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Abstract

Climate change is causing rapid and unprecedented environmental changes in Alaska 

coastal communities. These changes are impacting community infrastructure, travel access and 

subsistence activities for Indigenous people. Many communities lack access to relevant data 

products which can inform potential climate change mitigation strategies. Relevant data products 

can be developed through community engagement to identify research priorities and culturally 

appropriate community-based research methodologies to document community-based 

observations. Relevant coastal data products were produced for communities participating in two 

community-based monitoring programs: The Stakes for Stakeholders erosion monitoring 

program and the Alaska Arctic Observatory and Knowledge Hub monitoring network. Lessons 

learned from working with these two community-based monitoring networks were identified and 

discussed in detail. These lessons can be used to inform current and future community-based 

research partnerships in Alaska Indigenous communities. Researchers interested in further 

insight on these topics can build on insights coming directly from various Indigenous 

organizations who are voicing their perspectives on the current state of climate change research 

in Alaska.
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Chapter 1: Introduction

Climate change in Alaska is causing widespread and rapid environmental change. 

Warming of the Arctic is occurring at twice the global rate, with coastal Alaskan communities 

experiencing dramatically warmer winters as well as higher rates of flooding, erosion and 

permafrost thaw (AMAP, 2019; Thoman et al., 2020). Sea ice extent has decreased by 50% in 

the last decade, exposing vulnerable Alaska coasts to the erosive action of waves and generating 

unpredictable sea ice and weather conditions for Indigenous communities who have thrived in 

these regions for millennia (Thoman & Walsh, 2019). These rapid environmental changes are 

impacting subsistence activities, culture, health, and infrastructure (Hard et al., 2020; Hauser et 

al., 2021; Markon et al., 2018).

Rural coastal communities across Alaska require multidisciplinary approaches to 

effectively address the multitude of climate change issues, and currently large data gaps exist in 

local-scale and participatory research in Alaska (Brown et al., 2015; Knapp and Trainor, 2014; 

NOAA, 2020). Where data do exist, stakeholder engagement has often been limited, making the 

data disconnected from the priorities of Indigenous communities and inaccessible for use in 

decision-making (ICC, 2019; Kawerak et al., 2019; Kettle et al., 2020). These data and 

engagement gaps are a barrier for communities looking to effectively respond to climate change 

impacts in rural Alaska. Effective understanding of available data and development of adaptation 

strategies can be informed by incorporating local perspectives through community-based 

participatory research practices which engage communities through iterative dialogue.
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1.1 Climate Change in Coastal Alaskan Indigenous Communities

1.1.1 The Arctic

Indigenous people have been living in the Arctic for millennia, adapting to changes and 

developing knowledge systems that help them navigate and thrive in an unforgiving environment 

(Pearce et al., 2015). They are the first true scientists in this region. As stewards of the land and 

sea, they have developed inextricable connections that lay the foundation for a holistic 

understanding of marine, terrestrial, atmospheric and sea ice systems (Ferguson & Messier, 

1997). These knowledge systems, as well as scientific literature, reveal widespread and 

unprecedented environmental changes that have been ongoing for over three decades 

(Huntington et al., 2017; Krupnik & Jolly, 2002). Effects of climate change are amplified in the 

Arctic, where permafrost degradation, reduced annual sea ice extent, flooding and erosion 

associated with coastal storms, unpredictable sea ice conditions, extreme temperature anomaly 

events and other climate-related changes all impact Indigenous communities (Markon et al., 

2018; Thoman et al., 2020; Thoman & Walsh, 2019). These changes are altering interactions 

between Indigenous communities and the subsistence resources on which they depend to thrive 

(Brinkman et al., 2016, Hovelsrud et al., 2008). Communities that rely on sea ice for subsistence 

hunting of marine mammals in the winter and spring face more unpredictable conditions, 

shortened harvesting seasons, decreased harvesting opportunities and transportation safety 

concerns (Brinkman et al., 2016; Hauser et al., 2021). The arrival time and duration of 

subsistence resources has changed based on changing environmental parameters, shifting 

subsistence calendars and migration patterns of subsistence resources (Green et al., 2021; 

Proverbs et al., 2020). Infrastructure sitting atop thawing permafrost and in close proximity to 

rapidly retreating shorelines face immediate threats as reduced sea ice extent and warming 
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temperatures accelerate the loss of land, threatening roads, residential homes, water resources, 

landfills, barge landings and sewage and wastewater lagoons (UAF et al., 2019).

Despite well documented impacts of Arctic environmental change, efforts to understand 

and respond to these changes are often described from the perspective of researchers and do not 

equitably address the perspectives and priorities of Indigenous people who live there (Ellam Yua 

et al., 2022; Knapp & Trainor, 2015; Snook, 2021). Research continues to focus on the interests 

and priorities of non-Indigenous entities. In particular, there is a lack of local perspectives on 

climate change impacts to Arctic Indigenous people. Lack of equitable and ethical engagement 

of Indigenous communities in Arctic research perpetuates continued colonialism and inequity, 

disregarding pre-existing knowledge systems that can inform and lead scientific inquiry (Poe et 

al., 2013; ICC, 2021). Furthermore, research done in Indigenous communities, without proper 

engagement with and credit to Indigenous people contributes to the further disenfranchisement of 

Indigenous people, their knowledge and their connection to the land in the research community 

and in wildlife and natural resource management contexts. To better understand climate change 

in Arctic communities and generate ethical and impactful research outcomes, a holistic approach 

must be taken, bringing together multiple knowledge systems and perspectives to achieve the 

same goal (Ban et al., 2018; Ellam Yua et al., 2022; Poe et al., 2013).

1.1.2 Coastal Erosion in Southwest Alaska

Erosion is a persistent issue in rural coastal communities in Alaska (GAO, 2009; 

Overbeck et al., 2020; UAF et al., 2019). As rural communities in Alaska have grown and 

developed infrastructure to support improved economies and quality of life, so too have the 

footprints of those communities, placing newer and even more valuable infrastructure in close 
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proximity to retreating shorelines. Critical community infrastructure, cultural sites and 

subsistence resources are at risk as vulnerable coasts are exposed to the erosive action of waves 

during fall and winter storms (Buzard, 2017; Buzard et al., 2021b). Alaska's southwest region is 

dotted with communities that are experiencing accelerated rates of coastal and riverine erosion 

(Overbeck et al., 2020). These impacts will likely continue with sea level rise, a reduced length 

of coastal ice-free seasons and an increase in storm frequency (Jorgenson et al., 2018). 

Projections for the coastal ice-free seasons in coastal Alaska communities, without climate 

adaptation measures and global reductions in greenhouse gas emissions, indicate an increase of 

11-15 days per decade until 2095, with $5.5 billion in cumulative damages to infrastructure from 

flooding, erosion and permafrost thaw (Melvin et al., 2017). Responding to and mitigating 

coastal hazard impacts requires informed decision-making at the community level, which relies 

heavily on high-resolution coastal mapping data (Overbeck, 2018b). There are currently large 

gaps in coastal research and multidisciplinary approaches necessary to address community- 

identified concerns in southwest Alaska (Knapp and Trainor, 2015; NOAA, 2020). For many 

communities, existing erosion assessments, such as (USACE, 2009) and (UAF et al., 2019), for 

potential infrastructure impacts are outdated or anecdotal. Although recent strides in erosion 

assessments for rural Alaskan communities have been made (e.g. Buzard et al., 2021b; Overbeck 

et al., 2020; UAF et al., 2019), smaller, site-specific assessments which are co-produced with 

stakeholders can directly inform local decision-making. Erosion rates are extremely variable 

along Alaska's coastline, and many local factors can contribute to variable erosion rates in each 

individual community. Rapid erosion in recent years as a result of storms, flooding, permafrost 

thaw and human activity may not be captured in a broad-scale analysis.
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Many communities in southwest Alaska still lack basic coastal data which can potentially 

inform adaptive strategies and community infrastructure plans. With access to relevant and local

scale data products, stakeholders may be in a stronger position to apply for grant funding, 

develop hazard mitigation plans, streamline local engineering projects and address future 

environmental impacts.

1.2 Two Community-Based Monitoring Networks

1.2.1 Stakes for Stakeholders

Stakes for Stakeholders is a collaborative network of erosion observers and scientists in 

southwest Alaska working together to document coastal hazards in support of informed decision

making and community resilience. This program is geared towards providing useful data 

products to communities at risk of flooding and erosion. Partners from the University of Alaska 

Fairbanks (UAF), the Alaska Division of Geological and Geophysical Surveys (DGGS) and the 

regional Bristol Bay Native Association (BBNA) work together to build capacity in coastal 

communities to monitor erosion. UAF and DGGS conduct field surveys, carry out shoreline 

change assessments and engage with local tribes to establish erosion monitoring sites. BBNA 

provides funding for local observers to carry out erosion measurements and maintain erosion 

monitoring sites. Erosion monitoring guides and other necessary materials are provided for local 

observers to collect measurements and maintain sites. Repeat site visits to each community are 

made by UAF and DGGS to conduct surveys, maintain sites, install new sites where needed and 

engage with communities.
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1.2.2 Alaska Arctic Observatory and Knowledge Hub (AAOKH)

The Alaska Arctic Observatory and Knowledge Hub (AAOKH) is a community-based 

monitoring (CBM) program that evolved from a predecessor program called the Seasonal Ice 

Zone Observing Network (SIZONet) that focused on weaving scientific and Indigenous 

perspectives of sea ice from 2006-2015, particularly with regards to travel safety and access to 

traditional resources (Eicken et al. 2014). In 2016, AAOKH began and the scope of observing 

efforts eventually shifted to become more holistic, year-round, and geographically focused 

across north and northwest coastal communities in Alaska. AAOKH observations have been 

built on and added to the database framework established by SIZONet, and the combined 

database currently includes >8,000 community-based observations. The AAOKH network 

currently consists of six local observers in five coastal Arctic Alaska communities: Qikiktagruk 

(Kotzebue), Tikigaq (Point Hope), Ulguniq (Wainwright), Utqiagvik (two observers), and 

Kaktovik.

Observations date back to 2006 in some communities (e.g., Utqiagvik) and are housed in 

an online database (Adams et al., 2013). These observations offer a local perspective of 

environmental changes observers are experiencing throughout the year. Observations are 

documented by individual observers and then contributed electronically via email or a third-party 

mobile application (Fulcrum) or handwritten and mailed via the postal service. In contrast to the 

Stakes for Stakeholders program which utilizes a standardized erosion measurement protocol, the 

AAOKH platform allows for the documentation of a wide range of environmental conditions, 

including: sea ice conditions, weather conditions, presence of wildlife, seasonal subsistence 

activities and full text observations describing day-to-day conditions delivered by local observers 

routinely.
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1.3 Community-Based Monitoring, Co-Production and Community Engagement

Community-based monitoring (CBM) is defined as the process of routinely observing 

environmental or social phenomena, or both, that is led and undertaken by community members 

and can involve external collaboration and support of researchers or government agencies 

(Johnson et al., 2015). CBM engages local communities in observing and has been increasingly 

applied by researchers around the world to document changing environments near remote 

communities (Alaska Seagrant, 2015; Johnson et al., 2015; Kouril et Al. 2016; Wilson et al., 

2018; Wiseman & Bardsley, 2015). However, the concept of monitoring the environment is not a 

new one; Indigenous people of Alaska have been observing and responding to changes in their 

environment for millennia in order to safely carry out subsistence and hunting activities, and 

these observations have been passed down from generation to generation as local ecological 

knowledge, or the knowledge and experience obtained through extensive observation of the 

natural world accumulated over millennia (Huntington, 2000). Monitoring efforts to document 

climate change impacts are not only in the interest of researchers but also in the interest of 

Indigenous people who rely on local traditional knowledge to safely navigate a dynamic 

environment.

Furthermore, partnership with tribal governments to carry out monitoring can generate 

more impactful research than externally driven monitoring programs, and it has been linked to 

increased Indigenous engagement in local decision-making (Ban et al., 2018; Danielsen et al., 

2010; Wilson et al., 2018). Community priorities and data needs are more likely to be met 

through community-focused monitoring programs (Eicken et al., 2021). Building capacity of 

local communities to conduct environmental monitoring supports Indigenous stewardship and 
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responsibility to the land and data, which can promote trust and credibility when applying data to

local policy (Johnson et al., 2015; Wilson et al., 2018).

Community-based monitoring programs typically include a science or agency lead that 

works with tribal governments or other tribal leadership entities to monitor and document 

environmental phenomena through scientific monitoring and direct observations from local 

observers. Several key elements emerging from community-based monitoring programs include: 

stakeholder engagement in early planning stages and throughout the project, long-term 

relationships between sciences and Indigenous leaders, education and outreach opportunities 

within participating communities and appropriate and agreed upon data-sharing practices and 

more (Table 1). Challenges faced in coordinating these networks are outlined in Table 2.

Table 1. Summary from the literature of key elements found in established community-based research programs.

Key elements of established community-based research 
programs Source

The need for monitoring, intended use of data, project goals and 
expectations for all participants are clearly identified

Alaska Sea Grant, 2015; Huntington et al., 
2009; Kouril et al., 2016

The program clearly benefits community, including capacity 
building and youth outreach

Alaska Sea Grant, 2015; Ellam Yua et al., 
2022; Heeringa et al., 2019; ICC, 2021;
Johnson et al., 2016; Kouril et al., 2016

Indigenous participants are engaged in the early planning and design 
stages of the project

Huntington et al., 2009; Wilson et al., 2018; 
ICC, 2021

The program includes close collaboration with a scientist, agency, 
university or organization

Alaska Sea Grant, 2015; Johnson et al., 2015; 
Huntington et al., 2009; Pollock & Whitelaw, 

2005

Consideration is given to cultural differences regarding interpersonal 
communication, data management, and data access

Ellam Yua et al., 2022; Heeringa et al., 2019;
Huntington et al., 2009; ICC. 2021; Johnson 

et al. 2015; Kouril et al., 2016

Networking opportunities are available between CBM participants Huntington et al., 2009; Johnson et al., 2016; 
Wilson et al., 2018

Indigenous participants are compensated for their time and expertise Huntington et al. 2009; ICC, 2021

Indigenous knowledge informs scientific approaches to monitoring, 
documenting observations from two ways of knowing

Eicken et al., 2014; Ellam Yua, et al., 2022;
ICC, 2021; Johnson et al., 2016

The program informs decision-making strategies and natural 
resource management

Johnson et al., 2016; Kouril et al., 2016;
Wilson et al., 2018; Heeringa et al., 2019

Collaborative and interpersonal relationships with those involved are 
established over the long term

Eisner et al., 2012; Huntington et al., 2009; 
Eicken et al., 2014

The program is sustainable over the long-term Eisner et al., 2012; ICC, 2021
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Table 2. Summary from the literature of challenges faced in community-based research programs and using 
community-based observations.

Challenges to Community-Based Research and Using 
Community-Based Observations Source

Community is not interested Eisner et al., 2012; Ellam Yua et 
al., 2022; Ristroph, 2012

Indigenous knowledge can be interlaced with spirituality, stories 
andvalues that don't fit in western science; observations are non

standardized and are therefore not utilized

Johnson et al., 2015; Ristroph, 
2012; Wilson et al., 2018

Research fatigue, infeasible research timelines, lack of personnel 
tofacilitate research activities

Ellam Yua et al., 2022; ICC,
2021

Limited scope (local to regional) Ristroph, 2012
Settler government distrusts data quality and credibility, resulting 

inunderuse of CBM data in decision-making
Buckland-Nicks, 2016; Wilson 

et al., 2018

Research does no address community priorities Eisner et al., 2012; Wilson 
et al., 2018; ICC, 2021

Lack of funding, unsustainable over the long-term Eisner et al., 2012; ICC, 2021;
Johnson et al., 2016

Research questions limit the scope of community engagement Eisner et al., 2012

Community-based observations from Indigenous observers capture unique insights into 

Arctic environmental change not found in literature, as well as providing consistent local-scale 

measurements of changing environmental parameters, such as key physical properties of ocean 

water or distance of an eroding bluff edge to critical community infrastructure.

Knowledge co-production is the collaborative process between researchers and decision

makers to develop and generate science (Miller and Wyborn, 2020). A co-production of 

knowledge approach combines multiple and diverse knowledge systems while building equitable 

and collaborative partnerships (Carlo, 2020). It offers an opportunity to combine knowledge, 

input and expertise from diverse perspectives to better serve scientific inquiry and problem 

solving (Ellam Yua et al., 2022). Awareness of the diversity of perspectives held by those 

involved in co-production of knowledge research is required to create space for multiple 

knowledge systems and generate shared understandings. Knowledge co-production involves 
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iterative dialogue and interaction between researchers, stakeholders and boundary entities to 

address specific stakeholder needs (Knapp & Trainor, 2015). Boundary organizations connect 

independent entities, scientists and stakeholders by facilitating dialogue and being accountable to 

both entities (Guston, 2001). The practice of co-production has been given increasing importance 

as a means of facilitating communication and collaboration between scientists and stakeholders 

(Miller & Wyborn, 2020; Vincent et al., 2018). In Alaska, bringing together multiple knowledge 

systems through participatory and community-focused research is critical to addressing climate 

change impacts in rural Indigenous communities (Ellam Yua et al., 2022: Knapp & Trainor, 

2015; Carlo, 2020; Robards et al., 2018). Indigenous communities are intimately familiar with 

the Arctic environment and the rapid changes that are occurring as a result of climate warming. 

Leveraging multiple knowledge systems in the context of a changing Arctic can serve to better 

inform research and potential mitigation strategies. Collaboration with Indigenous communities 

to generate knowledge strengthens our understanding of local climate change impacts and 

supports the resilience of Alaska Indigenous communities (Ban et al., 2018; Ellam Yua et al., 

2022; Hauser et al., 2021).

Research shows that despite efforts to meet stakeholder data needs in Alaska through a 

traditional ‘supply and demand' model, science is failing to provide tailored data products that 

meet the needs of the local stakeholders (Knapp & Trainor, 2013). More collaborative 

approaches are necessary to address climate impacts (Knapp & Trainor, 2015). A co-production 

approach through iterative dialogue is a method of connecting local stakeholders with research 

processes and may inform effective adaptive responses to change (Bremer & Meisch, 2017). 

Engaging stakeholders in the research process promotes the use of resulting data in local 
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decision-making. Stakeholder input can also illuminate local impacts not likely to be captured in 

non-participatory assessments (Brady & Leichenko, 2020).

Community-based monitoring and co-production of knowledge are valuable tools for 

engaging stakeholders, generating actionable science and capturing holistic understandings of 

environmental change. These tools are underutilized in the wider scientific community and can 

be improved upon in Alaskan monitoring networks. This research will address gaps in 

community engagement and development of relevant data products through a co-production 

approach and community-based monitoring.

1.4 Research Objectives

Here, community-based research practices rooted in co-production are used to develop 

map products relevant to the perspectives of the communities, useful in decision-making, and 

accessible to local stakeholders. This is in an effort to reduce barriers to actionable data by 

Alaska Indigenous communities. The overarching goal of this research is to expand on 

community engagement within existing community-based monitoring programs with the goal of 

developing relevant and actionable data products for rural Alaskan decision-makers. Using 

examples from two CBM in coastal Alaska (Stakes for Stakeholders and the Alaska Arctic 

Observatory and Knowledge Hub), this thesis specifically describes the process to:

1. Engage local stakeholders virtually and during site visits to gain feedback on erosion 

data products and address monitoring concerns, fostering synergistic relationships and 

adhering to key elements found in established CBM programs.
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2. Develop relevant shoreline change products with Stakes for Stakeholders partners, 

tailored to meet the needs of each participating community based on feedback received 

from local stakeholders.

3. Work with the Alaska Arctic Observatory and Knowledge Hub to synthesize 

community-based observations into an ArcGIS StoryMap to effectively communicate 

local perspectives of environmental changes faced by coastal Arctic Indigenous 

communities.

4. Identify lessons learned from working with two community-based monitoring 

programs - Stakes for Stakeholders and the Alaska Arctic Observatory and Knowledge 

Hub - to inform future community-based monitoring efforts in Alaska.

Methods developed through this work will inform future research in other communities 

facing coastal hazards and unprecedented environmental change. Lessons learned can inform 

future collaboration efforts for researchers looking to work with communities on coastal hazards 

assessments, baseline data collection, and other types of community planning for changing 

environmental conditions. By documenting best practices for this type of work in Alaska 

communities, monitoring programs can be improved and scientific efforts can go from 

identifying needs to meeting needs, in turn supporting resilient Indigenous communities.
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Chapter 2: Methods

This thesis was carried out to document coastal environmental changes in rural Alaska 

with impacts to Indigenous communities, focusing on examples from two distinct CBM projects: 

Stakes for Stakeholders and the Alaska Arctic Observatory and Knowledge Hub. Shoreline 

change maps and figures were produced for communities participating in the Stakes for 

Stakeholders erosion monitoring program in Bristol Bay and on the Alaska Peninsula. This was 

done through historical shoreline change analysis and forecasting, coastal GPS surveys, and 

community-based erosion monitoring. An ArcGIS StoryMap synthesizing key observing themes 

made by Alaska Arctic Observatory and Knowledge Hub (AAOKH) observers was produced to 

communicate environmental impacts to a wider audience from the perspective of Indigenous 

observers. This was done through AAOKH database surveys, AAOKH Steering Group meeting 

discussions, one on one conversations with AAOKH observers, and supporting data collection 

from various research entities.

2.1 Study Sites

Five communities in southwest Alaska are included study sites for erosion mapping and 

are active participants from the Stakes for Stakeholder erosion monitoring program. These 

communities are located on both coastal and riverine systems in and around the Bristol Bay 

region. Participating southwest Alaska communities include Dillingham, Ekuk, Levelock, Pilot 

Point and Port Heiden (Figure 1). Five communities in northern and northwest Alaska are 

included as study sites and are actively documenting observations of environmental conditions as
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Figure 1. Map of participating study sites from the Stakes for Stakeholders and Alaska Arctic Observatory and 
Knowledge Hub monitoring network communities.

part of AAOKH. These AAOKH communities include Qikiktagruk (Kotzebue), Tikigaq (Point

Hope), Ulguniq (Wainwright), Utqiagvik (two observers), and Kaktovik (Figure 1).

Communities participating in both monitoring programs are considered remote and have 

limited access in and out of their respective regions. Access is only available by air or sea, 

making air service and barge shipping a lifeline for supplies and goods. While internet access is 

available in most communities, connections are often unreliable and have low bandwidth. In 

many cases, residents utilize mobile phones or local school internet connections in order to 

reliably use or download science or research-related materials. Many residents in rural Alaska 
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are also more comfortable speaking their Native language over English, and the majority of their 

daily lives are tied directly to living, working, and subsisting on the land and sea around them.

2.2 Stakes for Stakeholders

2.2.1 Shoreline Change Assessment and Forecasting

Shoreline erosion in Alaska is driven by wave and storm activity, and is influenced by 

local geology, hydrology, permafrost thaw, flooding, reduction in sea ice presence, human 

activity and more (Buzard et al., 2021a; Farquharson et al., 2018; Gibbs et al., 2021; Jorgenson 

et al., 2018; Overbeck et al., 2020). The presence of community infrastructure and resources near 

the coast, such as landfills, sewage lagoons and water reservoirs, makes erosion a persistent issue 

in rural coastal communities (Buzard et al., 2021b; Overbeck et al., 2020; UAF et al., 2019). An 

assessment of past shoreline change was conducted to quantify erosion and accretion rates at five 

Bristol Bay and Alaska Peninsula communities: Dillingham, Ekuk, Levelock, Pilot Point and 

Port Heiden.

A shoreline is defined as the interface between land and water, however, in shoreline 

change studies, a number of shoreline definitions can be used (Boak & Turner, 2005). For 

shoreline change assessments, a shoreline indicator, such as a tidal datum, high water line or 

vegetation line, is used as a shoreline proxy (Buzard, 2017). A tidal datum shoreline proxy 

requires elevation data to determine the intersection of a water line along the elevation profile of 

a beach (Boak & Turner, 2005). Visually discernible high water or wet/dry lines on the beach 

can lead to larger variations in shoreline position and tend to favor detection of erosion due to the 

dynamic nature of the beach (Ford, 2013). A vegetation line or bluff line is less sensitive to 

episodic erosion and easier to interpret, so for these shoreline change assessments, the vegetation 
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line or bluff edge was used as a shoreline proxy (e.g. Buzard, 2017). Where no vegetation or 

bluff line was identifiable, shorelines were not delineated. Shoreline change rates are calculated 

using linear regression models, however, these rates don't consider the physical processes 

described above that can result in erosion or accretion that occur at shorter timescales. In a

Figure 2. Example of orthoimagery used to delineate historical and contemporary shoreline 
positions. The vegetation line was used as the shoreline proxy in this assessment, shown 
here in blue (1952), yellow (1980) and red (2018).
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historical analysis, observations are 20-30 years apart, and these processes can occur within days 

to months. For example, erosion in recent years due to permafrost thaw or flooding may not be 

captured in a historical analysis, so there are limitations to how reliable the results are and 

caveats to be aware of in using this kind of data in decision-making. While this may be the case, 

a linear erosion rate with a known associated uncertainty can provide quantitative evidence to 

support local observations.

Historical erosion rates are calculated by delineating the position of a shoreline proxy at 

finite time incidences and computing the changes between them over the time periods they 

cover. Historical aerial imagery of each community collected by United States Air Force in the 

1950's (Figure 2A), historical aerial imagery from the Alaska High Altitude Aerial Photography 

program collected in the 1980's (Figure 2B), and contemporary imagery collected in 2018-2019 

by Quantum Spatial (Figure 2C and 2D) were used to manually determine past and present 

shoreline positions in a geographic information system (GIS). Table 3 outlines data sources.

Table 3. Data sources used in historical shoreline change analyses.

Data Source Time Period Resolution

U.S. Geological Survey 1951-1957 1 meter

Alaska High-Altitude Aerial Photography
Program 1980-1983 1.6 meters

Alaska Division of Community and Regional
Affairs Community Profile Maps

2002 0.305 meters (1 foot)

Quantum Spatial 2018-19 0.2 meters
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Shoreline position uncertainty

is the range in which the shoreline 

position changed based on error 

analyses and source data. Determining 

shoreline position uncertainty is 

necessary for calculating shoreline 

change rates and interpreting the 

results. Uncertainty was calculated 

using the root-sum-of-squares method (Overbeck et al., 2020). Total uncertainty, Utotal, for a 

shoreline position was calculated as the root sum of squares of the orthorectification error Uo, the 

resolution error, Up, and digitizer error, Ud (Equation 1.) Digitizer error was calculated by taking 

the average distance between three digitized shorelines using the coarsest resolution

orthoimages. Orthorectification error of the historical aerial imagery, Uo was calculated as the 

root-sum-of-squares between the horizontal error of the source imagery and the horizontal 

error of the orthorectified image (Overbeck et al, 2020).

The Digital Shoreline Analysis System (DSAS), a geospatial tool developed by U.S. 

Geological Survey, was used to assess shoreline change and determine erosion rates at each 

community. Delineated shorelines from different time periods and a baseline are used as inputs 

and the changing position of the shoreline through time is computed. The tool casts vector 

transects spaced 25 meters apart along the baseline, intersecting and perpendicular to each 

delineated shoreline. Distances from the baseline to each shoreline are calculated (Figure 3) and 

date information is combined with positional uncertainty to generate a suite of shoreline change 

statistics at each transect (Himmelstoss, 2018). Linear regression rates of shoreline change are
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Figure 3. Figure showing the measurement distances from the baseline to 
each intersect point. These distances are used in conjunction with shoreline 
date to calculate rate-of-change statistics (Himmelstoss, 2018).

generated by calculating the 

slope of the line created by 

plotting the distance of each 

shoreline from the baseline 

through time. A weighted 

linear regression rate considers 

the uncertainty associated with 

each shoreline, and this is what 

was used to map erosion in

Stakes for Stakeholders communities. A 90% confidence interval (CI) and a threshold of two 

shorelines were used to generate shoreline change rates. Outputs from the DSAS tool include a 

transect layer with shoreline change statistics and a transect intersect point layer where transects 

intersect each shoreline. The weighted linear regression rate and uncertainty at a 90% confidence 

interval were used for shoreline change assessment and erosion forecasts at each community.

To simplify the symbology of the output transect layers and more clearly communicate 

shoreline change rates, DSAS output data were used to convert each 2018-19 shoreline into a 

sectioned vector where erosion rates are represented in 25-meter intervals (Figure 4). Historical 

shoreline positions are mapped in gray-scale to provide context to shoreline change rates 

represented. Shoreline change rates associated with each transect were spatially joined with one 

25-meter section of shoreline and the resulting layer was used to map erosion rates. First, the 

transect intersect points were used to split the most recent shorelines (2018-19) into 25-meter 

sections. Then, the transects with shoreline change rates were merged with the sectioned 

shoreline, such that each section of the shoreline has one associated erosion rate. Shoreline
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Figure 4. Conversion of DSAS output transects to a single shoreline with graduated colors representing erosion. 
Transects were converted to a single shoreline (2018-19) sectioned in 25 meter intervals. Erosion rates are based 
on a long-term shoreline change analysis.

change maps showing the long-term erosion rates around each community were produced in

ArcGIS (ArcMap 10.8.1). Erosion rates are colored from hot to cool colors based on how fast the 

shoreline is changing at that location, where hotter colors (red) represent erosion and cooler 

colors (green) represent accretion. Where the shoreline intersection threshold was not met, 

shoreline change rates were not mapped. Change rates were mapped relative to community 

infrastructure, cultural use areas, and historical shoreline positions using true-color orthorectified

aerial imagery from 2018-2019. Community infrastructure data were produced by the State of

Alaska Division of Community and Regional Affairs and delineated manually using 
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contemporary imagery where data weren't available. Manually delineated infrastructure data 

include roads, buildings and other photo-identifiable structures.

An erosion forecast ArcGIS tool developed by the State of Alaska Coastal Hazards 

Program is used to forecast shoreline erosion in Alaska and estimate a timeline of infrastructure 

exposure based on historical shoreline positions with associated uncertainty, infrastructure 

presence, and weighted linear erosion rates (Buzard et al., 2021a). A linear rate of erosion based 

on a historical analysis is used to generate future shoreline scenarios at forecasted time intervals.

The erosion forecast tool uses a weighted mean erosion rate with a confidence interval of 90% to

forecast minimum, mean, and maximum distances of future shorelines. The difference between

Figure 5. Example outputs from the IMPACT tool developed by the State of Alaska used to forecast erosion around 
coastal Alaskan communities based on long-term shoreline change rates (Buzard et al., 2021a).
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the maximum and minimum shoreline distances represents the range of uncertainty for a 60-year 

forecast (Buzard et al. 2021a). The erosion forecast tool uses the mean shoreline distance to 

forecast the position of future shorelines at 20-year intervals up to 60 years and generates an 

estimated time-frame for undermining of structures and erosion of roads and other infrastructure.

Two types of erosion maps produced by the State of Alaska Coastal Hazards Program 

using the erosion forecast tool were included in the final deliverables to Stakes for Stakeholders 

communities (Figure 5). Erosion forecast maps show the area of land exposed to erosion in the 

20-year intervals, where purple represents 0-20 years, orange represents 20-40 years, yellow 

represents 40-60 years and light blue represents the 60-year forecast uncertainty. These maps 

display timing and extent of erosion at the community scale, highlighting loss of land relative to 

infrastructure. Erosion exposure maps highlight infrastructure impacts to individual facilities at 

20-year intervals, following the same color scheme as the forecast maps, and show the total 

extent of erosion forecast over 60 years with associated uncertainty. These maps, zoomed in on 

different portions of each community, show which buildings are at risk to erosion. Both maps 

show community infrastructure, a 60-year uncertainty range and historical shoreline positions.

2.2.2 Community-Based Erosion Monitoring Products & Site Maintenance

While historical and contemporary imagery was used to establish shoreline positions of 

the past and present, community-based methods for monitoring erosion were used to document 

more recent shoreline change (Buzard et al., 2019). These methods provide consistent 

measurements of shoreline change at a much higher temporal frequency than aerial images can 

be collected for digital analyses. However, these methods cover smaller spatial areas than remote 

sensing methods, so they must be focused on sites that are of greatest importance to local 
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stakeholders. Stake and camera sites were used to monitor erosion at project communities.

Erosion was documented through direct measurements from stake to bluff and digital 

measurements made through the time-lapse cameras. Sites require fixed reference markers 

(stakes or infrastructure), materials to mount a time-lapse camera such that the stake site is in the 

field of view, measuring tape and a data sheet for recording distances from the reference marker 

to the bluff edge. All stake and camera sites were surveyed using a global navigation satellite 

system (GNSS) at the time of installation to ensure accuracy of CBM measurements. Distance 

was measured along a profile line created with two or more stakes to ensure a consistent 

measurement is taken. The time-lapse camera was used to track the shoreline position through 

time by taking photos at 1-hour intervals during the daytime. Images were processed using a 

MATLAB R2020A tool (Overbeck et al., 2017) to determine the distance of the shoreline from a 

surveyed stake.

At each community, existing erosion monitoring sites were re-surveyed and, where 

necessary, stakes were maintained or replaced to continue monitoring. New monitoring sites 

were installed in four communities at the recommendation of environmental coordinators. 

Residents in Dillingham, Ekuk, Levelock, and Pilot Point expressed new concern for rapid 

erosion near community infrastructure: An encroaching shoreline near the hospital access road in 

Dillingham, subsistence use cabin sites on an eroding bluff near Ekuk, the local fuel header in 

Levelock and an access road to the barge landing in Pilot Point. New stake and time-lapse 

camera sites were installed at these sites in May and June of 2021 in an effort to monitor and 

document erosion. Every new and existing monitoring site was measured, with assistance from 

environmental coordinators, after installation and maintenance to review data collection 

protocols and establish consistent measurements moving forward. New monitoring materials, 
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including a measuring tape, compass, notebook, pens, site maps and a monitoring handbook 

describing data collection methods in detail were left with environmental coordinators in each 

community to support continued work.

Figure 6. Example of cross-shore beach profile plot produced using GNSS survey points from 2016, 
2018 and 2021.

2.2.3 GNSS Surveys and Cross-Shore Beach Profiles

Cross-shore beach profiles along previously recorded transects were re-surveyed in Port 

Heiden and Levelock (Figure 6). Repeat coastal GNSS surveys were conducted in May and June 

of 2021 using a real-time kinematic global navigation system (RTK-GNSS) with a Trimble R10 

base receiver and a Trimble R8s rover receiving GPS and GLONASS signals. Occupations 

generally were over 3-epochs over 3-seconds, with increasing times and epochs in areas of poor 

reception. One base station location was used in each community: a temporary benchmark west 

of Goldfish Lake and south of the barge landing in Port Heiden, and a temporary benchmark on 
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the barge landing in Levelock. Features were surveyed in the North American Datum of 1983 

(NAD83) Universal Transverse Mercator global coordinate system and North American Vertical 

Datum of 1988 (NAVD88) using Geoid12B. Profiles were collected adjacent to a fuel header 

and local bed and breakfast in Levelock and along Goldfish Lake in Port Heiden. Features 

recorded along profiles include water line, bluff toe, bluff edge, beach berms, grain size 

transitions, new and existing erosion monitoring stakes, buildings and fences. Previous GNSS 

transect surveys were done by the Alaska Division of Geological and Geophysical Surveys in 

2016, 2017 and 2018. Data from these GNSS surveys were used to produce cross-shore elevation 

profile plots which show erosion and changing bluff morphology at Goldfish Lake in Port 

Heiden and the fuel header in Levelock.

2.2.4 Engagement with Communities

A primary goal of this project was to directly engage with communities to develop useful 

and accessible erosion data products that accurately reflect community concerns and impacts. 

Deliverables from research projects in rural Indigenous communities are often not relevant, 

accessible or useful to those that live there, and input from communities is generally not solicited 

in the development of these deliverables, as the primary goal is to communicate findings based 

on a scientific analysis (ICC, 2019; Kawerak et al., 2019; Kettle et al., 2019). One drawback to 

this is that interpretation and use of data in decision-making can be hindered by language and 

cultural barriers that exist between scientists and rural Indigenous communities. The framing of 

the data may also not be directly related to community impacts or concerns. Additionally, the 

broad scope of some data products can make it difficult to identify smaller scale impacts. To this 

end, local stakeholders were engaged virtually and during site visits to gain feedback on erosion 

data products and address monitoring concerns. Taking these baseline coastal data products one 
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step further to include input from community environmental coordinators and other stakeholders 

who will use products ensures salience and direct applications for local decision-making.

After completing the shoreline change assessment and forecast, community maps were 

developed to show the extent of erosion around each community. Field trips to Port Heiden, 

Levelock, Dillingham, Pilot Point and Ekuk were postponed due to the COVID-19 pandemic. 

Instead, virtual meetings with environmental coordinators from each community were held to 

provide updates on the status of shoreline change analyses and identify potential locations for 

site-specific maps to supplement community overview maps. Iterative communication with 

environmental coordinators via virtual and in-person meetings at each community on the topic of 

map scope, format, and 

data visualization 

ensured that erosion 

maps met the needs of 

and were understood by 

those who would be 

using them.

Field trips to 

Port Heiden, Levelock, 

Dillingham, Pilot Point Figure 7. Photo from a community meeting in Levelock in May 2021.

and Ekuk were made to conduct repeat GNSS surveys to ensure consistent and accurate CBM 

measurements and hold in-person community meetings to present erosion data products and 

request feedback. In an effort to develop relevant, useful and accessible data products for rural

Indigenous communities, a feedback form was included in handouts at each community meeting. 
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The objective of this feedback form was to determine whether any adjustments in the 

cartography could be made to better meet the needs of the communities. Questions on the erosion 

feedback form include:

1) Are there any local or traditional place names that can be included on the map(s)?

2) Are there any traditional land use areas that can be included on the map(s)? (berry 

picking sites, grave sites, trails, etc.)

3) Are there any specific site maps that you would like to see that aren't shown already?

(outside the scope of the map or more zoomed in)

4) Can the formatting be adjusted to meet engineering/planning needs? (units, infrastructure, 

etc.)

5) How can these maps be adjusted to meet community needs and priorities?

6) General comments (how you can use these maps, comments on historical erosion, any 

other feedback)

Due to the COVID-19 pandemic, safety measures were necessary to reduce the risk of 

spreading the virus. In the weeks leading up to field work, original meeting plans were changed 

to accommodate the safety measures and individual concerns of each community. Each person 

attending the meetings was required to be vaccinated. Mask-wearing and social distancing were 

enforced when the vaccination status of individuals was unknown. Local environmental 

coordinators advised on how, where, and when each meeting should be held in each community 

based on the number of people who would be attending, number of people in the community 

who are vaccinated, local COVID-19 building regulations, and the timing of subsistence 

activities.
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The structure for each meeting varied by community. At Port Heiden, Levelock, and Pilot 

Point, a formal meeting was held, and a PowerPoint presentation was given to update on coastal 

erosion work thus far and present preliminary results of shoreline change assessments and 

forecasting. Shoreline change maps were distributed as handouts, displayed on a poster size map, 

and discussed while displayed on a projector. Participants were invited to share their perspective 

on recent and/or historical erosion and our efforts to monitor it. Since coastal monitoring work 

had been done in these communities in previous years, each meeting began with an update 

period, during which we discussed how things have changed since the last visit, which for most 

communities had been three or more years prior. Participants were asked about any new coastal 

hazard concerns. At the conclusion of each presentation, participants were invited to provide any 

feedback or comments related to erosion data products or monitoring efforts. Included in the 

handouts was a questionnaire on potential ways to improve the maps.

At Dillingham and Ekuk, a more informal method for distributing meeting materials was 

taken. Handout packets were given to each participant with a map explanation page describing 

how erosion rates were calculated, how the forecasts were generated and limitations of the data. 

The decision to conduct the meeting this way was advised by local environmental coordinators 

as there was concern for the spread of COVID-19 in the smaller communities. For these 

meetings, a 2- to 4-hour block of time was allocated during which the coastal team was available 

to hand out meeting materials, give a brief introduction on the shoreline change work and explain 

the intent of the request for feedback handout. Participants were encouraged to go over the 

materials wherever and whenever they were comfortable doing so, and, if they chose to fill out 

the questionnaire or write comments on the maps at home, were told that they could give the 

packets back to the environmental coordinator at a later time.
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Shoreline change maps, erosion forecast maps, erosion exposure maps and a feedback 

form were included in the handout packets for community meetings in Port Heiden, Levelock 

and Pilot Point. Handout packets in Dillingham and Ekuk included an extra map explanation 

page in place of a formal presentation-style meeting.

2.3 Alaska Arctic Observatory and Knowledge Hub (AAOKH)

AAOKH at the University of Alaska Fairbanks International Arctic Research Center 

works with Arctic communities to document community-based observations of the Arctic 

environment, including ocean and sea ice conditions, wildlife, and weather phenomena 

(McFarland et al. 2020; Danielson et al., 2022). The AAOKH network currently consists of six 

local observers in five coastal Arctic Alaska communities: Qikiktagruk (Kotzebue), Tikigaq 

(Point Hope), Ulguniq (Wainwright), Utqiagvik (two observers), and Kaktovik (Table 4).

Table 4. Table of AAOKH observers, their respective communities, the number of years they have been observing 
and the primary methods of sharing observations.

Observer Community Years observing Primary method of sharing

Bobby Schaeffer Qikiktagruk (Kotzebue) 3 Fulcrum, email

Guy Omnik Tikigaq (Point Hope) 2 Fulcrum, email

Steven Patkotak Ulguniq (Wainwright) 4 Fulcrum, email

Billy Adams Utqiagvik 8 Email

Joe Mello Leavitt Utqiagvik 16 Email
Carla

SimsKayotuk Kaktovik 3 Fulcrum, email
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Qikiqtagruk is a hub community located 33 miles above the Arctic Circle in northwest 

Alaska. The community relies heavily on river and sea ice for travel and subsistence hunting in 

the area. Robert ‘Bobby' and Vince Schaeffer are the observers in Qikiqtagruk. Tikigaq is 

located just above the Arctic Circle in northern Alaska on the Chukchi Sea. Tikigaq relies 

heavily on sea ice and predictable weather patterns for travel and subsistence hunting of marine 

mammals in the area. Guy Omnik is the observer in Tikigaq. Ulguniq sits on a peninsula that 

separates Wainwright Inlet from the Chukchi Sea on the northwest coast of Alaska. The 

community is influenced by river ice and discharge from the neighboring Kukpuk River which 

feeds into Wainwright Inlet. Steven Patkotak is the observer in Ulguniq. Utqiagvik is located on 

the northernmost tip of Alaska between the Chukchi and Beaufort Seas. The community is 

heavily influenced by wind and weather patterns which control sea ice. Utqiagvik relies on safe 

ocean and sea ice conditions for subsistence hunting of marine mammals. Billy Adams and Joe 

Mello Leavitt are the observers in Utqiagvik. Kaktovik is located on Barter Island on the 

northeast coast of Alaska, 90 miles west of the Canadian border on the Beaufort Sea. The 

community is heavily influenced by wind and weather patterns which control snow accumulation 

and sea ice formation. Carla SimsKayotuk is an observer in Kaktovik.

Observations from the AAOKH database (Adams et al. 2013) provide valuable 

information which may be useful in climate change adaptation or mitigation planning as well as 

wildlife co-management strategies. However, in its current form, AAOKH observations are not 

accessible for these types of applications. Through regular updating of the Facebook page, as 

well as quarterly newsletters sent via postal service, visibility of AAOKH by communities has 

improved, however additional work was needed to provide data syntheses in formats accessible 

to communities.
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The primary goal of the AAOKH component of this thesis was to develop an ArcGIS 

StoryMap synthesizing AAOKH community-based observations to explore local narratives of 

Arctic environmental change and impacts to subsistence activities, travel access and community 

infrastructure. Production of the StoryMap, specific to AAOKH observations, involved several 

steps to compile the necessary information and components, including: participation in annual 

AAOKH Steering Group meetings that provided direction and identification of observing 

themes, cataloging of the AAOKH observations into a spreadsheet, 1:1 conversations with 

AAOKH observers to review themes of environmental change, and compilation of relevant 

environmental geospatial data and supporting instrumental data. Following production of a draft 

StoryMap, review and edits were incorporated from the AAOKH team of scientists, observers, 

and Steering Group members as well as science communication experts before the StoryMap 

was finalized.

2.3.1 Direction from annual AAOKH Steering Group meeting

The volunteer AAOKH Steering Group was established at the onset of the project in 2014 

to provide guidance on the direction, development, and scientific merits of the observing 

network. The group meets in person, or by tele- or video-conference, on an annual basis and 

consists of four representatives from rural Alaska communities (i.e. Nome, Kotzebue, Utqiagvik, 

and Kaktovik) as well as five current or emeritus UAF academic researchers from multiple 

disciplines (i.e., cross-cultural studies, Arctic wildlife, sea ice geophysics, community adaptation 

planning). Since 2018, the Steering Group meets annually with the observers from each 

community and provides opportunities for the observers to share a reflection and summary of 

recent observations in the previous year. In this space, a more holistic view of the Arctic 

environmental changes and their impacts are shared. Each observer shares their perspective of 

31



changes seen in their community in recent years. More pointed nuances to community-specific 

changes and their impacts were identified in these meetings.

The 2021 annual meeting occurred virtually in March due to the COVID-19 pandemic. 

All participants were notified that the meeting was being recorded over the Zoom platform and 

invited to express concerns about recording or subsequent summary reports to be shared within 

the project team subsequently. The summaries of changes seen and testimonies given by each 

community observer in the annual steering group meeting guided the direction and content in 

developing the StoryMap. Observers specifically reported: low winter snow accumulation, 

coastal storm impacts, extreme temperature anomaly events, and unpredictable sea ice conditions 

during the Steering Group meeting. These are the key themes that were used to identify any 

relevant observations in the AAOKH database for use in the StoryMap.

2.3.2 AAOKH Database Survey

The AAOKH online database (see Adams et al. 2013) was queried for observations 

related to flooding and erosion, dangerous or unpredictable sea ice conditions, inhibited travel 

due to environmental conditions and infrastructure impacts. Keywords related to these conditions 

were searched, however, due to the diverse language and means of communicating used by 

observers, it was difficult to find relevant observations this way. Instead, every observation 

between 2018 and 2021 from each community was interpreted and any observations related to 

the conditions mentioned above were saved to a spreadsheet along with any relevant photos. 

These observations were then coded into four different categories based on key themes: 1) 

coastal storms, flooding and erosion, 2) changing winds, 3) warmer temperatures and 4) 

changing sea ice conditions. Some observations described conditions that fit into more than one 
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category; in these instances, the main driver of impacts (e.g., an observation describing sea ice 

conditions as a result of a coastal storm was coded under coastal storms) as identified by the 

observer was used to code the observations. Observations with known GPS locations were saved 

with latitude and longitude information. Figure 8 shows an example of an AAOKH database 

observation made by Billy Adams in Utqiagvik.

Figure 8. Example of an AAOKH database observation. Here, Billy Adams notes rough pressure ridges while 
building whaling trails on the sea ice in Utqiagvik in March 2020.

2.3.3 Follow up Conversation with Observers

After the 2021 AAOKH Steering Group meeting, observers were contacted individually 

to request 1:1 conversations to elaborate on, confirm, and refine the key environmental themes of 
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the StoryMap. Discussions were conducted over the telephone or on the Zoom platform in March 

2021 with observers from Utqiagvik, Kotzebue, and Wainwright. Each observer gave permission 

to record and share parts of each conversation for this project. A second in-person follow-up 

conversation occurred in Utqiagvik in April 2021. Each discussion focused on one question: 

what environmental conditions are you seeing in your community that have impacts to 

subsistence activities, travel access and/or community infrastructure? This question is directly 

related to the key themes identified during the annual Steering Group meeting and to searches of 

the AAOKH database. The objective of this question was to identify and share climate change 

impacts to Arctic Indigenous communities from the perspective of local observers, each of whom 

are traditional knowledge-holders. This question then resulted in four overarching themes of the 

StoryMap.

2.3.4 Supporting Instrumental Data

Audio and video transcripts from these meetings and database observations were 

combined with additional geospatial and environmental data to support the development of the 

StoryMap. Additional supporting data included: historical sea ice information as well as data 

from the Alaska Center for Climate Assessment and Policy (ACCAP); Historical Winds at 

Alaska Airports; the AAOKH and National Snow, Ice and Data Center Utqiagvik Spring Trail 

mapping project; ocean conductivity, temperature and depth (CTD) data collected by AAOKH 

observers in Kotzebue; and the Geographic Information Network of Alaska (GINA) (Table 5). 

These data provided context to local observations made by AAOKH observers and are often 

shared in conjunction with observations to describe aspects of observations (e.g., satellite 

imagery of sea ice cover shared on the AAOKH Facebook page). Observations, transcripts and 

audio clips were used to summarize the changes seen from the perspective of local observers 
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while the additional data products complemented and supported their observations from a 

scientific perspective.

Table 5. Table of data sources, use and format used to build AAOKH StoryMap.

Data Source Use Format

Suomi National Polar- 
orbiting Partnership (SNPP) 
satellite imagery

Geographic Information
Network of Alaska and Alaska 
Center for Climate Assessment 
and Policy

Support sea ice 
observations in Kotzebue 
Sound

TIFF

Sea surface temperature map Alaska Center for Climate
Assessment and Policy

Support CTD 
observations in Kotzebue 
Sound

TIFF

Sea ice thickness along 
whaling trails in Utqiagvik

AAOKH and the National
Snow, Ice & Data Center

Support sea ice 
observations (2020-21)

5-meter interval point 
shapefiles with sea ice 
thickness converted to 
vectors

Historical sea ice coverage 
around Alaska for the month 
of February (1901-2019)

Historical Sea Ice Atlas Support sea ice 
observations .mp4 converted to GIF

Historical winds at Alaska 
airports (1980-1989 & 2010
2019)

UAF Scenarios Network for
Alaska + Arctic Planning

Support wind 
observations

Wind rose (kts)

Conductivity, Temperature 
and Depth (CTD) ocean 
measurements

AAOKH
Support warm water 
observations in Kotzebue 
Sound

.csv converted to water 
temperature profile 
graphic for Kotzebue

Text and photo observations
SIZONET-AAOKH, Fulcrum,
AAOKH Facebook Page

Supporting examples of 
key environmental 
conditions identified at 
the 2021 steering group 
meeting

Text and photos

Audio and video files from 
discussion with Bobby 
Schaeffer and Billy Adams

AAOKH observers

Multimedia examples of 
key environmental 
conditions identified at 
the 2021 steering group 
meeting

.mp4 and .mp3
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2.3.5 StoryMap Compilation

Observations from the AAOKH network and supporting instrumental data were compiled 

to build a StoryMap using the ArcGIS Online web platform. ArcGIS StoryMaps provide a 

unique platform to share multimedia content alongside maps and geospatial data, bringing this 

story of “Insights from Coastal Arctic Indigenous Observers” to life. Observations describing 

impacts to subsistence activities, travel access and community infrastructure were downloaded to 

a table and converted to a point shapefile in ArcGIS. AAOKH sea ice trail mapping data 

collected during the 2020 and 2021 spring subsistence whaling season were used to analyze sea 

ice thickness between two ice seasons. Histograms for these data sets were produced to explore 

the distribution of ice thickness values from a statistical perspective. A historical sea ice graphic 

for the month of January from the Historical Sea Ice Atlas was used to support observations of 

decreased shorefast sea ice thickness and extent around AAOKH communities during winter 

months. Historical Winds at Alaska Airports data, including wind speed and direction 

distribution, were used to complement observations of winds deterring the accumulation of snow 

drifts in winter months at Kaktovik and Point Hope. SNPP satellite images collected from the 

same date range as 2019 and 2020 sea ice observations were downloaded from the GINA 

platform to provide context for sea ice conditions observed. CTD data collected by AAOKH 

observers in Kotzebue were used to produce ocean depth and temperature graphics to support 

high temperature observations made in the waters of Kotzebue Sound. Audio and video files 

were clipped, based on which of the three driving questions they were addressing. All of these 

components were organized into an ArcGIS Online StoryMap to communicate impacts of 

environmental change at AAOKH communities.
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2.3.6 StoryMap Distribution

A link to the StoryMap was sent out to each of the observers for review in March 2022 

prior to the annual AAOKH Steering Group meeting. Included with the link were the following 

questions:

1. Are there any misrepresentations or incorrect interpretations in the presentation 

observations, photos or audio used in the StoryMap?

2. Would you like to add anything to the StoryMap? (For context, explanation, or to add 

another observation)

3. Would you like anything to be removed from the StoryMap?

All AAOKH observers responded positively to the initial review of the StoryMap, and 

there were no suggestions for content removal. Other feedback from observers included: sharing 

the link to the StoryMap more broadly, making a point in the StoryMap to mention the timing of 

subsistence calendars in each community varies by region, making observations more 

standardized for consistency, corrections to Inupiaq translations and credit to photo contributors.

After initial review by the observers, a link to the StoryMap was sent to the AAOKH 

Steering Group for review and approval prior to the annual steering group meeting. The 

StoryMap was presented at the Annual AAOKH Steering Group meeting in April 2022. During 

this meeting, key themes and supporting observations and media were shared. A discussion was 

held on the key themes identified in the StoryMap. Primary feedback from the Steering Group 

included: creating a word cloud from the observations used in the StoryMap and creating a book 

out of the StoryMap.
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After final review of the AAOKH StoryMap, the link was shared widely throughout

AAOKH, IARC and UAF networks. The StoryMap was shared on the AAOKH Facebook page, 

the main platform for sharing observations and other updates. A live Facebook event was held to 

present the StoryMap to AAOKH Facebook audience to demonstrate all the ways users can 

interact with the content. It was also shared on the AAOKH website and the quarterly AAOKH 

newsletter mailed via postal service to residents in all AAOKH communities. A press release on 

the StoryMap was shared by UAF/IARC communications teams.
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Chapter 3: Results

Coastal environmental changes and impacts to communities were documented for Stakes 

for Stakeholders and AAOKH communities with collaboration and input from local observers 

and stakeholders. Deliverables were shared with local observers and stakeholders in each 

community for feedback to ensure accuracy, relevance and accessibility. These deliverables 

include shoreline change maps, CBM plots, cross-shore beach profiles and an ArcGIS StoryMap.

3.1 Stakes for Stakeholders

Shoreline change was quantified at five Bristol Bay communities using aerial 

orthoimagery, community-based erosion monitoring measurements and GNSS surveys. 

Shoreline change maps, CBM plots and cross-shore beach profiles were produced with guidance 

and input from local stakeholders at Stakes for Stakeholders communities. Draft maps were sent 

to environmental coordinators in each community for initial review and feedback prior to in

person community meetings. Drafts were presented and discussed via Zoom conference calls, 

where environmental coordinators identified erosion concern areas that were, in some cases, 

outside the scope of the original analysis, as was the case in Pilot Point and Ekuk. New site maps 

were produced at Dago Creek in Pilot Point and at subsistence use cabin sites 4 miles south of 

Ekuk. Shoreline change assessments were completed and final shoreline change maps were 

adjusted following initial virtual meetings with tribal environmental coordinators.
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3.1.1 Community Meetings

Field trips were made to Dillingham, Ekuk, Levelock, Pilot Point and Port Heiden in May 

and June of 2021 during which time community meetings were held. During these meetings, 

results from shoreline change assessments and forecasting were presented to meeting participants 

and feedback forms were distributed. A total of five erosion map feedback forms were returned 

after community meetings, including two from Port Heiden, two from Levelock and one from 

Pilot Point. Additionally, participants wrote notes directly on shoreline change maps handed out 

at Port Heiden, Levelock and Dillingham, as suggestions for sites to include on the maps.

Table 6. Summary of feedback on shoreline change maps from Stakes for Stakeholders communities.

Community Number of Written Feedback and
Participants Feedback Erosion Related Concerns

Kanakanak Hospital Access Road,

Dillingham 20 0 Kanakanak Hospital, Nushagak river 
channel movement, erosion rates in

feet/year

Ekuk 8 0 Fish Set Net Sites, Cabin sites

Levelock 8 2 Fuel Header, Boat Harbor, Kvichak River
channel movement, Land allotments

Pilot Point 12 1 Dago Creek and Dago Creek Access Road

Port Heiden 6 2
Goldfish Lake, Barge landing, Flooding 

near school, Berry-picking area

3.1.2 Maps

Shoreline change maps were produced to communicate erosion rates around each

community. The maximum rate of erosion for the five communities was 8.19 meters per year at

Port Heiden. The maximum accretion rate was 2.26 meters per year at Ekuk. In Dillingham, the 
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maximum rate of erosion was 6.32 meters per year. In Ekuk, the maximum rate of erosion was

1.3 meters per year. In Levelock, the maximum rate of erosion was 6.69 meters per year. In Pilot 

Point, the maximum rate of erosion was 3.45 meters per year. Table 7 outlines shoreline change 

statistics for Bristol Bay communities.

Table 7. Table of DSAS results from shoreline change analyses.

Dillingham Ekuk Levelock Pilot Point Port Heiden
Distance of

shoreline analyzed 19.2 11.8 7.5 10.5 5
(km)

Date Range 1952-2018 1951-2018 1951-2018 1952-2021 1957-2019
Mean Linear

Regression Rate -1.38 -0.55 -1.46 -0.389 -3.59
(m/year)

Mean Net Shoreline
Movement (m)

-85.7 -36.34 -87.61 -24.64 -206.55

Mean Weighted
Linear Regression -1.37 -0.54 -1.46 -0.35 -3.68

Rate (m/year)

Minimum
Weighted Linear
Regression Rate 

(m/year; Erosion)

-6.32 -1.3 -6.69 -3.45 -8.19

Maximum
Weighted Linear
Regression Rate

4.61 2.26 0.22 2.05 3.24

(m/year; Accretion)

10 buildings
Erosion Forecast (2038-2058)

Infrastructure n/a and n/a n/a n/a
Impacts 2 buildings

(2058-2078)
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Maps of shoreline change show the most recent shoreline colored by shoreline change 

rate in 25-meter intervals (Figures 9-20). Shoreline change rates were converted to feet per year 

for interpretation by community members.

Figure 9. Shoreline change map for Dillingham.
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Figure 10. Shoreline change map for Dillingham.

Figure 11. Shoreline change map for Dillingham.
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Figure 12. Shoreline change map for Ekuk.

Figure 13. Shoreline change map for cabin site southwest of Ekuk.

44



At Ekuk, site specific maps at the cabin sites southwest of Ekuk (Figures 13-15) were 

produced at the request of the tribal environmental coordinator. At Levelock, Native allotments 

were mapped relative to historical erosion rates (Figure 16) at the request of participants at the 

community meeting. At Pilot Point, site specific maps were produced at Dago Creek and the 

Dago Creek Access road (Figures 18-19) at the request of the tribal environmental coordinator.

Erosion exposure and erosion forecast maps were produced for cabin sites near Ekuk. 

Nine structures in the Ekuk cabin sites area are forecast to be impacted between 2038 and 2058, 

and two between 2058 and 2078.

Figure 14. Erosion exposure map at cabin sites southwest of Ekuk. This map was produced using the IMPACT tool 
developed by the State of Alaska Coastal Hazards Program (Buzard et al., 2021a).
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Figure 15. Erosion forecast map at cabin sites southwest of Ekuk. This map was made using the IMPACT tool 
developed by the State of Alaska Coastal Hazards Program (Buzard et al., 2021a).

Figure 16. Shoreline change map for Levelock.
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Figure 17. Shoreline change map for Pilot Point.

Figure 18. Shoreline change map for the Dago Creek Access Road in Pilot Point.
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Figure 19. Shoreline change map for the barge landing at Dago Creek in Pilot Point.

Figure 20. Shoreline change map for Port Heiden.

48



3.1.3 Community-Based Erosion Monitoring Plots

The tribal environmental coordinator in Port Heiden asked about erosion rates based on 

GNSS and CBM measurements collected up to 2021. Two erosion plots were produced for Port 

Heiden using CBM measurements and time-lapse images sent in by observers from 2016 to 

2021. CBM plots were only made at transects where time-lapse measurements could be taken, 

Transect 1 and Transect 7. Plots show direct measurements made by observers alongside time

lapse camera measurements made using MATLAB tools. The rate of erosion observed based on 

CBM measurements from 2016 to 2020 at Transect 1 near the old village site Meshik was 6.86 

meters per year (22.5 feet per year) (Figure 21). This is a higher rate of erosion than 5.33 meters 

per year (17.5 feet per year) from the 1957-2019 analysis.

Figure 21. CBM plot showing time-lapse camera and tape measurements for Transect 1 in Port Heiden.
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The rate of erosion observed from 2016 to 2020 at Transect 7 near the Old Tank Farm 

was 7.62 meters per year (25 feet per year) (Figure 22). This is a higher rate of erosion than 5.30

meters per year (17.4 feet per year) from the 1957-2019 analysis.

Figure 22. CBM plot showing time-lapse camera and tape measurements for Transect 7 in Port Heiden.

3.1.4 Cross-Shore Elevation Profiles

Cross-shore beach profile plots were produced using GNSS survey data collected in 

2016, 2017, 2018 and 2021 to show how the beach migrated near critical infrastructure and track 

the volume of beach sediment that was mobilized in Port Heiden and Levelock. Six profiles were 

plotted for transects nearest to the barge landing in Port Heiden. One profile was plotted for the 

barge landing at Levelock. These sites were chosen based on feedback from the communities 

highlighting specific concern for potential infrastructure impacts at these locations. Northing and 

elevation in feet were plotted for each year, with the X-axis representing the horizontal distance 

from the bluff to the water and the Y-axis representing elevation above mean lower low water.
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Plots overlay photos taken in May 2021 and include observed annotations highlighting erosion 

rate, bluff edge and stake locations at each transect to add context and facilitate interpretation of 

data. The average rate of erosion at Port Heiden Transects 5 through 10 based on GNSS 

measurements was 6.4 meters per year (21 feet per year) (Figures 23-28). The rate of erosion at 

the Levelock fuel header was 0.85 meters per year (2.8 feet per year) (Figure 29).

Figure 23. Cross-shore profile plot for Transect 5 in Port Heiden.
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Figure 24. Cross-shore profile plot for Transect 6 in Port Heiden.

Figure 25. Cross-shore profile plot for Transect 7 in Port Heiden.
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Figure 26. Cross-shore profile plot for Transect 8 in Port Heiden.

Figure 27. Cross-shore profile plot for Transect 9 in Port Heiden.
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Figure 28. Cross-shore profile plot for Transect 10 in Port Heiden.

3.2 Alaska Arctic Observatory and Knowledge Hub

3.2.1 StoryMap Overview

An ArcGIS StoryMap synthesizing community-based observations from five coastal

Arctic Indigenous communities was produced to explore local narratives of Arctic environmental 

change and published online (Figure 1; Table 4). The StoryMap describes key environmental 

conditions reported by observers to be impacting subsistence activities, travel access and 

community infrastructure. Key environmental conditions reported by observers to be 

contributing to these impacts include: coastal storms, warmer temperatures, lack of snow 

accumulation due to strong winds, and unpredictable and dangerous sea ice conditions.

Observations (Table 8) and other supporting media (Table 9) were divided into subsections 
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based on relevance to these key environmental conditions. A subset of 35 observations from the 

five AAOKH communities, collected during summer, fall, winter and spring seasons in 2018

2021, were used to build the StoryMap, including: 12 observations from Kotzebue, 7 

observations from Point Hope, 3 observations from Wainwright, 9 observations from Utqiagvik 

and 4 observations from Kaktovik (Table 8). Nine observations described coastal storms, 

flooding and/or erosion, eight observations described unseasonably warm temperatures, nine 

observations described windy conditions and/or lack of snow accumulation and nine 

observations described sea ice conditions. (Table 9). Included in the StoryMap are observations, 

photos, audio clips from conversations with the observers (Figure 31) as well as instrumental 

data. Located at the end of the StoryMap is an embedded web map showing the geolocations of 

observations made in Utqiagvik and Kaktovik with relevant observation text and any photos 

taken at the time of the observation included in the attribute table. Of the 35 observations used in 

this StoryMap, these were the observations with latitude and longitude data.

Table 8. Table of communities, observers and number of observations used in StoryMap.

Communities AAOKH Observer(s) Number of Observations
Used in StoryMap

Qikiqtagruk 
(Kotzebue) Bobby Schaeffer 12

Tikigaq 
(Point Hope)

Guy Omnik 7

Ulguniq
(Wainwright)

Steven Patkotak 3

Utqiagvik Billy Adams and Joe
Mello-Leavitt

9

Kaktovik Carla SimsKayotuk 4
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Table 9. Outside media sources used in each key theme subsection of the StoryMap.

Key Environmental 
Conditions Outside Media Sources Used to Support Observations

Coastal Storms / Flooding /
Erosion Audio discussion with Billy Adams in Utqiagvik

Sea ice conditions
Video discussion with Billy Adams in Utqiagvik, Historical Sea 
Ice Atlas images, UAF-GINA MODIS satellite image

Winds and snow accumulation
Historical Wind Rose, AAOKH Spring Whaling Trail Mapping 
shapefiles, Audio discussion with Billy Adams in Utqiagvik

UAF-GINA MODIS satellite image, Audio discussion with

Warmer temperatures Bobby Schaeffer from Kotzebue, CTD Water Temperature 
Profile collected in Kotzebue by AAOKH, Audio discussion 
with Billy Adams in Utqiagvik

Table 10. Table of key environmental conditions and the seasons in which they were observed.

Key Environmental Conditions 
Described in Observation

Number of 
Observations

Seasons 
observed

Coastal Storm / Flooding / Erosion 9 Fall
Warmer Temperatures 8 Summer/Fall
Winds / Snow 9 Winter
Sea Ice Conditions 9 Winter

One audio clip from a telephone conversation with Billy Adams was used to support 

observations in the coastal storms section of the StoryMap. A video-recorded discussion with 

Billy Adams from April 2021 (Adams, 2021), a Historical Sea Ice Atlas (SNAP, 2021) GIF 

image, and an annotated MODIS satellite image (ACCAP, 2022) were used to support 

observations in the sea ice section of the StoryMap. Historical wind rose graphics (SNAP, 2019), 

spring whaling trail mapping data (Druckenmiller et al., 2021) and a clip from an audio 
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discussion with Billy Adams from March 2021 (B. Adams, personal communication, March 26, 

2021) were used to support observations in the wind section of the StoryMap. A MODIS satellite 

image (ACCAP, 2021), and a clip from an audio discussion with Billy Adams from April 2021 

(B. Adams, personal communication, March 26, 2021) were used to support observations in the 

warmer temperatures section of the StoryMap (Table 10).

3.2.2 StoryMap Key Themes

Figure 29. Example of an observation from the warmer temperatures section of the AAOKH StoryMap. Billy Adams 
observes warmer temperatures and increased precipitation to be causing road damages in Utqiagvik.

Warmer temperature observations were primarily made from Utqiagvik and Kotzebue 

(Figure 30). These observations were primarily made in the summer and fall 2019, where 

warmer temperatures contribute to ocean conditions and affect marine wildlife. The summer of 

2019 was the hottest summer on record in Alaska (NOAA, 2019). Reported impacts as a result of 

warmer temperatures included limited travel access by barge due to rough ocean currents, 
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changing migration patterns of subsistence resources and later-freeze up which inhibits access to 

marine resources.

Changing winds observations were primarily made from Kaktovik and Kotzebue, where 

stronger winds inhibit snow accumulation (Figure 31). Reported impacts as a result of changing 

winds include limited winter travel access by hunters due to rough trail conditions.

Figure 30. Example of an observation from the changing winds section of the AAOKH StoryMap. Carla 
SimsKayotuk observes strong winds inhibiting snow accumulation in Kaktovik.

Coastal storms, flooding and erosion observations were evenly distributed among the

AAOKH communities (Figure 32). These observations were made primarily in the fall, when 

coastal storms are strongest and there is no sea ice to protect the coastline. Reported impacts as a 

result of coastal storms, flooding and erosion include: loss of cultural and subsistence use sites, 

retreating shorelines near community infrastructure, flooded infrastructure including boats and 

runways and permafrost degradation which accelerates erosion and loss of land.
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Figure 31. Example of an observation from the coastal storms, flooding and erosion section of the AAOKH 
StoryMap. Carla SimsKayotuk observes flooded infrastructure in Kaktovik.

Sea ice observations were made primarily from Utqiagvik, Kotzebue and Point Hope 

(Figure 33). These observations were made primarily in the winter, when sea ice acts as a 

platform to support marine resources and travel access by subsistence hunters as well as 

community members traveling between North Slope communities. Reported impacts as a result 

of changing sea ice conditions include dangerous travel conditions between Arctic communities 

in the winter, limited access to subsistence resources due to dangerous ice conditions, or a lack of 

sea ice altogether, and infrastructure impacts as a result of young ice pushing up onto the beach.
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Figure 32. Example of an observation from the sea ice changes section of the AAOKH StoryMap. Guy Omnik 
observes open water in Tikigaq.

3.2.3 StoryMap Review and Revisions

Feedback from the AAOKH observers was overall positive and each of the observers 

were comfortable with the presentation of observations, photos and audio clips. Minor 

adjustments were made, including photo credits on particular observation photos and a 

suggestion to include positive aspects to Arctic environmental change. One observer, Billy 

Adams, made the suggestion to include positive observations and to iterate that “even with 

environmental changes and events that we continue to experience, the resources we depend on 

have shown to be healthy and the populations of the animals are looking healthy.” To this end, a 

new section on subsistence change was added to the StoryMap, describing changes to 
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subsistence activities as a result of Arctic environmental change. This section includes 

observations from each community demonstrating successful subsistence harvesting activities.

AAOKH observers focus on different environmental conditions based on how they 

impact subsistence activities, travel access and infrastructure in each community. Although there 

are similarities between each of the AAOKH communities, there are also important differences 

in their subsistence calendars which set them apart from each other. This was one thing noted by 

Bobby Schaeffer in his feedback on the StoryMap, where he said that subsistence hunting and 

migration of animals are region specific. For example, community residents in Kaktovik rely 

heavily on hunting caribou and sheep and fishing in the nearby rivers. As a result, observations 

made by Carla SimsKayotuk consistently identified strong winds inhibiting snow accumulation 

on the tundra, which impacts travel access by subsistence hunters and fishermen. Community 

residents in Kotzebue rely heavily on hunting marine mammals and fishing in Kotzebue Sound 

(e.g. Hauser et al. 2021; Greene et al. 2021). As a result, observations made by Bobby Schaeffer 

consistently identified changes in sea ice conditions, which impact access to marine resources by 

subsistence hunters and fishermen. Community residents in Utqiagvik rely heavily on hunting 

marine mammals on the sea ice (e.g. Druckenmiller et al. 2012). Residents here also regularly 

utilize Community Winter Access Trails (CWAT) which traverses frozen tundra and sea ice 

between North Slope communities in the winter months. As a result, observations made by Billy 

Adams consistently identify changes in sea ice conditions, which impact travel access and access 

to marine mammals by subsistence hunters.

The key theme most frequently identified by AAOKH communities was coastal storms, 

flooding and erosion. This key theme accounted for 25% of observations and was noted by 

observers in their collective observations and in their summary reports at AAOKH Steering 
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Group meetings. Coastal storms, flooding and erosion also have direct impacts to community 

infrastructure, subsistence use areas and the preservation of cultural sites.
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Chapter 4: Discussion

4.1 Lessons Learned

This thesis provided the opportunity to consider challenges and opportunities for 

community-based research through work with two different CBM projects as case studies in 

different regions of coastal Alaska. In an era where community-based research is being 

prioritized, it is necessary to reflect on current and past community-based work as well as listen 

to the Indigenous voices that are pleading for changes to the status quo (Ellam Yua et al., 2022; 

ICC, 2021; Kawerak et al., 2020). There is an increasing emphasis on community-based research 

that is ethical and equitable for community participants, as well as responsive to community 

needs (Johnson et al., 2015; Knapp and Trainor, 2015). Indigenous communities across the 

circumpolar north have expressed the need for a paradigm shift in the way the science 

community engages Indigenous communities in research (Ellam Yua et al., 2022; Kawerak et al., 

2020; ICC, 2021). In this thesis, several “lessons learned” emerged (Table 11), which can be 

used to advance research done in partnership with Indigenous communities across Alaska. In the 

following sections, these ideas are explored in further detail with reference to the Stakes for 

Stakeholders and AAOKH projects.
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Table 11. Summary of lessons learned working with two community-based monitoring networks.

Lessons learned Elaboration

Community engagement 
prior to work

Earlier engagement with stakeholders led to more relevant and 
useful data products

Standardized observations Standardized measurements made data more useful in developing 
relevant data products

Iterative dialogue Iterative dialogue with stakeholders maintained relationships, 
making it easier to collaborate when questions arose

In-person community 
meetings

In-person community meetings are the best way to engage 
community stakeholders in discussion on research topics and gain a 
local perspective on environmental impacts

Informal discussion between meetings and fieldwork with local
Make space for informal 
conversation

residents allowed relationships with research partners to further 
develop, building trust and a sense of partnership and ownership of 
the data

Explicit requests for feedback can lead to further development of
Solicit feedback data products, making them more relevant and useful to community 

priorities

Research fatigue Be aware of research fatigue in communities that have been 
working with scientists for decades

Data useful in local 
decision-making

Research outcomes should be relevant to community priorities and 
useful in local decision-making contexts

4.1.1 Community Engagement Prior to Research

Community engagement is a critical component in developing collaborative relationships 

as well as relevant and community-focused data products (Huntington et al., 2009; Wilson et al., 

2018). Initial field trips to communities, associated with the Stakes for Stakeholders project, 

were canceled in the summer of 2020. In the year between summer 2020 and summer 2021, 

shoreline change maps were presented virtually to tribal environmental coordinators from each 
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community via the Zoom platform. It was during these meetings that the most guidance on what 

sites to focus on for shoreline change maps was received. Virtual meetings prior to field work 

with stakeholders from Pilot Point revealed the identification of new erosion sites that were not 

previously a primary focus in the original shoreline change assessments. These initial meetings 

laid the foundation for developing shoreline change products tailored to meet the community's 

needs in mitigation planning.

Prior to building the AAOKH StoryMap, observers were asked three questions at the 

2021 AAOKH Steering Group meeting: what environmental conditions are you seeing with 

impacts to subsistence activities, community infrastructure or travel access? What are some of 

the extreme weather events or unpredictable environmental conditions you experience in your 

community? What is your biggest concern? These questions and the answers given by the 

observers guided the direction of the StoryMap. Asking these research questions before 

beginning the work helped to ensure the StoryMap aligned with the observers' understanding of 

Arctic environmental changes and impacts.

4.1.2 Standardized Observations

Standardized data and methods can support application of data in local decision-making. 

However, when working with Indigenous communities, methods and data collection should be 

culturally appropriate and support the knowledge systems from which the data are derived 

(Johnson et al., 2016). AAOKH observations are written in full text in the voice of each 

observer. This allows each observer to share their full perspective on environmental observations 

they make routinely, which often includes traditional ecological knowledge and Inupiaq terms, 

phrases and values. This approach makes for a rich dataset of day-to-day stories told by 

observers who are closely familiar with the rapidly changing Arctic environment. One drawback 
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to this approach is that it can be difficult to standardize or categorize these observations when 

explicit environmental conditions are not mentioned. There are options to include standardized 

measurements with observers utilizing the Fulcrum web application to record observations, 

however, most observations are received in paragraph form through various communications 

platforms. AAOKH scientists can interpret these observations and code certain environmental 

parameters mentioned in the observation, however, this is based on a secondhand interpretation 

of the observers' words and messages can often get lost in translation. Where observers do 

record their observations in the standardized Fulcrum application, there are options to further 

self-code various environmental conditions including coastal storms, extreme environmental 

conditions, subsistence activities, unusual conditions and more. These coding categories allow 

users of community observation data to organize observation tables based on key environmental 

conditions or activities and potentially extract trends in the observations. One benefit to using the 

StoryMap to communicate community-based observations was the ability to position the 

observations as context for other instrumental data. These two types of data complement each 

other in telling a more complete story about Arctic environmental change. This use of a 

StoryMap to communicate that story aligns with traditional storytelling approaches used by 

Indigenous people in Alaska.

Stakes for Stakeholders utilizes standardized measurements to monitor and document 

erosion. These standardized protocols make it simple to transfer observations from communities 

to science leads in charge of processing, analyzing and distributing the data. This method of data 

collection allows baseline datasets for each community to be established from which to 

accurately measure future change. Consistent and accurate documentation of coastal change can 

inform adaptation strategies for communities looking for solutions to erosion issues. These 
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methods can be adjusted to meet the needs of the state and federal agencies assisting 

communities with mitigation or adaptive responses, however, they do not take into account the 

full context as experienced by Indigenous people. Indigenous knowledge related to erosion and 

its drivers are not documented as part of this monitoring process.

4.1.3 Iterative Dialogue

The process for developing the AAOKH StoryMap also involved iterative 

communication with the AAOKH observers. Observing themes were identified by observers at 

the 2021 Steering Group meeting, observations were summarized and summaries were approved 

by each observer, then a draft StoryMap was created and reviewed by the observers for their 

approval and finally at the 2022 Steering Group meeting observers and steering group members 

approved of the StoryMap and pushed for a press release as well as other StoryMap formats to 

share more widely.

Iterative dialogue helps to build relationships with communities over time and can make 

space for stakeholder input throughout the research process. Knowledge co-production involves 

iterative dialogue between scientists and stakeholders and can serve to better meet stakeholder 

needs (Knapp and Trainor, 2015; Bremer & Meisch, 2017). Iterative dialogue with Stakes for 

Stakeholders partners helped to maintain relationships and made communication easier when 

questions around erosion monitoring data collection or specific data products arose. Seventeen 

total virtual and in-person meetings were held with stakeholders from Bristol Bay communities, 

including a community meeting in each community in the summer of 2021. A specific effort was 

made to connect with tribal environmental coordinators quarterly to update on project progress 

and connect with engineering firms and other organizations working with communities on 

addressing climate change impacts. These meetings provided a foundation from which to start 
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asking questions that really mattered to research partners. At each meeting, research partners 

were updated on research progress and asked questions about the scope of work. As partners got 

more comfortable with meetings, they were able to provide local input and direct potential field 

plans for future work. This gave the science team an opportunity to plan around the community's 

needs and priorities. Although several meetings were held with project communities prior to field 

work and in-person community meeting, it was obvious the in-person meetings had a more 

positive impact on relationships with the community.

4.1.4 In-person Meetings

In-person community meetings were the best way to engage stakeholders in discussions 

on coastal change and identify local perspectives of change impacts, although this was affected 

by the COVID-19 pandemic for this thesis. Community meetings sparked conversations about 

potential strategies for erosion mitigation. In Pilot Point, meeting participants discussed 

potentially moving the Dago Creek Access Road further inland based on erosion rates measured 

with the Stakes for Stakeholders program. In Dillingham, local decision-makers in attendance 

shared their recent erosion concerns after reviewing shoreline change maps and figures. 

Kanakanak Hospital and Kanakanak Road were identified in the meeting as erosion hotspots, and 

conversations with decision-makers led to new connections for future data sharing. In Ekuk, 

shoreline change products sparked conversations about beach erosion in the community and 

potential strategies for mitigation, including beach nourishment and more strict regulations 

around moving beach sediment in front of Ekuk.

A big hindrance to the erosion work in the Stakes for Stakeholders communities was the 

inability to travel to the communities in the summer of 2020 due to the COVID-19 pandemic. 

Had we been able to make it out to communities in the summer of 2020, we would have had the 
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opportunity to initiate more meaningful conversations around developing relevant shoreline 

change work and we would have been able to continue those conversations throughout 2021 and 

2022. It is harder to build relationships and connect with people through virtual meeting 

platforms like Zoom or over the phone. Actually spending time with people between meetings 

and during field work provided a more informal setting for getting to know each other.

Besides site maps that were specifically requested by tribal environmental coordinators in 

each community, shoreline change maps appeared to meet the needs and expectations of 

participants at each community meeting. Where the shoreline change products did not meet the 

needs and priorities of the community, this project was unable to provide data or information 

requested. For example, community meeting participants in Dillingham focused the discussion 

on identifying potential infrastructure solutions to mitigate erosion near critical infrastructure. 

Community meeting participants in Port Heiden focused the discussion on flood concerns near 

the local school and the military activities' influence on coastal erosion. This is something our 

science team could not address due to infrequent data collection and lack of information about 

the quantity of sediment moved by the military. Community meeting participants in Levelock 

focused the discussion on historic Kvichak River channel movement and trends, which is a topic 

more suited for hydrologists. Community meeting participants in Pilot Point focused the 

discussion on potential infrastructure solutions to mitigate erosion based on what other 

communities are doing who are in the same situation. These are discussion points that cannot be 

addressed through shoreline change analyses alone. These discussions could be more productive 

if engineers who specialize in erosion work and adaptation strategies were present to shed light 

on potential mitigation solutions as well as shoreline change data needs.
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Although in-person meetings were not a major component in the development of the 

AAOKH StoryMap, meaningful connections were still made with AAOKH observers and 

steering group members through virtual platforms as well as over the phone. Creation of a virtual 

StoryMap provides opportunities for residents in AAOKH communities to engage with 

observing themes and content. It is the first complete product created using AAOKH 

observations and data. However, more in-person engagement is recommended for future 

dissemination of synthesis materials created with AAOKH observations.

4.1.5 Informal Space for Conversation

Although not a component of the AAOKH StoryMap, another meaningful engagement 

with Stakes for Stakeholders in southwest Alaska communities occurred outside formal meeting 

agendas. During the summer 2021 field trips, downtime between meetings and field surveying 

activities provided the opportunity to build personal relationships with tribal staff and other 

community members. This kind of space provides an opportunity for researchers to gain a better 

understanding of local culture and values, which can inform community-based research 

practices. These informal conversations also helped to build trust between the science teams and 

stakeholders in each community and establish a collaborative atmosphere between scientists and 

community members. This collaborative atmosphere carried into each proceeding meeting and 

helped to foster and maintain synergistic relationships between Stakes for Stakeholders partners. 

People felt more comfortable talking about erosion concerns and were more engaged in erosion 

monitoring site installation, maintenance and data collection. They were also more interested in 

seeing the resulting data products after assisting in field surveys and erosion monitoring site 

installations.
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It is recommended that CBM programs in Alaska create space and time for personal 

interactions and informal conversations to arise organically as part of the engagement process. 

Consistent with Alaska Native values and culture, this demonstrates reciprocity, respect, and 

helps to build trusting relationships (ICC, 2021). Sharing food or meals can also help support 

effective engagement and communication strategies. Food sharing gives an opportunity for 

community members to talk about their culture and subsistence activities. Traditional foods are 

an important part of our story as Indigenous people and are directly related to climate change and 

its impacts (ICC, 2021).

4.1.6 Solicit Feedback

Conversations with communities in southwest Alaska to solicit feedback on data products 

and erosion monitoring opened the door for people to share ideas for other erosion monitoring 

and data needs. These conversations include plans for continued collaboration with UAF to 

collect erosion data and the need for different types of data including UAV-derived elevation and 

GNSS survey data at specific locations. Soliciting feedback on erosion monitoring and coastal 

data priorities created a space which encouraged community members to voice their input and in 

doing so sparked discussion on strategies for meeting each community's data needs moving 

forward. Other feedback not directly related to the shoreline change maps included inquiries 

about flood data, erosion rates in other southwest Alaska communities, historical aerial imagery 

maps and potential ideas for engineering solutions. These questions helped to identify other 

stakeholder needs that the science team could begin to address in future work with the 

community or by connecting other partners outside of the research team with community 

stakeholders.
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Feedback on the StoryMap led to the addition of another section on subsistence change in 

AAOKH communities. Although the StoryMap was focused on impacts to AAOKH 

communities, it was important to the observers to make it clear that despite these impacts, 

hunters are still able to go out and harvest from healthy populations of animals. Conversations 

with Billy Adams during one on one discussions revealed concern for outside entities claiming 

that Indigenous people and the resources they depend on will perish as a result of climate change 

as opposed to adapting to a new set of conditions. Discussion with observers and steering group 

members at the 2022 AAOKH Steering Group meeting further emphasized the importance of 

sharing this perspective.

4.1.7 Research Fatigue

Community-based research practices involve engaging communities in the research 

process. However, research fatigue is an understudied aspect to this type of research and is 

especially important to be aware of in places like Alaska where communities are small and local 

tribal governments and other organizations facilitate science in their communities through 

engagement with visiting scientists. In communities with less than 500 people, the responsibility 

of engaging with scientists usually falls on one or two people. Research fatigue is likely to occur 

where repeated engagements do not lead to change or when interests are misaligned (Clark, 

2008). In communities where climate impacts are widespread and mitigation solutions are nil, it 

can be tiresome to repeatedly engage with scientists, especially communities that have 

experienced significant loss. One observation from working with southwest Alaska communities 

in documenting erosion was the lack of interest in discussing erosion issues in some community 

meetings. Port Heiden is a community that has battled substantial erosion for years and has 

relocated from the old village site, Meshik, further inland (Kinsman & Gould, 2014). It is also 
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the community with the highest mean erosion rate in this thesis (Table 7). Meeting participants 

expressed research fatigue while discussing erosion. For people in Port Heiden, discussing 

erosion with no real solutions in place to mitigate it does more harm than good. During the 

meeting, one participant expressed that some people didn't want to come to the meeting because 

they felt they had talked to scientists about erosion enough.

In communities where there are no solutions for climate impacts, research fatigue may 

impact results of community-based research and engagement. In these cases, it is recommended 

that science leads connect research proposals with external funding entities that can work with 

the communities to acquire funds and develop strategies for mitigation.

4.1.8 Boundary Work

Boundary roles or organizations are necessary to effectively address local stakeholder 

needs in Alaska communities (Knapp & Trainor, 2015). Boundary spanners are people or 

organizations that bridge the gap between scientists and local decision-makers through 

communication (Guston, 2001). They work with scientists and stakeholders through iterative 

dialogue, bringing together two worlds that would otherwise operate independently of each 

other. Some of the challenges associated with community-based research can be alleviated by the 

designation of an individual or entity who is in charge of communications with the community, 

someone who is knowledgeable about research protocols and also connected to Indigenous 

communities. A boundary spanner can engage the science team and community partners 

involved so that more effective communication occurs between scientists and stakeholders. 

Boundary spanners can take research projects from just identifying stakeholder needs to actually 

meeting the needs of the community (Knapp and Trainor, 2015), while also orienting the science 
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team to the local values, culture and priorities of communities, setting a solid foundation for 

further work.

4.1.9 Data Useful in Local Decision-Making

For Stakes for Stakeholders communities, shoreline change maps can be used towards 

proposals for scoping out areas for erosion mitigation projects with external funding entities or 

engineering firms. The tribal environmental coordinator in Ekuk reached out for shoreline 

change data at a subsistence use cabin site 4 miles southwest of Ekuk. The tribe was pursuing a 

grant for an erosion control feasibility study to be completed at Ekuk. This cabin site was not in 

the scope of the original analysis. Shorelines were delineated to extend from Ekuk to the cabin 

site and another DSAS analysis was completed. Final maps produced for Ekuk were used in a 

grant proposal submitted by the tribe for an erosion control feasibility study with the U.S. Army 

Corps of Engineers. The tribal environmental coordinator in Port Heiden asked about more 

recent erosion rates near the barge landing and around the drained Goldfish Lake basin based on 

GNSS and CBM measurements taken from 2016-2021. Cross-shore elevation profile and 

shoreline measurement figures were produced to address this inquiry using CBM measurements 

and GNSS survey data.

A virtual Zoom meeting was held between the Pilot Point tribal environmental 

coordinator, the UAF Arctic Coastal Geoscience Lab, and two engineers from a consulting firm 

working with the tribe on a reconstruction project to address erosion and tidal issues at the barge 

landing near Dago Creek and the Dago Creek Access Road. During this meeting, shoreline 

change maps were presented to the engineers. Afterward, these deliverables were sent directly to 

the engineers to inform potential mitigation efforts.
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Chapter 5: Conclusion

Community-based research practices rooted in co-production of knowledge approaches 

are a valuable means of developing collaborative research partnerships and producing more 

impactful research outcomes. Ethical and equitable engagement practices are needed now more 

than ever as Alaska Indigenous communities face climate change impacts. Extractive research 

practices are no longer tolerated among Indigenous communities, and local communities and 

Indigenous entities are calling for reciprocal research partnerships that work together toward 

mutual goals and understandings, recognizing that Indigenous Knowledge plays a critical role in 

coastal research. Communities are calling for more open dialogues that focus on discussion 

rather than presentations, for recognition of Indigenous knowledge within the scientific 

community and for ethical research practices that take into account community priorities and 

interests (ICC, 2021). With government institutions now pursuing more community-focused 

research through programs like Navigating the New Arctic, research institutions are in a timely 

position to include community engagement practices as part of their methodologies (Kawerak et 

al., 2020). CBM programs like Stakes for Stakeholders and the Alaska Arctic Observatory and 

Knowledge Hub can serve as learning case studies to identify opportunities and challenges for 

community-based research. These lessons learned (Table 11), as well as others identified in the 

literature (Table 1 and 2), are a great starting point for researchers to reflect on either before they 

pursue research partnerships or to evaluate existing ones. Doing so can promote ethical, 

equitable and healthy collaborative research partnerships between the scientific community and 

Alaska Indigenous communities.
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