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This paper provides a case study analysis of knowledge co-production with an Indigenous community and Tribe in Southeast Alaska. The 24-month study provided climate services and information in support of climate adaptation and mitigation with community identified priorities of food sovereignty and food security. Our objectives are to (1) describe an application of a theoretical framework that is specific to co-production among Indigenous and non-Indigenous partners, and (2) reflect on the ways in which this application supports relevance and use of climate services in an Indigenous community. Methods included text analysis of written research logs, review of monthly project briefings and structured discussions among a diverse author team. We found that co-production can be used to explicitly define a collective vision among partners that is a transformative way of doing applied climate and environmental science. As such, the role of the university researcher shifted from focusing on personal research interests to a focus on supporting local needs and priorities. When the climate services process is centered on Tribal and community priorities and locally identified science needs, the climate science aspect becomes just one element in the implementation of a larger local vision and goals. Challenges our team encountered during the study were related to logistics, communication, juggling priorities of multiple partners, capacity, and conducting community-based research during a global pandemic. We recommend that future efforts to co-produce climate services through research, adaptation planning, and mitigation be institutionalized and maintained over decadal, not annual, timescales.
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Introduction

The field of climate services emerged to better equip decision-makers with tools to manage the risks and opportunities arising from climate variability and climate change (National Research Council, 2001; Solomon et al., 2009; Hewitt et al., 2012; Brasseur and Gallardo, 2016; Daly and Dilling, 2019). Climate services are science approaches that focus on the usefulness, usability, and practical applications for climate change adaptation planning and mitigation (Brooks, 2013). Increasingly, co-production is acknowledged as a valuable mechanism for providing climate services (Vincent et al., 2018, 2020; Steynor et al., 2020; Vollstedt et al., 2021). Co-production can support the generation of climate services that are contextually credible, salient, legitimate (Buontempo et al., 2014; Bremer et al., 2019), and which go beyond the provision of climate information to support procedural benefits, including local empowerment (Baztan et al., 2020).

Co-production approaches are increasingly acknowledged as beneficial to actionable science in support of climate adaptation (Homsy and Warner, 2013; Meadow et al., 2015; Lavorel et al., 2020), and offer the opportunity to carry out climate research that uses meaningful methods to produce useful results for the public (Inukalik et al., 2020; Latulippe and Klenk, 2020; Yua et al., 2022). While there is a growing body of literature that describes characteristics of meaningful co-production (Beier et al., 2017; Wall et al., 2017b; Yua et al., 2022), processes of implementing (Djenontin and Meadow, 2018; Austin et al., 2019; Sikuaq Erickson, 2020) and evaluating (Wall et al., 2017b) co-production are not as prevalent.

Climate change is impacting the land and resources that Indigenous communities and Tribes in Alaska rely on for food security, food sovereignty, resource management, and cultural continuity, all of which are important Tribal and community priorities (ICC, 2012; Inukalik et al., 2020). Concurrently, Indigenous leaders are speaking out against the inequities in scientific research that have benefitted the scientific enterprise but left communities without tangible solutions to the challenges they face (Bahnke et al., 2020; Early, 2021). When climate science and adaptation planning are led by communities and Tribes, research and adaptation outcomes have the potential to be locally relevant (Kipp et al., 2019). Indigenous-led research can enable prioritization of Indigenous connections between the environment and wellbeing (Kipp et al., 2019). Indigenous peoples may be well positioned to use Traditional Knowledge in climate science and to inform adaptation planning, given historical and lived experience with adaptation and worldviews that promote holistic problem-solving (Vogel and Bullock, 2021). Conducting science with Indigenous methodologies and worldviews is a growing field (CTKW et al., 2014; TallBear, 2014; Johnson et al., 2016; Maldonado et al., 2016; Daniel, 2019; David-Chavez et al., 2020) and a model of knowledge co-production has been presented by Indigenous leaders in Alaska (Yua et al., 2022).

While co-production is widely put forward as a desired process for creating use-inspired science (Beier et al., 2017; Wall et al., 2017a; Wyborn et al., 2019; Norström et al., 2020), co-production among non-Indigenous researchers and Indigenous communities requires special considerations (David-Chavez and Gavin, 2018; Carlo, 2020; Sikuaq Erickson, 2020). Meadow et al. (2015) note a need “to refine our understanding…of what specific actions and activities most effectively produce the trusting, long-term relationships necessary to the co-production of usable science” (p. 189). In this paper, we present the specific actions and activities our team carried out while forming effective relationships to co-produce meaningful climate science among Indigenous and non-Indigenous partners in Southeast Alaska.

This paper presents an instrumental case study (Stake, 1995) of knowledge co-production with an Indigenous community and Tribe in Kake, Southeast Alaska, aimed at providing climate services (Brooks, 2013) in support of climate adaptation and mitigation. Our objectives are to (1) describe an application of the Yua et al. (2022) co-production framework (hereafter, Ellam Yua co-production) in the Kake Climate Partnership, and (2) reflect on the ways in which our application of Ellam Yua co-production is linked to the relevance and use of climate services in an Indigenous community.

For Objective (1), we documented our experiences over the first 24 months of our research partnership through tracking:

(1a) Accomplishments and financial spending over 24 months, to better understand the potential repeatability of implementing Ellam Yua co-production in climate change research.

(1b) How the Ellam Yua co-production elements manifested in our work, to compare our work with the ideal type of Ellam Yua co-production.

(1c) Challenges faced during the 24-month period of study, to inform others who may choose to implement Ellam Yua co-production and provide a balanced analysis of our application of the framework.

For Objective (2), we present details about key features of the Kake Climate Partnership. We use the term ‘study' throughout this paper to refer to our case study research of the co-production process.



Materials and methods


Co-production of knowledge

Jasanoff (2004) and others (e.g., Miller, 2004) use the term co-production broadly to mean how, “the ways in which we know and represent the world (both nature and society) are inseparable from the ways in which we choose to live in it” (p. 13). In a review of publications using co-production, Bremer and Meisch (2017) found no “common view of co-production” in climate research, and instead classify co-production in climate research across eight different lenses, or approaches. However, in climate and environmental sustainability research, it is common to encounter an outcomes-based understanding of co-production (Dilling and Lemos, 2011; Meadow et al., 2015; Lemos et al., 2018; Kettle, 2019). For example, Lemos et al. (2018) discuss co-production as, “a focus of research and…practice among scientists, stakeholders, and funders” (p. 722), situated in terms of how well it can lead to sustainability outcomes for society. Daly and Dilling (2019) describe a focus on outcomes as a normative approach to co-production.

Although co-production practices are increasingly popular, Daly and Dilling (2019) found that normative co-production practices do not necessarily lead to transformational or usable climate services. Treating co-production as a means to an end, rather than a meaningfully reflexive process, can reinforce existing power imbalances and inequities without producing relevant or applicable climate services. In contrast to normative co-production, the Ellam Yua co-production framework we employed for this study is process-based (Figure 1).
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FIGURE 1
 Reproduced from Yua et al. (2022) depicting a visual representation of the framework for Ellam Yua co-production of knowledge (CPK). Yua et al. (2022) explain: “The center of the framework shows the goal: co-production of knowledge. Surrounding the goal are the two knowledge systems (Indigenous Peoples' knowledges and science) that will come together in this process. The inner ring surrounding the knowledge systems is what we refer to as the “action circle.” This circle, or inner ring contains various aspects of, or actions that are part of, a CPK research process. We emphasize that CPK is a process. The outer ring of the CPK framework holds all the concepts, referred to as “conceptual tools,” that all participants in this approach need to implement and be continuously mindful of. These tools are the concepts that, when implemented together, can bring about equity. Lack of equity is a systemic issue in many research relationships with Indigenous Peoples. Without equity, a CPK approach is not possible. CPK is an iterative and cyclical process, rather than a simplistically linear approach” (p. 9).



Selecting a framework: Ellam yua co-production

We use the Ellam Yua definition of knowledge co-production, which is a “process that brings together Indigenous Peoples' knowledge systems and science to generate new knowledge and understandings of the world that would likely not be achieved through the application of only one knowledge system” (p. 2). Ellam Yua co-production involves 21 elements depicted in Figure 1.

Ellam Yua co-production was selected for this study because this framework was developed by Indigenous scholars in Alaska, for work among Indigenous and non-Indigenous Alaskans, and explicitly engages a holistic, Indigenous worldview (Daniel, 2019; Yua et al., 2022; Figure 1).

Tribal sovereignty—the authority to self-govern (NCAI, 2022)—is a central concept in Ellam Yua co-production. Following Ellam Yua, meaningful co-production takes place when Indigenous and non-Indigenous partners lead a project together from the beginning stages of developing a research idea through project design, data collection and analysis, and sharing of project outcomes, while upholding Tribal and data sovereignty (NCAI, 2018; Latulippe and Klenk, 2020). Creating and nurturing an equitable and meaningful process among partners is as important—and sometimes more important—than specific research or sustainability outcomes. It is expected that by focusing on an equitable process, outcomes will be relevant to and useful for Tribal and community partners.

Ellam Yua co-production aligns with epistemologies aimed at centering equity, ethics, and decolonization—disrupting legacies of imperalism and exploitation (Tuhiwai Smith, 2012; Marino et al., 2020)—across fields of study and policy (Bartlett et al., 2012; Tuck and Yang, 2012; Fryberg and Eason, 2017; Latulippe and Klenk, 2020; Reid et al., 2021), as well as specifically in climate change research (Mihlar, 2008; Whyte, 2013, 2017). Ellam Yua co-production shares characteristics with “Two-Eyed Seeing”, as described by Bartlett et al. (2012) and Reid et al. (2021), in that both aim to weave together Indigenous and non-Indigenous knowledge systems. Ellam Yua co-production has similarities with some work in the realm of participatory action research (Peterson, 2011), political economy focused on climate vulnerability (Barnett, 2020), “transformative” worldview approaches to social science (Creswell, 2014), and other co-production approaches (Turnhout et al., 2020; Hauser et al., 2021), which are similarly centered in power- and justice-oriented scientific research.




Geographic area, research partners, and related activities


Land acknowledgment

As authors of this paper, everywhere we live and work is Native land. We recognize, appreciate, and honor Indigenous peoples and their past, present, and future land stewardship. The work we present in this paper has taken place on the unceded territories of many Indigenous peoples within the boundaries currently recognized by the United States Federal government as the State of Alaska. Most of our field research work has taken place on Tlingit Aani, in the unceded territories of the Keex' Kwaan Tlingit people in Southeast Alaska (Figure 2).
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FIGURE 2
 Kake Community Use Map, depicting traditional harvest areas for members of the Organized Village of Kake Tribe and residents of the community of Kake. Core Keex' Kwaan Customary and Traditional Use areas and shared areas total over 6,000,000 acres. This is a map that was created by Mike Ka.oosh Jackson (OVK Historian) and Bob Christensen (ESRI GIS Mapper).




Geographic area: Kake, Alaska (Keex' Kwaan)

Kake is in the heart of Southeast Alaska, at the confluence of three major bodies of water: Frederick Sound, Chatham Strait, and Keku Strait (Figure 3). Kake is a Tlingit Alaska Native community in Southeast Alaska with a population of around 570 people (US Census 2018) and is accessible by boat or small plane. Kake is not accessible by road from other communities in Alaska, the contiguous United States, or Canada. The State of Alaska designates the community of Kake as encompassing 12.85 square miles of land on the northwest shoreline of Kupreanof Island (DCRA, 1988; Supplementary file A). The Organized Village of Kake Federally recognized Tribe recognizes an overlapping but much larger area of land and water as the traditional Kake Community Use Area for people in Kake (Figure 2).
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FIGURE 3
 Alaska in relation to Earth, and Kake in relation to Alaska. Created by M. Rhodes-Reese in Adobe Illustrator.


Like other areas of Southeast Alaska, the coastal rainforest area surrounding the Kake Community Use Area is comprised of steep walled valleys and deep, narrow bays characteristic of glaciated terrain (CEC, 2015). Southeast Alaska has the mildest temperatures in Alaska, and typically experiences large amounts of precipitation year-round. Historically (1925–2021), monthly average temperatures have ranged between 16.6 and 59.6 degrees Fahrenheit and monthly precipitation has ranged between 0.41 and 27.97 inches in the area surrounding Kake (NOAA, 2022a,b). The forests are dominated by western hemlock and Sitka spruce and the coastal ocean waters are heavily influenced by glacial runoff (Gallant et al., 1995).

Climate change impacts in Kake and throughout Southeast Alaska include increasing variability and extremes in weather events. For example, while annual precipitation in the region is increasing over long timescales, year to year fluctuations have led to extreme drought periods in recent years (e.g., 2017–2019; Thoman et al., 2019). Increasingly unstable weather patterns, including seasonal drought conditions, have led to large variations in stream depth and temperature and concerns about the potential for increasing harmful algal bloom incidence in ocean waters near Kake (Leffler, 2019). The long-term health of ocean water, creeks, and streams around Kake directly affect Tribal and community health, food sovereignty (Inukalik et al., 2020), and food security (Carlo, 2020; Inukalik et al., 2020) of local residents through impacts on foods like seaweeds, shellfish, and fish, including salmon. Linkages among climate change, the environment, and pollution are locally relevant, as they have potential to impact food sovereignty and food security through impacts to accessing healthy customary and traditional foods throughout the Kake Community Use Area.



Research partners and related activities

The Kake Climate Partnership (the Partnership) was formed in 2020 between a Federally recognized Tribe, a local Tribal corporation, a rural municipal government, and a research and boundary spanning (Kettle and Trainor, 2015) organization at a public university: the Organized Village of Kake (OVK), Kake Tribal Corporation (KTC), the City of Kake (the City), and the Alaska Center for Climate Assessment and Policy (ACCAP) at the University of Alaska Fairbanks (Table 1). The Tribal, Tribal corporation, and municipal partners are based in the community of Kake, while the university partners are based in Juneau, AK, (E. Figus) and Fairbanks, AK (S. Trainor). All research projects carried out by the Partnership take place in and around Kake.


TABLE 1 Description of each entity in the Kake Climate Partnership, including their primary role in the Partnership.
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The Climate Partnership was modeled after the existing Keex' Kwaan Community Forest Partnership (Nix, 2019) and is aligned with broader work to strengthen food sovereignty and security and manage natural resources in the Kake Community Use Area. There are existing initiatives in Kake for a Tribal Conservation District and an Indigenous Coastal Guardian Network. In 2018, OVK began pursuing status for the Kake Community Use Area to become a Federally recognized Tribal Conservation District (TCD; NRCS, 2020)1. Status as a TCD provides eligibility to apply for funding support from 22 departments within the United States Department of Agriculture to monitor and protect the TCD area. OVK and KTC agreed to sign an MOU with the USDA to form the Keex' Kwaan Tribal Conservation District. In November of 2021, the MOU forming the Keex' Kwaan Tribal Conservation District was signed by the United States Secretary of Agriculture (USDA, 2021). The Tribal Conservation District is described in greater detail in Table 2.


TABLE 2 Detailed descriptions of two ongoing activities in Kake related to the Kake Climate Partnership.
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OVK is part of a growing movement aimed at creating an Indigenous Coastal Guardian Network in Southeast Alaska, modeled after an existing Guardian Watchmen program across the North Pacific Coast, to “uphold and enforce traditional and contemporary Indigenous laws...in protecting and managing coastal territories” (CFNGBI, 2022a). The Coastal Guardian Network is described in more detail in Table 2. Creation of the Keex' Kwaan Tribal Conservation District and a Coastal Guardian Network program in Southeast Alaska have the potential to support greater local and Tribal sovereignty to manage natural resources and exercise authority over climate change adaptation planning and mitigation in the Kake Community Use Area.



Instrumental case study

We use an instrumental case study (Stake, 1995) analytical approach in this paper to address both Objective (1) and Objective (2). In this application, the Kake Climate Partnership is treated as a “program” (Stake, 1995) studied to learn about the “process” of Ellam Yua co-production. Co-authors on this paper brought three different perspectives to this work. During the study, E. Figus was a university research center postdoctoral fellow with full-time work capacity devoted to the Partnership. E. Figus was a non-objective (see Stake, 1995, p. 8) participant observer in the study, who simultaneously recorded and examined meaning of Kake Climate Partnership activities during the study period. B. Ki'yee Jackson was a Kake resident, an enrolled member of OVK Tribe, a shareholder in KTC, and was a full-time staff member at OVK with part-time work capacity devoted to the Partnership throughout the 24-month period of this study. S. Trainor was a co-Director of the ACCAP RISA program in Alaska with connection to the Partnership via her role as E. Figus supervisor throughout the 24-month period of this study.



Building a partnership through written and agreed upon principles and expectations

In December 2019, E. Figus contacted OVK, KTC, and the City of Kake to propose a climate research partnership using the Ellam Yua co-production approach. In January of 2020, the OVK Council passed a resolution to partner with E. Figus and ACCAP, and to extend a partnership invitation to KTC and the City. In May of 2020, all four potential partners held a joint meeting virtually via Zoom video conferencing software (Banyai, 1995) to discuss whether and how to finalize a broader partnership. At the meeting, ACCAP, OVK, KTC, and the City created a set of explicit Principles and Expectations (following Naquin et al., 2019; Supplementary file B) to guide the work of the Partnership. The Principles and Expectations document stipulates broad ideas (e.g., shared values among partners) and narrowly defined responsibilities (e.g., who is responsible for record-keeping). The KTC Board of Directors and the City Council subsequently passed resolutions to formalize the Kake Climate Partnership during the summer of 2020.



Travel

Following Ellam Yua co-production elements in the ‘Conceptual Tools' and ‘Action Circle' rings of the model (Figure 1), E. Figus traveled to Kake in person early and often in this process, spending a total of 10.5 weeks in Kake during this study. E. Figus made four short trips to Kake between December 2019 and March 2020, before needing to pause travel for 6 months due to the onset of the COVID-19 pandemic. During those first four trips to Kake, E. Figus was able to present in person at meetings of the OVK IRA Council, the Kake City Council, and at the Annual Meeting of the OVK Tribe, as well as meet individual members of the KTC Board in person. In addition, E. Figus and OVK staff worked with the teachers and administrators at the Kake City Schools to provide guest lectures and an intertidal field trip for middle and high school students in Kake in January and March of 2020, respectively. E. Figus subsequently made two three-week trips to Kake (to allow for quarantine periods), in October 2020 and March 2021, and made three short trips to Kake (when quarantine was not needed) in May and September 2021.



Determining field projects

Field research topics were determined by partners from Kake using consensus to choose a set of projects to work on together. During the spring of 2020, OVK, KTC, and the City held informal meetings to discuss ideas for climate change field projects and ACCAP partner E. Figus documented the various ideas (Supplementary file C). At the formal joint meeting in May of 2020, E. Figus presented the lists of potential projects, and all partners agreed on which of the ideas to prioritize.



Funding for field projects

Because the field projects were determined through the co-production process, leveraging existing funds and securing new funds to support project costs took place during the study. Members of the Kake Climate Partnership carefully tracked their spending related to their co-production process as well as to individual field projects. We provide a general overview of the financial spending associated with the Partnership in later sections of this paper.



Documenting the partnership and process

Co-author (and ACCAP employee) E. Figus was the only partner with full-time work capacity devoted to the Partnership. Therefore, the bulk of the documentation responsibilities were placed on her. We documented our partnership and our co-production processes in three ways:

1. Written Logs: Co-author E. Figus kept written logs between November 2019 and October 2021, to document Partnership activities and specific reflections about the co-production of knowledge process (Supplementary file D). Li (2018) notes, “reflexivity is an important research device for the social construction of new knowledge and production of competent research identities” (p. 17). In line with Li (2018), the written logs allowed for self-reflexivity (Alvesson and Skoldberg, 2009) and a process of self-questioning about methodological, theoretical, and practical issues (Silverman, 2010; Li, 2018) by the primary university partner throughout the study.

2. Written monthly updates: E. Figus prepared monthly update briefings between May 2020 and October 2021, which were emailed to all project partners.

3. Reflective conversations among co-authors: Co-authors met four times for a period of 1 h each during the Fall of 2021 to discuss our observations and experiences over the 24-month period. Co-authors E. Figus and B. Ki'yee Jackson further met weekly during the Fall of 2021 for 30–60 min each, to discuss the study. Reflective conversations added collaborative reflexivity (Alvesson and Skoldberg, 2009) to this work. These conversations were important because they provided a diversity of perspectives as well as important space for all co-authors to share observations and perspectives and ensure those were documented in this paper. Co-author E. Figus documented these conversations in written notes, and all three co-authors used those notes to reach consensus about key outcomes from the study.




Analysis

Objective 1: describe an application of the Yua et al. (2022) co-production framework.

In documenting our partnership and processes we tracked items (1a), (1b), and (1c). Analyses for each item are described below.

(1a) Accomplishments and financial spending over 24 months.

Co-authors reviewed monthly project updates and the Principles and Expectations document and used reflective conversations to summarize accomplishments of the Kake Climate Partnership. Accomplishments during the study are organized in relation to our shared set of Principles and Expectations.

We summarized our approximate spending across each of 3 broad categories: Travel, Salary/Direct Payments, and Field Project Costs. The category “Travel” includes only travel by E. Figus to Kake, as other travel was canceled during the 24-month period of the study, due to the COVID-19 pandemic. The category “Salary/Direct Payments” refers to E. Figus's salary, partner staff time, and payments to local residents in Kake for work related to the Partnership. The category “Field Project Costs” includes purchase of supplies, shipping, sample processing, and any direct payments to people not residing in Kake who assisted with Partnership work during the 24-month period.

(1b) How the Ellam Yua co-production elements manifested in our work.

(1c) Challenges faced during the 24-month period of study.

Responses to items (1b) and (1c) were determined through analysis of written logs and reflective conversations among co-authors. Monthly logs were written and analyzed by project facilitator, E. Figus, and were coded based on intentions and outcomes. For example, use of the code ‘Equity', could refer to an intent to create equity or an outcome of equity. Coding was not split between these two perspectives. This approach to coding was made possible because the coder was the same person who had written the log entries. The dual role of researcher and practitioner played by E. Figus may have caused added ‘strain' for her lived experience during the study (Arber, 2006), but this reflexive activity enabled us to gain awareness of how the study and relationships developed within it shaped both the researcher (E. Figus) and the research (the Kake Climate Partnership).

Written logs were analyzed in the NVivo text analysis software program (QSR International Pty Ltd., 2020) using both deductive and inductive coding (Bernard, 2011). Deductive codes are determined prior to analysis and are used to test a hypothesis or seek out predetermined themes in a text. Inductive codes are identified during the coding process and are used to allow themes and understanding to emerge from a text without predetermined ideas. Individual logs for each of the 24 months from November 2019 through October 2021 were uploaded to a single NVivo file. A total of 22 deductive codes were created at the beginning of the text analysis process. Twenty-one of the codes correspond to elements in the Ellam Yua co-production framework (Figure 1), and one code was created for “Challenge”, specifically to capture information relevant to item (1c). We use the term “elements” throughout this paper to refer to the 21 pieces of the Ellam Yua co-production framework (Figure 1) as defined by those authors. The code for “Challenge” was defined as difficult tasks or problems our team encountered, including caveats and deviations from Ellam Yua co-production. The code for “Challenge” was analyzed alongside the Ellam Yua elements and is described with them in the section titled, “Results from coding monthly logs.”

Additional codes were created inductively during the coding process, which were not part of the Ellam Yua framework. Deductive codes were subsequently analyzed in the NVivo software program for incidence, clustering using Pearson's and Jaccard's correlation coefficients (Egghe and Leydesdorff, 2009), and qualitative characteristics. Qualitative themes were explored in the inductive codes and correlation analyses were not run on them. The content of the codes was summarized to respond to (1b) and (1c). Coding results were visualized using NVivo software. Selected quotes were also chosen from the logs to aid in descriptions throughout the paper.

Objective 2: reflect on the ways in which our application of Ellam Yua co-production is linked to the relevance and use of climate services in an Indigenous community.

We used collaborative reflexivity (Alvesson and Skoldberg, 2009) in the form of reflective conversations among co-authors to build upon findings from our analysis of items (1a), (1b), and (1c) to identify and understand the relevance and usefulness of climate services generated through Ellam Yua co-production to Kake.




Results


Objective (1a) accomplishments and financial spending over 24 months

Our entire study was based around relationship building. As a process that does not end, relationship building was both a key accomplishment of this work and an ongoing process. As such, it is noted in multiple parts of this section.



Alignment of accomplishments with mutually agreed upon principles and expectations

Project partners agreed on a shared set of Principles and Expectations (following Naquin et al., 2019; Supplementary file B) 6 months into the 24-month study. Partners agreed to uphold eight principles and six expectations for the life of the Partnership (Table 3, Supplementary file B). Much of the content in the Principles and Expectations document is typical of best practices for any research partnership following Yua et al. (2022) and similar methods (Naquin et al., 2019; e.g., “Respect & Equity”). Partners additionally included items specific to the context of Kake such as Southeast Traditional Tribal Values and workforce development (Supplementary file B).


TABLE 3 Abbreviated list of principles and expectations of kake llimate partnership with examples of how each one was accomplished during the 24-month period of this study.

[image: Table 3]

The document stipulates that all partners have agreed to work together to benefit the community of Kake. The document also details that the Partnership and all projects within it address local needs and priorities for youth training and workforce development related to climate adaptation. However, it stops short of stipulating research project topics or outlines in detail. In line with Ellam Yua co-production, research priorities were set by the partners in Kake and were carried out within timeframes amenable to community and Tribal needs. The Principles and Expectations document functions as both a guide for Kake Climate Partnership work and a measuring stick, against which to gauge successes over time. Table 3 presents a list of accomplishments in relation to the eight principles and six expectations, and accomplishments are described in detail below.

Building a partnership centered around respect and equity was an iterative and ongoing process throughout this study. The “respect and equity” principle is closely aligned with the Ellam Yua elements for “Equity” and “Trust and Respect,” which are explained in greater detail in the section titled, “Results from coding monthly logs.”

The term, “sovereignty,” in the Principles and Expectations was used to refer to Tribal sovereignty of OVK as well as supporting KTC and the City in exercising their local authority over decisions and information related to the Partnership. Concerns about food sovereignty and food security were the local drivers for interest in climate and environmental research in Kake.



Field projects

During the 24-month period of this study, partners designed five field projects aimed at characterizing local impacts of climate variability and pollutants on customary and traditional foods (Table 4).


TABLE 4 Field projects in order of priority and timing.
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Ocean monitoring (begun June 2020)

All three partners from Kake identified ocean monitoring as their top priority for the Partnership's first climate research project. In 2020 and 2021, a team of more than thirty local residents collected baseline climate and pollutant indicator data in seawater and shellfish tissues (including pH, salinity, conductivity, temperature, ammonia, nitrogen, fecal coliform, saxitoxin, metals, and mercury). Local partners determined project goals and outlined potential analytes of interest for data collection. E. Figus then connected with experts in the field of ocean monitoring in Alaska to advise local partners about how to design and implement the ocean monitoring program to achieve their goals. E. Figus assisted in all stages of ocean monitoring design and implementation, including: obtaining necessary permits; distributing leveraged funding; organizing training for locals on the sampling team; mentoring high school and college students on the sampling team; acting as field coordinator from her office in Juneau throughout the field seasons (assisting with supplies purchasing, creation of field log templates, sample shipments, sampling event scheduling, communications with outside labs, etc.); working with outside experts to review and summarize sampling data under non-disclosure agreements (NDAs); complying with permit reporting requirements; and prepping all project records to be stored in the OVK Archives.



Evaluation (meeting held May 2021)

During May 2021, representatives from each organization participated in a facilitated Talking Circle (based on FNPO, 2009; OVK, 2013) to reflect and tell the story of the Partnership. Analysis of this meeting and additional evaluation activities were planned for future years.



Research film (filmed summer 2021)

Three undergraduate interns (all Kake High School graduates) and one local videographer in Kake wrote, directed, filmed, and edited a science communication film about the Partnership, with the objective of sharing information about the Partnership with a broad audience. Film editing was ongoing at the end of the study period.



Stream monitoring (planned spring/summer 2021)

Partners planned a project to combine Traditional Knowledge with western science for monitoring water quality in local salmon streams. Salmon is an important local and traditional food to Kake residents. Methods included plans to A) train local residents to conduct interviews (Bernard, 2011) documenting Traditional Knowledge of changes in local salmon and streams over time, including observed changes in temperature, water levels and salmon runs in local creeks and streams through interviews with Elders and experts in Kake; and B) install temperature loggers and passive sampling instruments in stream locations near Kake documenting climate and pollutant indicators that may affect the ability of salmon to thrive in those streams.



Climate change adaptation plan for Kake (planning begun in January 2021)

Partners began creating an Adaptation Plan based on the Traditional Knowledge and scientific data collected by the Kake Climate Partnership, in line with CCTHITA (2019).

The two baseline data collection projects—ocean monitoring and stream monitoring—took up most of the Partnership team's work time (Table 4) during the study. Stream monitoring was planned but not begun during the 24 months of this study. Ocean monitoring data collections were completed during both years of this study, across a total of ten sample sites in the Kake Community Use Area (Supplementary file E).

E. Figus spent up to 25% of her time mentoring local youth and students during the study. Field projects emphasized mentorship, training, and paid work opportunities for local residents and Tribal members. In addition to providing part-time work opportunities for local adults, co-authors E. Figus and B. Ki'yee Jackson supervised nine students from Kake High School, who worked as paid research assistants during the study. For more than half of these students, working on the Partnership team was their first professional job. E. Figus, B. Ki'yee Jackson, and other team members also guest lectured at the Kake High School and hosted local students on two field trips. E. Figus further mentored one undergraduate research assistant/senior thesis project (Davis, 2021) and three undergraduate student interns—all of whom received living wage compensation for their work.

Understanding that ideas of ‘open data' and ‘open science' do not fully align with Indigenous Peoples' rights and interests (GIDA, 2019) or the rights and interests of non-academic entities, partners have supported Tribal and local control over all data and information gathered under the Partnership. During this study, partners used a Memorandum of Agreement (MOA) and multiple NDAs as tools to formalize this local control. As an example, the local undergraduate who used ocean monitoring data in her senior thesis signed an NDA for the duration of her use of the data. Her academic adviser, mentor E. Figus, and outside reviewer signed NDAs as well.

Defining the key facilitators for this work early in the Principles and Expectations document (Supplementary file B) provided clarity for the team. Assessment was made possible through consistent creation of monthly updates and holding a formal evaluation for all partners in May of 2021. Ocean monitoring (and planned stream monitoring projects) documented critical information to support local climate adaptation and mitigation. In the 24-month period of this study, partners produced numerous reports and presentations, including for Tribal and university meetings, and regional and national science conferences. The Partnership supported one undergraduate senior thesis project by an enrolled member of OVK Tribe (Davis, 2021), and received recognition from local, regional, and national media (Adapt Alaska and Figus, 2020; McKinstry, 2020; NOAA and Figus, 2021; Sea Grant and Figus, 2021). At the close of the 24-month period of this study, all partners agreed to continue and expand the Kake Climate Partnership and were engaged in negotiations to lengthen the existing MOA and expand the terms to include other planned projects.




Financial spending

The Partnership was formed knowing that university partners had 24 months of funding to cover co-author E. Figus's salary and travel from two different funding sources (NOAA and USDA). University funding also covered: travel for E. Figus and partners to attend science conferences (virtually); travel for E. Figus to visit colleagues throughout Alaska; and supported some parts of field research data collection in Kake. In addition to the university funding that was available at the project outset, OVK in Kake had existing grants from the Bureau of Indian Affairs and the Environmental Protection Agency to support field project costs and local salaries/direct payments. During this study, the Partnership secured (in new funds) or leveraged (pre-existing funds listed above) over $50,000 for directly paying local residents, including the nine paid high school research assistants, one paid undergraduate research assistant, and three paid undergraduate summer interns. Sources of new funds for paying residents came from successful applications for the Partnership to host paid interns (from NOAA and Alaska Sea Grant) and for a paid undergraduate research stipend during the academic year (from the University of Alaska Fairbanks).

Field projects were designed to fit within existing funding as appropriate. Table 5 summarizes spending in the 24-month period across each of three broad categories: Travel, Salary/Direct Payments, and Field Project Costs, and provides a basic overview of spending related to this type of co-produced research, without focusing on the specifics of our budget. Partners spent over half a million dollars, not including indirect/overhead costs, to carry out co-production in Kake over 24 months.


TABLE 5 Total approximate financial spending during the 24-month period of this study including all leveraged funds across three basic categories: Travel, Salary/Direct Payments, and Field Project Costs.
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While not able to anticipate all potential salary/direct payment costs prior to forming the Partnership, the university partner anticipated a need for funds to hire and train local research assistants or provide honoraria to local partners who volunteered time. Once the Partnership was formed, partners worked together to secure new funding to support summer internships and research stipends for local undergraduate students (through NOAA, Sea Grant, and UAF).



Results from coding monthly logs

All the text in each of the monthly log files was coded with at least one of the deductive or inductive codes. In some cases, multiple codes were assigned to the same portion of text. One additional code—“Flex-Pivot”—was created inductively during the coding process, yielding a total of 23 codes (Table 6).


TABLE 6 Type of code (Deductive or Inductive); Code Name (either an element from the Ellam Yua co-production framework or an inductive code); which part of the Ellam Yua co-production framework each code belongs to (see Figure 1; not applicable for the ‘Challenge' and ‘Flex-Pivot' codes); and # References (absolute incidence) of each code used in our analysis.
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Objective (1b) how the ellam yua co-production elements manifested in our work

In the review of E. Figus' logs, the most prominent elements from the Ellam Yua framework (Figure 1) were “Relationships”, “Capacity”, “Means & Ability”, and “Communications” (Table 6). Elements “Deliberate & Intentional”, “Empowerment”, and “Gather Information” also had high incidence in the text analysis. Five of the seven most referenced Ellam Yua elements in written logs were from the “Conceptual Tools” of the Ellam Yua framework, with two elements from the “Action Circle”—“Communications” and “Gather Information.” We also report results from analysis of the “Challenge” code here as it had the second highest incidence overall.

Other elements—including “Trust & Respect”, “Decolonization”, and “Practice Reciprocity”—had a lower incidence of occurrence in E. Figus' log notes. “Knowledge Systems” and “Equity” had the fifth and seventh lowest incidence in coding from the logs overall. The Ellam Yua elements with lowest incidence in the review of logs were “Ethical”, “Problem Definition”, “Identify Question”, and “Sovereignty”.

The highest incidence codes were encountered >10 times more often in the monthly logs than the lowest incidence codes. Figure 4 shows a visual representation of this relative incidence across all deductive codes.


[image: Figure 4]
FIGURE 4
 Word cloud displaying relative incidence of the 22 deductive codes used in our analysis, with the higher incidence codes displaying larger and lower incidence codes displaying smaller, with size dependent on absolute incidence of each code. Colors do not display any categorical difference between codes and were chosen to match colors in Figure 7. Created by M. Rhodes-Reese in Adobe Illustrator, using NVivo software output.


Elements of “Sovereignty”, “Ethical”, “Problem Definition”, and “Identify Question” had low incidence of coding from log notes but were nevertheless prominent in the 24-month study period, as evidenced in the jointly agreed upon Principles and Expectations document (Supplementary file B) and research processes.

We ran queries for Pearson's and Jaccard's correlation coefficients across the 22 deductive codes, to seek meaningful clusters of codes and to attempt to capture codes that were prominent in the Principles and Expectations but did not have high incidence in the coding. Results from a query using Pearson's correlation coefficient across the 22 deductive codes did not yield any obviously meaningful groupings of codes. Results from a query using Jaccard's correlation coefficient across the 22 deductive codes in the E. Figus logs showed how the elements were clustered in project activities during the study (Figure 5).
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FIGURE 5
 Six clusters of codes based on similarity of words coded among them. The six clusters represent five meaningful groupings in the context of the Kake Climate Partnership project activities during this study. The clusters are displayed as branches in the above tree diagram, while the five meaningful themes are displayed using rounded transparent boxes, numbered 1-5. Each number corresponds to a meaningful group as follows: 1. Action Circle Basics; 2. Human Interactions; 3. Field Projects; 4. Partnership Operations; and 5. Big Ideas. Colors are used to differentiate clusters. Created by M. Rhodes-Reese in Adobe Illustrator, using NVivo software output.


The six Jaccard's correlation clusters displayed how the 21 Ellam Yua elements and the deductive code for ‘Challenge' were correlated in the monthly logs. We found the six clusters represented five meaningful groups in the context of the Kake Climate Partnership project activities during this study: Action Circle Basics; Human Interactions; Field Projects; Partnership Operations; and Big Ideas.


Action circle basics

This group includes two clusters of basic research steps from the “Action Circle” that had low incidence in coding. The first cluster includes the codes ‘Identify Question' and “Problem Definition” in a single cluster. These codes had low incidence in the logs but were successfully achieved during the study. Partners in Kake had clearly defined problems and research questions from the beginning of our partnership, thus, the team did not spend a lot of time on these Ellam Yua elements, beyond achieving consensus about prioritizing an order of project completion (see Supplementary file C). In contrast, the second cluster including “Information Analysis” and “Review Results” had low incidence in the logs because these elements were not completed in the 24-month period.



Human interactions

This group includes codes “Trust & Respect”, “Deliberate & Intentional”, “Communications”, and “Relationships.” “Relationships” had the highest coding incidence in the E. Figus logs. The other three codes in this cluster were not in the top four for incidence but were correlated with ‘Relationships,' as they were a key part of relationship-building. Partners communicated regularly via emails, phone and video calls, and face-to-face meetings, and E. Figus traveled to Kake nine times during the study period (see section titled, “Building a partnership through written and agreed upon principles and expectations”).



Field projects

This group includes five high incidence codes: “Gather Information”, “Empowerment”, “Means & Ability”, “Capacity”, and “Challenge.” This group demonstrates how the field projects were more than simply data collection. Field data collection was the cornerstone of “Empowerment” in the form of employing and mentoring local undergraduate and high school students. Partners also had to secure and maintain necessary “Capacity,” in the form of local people available/able to do the work, and “Means & Ability,” in the form of funding and supplies for the work. The code for “Challenge” was strongly correlated with elements in this field project theme.



Partnership operations

This group includes three low incidence codes from the “Action Circle:” “Practice Reciprocity”, “Control of Information”, and “Develop Methods.” These three codes formed a key part of day-to-day operations for the Kake Climate Partnership during the study. For example, how partners chose to “Develop Methods” was related to how information gathered during field projects was stored and shared (i.e., “Control of Information”). As with two of the codes in the “Action Circle Basics” group, these elements were coded with low incidence, not because they were unimportant, but rather because they were fully established during the first few months of the Partnership. Processes of meetings and decision-making involved “Practice Reciprocity”—often in the form of sharing stories and sharing food—and all these actions were guided by broader concepts in the “Big Ideas” group (see below).



Big ideas

A final group for six big ideas from the Ellam Yua framework includes: the “Outer Ring” code for “Equity”; “Conceptual Tools” codes “Ethical”, “Decolonization”, and “Sovereignty”; the code for converging “Knowledge Systems”; and the goal of achieving “Co-Production of Knowledge.” These “Big Ideas” codes had lower incidence as they were not closely related to the day-to-day operations of the Partnership, which constituted the core content of the written logs.




Objective (1c) challenges faced during the 24-month period of study

The “Challenge” code had the second highest incidence of any code in our analysis. We identified five themes in the “Challenge” code: Logistics, Priorities, Communication, Capacity, and a Global Pandemic.


Logistics

Logistics (coordinating people, supplies, funding, projects, etc.) are a challenge in any type of research. In the geographic context of Alaska, and the context of Kake as a rural community not connected to other communities by road, it is common for projects to have unexpected delays due to weather or shipments of supplies. We anticipated added costs for all aspects of our field projects and in-person meetings, as compared with projects in the contiguous United States. Other challenges during the study included: balancing logistics across four different partners with team members in multiple communities across Alaska; leveraging, securing, and administering multiple sources of funding; achieving multiple goals on a limited timeline; and maintaining the focus needed to pay careful attention to the Ellam Yua co-production elements at every stage of our work.



Priorities

Juggling the priorities of multiple partners and multiple projects was a challenge throughout this study. Partners had diverse goals for how to prioritize their time and efforts. For example, ACCAP had priorities related to attending conferences and compiling peer-reviewed papers, while OVK, KTC, and the City shared priorities related to balancing research schedules with the schedules of Tribal and community events and customary and traditional food harvests. The team also experienced occasions of needing to shift priorities—often in the form of slowing down field projects—to uphold elements of “Trust & Respect”, “Empowerment”, “Decolonization”, “Practice Reciprocity”, and “Sovereignty”.



Communication

Some partners preferred to communicate via email, others via phone, and some preferred face-to-face meetings. Some partners worked on typical weekday 9am−5pm schedules, but most did not. Additionally, the community of Kake had limited bandwidth capabilities for Wi-Fi and intermittent blackouts of cellular service during this study—as is typical of many rural communities in Alaska.



Capacity

The Partnership experienced capacity limitations and capacity imbalance throughout the study. The primary capacity limitation was that only one team member had full-time work dedicated to the Partnership.

In my role as…the one person who is full-time committed to the Partnership, I must find balance across the three types of interests: my boss (or the larger entity I represent in academia), myself, and my partners. This is not an easy task, and it is one that feels like burnout at times. Because there is always something more that needs to be done for one of the 3 spheres.–E. Figus log notes June 2021

The primary capacity imbalances were (a) this was a university-initiated partnership with full-time capacity coming solely from the university partner; and (b) the university and Tribal partners were the most active in terms of time and funding dedicated to the Partnership during the study period, with the City and KTC dedicating less capacity.

I feel like a lot of this work is turning into ACCAP and OVK, with a side of everything else. I hope that is not a weakness that will turn into a fissure for the Partnership...–E. Figus log notes April 2021



Global pandemic

The COVID-19 pandemic interacted with the four other “Challenge” code themes through rapid and unexpected changes to our research goals, project design(s), timelines, travel, and funding structures. The pandemic exacerbated typical logistical challenges, caused a shift in our project priorities, improved our remote communications, and had mixed impacts on our capacity.




Flexibility in responding to challenges

The “Flex-Pivot” code emerged inductively during the coding process of E. Figus' logs. ‘Flex-Pivot' is not part of the Ellam Yua framework and was added partway through the coding process to highlight a need for flexibility/to pivot that was central to the study. As it was added partway through the coding process, ‘Flex-Pivot' is not fully represented in the final set of codes and the absolute incidence (n = 17) of this code listed in Table 6 is not meaningful.

The “Flex-Pivot” code content includes ways partners pivoted in response to challenges that occurred during the study. While not an exhaustive list of responses to challenges, the ‘Flex-Pivot' code sheds light on both the need for flexibility in any co-production process, as well as ways that E. Figus and other partners chose to pivot in response to various challenges. We identified five themes in the ‘Flex-Pivot' code, each of which represents an applied example or a set of examples from the first 24 months of the Partnership (Table 7).


TABLE 7 Example quotes from the monthly logs across the five themes that emerged from the ‘Flex-Pivot' inductive code.
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Use of language

In Kake, this work was defined as a ‘partnership' because terms like ‘co-production' and ‘actionable science' did not have clear meanings in the non-academic spaces of Tribal and community partners.



Rethink the role of scientific research and researchers

Typical academic research may include 5–10% outreach or engagement of some kind. The Partnership work done during this study was at minimum 50% Tribal and community engagement, youth mentorship, and administrative support for Tribal and community partners.



Flexibility in communication styles

Some partner entities wanted to be in constant communication, while others preferred to communicate only when there were specific decisions to be made. Over the study period, E. Figus provided monthly presentations to one partner entity, while the other three partners chose to receive written updates via email each month. Tailoring communications to fit individual needs took extra time in the beginning of the Partnership but saved time and effort once a rhythm was established.



Flexibility in process with dedication to core principles

In the face of unexpected events, short- and medium-term goals must shift. Major events, like a global pandemic, or minor events, like a mechanical breakdown of a sampling boat, can impact project timing and funding. Partners made alterations to almost every aspect of their work over the course of the 24-month study period, including changes to: funding sources; the order in which partners carried out projects; who were lead contacts from some partner entities; the way(s) each partner chose to participate and communicate with larger group; and the way(s) partners were able to meet with one another. However, partners did not change the core principles and expectations from the written and agreed upon document created in May of 2020 (Supplementary file B). Knowing when to be willing to flex and pivot was just as important as understanding when to stick to core long-term goals. In this study, having a document that clearly stipulated a shared long-term vision and day-to-day expectations meant no partner had to guess about whether a near-term activity was aligned with long-term goals.



Transparency in acknowledging successes and challenges

The Kake Climate Partnership enjoyed many successes in the 24 months of this study. Partners were also transparent with one another from the beginning about challenges. Through open discussions, partners were able to identify and respond to the key challenges presented in this paper.






Discussion

In this study, we found that creating the Declaration of Principles and Expectations (as recommended in Naquin et al., 2019; Supplementary file B) was key for success. By intentionally situating the Traditional Tribal Values (CCTHITA, 2022) in the Principles and Expectations, partners were able to use the document as an implicit and explicit tool for decolonization throughout their work. We also found that carrying out regular check-ins between individual partners and as a group was key to ensuring expectations were met over time in a transparent fashion. It was important for partners from outside the community to measure the time spent in Kake in weeks or months, not days, each year. This work was also expensive, and some costs were not possible to anticipate. While some costs of this work were known at the beginning, such as travel for in-person meetings, many other costs could not be foreseen, for example, costs of projects or field research that were only developed after the Partnership was formed. Funding uncertainties were exacerbated in our study by the COVID-19 pandemic. Flexibility was key for all partners—for everything from defining research objectives to managing time. Our inductive ‘Flex-Pivot' code demonstrates the importance of adaptability in implementing Ellam Yua co-production. We also found that this type of co-production work takes much more than 24 months of time. While individual projects can be designed, implemented, and completed over shorter timescales (e.g., a few months), the process of building any meaningful partnership takes years, and may be expected by a community to last much longer.

The Kake Climate Partnership used many of the elements of co-production during this study, but did not employ a ‘wholly' co-productive approach as described in Yua et al. (2022):

The use of some of the conceptual tools of co-production should not be—though increasingly is—confused with employing a wholly co-productive approach. That is not to say that we discourage the use of a subset of the conceptual tools presented here, but rather that a true CPK [co-production of knowledge] approach requires equity through the entire research process, from the very beginning. Additionally, it is far more important to do co-production than it is to talk about it or label things as it (p. 27).

We found that in the 24-month period of this study, it was not feasible to fulfill the elements of ‘Review Results' or ‘Information Analysis' in a meaningful way. Similarly, many elements were less prominent than they might be over a longer time period. ‘Decolonization' was a shared goal among partners but was not commonly identified in coding. Kake Climate Partnership field projects included both Western science (e.g., ocean monitoring) and Indigenous Knowledge (e.g., Talking Circle Evaluation), but during the 24 months of the study, partners did not achieve the bringing together of two different ‘Knowledge Systems' as described by Yua et al. (2022) (Table 8) in a concrete way.


TABLE 8 Example quotes from monthly logs of elements from the Yua et al. (2022) framework that were not fully achieved (fulfilled) during this study.
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Partners engaged in actions for the elements ‘Trust & Respect' and ‘Practice Reciprocity', but in just 24 months of time and starting from scratch (no prior relationship between ACCAP and the other partners), partners did not completely fulfill these elements (Table 8). Partners seeded strong roots for the less prominent elements to be fulfilled in the future, but these less prominent elements would likely require more than 24 months of time to fulfill in any co-production partnership.


Geographical context of Kake

Delivering salient climate services hinges on understanding and responding to specific characteristics of user needs, including local knowledge and geographic context (McNie, 2013; Clifford et al., 2020). The Partnership research priorities were community-driven and field research was grounded in the landscape, geography, and Tribal context of the Kake Community Use Area. While Ellam Yua co-production may be applied in many different regions, there may be features of the Partnership that are unique to its geographic context.

The work presented in this paper is based around four entities cooperating to come up with a group plan to best study climate change impacts and plan for adaptation throughout the Kake Community Use Area (Figure 2). The food sovereignty and food security project priorities in Kake may or may not align with those of other regions, and financial spending in Kake may not align with costs in other regions. Kake is also a community where the leadership entities have a strong track record of working together for the betterment of their community (See text footnote 1). Not every Alaska Native community has cooperation between the municipal government, Tribal corporation, and Federally recognized Tribe. In communities that lack this level of coordination, the complex, tripartite, colonial-imposed system of governance in Alaska Native communities (Carlo, 2020) can create obstacles to climate adaptation.

We found that the Ellam Yua co-production framework developed for use in the Arctic was applicable in Kake, even though Kake is not located in the Arctic. We expect Ellam Yua co-production could be useful for other research partnerships among Indigenous and non-Indigenous entities, regardless of geographic context. Similarly, some characteristics of Kake's geographic context may be relevant in other settings. For example, non-Indigenous academic researchers seeking to partner with Indigenous Tribes and/or rural or remote communities in other regions may find some key parallels in our descriptions of travel, time, funding, and capacity needs for their work.



Reflections about challenges during this study


COVID-19

Challenges related to the COVID-19 pandemic heavily impacted this study by influencing how co-production activities were able to take place. Interestingly, however, while the pandemic created some challenges for day-to-day work—especially due to limitations on in-person gatherings—the Partnership was especially well-positioned to continue functioning throughout the pandemic with limited risk. For example, the COVID-19 pandemic unexpectedly improved our team's remote communications abilities, through increased affordability of Wi-Fi, cellular service, and increased access to laptops and computers purchased through Federal relief funding. The pandemic also normalized the use of and access to online video conferencing software2 like Zoom, which made it easier for our team to communicate with one another remotely. This allowed our locally led ocean monitoring work to proceed with limited interruptions. Writing about COVID-19, Marino et al. (2020) ask researchers to, “pause and reflect on the ethics of research in times of acute risk exposure.” Marino et al. (2020) also correctly urge researchers to question whether their work is “beneficial, collaborative, or necessary.” By using Ellam Yua co-production methods—including centering local priorities, training, and mentoring local residents to carry out fieldwork, and supporting the outside researcher E. Figus in coordinating fieldwork activities from her home office—the Partnership was able to thrive despite the pandemic.



Other challenges

We found that challenges related to ‘Logistics,' ‘Priorities,' and ‘Communication' were inevitable and likely would be ubiquitous across any similar partnership, while challenges related to ‘Capacity' were contextual.

Capacity imbalance has the potential to be a positive aspect of co-production, for example when an entity with ample funding assists an entity with less funding capacity. However, when a capacity imbalance is sustained throughout a co-production partnership it has the potential to perpetuate inequitable power differentials that impede local and tribal sovereignty in the research.

During this study, the Partnership leaned heavily on the efforts of a few members (including co-authors E. Figus and B. Ki'yee Jackson) and workload was not balanced across all four partner entities. Challenges with ‘Capacity' were strongly influenced by a constricted timeline and directional formation (as interpreted from the monthly logs and reflective conversations among co-authors).

Constricted Timeline: This paper reports experiences in the first 24 months of the Kake Climate Partnership. While the Ellam Yua model is nonlinear, field projects had strict linear timelines, and the Partnership depended on full-time work capacity from co-author E. Figus. E. Figus' position as a postdoctoral researcher (and coordinator/facilitator of the Partnership) was limited to a 36-month period, after which the future of the Partnership was unclear.

Directional Formation: ACCAP initiated the Partnership with the goal of attempting to carry out co-production within a 24-month timeframe. In this approach, the work in this study deviates from the Ellam Yua framework, which recommends that Indigenous partners play a role in initiating partnerships for their benefit. Some challenges faced by the Partnership, including concerns about balanced input and participation from all partners, stem from this one-sided approach to forming a partnership (David-Chavez and Gavin, 2018).

The ‘Capacity' challenges of a constricted timeline and directional formation were specific to this project and could be eliminated from future work through careful and deliberate planning. If the project had been planned on a longer timeline from the beginning (5 or more years), both types of capacity issues could have been resolved. With a longer timeline for work, it is likely that: (a) the Partnership would have been able to fulfill all the Ellam Yua elements to achieve a wholly co-productive approach (see beginning of section titled, “Discussion”); (b) there would have been less of a focus on linear scheduling during the first two years; and (c) there could have been more time devoted to planning, with the opportunity to deliberately structure balanced input and participation from all partners.




A note about potential limitations of this study

While the Partnership provided tangible benefits to the community of Kake, the constricted timeline of 24 months and directional formation (described above) limited the ability of partners to employ a wholly co-productive approach to this work.

The written logbook notes and monthly update documents were analyzed by the same individual who authored them; however, results of the analysis were discussed by the author team in our reflective conversations. While only two of our four research partner entities were participants in the reflective discussions and are co-authors on this paper, drafts and the final version were reviewed and approved by all partner entities prior to publication. More formal evaluation of the Partnership that engages all project partners was ongoing at the time of this writing and will be reported elsewhere.



Key features that made Kake Climate Partnership climate services relevant and useful for tribal and community partners

The field of climate services is broadly aimed at producing climate data, information, products, or knowledge that is/are usable in decision-making, planning, or policy (Brasseur and Gallardo, 2016; Daly and Dilling, 2019). Co-production has been put forward as a process that yields a greater likelihood of usefulness and usability in climate services (Lemos and Morehouse, 2005; Dilling and Lemos, 2011; McNie, 2013; Kruk et al., 2017). In the Kake Climate Partnership, several features have been significant in creating climate services and products that are relevant and useful for the Tribe and community partners.


Workforce development

One of the most important priorities for local members of the Partnership during this study was building local climate capacity through workforce development. Indigenous communities and Tribes around the United States face barriers to successful workforce development, including: low self-confidence; a lack of professional role models; a paucity of ‘living wage' job opportunities; or little room for professional advancement (NCAI, 2020b). All these barriers commonly lead to a ‘brain drain' dynamic, where young people leave Indigenous communities to look for jobs elsewhere (NCAI, 2020a,b). There is a critical need to build capacity in the form of appropriate education, training, and job opportunities necessary for locals to take the lead in climate change research, adaptation planning, and mitigation.

We acknowledge barriers to workforce development faced by Indigenous communities around the United States (NCAI, 2020b), while recognizing the local talents and capabilities of people in Kake. In Kake, it is challenging to grow local research and management programs because there is a lack of people to fill jobs (See text footnote 1). But it is critical to create job openings to provide for local college graduates upon completion of their degree programs. While it is common for a university to harness scientific expertise in a research partnership, it is less common for university partners to seek guidance from Indigenous experts, to trust and follow community and Tribal lead, and center research efforts around local workforce development. Providing local workforce development opportunities in rural Alaska is especially relevant for the young people (NCAI, 2020a) who will comprise the next generation of climate change adaptation leaders.



One element in the larger local vision

We found that when the climate services process is centered on Tribal and community priorities and locally identified science needs, the climate science aspect becomes just one element in the implementation of a larger local vision and goals. In contrast to climate service models that provide downscaled scenarios to end-users for use in planning, the Partnership started with local needs and priorities. Projects were aimed at increasing adaptive capacity to climate change in Kake, based on local priorities of food security/sovereignty and data sovereignty. With an emphasis on process, Ellam Yua co-production goes beyond the provision of climate information by generating procedural benefits for local partners such as local empowerment. Our case study in Kake supports findings from Dilling et al. (2019), that the most critical adaptation-related needs may not directly relate to climate and instead relate to empowering communities in the face of climate change. The Partnership did not attempt to carry out climate services co-production as described in Baztan et al. (2020). However, we similarly found that process-related benefits of co-production have the potential to generate local capacity that may be mobilized to face climate change. Through providing workforce development opportunities in Kake, bounded research projects contributed to strengthening long-term local capacity for climate adaptation.

During this study, the Partnership provided climate services and information through field project scoping, design, implementation, and archiving of data for use by local leaders and future generations in Kake. The Partnership provided tangible benefits for individual residents of Kake in the form of compensating local members of our field teams and mentoring youth in every project. Tangible benefits for the Tribe and community of Kake were realized by meeting local information needs and conducting climate research to directly support local adaptation planning, through building two local climate monitoring programs (ocean and stream monitoring) and focusing on archiving the resulting data locally in Kake for future use.

The two climate monitoring projects addressed high priority food resource issues that were identified on both local and regional levels. For example, the regional Central Council of the Tlingit and Haida Tribes of Alaska Climate Change Adaptation Plan (CCTHITA, 2019) lists salmon as a species in the category of “very high priority” area of concern, due to, “cultural, social, and economic value and the limited tribal control over their adaptive capacity” (p. 25). The ocean monitoring project in Kake collected information necessary to carry out the ‘Resilience Strategies' for salmon stocks, listed on p. 28 of the Adaptation Plan. Local partners led the ocean monitoring field project during 2020 and 2021, while outside experts (including E. Figus) provided additional capacity as needed to achieve a program that produced data that was relevant, salient, and useful for the Tribe and community in Kake.

Collection and storage of ocean monitoring data in Kake laid the groundwork for local leaders to carry out successful adaptation planning in the face of continued climate change, specifically about the management of customary and traditional food resources. During this study, OVK, KTC, and the City used the data generated to educate the community about climate impacts on customary and traditional foods (Davis, 2021). In the future, local partners plan to use data and information from ocean and stream monitoring to compare with regional data to inform decisions including whether and how to: expand stream and coastal restoration projects near Kake; introduce legislation limiting what ships are allowed to discard or discharge into State and Federal waters around Kake; alter storage practices at the local dump; and shift the time and location of customary and traditional food harvests.



Transformative climate and environmental science

The field of climate services is increasingly focused on holistic, integrated, and ‘next generation' approaches (Jacobs and Street, 2020; Irumva et al., 2021; Tudose et al., 2021), including transdisciplinary co-production (Steynor et al., 2020). Vogel and Bullock (2021) note that Indigenous worldviews that “promote holistic problem-solving through social capital, collaboration and capacity-building” lend themselves well to climate change adaptation. In the Kake Climate Partnership, we found that co-production can be used to explicitly define a collective vision among partners that is a transformative way of doing applied climate and environmental science. Partnership members have a shared vision to deliberately shift away from colonialism in research and resource management (Tuhiwai Smith, 2012), and toward Tribal and local control over research and management of resources. In line with Dilling and Lemos (2021), we found that successful research co-production for climate services requires a commitment on the part of outside researchers to understand what Tribal and community members view as equitable and desirable outcomes. Creating a shared vision makes it possible to avoid harming communities (Dilling et al., 2019) and conduct climate research that provides tangible benefits for Tribal and community partners. This was especially relevant, as our study took place during the COVID-19 pandemic. Funding to accomplish the community designed and led research during this study was leveraged from a range of sources and multiple partners contributed funds approximately equally (OVK and ACCAP).

The Partnership was formed as a deliberate attempt to implement Ellam Yua co-production. Partners worked as a team to define challenges, identify strategies, collect data, and use findings from climate change research in support of adaptation planning. As such, all partners were both consumers and producers of climate information. Figure 6 shows a visual depiction of Partnership Principles and Expectations and connection among partners. Created by co-author Ki'yee Jackson, this image underscores the significance of holistic approaches to climate adaptation. Including artistic and culturally relevant elements in addition to scientific elements in the delivery of climate services constructs more enduring adaptive actions to climate change than are otherwise possible (Benson et al., 2020).
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FIGURE 6
 A mixture of traditional Tlingit formline drawing techniques and European line drawing techniques to display connections in the Kake Climate Partnership. Two hands are pictured in the figure, holding up a rendition of a pristine natural environment pictured inside a circle (mountains, forests, water, sun). One hand represents Traditional Knowledge and the other represents Western science. Both hands share a vision of a pristine environment with clean water and healthy forests. The two hands are coming together with a common goal to protect and maintain that pristine natural environment through understanding climate change and adapting to it. Each hand is reaching out to the pristine environment, emphasizing that partners are all connected and have a common goal of preserving the natural environment as best we can. The phrase underneath the hands, ‘We are all connected', communicates a shared vision among partners that everything is connected—partners have a shared vision of unity and common goals for the future. The phrase, ‘Kake Climate Partnership', forms the top of the drawing, symbolizing how it is made possible through the two hands of Traditional Knowledge and Western science working together. Artist credit: B. Ki'yee Jackson; digitized by Lori Styczynski at Roy's Embroidery, in Juneau, Alaska.




Boundary spanning

To use climate services to support truly transformational adaptation Boon et al. (2021) argue that climate service providers need to widen their scope and skills. In this study, the role of the university researcher shifted from focusing on personal research interests to focusing on supporting local needs and priorities. Respecting and engaging with Indigenous methodologies necessitates focusing climate services work on process, relationality, and service to community (Wilson, 2008). Postdoctoral researcher E. Figus from a NOAA RISA program acted as a boundary spanner (Bednarek et al., 2018; Posner and Cvitanovic, 2019) to connect community and Tribal leaders with capacity and support to achieve their climate research and adaptation goals. The Partnership team emphasized Tribal and community driven priorities and decentered the academic university perspective. ACCAP's role was primarily to provide training and mentorship, while respecting the sovereignty, intellectual property rights, and values of Tribal and community partners. Partners in Kake had a shared interest in collecting the scientific data that they needed to manage the Kake Community Use Area and the university partner mentored local partners in going after that scientific data.




Kake Climate Partnership supports a co-production learning network

Throughout the United States, NOAA RISA programs like ACCAP have been designed as human learning networks, prioritizing wide participation in learning to support transformational climate services (Combest-Friedman et al., 2019). In learning networks, the development and application of knowledge is multifaceted and individual team members must play multiple roles in the climate services process (Kettle et al., 2017). As boundary spanning organizations, the RISA programs can serve multiple roles to link science and decision-making in support of regional learning networks (Kettle and Trainor, 2015).

The Kake Climate Partnership was made possible in part because of the existing local initiatives for a Tribal Conservation District and a Guardian Watchmen Network, and by an existing regional learning network—the Sustainable Southeast Partnership. In turn, the work of the Partnership during this study was able to seed potential future learning networks, by creating trust relationships and collecting data necessary to support the Guardian Watchmen and Tribal Conservation District initiatives. The first 24 months of the Partnership was a seed for all three programs—the Kake Climate Partnership, Guardian Watchmen, and a Tribal Conservation District—to work together in unison, as ‘one hand helping the other' (Figure 6). For example, developing the ocean monitoring program provided the Tribal and community leadership in Kake with some of the experience and capacity necessary to embark on a Guardian Watchmen program in the future. In this way, the Partnership became a co-produced learning network that brought together not only climate service professionals, but also a Tribe and community to support each other's work and increase potential positive impacts of climate change adaptation planning and mitigation in the context of the local vision of sustainability across a broad geographic and temporal scope. Figure 7 shows actions and processes that lead to a co-produced learning network.
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FIGURE 7
 Traditional Tlingit formline drawing techniques to display actions and processes that lead to a co-production learning network. The large ovoid in the center of the figure represents the center of the eye. The Kake Climate Partnership forms the base of this central ovoid, and acts as a seed for the future Coastal Guardian Network (see Table 2). The Coastal Guardian Network is situated across the top of the central ovoid, as a goal for the future. The ‘TCD' stands for the Tribal Conservation District (see Table 2), which has a root connection to the ovoid in the eye and supports everything above it. The Kake Community Use Area is in the innermost ovoid, as the central point of all efforts. Each small ovoid with a tail on it is unique and symbolizes a main event from the first 24 months of the Kake Climate Partnership—actions partners have taken as a team to build the Partnership and support the long-term vision in Kake. Each small ovoid with a tail is numbered. The numbers correspond to a key underneath the spiral that displays descriptions of each major accomplishment of the Kake Climate Partnership during the 2 years of this study. Artist credit: B. Ki'yee Jackson; digitized by M. Rhodes-Reese.




Conclusions

In this paper, we have presented an instrumental case study (Stake, 1995) analysis of a research partnership among Indigenous and non-Indigenous partners in a rural community in Southeast Alaska. In line with Stake (1995), our aim was to learn about the Ellam Yua co-production process by thoroughly understanding the particulars of the Kake Climate Partnership. Co-authors carefully recorded and interpreted the co-production process over 2 years in the context of a single research program. While our aim was not to generalize about co-production based on our single case study, we have described the context and key features of our work that may be applicable to other co-produced climate services programs.

Stakeholders and practitioners in Alaska are calling for climate science that is more inclusive, transparent, collaborative, and accessible (Knapp and Trainor, 2013). In this paper, we have demonstrated how co-production explicitly designed for application in partnership with Indigenous communities is a transformative way of conducting science which holds great promise. When projects are meaningfully co-produced among academics, Tribes, communities, tribal corporations, schools, and other organizations, it is possible to: focus research and adaptation planning on topics that are most relevant for local people (Kipp et al., 2019); pursue multiple objectives simultaneously3 leverage funding sources and capacity from multiple entities3 and produce more usable science (Dilling and Lemos, 2011; Lemos et al., 2012) to maximize actionable outcomes.

We found co-produced climate services work conducted in authentic partnership with an Indigenous community and Tribe involved:

• establishing and abiding by shared principles and expectations;

• focusing on local priorities, local values, workforce development (NCAI, 2020a), and local leadership in research;

• upholding data sovereignty and intellectual property for all partners; and

• allowing academic and agency partners to play a supportive, boundary spanning role rather than a leadership role (Bartlett et al., 2012; Bednarek et al., 2018; Reid et al., 2021).

This work required expanding interpretations of research to include centering local workforce development while harnessing scientific expertise and seeking guidance from Indigenous experts. To achieve success, outside partners trusted and followed Tribal and community leadership. The outside partner (ACCAP) also acknowledged that climate change and climate services are just one part of larger Tribal and community visions and needs.

Using a case study of the Kake Climate Partnership, we have shown how co-production can be used to provide climate services through facilitation, support, and boundary spanning. OVK, KTC, the City of Kake, and ACCAP built a deliberate and equitable partnership, blending cultural and scientific elements of climate services (Benson et al., 2020) and blurring the distinction between producers and consumers of climate information (Dilling and Lemos, 2011). We have described our application of co-production over a 24-month period and reflected on linkages between the Ellam Yua framework and climate services in Kake. Deliberate and reflective application of this model through partnerships achieved relevant and useful climate services in Kake and could likely do the same elsewhere. Most of the challenges faced during this study were typical of any collaborative research, and we believe those that were atypical could be resolved by lengthening the timeline to be 5–10 years, instead of two. Aligned with Sikuaq Erickson (2020), we recommend that future efforts to co-produce climate services through research, adaptation planning, and mitigation be institutionalized and maintained over decadal, not annual, timescales. Research programs with five or more years of funding are well-situated to develop such longer-term plans for co-production of climate change research and adaptation with Tribes and communities.




Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

BKJ and EF led the field projects described in the manuscript. EF created the monthly updates and monthly logs used in the manuscript, conducted reviews of monthly updates, text analysis of monthly logs, and wrote the first draft of the manuscript. ST supervised the research, contributed to the framing, organization, and writing of the manuscript. BKJ created all artistic contributions (Figures 6, 7). BKJ, EF, and ST revised and approved the final draft, contributed to the objectives put forth in the manuscript, jointly wrote the outline, and contributed background literature to inform the findings described in the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work has been supported by funding from: The Alaska Center for Climate Assessment and Policy (ACCAP), a NOAA Regional Integrated Sciences and Assessments program, award NA16OAR4310162, the USDA National Institute of Food and Agriculture, Hatch project 1018914, the EPA Indian General Assistance Program (IGAP; CFDA 66.926) at the Organized Village of Kake (OVK), a Bureau of Indian Affairs Tribal Resilience Ocean and Coastal Management Planning Grant (#A20AP00144, held by OVK), the NOAA Sea Grant Community Engaged Internship program; the NOAA Hollings Preparation Program, and the UAF Undergraduate Research and Scholarly Activity program. The University of Alaska is an AA/EO employer and educational institution and prohibits illegal discrimination against any individual: www.alaska.edu/nondiscrimination. This work has been supported by donations of time from: the Organized Village of Kake, the Kake Tribal Corporation; the City of Kake, the Alaska Youth Stewards program [funded through the United States Forest Service (USFS), the Sustainable Southeast Partnership, OVK, and SEALASKA].



Acknowledgments

We would like to thank all members of the Kake Climate Partnership at OVK, KTC, the City, and ACCAP, as well as Ellam Yua co-production authors Carolina Behe, Raychelle Daniel, and Julie Raymond-Yakoubian, for their guidance and contributions to this work. Sincere thanks to the 2020 and 2021 Kake ocean monitoring sampling teams for their time and hard work and to undergraduate interns and research assistants Talia Davis, Simon Friday, Willow Jackson, Courtney James, Shawaan Gamble-Jackson, and Shawn Merry, for their contributions to our field projects and data analysis. Special thanks to Kake High School research assistants Mamie Crookes, Joss Jackson, Taylor Vantrease, Sid Austin, Dominic Ross, and Aiden Clark, for their many hours of field project assistance during 2021. Many thanks to Guy Archibald, Miakah Nix, Carson Viles, Andrew Cyr, and Clay Good, for key logistical assistance during fieldwork; BKJ, Lori Styczinski, Melissa Rhodes-Reese, Mike Ka.oosh Jackson, and Bob Christensen, for their artistic and graphical contributions to this paper; Anthony Gastalum, for facilitating the May 2021 evaluation Talking Circle; Adelheid Herrmann, Margaret Rudolf, Eva Burk, and all members of the Trainor Research Seminar group at UAF, for guidance throughout the study; and Wilson Justin and the First People's Conservation Council, for their mentorship and for sharing their wisdom. We are also thankful to Rick Thoman and everyone at IARC/ACCAP, for providing guidance and feedback regarding climate science in and around Kake, Alaska; the team at SEATOR labs in Sitka, for their logistical support and guidance during ocean monitoring fieldwork, and to two reviewers, who helped refine the paper and clarify important elements. gunalchéesh!



Conflict of interest

This study was conducted in partnership with Kake Tribal Corporation, a for-profit entity. Kake Tribal Corporation donated time and guidance to this work but did not provide direct funding.

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Author disclaimer

Contents of this paper are solely the responsibility of the authors and do not necessarily represent the official views of NOAA, the USDA, the USFS, the EPA, UAF, or any other funder.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fclim.2022.885494/full#supplementary-material



Footnotes

1B. Ki'yee Jackson personal observation, 2021.

2E. Figus and B. Ki'yee Jackson personal observations, 2021.

3E. Figus personal observations, 2021.



References

 Adapt Alaska, and Figus, E. (2020). Ocean Monitoring in Kake, Alaska. Available online at: https://adaptalaska.org/case-study/ocean-monitoring-in-kake-alaska/

 ADCCED (2015). Local Government in Alaska LOCAL GOVERNMENT IN ALASKA Section 1-Alaska Has Just Two Types of Municipal Government-Cities and Organized Boroughs. Available online at: https://www.commerce.alaska.gov/web/Portals/4/pub/2015%20%20LOCAL%20GOVERNMENT%20IN%20ALASKA.pdf (accessed February 25, 2022).

 Alvesson, M., and Skoldberg, K. (2009). Reflexive Methodology. New Vistas for Qualitative Research: London, Sage.

 Arber, A. (2006). Reflexivity: a challenge for the researcher as practitioner? J. Res. Nursing 11, 147–157. doi: 10.1177/1744987106056956

 ATCA. Tribal Conservation District. Memo.

 Austin, B. J., Robinson, C. J., Mathews, D., Oades, D., Wiggin, A., Dobbs, R. J., et al. (2019). An indigenous-led approach for regional knowledge partnerships in the kimberley region of Australia. Human Ecol. 47, 577–588. doi: 10.1007/s10745-019-00085-9

 Bahnke, M., Korthuis, V., Philemonoff, A., and Johnson, M. (2020). Letter to National Science Foundation Regarding Navigating the New Arctic Program. Available online at: https://kawerak.org/download/navigating-the-new-arctic-program-comment-letter/ (accessed January 19, 2022).

 Banyai, I. (1995). Zoom [video conference software]. New York: Viking.

 Barnett, J. (2020). Global environmental change II: political economies of vulnerability to climate change. Prog. Hum. Geogr. 44, 1172–1184. doi: 10.1177/0309132519898254

 Bartlett, C., Marshall, M., and Marshall, A. (2012). Two-eyed seeing and other lessons learned within a co-learning journey of bringing together indigenous and mainstream knowledges and ways of knowing. J. Environ. Stud. Sci. 2, 331–340. doi: 10.1007/s13412-012-0086-8

 Baztan, J., Vanderlinden, J. P., Jaffrès, L., Jorgensen, B., and Zhu, Z. (2020). Facing climate injustices: community trust-building for climate services through arts and sciences narrative co-production. Climate Risk Manage. 30, 10023. doi: 10.1016/j.crm.2020.100253

 Bednarek, A. T., Wyborn, C., Cvitanovic, C., Meyer, R., Colvin, R. M., Addison, P. F. E., et al. (2018). Boundary spanning at the science–policy interface: the practitioners' perspectives. Sustain. Sci. 13, 1175–1183. doi: 10.1007/s11625-018-0550-9

 Beier, P., Hansen, L. J., Helbrecht, L., and Behar, D. (2017). A how-to guide for coproduction of actionable science. Conserv. Lett. 10, 288–296. doi: 10.1111/conl.12300

 Benson, T., Joachim, L., Smith, H., Allan, P., Bryant, M., Suaalii-Sauni, T., et al. (2020). “Indigenous Art, Resilience, and Climate Change,” in Environment and Belief Systems. (India: Routledge). doi: 10.4324/9780367814274-5

 Bernard, H. R. (2011). Research Methods in Anthropology: Qualitative and Quantitative Approaches. 5th ed. New York, NY: Rowman & Littlefield Publishers, Inc.

 BIA (2022). Indian Entities Recognized by and Eligible to Receive Services from the United States Bureau of Indian Affairs. USA. Available online at: https://www.govinfo.gov/content/pkg/FR-2022-01-28/pdf/2022-01789.pdf (accessed January 19, 2022).

 Boon, E., Goosen, H., van Veldhoven, F., and Swart, R. (2021). Does transformational adaptation require a transformation of climate services? Front. Climate. 3, 615291. doi: 10.3389/fclim.2021.615291

 Brasseur, G. P., and Gallardo, L. (2016). Climate services: lessons learned and future prospects. Earth's Future. 4, 79–89. doi: 10.1002/2015EF000338

 Bremer, S., and Meisch, S. (2017). Co-production in climate change research: reviewing different perspectives. Wiley Interdiscip. Rev. Climate Change. 8, e482. doi: 10.1002/wcc.482

 Bremer, S., Wardekker, A., Dessai, S., Sobolowski, S., Slaattelid, R., van der Sluijs, J., et al. (2019). Toward a multi-faceted conception of co-production of climate services. Climate Serv. 13, 42–50. doi: 10.1016/j.cliser.2019.01.003

 Brooks, M. S. (2013). Accelerating innovation in climate services: the 3 e's for climate service providers. Bull. Am. Meteorol. Soc. 94, 807–819. doi: 10.1175/BAMS-D-12-00087.1

 Buontempo, C., Hewitt, C. D., Doblas-Reyes, F. J., and Dessai, S. (2014). Climate service development, delivery and use in Europe at monthly to inter-annual timescales. Climate Risk Manage. 6, 1–5. doi: 10.1016/j.crm.2014.10.002

 Carlo, N. (2020). Arctic Observing: Indigenous Peoples' History, Perspectives, and Approaches for Partnership. Fairbanks. Available online at: https://uaf.edu/caps/our-work/Carlo_Arctic-Observing_Indigenous-Peoples-History_CAPS_5MAR2020.pdf (accessed February 25, 2022).

 CCTHITA (2019). Central Council of the Tlingit and Haida Indian Tribes of Alaska Climate Change Adaptation Plan. Available online at: www.ccthita-nsn.gov (accessed January 19, 2022).

 CCTHITA (2022). Southeast Traditional Tribal Values: Our Way of Life. Available online at: http://www.ccthita.org/about/values/index.html

 CEC (2015). Ecological Regions of North America. Commission for Environmental Cooperation. Available online at: https://gaftp.epa.gov/EPADataCommons/ORD/Ecoregions/cec_na/NA_LEVEL_I.pdf (accessed February 25, 2022).

 CFNGBI (2022a). Coastal Guardian Watchmen. Available online at: https://coastalfirstnations.ca/our-stewardship/coastal-guardian-watchmen/ (accessed January 19, 2022).

 CFNGBI (2022b). Coastal Guardian Watchmen Vision. Available online at: https://coastalfirstnations.ca/coastal-guardian-watchmen-vision/ (accessed January 19, 2022).

 Clifford, K. R., Travis, W. R., and Nordgren, L. T. (2020). A climate knowledges approach to climate services. Climate Serv. 18, 100155. doi: 10.1016/j.cliser.2020.100155

 Combest-Friedman, C., Nierenberg, C., and Simpson, C. (2019). Building a learning network: reflections from the RISA program. Current Opin. Environ. Sustain. 39, 160–166. doi: 10.1016/j.cosust.2019.10.006

 Creswell, J. W. (2014). Research Design: Qualitative, Quantitative, and Mixed Methods Approaches. 4th ed. Thousand Oaks: Sage Publications, Incorporated.

 CTKW, Chief, K., Chischilly, A. M., Cochran, P., Durglo, M., Hardison, P., et al. (2014). Guidelines for Considering Traditional Knowledges in Climate Change Initiatives. Available online at: https://climatetkw.wordpress.com/ (accessed February 24, 2022).

 Daly, M., and Dilling, L. (2019). The politics of “usable” knowledge: examining the development of climate services in Tanzania. Clim. Change 157, 61–80. doi: 10.1007/s10584-019-02510-w

 Daniel, R. (2019). Understanding Our Environment Requires an Indigenous Worldview. Available online at: https://eos.org/opinions/understanding-our-environment-requires-an-indigenous-worldview (accessed May 19, 2022). doi: 10.1029/2019EO137482

 David-Chavez, D. M., and Gavin, M. C. (2018). A global assessment of Indigenous community engagement in climate research. Environ. Res. Lett. 13, 123005. doi: 10.1088/1748-9326/aaf300

 David-Chavez, D. M., Valdez, S., Estevez, J. B., Meléndez Martínez, C., Garcia, A. A., Josephs, K., et al. (2020). Community-based (rooted) research for regeneration: understanding benefits, barriers, and resources for Indigenous education and research. AlterNative 16, 220–232. doi: 10.1177/1177180120952896

 Davis, T. (2021). Heavy metal, fecal coliform, and paralytic shellfish toxin concentrations in ocean water and blue mussel (Mytilus edulis; yaak*) samples around kake, alaska, during the summer of 2020 (Unpublished Thesis). University of Alaska Fairbanks, Fairbanks, AK, United States.

 DCRA (1988). Certificate: Boundaries of the City of Kake, Alaska. State of Alaska. Available online at: https://www.commerce.alaska.gov/web/Portals/4/pub/LBC/Municipal_Certificates/Cities/Kake.pdf (accessed February 25, 2022).

 Dilling, L., and Lemos, M. C. (2011). Creating usable science: opportunities and constraints for climate knowledge use and their implications for science policy. Global Environ. Change 21, 680–689. doi: 10.1016/j.gloenvcha.2010.11.006

 Dilling, L., and Lemos, M. C. (2021). Commentary: first, do no harm: scaling usable knowledge for just and equitable outcomes. Global Environ. Change. 71, 102404. doi: 10.1016/j.gloenvcha.2021.102404

 Dilling, L., Prakash, A., Zommers, Z., Ahmad, F., Singh, N., de Wit, S., et al. (2019). Is adaptation success a flawed concept? Nat. Clim. Chang. 9, 572–574. doi: 10.1038/s41558-019-0539-0

 Djenontin, I. N. S., and Meadow, A. M. (2018). The art of co-production of knowledge in environmental sciences and management: lessons from international practice. Environ. Manage. 61, 885–903. doi: 10.1007/s00267-018-1028-3

 Early, W. (2021). Researchers ask for more Indigenous input in Arctic science initiative. Fairbanks, AK: Fairbanks Daily News Miner.

 Egghe, L., and Leydesdorff, L. (2009). Relation between pearson's correlation coefficient r and salton's cosine measure. J. Am. Soc. Inform. Sci. Technol. 60, 1027–1036. doi: 10.1002/asi.21009

 FNPO (2009). Talking Circles. Available online at: https://firstnationspedagogy.ca/circletalks.html (accessed May 21, 2022).

 Fryberg, S. A., and Eason, A. E. (2017). Making the invisible visible: acts of commission and omission. Curr. Dir. Psychol. Sci. 26, 554–559. doi: 10.1177/0963721417720959

 Gallant, A. L., Binnian, E. F., Omernik, J. M., and Shasby, M. B. (1995). Level III Ecoregions of Alaska. Environmental Protection Agency. Available online at: https://gaftp.epa.gov/EPADataCommons/ORD/Ecoregions/ak/ak_eco.pdf (accessed February 25, 2022).

 GIDA (2019). CARE Principles for Indigenous Data Governance. Available online at: https://www.gida-global.org/care (accessed May 21, 2022).

 Hauser, D. D. W., Whiting, A. V., Mahoney, A. R., Goodwin, J., Harris, C., Schaeffer, R. J., et al. (2021). Co-production of knowledge reveals loss of Indigenous hunting opportunities in the face of accelerating Arctic climate change. Environ. Res. Lett. 16, 095003. doi: 10.1088/1748-9326/ac1a36

 Hewitt, C., Mason, S., and Walland, D. (2012). The global framework for climate services. Nat. Clim. Chang. 2, 831–832. doi: 10.1038/nclimate1745

 Homsy, G. C., and Warner, M. (2013). Climate change and the co-production of knowledge and policy climate change and the co-production of knowledge and policy in rural US communities in rural US communities. Sociol. Ruralis 53, 291–310. doi: 10.1111/soru.12013

 ICC (2012). Declining Food Security for Inuit. Alaska White Paper. Available at: https://iccalaska.org/wp-icc/wp-content/uploads/2016/05/ICC-Alaska-White-Paper-Declining-Food-Security-for-Inuit.pdf (accessed May 19, 2022).

 Inukalik, A., Lennie, U. A., Julius, A. G., Seetook, A. S., Pokiak, A., Ashenfelter, A., et al. (2020). Food Sovereignty and Self Governance–Inuit Role in Managing Arctic Marine Resources. Available online at: https://www.inuitcircumpolar.com/project/food-sovereignty-and-self-governance-inuit-role-in-managing-arctic-marine-resources/ (accessed May 19, 2022).

 Irumva, O., Twagirayezu, G., and Nizeyimana, J. C. (2021). The need of incorporating indigenous knowledge systems into modern weather forecasting methods. J. Geosci. Environ. Protect. 09, 55–70. doi: 10.4236/gep.2021.92004

 Jacobs, K. L., and Street, R. B. (2020). The next generation of climate services. Climate Serv. 20, 100199. doi: 10.1016/j.cliser.2020.100199

 Jasanoff, S. (2004). The Idiom of Co-Production. Available online at: https://www.ebsco.com/terms-of-use

 Johnson, J. T., Howitt, R., Cajete, G., Berkes, F., Louis, R. P., Kliskey, A., et al. (2016). Weaving Indigenous and sustainability sciences to diversify our methods. Sustain. Sci. 11, 1–11. doi: 10.1007/s11625-015-0349-x

 Kettle, N. P. (2019). Knowledge co-production in contested spaces: an evaluation of the north slope borough-shell baseline studies program. Arctic 72, 43–57. doi: 10.14430/arctic67804

 Kettle, N. P., and Trainor, S. F. (2015). The role of remote engagement in supporting boundary chain networks across Alaska. Climate Risk Manage. 9, 6–19. doi: 10.1016/j.crm.2015.06.006

 Kettle, N. P., Trainor, S. F., and Loring, P. A. (2017). Conceptualizing the science-practice interface: lessons from a collaborative network on the front-line of climate change. Front. Environ. Sci. 5, 33. doi: 10.3389/fenvs.2017.00033

 Kipp, A., Cunsolo, A., Gillis, D., Sawatzky, A., and Harper, S. L. (2019). The need for community-led, integrated and innovative monitoring programmes when responding to the health impacts of climate change. Int. J. Circumpolar Health. 78, 1517581. doi: 10.1080/22423982.2018.1517581

 Knapp, C. N., and Trainor, S. F. (2013). Adapting science to a warming world. Global Environ. Change 23, 1296–1306. doi: 10.1016/j.gloenvcha.2013.07.007

 Kruk, M. C., Parker, B., Marra, J. J., Werner, K., Heim, R., Vose, R., et al. (2017). Engaging with users of climate information and the coproduction of knowledge. Weather Climate Soc. 9, 839–849. doi: 10.1175/WCAS-D-16-0127.1

 Latulippe, N., and Klenk, N. (2020). Making room and moving over: knowledge co-production, Indigenous knowledge sovereignty and the politics of global environmental change decision-making. Current Opin. Environ. Sustain. 42, 7–14. doi: 10.1016/j.cosust.2019.10.010

 Lavorel, S., Locatelli, B., Colloff, M. J., and Bruley, E. (2020). Co-producing ecosystem services for adapting to climate change. Philos. Trans. Royal Soc. B Biol. Sci. 375, 20190119. doi: 10.1098/rstb.2019.0119

 Leffler, J. (2019). In a rainforest, Southeast Alaska towns face extreme drought. Available online at: https://www.ktoo.org/2019/06/09/in-a-rainforest-southeast-alaska-towns-face-extreme-drought/

 Lemos, M. C., Arnott, J. C., Ardoin, N. M., Baja, K., Bednarek, A. T., Dewulf, A., et al. (2018). To co-produce or not to co-produce. Nat. Sustain. 1, 722–724. doi: 10.1038/s41893-018-0191-0

 Lemos, M. C., Kirchhoff, C. J., and Ramprasad, V. (2012). Narrowing the climate information usability gap. Nat. Clim. Chang. 2, 789–794. doi: 10.1038/nclimate1614

 Lemos, M. C., and Morehouse, B. J. (2005). The co-production of science and policy in integrated climate assessments. Global Environ. Change 15, 57–68. doi: 10.1016/j.gloenvcha.2004.09.004

 Li, S. (2018). “The Natural History of a Doctoral Research: the role of research diary and reflexivity,” in Emotions and Reflexivity in Health and Social Care Field Research (Chapter 2), Allan, H. T., and Arber, A. doi: 10.1007/978-3-319-65503-1_2

 Maldonado, J., Bennett, T. M. B., Chief, K., Cochran, P., Cozzetto, K., Gough, B., et al. (2016). Engagement with indigenous peoples and honoring traditional knowledge systems. Clim. Change 135, 111–126. doi: 10.1007/s10584-015-1535-7

 Marino, E., Rivera-Gonzalez, J., Benadusi, M., Dietrich, A., Hamza, M., Jerolleman, A., et al. (2020). COVID-19 and all the things that kill us: research ethics in the time of pandemic. Practicing Anthropol. 42, 36–40. doi: 10.17730/0888-4552.42.4.36

 McKinstry, E. (2020). Kake ocean monitoring effort takes advantage of quiet waters this summer (Sitka, AK). Available online at: https://www.kcaw.org/2020/07/17/kake-ocean-monitoring-effort-takes-advantage-of-quiet-waters-this-summer/ (accessed January 19, 2022).

 McNie, E. C. (2013). Delivering climate services: organizational strategies and approaches for producing useful climate-science information. Weather Climate Soc. 5, 14–26. doi: 10.1175/WCAS-D-11-00034.1

 Meadow, A. M., Ferguson, D. B., Guido, Z., Horangic, A., Owen, G., Wall, T., et al. (2015). Moving toward the deliberate coproduction of climate science knowledge. Weather Climate Soc. 7, 179–191. doi: 10.1175/WCAS-D-14-00050.1

 Mihlar, F. (2008). Voices That Must be Heard: Minorities and Indigenous People Combating Climate Change. London: Minority Rights Group International.

 Miller, C. A. (2004). Climate Science and the Making of a Global Political Order. Available online at: https://www.ebsco.com/terms-of-use (accessed January 19, 2022).

 Naquin, A., Comardelle, C., Jerolleman, A., Lesen, A. E., Peterson, K., Evans, J., et al. (2019). A Community Field Guide to Engagement, Resilience, and Resettlement: Community Regeneration in the Face of Environmental and Developmental Pressures (Louisiana).

 National Research Council (2001). A Climate Services Vision. First Steps toward the Future. National Academies Press.

 NCAI (2018). Resolution # KAN - 18 - 011 Support of US Indigenous Data Sovereignty and Inclusion of Tribes in the Development of Tribal Data. Available online at: https://www.ncai.org/attachments/Resolution_gbuJbEHWpkOgcwCICRtgMJHMsUNofqYvuMSnzLFzOdxBlMlRjij_KAN-18-011%20Final.pdf (accessed January 19, 2022).

 NCAI (2020a). Tribal Workforce Development: A Decision-Framing Toolkit. Available at: http://www.ncai.org/ptg/workforce-development/toolkit (accessed January 19, 2022).

 NCAI (2020b). Workforce Development in Indian Country: The Challenges. Available online at: https://www.ncai.org/ptg/WDEV_TOOLKIT_-_Challenges_Expanded.pdf (accessed February 25, 2022).

 NCAI (2022). Tribal Governance. Available online at: https://www.ncai.org/policy-issues/tribal-governance (accessed May 21, 2022).

 Nix, M. (2019). The beginning of a partnership in the lands of Keex' Kwaan. Available online at: https://ecotrust.org/keex-kwaan/ (accessed May 19, 2022).

 NOAA (2022a). Climate at a Glance: County Time Series, Average Temperature. Available online at: https://www.ncdc.noaa.gov/cag/county/time-series/AK-198/tavg/all/1/1895-2022?base_prd=trueandbegbaseyear=1901andendbaseyear=2000andfilter=trueandfilterType=binomial (accessed January 19, 2022).

 NOAA (2022b). Climate at a Glance: County Time Series, Precipitation. Available online at: https://www.ncdc.noaa.gov/cag/county/time-series/AK-198/pcp/all/1/1925-2022?base_prd=trueandbegbaseyear=nullandendbaseyear=2000andfilter=trueandfilterType=binomial (accessed January 19, 2022).

 NOAA (2022c). About the Regional Integrated Sciences and Assessments Program. Available online at: https://cpo.noaa.gov/Divisions-Programs/Climate-and-Societal-Interactions/RISA/About-RISA#739056-about-risa (accessed January 19, 2022).

 NOAA and Figus E. (2021). Tribal Community Partners with Researchers to Monitor Food and Climate. Available online at: https://toolkit.climate.gov/case-studies/tribal-community-partners-researchers-monitor-food-and-climate (accessed January 19, 2022).

 Norström, A. V., Cvitanovic, C., Löf, M. F., West, S., Wyborn, C., Balvanera, P., et al. (2020). Principles for knowledge co-production in sustainability research. Nat. Sustain. 3, 182–190. doi: 10.1038/s41893-019-0448-2

 NRCS (2020). Tribal Conservation Districts. Available online at: https://www.nrcs.usda.gov/wps/portal/nrcs/ak/newsroom/stories/9677ff24-b5ad-456e-a8d2-3021f2a23e8c/

 OVK (2013). Kake Circle Peacemaking. Kake.

 Peterson, K. (2011). Transforming researchers and practitioners: The unanticipated consequences (significance) of Participatory Action Research (PAR). Available online at: https://scholarworks.uno.edu/td/129.

 Posner, S. M., and Cvitanovic, C. (2019). Evaluating the impacts of boundary-spanning activities at the interface of environmental science and policy: a review of progress and future research needs. Environ. Sci. Policy 92, 141–151. doi: 10.1016/j.envsci.2018.11.006

 QSR International Pty Ltd. (2020). NVivo Software. (Burlington, MA, USA). Available online at: https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home (accessed July 22, 2022).

 Reid, A. J., Eckert, L. E., Lane, J. F., Young, N., Hinch, S. G., Darimont, C. T., et al. (2021). “Two-Eyed Seeing”: an indigenous framework to transform fisheries research and management. Fish Fisheries 22, 243–261. doi: 10.1111/faf.12516

 Sea Grant, A., and Figus, E. (2021). Student interns from Kake contribute to local climate change studies. Available online at: https://alaskaseagrant.org/2021/10/25/student-interns-from-kake-contribute-to-local-climate-change-studies/ (accessed January 19, 2022).

 Sikuaq Erickson, K. R. (2020). Successful engagement between Iñupiat and scientists in Utqiagvik, Alaska: A sociocultural perspective. Thesis at University of Alaska Anchorage. Available online at: https://www.proquest.com/openview/c91ae5765867876fe688692de89421ef/1?pq-origsite=gscholarandcbl=18750anddiss=y (accessed May 19, 2022).

 Silverman, D. (2010). Doing Qualitative Research. London: Sage.

 Solomon, S., Dole, R., Feely, R., Held, I., Higgins, W., Payne, J., et al. (2009). A Vision for Climate Services in NOAA. Available online at: https://d32ogoqmya1dw8.cloudfront.net/files/cln/vision_climate_services_noaa.pdf (accessed February 24, 2022).

 Stake, R. E. (1995). The Art of Case Study Research. Sage: Thousand Oaks.

 Steynor, A., Lee, J., and Davison, A. (2020). Transdisciplinary co-production of climate services: a focus on process. Soc. Dyn. 46, 414–433. doi: 10.1080/02533952.2020.1853961

 TallBear, K. (2014). Standing With and Speaking as Faith: A Feminist-Indigenous Approach to Inquiry. AU Press. Available online at: http://jrp.icaap.org/index.php/jrp/article/view/405/371 (accessed January 19, 2022).

 Thoman, R., Walsh, J., and McFarland, H. (2019). Alaska's Changing Environment: Documenting Alaska's Physical and Biological Changes Through Observations. Fairbanks, AK: International Arctic Research Center.

 Tuck, E., and Yang, K. W. (2012). Decolonization is Not a Metaphor. New York: Paltz.

 Tudose, N. C., Cremades, R., Broekman, A., Sanchez-Plaza, A., Mitter, H., Marin, M., et al. (2021). Mainstreaming the nexus approach in climate services will enable coherent local and regional climate policies. Adv. Climate Change Res. 12, 752–755. doi: 10.1016/j.accre.2021.08.005

 Tuhiwai Smith, L. (2012). Decolonizing Methodologies: Research and Indigenous Peoples. 2nd ed. London: Zed Books.

 Turnhout, E., Metze, T., Wyborn, C., Klenk, N., and Louder, E. (2020). The politics of co-production: participation, power, and transformation. Current Opin. Environ. Sustain. 42, 15–21. doi: 10.1016/j.cosust.2019.11.009

 USDA, United States Department of Agriculture. (2021). MOU Keex' Kwaan Tribal Conservation District. Mutual Agreement Between USDA, OVK, and KTC.

 Vincent, K., Archer, E., Henriksson, R., Pardoe, J., and Mittal, N. (2020). Reflections on a key component of co-producing climate services: defining climate metrics from user needs. Climate Serv. 20, 100204. doi: 10.1016/j.cliser.2020.100204

 Vincent, K., Daly, M., Scannell, C., and Leathes, B. (2018). What can climate services learn from theory and practice of co-production? Climate Serv. 12, 48–58. doi: 10.1016/j.cliser.2018.11.001

 Vogel, B., and Bullock, R. C. L. (2021). Institutions, indigenous peoples, and climate change adaptation in the Canadian Arctic. GeoJournal 86, 2555–2572. doi: 10.1007/s10708-020-10212-5

 Vollstedt, B., Koerth, J., Tsakiris, M., Nieskens, N., and Vafeidis, A. T. (2021). Co-production of climate services: a story map for future coastal flooding for the city of Flensburg. Climate Serv. 22, 100225. doi: 10.1016/j.cliser.2021.100225

 Wall, T. U., McNie, E., and Garfin, G. M. (2017a). Use-inspired science: making science usable by and useful to decision makers. Front. Ecol. Environ. 15, 551–559. doi: 10.1002/fee.1735

 Wall, T. U., Meadow, A. M., and Horganic, A. (2017b). Developing evaluation indicators to improve the process of coproducing usable climate science. Weather Climate Soc. 9, 95–107. doi: 10.1175/WCAS-D-16-0008.1

 Whyte, K. (2017). Indigenous climate change studies: indigenizing futures, decolonizing the anthropocene. Engl. Lang. Notes 55, 153–162. doi: 10.1215/00138282-55.1-2.153

 Whyte, K. P. (2013). Justice forward: tribes, climate adaptation and responsibility. Clim. Change 120, 517–530. doi: 10.1007/s10584-013-0743-2

 Wilson, S. (2008). Research is Ceremony. Fernwood Publishing.

 Woll, C. (2018). Building an Indigenous Guardians Network. Available online at: https://myemail.constantcontact.com/Sustainable-Southeast-Partnership–Spring-Newsletter.html?soid=1120384323566andaid=5qZixyyh2js

 Wyborn, C., Datta, A., Montana, J., Ryan, M., Leith, P., Chaffin, B., et al. (2019). Co-producing sustainability: reordering the governance of science, policy, and practice. Ann. Rev. Environ. Resour. 44, 319–346. doi: 10.1146/annurev-environ-101718-033103

 Yua, E., Raymond-Yakoubian, J., Daniel, R., and Behe, C. (2022). Negeqlikacaarni kangingnaulriani ayuqenrilnguut piyaraitgun kangingnauryararkat: a framework for co-production of knowledge in the context of Arctic research. Ecol. Soc. 27, 34. doi: 10.5751/ES-12960-270134



OPS/images/fclim-04-885494-t006.jpg
Type Code name Part of Ellam Yua # References
Co-Production Framework

Codes used in text analysis of monthly logs

Deductive Equity Outer Ring 27
Deductive Trust and Respect Conceptual Tools 66
Deductive Relationships Conceptual Tools 281
Deductive Empowerment Conceptual Tools 148
Deductive Means and Ability Conceptual Tools 213
Deductive Capacity Conceptual Tools 234
Deductive Deliberate and Intentional Conceptual Tools 165
Deductive Ethical Conceptual Tools 15
Deductive Decolonization Conceptual Tools 45
Deductive Sovereignty Conceptual Tools 2
Deductive Problem Definition Action Circle 16
Deductive Identify Question Action Circle 17
Deductive Develop Methods Action Circle 64
Deductive Gather Information Action Circle 123
Deductive Information Analysis Action Circle 2
Deductive Communications Action Circle 201
Deductive Review Results Action Circle 34
Deductive Control of Information Action Circle 53
Deductive Practice Reciprocity Action Circle 10
Deductive Knowledge Systems Converging Through the Process 2
Deductive Co-Production of Knowledge Goal 70
Deductive Challenge N/A 249
Inductive Flex-Pivot N/A 17

* Absolute incidence of this code is not meaningful, as it was inductively added partway through the coding process, without returning to re-coding earlier texts.
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Approximate financial spending during study

Expense Amount (approximate values)
Travel $35,000.00
Salary/direct payments $350,000.00
ield project costs $175,000.00
Total $560,000.00

The category “Travel” includes travel of co-author Figus, as other travel was canceled
during the 24-month period of the study, due to the COVID-19 pandemic. The category
“Salary/Direct Payments” refers to costs of

usis salary, partner staff time, and paymen
toresidents in Kake for work related to the Kake Climate Partnersh
Project Costs” includes costs of suppl

eld
s, shipping, sample processing, and any direct
payments to people not residents of Kake who assisted with Kake Climate Partnership
work during the 24-month period. All values refer to funds used, and do not include
indirect/overhead costs.

The category “Fi
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Limitations to fulfilling Ellam Yua co-production elements

Type of limitation

“Trustand respect’clement

“Practice reciprocity’ element

Example quote from monthly logs

[The] biggest hurdle is trust;  like the term ‘moving at the speed of trust’ because that is what I do....t is a reality for myself and the
Indigenous people of Alaska and probably around the world: we cannot go into things trusting because it has just been proven, years of
oppression of our people by a system that was created not for people of color; it was created for the people of European descent; nothing
that is on the books, whether it is policy, law, whatever; that wasn't written for peaple of color. We came as an afterthought... there is
always something else behind what is being asked us. I don't know how to explain that, but there is always an underlying issue... L am
leery of people that want to come and help our community. Not that I'm not appreciative of their efforts; it is that we have to keep our
guard up; always, as Indigenous people... I think mainly it comes down to trust. It is sad that that’s always there for me, but I'm not
going to go into something without mentioning that. And I won't ever hide that from anybody. Trust is earned, and it won't come
easy--OVK President Joel Jackson (excerpt from log notes, October 2020)

What s in it for them? This is the key to the whole [co-production of knowledge] process. What purpose does it serve an over-extended
tribe and small community to get lip service and paperwork from the university? Without financial and temporal investment, the
Partnership is meaningless. When I proposed designing climate rescarch with the aim of providing tangible benefts to Kake, our
partners at the tribe and city and corporation all said emphatically that workforce development HAD to be part of what we did. And
field work ideas came pouring out of the tribal staff and leadership. The implication from carly on was that I needed to find or bring

money to the table to support those endeavors. Otherwise, what am I doing here in this ‘partnership’ space—January 2021
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Examples of the ‘Flex-Pivot’ code across five themes

‘Flex-Pivot’  Example Quote(s) from monthly logs
theme

1 ...the jargon creates a smokescreen that does not always make sense in communities [Research Colleague pers. comms, 2020]. In the context of Kake, we have
defined ourselves as a ‘Climate Partnership’ and more generally as a ‘Research Partnership’ rooted in climate and environmental projects—September 2020

2 I think 1 [typically] unconsciously focus 75% [of my time] on scientific research, including [Indigenous Knowledge] as part of scientific research, with
about 25% communily engagement. I have not thought about this fully yet. How much of my current [co-production] work should be scientific
research—September 2020
[Knowledge Bearer from Kake] recommend]ed] that I et my voice be quict while doing the work to support the capacity of my research partners, my
Indigenous partners, to lead our projects in a way that satisfies their goals. So, I can run around and get project materials and help design methods for water
sampling, but I need to step aside and back when it comes to leadership and big decisions, as well as how we present our work to the outside—September
2020

3 It feels like a huge weight has been lifted. 1 felt uncomfortable with worry for a week, but I am glad I simply thanked the [partner] for their time and got off
their call. They are happy with the Partnership (or at least not disappointed) and just [did not] want me [presenting at] their monthly meetings—January
2021

4 Every few days, I have drafted a new potential sampling schedule, just in case things are ready to go. But no sampling took place.... due to [boat] mechanical
and COVID issues... COVID is spreading in Kake. We had a plan to get calibrations completed and potentially two sampling events completed, but one of
our lead samplers is hunkering down due to a positive case of COVID i the family, and the case count in Kake continues to rise. Another ‘hurry up and
wait” week for ocean monitoring, while we deal with the stress and worry of everyone’ safely—August 2020
The [Declaration of Principles and Expectations] has become part of everything that we do, and it is the strongest glue holding us all together throughout this

pandemic. The [Declaration of Principles and Expectations] is a work product, a deliverable in itself because it reciprocally defines us as we define it The

[Declaration of Principles and Expectations] is meant to be our application of the [co-production] model [from Ellam Yuua et al. (2022)]. The [Declaration of
Principles and Expectations] ensures that we are all at the Kake Climate Partnership ‘table’ for the same reasons. We all understand that this partnership is
much bigger and more meaningful than any of the individual pieces or people involved. We agree explicitly to uphold the principles of the [Declaration of
Principles and Expectations] in all that we do—November 2020

5 I [am] struck by how quickly 12 months has gone by.... We have had great success, but also great challenges and potentially upcoming failure...I am losing
Jaith in the idea that meaningful [co-production], partnership work can be conducted in a 24-month window. Certainly, it could not be done in 12
months—October 2020
During the last week of February, I was informed by [university funding staff] that paying for Covid testing prior to and during travel to Kake will not be an
‘allowable expense’ on the [Federal] grant [we are using to cover my travel]. My travel plan was not reviewed by anyone other than [my supervisor], to my
knowledge. This trip planning is very different from the trip in October. I made an appointment at [the regional Tribal health consortium] in Juneau for a
pre-departure test and prepaid the $145 charges. I wonder if there is @ more flexible fund that we can pull money from to pay this cost—February 2021

There are many different balls in the air that require my attention at the moment

. This s the month where [co-production] turns into [a] choice of who
gets the money from the emptying pot—January 2021
A nice outcome of this month (and the trip to Kake) was that I walked away with confidence that our partners want to carry on past November 2021, s0 we

have a bit more time to complete our goals together—March 2021

OVK and everyone in Kake have adeptly and gracefully molded the (Kake Climate Partuership) into their other ongoing initiatives. In this way, I am
confident that [Kake Climate Partnership] has constructively contributed to long-term projects and planning in Kake in a positive way. But I do hope we can

find a way to make this a more lasting program—October 2021

The numbers 1-5 in the table correspond to five types of ‘Flex-Pivot’ themes as follows: 1. Use of language; 2. Rethink the role of s
communication styles; 4. Flexibility in process with dedication to core pri

entific research and researchers; 3. Fley

5; and 5. Transparency in acknowledging successes and challenges.
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Kake Climate Partnership Field Projects Nov 2019-Oct 2021

Project Method(s) Amount completed
1. Ocean Monitoring Western science sample and data 2 seasons data collected
collections
2. Evaluation™* Facilitated Talking Circle Meeting held in May 2021
3. Research Film Led by local student interns Filming complete, editing
begun
4. Stream Monitoring A) Traditional Knowledge Planning completed

interviews B) Western science
sample and data collections

5. Climate Change Adaptation  Mixed Planning begun

Plan for Kake

Priorities have been set by all partners using consensus during biannual meetings. *Adds to 90%, bec;
not directly related to any field project. **Project aligns with Assessment item from Pris

iples and Expectations document (s

% Team time*

50%

5%

5%

25%

5%

Suppler

# Kake residents paid
to work on project

30

s about 10% of team time is spent on administrative, outreach, and other activities
file Band 1

ble 3).
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Abbreviated list of principles and expectations of Kake
climate partnership with examples of how each one was

accomplished

Principle  Meaning

Southeast Members acknowledge and
traditional respect the values established
tribal values by the regional tribal

government in Southeast
Alaska (Central Council;
CCTHITA, 2019).
Respectand  This work should set an
equity example of respectful,
equitable research between a
Tribe, a City, a Tribal

Corporation, and a university.

Food All parties acknowledge that

sovereignty  food security and food
sovereignty is a key value and
should play a role in all
aspects of this work.

Knowledge and  This work aims to learn from

wisdom of elders through respectful

elders documentation of their
knowledge.

Data Data sovereignty for the Tribe

sovereignty and individuals in Kake

should be upheld at every

stage of this work and in

perpetuity
Baselinedata All parties acknowledge the
collection importance of strengthening a

local database about the
changing environment to

support future resilience.

Workforce Importance of creating

development  meaningful learning
experiences, training, and
economic opportunities for
local residents and Tribal
‘members.

Publication Al parties agree to pul

values about this work in ways that

are respectful.

Expectation Meaning

Data/information Data sovereignty is a key value

ownership of this work. Al parties agree
to negotiate agreements about
data & information
ownership, including
memoranda of
understandings, as necessary.

Staff from cach partner entity

are primary facilitators for

this wor
Regular updates  Regular updates will be
provided by E. Figus so
parties can provide feedback
and recommendations to

project facilitators about

ongoing work.
Project Project assessment wil take
assessment place at regular intervals.
Outcomes Preserving stories/knowledge

from elders in Kakes local
collection of climate data;
professional development

experiences for locals who

participate.
Follow up. Results will be presented to

the community.

Example during this
study

‘The Southeast Traditional
Tribal Values are at the
forefront of all actions in the

Kake Climate Partnership.

Building a partnership
centered around respect and
equity was an iterative and
ongoing process throughout
the 24-month period of this
study.

All rescarch projects
characterize impacts of
climate variability and
pollutants on traditional
foods.

Partners planned a
Traditional Knowledge
documentation project with
Elders in Kake.

Through use of a
Memorandum of Agreement,
non-disclosure agreements,
and the Tribal archives, the
team upholds local and Tribal
authority over data collected.
During the 24-month period
of this study, partners
completed two seasons of
baseline climate data
collection (project 1in

“Table 4).

More than 30 local residents
worked as paid members of
the research team during the
study (Table 4).

The team generated zero
peer-reviewed publications,
but successfully planned three
potential manuscripts with

equitable co-authorship.

Example during this
study

OVK, KTC, and the City
negotiated a MOA for all data
collection for the ocean

monitoring project.

Partners maintained a core
group of facilitators defined
forall partners.

E. Figus provided updates
each month from May 2020
through October 2021.

During May 2021,
representatives from each
partner entity participated in

an evaluation in the form of a

facilitated Talking Circle.
Two seasons ocean
monitoring data archived
locally; presentations at
science conferences; field trips
with local high school
students.

Team members presented
results at an Annual Meeting
of the Tribe during 2021.

Refer to Supplementary file B for the complete principles and expectations document.
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Descriptions of two activities in Kake related to the Kake
climate partnership

Related
activity

Keex’ Kwaan
Tribal
Conservation

District

Southeast
Alaska Coastal
Guardian

Network

Description

A Tribal Conservation District (TCD) is an area of
traditionally Tribal land that is managed through a
Memorandum of Understanding (MOU) between a
Federally recognized Tribe and the United States
Department of Agriculture (USDA; See text footnote 1).
“The goal of tribal conservation districts i to set local
priorities for conservation and ensure sustainable use of
natural resources for subsistence, economic opportunity,
resource development, and cultural preservation” (NRCS,
2020). “[A] TCD has the Traditional Knowledge; [the] USDA
has the assistance, funds, (and] experience to help with
technical needs” (ATCA).

A Tribal Conservation District MOU may include the local
ANCSA corporation with lands overlapping a traditional
Tribal area. In Oct 2021, OVK and KTC created an MOU
with the USDA to create a TCD in Kake.

The Board of Directors for the Keex' Kwaan Tribal

nclude members from both OVK

Conservation District wi
and KTC.

Modeled after an existing Guardian Watchmen program
across the North Pacific Coast, the Indigenous Coastal
Guardian Network in Southeast Alaska, is a growing
movement focused on: ensuring resources are sustainably
managed, that rules and regulations are followed, and that
land and marine use agreements are implemented
effectively... They uphold and enforce traditional and
contemporary Indigenous laws and continue the work of their
ancestors in protecting and managing coastal territories

(CF

3BI, 2022a).
‘The Nature Conservancy describes Coastal Guardians in
Alaska as a network to: support community land and resource
stewardship by connecting existing local programs, aspiring
community leaders and natural resource managers. The
network provides technical and social support to strengthen
community-based stewardship region-wide (Woll, 2018).

‘The Coastal First Nations Great Bear Initiative explains that:
as Indigenous peoples we derive our authority and jurisdiction
Jrom our traditional laws to manage and safeguard the lands
and waters of our territories for the health of future

(GBI, 2022b). Work to i

Indigenous Coastal Guardians Network in Southeast Alaska

generations ( plement the

has been led by the Sustainable Southeast Partnership, of
which OVK is a leading member (Woll, 2018).
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Description of Kake climate partnership member

entities

Partner
member

Organized Village
of Kake (OVK)

Kake Tribal
Corporation
(KTC)

City of Kake (the
City)

Alaska Center for
Climate
Assessment and
Policy (ACCAP)

Member
information

OVK is one of 229 Tribes
within the State of Alaska
recognized by the

United States Federal
government (BIA, 2022).
and makes decisions via its
Indian Reorganization Act
(IRA) Council. OVK had
1,002 enrolled tribal
‘members as of February
2022.

KTCis the for-profit
Alaska Native village
corporation in Kake.
Created by the Alaska
Native Claims Settlement
Act (ANCSA) of 1971,
KTC owns land in the
vicinity of Kake
(Supplementary file A).
KTC had 748 shareholders
asof March 2022.

The City of Kake isa
First-Class City in the
unorganized
Wrangell/Petersburg
Borough (ADCCED,
2015). It functions as the
‘municipal authority for the
community and makes
decisions via regularly held
‘meetings of their City
Council.

ACCAP is a Regional
Integrated Sciences and
Assessments (RISA)
program funded by the
Climate Program Office at
the National Oceanic and
Atmospheric
Administration (NOAA;
NOAA, 2022¢). ACCAP is

housed in the International
Arctic Research Center at
the University of Alaska
Fairbanks and conducts
innovative and
collaborative research and
engagement to inform
climate policy,

decision-|

aking, and
action for a just and

sustainable future.

Participation in the
co-production
process.

OVK IRA Council
members, members of
OVK staff, and enrolled
members of the OVK
Tribe all participate in
designing and carrying out
the partnership field
projects. Updates on the
Kake Climate Partnership
are presented monthly at
OVK meetings.

KTC makes decisions viaa
Board of Directors. KTC
Board members, members
of KTC staff, and KTC
shareholders all participate
in designing and carrying
out the partnership field

projects

“The City Council votes on
Key aspects of the Kake
Climate Partnership and
individual members of the
City Council and City staff
participate in designing
and carrying out the Kake
Climate Partnership field

projects.

ACCAP servesasa
boundary spanning
organization for the Kake
Climate Partnership,
providing organizational,
logistical, and scientific

support,
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The Kake Climate Partnership:
Implementing a knowledge
co-production framework to
provide climate services in

Southeast Alaska
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