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Abstract Integrative research is increasingly a priority
within the scientific community and is a central goal for the
evolving field of sustainability science. While it is con-
ceptually attractive, its successful implementation has been
challenging and recent work suggests that the move towards
interdisciplinarity and transdisciplinarity in sustainability
science is being only partially realized. To address this from
the perspective of social-ecological systems (SES) research,
we examine the process of conducting a science of inte-
gration within the Southcentral Alaska Test Case (SCTC) of
Alaska-EPSCoR as a test-bed for this approach. The SCTC
is part of a large, 5 year, interdisciplinary study investi-
gating changing environments and adaptations to those
changes in Alaska. In this paper, we review progress toward
a science of integration and present our efforts to confront
the practical issues of applying proposed integration
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frameworks. We: (1) define our integration framework; (2)
describe the collaborative processes, including the co-de-
velopment of science through stakeholder engagement and
partnerships; and (3) illustrate potential products of inte-
grative, social-ecological systems research. The approaches
we use can also be applied outside of this particular
framework. We highlight challenges and propose
improvements for integration in sustainability science by
addressing the need for common frameworks and improved
contextual understanding. These insights may be useful for
capacity-building for interdisciplinary projects that address
complex real-world social and environmental problems.

Keywords Collaboration - Co-production of knowledge -
Integrative research - Science of integration - Social-
ecological systems - Sustainability science -
Transdisciplinary science

Introduction

The need to develop a new way of conducting science to
enable effective, results-based research that addresses
complex problems and societal needs is increasingly rec-
ognized (Castan Broto et al. 2009; Jahn et al. 2012; Holm
et al. 2013). In particular, sustainability science touches
upon a range of human, biophysical, and environmental
phenomena that are broader than disciplinary approaches
and reflect the real-world messiness often present in cou-
pled social-ecological systems (SES) (Liu et al. 2007;
Alessa et al. 2009). Despite numerous discussions of the
importance of integration in landscape and sustainability
research (Jakobsen et al. 2004; Morse et al. 2007; Tress
et al. 2007; Bergmann et al. 2012; Lang et al. 2012; Brandt
et al. 2013), there remain relatively poorly defined
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approaches (Schoolman et al. 2012; Brandt et al. 2013).
We suggest that a primarily rhetoric-based approach, rather
than a systematic one, as well as the uncertainty in how to
apply frameworks have slowed the development of a sci-
ence of integration—where the science of integration refers
to team-based interdisciplinary research that uses SES
concepts, and partnerships with stakeholders, to co-produce
knowledge for solving real-world problems.

The goal of this paper is to describe an approach that
improves integration in sustainability science and provides
insight into contextual factors (Lang et al. 2012) for prac-
tical applications (Jakobsen et al. 2004). To this end, we
draw on a large test-bed project, the Southcentral Test Case
(SCTC), and present our integrative research framework,
processes, and products. We begin by reviewing the liter-
ature that addresses challenges and progress in the science.
We then build on a diverse set of integration tools to apply
and enrich components of a broad-based integration
framework utilized in the SCTC project (Bergmann et al.
2012; Bammer 2013). Throughout our discussion, we apply
‘integration to encompass transdisciplinary and interdisci-
plinary research applied to complex real-world social and
environmental problems (Winder 2003; Tress et al. 2005b;
Bammer 2013). To conclude, we assess the integration
framework used for SCTC using the Bammer (2013) five-
question diagnostic (Table 1). Our approach may be useful
for projects setting foundations for integration and accom-
modating unknown outcomes, and for facing the general
challenges of reorienting integrative research plans as a
project proceeds. With this framework, we hope to improve
the capacity for integrative research not only within our
SES project, and our community partners, but also the
broader scientific community.

Background

Integration and sustainability research: challenges
and progress

As a core principle of sustainability work, integration
operationalizes insights by crossing disciplinary boundaries
(Hirsch Hadorn et al. 2006; Jerneck et al. 2011; Holm et al.
2013). This process can be challenging to define and
implement—integrative researchers encounter challenges
with a multiplicity of definitions and methods, a lack of
empirical examples, and the nature of team-based inte-
grative science. Important factors for the success of inte-
grative studies include: minimizing interpersonal and
organizational barriers, reducing time demands, and over-
coming the compartmentalization of academic disciplines
(Tress et al. 2007; Bergmann et al. 2012). Some strategies
for enhancing success in integrative work include: inte-
gration implementation plans, small projects, more time for
finding common ground, regular meetings, and conserva-
tive planning of deliverables (Tress et al. 2007; Bergmann
et al. 2012; Bammer 2013). However, such ideal and pre-
scribed conditions are often difficult to implement in
practice.

Alaska EPSCoR Southcentral test case: study
in integrative research

The Experimental Program to Stimulate Competitive
Research (EPSCoR), a National Science Foundation sup-
ported the initiative to boost research capacity in less
competitive US states, supports a 5-year Alaskan funding
program titled Alaska Adapting to Changing Environments

Table 1 Integration framework questions and test case approach (based on Bammer 2013)

Integration framework Approach for test case application

questions

Results from test case application

What is the integration aiming
to achieve and who is
intended to benefit?

2007; Alessa et al. 2009)

Social-ecological systems thinking (Liu et al.

Soft systems methodology (Checkland and

Comprehensive understanding of the simultaneous social,
physical, economic, and biological components to serve
collective decision-making through co-management

Scholes 1999; Checkland and Poulter 2010)

Which knowledge is
synthesized, and aspects of
policy and practice targeted?

et al. 2013)

How is the integration being

undertaken? 2008a, b; Altaweel et al. 2010a, b)

What is the context for
integration?
Angelstam et al. 2013
What are the outcomes of the
integrative approach
Alessa et al. 2015)

Public participation and organizational
management (Schlossberg and Shuford 2005;
Bryson 2004; Schilling and Kluge 2009; Brandt

‘Means of integration’ (Pohl and Hirsch Hadorn

Social-ecological systems (Tress et al. 2001;
Newell et al. 2005; Alessa et al. 2009;

The integration process and co-developed
knowledge (Tress et al. 2005a; Pohl 2010, 2011;

Disciplinary scientists in different components;
integrative scientists in a Coordination, Integration,
Synthesis group; community residents and stakeholders
through scenario-based engagement

Mutual understanding, theoretical concepts, shared
models, and products, especially iterative scenario-
based stakeholder engagement

Time/logistics, past experience, cohesion, career factors,
relevance, funding

Lessons and directions for adaptive capacity that emerge
from the iterative stakeholder engagement process
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(ACE) which was conceived and designed by two of the
authors. Alaska ACE is an interdisciplinary project that
seeks to quantify the factors contributing to the adaptive
capacity of human communities to effectively respond to
environmental and economic change. The SCTC is one of
three test cases within Alaska EPSCoR and the focus of
this paper. The integrative framework for SCTC employs
the landscape as a place in which the dynamics of hydro-
logical, landscape, and aquatic ecosystem changes are
expressed and manifested for local communities. Place is a
“central, organizing principle” (Cheng et al. 2003; Epstein
et al. 2013) that builds on field research to support systems
modeling, geospatial analysis, and visualization approaches
for integration (Manson and O’Sullivan 2006; Wu 2013).
The SCTC employs an array of methods, linked to
address landscape/hydrological changes and societal con-
nections in the Kenai River watershed. The watershed is
located on the Kenai Peninsula, approximately 200 km
south of Anchorage. The area is subject to multiple drivers
of change, including global and regional temperature and
precipitation changes (Wiles et al. 1998; McGuire et al.
2006), salmon population variations (Mantua et al. 1997), a
fluctuating tourism industry (Kenai Peninsula Economic
Development District 2015), resource extraction infras-
tructure, recreational pressure from outside the region
(Degernes 2003), shrinking wetlands and successional
change (Klein et al. 2005; Dial et al. 2007), spruce beetle
outbreaks (Berg et al. 2006), forest fire (Lynch et al. 2002),
increasing population (United States Census Bureau 2010)
and urbanization. These multiple interacting factors form
the basis of a ‘messy’ social-ecological system (Alessa
et al. 2009) and necessitate response and adaptation by
watershed communities. The test case goals are to identify
factors contributing to the ability of Kenai River commu-
nities to respond to hydrological, landscape and associated
social changes on the Kenai Peninsula. Decision support
tools are included in the intended research outputs. Eval-
uating multiple drivers of change and understanding
impacts on social-ecological systems within the test case
requires an integrated approach consistent with the core
principles of sustainability science (Kates et al. 2000).

Integration framework, processes, and products
for the Southcentral test case

Integration framework

Our overarching aim in this article is to contribute to a
science of integration by presenting our framework, pro-
cesses, and products, in the context of the SCTC (Berg-
mann et al. 2012; Bammer 2013). Since we are developing
partnerships that will involve local, non-academic

participants in project decision-making roles our approach
needs to provide a reflexive, place-based assessment to
inform decision-making processes and contribute to com-
munity capacity to deal with change.

A SES systems framework for integration

Systems thinking, particularly a SES approach, is used as a
foundation for the integration framework (Fig. 1). This is
based broadly on general systems theory (von Bertalanffy
1968), that a system as a whole is understood by its com-
posite parts and the dynamic interrelationships between
these parts, and more specifically that a SES is an inte-
grated system of humans within the environment, including
the linkages, flows, and feedbacks between human behav-
iors/actions and ecosystem processes (Alessa et al. 2009).
We developed a conceptual social-ecological systems
model (Fig. 1) to understand the complexity in this test
case. Our conceptual model highlights three related SES
dynamics: changing environments of the SES; the societal
implications of this change, and; adaptive capacity of local
communities to respond to the change. To summarize, the
objective of the SCTC is to generate co-produced knowl-
edge among researchers, practitioners, and stakeholders for
identifying adaptive responses by local communities to
landscape and hydrological change in the Kenai River
Watershed using SES thinking and applied science (Fig. 1).

Integration processes

To effectively integrate knowledge and data in the SCTC, we
need to understand the collaborative processes connecting
system components. In the SCTC, we identify collaboration
and the co-development of knowledge as recursive and
strongly dependent on constructive interaction between
researchers, practitioners, decision-makers, and community
groups (Argyris and Schon 1978; Folke et al. 2009)—this
recursive or iterative nature is also referred to as learning
loops. In the context of the SCTC, we identify iterative
learning and adaptation in the research process as occurring
at three levels: system, target, and transformational knowl-
edge (after Pohl and Hirsch Hadorn 2008a, b; Hirsch Hadorn
et al. 2006; Bergmann et al. 2012) which map to the three
SES dynamics for the SCTC—change, societal implications,
and response and adaptation (Fig. 2).

1. System knowledge querying the empirical aspects of
the SES including: fresh water, salmon, landscape
change, perceptions of change and socio-economic
data on the Kenai Peninsula.

2. Target knowledge addressing current technologies,
management, and institutions, including: Kenai Penin-
sula water use and treatment technologies, institutional
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Fig. 1 Social-ecological
systems conceptual model of the
Southcentral testcase
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Fig. 2 Diagram showing the iteration between social sicence questions and methods, and natural or ecological science questions and methods

for the Southcentral test case, Alaska
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policies, connections between land/water and local
livelihoods, drivers of change, and policy
development.

3. Transformational knowledge Governance and institu-
tional structure, including: interpreting gaps between
perceptions of environmental and social dynamics and
measured changes in the context of Kenai Peninsula
communities and institutions, through the evaluation of
adaptive capacity, and a structured scenarios/alterna-
tive futures process.

During the process of integrative science, adaptive
learning occurs iteratively by individuals and groups within
the research team. From an organizational perspective this
learning can be viewed as a consequence of the roles that
individuals fill as agent types within informal networks
(Alessa and Kliskey 2012), also important are the dynamics
between agents—for example the level of trust between
researchers, and stakeholders. Trust, in this case, becomes
a critical, and tangible, determinant of the collective
cohesion of an interdisciplinary science team.

Building system knowledge requires social and natural
scientists to develop an understanding of social-ecological
system dynamics, by collectively evaluating findings from
empirical analyses (Fig. 2). Target knowledge considers
which values and norms are used to frame the goals of the
integrative approach in the SCTC. For transformational
knowledge, evaluating the overall social-ecological system
processes, employing recursive integration of research
components to distill complex systems and clarifying ele-
ments essential to system function strongly interconnects
the social and environmental components to direct the
SCTC research questions and SES methods toward the
complex salmon fisheries problems in the Kenai River.
These questions concerning landscape and hydrological
change, societal implications of those changes, and adap-
tive responses to that change, along with interdisciplinary
and integrative methods are presented to stakeholders for
evaluation, contributing to improved policy decisions.
Ultimately, the interdisciplinary team identifies how real-
istic the application of knowledge is on the ground.

System, target, and transformational knowledge
in the Southcentral test case

Each component of the SCTC involves integration of
knowledge both within a component, and especially
between components. Each of these involve integration
operating at the three levels of system, target, and trans-
formational knowledge.

Hydro-Climate: examines the consequences of climate-
induced changes in air temperature and precipitation, as

well as landscape changes on the Kenai River watershed.
The primary consequences that are considered are changes
in river discharge, water temperature, and sediment dis-
charge. We utilize existing United States Geological Sur-
vey and Kenai Watershed Forum hydrological monitoring
on the main stem of the Kenai River and we reactivated
hydrological monitoring on three tributaries—Beaver
Creek, Russian River, and Ptarmigan Creek.

Landscape change Examines the consequences of anthro-
pogenic and natural landscape disturbance in the Kenai River
watershed on the hydrological signature and on aquatic
habitat. Anthropogenic disturbance includes the human
footprint on Kenai River watershed resulting from urban
development, road construction, and resource exploration
and extraction. Natural disturbances include spruce bark
beetle kill, forest fire, and wetland drying and succession.

Aquatic ecology Examines the consequences of hydro-
logical change and landscape change on aquatic habitat in
the Kenai River watershed, particularly for sockeye and
Chinook salmon rearing. Although the focus is on salmon
rearing habitat, this is considered within the context of
Kenai River salmon populations, socio-economic factors,
and the potential effects for salmon fisheries.

Salmon fisheries Examines the consequences of changes
in salmon habitat on the sockeye and Chinook fisheries in
the Kenai River, including subsistence, sport, and com-
mercial fisheries. Consideration is given to monetary con-
sequences (harvest size, revenue, jobs, user numbers) and
non-monetary consequences (social values). Although the
focus is on salmon habitat this is considered within the
context of endogenous factors, such as the local and state
oil and gas sector, and exogenous factors, such as the
global nature of commercial fisheries.

Human dynamics Examines the consequences and effects
of hydrological change and landscape change, to commu-
nities in the Kenai River watershed, and subsequent effects
on salmon habitat, salmon populations, and salmon fish-
eries. Social factors considered include social values, per-
ceptions, human demography, and Kenaitze traditional
knowledge, with a view to understanding community
response and adaptive capacity.

These represent a transition from primarily system
knowledge and to a lesser extent target knowledge
(Hydro—-Climate change, Landscape change, and Aquatic
ecology), to increasing target knowledge (Salmon fish-
eries), to primarily transformational knowledge (Human
dynamics).
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Community engagement

A key aspect that informs and enriches integrative research
(Wickson et al. 2006) is connecting with people and
institutions beyond the project researchers. We view our
community participants as co-developers of the science, so
their knowledge is essential, and it is they who can alter the
applicability of the test case outcomes (comparable to
Schlossberg and Shuford 2005, Sieber 2006). Reviews of
integrative projects have identified community interaction
occurring in transdisciplinary research, including problem
structuring and implementation. While this varies by pro-
ject type, we submit that building upon community par-
ticipation supports research implementation and may
reduce participant bias in social surveys, interviews, or
focus groups that are used to elicit perceptions and attitudes
of stakeholders and other community members. Participant
bias occurs when participants act in ways they believe
corresponds to what the researcher is looking for (e.g.,
French and Laver 2009). Thus, the participant may not be
acting in a natural or typical way. Reducing participant bias
can be particularly important when research involves
politically charged issues (Fischer 2000 in Siebenhuner
2004), such as salmon fisheries in Alaska. In the context of
the SCTC, participant bias is potentially reduced by our
community engagement efforts because careful facilitation
of the participants and the engagement process occurs
using a professional facilitator, a neutral position with
respect to possible management goals and outcomes is
stressed, and the use of project outcomes by the local
community is emphasized. The co-development of science
must occur at the initiation of a project and must balance
the needs of communities on the ground and the
advancement of science.

In SCTC we engage with communities at different levels
or ‘intensity of involvement’ (Brandt et al. 2013) through
introductions, reporting, asking for input and feedback, and
active partnerships (comparable to Bryson 2004). Some
connections involve feedback, where we communicate
findings and receive suggestions, while other relationships
may be unidirectional, such as for reporting or information
gathering. We connect with various types of community
members in “different sectors (and) levels of governance”
(Angelstam et al. 2013), including elected officials, agen-
cies, universities, educators, research groups, conservation
organizations, community groups, local businesses, and
individuals (comparable to Schlossberg and Shuford 2005).
We have strength in our formal agreements with decision-
making, research, and education groups, including a net-
work of universities, colleges, and local research and
education programs. Local context informs our social sci-
ence research methods, shaping how our connections will
develop and evolve in the next project phases. Strong ties
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to community groups and various consumptive and non-
consumptive resource users, as well as connections with
agencies, local government, and the general public invest
stakeholders with a sense of ownership and invest them in
the science such that they are willing to implement and
manage adaptive actions themselves.

Integration products

Integration products include co-produced knowledge,
models, and tools that are developed through collaborative
approaches such as common group learning, deliberation
among experts, and integration by a subgroup or individual
(Pohl and Hirsch Hadorn 2008a, b). As we investigate
adaptive capacity in a place-based study, our integration
involves (1) collaborative engagement and learning, (2)
shared models and (3) decision support tools—all interre-
lated and developed through partnerships.

Co-produced knowledge

In practice, co-produced knowledge takes place through
in-person meetings, presentations, workshops, and tele-
conferences as well as long-standing informal relation-
ships with trusted individuals. There is also substantial
individual work towards broadening our understanding,
such as reviewing new literature or methods and approa-
ches from other disciplines. Integration through mutual
understanding is particularly dependent on community
interviews and surveys, in which capacity building is as
important an outcome as the data collection. Under-
standing also links strongly to researcher brainstorming
meetings, which promote exploration of innovative
methods for integration while bringing all team members
up-to-speed with interdisciplinary approaches in sustain-
ability science. A critical avenue for mutual understanding
are the stakeholder workshops used for presenting test
case scenarios of future change and eliciting stakeholder
response to scenarios (Voinov and Bousquet 2010). Alessa
and Kliskey (2012) demonstrated that stakeholder net-
works consist of types of agents, defined by their social
roles, which affect community response to environmental
change. In the SCTC we incorporate stakeholder rela-
tionships to each other relating to the issues in our study
area. In addition, Elzinga (2008) has called for integrative
research to incorporate power connections to participation
and resource access. Incorporation of power, values, and
resources could be useful for our adaptive capacity
component.

The stakeholder workshops generate the information
needed to define the scenarios and parameterize the impact
assessments, targeting multiple levels of decision makers
and non-governmental organizations. The workshops



Sustain Sci (2017) 12:293-303

299

encourage co-production of knowledge with exercises that
encourage small-group work as well as workshop-wide
voting on key decisions, uncertainties and implications.
Stakeholders are identified through a variety of mecha-
nisms. For the decisions and uncertainties workshop,
stakeholders were derived from a social network analysis
(SNA) generated by interviewing over 40 decision makers
on the Kenai Peninsula. Results from the SNA were pre-
sented to the workshop participants to facilitate co-pro-
duction of knowledge (Krupa 2016). The co-production of
knowledge generated during the scenario workshops is
evaluated by performing another SNA after the scenarios
and alternative futures have been finalized and presented to
the public.

Co-produced models and tools

Models and tools for integration involve the use and evo-
lution of geospatial analyses, integrated system modeling,
and scenario development and simulation as a sequential
process guided by the conceptual model (Fig. 1). The
biophysical and social data will be integrated through a
series of complementary activities (Fig. 2). For example,
the SES hotspots mapping is used to depict landscape
social values of residents so that these can be overlaid with
commensurate measures of the physical landscape to pro-
duce social-ecological landscapes (Alessa et al. 2008a).
Other system modeling efforts include data mining (Alta-
weel et al. 2010a), agent-based models (Altaweel et al.
2010b; Bone et al. 2011), and genetic algorithms (Manson
2005). In the SCTC a temporal analysis in SES landscapes
is being prototyped using 2001 and 2014 landscape values
surveys which in turn support the integrative modeling.
Other geospatial analyses include physical, biological,
hydrological, and cultural landscapes change detection.
Integrated system modeling incorporates a suite of coupled
models including landscape, hydrological, aquatic system,
and agent-based models. The modeling products in turn
support the virtualization of social-ecological system
landscapes for developing scenarios of projected change
(i.e., alternative futures (Steinitz et al. 2003)), to be rep-
resented and visualized as a forum for stakeholder
engagement. Additionally, scenario narratives serve as an
integration platform, as they synthesize the co-produced
transdisciplinary science to qualitatively describe the future
condition. The development of SalmonSim, a virtualized
world of the coupled landscape-hydrological-aquatic-
stakeholder system, lies at the core of this stakeholder
engagement effort (Anderson et al. 2016).

An additional and broader level integration product is
the representation of the difference between instrumented
measures of hydrological and landscape change, and

perceived change in these phenomena by stakeholders—
referred to as P (perceived) delta I (instrumented) or
PAI. PAI provides a qualitative measure of the corre-
spondence between what people think is happening (P) and
a critical and quantitative measure of change based on
instrumentation. A high degree of correspondence repre-
sents individuals or communities that may be more aware
of environmental change and may be better positioned to
enact appropriate responses (Alessa et al. 2010). The
PAI integration can be considered a meta-level analysis
since it is has been developed by the coordination, inte-
gration and synthesis (CIS) group, toward a higher order
integration effort in Alaska EPSCoR ACE and cuts across
all three test cases, not just SCTC.

Another SCTC integration product considers the
importance of utilizing paleoecological analysis to measure
change in past salmon abundance and relate this to the
archeological record and Indigenous (Kenaitze Indian) oral
history. Our analysis shows a prolonged reduction or
elimination of salmon runs to Upper Russian Lake, one of
the Kenai River’s primary sockeye salmon nursery lakes,
from approximately 100BC to 500AD. This period coin-
cided with the decline of the Riverine Kachemak culture in
the archeological record and, subsequently, a shift to the
Sedentary Dena’ina who utilized coho salmon rather than
sockeye.

A final integration product is the application of adaptive
capacity assessments using the Arctic Water Resources
Vulnerability Index (AWRVI;, Alessa et al. 2008b).
AWRVI, one of the few SES specific adaptive capacity
indices in use, also provides meta-level analyses for the
CIS group since the assessments can be undertaken across
all three test cases. These products of integration are
undertaken in our project by the majority of the test case
team, in collaboration with local Kenai Peninsula experts
and stakeholders.

The integration framework, processes, and products of
the SCTC provide an example and set of lessons for other
projects and researchers. From our experience with this
process, the emphasis on co-development of knowledge,
the identification and quantification of interconnections
between stakeholders, and the use of an integrative sys-
tems-based framework to synthesize knowledge is
essential.

Assessing the SCTC integrative framework
For the SCTC we apply the five-question diagnostic
(Bammer 2013) as a standard integration assessment of the

extent to which the framework developed for the SCTC
adequately achieves integration (Table 1).
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Table 2 Disciplinary and interdisciplinary expertise of the Alaska Southcentral Testcase

Physical science Social science

Biological science Integrative science

Climatology Archeology

Hydrology (x2) Behavioral geography
Paleoecology Cultural anthropology (x2)
Demography

Fisheries and regional economics (x3)

Sociology

Aquatic ecology (x2) Complex systems

Salmon biology Computer modeling
Geospatial analysis
Landscape ecology (x2)
Scenarios/futures

Visualization and virtualization (x2)

For what and for whom?

The objective of the SCTC integration and the intended
beneficiaries (Question 1, Table 1) are (“Integration
framework™): “an approach agreed upon by researchers,
practitioners, and stakeholders for identifying adaptive
response by local communities to landscape and hydro-
logical change in the Kenai River Watershed using trans-
disciplinary guidelines.” The emphasis on co-development
of knowledge in this objective contributes to the impor-
tance placed on collaborative processes in SCTC including
the central role of iterative scenario-based stakeholder
engagement.

Which knowledge?

The disciplinary and stakeholder knowledge that is syn-
thesized (Question 2, Table 1) in the SCTC is guided by
the SES conceptual framework (Fig. 1) and principally
involves: hydro-climatological; landscape change; aquatic
ecology; socio-economics of fisheries; human dynamics,
values, and perceptions, and; adaptive capacity of stake-
holders. These knowledge components provide a focus on
addressing the research goal of determining the interactive
effects of landscape change and hydrologic change on
aquatic ecology of salmon and the ecosystem services
supported by salmon fisheries. An explicit aspect in the
understanding of human dynamics is documenting and
comparing the core values of multiple stakeholders,
including those of the different salmon fisheries interest
groups—commercial fishing, recreational sport fishing,
guided sport fishing, Alaskan residential fishing, Kenaitze
Indian subsistence fishing, and fishery managers. The
SCTC team comprises 24 disciplinary and interdisciplinary
areas of expertise spanning biological, social, physical, and
systems science (Table 2). Since the integration framework
(Fig. 1) is an open system, boundary setting is necessary to
constrain the project by considering the aquatic system, but
not extending this to the important marine component of
the salmon lifecycle.

@ Springer

How to integrate?

Disciplinary and stakeholder knowledge is integrated
(Question 3, Table 1) using mutual understanding, models,
and products (as outlined in “Integration products”).
Critical to this is the development and use of iterative
scenario-based, stakeholder engagement that applies the
conceptual model (Fig. 1) using geospatial analysis, cou-
pled modeling, virtualization and visualization, and con-
sideration of alternative future scenarios. The 5-year SCTC
is entering the 5th, and final, year with exploratory inter-
views, focus groups, and surveys completed, coupled
modeling has been developed and validated, social network
data and analysis, visualization tools have been established,
two of four stakeholder workshops have been held, and
alternative future scenarios are in development ahead of the
3rd and 4th stakeholder workshops. At the 2nd stakeholder
workshop in May 2016 one local resource manager com-
mented “I had not thought about future scenarios for the
Kenai before or how useful they can be, but I now realize
we need to change how we manage”.

What is the context?

The overall context of the problem (Question 4, Table 1)
for SCTC is established through the SES conceptual view
(Fig. 1) including the six sub-components that are exam-
ined, the dynamics and feedbacks among these compo-
nents, and the emergence of adaptive capacity as a feature
of system behavior. The context of the SCTC is dominated
by the importance of salmon in the Kenai River Water-
shed—to ecosystem functioning, in providing core
ecosystem services, as an economic driver, and pivotal to
the core values of residents. As anadromous species salmon
provide the dominant biomass in the Kenai watershed
ecosystem and essentially establishes the trophic structure
for the aquatic system (Rinella et al. 2011). Salmon also
provide a myriad of ecosystem services to the watershed,
region, and state, not least of which are the economic
benefits arising from the commercial fisheries, resident
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fishery, sport fisheries, and subsistence fishery. Salmon
shape the livelihoods, culture, and existence of long-term
residents in the Kenai River watershed, not least for the
indigenous Kenaitze Indian. Because of the multiple fish-
eries and multiple species (pink, red/Sockeye, silver/Coho,
king/Chinook, Chum/dog) there is a complex set of insti-
tutional actors and arrangements governing the manage-
ment of each fishery—Ilocal, state, and federal agencies as
well key decision making bodies (e.g., the Alaska State
Board of Fish). An important aspect of the SCTC has been
identifying the institutional arrangements and the net-
working among these stakeholder groups.

What are the outcomes?

The most critical implementation outcome (Question 5,
Table 1) for SCTC is the integration process, that is, the
iterative scenario-based stakeholder engagement. Without
this process the level of co-development of knowledge that
has been achieved would not be possible nor the engage-
ment of stakeholders and residents. Other outcomes include
the coupled SES model suite, the virtualized world of
Kenai Watershed (SalmonSim), the paleo-analysis of sal-
mon abundance and use, and the adaptive capacity indices
(AWRVI assessments) for communities in the Kenai
watershed, which all support the scenario development. Of
particular significance for an integrative approach pur-
porting to develop the co-production of knowledge are the
management responses from local managers (see “How to
integrate?”) and the impact for residents including the
youth—for example, the Kenaitze tribal youth examined
and documented their sense of place and awareness of a
changing environment in the Kenai River Watershed
(Trefon et al. 2014).

Conclusions: setting foundations for conducting
integrative research in sustainability science

The approach outlined in this paper contributes to the
development of integrative research in sustainability sci-
ence by assessing the implementation of the integration
framework. The framework allows us to clarify our project
integration boundaries and goals and helps us develop a set
of actions, implementation plans, and outcomes. As part of
this effort, we critically assess the trade-offs in approaches
to integration that provided a better understanding of both
foundational disciplinary research and synthetic interdis-
ciplinary research, highlighting where we can complement
and benefit from work and expertise across the team. The
integration framework and components are a shared road
map, to facilitate the incorporation of new students, per-
sonnel, and stakeholders and to improve our efforts

towards integration products. Finally this approach can
provide an example that other researchers may draw upon
in developing their own integrative research projects. We
propose two recommendations:

1. Emphasis on collaborative engagement and processes:
Steps towards this could include support for relation-
ship-building, institutional efficiency, incentives for
researcher engagement and consequences for impeding
it, as well as updated researcher evaluations that reflect
the importance of alternative research outputs (i.e.,
town hall meetings, radio talks, reports, policy briefs,
etc.). Regular iterative workshops and discussions with
communities, policymakers, and institutions can help
assure that products and outcomes are both scientifi-
cally valid as well as socially relevant.

2. Innovation in integrative methods: This requires con-

tinuing refinement of existing techniques and methods
for integration, along with the development of new
approaches. For example, a need exists for a commu-
nity-wide and approved mechanism for archiving
integrative sustainability science practices, that is, a
best practices archive (Alessa et al. 2015). Such an
archive would include the means by which interdisci-
plinary teams are formed, co-develop, and engage
partner communities, as well as the steps and circum-
stances under which the integration approaches have
been effective.

We believe that consideration of these recommendations
will improve the development of a science of integration
and its practical implementation by encouraging applica-
tion, shared language, innovative critical design, and the
co-production of knowledge.

Acknowledgments We are grateful for the support of the National
Science Foundation through awards OIA-1208927 (Alaska ACE),
DEB-1231233 (MtnSEON), and OIA-1301792 (Idaho MILES). This
paper as an official product of the Center for Resilient Communities
(University of Idaho). We would like to thank Dr. Jim Gosz for
sharing his time and expertise in reviewing an earlier version of this
manuscript, and to two anonymous reviewers for their valuable cri-
tiques. The views expressed in this paper are those of the authors
alone and it does not represent any official NSF or USGS finding or
policy.

References

Alessa L, Kliskey A (2012) The role of agent types in detecting and
responding to environmental change. Hum Organ 71:1-10
Alessa L, Kliskey A, Brown G (2008a) Social-ecological hotspots
mapping: a spatial approach for identifying coupled social—
ecological space. Landsc Urban Plan 85:27-39. doi:10.1016/j.
landurbplan.2007.09.007

Alessa L, Kliskey A, Lammers R, Arp C, White D, Busey R, Hinzman
L (2008b) The Arctic water resources vulnerability index: an

@ Springer


http://dx.doi.org/10.1016/j.landurbplan.2007.09.007
http://dx.doi.org/10.1016/j.landurbplan.2007.09.007

302

Sustain Sci (2017) 12:293-303

integrated assessment tool for community resilience and vulner-
ability with respect to freshwater. Environ Manag 42:523-541

Alessa L, Kliskey A, Altaweel M (2009) Toward a typology for
social-ecological systems. Sustain Sci Pract Policy 5:31-41

Alessa L, Kliskey A, Williams P (2010) Forgetting freshwater: the
effect of modernization on water values in remote Arctic
communities. Soc Nat Resour 23:254-268

Alessa L, Kliskey A, Altaweel M et al (2015) Best practices for
integrating social sciences into social ecological systems
science: future directions for building a more Resilient America.
Center for Resilient Communities, University of Idaho, Moscow

Altaweel M, Alessa L, Kliskey A (2010a) Visualizing situational data:
applying information fusion for detecting social-ecological
events. Soc Sci Comput Rev. doi:10.1177/0894439309360837

Altaweel M, Alessa L, Kliskey A (2010b) A framework to structure
agent-based modeling data for social-ecological systems. Struct
Dyn: eJournal Anthropol Relat Sci 4(1):1-18

Anderson J, Lew R, Alessa L, Kliskey A (2016) Becoming a salmon:
Highlighting deeper question sin education, decision-making and
ecology through simulation. PLOS Ecology Community Blogs.
http://blogs.plos.org/ecology/tag/decision-making/. Accessed 25
July 2016

Angelstam P, Andersson K, Annerstedt M et al (2013) Solving
problems in social-ecological systems: definition, practice and
barriers of transdisciplinary research. Ambio 42:254-265.
doi:10.1007/s13280-012-0372-4

Argyris C, Schén DA (1978) Organizational learning: a theory of
action perspective. Addison-Wesley, Reading

Bammer G (2013) Disciplining interdisciplinarity: integration and
implementation for researching complex real-world problems.
ANU Press, Canberra

Berg EE, David Henry J, Fastie CL et al (2006) Spruce beetle
outbreaks on the Kenai Peninsula, Alaska, and Kluane National
Park and Reserve, Yukon Territory: relationship to summer
temperatures and regional differences in disturbance regimes.
For Ecol Manag 227:219-232. doi:10.1016/j.foreco.2006.02.038

Bergmann M, Jahn T, Knobloch T, Krohn W, Pohl C, Schramm E
(2012) Methods for transdisciplinary research: a primer for
practice. Campus Verlag, Frankfurt

Bone C, Alessa L, Altaweel M, Kliskey A, Lammers R (2011)
Assessing the impacts of local knowledge and technology on
climate change vulnerability in remote communities. Int J
Environ Res Public Health 8:733-761. doi:10.3390/ijerph
8030733

Brandt P, Ernst A, Gralla F et al (2013) A review of transdisciplinary
research in sustainability science. Ecol Econ 92:1-15. doi:10.
1016/j.ecolecon.2013.04.008

Bryson JM (2004) What to do when stakeholders matter: stakeholder
identification and analysis techniques. Public Manag Rev
6:21-53

Castan Broto V, Gislason M, Ehlers M-H (2009) Practising interdis-
ciplinarity in the interplay between disciplines: experiences of
established researchers. Environ Sci Policy 12:922-933. doi:10.
1016/j.envsci.2009.04.005

Checkland P, Poulter J (2010) Soft systems methodology. In:
Reynolds M, Holwell S (eds) Systems approaches to managing
change: a practical guide. Springer, London, pp 191-242

Checkland P, Scholes J (1999) Soft systems methodology in action.
Wiley, New York

Cheng AS, Kruger LE, Daniels SE (2003) “Place” as an integrating
concept in natural resource politics: propositions for a social
science research agenda. Soc Nat Resour 16:87-104. doi:10.
1080/08941920309199

Degernes C (2003) Kenai river recreation impact monitoring project
2002. Alaska Department of Natural Resources, Anchorage, AK.

@ Springer

http://dnr.alaska.gov/parks/plans/krstudy.pdf. Accessed 21 July
2016

Dial RJ, Berg EE, Timm K et al (2007) Changes in the alpine forest-
tundra ecotone commensurate with recent warming in southcen-
tral Alaska: Evidence from orthophotos and field plots. J Geo-
phys Res 112:G04015

Elzinga A (2008) Participation. In: Hirsch Hadorn G et al. (ed)
Handbook of transdisciplinary research. Springer, Berlin,
pp 345-359

Epstein G, Vogt J, Mincey S, Cox M, Fischer B (2013) Missing
ecology: integrating ecological perspectives with the social-
ecological system framework. Int J Common 7(2):432-453.
doi:10.18352/ijc.371

Fischer F (2000) Citizens, experts, and the environment: the politics
of local knowledge. Duke University Press, Durham

Folke C, Chapin III FS, Olsson P (2009) Transformations in
ecosystem stewardship. In: Principles of ecosystem stewardship.
Springer, Berlin, pp 103-125

French D, Laver M (2009) Participation bias, durable opinion shifts
and sabotage through withdrawal in citizens’ juries. Pol Stud
57:422-450

Hirsch Hadorn G, Bradley D, Pohl C et al (2006) Implications of
transdisciplinarity for sustainability research. Ecol Econ
60:119-128. doi:10.1016/j.ecolecon.2005.12.002

Holm P, Goodsite ME, Cloetingh S et al (2013) Collaboration
between the natural, social and human sciences in Global
Change Research. Environ Sci Policy 28:25-35. doi:10.1016/j.
envsci.2012.11.010

Jahn T, Bergmann M, Keil F (2012) Transdisciplinarity: between
mainstreaming and marginalization. Ecol Econ 79:1-10. doi:10.
1016/j.ecolecon.2012.04.017

Jakobsen CH, Hels T, McLaughlin WJ (2004) Barriers and facilitators
to integration among scientists in transdisciplinary landscape
analyses: a cross-country comparison. For Policy Econ 6:15-31.
doi:10.1016/S1389-9341(02)00080-1

Jerneck A, Olsson L, Ness B et al (2011) Structuring sustainability
science. Sustain Sci 6:69-82. doi:10.1007/s11625-010-0117-x

Kates R, Clark W, Hall J, Jaeger C, et al (2000) Sustainability
science. Social Science Research Network KSG Working Paper
No. 00-018. Available at SSRN: http://ssrn.com/abstract=
257359. Accessed 28 Aug 2016

Kenai Peninsula Economic Development District (2015) Kenai
Peninsula situations and prospects. Kenai Peninsula economic
development district: Kenai City, AK. http://kpenedd.nfshost.
com/wp-content/uploads/2015/06/KPEDD_2015_Situations__
Prospects.pdf. Accessed 21 July 2016

Klein E, Berg EE, Dial R (2005) Wetland drying and succession
across the Kenai Peninsula Lowlands, south—central Alaska. Can
J For Res 35:1931-1941

Krupa MB (2016) Who’s who in the Kenai River Fishery SES: A
streamlined method for stakeholder identification and investment
analysis. Marine Policy 71:194-200

Lang DJ, Wiek A, Bergmann M et al (2012) Transdisciplinary research
in sustainability science: practice, principles, and challenges.
Sustain Sci 7:25-43. doi:10.1007/s11625-011-0149-x

Liu J, Dietz T, Carpenter SR et al (2007) Complexity of coupled
human and natural systems. Science 317:1513

Lynch JA, Clark JS, Bigelow NH, et al (2002) Geographic and
temporal variations in fire history in boreal ecosystems of
Alaska. J Geophys Res Atmospheres 1984-2012 107:FFR-8

Manson S (2005) Agent-based modeling and genetic programming
for modeling land change in the Southern Yucatan Peninsula
Region of Mexico. Agric Ecosyst Environ 111:47-62

Manson S, O’Sullivan D (2006) Complexity theory in the study of
space and place. Environ Plan A 38:677


http://dx.doi.org/10.1177/0894439309360837
http://blogs.plos.org/ecology/tag/decision-making/.
http://dx.doi.org/10.1007/s13280-012-0372-4
http://dx.doi.org/10.1016/j.foreco.2006.02.038
http://dx.doi.org/10.3390/ijerph8030733
http://dx.doi.org/10.3390/ijerph8030733
http://dx.doi.org/10.1016/j.ecolecon.2013.04.008
http://dx.doi.org/10.1016/j.ecolecon.2013.04.008
http://dx.doi.org/10.1016/j.envsci.2009.04.005
http://dx.doi.org/10.1016/j.envsci.2009.04.005
http://dx.doi.org/10.1080/08941920309199
http://dx.doi.org/10.1080/08941920309199
http://dnr.alaska.gov/parks/plans/krstudy.pdf
http://dx.doi.org/10.18352/ijc.371
http://dx.doi.org/10.1016/j.ecolecon.2005.12.002
http://dx.doi.org/10.1016/j.envsci.2012.11.010
http://dx.doi.org/10.1016/j.envsci.2012.11.010
http://dx.doi.org/10.1016/j.ecolecon.2012.04.017
http://dx.doi.org/10.1016/j.ecolecon.2012.04.017
http://dx.doi.org/10.1016/S1389-9341(02)00080-1
http://dx.doi.org/10.1007/s11625-010-0117-x
http://ssrn.com/abstract=257359
http://ssrn.com/abstract=257359
http://kpenedd.nfshost.com/wp-content/uploads/2015/06/KPEDD_2015_Situations__Prospects.pdf.
http://kpenedd.nfshost.com/wp-content/uploads/2015/06/KPEDD_2015_Situations__Prospects.pdf.
http://kpenedd.nfshost.com/wp-content/uploads/2015/06/KPEDD_2015_Situations__Prospects.pdf.
http://dx.doi.org/10.1007/s11625-011-0149-x

Sustain Sci (2017) 12:293-303

303

Mantua NJ, Hare SR, Zhang Y et al (1997) A Pacific interdecadal
climate oscillation with impacts on salmon production. Bull Am
Meteorol Soc 78:1069-1079

McGuire AD, Chapin FS, Walsh JE, Wirth C (2006) Integrated
regional changes in Arctic climate feedbacks: implications for
the global climate system*. Annu Rev Environ Resour 31:61-91.
doi: 10.1146/annurev.energy.31.020105.100253

Morse WC, Nielsen-Pincus M, Force J, Wulfhorst J (2007) Bridges
and barriers to developing and conducting interdisciplinary
graduate-student team research. Ecol Soc 12(2):8. http://www.
ecologyandsociety.org/vol12/iss2/art8/. Accessed 21 Aug 2016

Newell B, Crumley CL, Hassan N et al (2005) A conceptual template
for integrative human-—environment research. Glob Environ
Change 15:299-307

Pohl C (2010) From transdisciplinarity to transdisciplinary research.
Transdiscipl J Eng Sci 1:74-83

Pohl C (2011) What is progress in transdisciplinary research? Futures
43:618-626. doi:10.1016/j.futures.2011.03.001

Pohl C, Hirsch Hadorn G (2008a) Core terms in transdisciplinary
research. In: Hoffmann-Riem H, Biber-Klemm S, Hirsch Hadorn
GH (eds) Handbook of Transdisciplinary Research. Springer,
Dordrecht, pp 427432

Pohl C, Hirsch Hadorn G (2008b) Methodological challenges of
transdisciplinary research. Nat Sci Soc 16:111-121

Rinella D, Wipfli M, Stricker C, Heintz R, Rinella M (2011) Pacific
salmon (Oncorhynchus spp.) runs and consumer fitness: growth
and energy storage in stream-dwelling salmonids increase with
salmon spawner density. Can J Fish Aquat Sci 69:73-84

Schilling J, Kluge A (2009) Barriers to organizational learning: an
integration of theory and research. Int J Manag Rev 11:337-360.
doi:10.1111/j.1468-2370.2008.00242.x

Schlossberg M, Shuford E (2005) Delineating“public” and‘“partici-
pation” in PPGIS. URISA J 16: 15-26. http://hdl.handle.net/
1794/1343. Accessed 21 July 2016

Schoolman ED, Guest JS, Bush KF, Bell AR (2012) How interdis-
ciplinary is sustainability research? Analyzing the structure of an
emerging scientific field. Sustain Sci 7:67-80. doi:10.1007/
s11625-011-0139-z

Siebenhuner B (2004) Social learning and sustainability science:
which role can stakeholder participation play? Int J Sustain Dev
7:146-163

Sieber R (2006) Public participation geographic information systems:
a literature review and framework. Ann Assoc Am Geogr
96:491-507

Steinitz C, Arias H, Bassett S, Flaxman M, Goode T, Maddock T III,
Mouat D, Peiser R, Shearer A (2003) Alternative futures for
changing landscapes: The Upper San Pedro River Basin in
Arizona and Sonora. Island Press, Washington

Trefon B, Reams N, Boraas A (2014) Kenaitze youth speak: notes on
the concept of place. Kenaitze Indian Tribe, Kenai Peninsula
College, and Alaska EPSCoR

Tress B, Tress G, Décamps H, d° Hauteserre AM (2001) Bridging
human and natural sciences in landscape research. Bridg Hum
Nat Sci Landsc Res 57:137-141. doi:10.1016/S0169-2046(01)
00199-2

Tress B, Tress G, Fry G (2005a) Researchers’ experiences, positive
and negative, in integrative landscape projects. Environ Manag
36:792-807. doi:10.1007/s00267-005-0038-0

Tress G, Tress B, Fry G (2005b) Clarifying integrative research
concepts in landscape ecology. Landsc Ecol 20:479-493. doi: 10.
1007/s10980-004-3290-4

Tress G, Tress B, Fry G (2007) Analysis of the barriers to integration
in landscape research projects. Land Use Policy 24:374-385.
doi: 10.1016/j.Jandusepol.2006.05.001

United States Census Bureau (2010) State and County QuickFacts.
http://quickfacts.census.gov/qfd/states/02/02122.html. Accessed
21 July 2016

Voivov A, Bousquet F (2010) Modelling with stakeholders. Environ
Model Softw 25:1268-1281

von Bertalanffy L (1968) General system theory: foundation,
development, applications. Braziller, New York

Wickson F, Carew A, Russell AW (2006) Transdisciplinary research:
characteristics, quandaries and quality. Futures 38:1046-1059.
doi:10.1016/j.futures.2006.02.011

Wiles GC, D’Arrigo RD, Jacoby GC (1998) Gulf of Alaska
atmosphere-ocean variability over recent centuries inferred from
coastal tree-ring records. Clim Chang 38:289-306. doi:10.1023/
A:1005396027562

Winder N (2003) Successes and problems when conducting interdis-
ciplinary or transdisciplinary (=integrative) re-search. In: Tress
B, Tress G, van der Valk A, Fry G (eds) Interdisciplinary and
transdisciplinary landscape studies potential limit. Alterra Green
World Research, Wageningen, pp 74-90

Wu J (2013) Landscape sustainability science: ecosystem services and
human well-being in changing landscapes. Landscape Ecol
28:999-1023

@ Springer


http://dx.doi.org/10.1146/annurev.energy.31.020105.100253
http://www.ecologyandsociety.org/vol12/iss2/art8/
http://www.ecologyandsociety.org/vol12/iss2/art8/
http://dx.doi.org/10.1016/j.futures.2011.03.001
http://dx.doi.org/10.1111/j.1468-2370.2008.00242.x
http://hdl.handle.net/1794/1343
http://hdl.handle.net/1794/1343
http://dx.doi.org/10.1007/s11625-011-0139-z
http://dx.doi.org/10.1007/s11625-011-0139-z
http://dx.doi.org/10.1016/S0169-2046(01)00199-2
http://dx.doi.org/10.1016/S0169-2046(01)00199-2
http://dx.doi.org/10.1007/s00267-005-0038-0
http://dx.doi.org/10.1007/s10980-004-3290-4
http://dx.doi.org/10.1007/s10980-004-3290-4
http://dx.doi.org/10.1016/j.landusepol.2006.05.001
http://quickfacts.census.gov/qfd/states/02/02122.html
http://dx.doi.org/10.1016/j.futures.2006.02.011
http://dx.doi.org/10.1023/A:1005396027562
http://dx.doi.org/10.1023/A:1005396027562

	A science of integration: frameworks, processes, and products in a place-based, integrative study
	Abstract
	Introduction
	Background
	Integration and sustainability research: challenges and progress
	Alaska EPSCoR Southcentral test case: study in integrative research

	Integration framework, processes, and products for the Southcentral test case
	Integration framework
	A SES systems framework for integration

	Integration processes
	System, target, and transformational knowledge in the Southcentral test case
	Landscape change
	Aquatic ecology
	Salmon fisheries
	Human dynamics

	Community engagement

	Integration products
	Co-produced knowledge
	Co-produced models and tools


	Assessing the SCTC integrative framework
	For what and for whom?
	Which knowledge?
	How to integrate?
	What is the context?
	What are the outcomes?

	Conclusions: setting foundations for conducting integrative research in sustainability science
	Acknowledgments
	References




