
uncertain. Experience in the social sciences confirms that
predictions of most social phenomena are notoriously
inaccurate. Sociologist Seymour Martin Lipset reviewed the
accuracy of forecasts in economics, demography, sociology,
and political science, and concluded that “ Social scientistsare
good historians. They are able to understand the processesin
what has aready happened. But they have not been good
forecasters” (Lipset 1983:157). Even the latest generation of
economic forecasting models (dynamic stochastic general
equilibrium models), the product of a decade of intense
research, fails dismally at accurately forecasting basic
economic variables, although the models perform no worse
than other economic forecasting methods (Edge and
Gurkaynak 2010).

The inability to successfully forecast the future of complex
social-ecological systems stems from many factors, such as
the emergent nature of these systems and their sensitive
dependence on initia conditions. The phenomenon of
emergenceis ubiquitousin systems of varioustypes (de Haan
2006). Emergent properties of a system cannot be predicted
fromtheparts. Sensitivity toinitial conditionsimpliesthat one
may be able to predict the behavior of chaotic systemsin the
short term, but not inthemedium or long term. Mathematician
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and chaos theory pioneer Edward Norton Lorenz famously
discovered that weather, a well-understood deterministic
system, was a chaotic system that was unpredictable in the
longrange(Lorenz 1963). Theprevalenceof surpriseinsocial-
ecological systems (Kates and Clark 1996, Gunderson and
Longstaff 2010) implies that some important uncertaintiesin
long-term forecasts are irreducible and that traditional
scientific toolsare blunt instrumentsfor studying afuture that
does not exist.

Theineffectuality of predicting the future of social-ecological
systems using traditional scientific methods, and the need to
anticipate and prepare for changein arapidly changing world
pose a formidable challenge to environmental scientists and
policy makers. We propose that futures research, a
transdisciplinary field of inquiry that usesavariety of methods
to explore aternative futures, offers an underused but fruitful
set of approaches to this challenge. Futurists have developed
an array of useful methods to explore aternative futures,
important insightsinto the nature of change, and perspectives
for thinking creatively and deeply about the future. Based on
our experience, few environmental professionals are aware of
futures research as a distinct transdisciplinary field of study
—it is an invisible area to most, despite its long history of
development and usein other sectors. We present an overview
of futuresresearch anditspotential to enrich our understanding
of thefuture context of social-ecological systemswithacross-
fertilization of new ideas and approaches. The next section
presents a brief overview of futures research, followed by a
description of several of the main methods developed and
employed by futurists. Examples of several major efforts that
use futures research in environmental contexts are described
and key lessonslearned are summarized. A concluding section
outlines the potential benefits of utilizing the full range of
futures methods and perspectives.

AN OVERVIEW OF FUTURES RESEARCH

Futures research, also called futures studies, futures, and
strategic foresight, has been defined as “A methodological-
based form of inquiry into aternative futuresin terms of what
is possible, probable, and/or preferable with the goal of
anticipating and possibly influencing those futures’ (Kubik
2009:x). Bell (1997) further characterizes futures research as
atransdisciplinary social scienceand an“action science,” with
an orientation to informing decision making and action.
Futures research is distinct from planning, although Cole
(2001) notes a symbiosis between these two fields, and there
is aclear but often overlooked link between futures research
and strategic planning (Roney 2010). Both futures research
and planning may identify preferablefuturesintermsof vision
and goals. But where planning involves the devel opment of a
specific course of action to achieve stated goals, futures
research focuses on the longer term and provides a much
broader perspective and essential context to the specific
concerns of planners.
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A centra principle of futures research is the importance of
exploring and preparing for multiple plausiblefutures, not just
the one considered most likely, because the future is
fundamentally uncertain (Bishop et a. 2007). As futurist
Herman Kahn (1982:82) stated, “ Themost likely futureisn’t.”
In other words, even what is considered to be the most likely
futureis alow probability event given the complex nature of
socia-ecologica systems and the frequency of discontinuous
change and surprise. The most disruptive type of
discontinuous change is low probability but high impact
events, often referred to as“wild cards’ by futurists (Petersen
1997, Cornish 2004). Rather than attempt to predict the most
likely future—which is typicaly the goa of traditional
scientific forecasting—the goa of futures research is to
explore arange of plausible alternative futures and preferable
futures (Bishop 1998, Cornish 2004). The frequency of
discontinuous change makesit vitally important that we think
broadly about thefutureto minimizetherisk of being surprised
and unprepared.

The origins of futures research are sometimes traced back to
a long tradition of utopian writings that explore preferred
futures, beginning with the publication of Thomas More's
Utopiain 1516. Bell (1997), Strathern (2007), and othershave
examined the early roots and many diverse strands of futures
research that reveal the deep human need—rooted in survival
—to anticipate and influence the future course of events. In
the modern era, futures research is sometimes traced to the
1901 publication of H.G. Wells' Anticipations of the Reaction
of Mechanical and Scientific Progress upon Human Life and
Thought, which proposed ascienceof thefuture (Wager 1991).
In 1932, Wells (1987) discussed the need for “ professors of
foresight” and university departmentsof foresight to anticipate
and prepare for the future. But it was not until the post-World
War |1 erathat futuresresearch began totake shapeasadistinct
field of study. Work on the future of military technology was
carried out in the 1950s by RAND Corporation, a think tank
that grew out of early operations research and systems
analysis. RAND served as a school for many early futurists,
including Herman Kahn, one of the pioneers of scenario
analysis, and Olaf Helmer, who helped developed the Delphi
method (discussedinthenext section). TheDefense Advanced
Research Projects Agency—just one of many U.S.
Department of Defense units that includes futures research—
was established in 1958 asaresponseto awild card event: the
Soviet Union’s launching of Sputnik.

The development of futures research accelerated during the
turbulent 1960s. Many futures organi zations were founded at
this time, including the USA-based World Future Society in
1966 and the internationalist World Futures Studies
Federationin 1967. Best-selling futures books such as Future
Shock (Toffler 1970), Limitsto Growth (Meadowset al. 1972),
and Megatrends (Naisbitt 1982) captured the public's
imagination and elevated popular awareness of futures
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research. Numerous futures research journal s have appeared,
including Foresight, Futures, Futures Research Quarterly,
Futuribles (in French), Futurics, Journal of Futures Studies,
OntheHorizon, The Futurist, Technological Forecasting and
Social Change, and World Future Review. Many business
journals, such as International Journal of Forecasting, Long
Range Planning, and Strategic Management Journal,
regularly publish futures research along with traditional
forecasting and planning literature. Academic futures
programs have also developed around the world, and the
World Futures Studies Federation (2012) has compiled alist
of the various tertiary futures educational programs. The
World Future Society’s annua conference currently attracts
about 1,000 attendees, and their Futurist Directory listsnearly
1,400 people professionally involved inthe study of thefuture
(World Future Society 2000). A major global futuresresearch
effort, the Millennium Project (http://www.millennium-project.
org), wasinitiated in 1992 by the Smithsonian Institution, The
Futures Group International, and the United Nations
University. The Millennium Project is now an independent,
nonprofit futures research think tank with 35 nodes around the
world, and produces an annual “ State of the Future” report as
well as many special studies.

Within futures research, a variety of distinct traditions has
developed since the 1960s. Futurists hold many different
views of what futures research is and how the study of the
future should be approached (Inayatullah 1996). Gidley et al.
(2009) identify fivetraditions, which they label as predictive-
empirical, critical-postmodern, cultural-interpretive, prospective-
action (or participatory futures), and integrative-holistic.
Detailing these traditions or other proposed typologies of
futures research is beyond the scope of this paper, but each
cangenerateuseful insightsdepending onthedecision context.
Multiple traditions are often employed in futures research as
astrategy for dealing with uncertainty.

Insum, futuresresearchisnow amaturetransdisciplinary field
of study with a considerable body of literature, many
specialized journals, professional organizations, and distinct
methods for studying possible, plausible, and preferable
futures (some of which are outlined in the following section).
But the majority of futures research remains invisible to the
scholarly community and the public because it takes place in
military units, intelligence agencies, and corporations around
the world, and is hence proprietary or confidential. In nearly
all major corporations, applied futures research is quietly
carried out either by a dedicated futures group or, more often,
under rubrics such as strategic planning, long-range planning,
technological forecasting, strategy development, and horizon
scanning. Limited versions of this research are sometimes
published (e.g., CIA 2000, Royal Dutch/Shell Group 2005,
Chief of Force Development 2010), but most is closely
guarded and confidential. Thus, due to the proprietary nature
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of most futures research, the published literature is the tip of
amuch larger iceberg (Bell 1997).

SELECTED FUTURES RESEARCH METHODS

As a transdisciplinary field of inquiry, futures research
embracesmethodological pluralism, the philosophy of science
that claims multiple disciplinary approaches, frameworks of
analysis, and ways of knowing are required to understand
complex systems or phenomena (Norgaard 1989).
Consequently, futurists have developed a wide range of
methods and borrowed or adapted methods from many fields.
A comprehensive futures project usually involves multiple
methods to address different dimensions of the problem.
Several |eading futurists have provided exhaustive reviews of
futures research methods (e.g., Fowles 1978, Helmer 1983,
Glenn and Gordon 2009). We review severa of the main
methods used in futures research—including scanning,
visioning, the Del phi method, and scenarios—and give ashort
example of each.

Scanning

Scanning, also called horizon scanning, environmental
scanning, or critical trends analysis, refers to awide range of
processes for identifying and understanding significant
emergingtrendsintheexternal environment of anorganization
(e.g., agovernment agency, corporation, or nongovernmental
organization) or an area of interest (e.g., biological diversity,
climate change, or ecosystem services). Idedlly, scanning
serves as an early warning system to identify potential threats
and opportunities. The goal is to find nascent indications of
futuredevel opmentsthat may beimportant. Gordonand Glenn
(2009:4) characterize scanning as “the central input to futures
research,” because scanning broadly for emerging trends is
often a component of other methods used in futures research,
such as scenario anadysis. Techniques for systematically
gathering and analyzing trends expressed in current literature
were originally developed by military intelligence officersto
gain insightsinto emerging devel opmentsin enemy countries
(Cornish 2004). Scanning was used extensively during World
War |1 and haslong been standard practicein business aswell
asmany government agencies. Thedigital agehastransformed
scanning, and there are now hundreds of approaches tailored
to specific decision-making contexts, all of which involve
identifying and classifying trends or potential trends into
categories. A widely used trends classification system,
developed by marketing professor Philip Kotler, includes six
broad categories with the acronym DEGEST: Demography,
Economy, Government, Environment, Society/culture, and
Technology (Kotler and Keller 2008).

Scanning systemstypically involve several components. First
isthe ongoing search of awide range of information sources,
such asdatabaseliteraturereviews, expert panels, and specific
websites and publications. Relevant information is entered
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into a searchable database. To avoid information overload by
management, items entered into the database are analyzed,
synthesized, and made accessible to managersin avariety of
ways. A key element of effective scanning systemsisfeedback
from management to the scanning team so the system can
“learn” to producethe most germaneinformation andimprove
performance (Gordon and Glenn 2009).

Futurists generally take a broader approach to scanning than
is commonly used in the business world (Slaughter 1999)
because they have found that changes in seemingly unrelated
externa areas can have unexpected and profound effects.
Schwartz (1991:60) describes strategies and tactics for
“hunting and gathering of information,” and recommends
seeking out potential trendson thefringe of society rather than
inthe mainstream, and from unorthodox sources and thinkers.
Annual series that identify emerging trends, such as the
Millennium Project’s State of the Future (Glenn et al. 2011)
and the World Future Society’s Outlook series (Futurist
Editorial Staff 2010) are examples of scanning output and can
serve asinput into other scanning work or futures projects.

Although scanning is a widely used and well understood
futuresmethod, the application of formal scanning approaches
to environmental contexts and organizations is quite limited.
However, there have been severa instances in which the
importance of this approach has been recognized. For
example, the National Advisory Council for Environmental
Policy and Technology recommended that the U.S.
Environmenta Protection Agency (EPA) create an ongoing,
institutionalized scanning system (U.S. EPA 2002).
Sutherland and Woodroof (2009) describe the usefulness of
scanning applied to environmental issues and present a
taxonomy of scanning methods, and Sutherland et al. (2008,
2010) outline the results of scanning exercises related to
biodiversity and global conservation issues. The U.S. Army
has an Environmental Policy Institute that conducts futures
scanning on environmental issues (http://www.aepi.army.mil/
).

Visioning

Visioning, or preferred futures, methods involve identifying
and choosing a preferred image of the future, a vital step in
most comprehensive futures research projects (Hines and
Bishop 2007). A visionisacompelling statement of thefuture
that a group or organization wants to create based on shared
deep values and purpose (Bezold 2009), or an idealized state
that conveysthe possibility of future attainment (Huber 1978).
According to Lippitt (1998), shared visions of the future
should entail severa components. clarity, shared
understanding, specific imagery, strategic orientation, and
group buy-in. Images of the future are important because they
enhance options and possibilities in the present (Slaughter
1995). Costanza (2000:1) expressed the importance of a
positivevision of our environmental future: “Themost critical
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task facing humanity today is the creation of a shared vision
of asustainable and desirable society.”

“Futureworkshops’ to createvisionsof preferred futureswere
organized and conducted in Europe by writer and futurist
Robert Jungk beginning in 1962 (Jungk and Mullert 1987).
The three-day workshops began with a day of thoroughly
critiquing the situation being addressed, followed by a day of
brainstorming about possible solutions. The most promising
ideas were then selected democratically and small groups
developed them into feasible projects. The workshops
concluded with an implementation phase in which constraints
and obstacles were examined and a plan of action was
developed. While Jungk and others were conducting future
workshops in Europe, Americans Edward Lindaman and
Ronald Lippitt created a similar method called Preferred
Futuring. Variousforms of Preferred Futuring have been used
by tensof thousandsof organi zationsinrecent decades(Lippitt
1998).

Bookman (2000) describes one of the few comprehensive
examples of visioning applied to an environmental concern:
an effort to develop a vision of the future of coastal areasin
the U.S. and asubsequent national dial ogueto disseminatethe
vision. The National Ocean Service of the National Oceanic
and Atmospheric Administration coordinated devel opment of
the vision among 10 diverse national organizations involved
with coastal areas during the 1998 International Y ear of the
Ocean. The process included a conference on coastal trends
and a forum on coastal stewardship. The fina vision for
“Coastal Futures 2025” addressed 11 major themes ranging
from community heritage to water-borne commerce
(Bookman 2000). An interactive, six-month long Internet-
based “ Town Meeting on America s Coastal Future” wasthen
conducted to disseminate and promote discussion of the
vision. Analysis of results of the town meeting showed
widespread support for most of the 11 themesandtheir specific
goals and objectives, as well as areas of dissent, and many
ideas for implementing the vision.

The Delphi Method

Named after the ancient Greek oracle, the Delphi method isa
futures research technique that solicits and structures the
opinions of apanel of expertsover multiple roundsto develop
assessments of alternative futures (Kubik 2009). This method
was developed at the RAND Corporation in the early 1950s
in a study of the likely effects of nuclear war (Linstone and
Turoff 1975). Early applications of this method were
dominated by forecasting advancements in science and
technology, following the lead of the classic Delphi study by
Gordon and Helmer (1964). The Delphi method, initsvarious
forms, hasbeen appliedin thousands of studiesinternationally
in many fields and for a wide range of purposes (Gordon
2007).
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In a typical Delphi process, panel experts respond
independently and anonymously to questions about possible
future devel opmentsduring thefirst round without knowledge
of the responses of other panel members. During subsequent
rounds, each participant is presented with the range of results
from the entire panel in the previous round along with their
own response from that round. Participants are asked to
consider theresults, paying particular attention to the basisfor
responses that lie at either end of the distribution. They then
havethe opportunity to revisetheir individual responsesbased
on the responses and rationales of other participants. Delphi
studies typically involve 2-5 rounds, at which time a group
consensus or contrasting views of the future developments
may emerge. Critcher and Gladstone (1998) have cautioned
that attempting to force a consensus in Delphi-based studies
may invalidate the results. One of the creators of the Delphi
method claimed that consensus is not the preferred outcome
(Helmer 1983). Rather, the stability of responses is the
objective, a state in which none of the participants would
changetheir view based on more discussion, even though they
may disagree. Exploring contrasting views and minority
opinions may be essential for understanding irreducible
uncertainty. In addition to theidentification of uncertainty and
divergence, important contributions of Delphi studies are the
ideas generated (e.g., the desirability of some future state, or
the means of achieving or avoiding a future state), and
arguments for extreme positions of participants (Gordon
2009).

The Delphi method has occasionally been applied to natural
resource and environmental issues. One of the earliest
applications was a 1974 study titled “Future leisure
environments’ (Shafer et a. 1974). In this wide-ranging and
ambitious study, the researchers developed forecasts for 125
possible future events in five broad topic areas: natural
resource management, wildland recreation management,
pollution, population-workforce-leisure, and urban environments.
Other environmental applicationsof Delphi includeLeitchand
Leistritz (1984) and Plummer and Armitage (2007).

Scenarios

Scenario development and analysis is the most widely used
futures research tool for helping decision makers and all
stakeholdersthink creatively about arange of plausiblefutures
inaworld of great uncertainty. Glenn and The Futures Group
International (2009:2) define a scenario as “... a story with
plausiblecauseand effect linksthat connectsafuturecondition
with the present, whileillustrating key decisions, events, and
consequences throughout the narrative.” Bishop et al. (2007)
have called scenarios the heart and archetypical product of
futures research. The scenario method was developed by
Herman Kahn and others at RAND Corporation and wasfirst
brought to public attention by Kahn's influential books (e.g.,
Kahn 1962, Kahn and Weiner 1967). Scenario analysis has
been widely used for many decades in military and business
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planning (Bradfield et al. 2005). Morethan two dozen specific
techniquesfor devel oping scenarios have been identified, and
Bishop et a. (2007) discuss eight broad types of scenario
development methods. The output of scenario analysisisaset
of stories or narratives. The stories are not predictions but
represent arange of plausiblefuturesintended to help decision
makers and others build adaptive capacity to make their
systems more resilient to change by preparing for a diverse
set of alternatives.

Unlike other futures research methods, scenarios have
increasingly been applied to environmental issues in recent
years. There are growing numbers of large-scale
environmental studies that include or are based on scenario
methods. Examples include the Intergovernmental Panel on
Climate Change (IPCC) reports (IPCC 2007), the Millennium
Ecosystem Assessment (Carpenter et a. 2005, Raskin 2005),
and the World Water Vision Exercise (Cosgrove and
Rijsberman 2000). Alcamo (2008) provides a wide-ranging
examination of the practice of scenario analysis applied to
environmental issues and problems, including guidelines for
conducting scenario studies, methodological issues,
shortcomings of current practice, and dealing with surprise.

In addition to applications of expert-based scenario analysis
to global environmental issues and assessments, participatory
scenarios have been usedin several local or regional contexts.
For example, Evans et al. (2010) describe the application and
evauation of participatory scenario analysis in forest
communities in Boliviaand Vietham. This study was part of
an effort by the Center for International Forestry Research to
help local forest stakeholders plan for the future and improve
the participation of forest communitiesin decisionsthat affect
them (Wollenberg et a. 2000, Evans et a. 2006). Other
examples of participatory scenario analysis applied to
environmental issues include an Australian case study that
focused on socia resilience in climate-vulnerable
communities (Gidley et al. 2009), and an assessment of future
ecosystem services in northern Wisconsin, USA (Peterson et
al. 2003).

Many other futures research methods have been devel oped by
futurists or adapted from other fields, each with unique
advantages and disadvantages depending on the context. For
example, the Millennium Project’s “Futures Research
Methodology—v.3.0” (Glenn and Gordon 2009) details more
than 30individual methods, including thefutureswheel, cross-
impact analysis, technology sequence analysis, and relevance
trees. New methods continue to be developed, such as causal
layered analysis(Inayatullah 2004) and methodsinvolving the
use of online social networks (Cachia et a. 2007). Taken
together, these methods constitute a powerful tool kit for
exploring and reflecting on the fundamental uncertainties
about future developmentsin complex adaptive systems.
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EXAMPLES OF MAJOR ENVIRONMENTAL
FUTURESPROJECTS

We briefly describe three large-scale applications of
environmental futuresresearch and key lessonsthat have been
learned. All except the first example are applications of
scenario analysis, which isindicative of the dominance of this
method in environmental contexts.

The longest running effort to apply futures research to
environmental issuesisthework carried out by the U.S. EPA,
dating back to the early 1970s (U.S. EPA 1973, Elgin et al.
1975). Environmental foresight activities have been carried
out on a small scale by various offices and divisions within
the EPA, including an Environmental Futures Committee
established in the 1990s. Some of this work was carried out
in partnership with the Institute for Alternative Futures (http:
[Iwww.altfutures.com). The motivation for the EPA’ sfutures
research hasbeen the belief that it isessential for the EPA and
other environmental agencies “... to anticipate future
environmental problems, and then take steps to avoid them,
not just respond to them after the fact” (U.S. EPA 1995:1).
Early futures projects at the EPA helped give legitimacy to
futures research within the agency but were* one shot” efforts
rather than part of a systematic and ongoing environmental
futures program. In 1999, an agency-wide “futures network”
was created to stimulate futures thinking throughout the
organization and promote capacity for environmental
foresight (Olson and Street 2002). Futures research continues
to take place within the agency (e.g., U.S. EPA 2002, 2007),
but on amodest scale.

A recent review of theEPA’ sfuturesresearch activities (Ol son
2011) concluded that these efforts are fragile and could easily
be lost because they have not been institutionalized in away
that will assure continuity. Olson identified several lessons
that have emerged from the EPA’ s experience, including the
importance of (1) linking futures research to senior career
executivesand having ahigh-level championwhowill support
this work over time; (2) developing ties to other parts of the
organization to avoid becoming isolated; (3) having a
dedicated staff and budget line item to support futures
research; (4) framing effortsaround stimul ating and informing
strategic conversations and making better decisions today
rather than “knowing the future”; and (5) making an ongoing
horizon scanning system a core activity.

Another areawheresubstantial environmental futuresresearch
has been carried out is the voluminous literature that applies
scenario analysis to the issue of climate change. Climate
changeisanatural fit for futures research because of the long
timehorizonsand multiple uncertainties. Most climate change
scenario analysis has used a quantitative modeling approach,
and most has been carried out under the auspices of the IPCC
(e.g., Nakicenovic et al. 2000, Moritaet al. 2001, Carter et a.
2007), dating back to the |PCC emission scenarios of the early

Ecology and Society 17(2): 10
http://www.ecol ogyandsociety.org/vol 17/iss2/art10/

1990s (Leggett et al. 1992). Over the past 20 years, the
sophistication of the IPCC scenario work has increased
markedly. Recent | PCC scenarioanalysesincludetheblending
of quantitative modeling and narrative approaches,
incorporating stakeholder participation, and adopting multi-
sectoral, multi-stressor, and multi-scal e approachesto climate
change scenarios (Carter et al. 2007).

The IPCC scenarios have produced many insightsfor climate
changepolicy. For example, Parson et al. (2007) identified the
following most significant policy lessons: (1) scenarios that
produce similar emissionsin thelong-term future may follow
distinctly different paths over time, thereby resulting in
sizeable differences in cumulative emissions; (2) technology
and energy-resource assumptionscan generateaswidearange
of future emissions as large variations in economic and
demographic assumptions; and (3) significantly different
combinations of socioeconomic and energy market conditions
can result in comparable emissionstrajectories, indicating that
specific trgjectorieswith different driving factorscan resultin
distinct mitigation problems for policy makers. The IPCC
scenarios have also generated a variety of criticisms and
controversies, and new approachesfor creating climatechange
scenarios are being pursued to address some of these issues
(Moss et a. 2010).

The Millennium Ecosystem Assessment (MA) included
another application of scenario analysis to a globa
environmental issue. The MA was a large-scale, 4-year
process that focused on the conditions of ecosystems, change
intheprovision of ecosystem services, implicationsfor human
well-being, and options for policy responses (Carpenter et a.
2006). The Scenarios Working Group of the MA interviewed
59 diverse leaders from around the world about their
environmental and social concerns for the next 50 years
(Bennett et al. 2005). The interview results suggested there
werefour broad clustersof beliefsabout thefuture. Thesewere
developed into four scenarios, al of which began at current
conditions and then branched off into alternative futures
depending on key assumptions. The MA scenarios technical
volume presentsadetail ed description of the devel opment and
use of the scenarios (Carpenter et a. 2005).

A number of insights emerged from the MA scenarios,
including the close associ ation between poverty reduction and
provision of ecosystem services, the difficult trade-offs
between different ecosystem services, and trade-offs between
present and future supply of a given service. Overal, the
scenarios were deemed to provide rich and valuable
perspectives on plausible futures at the global and broad
regional levels, but the models were not able to examinelocal
processes and impacts related to ecosystem services
(Nakicenovic et a. 2005). The development of regiona and
sub-regional scenarios in future assessments has been
proposed as a means to both examine more place-specific
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issues and to help inform and improve global scenarios. In
addition, better communication and interaction with policy
makers and across scientific disciplines have been identified
as important ways to increase the relevance of the MA
scenarios to decision makers (Nakicenovic et al. 2005).

CONCLUSIONSAND FUTURE LESSONSTO BE
LEARNED

We have provided a brief overview of futures research as an
essential but, to date, limited contributor to environmental
science and policy. Futures research explores a range of
possible, plausible, and preferable futures, and examinestheir
implications for planning, management, and policy. The
methods of futures research have been developed and
productively applied in many domains over the past 50 years,
yet they have been applied infrequently to environmental
issues with the exception of the recent increase in the use of
scenario analysis. These recent applications of a core futures
research method are encouraging and have demonstrated its
usefulness and potential contributions. The need to consider
alternative futures for sound policy and planning in a world
of rapid and unexpected change suggeststhat futuresresearch
could make a much greater contribution.

Thereareseveral potential benefitsof fully integrating futures
research and thinking—and the full array of futures methods
and approaches—into environmental endeavors. Thesecanbe
thought of asfuture lessonsto be learned from the application
of futures research. First, the more relevant perspectives we
can bring to bear on aproblem, the more holistic and complete
our solution will be (Floyd and Zubevich 2010). If effortsto
address complex environmental problems routinely
overlooked important economic or cultural aspects, the
chances of successfully dealing with them would be dlim.
Similarly, if futures research is a vital but often neglected
dimensionintheenvironmental arena, aswehaveargued, then
the likelihood of successfully addressing long-term
environmental issues may be substantially reduced without
the development and application of strategic foresight
resulting from futures research.

Second, futures research encourages decision makersto think
big. With its transdisciplinarity, methodological pluralism,
and insights into the nature of change, futures research can
help all stakeholders take a broader and more creative view.
Futures research promotes thinking big in terms of multiple
disciplinary perspectives, creative problem solving, and a
systems perspective, in addition to the obvious inclusion of
temporal scales that are beyond the range usually considered
in environmental decision making. The complexity of
environmental problems requires envisioning a wide and
creative range of alternative futures, and resilient decisions
must include consideration of the broad context.

Third, futures research can help identify and highlight
potential unintended consequences of new technologies,
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socia trends, and proposed policies. Anticipating unintended
consequences is a critical need as the pace of change has
increased and risks have become more complex. Severa
futures methods are designed to explore unintended
consequences. For example, the futures wheel is a strategic
thinking technique for visualization of first-order and higher
order consequences of atrend or development (Glenn 2009).
Cross-impact analysis is a method for exploring how
relationships between possible events (and other variables)
could impact one another. Originaly developed by futurists
inthe 1960s, various approachesto cross-impact analysishave
been used extensively in the business and intelligence
communities as well as by futures think tanks (Heuer and
Pherson2011). A better understanding of potential unintended
consequences can help in the design of policies and strategies
that will minimize negative consequences and enhance
resilience.

Fourth, solving complex environmental problems requires
taking into account a diversity of perspectives. Complex
problems may be solved more effectively with adiverseteam
than by the best individual experts (Page 2007). Carpenter et
al. (2009:1) argued that “... the consideration of awide range
of perspectives is a hallmark of resilient decision making in
theface of unexpected change.” Participatory futuresmethods
offer effective waysto incorporatethe varied views of diverse
individuals. For example, arecent eval uation of the usefulness
of participatory scenario methodsidentified alarge number of
benefits, and some important pitfalls, and concluded that the
methods” ... are effective participatory toolsfor hel ping forest
dependent communities prepare for the future, identify
opportunities and threats, and make decisions’ (Evans et al.
2010:616). In addition to participatory scenario planning,
other futures techniques—such as public Delphi, Future
Search Conferences, and preferred futuring methods—have
long been used to incorporate a diversity of viewpoints.

Fifth, the frequency of surprise in social-ecological systems
suggests another benefit. Environmental futures research can
help explore key uncertainties and identify potential surprises
—most importantly surprises from other domains that will
have environmental effects—thereby facilitating the
development of policies to increase adaptive capacity to deal
with surprises (Bennett et al. 2003). Futurists have devel oped
strategies to identify and prepare for wild cards and “black
swan” events (e.g., Petersen 1997, Toth 2008, Petersen and
Steinmueller 2009, Taleb 2010). Futuresthinking can train us
to expect the unexpected, thereby helping to build greater
resilience of systems to surprise.

Finally, insightsabout arange of possibleand plausiblefutures
of social-ecological systems can help decrease reaction time
aseventsrapidly unfold. A classic business exampleis Royal
Dutch Shell’ sresponseto the 1973—74 OPEC oil embargo and
price shock. Unlike the other global oil companies, Royal
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Dutch Shell’ s executives responded quickly because they had
been alerted to the possibility of this event through scenario
planning and had explored possible responses in advance
(Schwartz 1991). They had rehearsed the future and were
thereforeabletorespond swiftly. Giventhepreval enceof rapid
and surprising change, even unlikely events should be
prepared for to ensure a quick response if the consequences
are great enough.

The long-term nature of and inherent uncertainties
surrounding environmental problems have encouraged
attempts to “look beyond the headlights,” but these efforts
have often beenlimitedin scope. Futuresresearch offersaway
to strengthen this vital dimension of the study of socia-
ecological systems. The practicality of this perspective is
indicated by the fact that corporate, military, and intelligence
strategists have played a dominant role in developing and
applying futures research methods. As Schwartz (1991:221)
observed, “... people at resilient companies continually hold
strategic conversations about the future.” Resilient social-
ecological systems also call for ongoing conversations about
the future and the tools and perspectives of futures research.

Responsesto this article can be read online at:
http: //mwww.ecologyandsoci ety.org/vol 17/iss2/art10/
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