
directionally changing climate
Policy strategies to address sustainability of Alaskan boreal forests in response to a

Naylor 
Gary P. Kofinas, Sarah F. Trainor, Garry D. Peterson, Henry P. Huntington, and Rosamond L. 
F. Stuart Chapin, III, Amy L. Lovecraft, Erika S. Zavaleta, Joanna Nelson, Martin D. Robards,

doi:10.1073/pnas.0606955103 
 published online Sep 28, 2006; PNAS

 This information is current as of October 2006.

 www.pnas.org#otherarticles
This article has been cited by other articles: 

 E-mail Alerts
. click hereat the top right corner of the article or

Receive free email alerts when new articles cite this article - sign up in the box

 Rights & Permissions
 www.pnas.org/misc/rightperm.shtml

To reproduce this article in part (figures, tables) or in entirety, see: 

 Reprints
 www.pnas.org/misc/reprints.shtml

To order reprints, see: 

 Notes:

http://www.pnas.org#otherarticles
http://www.pnas.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=pnas;0606955103v1&return_type=article&return_url=http%3A%2F%2Fwww.pnas.org%2Fcgi%2Freprint%2F0606955103v1.pdf
http://www.pnas.org/misc/rightperm.shtml
http://www.pnas.org/misc/reprints.shtml


Policy strategies to address sustainability of Alaskan
boreal forests in response to a directionally
changing climate
F. Stuart Chapin III*†, Amy L. Lovecraft‡, Erika S. Zavaleta§, Joanna Nelson§, Martin D. Robards*, Gary P. Kofinas*,
Sarah F. Trainor*, Garry D. Peterson¶, Henry P. Huntington�, and Rosamond L. Naylor**

*Institute of Arctic Biology and ‡Department of Political Science, University of Alaska, Fairbanks, AK 99775; §Environmental Studies Department,
University of California, Santa Cruz, CA 95064; ¶Department of Geography, McGill University, Montreal, QC, Canada H3A 2K6; �Huntington
Consulting, Eagle River, AK 99577; and **Woods Institute for the Environment, Stanford University, Stanford, CA 94305-6055

This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected on April 20, 2004.

Contributed by F. Stuart Chapin III, August 14, 2006

Human activities are altering many factors that determine the
fundamental properties of ecological and social systems. Is sus-
tainability a realistic goal in a world in which many key process
controls are directionally changing? To address this issue, we
integrate several disparate sources of theory to address sustain-
ability in directionally changing social–ecological systems, apply
this framework to climate-warming impacts in Interior Alaska, and
describe a suite of policy strategies that emerge from these
analyses. Climate warming in Interior Alaska has profoundly af-
fected factors that influence landscape processes (climate regula-
tion and disturbance spread) and natural hazards, but has only
indirectly influenced ecosystem goods such as food, water, and
wood that receive most management attention. Warming has
reduced cultural services provided by ecosystems, leading to some
of the few institutional responses that directly address the causes
of climate warming, e.g., indigenous initiatives to the Arctic Coun-
cil. Four broad policy strategies emerge: (i) enhancing human
adaptability through learning and innovation in the context of
changes occurring at multiple scales; (ii) increasing resilience by
strengthening negative (stabilizing) feedbacks that buffer the
system from change and increasing options for adaptation through
biological, cultural, and economic diversity; (iii) reducing vulnera-
bility by strengthening institutions that link the high-latitude
impacts of climate warming to their low-latitude causes; and (iv)
facilitating transformation to new, potentially more beneficial
states by taking advantage of opportunities created by crisis. Each
strategy provides societal benefits, and we suggest that all of them
be pursued simultaneously.

adaptability � Alaska � climate change � resilience � vulnerability

The world is undergoing rapid change in many of the factors
that control the properties of ecosystems. In the last 50 years,

humans have changed ecosystems more rapidly and extensively
than during any comparable period of human history, with even
more rapid and extensive changes projected for the next half
century and beyond (1, 2). For example, human activities have
substantially altered climate, the hydrologic cycle, biodiversity,
land cover, the use of biological productivity, and the cycling of
nitrogen at global scales (3). People have always profoundly
influenced their environment (4). However, the recent increase
in the magnitude and extent of these impacts raises serious
challenges to sustaining earth’s life support systems, the services
that ecosystems provide to society (5). These ecosystem services
contribute fundamentally to human well-being, i.e., the basic
material needs for a good life, freedom and choice, good social
relations, and personal security (6).

Given the importance and difficulty of fostering sustainability
in a world with an uncertain future, many approaches are being
explored (7–10). In this article, we integrate several of these

approaches. We argue that, by understanding the linkages
between global-scale changes and local-scale dynamics of
human–environment interactions, we can recognize general
sources of vulnerability, adaptability, and resilience that provide
a scientific basis for broad policy strategies to enhance sustain-
ability. We apply this framework to the impacts of climate
warming on Alaska’s boreal forest (11) and identify a suite of
policy strategies that could contribute to sustainability. Alaska is
a particularly appropriate place to apply this framework, because
ecosystem services, which are key processes that mediate climate
effects on society, are critical to the sustainability of traditional
subsistence livelihoods and culture.

Integrating Conceptual Frameworks
Global–Local Linkages. Ecological systems respond to a spectrum
of controls that operate across a range of temporal and spatial
scales and can be roughly grouped as exogenous controls, slow
variables, and fast variables (Fig. 1). Exogenous controls (called
state factors in the ecological literature) are factors that govern
the properties of ecosystems but are not strongly influenced by
the short-term, small-scale dynamics of a single forest stand or
lake. Some exogenous controls, such as climate and regional
biota, are regional in extent, whereas others, such as topography
and geological substrate, vary more locally (12). Exogenous
controls are often relatively constant over century and longer
timescales. At the scale of an ecosystem or watershed, there are
a few critical slow variables, i.e., parameters that strongly influ-
ence ecosystems but remain relatively constant over years to
decades (13, 14). These slow variables include presence of
particular functional types of plants and animals, disturbance
regime, and the capacity of soils or sediments to provide water
and nutrients (15). Slow variables in ecosystems, in turn, govern
fast variables at the same spatial scale (e.g., moose density and
individual fire events) that change on daily, seasonal, and
interannual timescales. Conversely, human impacts on fast vari-
ables that persist over long time periods and in large areas can
propagate upward to affect slow variables and even regional
controls such as climate and regional biota that were once
considered nearly constant parameters (2).

Ecological and social systems affect one another so strongly
that they are best viewed as a social–ecological system (i.e., a
coupled human–environment system) (8, 10) (Fig. 1). Analo-
gous to the ecological subsystem, the social subsystem can be
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