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1. Synthesis: What Does Synthesis Mean for SEARCH?

Synthesis can be many things—in one context, it could mean gathering a group of researchers to develop a review paper; in another it could mean a coordinated research effort as a result of funded proposals. Synthesis products could be peer-reviewed publications, summary white papers, short policy-relevant summaries, or web-products.
The term “synthesis” in the broadest SEARCH context means weaving existing information about the natural and social systems of the Arctic into a coherent vision of the likely state of the Arctic by the middle of this century.  

Achieving this synthesis in SEARCH requires a two-pronged approach, one within each action team and the other across the action teams.  The goal within each action team is for team members to organize the sometimes-conflicting knowledge base about their theme and apply it to create scenarios of how their scientific topic (consequences of diminished sea ice, land ice and sea level, or consequences of warming/thawing permafrost) will evolve during the next few decades.  The next step is to synthesize this information from each of the action teams to form an overarching synthesis of how the inter-related evolution of an ice-diminished Arctic Ocean, permafrost, land ice + sea level, and societal/policy systems will collectively shape conditions in the Arctic by 2050.  Action teams will be responsible for synthesis within their own ‘theme’; the SSC will lead synthesis across action teams, putting individual findings in a larger arctic system context.  

Examples of synthetic products that could emerge from these activities include:

· An interdisciplinary review article similar in purpose to a recent one by Hinzman et al. (2013, “Trajectory of the Arctic as an integrated system”) but with a greater emphasis on the interface between natural and social systems, including both how changes within the Arctic will affect economic and political actions remotely and how social behavior by actors outside the region will influence the trajectory of the Arctic.

· The formation of an interdisciplinary team of Arctic stakeholders (including researchers) similar to the existing Synthesis of Arctic Research (SOAR) group supported by the Bureau of Ocean Energy Management (http://www.arctic.noaa.gov/soar/).  SOAR’s focus is more limited to understanding the physical and biological relationships within the ocean system of the Pacific Arctic, whereas a SEARCH-sponsored synthesis group would have a broader purview that addresses the natural and social relationships of the Arctic system in terms of changes in sea ice, land ice, and permafrost.

· The creation of an Arctic integrated assessment model (IAM) that could be used to estimate the physical and social impacts of the various future scenarios.   The model could be used to address questions such as the economic impact of resource extraction and the dependence of this activity on the physical state of the Arctic (e.g., sea ice coverage).  For example, a recent paper in Nature by Whiteman et al. (2013, “Vast costs of Arctic change”) describes the application of the PAGE09 IAM to estimate the climate change impacts and economic costs associated with selected mitigation and adaptation measures.  The study concluded by advocating for refined IAMs that better link sea ice changes to Arctic warming, sea level rise, and shipping activities.

Synthesis activities will also serve to identify gaps in research activities and knowledge. Planning for synthesis activities will “begin with the end in mind”: Action Teams, the SSC, and key stakeholders will define synthesis products during an initial planning meeting within the first six months of new funded SEARCH activities.  ARCUS will work with these groups to design a process by which to develop the products, such as a small intensive retreat, or work done by an Action Team through web/teleconferences, or a larger workshop (such as a Knowledge Exchange Workshop). 


2. Arctic Futures 2050 Activities 
The term “Arctic Futures 2050” refers to two separate items: (a) our best estimates of plausible future states of the Arctic in 2050 that emerged from activities by the action teams and cross-team synthesis and development of scenarios; and (b) the open meeting that is centered around the culmination of our 5-year activities.

a) Arctic Futures 2050 Scenarios
Scenarios describe plausible future states of the Arctic system (or its subsystems) in terms of key uncertainties and drivers of change. While scenarios themselves are neither explicit predictions nor described objectively by state variables, they represent a form of synthesis of expert knowledge that may draw on numerical model output, simple system models, analysis of observing system data and evaluations of paleo- and other analogs. Moreover, scenarios provide pathways for the integration of indigenous and local knowledge. Specific scenarios are described by bundles of drivers and key uncertainties and a given set of scenarios developed for a guiding question and target time frame can hence provide an envelope of, e.g., the decision space for stakeholders. At the same time, the process of identifying scenarios helps drive synthesis of fundamental data products informing scenario development and can lead to prioritization of observing program elements. Finally, recent advances in the science of scenarios allow for semi-quantitative analysis of scenario plausibility and consistency, thereby providing a link to more quantitative approaches of lesser scope, such as integrated assessment models or vulnerability analysis. 

Over the course of the five-year duration of the proposed activities, the SSC will work with the Action Teams in identifying increasingly refined scenarios that provide a basis for synthetic assessments of Arctic environmental change, create a foundation for knowledge exchange and help translate research findings into specific response action by stakeholders and policymakers. This approach avoids the use of limited, prescribed drivers and broadens attention toward the likely impacts (and vice versa) of different scenarios on either an ice-diminished Arctic Ocean, thawing permafrost, land ice, sea level, or societal and policy responses.

Building on the project initiation meeting, the SSC and Action Team leadership will help review and map scenario and assessment efforts that are currently underway onto SEARCH goals and objectives. This work will draw in other NSF-supported research projects, such as ArcSEES projects employing scenario development, as well as interagency efforts, in particular the North Slope Science Initiative’s regional scenarios project focused on energy resource development in the U.S. Arctic. From these efforts, interim, draft scenarios for “Arctic Futures 2050” will emerge. The action teams would then review these draft scenarios and associated background material, identify promising research and synthesis efforts addressing key uncertainties, and a first exploration of what such scenarios mean for each respective theme. Over the course of the five-year investigation period, scenarios will further evolve and help inform activities at the action-team level and at the broader system-scale (e.g., effect of rapid sea ice loss (Action Team #1) on coastal permafrost degradation (Action Team #2)).   This approach encourages interaction among the action teams and helps to keep everyone on track.

Action teams should update their Arctic Futures 2050 scenarios on an as-needed basis (e.g., annually), whenever new information merits reconsideration (e.g., massive 2007 summer sea ice retreat might affect projections of future sea ice cover) and/or from community input (e.g., new published studies or AGU Special Sessions covering the action team theme). With their expert knowledge and stakeholder involvement, the action teams can provide assessments and tailored information that improves upon the publicly available scenario projections from CMIP5/AR5.  In this sense and in how they provide synthesis, the action teams represent “value added” compared with the much more general CMIP5/AR5 scenarios and assessments.

b) Arctic 2050 Culminating Meeting
As a process, outlined under a) above, the development of scenarios serves as a thread that helps tie different action team activities together. These activities then culminate in an Arctic Futures 2050 event towards the end of the 5-year project period. This meeting can be thought of as the combination of an all-hands open-science and knowledge-exchange meeting aimed at synthesizing the state of the Arctic system across sub-systems, identifying trajectories towards the Arctic by 2050 and jointly developing research and response strategies to address key unknowns, challenges and opportunities arising from these insights. The timing of the meeting would also serve to chart a course for future SEARCH activities, program structure and next steps. Funding support for this meeting would be sought as a multi-agency activity with additional stakeholder support.


3. Knowledge Exchange (KE) Workshops
These will consist of close and structured interaction between scientists and stakeholders, in order to generate “actionable science.”  This approach differs from purely scientific conferences or policy planning meetings, which are more of an “either-or”, in that the goal is for both groups (scientists and stakeholders) to interact with each other in ways that lead to practical outcomes. However, the NSF grant for which funding is sought here would not be used to support personnel or activities by other agencies, for which we anticipate (in-kind) support by these agencies or funding from third parties.

Rather than a traditional meeting with a series of talks and science-focused breakout groups, the KE workshops will be designed to collaboratively design products and to exchange knowledge. The KE workshops will be “working meetings” and not solely information exchange—rather than emerging from the meeting with a set of archived powerpoint presentations or a series of recommendations for a report, these meetings will be designed so that participants will be expected to advance a synthesis product (e.g., developing components of a scenario, writing main sections for a review paper). The KE workshops will be structured by drawing on insights gained from recent research focusing on knowledge exchange, both within the Arctic (e.g., Crate and Fedorov, “A methodological model for exchanging local and scientific climate change knowledge in Northeastern Siberia”, Arctic, 2013) and across other regions (Fazey et al., “Evaluating knowledge exchange in interdisciplinary and multi-stakeholder research”, Global Env. Change, 2014).

The KE workshops are where the transformative "re-wiring" of societally relevant Arctic research, as captured in the SEARCH goals, is accomplished.  They will bring together the disparate communities of scientists, funders, and users so that direct personal relationships can form and grow.  These multiple perspectives shared among all KE attendees are necessary to ensure that the science and implementation plan created at the initial KE workshop in each theme embodies achievable science within feasible support constraints to produce actionable products.   The absence of sufficient representation for any group risks the identification of either unattainable scientific goals, unrealistic support requirements and/or new knowledge that can't be used to assist decision makers.   Subsequent KE workshops will allow refinement of these mutually beneficial activities along with opportunities to strengthen the personal relationships that underlie the co-dependent effort. 


4. Action Team Issues
· Removal of Policy Action Team - In order to increase integration into each team’s activities, foster synthesis and reduce project costs, the SSC and Action Team leads have agreed to eliminate the Action Team for the policy theme and instead subsume these activities under each Action Team’s objectives. For example, for the ice-diminished Arctic Ocean theme, the Action Team leads will work with a post-doc/early-career scientist who is versed in policy and communication to explore how research findings on the impacts of reduced sea ice find their way into the realm of policy development. The permafrost Action Team will focus on implications of thawing permafrost on global regulatory frameworks for greenhouse gases. 
· Distinction Between Sea Ice Action Team and the Sea Ice Prediction Network – The SEARCH Sea Ice Action Team will have a focus that is distinct from and much broader in its scope and objectives than the recently funded Sea Ice Prediction Network (SIPN; http://www.arcus.org/sipn). SIPN is focused on seasonal predictions/forecasts of sea ice, including quantitative evaluations of predictive skill, assessments of predictability of different system components and development of targeted observations to increase predictive skills. These activities constitute only a very small subset of the scope of topics and activities laid out for the Action Team, which will address consequences of an ice-diminished Arctic. Hence, the Action Team will engage researchers across a range of disciplines, such as marine biology, political science, etc., that extend far beyond the comparatively narrow scope of SIPN. Moreover, to achieve a broader perspective of Arctic system-wide changes, the sea-ice Action Team will have to engage with the other two teams on a much broader level than that focused on ice prediction.
· Action Teams as UAF Subcontracts - Action Teams will be run as subcontracts so that the SSC has some level of control over activities, including the potential reallocation of resources between teams to support overall SEARCH objectives as the program evolves. 
· Post-Docs - The post-doc position allocated with each Action Team has been increased to full-time funding. In turn, travel budgets have been reduced, to be complemented by funding that Action Teams will seek from outside sources.
· There will be some flexibility in how the action team funds are allocated, as long as the approach of each Action Team is approved by the SSC, follows the guidance implicit in the SEARCH 5-year implementation plan, and remains within the UAF budget for each subcontract.


5. Data Management & Connection to ACADIS
· SEARCH continues to work with ACADIS leadership to identify and develop synergies between the two and to initiate specific ACADIS/SEARCH collaborative activities that serve the broader research community and other data/information users. We also have a formal connection with ACADIS as Larry Hamilton, an SSC member, is also a member of the ACADIS advisory committee; moreover, the Observing Change Panel’s Data Advisory Group can provide guidance and feedback to ACADIS.
· Specific activities that are currently being discussed by ACADIS/SEARCH include: (i) identification of a focus area for next-generation data and information products that overlaps with planned SEARCH Action Team activities; (ii) development of use cases to guide ACADIS services to the research community; (iii) development of data management and exploration tools; (iv) coordination of SIPN and ACADIS activities focused on data products for sea-ice prediction community, stakeholders and the informed public; (v) participation of ACADIS leadership in project initiation meeting planned with Action Team leads and SSC.


6. Measures of Success
As SEARCH is not program simply defined by a set of funded projects, measures of success will represent the breadth of the program and also must take into consideration the innovative nature of many of the activities. During the initial kick-off meeting (to be convened within the first six months of the project), specific measures of success for action teams will be decided and included as an integral part of the first annual plan (see #7, below). 
Overall SEARCH measures of success will include: 
· Meeting key milestones within set deadlines. Milestones and tasks, such as topical workshops, development of documents and products, and program management tasks will be tracked and communicated on a new SEARCH website.
· Publications in the peer reviewed literature.
· White papers.
· Datasets or data products.
· Increasing diversity of participation in SEARCH, including by key defined stakeholder groups – measured through participation in discrete SEARCH activities, diversity of representation on SEARCH action teams or other ad hoc working groups, and measures of impact/use of SEARCH resources (e.g., tracked through the website, etc). 
· Involvement of SEARCH member agencies, through direct funding, in-kind support, or other participation in SEARCH activities.
· Each action team and the SSC will produce a high-level review paper in a journal that helps guide the direction of the science and synthesis as we approach the second part of the 5-year project.


7. Structure & Governance 

· Executive Director Position
· This must be a full time position, not only to attract the level of professional needed, but in order to accomplish the work required.
· The Executive Director is a crucial position, but with many potential risks and problems if not well thought out beforehand; the SSC will develop a detailed job description to address this issue.
· The ED will need to be insulated from hosting university; SSC Chair /SSC will hold supervisory duties. Hajo Eicken will work with UAF to get a memo clarifying this issue. 
· The ED cannot take the position with her/him when relocating; the authority for the position rests with SSC regardless of location. 
· Having the flexibility to allow the ED to remain at their current institution while making trips to Fairbanks and elsewhere is important, as is the potential to have the position migrate to another location as the SEARCH program evolves.

· Management and Program Plan
· Within the first six months of the project, ARCUS will work with the SSC to develop key documents to guide SEARCH, including:
·  a management plan – clarifies, in writing, who is responsible for what, the flow of communication and authority, Terms of Reference for the SSC and Action Teams, etc.
· the first annual program plan – including milestones, expected outcomes, a timeline; and
· a documented process by which the management structure and program plan are reviewed on a regular basis (e.g., daily/weekly by ARCUS staff, monthly by the SSC)—even the most thoughtful and detailed program plan is not useful without regular and consistent oversight and a way to track progress.
· The management plan will also include an annual evaluation plan, which will allow for changing any approach or activity that is not working well. 
· In addition, an external advisory committee will be convened in the first year to help provide an external evaluation of program activities.


8. Components Cut from Proposal & Budget

[bookmark: _GoBack]As recommended, the items would be removed as an activity and have been cut from the budget. As a result the budget is now reduced by 23% relative to the original total request. The ARCUS portion of the budget was reduced by roughly $0.200M to $1.74M and the UAF portion by roughly $1.55M to $4.25M. 
· AON Coordinator: This position is still central to link SEARCH research focused on understanding and predicting Arctic environmental change to observing activities. Currently, no other entity serves this important function. At a meeting organized by the Office of Science and Technology Policy (OSTP) in January 2014, this problem was recognized by the spectrum of agency leadership represented at the meeting. To address this shortcoming, the OSTP meeting concluded with the recommendation to create an interagency position residing within the Group on Earth Observations office within OSTP to fill at least part of this function.
· UAF Data Analyst: This position has been removed from the budget; ongoing conversations with ACADIS are meant to ensure that the data products generated by the planned activities are appropriately housed and disseminated.
· UAF Admin position: The scope of this position has been substantially reduced; however, two weeks of time per year has remained in the budget for support directly tied to the ED position, including ED travel, communication and organization of meetings and activities in support of but not covered by Action Teams. 
· ED salary and 12-month coverage: For these types of positions it is customary to provide full support without the need to bring in additional salary for other activities, in particular since the latter would detract from the SEARCH goals and objectives. Hence, we retained full 12-month coverage (and salary commensurate with such a senior-level scientist). However, after two years the compensation level and in particular 12-month coverage will be reassessed as part of the annual review.
· ED Travel: Travel support for the ED and activities under the purview of the ED, such as meetings related to ED-led activities, remains within the UAF budget. After one year, this arrangement will be reviewed and reevaluated jointly with ARCUS as part of the annual review.
· Knowledge Exchange Fellowships: These fellowships, while never intended to be distributed to agency personnel, have been removed from the budget. We will seek alternate funding to support this effort.
· Action Team #4: As outlined above, this Action Team has been cut from the budget and team activities and objectives have been integrated into the other three Action Teams.
· ARCUS budget: Cuts to travel support for initial kick-off meeting and annual meetings (representing an approximately 11% budget reduction)
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