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The gap between science and practice is widely recognized as a major concern in the production and application of decision-relevant science. This research analyzed the roles and network connections of scientists, service providers, and decision makers engaged in climate science and adaptation practice in Alaska, where rapid climate change is already apparent. Our findings identify key actors as well as significant differences in the level of bonding ties between network members who perceive similarity in their social identities, bridging ties between network members across different social groups, and control of information across roles—all of which inform recommendations for adaptive capacity and the co-production of usable knowledge. We also find that some individuals engage in multiple roles in the network suggesting that conceptualizing science policy interactions with the traditional categories of science producers and consumers oversimplifies how experts engage with climate science, services, and decision making. Our research reinforces the notion that the development and application of knowledge is a networked phenomenon and highlights the importance of centralized individuals capable of playing multiple roles in their networks for effective translation of knowledge into action.
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INTRODUCTION

The gap between science and decision making, which generally refers to the conceptions that practitioners are making sub-optimal use of information and scientists are not addressing decision-relevant research issues nor producing usable information, is widely recognized as a barrier to the production and application of decision-relevant science (Kasperson and Berberian, 2011). Social scientists have identified a multitude of factors that contribute to this gap, including persistent linear notions of the production and use of information, institutional barriers to the use of information, scale mismatches, limited access to and availability of scientific reports, and lack of credibility and relevance of science (Cash et al., 2003; Rayner et al., 2005; Tribbia and Moser, 2008; Pullin et al., 2009; Dilling and Lemos, 2011). Climate science and policy provides a case-in-point for many of these issues, especially given the need for rapid mobilization of science for adaptation (Parris et al., 2016).

The architecture of actors and institutions involved in the production, mediation, and application of climate information, which we call the science-practice interface, is increasingly conceptualized as a complex, multi-level web of knowledge production and governance (Vogel et al., 2007; Kasperson and Berberian, 2011). These networks and collaborative governance systems serve several functions that support adaptive capacities, including fostering trust and social capital, mobilizing and leveraging resources, sharing information, and co-producing knowledge (Adger, 2003; Pelling and High, 2005; Armitage et al., 2011; Dow et al., 2013; Lemos et al., 2014). Models of the science-practice interface increasingly feature a wide array of actors involved in the production of climate research, the diffusion, interpretation, and framing of climate science information, the coordination of networks, and the application of climate information, and often include three core actor groups: scientists, service providers (supporting decision analysis and application, communication), and decision makers (Agrawala et al., 2001; Vogel et al., 2007; Kasperson and Berberian, 2011; Knapp and Trainor, 2015).

Network analysis in conjunction with social capital provides insight into how social structure relates to collective action (Moody and Paxton, 2009). Here we define social capital as the “norms and networks that enable people to act collectively” (Woolcock and Narayan, 2000). Szreter and Woolcock (2004) distinguish between bonding and bridging social capital. Bonding social capital refers to relations between network members who perceive similarity with regard to social identities, which is theorized to facilitate efficient communication, strengthens internal ties and upholds group norms, and fosters trust. Bridging social capital refers to relations across different social groups, which promotes access to and the creation of new ideas and information not available within a shared community (Granovetter, 1973; Burt, 2000).

Social network analysis has been used to investigate some structural dimensions of the science-practice interface, such as those between scientists and decision makers and those between service providers and decision makers, as well as how network structures are related to adaptation and social capital (Woolcock and Narayan, 2000, 226; Moody and Paxton, 2009; Crona and Parker, 2011; Owen et al., 2012; Fischer et al., 2014; Corlew et al., 2015; Cunningham et al., 2015). Fischer et al. (2014) examined bridging and bonding networks between scientists and managers, and found high levels of interaction between scientists and few connections among managers and between scientists and managers, suggesting limited opportunities for scientists to managers engage in use-inspired knowledge. Owen et al. (2012) demonstrated the central role of meteorologists in regional predictive services for communicating fire-weather information to managers. Corlew et al. (2015) assessed the structural expanse of communication networks among climate professionals across Pacific Islands region. Other research has investigated the influence of network interactions among policy makers and researchers. For example, Crona and Parker (2011) found that policy makers are more likely to utilize information from researchers when they have a greater number of contacts with boundary organization researchers and when they were more centrally embedded in the network. However, there remains limited understanding of the network connections that emerge among all three roles of scientists, service providers, and decision makers. Further, although some research suggests that “there is reasonable conceptual clarity in distinguishing between people, institutions, and processes concerned with the supply of science and those concerned with its use” (Sarewitz and Pielke, 2007, 6), several critiques suggest the mutually exclusive labels of producer and consumer may not reflect the multiple roles that individuals are engaged for the production and application of climate information (Bagozzi, 1975; Bordieu, 1977; Porter, 1985; Firat and Venkatesh, 1993; Vargo and Lusch, 2004; Welp et al., 2006; Humphreys and Grayson, 2008; Carney et al., 2009). Deepening our understanding of roles and responsibilities of individuals in such networks and how these roles contribute to the sharing of climate knowledge is critical to inform how science processes and products can most effectively be produced and disseminated to support climate-sensitive decisions (NRC, 2010b). It can also bring clarity to the selection of language and vocabulary used to describe such networks (Caputo, 1997).

To these ends this paper explores the architecture of the science-practice interface in Alaska, focusing on the interactions among individuals involved in climate science, services, and decision making. We investigate the extent that individuals are exclusively involved in climate science research, services, and decision making vs. two or more activities. We hypothesize that conceptualizing climate science policy in terms of mutually exclusive categories of producers and consumers of information oversimplifies the roles of individuals engaged in climate science, services, and decision making. We also examine how the network structure across the science-practice interface relates to adaptive capacities. We hypothesize that networking ties among climate researchers, service providers, and decision makers are facilitating the development of social capital in support of climate adaptation in Alaska.

METHODS

Study Area

Alaska is on the frontline of climate change as it has experienced notable climate variability and change over the past century and these changes are predicted to continue throughout the twenty first century (SNAP, 2016). These changes have affected, and will continue to affect, environmental conditions such as permafrost thaw, sea ice extent, glacial melt, ocean acidification, and coastal erosion (Chapin et al., 2014). These changes are likely to impact multiple social, economic, and ecological aspects of regional importance, including fish and wildlife management, forestry and wildfire management, subsistence food harvest, coastal vulnerability, commercial fisheries, oil and gas development, and infrastructure planning (Chapin et al., 2014). In response to changing conditions, some agencies, organizations, and communities are beginning to develop climate adaptation plans and use climate information in decision making (Kettle and Dow, 2014).

Alaska is an ideal setting for the examination of the science-practice interface given the diverse and active set of actors and networks involved in climate research, services, and decision making (Markon et al., 2012). Although, some networks have been in place for several years, several climate networks have rapidly emerged in the past decade, such the Governor's Sub-Cabinet of Climate Change, Alaska Climate Change Executive Round Table, and Landscape Conservation Cooperatives (IAWG, 2009; State of Alaska, 2010). There is also an urgent desire and need for coordination and translation of climate information given the immediacy of impacts, sheer size of the state and paucity of long-term monitoring data sets (Alaska State Legislature, 2008; Knapp and Trainor, 2015). Creating partnerships is likewise consistently identified as a high priority to facilitate climate adaptation across Alaska (Knapp and Trainor, 2013). As such we believe the climate science network may be more developed compared to other areas with less immediate climate impacts or more politically contentious environments (Dow et al., 2013).

Sample Selection

Our analysis of the science-practice interface focuses on three core actor groups: climate scientists, service providers, and decision makers (Agrawala et al., 2001; Knapp and Trainor, 2015). For the purposes of this research, climate science encompasses a large body of scholarship on topics related to climate system science, vulnerability and adaptation, and decision support (NRC, 2010a). Climate services describes an array of activities that support climate applications and adaptation, ranging from the provision of climate data to more interactive forms of support, including those through coordination and network building, the co-development of products synthesized information, and decision support tools (Miles et al., 2006; NRC, 2009; WMO, 2011). In the United States, climate services are provided by a diverse set of actors including, Regional Climate Centers, state climatologists, National Oceanographic and Atmospheric Organization's (NOAA's) Regionally Integrated Sciences and Assessments program, cooperative extension agents, private consultants, and non-governmental organizations (NGOs). Decision-makers include planners, managers, and policy makers involved in a wide range climate-sensitive decisions for the planning and management of resources, including wildfire, water, wildlife, agriculture, and tourism (Melillo et al., 2014). We recognize our nominalist approach to defining the boundary excluded some roles, such advocates and lobbyists, who may frame, amplify, and attenuate risk messages (Kasperson et al., 1988; Laumann et al., 1989; Kasperson and Berberian, 2011). As such, this approach focuses on a network connections related to climate vulnerability, rather than a broader set of networks related to other socio-economic conditions and developments.

A list of key actors involved in climate science, services, and decision making in Alaska between 2009 and 2013 (n = 738) was created based on 3 searches conducted in October 2013. First, we selected the first author from references in the Alaska Technical Regional Report for the National Climate Assessment (Markon et al., 2012) and searched for citations that focused on Alaska and discussed themes related to climate science, impacts, and adaptation. This step identified 87 individuals involved in climate research in Alaska. Second, we identified 561 scientists, service providers, and decision makers who attended conferences and workshops related to climate in Alaska via an internet search. Finally, we reviewed agency and organization websites to identify climate service providers (n = 69). Internet searches were based on the keywords: Alaska, climate services, decision support, tools, climate coordinator, educator, and network. For sample position descriptions of each of these roles, see Table 1. Participants were randomly selected from the sample population (n = 738) for interviews, which were conducted from November 2013 to April 2014. This procedure was used because it was not possible to sample the entire population engaged in climate science, decision making, and services across Alaska—a common limitation of social network analysis, given the difficulty in compiling a comprehensive list of actors and limited resources to survey the entire population (Prell, 2012).


Table 1. Participant engagement in Climate Science, Climate Services, and Decision-making in Alaska, including sample activities and prominent positions.
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Interviews (n = 126, 45% response rate) focused on understanding participant involvement in climate science, services, and decision making, and network ties. Role classification, that is, where people fit into our framework of scientist, service provider, and decision-maker, was based on a self-assessment, where participants indicated the total percent of their total job responsibilities divided among the three roles. Individuals were classified as having multiple roles if they identified at least 20% of their responsibilities in two or more of the role classes. A 20% threshold emerged from interview data; the majority of participants who identified a role as <20% of their job did not discuss significant activities associated with that role. Interviews were recorded, transcribed, and coded for themes related to climate science, services, and decision making activities and bonding and bridging ties. The interview protocol was pilot tested with eight individuals. Participants identified network ties without the assistance of checklists as all network members were not known. Three sets of name generator questions were used to identify collaboration network ties across the three roles (Table 2). The number of name generator sets used depended on the number of roles in which each participant was engaged. To reduce stakeholder fatigue, the maximum number of ties was capped at 10 per question and ties were limited to the past 5 years (Merluzzi and Burt, 2013).


Table 2. Questions to elicit interactions among scientists, service providers, and decision makers.
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Data Processing and Analysis

Social network analysis was used to examine the structure of the science-practice interface for both actor- and network-level data (Miles et al., 2006; NRC, 2009). The actor-level analysis investigated the immediate ties surrounding each of the 126 individual networks to assess the level of bonding and bridging ties (Szreter and Woolcock, 2004). The network-level analysis focused on the structure of the entire network and the position of individual networks relative to the entire network. Data for the network-level statistics only included ties to those who were also interviewed (network ties to individuals not interviewed were not included in the network-level analysis).

Data processing and analysis began with data cleaning, including verifying spelling of the identified network ties (n = 1575). Duplicate ties were collapsed for the network-level data analysis, in cases where an ego identified the same alter across multiple networking questions. Differences in the expected frequency of network ties across and within each of the mutually exclusive roles were investigated based on interpretation of a block model permutation test using UCINET. We also run a chi-squared test to investigate differences in network ties, given the limitations of incomplete data and our sampling procedures for analyzing network-level data (Znidarsic et al., 2012). We acknowledge that chi-square tests are more likely to provide false positive claims of significance when assumptions of independence are not met (Kramer and Schmidhammer, 1992).

Network connectedness across the science-practice interface was assessed based on in-degree network centrality (popularity, prestige), or on the number of ties received by an individual by other actors. Significant differences in network centrality were assessed based on interpretation of Kruskall-Wallis and Mann Whitney U tests. We recognize our sampling procedures generated incomplete network data that introduces measurement error (Galaskiewicz, 1991; Borgatti et al., 2006). This shortcoming, which emerges from difficulties in defining the network boundary, non-interview or non-response from participants, and limited resources to collect network data, is a longstanding challenge for social network analysis studies. Indeed, statisticians are exploring ways to modeling social network when the population is not fully known (David and Snijders, 2002). Research on the influence of sampling procedures on the stability of centrality measures suggest there is a positive linear relationship between measurement error and the proportion of sampled data (Galaskiewicz, 1991; Borgatti et al., 2006). Other research finds that in-degree is among the most robust measures for sampled data (Costenbader and Valente, 2003). As such, it is possible to utilize some aspects of social network analysis techniques when all members of a community are not interviewed (Costenbader and Valente, 2003, 305).

RESULTS

Based on the analysis of 126 semi-structured interviews, we identified the extent that participants engage in climate science, services, and application of climate information as discrete activities and conducted a social network analysis of interactions across the science-practice interface. We found that participants reported engagement in several dimensions of climate-related science, services, and decision making. Although the majority of participants engaged in discrete roles, 30% of interviewees engaged in at least two roles and 5% identified engagement in all three roles (Figure 1). Of the individuals involved in at least two roles, the majority were involved in research and services or decision making and services. Few individuals are only involved in research and decision making (1%).
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FIGURE 1. Self-reported roles divided into our framework of science, services, and decision making. (A) Venn diagram of overlap among roles. Overlap in roles required a minimum of 20% (see Section Methods). (B) Ternary plot of self-reported roles. Circles located in the corners of the triangle represent individuals with discrete roles. Circles located on the outside edges represent individuals involved in two roles. Individuals self-reporting as having three roles are located in the interior of the triangle.



A structural analysis of the climate science practice-interface revealed several patterns, including, similarities and differences in the number of actor-level connections, types and level of bonding and bridging ties, and centrality of roles. For actor-level networks (i.e., immediate ties for each of the 126 interviews), the overall size of individual networks was similar across each mutually exclusive role, with climate service providers self-identifying slightly larger networks than scientists and decision makers ([image: image] = 7, 6, 5.5 ties, respectively). For those involved in multiple roles, individuals engaged in all three roles held the most network connections ([image: image] = 16) and individuals engaged in both research and services held slightly larger networks than individuals involved in services and decision making ([image: image] = 10 and 14, respectively).

Interpretation of the block model permutation test revealed there were no significant differences in the level of interaction across and within roles (Table 3). Such findings are surprising given the significant differences in science-policy interactions in other sectors and regions (McPherson et al., 2001; Fischer et al., 2014). In contrast, analysis of the chi-square test revealed some significant differences in the level of interaction among scientists, service providers, and decision makers (Figure 2). We report on the analysis of the chi-square test below, as we believe missing (sampled) data from the permutation test are more likely to account for the detected distribution of ties, rather than an actual presence of no significant differences (Znidarsic et al., 2012).


Table 3. Block model permutation test.
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FIGURE 2. Interactions among those involved in climate science, climate services, and decision making. Significant differences were detected through interpretation of a chi-square statistical test (df = 8; *p ≤ 0.05; **p ≤ 0.01). The thinnest and thickest lines represent significantly under- and over-predicted, respectively. Regular lines represent no significant difference between observed and expected. Individuals with multiple roles were not included in the figure as interviewees could only specify alters as having mutually exclusive roles.



Bonding ties within individual roles were significantly greater than expected for both scientists and decision makers (p ≤ 0.01) than would be expected in a random network. However, not all decision makers and service providers held high levels of bonding ties. Thirty percent of all decision makers and twenty percent of all service providers held one or fewer bonding ties. At the same time, there were significant differences in bridging ties across each of the mutually exclusive roles, especially for scientists and decision makers. Bridging ties from both scientists and decision makers to climate service providers were significantly less than expected (p ≤ 0.01). Similarly, bridging ties from scientists to decision makers were also significantly less than expected (p ≤ 0.01). Bonding ties among service providers and bridging ties from service providers were not significantly different.

The high level of bonding ties within each role is consistent with the concept of homophily, where individuals tend to network more frequently with those whom are more similar (McPherson et al., 2001). The high level of bonding among scientists and low level of bridging ties to decision makers and service providers from scientists, is likely related to traditional norms whereby scientists are rewarded for intellectual and scholarly contributions, rather than research that engages decision makers and climate service providers (Walters, 1997; Lemos et al., 2014). The level of bridging ties between scientists with decision makers is also likely related to the researcher's desired role in science policy processes (Pielke, 2007; Spruijt et al., 2016). For example, individuals who perceive their role as a researcher as either a “pure” or “humble” scientist are less likely to be also engaged in decision making and more likely to have fewer ties to decision makers, compared to scientists who are more engaged in the regulatory process. The high level of bonding ties among managers could be related to perceived risk and the immediacy of the challenge in Alaska, as social network analysis research in other areas of the US with less drastic rates of climate change have found bonding ties among managers are significantly less (p ≤ 0.01) than what would be expected in a random network (Fischer et al., 2014). Of the limited number of bridging ties between scientists and decision makers, the majority of interactions were described as the transfer of climate information, rather than coproducing research agendas (Cash et al., 2006). The higher level of bridging ties among service providers reflects their central focus on connecting science and decision making. Such coordinating efforts were especially important in remote locations across Alaska for connecting researchers to tribal staff and negotiating complicated political arrangements. The availability of remote forms of engagement likely enhanced opportunities for developing bonding and bridging ties across large geographical regions (e.g., Kettle and Trainor, 2015).

Although, there were no significant differences in network centrality, individual climate service providers were among those with the highest levels of connection (Table 4). Six of the individuals with “top 10” rankings in centrality were climate service providers. These individuals included employees at NOAA (regional coordinator, climate science and service managers, division chief), NGOs (environmental managers), and the LCCs (science coordinator). The high level of network centrality among service providers reflects focus on connecting science and decision making and a relatively high level of bridging ties to scientists and decision makers. The high proportion of federal employees serving as the most central climate service providers in the network, highlights the federal governments lead in the coordination of climate responses in Alaska (NRC, 2010b).


Table 4. Network centrality.
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DISCUSSION

Findings that some individuals engage in discrete roles of climate science, services, and decision making, and that others engage in multiple roles suggests conceptualizing the science policy interface in terms of mutually exclusive categories of producers and consumers (users) of information oversimplifies individual involvement (Bagozzi, 1975; Bordieu, 1977; Porter, 1985; Firat and Venkatesh, 1993; Vargo and Lusch, 2004; Welp et al., 2006; Carney et al., 2009). Additional research is needed to understand motivations for individuals engaging in multiple roles, role strain associated with responding to the needs of different network segments (Marks and MacDermid, 1996), and how the network functions of those engaged in multiple roles is linked to climate adaptation and adaptive capacity. Additional research can also investigate the extent that engagement in multiple roles varies across different geographic regions, decision contexts, and timeframes.

Our findings confirm that the interface between science and practice is characterized as a complex web of interactions, rather than a simple pipeline, bridge, or superhighway (Kasperson and Berberian, 2011; Figure 3). The significant differences in expected frequency of network ties across the science-practice interface, than what would be expected under conditions of a random network, have implications for adaptive capacity and the success of knowledge to action networks. The significantly lower number of bridging ties (p ≤ 0.05) from scientists and decision makers to the other roles may limit opportunities for scientists to pursue research agendas that can fulfill management needs, and similarly for decision makers to use science to inform their decision making processes. Indeed, the limited bridging between scientists and decision makers may contribute to the persistent unrealized research needs identified by stakeholders across Alaska (Knapp and Trainor, 2015).
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FIGURE 3. Network ties across the climate science-practice interface in Alaska.



At the same time, the relatively high level of bonding ties within each of the independent roles underscores significant opportunity for effective communication, coordination, and the maintenance of trust because social cohesion enhances opportunities for the sharing of tacit knowledge and transferring acquired explicit knowledge into practice (Borgatti et al., 1998; Burt, 2004; Oh et al., 2004). Several scientists discussed how connections to scientists from different disciplines fostered data sharing and the exchange of technical expertise. Similarly, formal networks among decision makers promoted information sharing, coordination, and securing funds to support climate adaptation (IAWG, 2009). Finally, formalized partnerships and networks among service providers also enabled the leveraging of specialized knowledge to support the development of knowledge-to-action-networks and decision support tools more efficiently (e.g., Kettle and Trainor, 2015). However, the relatively high number of service providers and decision makers with zero bonding ties highlights potential barriers to effective communication and coordination across the network (although the average number of bonding ties was high, several individuals held zero connections). For example, decision makers wanting to learn from the experiences of other communities adapting to climate change may not have network ties that enable the exchange of information and experience. We already know, for example, that community decision makers in rural Alaska are limited in the capacity they have available to pursue these activities (Loring et al., 2016). At the same time, the high level of bonding ties among decision makers and scientists may pose network constraints, such as reduced social energy to create bridging ties, the suppression of new ideas, reduced willingness to seek new information on climate impacts, and reduced resiliency to abrupt change (Newig et al., 2010; Smith et al., 2012). Additional insights into the network structure, functions, and potential barriers to communication may be revealed via disaggregation of individual roles. For example, the delineation of decision makers into different sectors may reveal differences bonding social capital, network centralization, and bridging social capital across sectors. The disaggregation of the climate science role into climate system scientists and climate impact scientists may also reveal potential gaps that impede the development and effectiveness of climate services.

We acknowledge that network structures are both dynamic and related to social processes and deliberate action. This study provides a baseline to assess how networks change and evaluate how deliberative knowledge co-production can address the persistent gap between science and practice. Such longitudinal evaluations can be used by service providers for program evaluation to measure and assess the processes and outcomes of knowledge co-production using the methods of social network analysis. This includes the measurement of immediate ties to assess the level and quality of scientist-stakeholder collaborations (Lemos et al., 2012; Ferguson et al., 2016) and network-level measures that can evaluate changes in the extent that boundary organizations are connecting otherwise disconnected actors or are efficiently using the network to relay messages. Critical to such evaluations are the recognition that some individuals engage in multiple roles and the development and application of knowledge as a networked phenomenon.
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Questions about

Climate Science

Climate Services

Decision Making

Climate science

Please list the names of the scientists you
work with the most for your
climate-related research in Alaska during
the past 5 years?

Do you work with climate services for your
climate-related research?

Do you interact with decision makers,
such as planners or managers, for your
climate-related research in Alaska?

Questions for

Climate services

Do you interact with ciimate scientists to
inform the climate services you provide?

Have you interacted with other climate
service providers on the development or
provision of climate-related services?

Have you interacted with decision makers,
such as planners or managers regarding
the climate services you provide?

Decision making

Do you interact with climate scientists for
the purpose of informing your planning,
‘management, or policy decisions or
informing their research?

Do you interact with providers of cimate
services in order to support the application
of climate information into your planning,
policy, or management decisions?

Do you interact with other
decision-makers on the application of
cimate information into your planning,
policy, or management decisions?

Participants were provided a description of climate service providers as indviduals “who are involved in the development of data portals; hosting workshops; buiding connections
between scientists and decisions makers; or the provision of tools, products, & synthesized information designed for the use in climate adaptation or response in Alaska.”
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Climate Science 178 (170.3) 115(96.4) 110(111.63)
g Climate Services  79(96.4) 58(54) 53(63)
Decision Maker 128 (111.63) 50(63) 68(72.6)

Ties: observed (expected). Expected ties are the average of 10,000 permutations.
Observed chi-square is 14.345.
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Self-identified role(s)

Climate Science

Ciimate Services

Decision Making

Ciimate Science & Services

Climate Services & Decision Making

Al three roles.

Sample activities

Impacts to wildife, vegetation, the cryosphere, and
cimate science were the most frequently identified
research areas. Only 14% reported use-inspired science,
wilnerabilty and adaptation as core research areas.

Coordination, including streamiining data measurement,
hosting seminars and webinars, and faciltating
ross-level governance was the most frequently cited
service activty. Other services included synthesis
reports, data management, decision support tools,
forecasts, needs assessments, trining, scenario
planning, & hosting workshops.

Strategic planning (n = 23), establishment of monitoring
networks (1 = 14), adaptation (1 = 6), and policy (1 = 5).

Science and supporting decision support tools, dlimate
forecasts, and coordination.

Developing climate policies and science plans,
‘coordinating arctic research policy, and promoting
‘Gommunication,

Al the above.

The rofe "Climate Science and Decision Making” was not included because of the small sample size (1 = 7).

Sample positions

Scientists for the National Park Service (NPS) Inventory
‘and Monitoring Program; National Oceanographic and
Atmospheric Administration (NOAA) programs, Alaska
Science Center, Geological Survey, Fish and Wildife
Service (FWS), NGOs, universites.

NPS communication specialists and education
‘Goordinators, NOAA meteorologists and climate service
managers, Landscape Conservation Cooperative (LCC)
Goordinators, Alaska Sea Grant Extension, Alaska Native
Organizations, university data managers, and NGOs.

Federal managers for National Parks, National Widife
Refuges, National Forests, NOAA, Bureau of Land
Management, Navy Coast Guard; land trust managers;
‘emergency managers; transportation planners and
‘engineers; and Alaska Native communites.

University Faculty and Staff, NOAA sea ice forecasters
and meteorologists.

LCC Coordinator, National Park Service Manager, US
Avctic Research Commission staff.

Federal employees, half employed by the FWS (e.g.,
wildife refuge managers; widife biologist).
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Role In-degree network centrality (7. o)

Climate Science o 102
Climate Services o 235
Decision Making o 1.69
Climate Science & Services o 0.82
Climate Services & Decision Making 1 168
Allthree roles. 15 0.82

Individuals involved in both decision making and science were not included in the table
because the sample size is not large enough fo warrant comparisons across groups
h=1).
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