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PREFACE

The Second International Conference on Arctic Resealanning (ICARP II) was held in
Copenhagen, Denmark from 10 November through 12kder 2005 and brought together over
450 scientists, policy makers, research managedigenous peoples, and others interested in and
concerned about the future of arctic research. dgitr@lenary sessions, breakout sessions and
informal discussions, conference participants astdre long-term research planning challenges
documented in twelve draft research plans. Follgwite conference drafting groups modified the
plans to reflect input from the conference disaussiand input from the ICARP Il web site. This
science plan is the culmination of the process.
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10.1. Introduction

How should research best address the challengastof sustainability in a world of rapid change?
What determines the limitations of adaptation whetystem is approaching a critical threshold? What
are the social-ecological consequences when dritioasholds are crossed and new conditions
emerge? How best do we determine the indicatose@hl-ecological resilience and frame the
analysis of vulnerabilities? How can we best strteehuman institutions and social organization to
build resilience while facilitating adaptation iar@itions of rapid change? And how should arctic
residents and researchers collaborate to answses theestions?

This ICARP Il science plan outlines key researcestjons concerning the study of rapid change,
resilience and vulnerability in social-ecologicgstems of the Arctic and proposes an approach for
implementing this research. There is a particidau$ on the resilience and vulnerability of rapid
change to local communities of the Arctic. Thisescie plan is not intended to restrict individual
research efforts that may deviate from the idegsessed here, nor is it considered to be all-inotus
in scope. Instead, this science plan is intendédetatify a broad set of themes and questions worth
of research over the next decade, and to providgefging framework that will help coordinate
comparative integrated international research. Gthe interdisciplinary cross-cutting nature okthi
science plan, it is proposed that this also sesgemn overarching framework for linking the fult eé
ICARP Il science plans.

The definition of “the Arctic” used in this ICARP $cience plan is aimed at capturing the social,
economic, political, and ecological processes @natcritical properties for the functioning of the
Arctic System. Thus, it is not limited to more rédtve definitions, such as that region northlod t
Arctic Circle or north of tree line, but is viewed a region integrated within the Global System.

10.2. A Rapidly Changing Arctic

The Arctic Climate Impact Assessment (ACIA, 20Q4g Arctic Human Development Report
(AHDR, 2004), and Reindeer Herding and Hunting Exoies and the Status and Management of
Wild Reindeer/Caribou Populations (Ulvevadet andKkgl, 2004) are three recent Arctic Council
reports that document conditions of bio-physiceglegical, social, and economic change in the
Arctic, and provide a starting point for the woroposed in this ICARP Il science plan. Arctic
climate trends show a dramatic change, includinmparease in annual average temperature of 3 to 4
°C in some regions of the Arctic, which is neavljce that of other regions of the world. Gross-leve
landscape responses include the thawing of perstatie melting of glaciers, and changes in
hydrological processes that are affecting grouneiceegetation and oil and gas exploration. In
several cases, climate change has caused a stti#t distribution of some keystone species (e.g.,
moose and salmon), making access to some traditiarseed resources more difficult and risky, while
making other resources more available. Climate ghdras also extended the life cycle and
geographic range of certain wildlife parasites, hag put some species, such as polar bear and Peary
caribou, at serous risk.

A warmer and dryer Arctic is likely to result in arcrease in the frequency, severity, and duration
wildfires — with implications for ecosystem sengdg€hapin et al., 2003, 2004). An increase in storm
surges in coastal areas is likely to result inrmdase in the rate of coastal erosion and this has
already forced residents of some Alaskan communitienove forward in assessing options for costly
village relocation. Some of the most dramatic issaésed in the Arctic Climate Impact Assessment
(ACIA, 2004) are projections by some climate mod¢élan almost complete loss of summer sea-ice
cover by the end of this century. Seasonal opeufiige Northern Sea Route is likely to make trans-
Arctic shipping during summer feasible within seatetecades. This would open new northern
shipping trade routes and would bring significasdreomic activity to coastal regions both at sea and
on land, however it would also create new riskg.(®il spills) and a potential need for marine
protected areas in the Arctic. These protectedsaseald be likely to lead to internationally coriees
claims for property and struggles to assert loeavésting rights. And while the impacts of a rapidl
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warming Arctic may be important to the North, tradgo have implications for the Global System by
potentially modifying ocean salinity and currerasd reducing rates of carbon sequestration, argj thu
increasing emissions of greenhouse gases to thesplrare.

From a more human perspective, the Arctic Humanel@ment Report (AHDR, 2004) noted that the
continued interest in exploitation of northern neses is bringing an increase in human infrastmectu
and an expansion of the human footprint. In masgsahese changes are occurring with inadequate
environmental policies for assessing impacts amdlecting land- and sea-use planning. Human in-
and out-migration trends show a modest overall [ajgun increase in the Arctic, with a trend towards
greater urbanization, an increase in the outflonesidents, and a shift by several groups fromriaund
dwelling to city dwelling. If the current trend ofbanization continues, it is likely to lead to an
increased demand for harvested fish and wildlig®ueces and thus, future challenges to rural and
indigenous subsistence harvesting rights. So@abs in the Arctic also show an ongoing loss of
indigenous language and an overall transformatfdaraditional ways of living.

In Russia, where around 15,000 people continueltm# a nomadic way of life, the problems of
rapid change are striking. The collapse of the &dvnion’s highly centralized political system
reduced and in some cases eliminated supportdatemats in northern hinterland regions, leaving
many in dire conditions with limited opportunitiss improvement. In many parts of the Russian
Arctic and other northern regions, people struggth poor living conditions, limited political righ
for self determination, and problems associatel giéneral social dysfunction, such as alcoholism
and suicide.

However, the Arctic also provides many examplemstitutional innovation through indigenous
governance, devolution, and community—state poWwariisg, such as the Sami Council, the many co-
management regimes for marine mammals in Alaskasybtem of governance for Nunavut in
Canada, and the implementation of Home Rule in @aael. The results of these innovations have
been mixed, and there is considerable speculati®a their effectiveness and future development.
These institutions do, however, represent impoithahges to previous political processes and
provide opportunities for research to understamit implications to resource sustainability and
human wellbeing in the Arctic and beyond. The Ar¢fuman Development Report (AHDR, 2004)
calls attention to global-to—local level processesl highlights the concern that global environrakent
and social changes may overwhelm efforts to implegmegional initiatives successfully.

The Reindeer/Caribou Repaftthe Arctic Council (Ulvevadet and Klokov, 200gve examples of
arctic social-ecological change and feedback eff&dte collapse of the Soviet Union removed many
of the government-maintained markets for reindeeatmwhich in turn quickly and dramatically
reduced traditional herding activities in many bat all regions, and later led to increases in wild
reindeer populations. These conditions contragt thié Alaskan Arctic where an increase in the
population of the Western Arctic Caribou herd ledih expansion of the herd’s range, which
overwhelmed domestic reindeer herds of the SeweanihBula, reduced the number of domestic
reindeer, and dramatically affected the viabilifcommercial herding. What is noteworthy about
both these cases is how social and ecological testdbcontributed to the crossing of critical
thresholds, which in turn, dramatically transforntiee systems and led to new sets of problems.

All three reports show that the Arctic is closebupled to the external (non-Arctic) environment and
is highly dynamic. Also, that the drivers of chamgéehe Arctic, while dominated by external
processes, are increasingly internal as greateriependence emerges through processes of
globalization. Thus, rapid change in the Arcticea questions about how the various forces for
change may interact and affect the capacity fordruadaptation. These conditions also highlight
questions regarding which variables ultimately gowbe fundamental properties of the Arctic System
and what is the potential of humans and or clinchenge to modify those processes in an
environment of low biological diversity, limited man and material resources, and limited political
and economic autonomy.
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Concern regarding rapid change in the Arctic ismew; rapid change has been a central theme in
arctic research for decades. Since the Second Wwaitdmuch of this research has focused on social
and environmental change and their impacts on aorthociety. In retrospect, it is apparent how
centralized institutions controlled by governmemnisher south and with policies of colonialism, bav
promoted an open access view of the Northern Coraminmmany respects, the colonialist view has
contributed to the dramatic transformation of nenthindigenous cultures. Today, permanent human
settlements have replaced hunter-gatherer nomadgichpolitical boundaries delineate jurisdictions
local cash-subsistence economies are well intesyeaid highly dependent on central government
transfer payments from wealthy Nation States (eixfiepRussia), and processes of economic
globalization extend to the most remote settlemerdnically, social anthropology of the Arctic of
that early era (and before) highlighted the higidaptable characteristics of traditional indigenous
arctic cultures, noting geographic mobility, oppaistic forms of subsistence hunting and gathering,
and flexible forms of social organization. The @werization of arctic indigenous peoples as
exceptionally resilient persists (AHDR, 2004), tre¢ types and overall rate of change in the Arctic
today is unprecedented. This suggests the needve away from a framing of indigenous northern
people as inherently adaptive, and towards a foousday’s unique co-evolution of social and
ecological systems.

10.3. Social-Ecological Systems as a Recommendedtldh Analysis

Addressing these problems requires that ecologecainomic, and social dimensions be considered in
an integrated fashion. Several groups have bete dbrefront in developing interdisciplinary
approaches in the study of human-environment oelatand sustainability (Berkes et al., 2003a;
Chapin et al., 2004; Folke et al., 2002), yet thallenges of undertaking research in conditions of
rapid change in the Arctic make for special anebjtproblems and a rethinking of commonly held
assumptions (e.g., assumptions of equilibrium aliitg of change, and/or immediate response).

To achieve an integrated analysis of rapid chatinge]CARP Il science plan proposes thatial-
ecological systemserve as a primary unit of analysis, on which aerdisciplinary program of

northern research can build on recent theoreteatidpments in theories of resilience, vulnerahilit

and complexity (Adger, 2000, 2006; Berkes et &l03b; Gunderson and Holling, 2002), and

proposes research that considers the linkagesaoigehacross various scales of time and space. This
approach calls for an understanding of emergendehanbehavior of complex adaptive systems
(Janssen, 2002), and a need to identify the feédlzatween and among social and ecological aspects
of the system. Finally, there is a need to undedstae properties that govern these processes to
appreciate better the implications of rapid chaaugg its novel conditions to human wellbeing.

This ICARP Il science plan makes the assumptiohghstainability is a dynamic and normative
construct that is inextricably tied to human ohjeet and human-defined targets. Recent research in
North American arctic communities identified fivessainability goals including: 1) use of, and
respect for, the land and animals in their homeda@)ia cash economy that is compatible with, and
supports, continued local use of the land, seaaairdals; 3) local control and responsibility fonat

is done in village homelands and what happenssiourees used by the community; 4) education of
younger people in both traditional knowledge andtexn science, and education of the outside world
about community goals and ways of living; and ®)réving culture that has a clear identity and is
based on time on the land and respect of elderssé<et al., 2005). Similarly, interviews conducted
by RAIPON (Russian Association of Indigenous Pespliethe North) of 400 indigenous residents
throughout the Russian North, Siberia, and theHaat identified five dimensions of sustainability,
including spiritual, social, economic, environméngad legal elements (Haruchi, 2001).

While the underlying values and targets of sustalitya differ among individuals and culture groups
and may change over time, all residents of theid\ere dependent upon ecosystem services, which in
turn, are critical to human development. For teeson, it is important to clarify human values snd
ascertain the interrelated links between sustagnetbsystem services, human development, and
social institutions that foster that development egsilience to change. While a focus on social-
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ecological systems and their relationship to resde may provide insights that are useful for
successful adaptation, researchers must also hexakheoretical and methodological ground to
understand better the processes of social leaamidghe opportunities for and limits to mitigation.
Moreover, there is a need to understand how rdmdge occurs across different scales of time and
space.

10.4. Key Concepts of Resilience and Vulnerability

The focus of this ICARP Il science plan on resitieand vulnerability follows from interdisciplinary
scholars who approach questions of sustainabiitly thie assumption that all social-ecological
systems have inherently complex and on-going dyogmticesseskesiliencéds defined here as the
capacity of a system to absorb disturbance andja@are while undergoing change so as to retain
essentially the same function, structure, idenéibd feedbacks (Walker et al., 2004). This debniis
distinct from that of engineering applications, efhassume resilience as a rebounding to a previous
condition. A resilient social-ecological system edgithstand shocks and rebuild itself and may
undergo those changes incrementally and or thrdugmatic modifications. Thus, the concept of
resilience provides a way of studying how systeersipt, transform themselves, or collapse. While
several studies have applied resilience theorptthern case studies, a systematic and comprelgensiv
application in arctic research has not been unklemta

The boundaries of coupled social-ecological systerasdest defined by the specific problems and
subsystems being addressed in research. For exaimpktudy of the effects of rapid change on
subsistence in local communities of the Arctic vebimiclude the analysis of a broad set of variables,
such as global climate trends and their effecteamsystems, hunting and herding patterns and users’
access to resources, the community’s wage econanhitsacontribution to the support of hunting
along with its impacts on ecosystems, a group’ssen identity as hunters and herders, their local
knowledge of resources, institutions that supgwtttadition of sharing, the protection of specas]
interactions with state agencies charged with giict®on over shared resources. Social-ecological
systems represent an interaction of processesraugat multiple scales (termed “panarchy”) and
within and across scales that manifest a uniqueptnof emergent conditions (Gunderson and
Holling, 2002). Figure 10.1 illustrates key facttwsbe considered in a social-ecological system.
Future theoretical development will require morpliekt linkages between the Arctic and other global
components.

Resilience theory suggests that social-ecologicstesns havelomains of attractioiin which the
system remains constant in its functionality. Ttibe, modification of properties beyond critical
thresholds can move social-ecological systemsvriaty of stable states. Critical in the assessmen
of social-ecological systems and their transforarais the identification of “control variables,” veh
are typically slow to change and which regulate &gstemic properties (e.g., nitrogen levels in,soll
building of social capital or trust relations amaagial groups, rate of lichen growth). These \Hea
are typically not adequately considered by poli@kers, with faster changing variables capturing
public attention.

The concepts adidaptabilityandtransformabilityadd to the vocabulary of resilience theory, with
adaptabilitybeing the capacity of actors to influence resderandransformabilitybeing the
capacity to create a fundamentally new system (&/adk al., 2004)The adaptive cycldescribes
sequential patterns of growth or exploitation ¢gnservation (K), collapse or releasg,(and
reorganization () (Figure 10.2) The back loop of the adaptive cyglaseful in explaining the
emergence of innovation and novel change, which folgw from the system’s dysfunctional
rigidity (Berkes et al., 2003a). However, the adaptycle model is probably best applied to closed
systems, and may need further modification to asidilee Arctic as a recipient of global forces for
change. Following from the conditions of the Arctioe current ideas of resilience may also need to
accommodate better the patterns or “waves of aegfitoitation model,” explored by Sugden (1982)
and others (e.g., Berkes, 1989).



ICARP Il — Science Plan 10 5-1

Figure 10.1.A social-ecological system consists of ecologaal social subsystems that strongly
influence one another at local and regional sc&leseach subsystem there are external factors (e.g
regional climate and international markets) thatrast influenced by local conditions (known asestat
factors by ecologists) and internal factors (erggtitutions or disturbances), which respond temdl
factors and which both affect, and are affectetbbgl processes (known as interactive controls by
ecologists) (Whiteman et al., 2004).

The focus on resilience also has potential to douttie to the long debates on whether northern
ecosystems are “fragile” and/or robust in theipmese to human activity (e.g., oil and gas
development). In many cases these debates haveibderpinned by preservationist ideologies and
rhetorical discourse. A resilience approach toaestological systems applied to the study of rapid
change promises better analytical precision anthdep

This ICARP Il science plan suggests that the canakpulnerability is complementary to resilience
considerations, by forcing clarity in a system’ss#avity to various types of change and their
consequence, while concurrently accounting forsiretem’s capacity to buffer against change (Polsky
et al., 2003). Vulnerability is therefore a functiof the exposure to effects of change on a social-
ecological system plus the capacity of that systedeal with that exposure (Ford and Smit, 2004). |
this respect, vulnerability is measured not onlyekgosure to hazards alone, but also resides in the
resilience of the system experiencing the hazandn@dr et al., 2003). Much of the literature on
resilience and vulnerability has been segregatetht® by exploring each concept separately (Janssen
et al., 2005). There has been recent intereshkiny these two streams and a preliminary framework
for the analysis of arctic vulnerability, such hattdeveloped by McCarthy and Long Martello (2005).
But these considerations raise the question of wenegsilience and vulnerability should be
considered an inverse relationship (as suggestémlxe et al., 2002), whereby an increase in
resilience results in a decrease in vulnerabilityese questions remain unanswered, and the
integration of these two streams of analysis iaraa ripe for intellectual development.

10.5. Linking Resilience, Institutions, and the Paty Process
Since many of the key control variables that deteerthe properties of high-latitude ecosystems are

undergoing rapid directional change, it is virtyalertain that the current properties of theseesyst
will continue to change and that efforts to keep Alnctic in its current state will fail (Chapin &it,
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Figure 10.2.The adaptive cycle (Gunderson and Holling, 2002).

2006). Given the trajectories of change alreadyenndy, policies aimed only at preserving the

system, such as reducing greenhouse gas emisarerisss likely to be successful if they are not
linked to the enhancement of the system’s resiéiearad adaptive capacity. To address this issige, it
suggested that future arctic research be orgamizedamine human responses to change, and specific
strategies and their effectiveness in dealing withpotential effects of rapid change.

Formal and informal institutions for resource gaoaarce represent human strategies that have been
framed in functionalist terms to explore if and htowles of the game” serve social collectives to
economize transaction costs, monitor ecosystembifimg humans), resolve conflicts, network
parties, and allow for local self organization, i®hioordinating decision making at greater scales
(e.g., local-decision making bodies to regional aational level processes of governance) (National
Research Council, 2002; Ostrom, 1990). Many studfiesctic institutions have in the past included a
strong emphasis on periphery-core power relatithreseffectiveness of power-sharing or co-
management arrangements, and the socio-culturgdgraho-social benefits of self determination.
Some research has addressed the role of inforstéLimons (e.g., customary laws), their functional
gualities in the adaptive process, and interadtma sometimes erosion) when confronting formal
state systems. The current conditions of rapid ghamuggest the need to shift the focus of future
studies to understand how human institutions ae@bkorganization function as adaptive systems that
promote social learning and resilience buildingri®s et al., 2005). The link between sustainability
resilience, and the responsiveness between locapgrwho are close to resources, and regional,
national, and international level bodies has besad(Berkes et al., 2005; Folke et al., 2002; ¥pun
2002). Recent research has identified design miesiof robust institutions in social-ecological
systems (Anderies et al., 2004), explored the problof adaptive governance of commonly shared
resources in a global context (Dietz et al., 2088} examined institutional and organizational
characteristics of adaptive capacity that buildiezece (Berkes et al., 2003b). However, while the
objectives of resilience building and adaptive canagement are laudable, in practice elected
governments typically strive towards maintainingditions of stability. How can social actors
striving toward a system of adaptive governanceamrae these and other barriers? To what extent
are these barriers related to societal views oéuainty?

An overarching hypothesis explored by the workingug in drawing up this ICARP Il science plan is
that the overall vulnerability of social-ecologicgistems to negative change can be reduced by
maintaining a focus on local communities. A congllss that communities with the capacity to slow
the key drivers of change are more likely to cojith whange and maintain the flow of important
ecosystem services. Much evidence indicates tB#tutions that are close to the resources, arnd tha
are flexible, diverse, and receptive to feedbaoknfthe environment stand a better chance of success
in responding to change than top-down, centralimadagement systems (Berkes and Folke, 1998).
The working group also hypothesized that a commtlétsed focus helps build grounded theory and
practice, and at the same time, helps develop a suphisticated understanding of how cross-scale
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linkages and external drivers shape interactionghis end, this ICARP Il science plan proposes tha
future research examines the role of social ittt in broad-scale social learning in the arctic
context. In endorsing this new area of researchwvtirking group noted that it has been suggested tha
some northern institutional arrangements in Nomhefica, which were hailed at implementation as
important innovations towards sustainability (ecg;management and self governance arrangements)
are today falling short of meeting their statedidabjectives. In other areas, systems of indigenou
governance continue to struggle in securing thetsigecessary for future development of traditional
ways of life (e.g., in Fennoscandia and the RusAratic) (Forbes, 2004, 2006; Golovnev and
Osherenko, 1999). This suggests that there isn@led for a systematic retrospective review of
institutional performance and its implications $mstainable futures.

It should also be pointed out that although theeestrengths in a resilience approach, the current
work of resilience theory generally does not adégjyaddress issues of equity. Like the study of
sustainability, any study of social-ecological opamust include explicit mention of the questions,
“resilient for whom and to what?” Yet as suggesibdve, a balance in the distribution of power in
human decision-making potentially enhances sysiemegilience. The diversity of common property
management arrangements in the Arctic and the pemrole of indigenous peoples of the north will
provide a strong basis for this research, as tgithon-indigenous communities (e.g., fishing
communities of northern Norway). This work cannetdassive in its approach. To make meaningful
links between research and policy will requireitnelvement of stakeholders and decision makers in
all phases of the research process.

10.6. Key Questions and Research Themes
To focus this research, this ICARP Il science ptlmtifies a set of five general research questions
How do we best characterize patterns of rapid deetalogical change in the Arctic?

Descriptions of rapid change in the Arctic are ofpeesented with little specificity regarding termgdo
and spatial scales. Rapid change measured atanatgicale may be revealed as a mosaic of
heterogeneity with high variability. Rapid annuhbnge may be shown to be insignificant when
portrayed at a decadal or multi-decadal scale.,Alsange is experienced and perceived by different
people in different ways. Indigenous perspectivesapid social-ecological change in the Arctic are
often based on long-term relationships with land animistic views of nature. Such perspectives can
be in tension with those deriving from short-tennd guantitatively based data and western science.

Therefore, this ICARP Il science plan encouragasesyatic studies of the characterization of forces
for rapid change in the Arctic that include quaattitely based bio-physical analyses of trends cmlipl
with cultural perspectives and psycho-social cagrsitions. Excellent work has been initiated in this
area but more is needed. Climate studies show fayectories of rapid warming are accompanied by
increased variability and extreme weather eventisestudies suggest the possibility of abrupt
regime shifts in climate. How do we compare rafeshange of urbanization, climate, and land use?
How do they interact and how do their rates of geaaffect those interactions? At what point do we
move from modest to rapid rates of change? Howlghea portray multiple and interacting forces for
change in research, and thus begin the analysismiilative effects? To what extent is rapid change
in the Arctic internally and/or externally drivem® what extent is rapid change the result of
individual choice or collective action?

What are the attributes of social-ecological subtegns and their linkages to the Arctic System that
are vulnerable or resilient to rapid change?

What are the vulnerabilities of arctic communitieshe rapid onset of infusions of cash both from
jobs, transfer payments, and or royalties? Whattereources of resilience to large-scale resource
development, external boycotts of marine mammadiyets, shifts in national policies relating to
reductions in transfer payments, and other forgestiange? What are the sources for building
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resilience in arctic systems? This ICARP |l scieplan suggests that all social-ecological systesms ¢
be endowed with assets that both contribute ta tesilience and make them vulnerable, depending
on their context and forces for change. In mangsdisere is a mix of conditions that both contbut
and constrain an adaptive response. For exampkacén social-ecological system may have high
landscape diversity fostering ecological adjustmieat may also have low species diversity that can
lead to large shifts in biological communities.rksidents may have jack-of-all-trades skills, vhic
allow for adjustment to a range of employment opyties, but which also make them relatively
unskilled and thus unable to capture high-end ssaElucidating these attributes is a first step i
identifying broader patterns that will lead to mgeneralizable principles.

How are the attributes of resilience modified ipida abrupt, or gradual change? Rapid change is
likely to generate a unique type of stress becafiiee constraints it places on response time for
detection, learning, and adaptation. Do resourceagement systems operating at maximum levels of
production, such as those currently employed inestnationalized” fisheries or reindeer management
regimes, leave less room for adjustment? Do prewaary approaches allow more room for error and
modification of policies in response to uncertag®l What are the trade offs associated with these
approaches?

This work needs to be explicit about how to quardifid recognize resilience and vulnerability. For
example, research could analyze patterns of changetermine which response variables changed to
a greater extent (vulnerable) or lesser exteniligey than the rates of change in drivers. Enaili
research is needed to test the hypothesis thatw@dables of the Arctic are the most critical in
assessing resilience. Similar analyses could bertaicen with respect to response to multiple
stressors, to look for interactions. To meet thigdive, extensive work must be undertaken to
identify keyindicators of resilience and vulnerabilityhis work should be undertaken with the
development of arctic observation systems, curygmtposed by programs such as SEARCH (A
Study of Environmental Arctic Change). This resbhamil require extensive comparative analyses to
establish the extent to which indicators are cdrgpgcific and are transferable across severalsoci
ecological systems.

What are the critical thresholds of change, domaihattraction, and recurring patterns?

This area is perhaps the most challenging becauseliires the identification of key drivers and th
development of simulation models that identify tigppoints at which systems move into a new
domain of attraction. To date, much of the resdieetheory has been metaphorical in its approach
(Carpenter et al., 2001). To make such theoriesatipeal, this ICARP 1l science plan proposes an
extensive retrospective analysis of cases that@treshort- and long-term (e.g., changes in human
settlement patterns and resource uses, resilidraraall fishing communities, vulnerabilities of
subsistence-based communities that face indudiialopment in village homelands), and which are
coupled with modeling-based analyses. This linerafuiry should includéhe assessment of
irreversibility — those conditions in which points-of-no-return aressed (e.g., the loss of keystone
species and the loss of indigenous language). Silidytical thresholds should also include anaysi
of unanticipated incidents and their outconfésie study of surprise”

What are the factors that account for varianceyatems and subsystems?

Why do some local communities develop strategiasléad them to negotiate problems successfully
and/or learn from experience while others repegtil? Why have some regions prospered
economically and maintained their natural capitailevothers flounder and repeatedly fail to engage
in commercial activities? What are the strategoesiitigating the negative impacts of rapid change?
To what extent are differences related to the dsieé change, the rates of change, or the progestie
the systems undergoing chandéf® great diversitpf national, regional, and local conditions across
the Arctic serve as natural experiments and tlacdljtatte comparative studies that lead to more
generalized principles about resilience of the i&rct
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How should the study of resilience and vulnerapiliform public policy?

This aspect of the science plan has two parts, ksréhe need for future research to break witt pa
traditions that separate science and decision rgakimd to work more directly with policy makers
and local stakeholders in the formulation, impletagan, and evaluation of public policy. This
objective is suggested with great humility and éderable caution, recognizing the history of
problems of past efforts by science to shape pylolicy. That said, this approach differs from past
efforts by promoting local stakeholder involvemanall phases of research and viewing studies as
part of an adaptive co-management process. Thigdjkely that research can contribute to the ol
process without prescribing specific policy choiees by helping to create a program in which policy
outcomes are examined as experiments and poingflettive learning in ongoing decision making.
Moreover, given current rapid rates of changes girudent to incorporate improvements in
understanding into policy as expeditiously as gmesiSecond, there is an ongoing need to conduct
comparative policy analysis to understand humapomresiveness to rapid change and processes of
social learning. New participatory methods of itugtonal analysis are needed to conduct this work i
such a manner that its lessons are transferredlittypnakers.

10.7. Research Approach and Philosophy

How research is undertaken in the Arctic is crittoats success, especially given the strong
traditional cultures, the deep-rooted issues oflimimg epistemologies (i.e., “Whose science?f)da
the history of colonialism in the Arctic. Operatipgnciples and a general methodological approach t
guide the research program are as follows:

Be interdisciplinary, meaning that research sheelek to address guestions that require the
integration of social, economic, and ecologicakpectives on sustainabilitWhile progress has
been made in recent years in the development @fdisciplinary research methods, institutional
incentives (e.g., conventional university settingsherally do not reward those working in this
arena. Interdisciplinary research therefore mustdselucted by the support of funding agencies
and employers of researchers. Graduate progransdshiso be designed to reflect this need.

Ensure the co-production of knowledge through teammgful involvement of arctic residents,
indigenous peoples, agency management practitiomedsacademic researchéerse co-

production of knowledge addresses the problemsaésnd provides enriched and/or alternative
explanations of change. The co-production of kndg#eis recognized as a complex process that
comes with potential vulnerabilities related toagtion of knowledge by the more powerful
players. While much attention has been given t@embus knowledge, great opportunities exist
through the involvement of local residents of @tkgrounds (e.g., oil field workers,
environmental groups). Key in the success of thiggss is an open discussion about those
hazards and formalized agreements that protect contyrknowledge holders so that they have a
key role in the research process and are apprefyrie@mpensated.

Develop innovative methods that facilitate crosstes@and cross-cultural comparisons, integration,
and synergied-or example, use satellite imagery with local gatious knowledge of

environmental change as a means of prompting egesanetween resource users and researchers.
Launch research with close discussions with loesildents to formulate hypotheses and refine
methods. The methodological frontiers for integilatesearch are ripe for further development in
the Arctic because of its composition and posiisra recipient of forces for change from the

global context.

Foster the training of young scholars in the skifisnulti- and interdisciplinary collaborative
research and in the skills of building partnershijth arctic residentsA network of universities
offering graduate studies should be establishédcititate sharing among methods and exchanges
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between students interested in social-ecologinkhljes and interdisciplinarity. This program
could function independently or as a componenhefliniversity of the Arctic.

Foster the direct participation of arctic residentall aspects of research, including the coltacti

of data and interpretation of findings, and useaesh as a means of building the human capital of
arctic communitiesThe development of human capital and organizaticeygacity should be an
additional objective of all arctic research in #tedy of rapid change.

Have direct links to decision makers so that tleeess and products of research are policy
relevant.improved methods are needed to link research anfdhcy process. Work in this area
could represent a significant contribution.

There are significant cultural differences amortgrmational scientists in their approach to redgarc
with some assuming an experimental approach aretthmore descriptive method. While these
differences have created difficulties in internatibresearch collaborations, they are not
insurmountable. It is imperative that a higher lefecommon understanding on the respective
paradigms be achieved, and a comparative approachtérnational research on rapid change could
help to achieve more productive studies.

Specific practical steps, organization, and infragtre to be considered in this initiative inclutie
following.

Establish coordinated and integrated arctic obs¢inm systems that focus on social, biophysical,
and ecological dimensions and include local- tdbgllescale monitoringThese arctic observation
systems need a balance of effort in all dimensitireppropriately coordinated, they could
ultimately be the foundation for an interdisciplipaesearch program in social-ecological
systems. Arctic observation systems will also neemiake data available quickly so they can
support rapid appraisal of regional differencesnrongoing basis and support the construction
and development of computational simulation modals$ their ongoing validation and
modification. Indicator identification and evaluatiis integral in this process, since indicators of
change reflect basg priori assumptions about the system’s behavior. The psoakindicator
identification should be participatory and the enadilon of indicators should be ongoing.

Build a meta-database of case studies on socidbgmal change and use it to identify a
standardized format and common set of key variaklase studies provide detailed descriptions
of change and adaptation and opportunities fosstioland intensive monitoring. Contributions by
historians, and ethnographers should be a panisiMork. Combined with simulation models,
case studies provide opportunities to focus onvegiables and the critical dynamics of
generalized social-ecological systems. The datalvaséd include both descriptions and analysis,
and be quantitative and qualitative in contenmdist be accompanied by a strong database
management program to ensure its legacy for fuksearch.

Develop rule- and guantitatively-based simulatioodels that represent the dynamics of key
social-ecological system$he development of models should be undertakemwoniays. First, a

set of simple models would serve the purpose dfinatotyping — to address emerging

questions and explore new relationships. A secehdfanodels would be more elaborate and
refined as informed by the observation systemterangoing testing of specific hypotheses. The
transparency of models and interdisciplinary callation in their construction will make them
more accessible to policy makers and facilitaté tinge as decision support tools. Other aspects of
this work should be aimed at addressing the probleispatial and temporal scales through
models, and in determining the level of detail reektbr models to be helpful in the research-to-
policy process.
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Develop and use scenario analysis and vulneraliiléigneworks to develop decision-support tools
that link research and decision makifighese activities, along with the components of ehod
development described above, would serve as theapyimeans by which this program informs
the policy process. This work would require actpeeticipation by decision makers and where
appropriate, local communities. Numeric scoringwaherability levels may not be especially
helpful in building resilience; special attentiogeadls to be made to unique contexts and relevant
opportunities for adaptation. If undertaken wittemlocal and inter-regional collaboration,
vulnerability analyses can cultivate a strong awess of broad patterns of change and provide
lessons about coping with and mitigating emergentiions. Finally, it cannot be overstated that
trust relations between key parties of the proees®ssential for research findings to be
considered creditable by stakeholders and polidyensa

10.8. Linkages and Potential Users
Linkages exist between the ideas presented iH@ARP Il science plan and in the other ICARP 11
science plans and between this science plan ardadexisting organizations, initiatives, and

research programs. Examples of researchable gngshat are relevant to other programs are as
follows.

10.8.1. Linkage within the ICARP Il Process
ICARP Il Science Plan 1

What forms of “economic development” retain thelegial resilience of arctic systems and limit
the human vulnerabilities to surprise?

Can the current vulnerabilities of arctic residetiat follow from dependencies on government
financial support be reduced through new formsaofir@mic development?

ICARP Il Science Plan 2

How can desired traditional institutions be retaihi@ conditions of globalization?
How does history of culture change inform conterapoprocesses of indigenous adaptation to
rapid change?

ICARP Il Science Plan 3

How does settlement relocation because of coastalan increase the vulnerability of arctic
residents?

What coastal zone policies provide the most robuiategies for arctic coastal communities?
ICARP Il Science Plan 5

Are gateway areas more vulnerable to rapid chamge tother arctic regions? If so, how and why

will they affect human residents?

What are the implications of the changes of thesasato human aspects of the global system?

ICARP Il Science Plan 6

How will decreasing sea ice affect human exploraiad use of arctic marine areas?
What are the interactions of forces change witlpees to land-sea activities?

ICARP Il Science Plan 7

Will changes in the hydrologic cycle of the Aretftect human communities?
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What are the perceived risks of these changes anewhose perceptions changing, and what are

their implications for present and future resoutses?
ICARP Il Science Plan 8

What are the human feedbacks to terrestrial biosppeocesses and to what extent are they
eroding the resilience of arctic ecosystems?

How will climate change affect parasites and digsathat are important to arctic subsistence
harvesters, and how are local populations likelygspond if those changes are dramatic?

ICARP Il Science Plan 9

Can scenarios of rapid, abrupt, and gradual araiange be used with retrospectively based
models to explore options for human responsesdag#?

Can integrated models of social and natural arslystems address issues of uncertainty in a
manner that informs the policy process?

ICARP Il Science Plan 11

What structures and processes can be used by thie aommunity to move beyond cultural
conflicts of “western” and “local/traditional” knoiedge and towards an overall improved
capacity for problem-solving?

What methods can researchers use to effectivelynemicate the difference between “good
science” and “poorly undertaken” research?

10.8.2. Linkage with other Established Research Grps

Resilience AllianceA consortium of academic researchers interestéddoretical issues of

resilience and adaptation of systems (http://riesalk.org).

International Arctic Science Committ@ettp://www.iasc.no/).

International Arctic Social Sciences Associatidhe organization is increasingly interested in

social-ecological approaches and it is hoped thatlCARP Il science plan will stimulate new

research (http://www.iassa.gl).

International Polar YeaiThe IPY is proposed as a period of intensiverirggonal cooperation

from 2007-2008. Several IPY initiatives have bessppsed to address the “Human Dimensions

theme (http://www.ipy.org/). These include (but aog limited to):

0 Northern Perspectives on Climate Vulnerability &athptation (proposal no. 435);

0 Vulnerability of Human Communities to Environmen@hange across the Arctic (proposal
no. 454);

0 CARMA - the Circum-Arctic Rangifer Monitoring ands8essment Network (proposal no.
162);

0 Arctic Vulnerability Network Study: Reindeer Herdiim a Changing Climate - Coping
Mechanisms and Adaptive Capacity (proposal no.;531)

0 Adaptation and Resilience of Arctic Communitieiband Gas Development (proposal no.
218).

SEARCH The Study of Environmental Arctic Change, aniative of the US National Science

Foundation that is interdisciplinary in scope amitidlly interested in the establishment of a

network of arctic observation systems (http://wweus.org/SEARCHY/).

BOREAS A new international research initiative and furgdprogram coordinated by the

European Science Foundation, which encourageglistgulinary studies with a strong social

science and humanities component

(http://www.esf.org/esf_article.php?activity=7&ate=511&domain=4).

Initiative on Science and Technology for SustailitghiAn international network to facilitate

information exchange and discussion among the grpand diverse group of individuals,
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institutions, and networks engaged in the field@énce and technology for sustainability
(http://sustsci.aaas.org/).

International Geosphere-Biosphere Programifine IGBP was established by the International
Council for Science in 1986 to help meet the cingiéeof global sustainability
(http://lwww.igbp.kva.se/).

International Human Dimensions Programme on Gl&aironmental Chang&he IHDP is an
international, interdisciplinary and non-governnatmesearch program, aiming at “the
development and integration of research on the hutimaensions of global environmental
change” (http://www.ihdp.uni-bonn.de/).

10.9. Conclusions

The study of rapid change in the Arctic is critigalen the extent to which various stressors may
transform the Arctic System and how changes irAifatic may in turn affect the Global System. This
ICARP Il science plan proposes that resilience\anderability serve as organizing frameworks in the
study of rapid change in the Arctic with severadlgtical advantages. First, resilience helps previd
an integrated approach consistent with trendserviinerability and hazards literature to evaluate
holistically the impacts of all the combined shoeksl stresses that act on the system. Resilierae as
organizing concept provides an approach to cartypa@omprehensive analysis by avoiding the
artificial divide between biophysical and sociasgms. Second, resilience puts the emphasis on the
ability of a system to deal with change. It alldi@sthe multiple ways in which a response may occur
including the ability of the system to absorb thigutbance, or to learn from it and to adapt toiitto
reorganize following the impact. Resilience thinkis in many ways consistent with a worldview of
constant change and evolution, and is also consiaii¢h indigenous conceptualizations of the
universe. By emphasizing uncertainty and constiaange, and by looking at change as opportunity,
resilience thinking challenges widely held notiah®ut stability and resistance to change. Stabdity

a bad target for policy purposes. Arctic societied ecosystems are in constant change, and they are
vulnerable to pressures and incentives that originatside the Arctic, at higher levels of politiaad
economic organization. Third, because resilienasdsith the dynamics of response to change,
resilience is forward-looking and helps exploreipobptions for dealing with uncertainty and change
As Tompkins and Adger (2004) noted, building resitie into human-environment systems is an
effective way to cope with change characterizefubyre surprises or unknowable risks. Resilience
provides a way of thinking about policies for figlenvironmental change, an important consideration
in a world characterized by unprecedented hazarddransformations (Folke et al., 2002).
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