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Abstract

Indigenous Peoples across the Arctic have adapted to environmental change since time immemorial, yet recent climate
change has imposed unprecedented and abrupt changes that affect the land and sea upon which communities rely. Co-created
community-based observing programs offer an opportunity to harness the holistic breadth of knowledge in communities with
the goal of tracking Arctic change while simultaneously supporting community priorities and local-scale needs. The Alaska
Arctic Observatory and Knowledge Hub (AAOKH) is a network of Iiiupiaq observers from northern Alaska coastal communities
working in partnership with academic researchers. Here, we describe five core functions that have emerged through AAOKH,
which include tracking long-term environmental changes; communicating Indigenous-led observations of the environment
and their meaning; place-based and culturally relevant education; enabling scientific and Indigenous Knowledge exchange;
and supporting community-led responses to environmental change. We outline and discuss specific actions and opportunities
that have been used to increase knowledge exchange of AAOKH observations, make space for the next generation of Indige-
nous scholars, and create locally relevant data products and syntheses that can inform resource management and community
planning. We also discuss our ongoing efforts to increasingly shift toward a knowledge coproduction framework as we plan
to sustain AAOKH into the future.
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Plain language summary (Ifiupiaq)

Aippaaiin taimanna gana Iflupiat ifluugaruat irituruami nunami. Ifiupiat ilitqusiat ikayuutaullaruq sivunmuktaagutauluni.
AAOKH-kuayaat kapigsimavlugu taamna tupulliligsugait. AAOKH allanuaqgsiruq. Tunullilivsaaqtugut qifiiqtiruallumun,
suli nunaaqgimiuguruallu. Nunaaqqiruallu, naipiqtuqtillu ilisaqtuallu taputaurut tavruuna gimilguurit ilaumiut uvuuna
magqpigaakun. Atauchikunlu sivunniugutaulutiglu. Tikisaksragit uvva:

e Tugulliligsuglugit naipiqtuqtuat aglaapisigunlu.
e Savalgusiglugich ikayugniagivut iluuniagvipisat irrusiat.
* Aulaqgisaagmilugich ilisaasragich nunaaqich ilisaqtipitsalu aularipisalu.

Qaunakkutich atugai sivunnipat. Atautchikun kapigsillasisugtugu.

Introduction animals, and human health that have been shared and evalu-

Indigenous Peoples across the circumpolar Arctic have ated over generations of continual human habitation in fo-
been monitoring, interpreting, and adapting to environ- cused spatial regions (Berkes and Jolly 2001; Krupnik and
mental change since time immemorial because Indigenous  Jolly 2002; Berkes 2007). In recent decades, however, global
Knowledge (IK) integrates observations of the environment, climate change has imposed unprecedented and abrupt shifts
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in temperature, sea ice cover, and associated ecosystem trans-
formations (Post et al. 2013; Huntington et al. 2020). Arc-
tic regions such as the Pacific Arctic are warming at nearly
four times the global rate (Stroeve et al. 2014; Stroeve and
Notz 2018; Rantanen et al. 2022), and several predomi-
nantly Indigenous communities across the Alaska Arctic now
find themselves among the “first responders” to experience
and describe the dramatic new fluctuations that affect the
land and sea upon which they rely (Brinkman et al. 2016;
Huntington et al. 2016, 2022). The Ifiupiat across northern
Alaska have cultivated deep connections to place and an
integral reliance on traditional marine and land resources
through reciprocal relationships, kinship, and cultural values
(ICC-Alaska 2016). Changing environmental conditions are
thus inextricably linked to various aspects affecting access
and availability of resources, travel safety, nutritional qual-
ity and health of wildlife, and harvest effort (Druckenmiller
et al. 2013; Huntington et al. 2017; Ford et al. 2019; Hauser
et al. 2021; Brinkman et al. 2022). These fluctuating social-
ecological relationships affect not only natural resource
management but also Indigenous food security, community
health and wellness, and opportunities for adaptation plan-
ning (Pearce et al. 2015; Heeringa et al. 2019; ICC-Alaska 2020;
Proverbs et al. 2020).

Local-scale observations are particularly relevant when
considering communities’ needs to adapt to and be resilient
in the face of a changing Arctic. Past Arctic research has often
failed to acknowledge the colonizing history that has discred-
ited Indigenous voices and exploited their knowledge, yet
bridging IK systems and science can lead to more inclusive
and equitable outcomes to help solve the “wicked” problems
associated with climate change (Inuit Circumpolar Council
2022; Yua et al. 2022). Arctic community members have ex-
pressed concerns and frustrations about past research expe-
riences that range from extractive and consumptive to insen-
sitive or unresponsive to local needs and interests (Pfeifer
2018; Watt-Cloutier 2018; Latulippe and Klenk 2020). Re-
search results have not always been shared back to com-
munities in formats that are easily understandable, accessi-
ble, or timely (David-Chavez and Gavin 2018). Iterative and
continuous communication strategies are increasingly seen
as opportunities for improvement (e.g., Hovel et al. 2020;
Pedersen et al. 2020). Community engagement in research
processes has often been limited, which functionally discon-
nects research from local priorities and often creates infor-
mation that is impractical for use in decision-making (Ban et
al. 2018; Wheeler et al. 2020), much less in efforts to assert
Indigenous sovereignty over natural resource management
and food security (Raymond-Yakoubian and Daniel 2018; ICC-
Alaska 2020; Reid et al. 2021). Creating equitable and engaged
community research partnerships within entrenched aca-
demic models and western science is slow, deliberate work.

Opportunities to meaningfully relate Indigenous and west-
ern science in ways that acknowledge both as complemen-
tary ways of knowing and not be used to validate the other
are increasingly common but still lacking. Community-based
monitoring (CBM) has been acknowledged as a mechanism
for IK systems and western science to cooperate in informing
sustainable management decisions by bringing together deep
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knowledge of place, with the nimbleness for inquiry that is
offered through classical scientific research (Johnson et al.
2015, 2018; Danielsen et al. 2020). Co-created community-
based observing programs provide an opportunity to har-
ness the holistic breadth of knowledge in communities with
the goal of tracking Arctic change while simultaneously re-
taining community priorities and local-scale needs (Moore
and Hauser 2019; Fox et al. 2020; Eicken et al. 2021). Fur-
thermore, environmental monitoring that is conducted by
and anchored in communities can effectively inform man-
agement in rapidly changing regions where more conven-
tional scientific efforts are relatively sparse or expensive for
sustained observations (Laidler et al. 2011; Dawson et al.
2020; Simonee et al. 2021), such as in many Arctic coastal
and marine areas. CBM also offers opportunities to integrate
Indigenous-led observations as surveillance systems for cli-
mate change and related impacts on human health, food se-
curity, and community wellness (Ostertag et al. 2018; Peacock
et al. 2020). There can be applications to planning, comanage-
ment, or short-term decision-making when communities are
involved in the definition of meaningful questions, data col-
lection responsive to those questions, and interpretation of
results (van Bavel et al. 2020; Breton-Honeyman et al. 2021;
Hauser et al. 2021).

The Alaska Arctic Observatory and Knowledge Hub
(AAOKH) is a network of Ifiupiaq observers from northern
Alaska coastal communities working in partnership with
academic researchers at the University of Alaska Fairbanks,
which has evolved from a CBM program established during
the International Polar Year (IPY), called the Seasonal Ice Zone
Observing Network (SIZONet). Here, we describe our ongoing
efforts to transition a legacy CBM program (Eicken et al. 2014)
from a science-centric to a community-centric approach for
long-term and local-scale environmental observing. In our
evolution from SIZONet, which focused on monitoring sea
ice services and hazards, to more holistic monitoring of the
coastal realm in AAOKH, we focus on our increasing empha-
sis on local relevance, education, and establishing platforms
for communication and knowledge exchange. We describe
AAOKH as an integrated observatory and knowledge hub that
provides several core functions, including sustained monitor-
ing of environmental change, communicating Indigenous-led
observations of the environment and their meaning, elevat-
ing Indigenous scholarship as well as place-based and cultur-
ally relevant education, creating space for scientific and IK
exchange, and supporting community-led responses to en-
vironmental change. Our objective is to illustrate the de-
velopment of AAOKH and our core functions by discussing
specific actions that have been taken to increase local-scale
visibility and accessibility of AAOKH observations and synthe-
ses, specifically 1) implementing new methodologies to flexi-
bly respond to local monitoring needs; 2) introducing public-
facing, appealing, and accessible communication strategies
to summarize recent observing themes and science prod-
ucts; and 3) creating unique opportunities for university stu-
dents from rural Alaska to develop research skills in sup-
port of their development as the next generation of Indige-
nous scholars. Throughout, we reflect on how our work is
guided by our network of Indigenous observers, students,
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Steering Group members, and communities. We also discuss
ways AAOKH has maintained the foothold in pan-Arctic sci-
entific observing systems that was initiated during SIZONet.
We recognize the need to continually tend to and build rela-
tionships to support this work, and so we provide additional
discussion to put the recent changes undertaken by AAOKH
in a broader context of developing conversations about the
use and usability of AAOKH observations within local and
Indigenous-led decision-making frameworks in the future.

Methods

Author roles and perspectives framing this

work

We are sharing research and activities from a diverse group
of multidisciplinary academic researchers, Ifiupiaq Knowl-
edge holders in rural Alaska coastal communities, and Alaska
Native graduate students in scientific disciplines. We each
bring individual and sometimes intersectional racial, eth-
nic, and cultural identities, experiences, and perspectives
to this work. We acknowledge the colonial history of aca-
demic research across many regions of the Arctic, and that
AAOKH communities in particular are part of the home-
lands of Alaska’s Ifhupiat. This paper is a scholarly work led
by a non-Indigenous author (DH) to specifically respond to
calls to action from Indigenous communities within Alaska
and the Arctic more broadly for research that supports self-
determination and local-scale research priorities, goals for
which AAOKH continues to strive. This work to share our pro-
cess is further influenced by our team of researchers from
the ongoing and legacy CBM projects (KH, ]J], ES, AR, OL, and
HE) and current and recent university students (RG, EL, and
KP). In addition to a diverse Steering Group, AAOKH Iiiupiaq
observers have continuously guided our efforts and shared
their observations as well as frequently provided feedback
on our approach in various forms (e.g., formal and informal
gatherings, virtual communications, and research surveys),
including in their choice to contribute here as co-authors (BA,
JL, GO, RS, and CS). Additional individuals who contributed
past observations to AAOKH are included in the acknowledge-
ments. We directly quote and attribute comments to specific
individuals, with their permission and using their language
and terminology, in the following sections. Ifiupiaq' termi-
nology is also purposely incorporated throughout (led by RG,
KP, and JL).

History of SIZONet as a foundation for AAOKH
Our northern Alaska coastal observation network dates to
2006 through the initiation of SIZONet, which established a
collaboration between sea ice geophysicists and Ifiupiaq and
St. Lawrence Island Yupik sea ice experts based in Sivuqaq
(Gambell), Kinigin (Wales), and Utqgiagvik (formerly Barrow).

! Ifiupiaq is an Inuit language of the Ifiupiat in northern and north-
western Alaska and is considered an official language in the State of
Alaska. We rely on the North Slope Ifiupiaq dialect (MacLean 2014),
although we use the terminology and dialects provided when citing
contributors.
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SIZONet originated in the IPY 2007/08, the first IPY to con-
sider the Indigenous Peoples of the Arctic as key partners
in research and science (Krupnik et al. 2011). SIZONet com-
bined Indigenous experts’ observations of coastal sea ice en-
vironments (Krupnik et al. 2011; Weyapuk and Krupnik 2012;
Apangalook et al. 2013; Eicken et al. 2014), autonomous ob-
servations of sea ice growth, dynamics, and decay (e.g., Jones
et al. 2016), and field campaigns (e.g., Haas et al. 2010), with
the aim of meeting sea ice user information needs, centering
on access, use of ice as a platform, and ice as a coastal hazard.
The community-based observations component of SIZONet
sought to document the range of ice uses and ice hazards
tracked by Indigenous experts, which could help improve sea
ice observations and information products. SIZONet observa-
tions also supported the development of the concept of sea
ice system services as a means to address the priorities of
Indigenous and other ice users in coastal communities. Ul-
timately, SIZONet fostered the development of partnerships
and communities of practice to help track and predict Arc-
tic environmental change and meet long-term information
needs (Eicken et al. 2009).

An international team conducted the research and devel-
oped common observing protocols and coordinated observa-
tion strategies, in collaboration with the World Climate Re-
search Program’s Climate and the Cryosphere Sea Ice Work-
ing Group. Observations collected by SIZONet included shore-
based and drift-ice measurements of ice motion, key mass bal-
ance variables, and snow and ice properties such as albedo, as
well as airborne ice thickness and property surveys. Measure-
ments in coastal ice, of greatest interest to key stakeholders,
included hydrographic moorings, survey measurements, and
the integration of satellite imagery (Jones et al. 2016; Ito et
al. 2019). Local ice observations by community-based Indige-
nous observers and joint ice-trail mapping activities provided
a link between sea ice geophysics and Indigenous sea ice ex-
pertise (Druckenmiller et al. 2013). Community-based obser-
vations included narrative and photo descriptions of condi-
tions. Observations, photos, and Ifiupiaq and Yupik terminol-
ogy and names for different conditions were preserved and
shared in an online data repository with the Exchange of Lo-
cal Observations and Knowledge of the Arctic (ELOKA). Over
5000 local observations were collected as part of the SIZONet
program during 2006-2016 from communities across the
coasts of western and northern Alaska (Eicken et al. 2014).

Transitioning to an Alaska Arctic Observatory
and Knowledge Hub: goals, audience, and

leadership

Starting in 2016, efforts transitioned to AAOKH. Fund-
ing support arose serendipitously through an opportunity to
specifically benefit coastal communities along Alaska’s North
Slope, as a result of community service payments made to
the State of Alaska by a corporate defendant found guilty of
maritime crimes in the region. Unlike more typical federal
or other research grants in the United States, funding pro-
vided to AAOKH did not require specific research goals to
be predefined and allowed for the flexible community-driven
approach that has emerged. Although AAOKH and SIZONet
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share similar research foci (e.g., emphasizing changes in sea
ice and associated local impacts) and the combined ELOKA
datarepository, there has been a shift in overarching research
goals, data streams, and regional emphasis with AAOKH. Cur-
rently, AAOKH is focused on northern Alaska coastal regions
(i.e., not currently including western Alaska), includes a di-
verse suite of standardized and holistic descriptive observa-
tions by Ifilupiaq observers, expands engagement efforts for
knowledge exchange, and involves new training opportuni-
ties to support Alaska Native students at collegiate levels.
AAOKH activities are guided by a Steering Group consist-
ing of four Indigenous leaders from coastal Alaska commu-
nities (Sitpasuaq (Nome), Qikiqtagruk (Kotzebue), Utqiagvik,
and Qaaktugvik (Kaktovik)) and five academic researchers
with expertise in community-engaged research, sea ice geo-
physics, Arctic ecology, or Alaska Native studies. AAOKH was
initiated with a goal to provide northern Alaska coastal com-
munities with the tools, resources, and scientific support
to share their expertise through community-based observa-
tions on changing coastal conditions and associated impacts
on their access to traditional marine resources (Anonymous
2015). Since 2016, these goals have been iteratively reviewed
through facilitated discussion at the annual meetings of the
AAOKH Steering Group, science team, and observing team.
Current goals center on 1) providing sustained support to lo-
cal Indigenous observers as they share their knowledge and
document environmental changes; 2) providing services to
monitor environmental change to meet community needs;
and 3) creating educational opportunities for the next gen-
eration of Indigenous leaders and scholars. Following on
efforts initiated with SIZONet, AAOKH efforts are also in-
tended to provide sustained and long-term environmental
observations of the Arctic that can be used and are use-
ful to coordinated pan-Arctic observing (e.g., Starkweather
et al. 2022), academic researchers, students, and scientists,
and especially the communities from which observations are
collected.

AAOKH observing efforts

AAOKH observers lead traditional Ifiupiaq ways of life
reliant on the land and sea for cultural, nutritional, and
spiritual wellbeing. Each individual self-identified or was
nominated by their tribal government to share their lo-
cal expertise and IK with AAOKH (as well as the previous
SIZONet effort for JL and BA). We consider their local and
IK as holistic information, integrating environmental and
wildlife observations with community activities, that has
been shared, refined, and continues to evolve over genera-
tions (Huntington et al. 2005; Berkes and Berkes 2009; ICC-
Alaska 2016). Although observations often provide somewhat
standardized documentation of the local environment, IK
and the cultural context of their communities are foun-
dational to the overall perspectives that are shared by
observers.

Current AAOKH observations are collected from five com-
munities: Qikiqtagruk (Kotzebue), Tikigaq (Point Hope),
Ulguniq (Wainwright), Utqiagvik (formerly Barrow), and
Qaaktugvik (Kaktovik) (Table 1). Observers collect year-round
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descriptive observations specifically relevant to each com-
munity’s local environment and concerns, including sea ice
(siku), ocean (tagiuq), land (nuna), weather (sila), and wind
(anugi) conditions, as well as fish (iqaluich) and wildlife
(nigrun) observations (Fig. 1). Observers also often describe
community harvesting activities (anuniagniq) and related
events, as well as notable changes in phenology or conditions
like coastal erosion (uaq), flooding (ulitit), or the presence of
rare or unusual species. Observations are compiled regularly
(e.g., daily or weekly, depending on the observer) and con-
tain a combination of quantitative and descriptive informa-
tion, photographs, and geographic location. The descriptive
and narrative observations reflect local conditions that the
observer deems relevant and important to note, but some
aspects are always recorded: temperature, wind speed and
direction, location, and ice or ocean conditions (depending
on season). Some communities have also identified particu-
lar data interests for which observers have contributed stan-
dardized scientific measurements, such as coastal oceanog-
raphy (conductivity, temperature, and fluorescence measure-
ments at depth via hand-held RBR Concerto CTD instruments)
or sea ice thickness and snow cover to understand seasonal
melt processes that affect sea ice services such as safety of
travel on the ice (Druckenmiller et al. 2013; Mahoney et al.
2021). For example, mapping and measuring ice thickness
along snowmobile trails during the spring whaling season
(umiaqqa) was initiated during SIZONet and has been carried
on during AAOKH at the request of hunters and local partners
in Utqiagvik.

Observers are compensated with a monthly stipend, and
equipment is provided to support their observing activities,
such as a camera with geo-tagging capabilities, mobile phone
or tablet, paper notebooks, and scientific equipment for any
community-specific measurements. Several different formats
for observations are accepted by AAOKH to accommodate
each observer’s capabilities with technology, internet con-
nectivity, and preferences. Sometimes observations are hand-
written into a notebook and then regularly mailed to sci-
entists, whereas other observers email a descriptive obser-
vation with location(s) and photo(s). Several observers also
record observations using a customized mobile app (devel-
oped in 2018 via FulcrumApp; Spatial Networks, St. Peters-
burg, Florida) that provides spaces for narrative observations,
photos, and some required fields for the observer to note spe-
cific temperature and wind conditions, the presence and con-
dition of sea ice, and wildlife observations, as well as whether
observations were considered unusual for the time of year
and why in those cases.

Observers retain ownership of their data, yet provide prior
consent for their observations to be archived and broadly
shared through AAOKH outreach and knowledge exchange
outlets. Data are archived in the existing ELOKA database,
which has constraints on user access (Observers of Coastal
Arctic Alaska 2022). Observations are searchable online, pro-
viding users accept the terms of the use agreement, which
include agreeing to give credit to the observers when using
the information and preserving the context in which the ob-
servations were made (Eicken et al. 2014). Observers also con-
tribute to decision-making in AAOKH activities during an an-
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Table 1. Communities with an Alaska Arctic Observatory and Knowledge Hub (AAOKH) observer contributing observations as early as 2016.

K-12 educational

No. of AAOKH activities (estimated
Observer(s) and Approx. frequency of observations per No. oceanographic Snow and ice number of students
Community observing period observations community measurements™ monitoring activities included)
Qikiqtagruk (Kotzebue) = Robert (“Bobby”) Weekly 171 58 Community-monitored Highschool classroom
Schaeffer sea ice mass balance visits (55)
(2019-ongoing) station to measure sea
ice thickness and snow
depth in travel
corridors, initiated in
2020 (Mahoney et al.
2021)
Vincent Schaeffer
(2019-2020)
Tikigaq (Point Hope) Jack Lane (2017-2018) Weekly—monthly 214
Guy Omnik
(2019-ongoing)
Ulguniq (Wainwright) Steven Patkotak Daily 1445 49
(2018-2022)
Utqiagvik (formerly Joseph Leavitt Daily—weekly 1815 9 Annual trail mapping 8th grade sea ice field
Barrow) (2006-ongoing) and measurements of trip (75); 8th grade
spring whaling trails on  classroom visits (60);
the sea ice, initiated community science fair
during SIZONet in 2007  activities (100)
(Druckenmiller et al.
2013)
Billy Adams
(2014-ongoing)
Qaaktugvik (Kaktovik) Carla SimsKayotuk Daily 643 K-4th hands-on field
(2019-ongoing) activities (27); middle
school hands-on field

activities (14); high
school student field
activities (11);
community science
outreach activity for
youth-Elders (50)

Note: Observations are ongoing in each community, so the number of descriptive observations for each community is inclusive of the period 1 January 2016 to 31 December 2021. Utgiagvik observers initiated their
effort during the predecessor program, the Seasonal Ice Zone Observing Network (SIZONet). Observations contributed by past SIZONet observers and communities no longer active in AAOKH are not considered here. The
number of oceanographic measurements (using handheld conductivity-temperature-depth (CTD) instruments) and descriptions of snow and ice monitoring activities and K-12 educational activities are also included.

*In collaborative efforts, AAOKH has also provided CTD instruments and support to research efforts initiated by the Native Village of Diomede and Hilcorp Corporation in Prudhoe Bay. A long-term (~4.5 month) ice-tethered
mooring was used to deploy a CTD near Kotzebue during the winter of 2021-2022.
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Fig. 1. Conceptual diagram of the suite of observing activities currently supported by the Alaska Arctic Observatory and Knowl-
edge Hub (AAOKH). Each observer provides regular narrative observations (and photos) of sea ice or ocean conditions (depend-
ing on season), weather, wildlife, travel (on ice or ocean) conditions, flooding, or erosion, building on the regular narrative
observations of the seasonal ice zone established by the Seasonal Ice Zone Observing Network (SIZONet) (Eicken et al. 2014).
Some communities also have special K-12 education and outreach events and specialized observing protocols for ocean mea-
surements (temperature, salinity, productivity), sea ice thickness and snow depth to assess travel hazards and break-up pro-
cesses (e.g., Mahoney et al. 2021), and mapping/measuring ice thickness on snowmachine trails used by whaling crews on the

landfast ice (Druckenmiller et al. 2013).

Weather

K-12
education &
outreach

CTD : ocean temperature,

__Mass-balance station: \j‘ﬁ“sallnlty & productlwty
. SNow & ices |

Whaling
rail &%ice
thicknes
maps

e Marine wildlife

observations

Ocean conditions &

Coastal
erosion &

flooding

nual gathering of the Steering Group, observers, and science
team.

AAOKH knowledge hub development

Changing environmental conditions in northern Alaska
are inextricably linked to hunting, gathering, sharing, and
preservation of traditional foods in the Arctic marine ecosys-
tem (ICC-Alaska 2016). Correspondingly, AAOKH has in-
creasingly shifted to supporting observing activities and
new data collection methodologies that can support ef-
forts to strengthen food security and accessibility. In light
of the broader priorities clearly articulated by ICC-Alaska
(2016) as part of the food security framework, some mon-
itoring efforts that started with SIZONet continue to be
supported by AAOKH as they align with these priori-
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storm surge

ties and local needs, such as mapping the ice thickness
of trails across the landfast ice used by whalers during
spring in Utqiagvik (Druckenmiller et al. 2013). However,
we also implemented new research objectives based on lo-
cally identified research interests and collaborations, such
as the use of CTD instruments to monitor ocean condi-
tions (described as an example below). Further, we have
the ability to flexibly respond as new monitoring needs are
identified.

The shift from SIZONet to AAOKH also required that we in-
crease the visibility and accessibility of information within
communities and across scientific forums. We introduced
several approaches to sharing and exchanging information,
both within AAOKH communities and to the wider public,
with an emphasis on multiple modes of communication that
aim to be iterative, interactive, frequent, timely, and accessi-
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ble in remote regions with connectivity barriers. We describe
the development of our information exchange strategies be-
low.

Starting in 2019, AAOKH shifted resources so we could pro-
vide direct support to graduate and undergraduate students
at the University of Alaska Fairbanks. This shift was prompted
by observers and Steering Group members who identified the
importance of engaging younger generations in observing en-
vironmental change, making linkages back to communities
and growing scientific skills that can be applied locally in fu-
ture careers. With at least partial funding and support from
AAOKH, each current and recent student (RG, EL, and KP) de-
veloped independent research goals associated with their dis-
ciplinary focus, as described below, which also aligned with
AAOKH priorities and relied (at least in part) on AAOKH obser-
vations. These graduate student projects additionally serve
as examples of new communication strategies and informa-
tion exchange supported by AAOKH while simultaneously ad-
vancing early career development and student-led scientific
research products.

Results

“[That AAOKH has]| fostered a level of trust among our community
members and the scientific community is important. I think we have
a history [in our regions] of people collaborating or doing research
that sometimes didn’t help [the community], they [scientists] use the
information they got from them and then use that to help their efforts
which would then sometimes not line up with the efforts with our rural
communities. The strongest strength I see of this group is that we’ve
been able to foster that trust...There is also so much knowledge [to be
shared]”—Noah Naylor (March? 2021), AAOKH Steering Group
member from Qikiqtagruk.

Overall, since 2006, the combined efforts of AAOKH and
SIZONet resulted in the engagement of several observers and
communities who have contributed multiple types of coastal
observations at various periods over time. A total of 4288
observations were collected by eight AAOKH observers dur-
ing 2016-2021 (Table 1), building on the 5264 observations
contributed to SIZONet and archived in the ELOKA database
during 2006-2016. A primary goal of SIZONet was the devel-
opment of an observational framework and associated data
management system. AAOKH then focused on increasing the
accessibility and visibility of observations within northern
Alaska coastal communities with the goal of expanding their
relevance to community priorities, including how research
activities are conducted. During the past six years, we de-
veloped an observing network that was more holistic of the
coastal Arctic environment (e.g., Fig. 2), beyond the seasonal
ice zone that was featured in SIZONet, as well as introduced
new monitoring techniques. Our approach allowed AAOKH
to deepen the work of SIZONet while also pivoting to create

2 March—Panigsigsiivik (Coastal dialect), Amiqtugvik (Point Hope di-
alect), Panighighiivik (Anaktuvuk Pass dialect). Month of drying
skin boats, month of sewing skins for boats, hunting tools repaired,
trail breaking, female polar bears bring cubs out of den (North
Slope Borough 2019).
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new mechanisms for knowledge exchange and communica-
tion as well as support structures for the training and educa-
tion of young Indigenous scholars.

Responsive to and representative of community

priorities: new monitoring techniques
“Monitoring and collecting data today may allow us the opportunity
to derive a plan to replace the subsistence resources we may lose to
climate change”—Bobby Schaeffer (March? 2021), AAOKH Ob-
server from Qikiqtagruk.

Direct feedback and direction from observers and Steer-
ing Group members identified new monitoring approaches
that could pair AAOKH observing efforts with western sci-
entific methods. For example, observers regularly noted in-
dications of increasing water temperatures in concert with
reduced sea ice cover in recent years, which has also been
linked to broad-scale ecosystem effects (Thoman et al. 2019;
Huntington et al. 2020; Danielson et al. 2020, 2022). To learn
more, several observers regularly measured coastal ocean
temperature, salinity, and productivity (specifically chloro-
phyll a, as a measure of phytoplankton biomass) using CTD
oceanographic instruments and training provided by AAOKH
(Table 1). CTD measurements taken near Qikiqtagruk during
April>-August* 2019 illustrated the timing of sea ice break-
up, phytoplankton blooms, and unusually warm water dur-
ing the summer months (Fig. 3). Taken in concert with ob-
servations, a more complete picture of the implications and
effects of these physical conditions emerged. For example,
the ice covering a channel in front of Qikiqtagruk broke up
uncharacteristically early in 2019 (Hauser et al. 2021), allow-
ing for the earliest ugruk (bearded seal, Erignathus barbatus)
hunt in the recent memory of Elders. Prior to break-up, incur-
sions of sea water were detected, followed by a dominance of
fresh riverine water after break-up, illustrating the influence
of ocean and riverine heat sources affecting break-up (Witte
et al. 2021). The ocean was also particularly warm in July® in
Kotzebue Sound, as well as throughout the broader Chukchi
Sea (Danielson et al. 2020), which affected the availability of
traditional harvests of species like puyyugiaq (king crab, Par-
alithodes spp.). CTD measurements also appeared to capture a
potential secondary phytoplankton bloom in August*. Warm
waters persisted in the fall and apparently contributed to a

3 April—Umiaqqgavik (Coastal dialect), Nutagsivik (Point Hope di-
alect), Qargiligvik (Anaktuvuk Pass dialect). Month when ptarmi-
gan (Aqargiq, Lagopus spp.) come, month of Whaling (Whaling
Begins), month of renewing whaling equipment, birth of young
natchiq (ringed seals, Pusa hispida) (North Slope Borough 2019).

4 August—Tinnivik (Coastal dialect), Amigaiqgsivik (Point Hope di-
alect), Amigikhivik (Anaktuvuk Pass dialect). Month with prime
tuttu (caribou, Rangifer tarandus) skins, tuttu hunting, month when
waterfowl migrate south, duck hunting, month when tuttu lose
their antler velvet, berry picking, fishing with nets in rivers and
lagoons (North Slope Borough 2019).

5 July- Ifiukkuksaivik (Coastal dialect), [fiukkuksaivik (Point Hope di-
alect), Ifiukkukhaivik (Anaktuvuk Pass dialect). Month of animals
raising their young, caribou hunting, drying meat and making
seal oil, bearded seal and walrus (aiviq, Odobenus rosmarus) hunting
(North Slope Borough 2019).

641


http://dx.doi.org/10.1139/as-2022-0044

Arctic Science Downloaded from cdnsciencepub.com by UNIVERSITY OF ALASKA-FAIRBANKS on 10/04/23

‘Canadian Science Publishing

Fig. 2. Current Alaska Arctic Observatory and Knowledge Hub (AAOKH) observations are shared across five coastal communities
in Arctic Alaska, as shown in the example observation text and photos summarizing key themes from spring—fall 2020 and
featured in a two-page spread in Issue 4 of AAOKH News. Modified from McFarland et al. (2020), with permission.

What do the observations say?

m
m Close-to-normal spring conditions

Utqiagvik
- successful spring and fall whaling

Close-to-normal summer ocean conditions

i iviti Wainwright
Successful harvesting activities ainwrig

More typical wildlife behavior

Delayed fall freeze-up Tiklgaq (Point Hope)
Guy Omnik, AADKH observer

April 24 My captains Russell and Andrea Lane
caught the first whale in Point Hope [31 feet 10
inches]. | harpooned the whale on April 22.

May 9 Point Hope caught its 12" whale.

June 21 Caught [my caribou] near south Maktuk
Mountain. Usually the caribou arrives in July but in
recent years they have come early.

‘ Qikiqtagruq (Kotzebue)
Bobby Schaeffer, AAOKH observer

June 25 This Spring was a little like the springs
of old... [Sea ice] got to three feet thick and stayed
that way the whole winter... it extended our hunting
season and hunter success was excellent. And, the
ugruk [bearded seal] had nice thick blubber!

Tikigaq
Point Hope

July 10 The salmon are here but not in large
and in good numbers so they are keeping their pots

e % the water in the Kotzebue Sound like it did last
Qikigtagruq

Kotzebue thriving. No reports of dead birds by the locals who
have been to the rookeries to harvest sea bird eggs.

October 7 Fall storms continue and brings warm
Pacific temperatures. We enjoyed 3 days of cool
temperatures in September where the ponds froze

mid-day the temperatures were in the low 40's and

of a strong fall storm as the winds are coming from
the East blowing at 30 with gusts to 50.

late fall freeze-up compared with past years. Qikiqtagruk ob-
server RS’s observation on 7 September® 2019 noted, “My sis-
ter’s birthday. We all remember that we would go skating
back in the day. She mentioned it and we got a kick out of
it as the temperature was 61 degrees [Fahrenheit|”.

Sea ice cover in the Chukchi Sea was unusually low dur-
ing the winters of 2018 and 2019, and Qikiqtagruk observer
RS further noted that landfast sea ice in Kotzebue Sound was
historically 1.2-1.5 m (4-5 ft) thick by spring. To monitor ice
thickness near an area that is extensively traveled by the com-
munity, two mass balance sea ice and snow monitoring sta-
tions were established near Qikiqtagruk in 2018 and 2019
through a partner program (Ikaagvik Sikukun; Mahoney et
al. 2021), which were subsequently supported by AAOKH dur-

6 September—Amigaiqgsivik (Coastal dialect), Sikuaqtugvik (Point
Hope dialect), Amigaighivik (Anaktuvuk Pass dialect). Month when
caribou lose their velvet, month of early freeze-up, some duck hunt-
ing, fall whaling preparation begins. Moose hunting, still some
fishing and hunting at Camp. Panmagrak (capelin, Mallotus villosus)
come onto shores near Utqiagvik (North Slope Borough 2019).
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numbers...Local folks are still catching red king crab
out longer as the cool temperatures have not heated

year.... With the cool temperatures, the sea birds are

during the night and there was frost everywhere. By

all the ice and frost were melted. We are in the midst

Kaktovik

. .
Wainwright
Steven Potkotak, AAOKH observer

October 15 Late freeze up at lagoon and ocean—a month late for
freezing and snowing.

October 29 Regularly snowing here but no continuous subzero cold
atnight hours.

November 3 New ice and slush but slow freeze up in Chukchi again

‘, Utqgiagvik
Joe Leavitt & Billy Addams, AAOKH observers

7 August 25 Quuniq crew is towing a whale! The steady east winds
over the past few weeks have moved krill near shore and that led to a
7 successful hunt.
i

September 13 Huge swells on the ocean, six foot [waves], noice on
the ocean, tundra is very wet. Whalers still have two whales to go... No
small whales taken this fall, smallest was about 34 feet.

September 30 The easterly winds are back and the ocean water,

was very brown, is clearing. For the past few years we experienced more
west or south winds from early August into October that moved the
water around and moved away small ocean life such as krill and other
plankton-like critters. This changed some patterns in migratory animals
like bowhead whales, which we as Ifiupiat have depended on and continue
to use for food. There was uneasiness from this as we had to travel much
further in these past few years, many dangers and long hours, many days
out at sea. The conditions this fall, beginning from August, has come back
to normal-like season meaning that the bowheads, other animals like
ringed seals, and seabirds have gotten closer to shore to feed on what
they need as well as the Indigenous Ifiupiat.

Kaktovik

Carla SimsKayotuk, AADKH observer

August 17 Boats out looking for whales, whale landed, whales
sighted, whaling ends/quota reached.

October 9 Not much snow and the ponds and lakes keep melting.

October 15 Lots of slush on the ocean side and the lagoon and
channels are iced over with a few spots open. The polar bears are
walking and playing on the ice.

October 21 Lots of young ice on the ocean. Some areas are already
forming pressure ridges. Yesterday | counted 27 bears with the
majority of them being sows with young cubs.

October 24 Too warm, too much open water and not enough snow.

ing the winters of 2020 and 2022. Regular measurements of
ice and snow thickness are considered useful indicators for
travel safety in Qikiqtagruk, which AAOKH intends to con-
tinue supporting into the future as well as sharing through
frequent communications (as described below).

Enabling information exchange: localized,
iterative, interactive, and rapid

communications
“One of the things I wanted to say was the importance of dissemination
of information, and getting people to understand the importance of it
because we’re talking about future generations that are gonna live in
a time when it’s a challenge to wake up and wonder what’s going to
happen with the weather today”—Bobby Schaeffer (March? 2021),
AAOKH observer from Qikiqtagruk.

Over the course of 2016-2021, AAOKH shared information
at ~35 events that included open meetings in our partner
communities, comanagement meetings (so-called “Alaska
Native Organizations”), public-facing conferences that elicit
community and Tribal participation (e.g., Alaska Forum on
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Fig. 3. Time series of CTD measurements of salinity, temperature, and an indicator of algal biomass (chlorophyll a) near
the Noatak Channel at the Qikiqtagruk waterfront, taken by observer Vincent Schaeffer during April-August 2019 (dates of
measurements are noted on the x-axis). Observations and contributed reports from Steering Group member Noah Naylor,
observer Robert (Bobby) Schaeffer, and Elder Cyrus Harris (personal communication) provided additional context about the
implications of ocean physical conditions on access and availability of traditional resources and local activities.

Incursions of high Early landfast Large volume of First Uncharacteristically Unusual
salinity ocean ice breakup and river water phytoplankton warm water secondary
water, from the early bearded discharge bloom phytoplankton

Chukchi Sea seal hunt]ng bloom

Salinity

Depth (m)

Temperature,

-

Depth (m)

Chlorophyll 3

Depth (m)

Jun-03-19 1

<<

May-21-19 +

May 13: Noah Naylor noted, “Channel
opens and start of ugruk (bearded seal)
hunting. [Hunting started] Very early. It
seemed[it used to be]the first 2 weeks
in June. Dad said he remembers the 28th
as the earliest he hunted.

the Environment, Alaska Tribal Conference on Environmen-
tal Management), workshops focused on CBM in the Arctic,
scientific conferences, and federal and international forums
(e.g., U.S. Interagency Arctic Research Policy Committee).
Many of these meetings have included direct support to
include observers in presentations and discussions, which
creates a platform for observers to share their perspectives
in their own words and identify key themes in their observ-
ing efforts that should be emphasized. We have especially
targeted community-oriented meetings and Indigenous or-
ganizations that are relevant to local decision-making rather
than scientific or academic products. For example, participa-
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July 19, 2019: Bobby Schaeffer
observed, “Since we had a hot June
and parts of July, the waters warmed
up not only up the rivers, butin the
Kotzebue Sound as well. The waters
got too warm in the ocean so the crab
split to deeper colder waters in mid
July. This was a first. The CTD[ocean
measurement] measured 64 degrees
with very little salinity. Crazy!”

0.5

Jun-10-19 1
Jun-25-19 4
Jun-27-19 1
Jul-10-19 A
Jul-15-19 1
Jul-19-19 4
Jul-31-19 4

Aug-07-1

0On14,Aug 2019, Nearby Sisualik Elder
Cyrus Harris reported seeing a lot of
short-tailed shearwaters that were
"hungry” and following boats. He had
never seen this species before.

tion in comanagement meetings was seen as a way to tailor
observing to discussions related to Indigenous-led manage-
ment systems and food security. Although much of AAOKH’s
efforts focused on engaging local communities, we also
continued the legacy of SIZONet’s efforts to apply AAOKH ob-
servations to the broader scientific community. In particular,
AAOKH served as an example of bottom-up monitoring pro-
grams in Arctic observing forums (Eicken et al. 2014; Moore
and Hauser 2019; Danielson et al. 2022), specifically a mecha-
nism for local and IK to be valued alongside instrument-
based science products in policy and management
activities.
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In addition to maintaining a website as a stable source of
online information (https://arctic-aok.org/), we adopted two
primary approaches to increase the accessibility and visibility
of observing activities, including biannual newsletters, called
AAOKH News, and an AAOKH Facebook page. Each newsletter
was professionally designed with simple and engaging graph-
ics, observer photos, short summaries of recent AAOKH ac-
tivities, weather and environmental conditions, student up-
dates, and observing themes from approximately the past 6
months (Fig. 2). The newsletter allowed rapid dissemination
of recent project synthesis products and updates. Newsletters
also included short features highlighting observer perspec-
tives (e.g., the “Observer Corner”) and collaborative research
projects or updates. Every issue included a description of the
AAOKH team as well as details on how to contact them, get in-
volved, or learn more about the project. To make the newslet-
ter broadly accessible, including to individuals with limited
connectivity, AAOKH News was distributed in several different
ways, including online on our website, an emailed distribu-
tion list, and hardcopy newsprint mailed directly to every
post office boxholder in each AAOKH community. By 2021,
six issues of AAOKH News had been mailed to ~3131 box-
holders in 7-8 communities (including Kali (Point Lay), Inaliq
(Diomede), and Kipigin (Wales), Alaska, that have geographic,
collaborative, or past ties to AAOKH).

While AAOKH News offered opportunities to summarize re-
cent observing activities and program updates, it lacked the
advantage of social media platforms that offer real-time in-
teractions and sharing of observations and time-specific and
relevant instrument-based science products (e.g., satellite im-
ages of ice cover, trail mapping results, oceanographic data).
Since its inception in 2017, the AAOKH Facebook page has
attracted nearly 2700 followers by the end of 2021. Facebook
remains among the most popular social media outlets in ru-
ral and coastal Alaska, and we used the platform to share re-
cently acquired (within hours or days) observations, relevant
satellite imagery or other data, and news. Nearly all of the
followers were based in Alaska (90.4%), in addition to Canada
(2.9%), the United Kingdom (1%), and small followings (<1%)
from several other countries. The largest followings were by
residents of Utqiagvik (15.1%), Anchorage (14.8%), Fairbanks
(5.6%), and Qikiqtagruk (4.5%). Residents of Ulguniq, Tikigaq,
and Sitpasuaq (Nome) each contributed ~2% of the followers,
and several other rural Alaska communities had small follow-
ings (<1%). The most popular posts, in terms of “Likes” and
other impressions, tended to include observations of charis-
matic marine wildlife species (e.g., nannut, or polar bears,
Ursus maritimus) that are able to galvanize the public inter-
est, unusual or novel observations (e.g., aaglut, killer whales,
Orcinus orca, in the Beaufort Sea), updates about health sta-
tus (e.g., nigqaagiksuaq, healthy animals) or unusual health
conditions of a primary traditional food (niqipiaq), and sum-
maries of recent important traditional activities within a
community (e.g., agvigsiuq, bowhead whaling). In general,
posts with photos of wildlife or Arctic landscapes, or posts ad-
dressing current topics associated with the changing environ-
ment, tended to draw more interactions. Although observers
did not usually comment on posts of their own observations,
some posts were frequently commented on in ways that indi-
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cated how widespread or uncommon the reported condition
may be for residents in other coastal Alaska communities.
Several times a year, residents who were not affiliated with
AAOKH also often directly shared photos, videos, and their
own observations that might correspond to an AAOKH post.
Posts also garnered additional media attention from journal-
ists in the state or country. In addition to sharing observa-
tions and synthesis products with AAOKH communities, In-
digenous organizations, and government agencies, observers
also recognized the need to share observations of the chang-
ing Arctic environment with the wider general public.

“I think [AAOKH summary products] can be shared with Alaska Na-
tive organizations [comanagement organizations|, they’re excited
to see things like this from students and from universities... putting
something out there that they can see in the news, I think it’s some-
thing that should be shared. I think it’s only fitting. You know some-
times we see the weather channel and things like that. Things that are
happening in the state. And I think a lot of the rural areas are wait-
ing for something like this to show up. Instead of the regular news,
something to ignite villages... To make awareness of what is going on.
Especially in the Arctic. You know sometimes we see news about the
Arctic in other countries, right? And here in Alaska... When are we
gonna see something about Alaska that can be shared with people?
Maybe those are the next things we should try to elevate. It’s positive,
you know. Programs like this cost money. Any program. When things
like this are shared, there’s many philanthropists that are interested in
funding these programs that can be helpful. But they’re never going to
know if it’s not out there...”—Billy Adams (April® 2022), AAOKH
observer from Utqiagvik.

The COVID-19 pandemic introduced new limitations to our
engagement strategies and relationship-building activities on
local scales. The AAOKH annual meetings shifted to virtual
platforms in 2020 and 2021, with toll-free calling options
for those with limited bandwidth. We conducted no AAOKH-
related travel in 2020 and limited travel in 2021 (with explicit
mitigation strategies in line with community recommenda-
tions and mandates), despite our preference for in-person in-
teractions for community meetings and public-facing con-
ferences. We provided presentations and updates to many
comanagement organizations and other conference venues
that shifted to virtual meeting platforms in 2021. Our dis-
tributed network of observers in communities also allowed
for sustained observation efforts in regions that were other-
wise inaccessible to nonlocal researchers for the duration of
the pandemic. Overall, communication via AAOKH News and
Facebook facilitated our ability to maintain connections with
communities across the region.

Engaging and creating opportunities for

Indigenous students
“You guys are doing a real good job of incorporating Native students
into this program. I think it’s something you should be really proud
of...they have the information from their communities, they have their
heritage, and they’re also learning scientific research”—Noah Nay-
lor (March? 2021), AAOKH Steering Group member from Qik-
iqtagruk.
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Three current and recent student theses (RG, EL, and KP)
were aligned with AAOKH goals to include and support In-
digenous students, as described in this section. Additional
education and outreach components were aimed at braid-
ing Indigenous and western science ways of knowing to en-
gage educators, community members, and youth in climate
change learning and stewardship projects in their commu-
nities (Spellman et al. 2018). Approximately 400 youth par-
ticipated in AAOKH education and outreach activities within
the communities of Utqiagvik and Qaaktugvik during 2016-
2021 (Table 1), including hands-on classroom and field activ-
ities meant to be culturally-relevant and place-based. For ex-
ample, AAOKH supported full-day field trips onto the sea ice
near Utqiagvik for 8th grade students to learn about sea ice
and snow properties, sea ice ecosystems, and Indigenous per-
spectives of ice conditions. Other activities involved hands-on
demonstrations of kites that can be used to measure weather
conditions and monitor sea ice and snow cover properties.

The first example of a recent student thesis focused on
sharing and summarizing AAOKH observations by produc-
ing an ArcGIS StoryMap (Glenn 2022). Observations from the
AAOKH network were compiled alongside supporting instru-
mental data to build a StoryMap using the ArcGIS online
web platform. Sharing multimedia content as well as maps
and geospatial data brought a story of “Insights from Coastal
Arctic Indigenous Observers” to life. The goals for this Sto-
ryMap were to 1) synthesize AAOKH community-based obser-
vations and identify key observing themes; 2) communicate
local narratives of Arctic environmental change and particu-
lar impacts to subsistence activities, travel access, and com-
munity infrastructure; and 3) make the research product ac-
cessible to AAOKH communities as well as the general pub-
lic by using a form of digital storytelling in line with Ifiu-
piaq ways of sharing stories. Observers were contacted indi-
vidually to elaborate on, confirm, and refine the key observ-
ing themes of the StoryMap. Each discussion focused on one
question: what environmental conditions are you seeing in
your community that have impacts on subsistence activities,
travel access, and/or community infrastructure? This ques-
tion directly resulted from the key themes identified by ob-
servers during the preceding annual Steering Group meeting
(in spring 2021) and from searches of the AAOKH database.
The goal of this question was to identify and share Arctic en-
vironmental changes and their impacts on Arctic Indigenous
communities from the perspective of AAOKH observers. Four
overarching themes of the StoryMap emerged from observa-
tions made by AAOKH observers from 2018 to 2021: 1) coastal
storms, flooding, and erosion; 2) changing winds (speed, di-
rection, and frequency); 3) warmer temperatures (ocean and
air); and 4) changing sea ice conditions (e.g., Fig. 4). Obser-
vations and photos with known GPS locations were embed-
ded in a web-based map included in the StoryMap. Following
the production of a draft StoryMap, review and edits were in-
corporated by the AAOKH team of scientists, observers, and
Steering Group members, as well as science communication
experts, before the StoryMap was finalized. One observer (BA)
suggested to include observations that positively represent
the health of subsistence resources and to emphasize that
“even with environmental changes and events that we con-
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tinue to experience, the resources we depend on have shown
to be healthy and the populations of the animals are look-
ing healthy”. To this end, a new section on “changes in sub-
sistence” was added to the StoryMap that described changes
to subsistence activities as a result of environmental change,
including observations from each community demonstrating
successful subsistence harvesting activities.

Another student thesis is focused on a prominent shift
occurring in the Alaska Arctic that involves changes in
the species composition, timing, and abundance of tradi-
tional fish resources, including the potential establishment
of species of aqalugruaq (Pacific salmon, Oncorhynchus spp.)
new to the region. The varied story of Pacific salmon and
Indigenous people in Alaska exemplifies place-based human-
ecological relationships maintained over thousands of years
(Carothers et al. 2019, 2021). Salmon-people-place relation-
ships in Alaska span a spectrum from “inextricably linked”
to nearly nonexistent, and the unique place-based responses
to environmental changes span as broad of a continuum. The
incongruence of relationships with salmon across space, and
specifically across much of Alaska and the Arctic, is only re-
cently becoming apparent as discernible changes in ecolog-
ical processes are being directed by climate change. In ex-
treme cases, some places have seen environmentally induced
salmon die-off events (Westley 2020) while others are experi-
encing unprecedented encounters with salmon, both in num-
ber and species composition (Dunmall et al. 2021; Chila et al.
2022). The latter is an indicator of salmon habitat range ex-
pansion and potential establishment in a region that histori-
cally falls within the end of the salmon-people—place spec-
trum of little to no relationship, giving rise to questions
and concerns about the ecological consequences of salmon
in these regions. To address these changes, EL’s graduate re-
search has broad goals to: 1) better understand the habi-
tat expansion and establishment of Pacific salmon in Arc-
tic Alaska, 2) the nuances of how expansion is happening,
and 3) the consequences of establishment when considered
through a holistic lens that prioritizes ecological concerns
of greatest importance to people-place systems. In associa-
tion with AAOKH, questionnaire survey methods are being
used to learn directly from IK holders about how changes
in fish harvesting (abundance, species composition, timing,
and concerns about the future of salmon) are currently oc-
curring and what it means to individual harvesters’ ways of
life. The vast geographic range of participating AAOKH com-
munities spans from the northernmost region where salmon
have been established historically, Qikiqtagruk, where there
are changes in species-specific abundance (i.e., drastic in-
creases in amaqtuuq (pink salmon, Oncorhynchus gorbuscha)
abundance, while all other salmon species remain un-
changed or in decline). On the other end of the spectrum in
Qaaktugvik, salmon have been seldom encountered histori-
cally and are now increasingly observed in non-salmon sub-
sistence fishing efforts. The social-ecological consequences
of changing numbers and species of salmon across the Arc-
tic Alaska are unknown, but early survey results indicate lo-
calized concerns about how salmon establishment may im-
pact the ability to maintain traditional ways of life and food
security.
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Fig. 4. Example of an observation from Qikiqtagruk set alongside a satellite image of sea ice cover from the warmer temper-
atures section of the AAOKH StoryMap. Bobby Schaeffer’s observation describes warmer temperatures affecting rivers, water,
and sea ice, which impacts travel by snowmobile. Figure modified from Glenn (2022), with permission.

s from Coastal Arctc Indigenoas Observers

Warm Temperatures

“We are still experiencing May temperatures in March... The
night temps are cold enough to freeze the overflow an top the snow but
not cold enough to freeze the water above the ice. Water on the
rivers is getting deeper hindering snowmabile travel on rivers
and lakes... Even if we do get a cold snap, it is just too late in the year
to gt cold enough ta affect the sea ice.”

- Bobby Schaeffer, Qikiqtagruk, March 14, 2019

A third student has focused on centering Indigenous per-
spectives when examining changes in resource use within
a changing environment, and specifically changing connec-
tions among the agvik (bowhead whale, Balaena mysticetus),
whale hunters in Utqiagvik, and sea ice using a video project
currently in production. In collaboration with a local Ifiupiaq
filmmaker and endorsed by comanagement organizations
(e.g., Alaska Eskimo Whaling Commission, Barrow Whal-
ing Captains Association, and Native Village of Barrow), the
project’s purpose to document the stories of the whalers ex-
periencing modern environmental changes also highlights
collaborations between Ifiupiat and Western scientists during
spring whaling. Video footage will include multiple aspects
of whaling, such as how whaling crews break and maintain
snowmachine trails to cross jumbled landfast ice to reach the
flaw lead edge. Semi-directed interviews with whaling crews
will be used to learn about how whaling and sea ice have
changed in recent years, the roles of different crew mem-
bers, and their perspectives on how whaling involves mul-
tiple generations. Western scientific research will be paired
with the perspectives of hunters, including efforts to conduct
mapping of the trails used by whalers and the ice thickness
along trails (Druckenmiller et al. 2013).

“As a graduate student with AAOKH, my job is to show how we can use
these observations to inform managers and researchers about what our
communities’ hunters and whalers have known for centuries. Within
the observations, the observers themselves and the young hunters, can
inform us (researchers/scientists) on what to research, how we should

646

MARCH 14, 2019

251PM AKDT
Suomi NPP

b SRS a3 2
Image courtesy UAF/GINA
Annotation by Rick Thoman, @AlaskaWx
PP — -

approach it, and understand the value of Indigenous Knowledge”—
Kimberly Kivvaq Pikok (June’ 2022), University of Alaska Fair-
banks Master of Science student from Utqiagvik.

This project also focuses on promoting young Ifupiaq
hunters and youths (ages 18-30 years) who are involved in
hunting, managing, and implementing their Ifiupiaq values
for marine mammal resources. With a specific aim to uplift
youth and hunter voices through the leadership of an Ifiu-
piaq youth (i.e., KP), we intend to establish a renewed sense
of communication in regards to policymaking, hunter con-
cerns, and food security between scientists, researchers, com-
munity members, and young Ifiupiaq hunters. This project of-
fers the potential to support stronger relationships between
multigenerational hunters as well as Tribal, federal, and state
wildlife and natural resource managers charged with coman-
agement. Furthermore, we hope this project will serve as a
guide to researchers, Indigenous youth, communities, and
Tribes on how to assess and research multigenerational per-
spectives that relate to community wellness, knowledge, and
governance given a changing climate and a new era of sub-
sistence practices.

7 June—Igiiivik (Coastal dialect), Igfivik (Point Hope dialect), Igfiivik
(Anaktuvuk Pass dialect). Month of fawning, caribou calves are
born, seal hunting, sisuaq (beluga whale, Delphinapterus leucas) hunt-
ing in Wainwright and Point Lay, camping and fishing on rivers and
lakes begins, Nalukataq (whaling celebration) in whaling commu-
nities (North Slope Borough 2019).
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Taken together, these examples illustrate ways in which
AAOKH-linked student research projects strongly align with
our overarching programmatic goals and values while simul-
taneously supporting the career development and scholar-
ship of each student. The StoryMap product addresses AAOKH
guiding principles to share observations of environmental
change in an easily accessible storytelling format, be respon-
sive to the priorities and themes of environmental change
relevant at the scale of each community, and highlight and
include observers iteratively throughout the process. Inter-
twined social and ecological research on salmon-people-
place systems reflects community concerns and priorities as-
sociated with the changing environment while simultane-
ously facilitating future goals to be responsive to Indigenous
food security priorities. By telling the stories of Utqiagvik
whalers in the face of a changing environment, we also hope
to reflect on multigenerational Ifiupiaq values that can pro-
mote and inform Indigenous-led marine mammal comanage-
ment processes in Alaska.

Discussion

AAOKH has made substantial strides in engaging Arc-
tic Alaska coastal communities beyond the stage set by
SIZONet, expanding our network of observers, and adher-
ing to community-driven research priorities (Fig. 5). Regular
communication between AAOKH observers and the academic
team ensures local interests and concerns are captured in
the process of tracking Arctic environmental changes. Con-
sistent, full-text observations made from the perspective of
IK holders provide a rich dataset of nuanced and local-scale
documentation of Arctic Alaska environmental change not
found in contemporary literature. The broad geographic re-
gion covered as well as the level of detail and depth of obser-
vations shared, including standardized variables such as air
temperature and sea ice thickness, allows AAOKH observa-
tions to be directly correlated to instrumental measurements
captured through remote sensing. We have also broadened
community engagement during our expansion phase. Since
the end of SIZONet, we have increased the visibility of the
AAOKH program in communities, encouraged participation
across a larger number of [fiupiaq coastal communities, and
built a knowledge hub for communication and information
exchange that involves multiple platforms and ways to sum-
marize and share information at local scales. Our program
scope and open funding platform created flexibility to de-
velop new monitoring approaches as communities and ob-
servers identified opportunities to address local environmen-
tal questions.

Over the course of its evolution, from a collaboration ini-
tiated during the IPY with a narrow focus on community-
based monitoring of sea-ice processes and services (i.e., the
SIZONet origins) to a broader effort encompassing a range
of activities, AAOKH serves as a forum that highlights and
defines a set of core functions as an observatory and knowl-
edge hub. We function at the interface between IK, commu-
nity priorities and concerns, research interests, government
agency roles, and the broader public. While some aspects of
these roles may be unique to Ifiupiat homelands in northern
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Alaska, many are relevant in other settings and are discussed
in more depth below.

Core function one: documenting, tracking, and
synthesizing rapid change in coastal

environmental systems
“It’s important for people to consider how [climate change] is changing
things. I think one of the most important things is tracking changes
from year to year"—Bobby Schaeffer (April® 2022), AAOKH ob-
server in Qikiqtagruk.

As emphasized by both the Indigenous members of the
AAOKH Steering Group and the observers themselves, a key
element of AAOKH is to document changing environmental
conditions. Sustained AAOKH observations provide context
for hazard assessments and communication as well as the
changing uses of the environment, including subsistence har-
vests and over-ice or over-land travel. This information serves
different functions, including keeping a record of events and
processes that are not captured through other established,
Tribal, agency, or university-operated observing systems. The
focus on uses or services provided by the environment helps
establish a link to impacts and responses at the community
scale. The broadening of observations towards a more holis-
tic approach helps identify system-wide, complex changes,
which align with Indigenous ways of knowing and western
scientific “ecosystem approaches” that emphasize the inter-
connected environment over focusing on a narrow set of pro-
cesses or variables (see Yua et al. 2022). Here, we provided ex-
amples of AAOKH observations documenting a wider range of
variables covering different phenomena and processes in the
physical environment as well as the presence and behavior
of different species of wildlife (e.g., see examples in Figs. 2—
4). We were able to build on SIZONet’s ability to capture ob-
servations by IK holders, such as the reflections by Leonard
Apangalook, a St. Lawrence Yupik IK holder from Gambell,
who linked around 30 different environmental indicators to
the fall and winter freeze-up seasons (Krupnik et al. 2011).

The close connection between observations, such as those
of AAOKH observers, and Indigenous uses and stewardship
of Arctic lands and waters provides context for community-
scale responses to rapid Arctic environmental change.
Community-driven monitoring can help build a foundation
at the regional and pan-Arctic scales not only for commu-
nicating observations but also for sharing ways to live with
changing environments. One of the co-authors (JL) was part
of a project that spanned Inuit communities in Greenland,
Canada, and the US and pioneered such large-scale compar-
ative work (Gearheard et al. 2006). Work conducted since
(e.g., Ford et al. 2019; Fox et al. 2020) points the way towards
broader synthesis and collaboration at the pan-Arctic scale,
particularly with a focus on observations relevant in a com-
munity decision-making context.

The formal record of observations encapsulated in the com-
bined SIZONet-AAOKH database may also serve important
functions in wildlife or broader resource management and
regulatory processes. Comanagement bodies (e.g., for Alaska
marine mammals) are one example in which the use of
Indigenous-led data and monitoring efforts could be empha-
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Fig. 5. Programmatic progression diagram of the AAOKH program, from the foundation laid by SIZONet, to increasingly focus
on more holistic perspectives of the changing environment, improving communication and information exchange, elevating
Indigenous participation and scholarship, and future goals of increased Indigenous sovereignty over the research and data

processes.

Future

Increasing Indigenous
student opportunities

Broadening community
engagement

AAOKH
Begins

Moving towards increased Indigenous leadership and identification of research
directions

Prioritizing support for Indigenous student researchers and incorporating
K-12 education and outreach

Broader visibility and accessibility of AAOKH observations through new
communication channels and increased responsiveness to community interests
through new monitoring approaches

(2015)

SIZONet
Begins
(2006)

sized to inform regional decision-making (Robards et al. 2018;
Moore and Hauser 2019; Breton-Honeyman et al. 2021). Ob-
servers themselves may be active in these arenas, potentially
serving as a bridge between observing and policymaking. In-
creasingly, there is a recognized need for such interfaces or
input mechanisms for IK and local observations, such as in
the context of US regulatory processes (Kendall et al. 2017),
emergency management and response (Eicken et al. 2011),
travel hazard identification (Dammann et al. 2018; Rolph et
al. 2018), and weather prediction services (Fox et al. 2020;
Simonee et al. 2021). Efforts such as AAOKH may ultimately
contribute to recent calls from the US federal government
to apply Indigenous and Traditional Ecological Knowledge in
federal decision-making (Lander and Mallory, 2021). We fur-
ther explore how observations can inform policy on local
scales and comanagement in the sections below.

Core function two: communicating
observations from IK holders, their meaning,

and implications
“The way [AAOKH] is now is providing a lot of information that needs
to be heard”—Billy Adams on the importance of sharing obser-
vations (March? 2020), AAOKH Observer in Utqgiagvik.

Communicating observations made by IK holders, and
their meaning with respect to rapid change and its impacts,
has been recognized and developed as a key element of
AAOKH’s work. The focus of AAOKH communications has
been on supporting observers as they engage with their own
community and across the broader northern Alaska coastal
region. The value of such communications extends from pro-
viding a means for discussion and calibration of specific find-
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Data collection and management of data repository focused on sea ice change

ings across the region to supporting education and commu-
nity outreach efforts. Effective communication across and
beyond the region provides a broader context for environ-
mental shifts occurring along latitudinal or regional gradi-
ents and can also help in anticipating potentially disruptive
changes (e.g., major storms with coastal flooding).

By regularly posting recent observations on our AAOKH
Facebook page, we are able to center the perspectives of
our network of Indigenous observers in a public forum, in
addition to fulfilling our goals for localized, iterative, and
rapid information exchange. For example, we posted an im-
age of an ugruk (bearded seal) in June’ 2019, shared by Billy
Adams (Utqiagvik observer), which showed blubber of the
seal colored yellow-orange. Billy observed, “large bearded
seal [had] discolored blubber, did not smell right, and hard
bumps throughout the seal. Many seals harvested have been
reported in this state in the past month. It is a concern we
should discuss further”. Facebook reported 583 engagements,
185 reactions, 290 shares, and 90 comments to this post,
including comments from subsistence hunters in commu-
nities around coastal Alaska. Other commenters from the
Utqiagvik region reported similar harvests of ugruk with
orange-colored blubber or other unusual conditions (e.g., hair
loss). Commenters from western Alaska and Bering Sea re-
gions, however, noted that this type of blubber has occurred
more frequently in their region, and some Elders even con-
sidered it a delicacy. Preliminary veterinary investigations (R.
Stimmelmayr (personal communication)) suggest that a fair
number of yellow-orange ugruk blubber discolorations are
likely related to diet. However, yellow, discolored blubber can
also be related to underlying liver conditions. Examination of
vital organs by hunters, as part of their traditional and cus-
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tomary practices for assessment of seal health, will help in
their decision-making process as to whether their catch is fit
for human consumption (Stimmelmayr and Sheffield 2022).
Many Facebook commenters also noted an interest in know-
ing more about this condition. This example illustrates the
ability of this platform to serve as a means of catalyzing pub-
lic discussion and information exchange between IK holders
and community members, as well as a way to identify local
interests and concerns.

Core function three: broadening education and
outreach, by moving over and making space,

for Indigenous scholars and leadership

“Probably the biggest benefit I saw was the students. That’s a won-
derful, wonderful program. I think [for the future] more effort, more
students from the rural areas that are going to be affected by more
global warming and environmental changes. Because they are going
to live it. As we grow old and disappear, they’re going to live it and
their families are going to live it. I think the emphasis should be placed
on getting more student participation. I like the way it [i.e., AAOKH] is
set up, and I think we can build on it and make it even better”—Bobby
Schaeffer (March? 2021), AAOKH observer in Qikiqtagruk.

The role of AAOKH as a means of fostering Indigenous
scholarship has gained in importance over the duration of
the project (Fig. 5), including by supporting place-based ed-
ucation (in particular at the K-12 level), introducing Indige-
nous perspectives into university teaching and research, and
all the way to Indigenizing academic programs. Numerous
studies have highlighted the lack of diversity and inclusion
of underrepresented minorities, and Indigenous scholars and
students in particular, in geosciences and STEM fields more
broadly (Carter et al. 2021; Harris et al. 2021, NASEM 2020).
Connecting students in these fields to community-identified
research priorities and building on concepts central to many
IK systems, such as interdependence and altruism, has been
found to increase engagement (Carter et al. 2021), which val-
idates the approach taken here. Intentionally creating space
for Indigenous graduate students was also meant to pro-
mote their leadership and intellectual prowess in defining
projects of interest to them while also being responsive to
concerns and issues in AAOKH communities. Each student
has distinct disciplinary training and thesis research require-
ments, so AAOKH is not the only component of their gradu-
ate programs, yet their reflections (Box 1) illustrate the value
of building safe spaces and relationships to specifically sup-
port Indigenous students. By supporting their career devel-
opment, sometimes in nontraditional ways, we hope to also
create pathways for their future leadership in programs like
AAOKH that are grounded in the IK of their own people and
regions. As much as we aim to support our students, we too
(i.e., non-Indigenous academics on the AAOKH team) have
been able to learn from them about how to best support the
communities we work with.

We also acknowledge that additional work is needed to
build stronger K-12 educational and outreach opportunities
within communities. Several observers have indicated their
desire and support for their observations to be used in class-
rooms within their communities. We are considering new
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interactive data products to summarize and share data, in-
cluding opportunities to develop new K-12 educational prod-
ucts or curricula based on AAOKH observations. The creation
of new curricula may allow students to explore place-based
and culturally relevant environmental changes happening
in their own regions and from the perspectives of Ifiupiaq
Knowledge holders. This will help fulfill the wishes of ob-
servers and other IK holders to continue training and engag-
ing the youth in IK and ways of knowing for learning about
their environment, monitoring, and decision-making in their
comimunities.

Core function four: creating an interface for
scientists, agencies, and others to engage with

Indigenous-led observations
“The [AAOKH] database could be useful for scientists coming up to the
areas, or hunters that are going to a new areas, or for people who might
be moving back to the area if they have been away for a while. I think
it could be a tool for high school teachers and junior high students to
teach”—Carla SimsKayotuk (April® 2022), AAOKH observer in
Qaaktugvik.

While much of AAOKH’s efforts have focused on engag-
ing local communities, the project has also expanded upon
SIZONet’s aim to share observations with the broader sci-
entific community and agency personnel. Thus, AAOKH has
served as an example of bottom-up monitoring programs in
the context of Arctic observing (Eicken et al. 2014; Danielson
et al. 2022), and observer insights are also central compo-
nents of scientific studies (e.g., Johnson and Eicken 2016;
Eerkes-Medrano et al. 2017; Deemer et al. 2018). Engage-
ment with and access by agency personnel is more difficult
to gauge, yet our work to broaden community engagement
(Fig. 5) has created an information infrastructure that can
support knowledge exchange and inform management and
policy.

In contrast to sharing observations on Facebook, our on-
line data repository provides a more searchable interface that
can be accessed by researchers, managers, educators, or the
public—given their adherence to our data use agreement. A
web search of the digital object identifier assigned to the ob-
servations dataset indicates that at least eight different sci-
entific publications or reports have formally cited the obser-
vations (both AAOKH and SIZONet phases). However, undoc-
umented use or consultation of the observations is expected
to be substantially greater. With limited database analytics
to verify user groups, our assumption is that this resource
is primarily utilized by researchers at academic institutions
for scholarly works and is currently underutilized by Tribes,
comanagement organizations, or other institutions that fo-
cus on subsistence resources, community planning, or adap-
tation. As a result, we are further refining our data use agree-
ment for research purposes to ensure that AAOKH observa-
tions are put into proper context and with the free, prior,
and informed consent of our observers. Simultaneously, we
are working to transform the functionality of our database to
make it more useful and usable for locally driven purposes.
The AAOKH StoryMap developed as part of RG’s thesis pro-
vides an alternative data product that showcases and synthe-
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Box 1. Reflections by current and recent AAOKH graduate students on how working with AAOKH has affected their personal
education, career trajectories, and academic experiences.

AAOKH, in my opinion, has very much organically become an exceptional example of a community-based monitoring (CBM) program
coordinated by an academic institution. | use the word “organically” because | believe that the success of the program—the level of
trust and mutual regard that has been garnered between program and communities is truly rooted in the motivations and values of
the current (and past?) program leader(s) to do good work. This isn’t something that can necessarily be taught; or blueprinted into the
design of a CBM program. As a budding scientist, being involved with such a respected program and learning from my mentor (DH) and
the observers has been instrumental in developing my own identity as a researcher. Because of the longstanding trusted relationships
that AAOKH has built with observers, | have been able to learn from people across the Arctic who are eager to support us students and
our work through AAOKH, which is something | otherwise wouldn’t have. It has given me a lot of confidence in developing my identity
as western natural scientist and an Indigenous person to learn from other Indigenous people who support me and my work, because
operating at this intersection, especially in the beginning, can sometimes feel very disparate and internally polarizing.

Being involved in AAOKH has been the most enriching opportunity in my graduate program. Apart from the program goals and
activities themselves, | feel immeasurably grateful to have met and had the opportunity to work with other Indigenous students from
rural Alaska, RG and KP, who | now consider my good friends, and to have the support of program researchers who genuinely want to
support us students and our individual research interests. This of course wouldn’t have been possible without the person who brought
us all together, our mentor (DH), whose mentorship, support, and friendship has been invaluable in working towards research goals
and in becoming a scientist myself.

— Elizabeth Mik’aqg Lindley, Yup’ik

When | first started my degree program, | was unsure about engaging with Indigenous communities in an academic context. | had
little understanding of what it meant to be doing research with Indigenous communities. Fortunately for me, my mentor (DH) was a
great mentor in helping me to coordinate conversations with AAOKH observers, in framing my research conclusions and in navigating
academia as an Ifiupiaq student. | have also had the great opportunity to meet and work with other Indigenous students involved with
AAOKH, and those connections have turned into lasting friendships. It has meant so much to me to feel the overwhelming support
from the AAOKH science team in my academic endeavors.

In regards to working with the AAOKH observers and researchers, | was reminded of a lesson that | learned as a kid which was that
everything has a story—from rocks to the mountains, to the plants and animals, to the ocean and rivers, and to us. Even though different
groups of people from different cultures and careers may interpret or understand stories differently, no matter how the story is told and
interpreted, each story will talk about growth, changes, extreme events, and struggles. | did not realize how looking at each living thing
as their own main character in a story made it feel like a personal connection or a sense of self because we can relate to certain
stages of their life. Throughout my college journey, | have been told to keep personal matters or biases away from research, but these
AAOKH observations are not just observations for data purposes or words written on a screen or paper, knowing the ice and ocean
conditions, understanding animal movements, and knowing the weather conditions is personal and important to our communities and
hunters because this is the type of knowledge we need to know to have food on our tables, give back to the communities, and teach
our children. | see the AAOKH observations as stories—there are so much within the people that write these observations and there is
so much knowledge within their observations. The observers can tell the sea ice’s story, the bowhead whale'’s story, seals, caribou, the
weather, etc. just by looking at it, observing it, and feeling it. Their observations taught me that everything in nature is an open book,
you just need to allow yourself to read it, understand it, watch it, and listen to it. That's how you learn their stories and how you learn
to correctly tell their stories—make people want to learn more by how you tell the stories that the land and/or ocean told you. With
the connections and relationships that we (observers, AAOKH researchers, and students) have, we are able to respectfully tell these
stories from different perspectives, but still highlighting and uplifting the importance of our Indigenous Knowledge holders.

— Kimberly Kivvaq Pikok, Ifiupiaq

Working with AAOKH as an Indigenous student from Arctic Alaska has been a very rewarding experience. | have had the privilege
of working with observers and observations from communities similar to my own, who practice many of the same subsistence and
community activities | participated in with my family growing up. In this way, | felt very connected to the work | was doing and the people
whose observations | was reading.

The major deliverable of my work with AAOKH was an ArcGIS StoryMap which synthesizes observations from AAOKH communities.
So often in popular media, Indigenous communities in Alaska are described from the perspective of people who don't live there. The
rhetoric around climate change and Alaska Indigenous communities has been molded by the perspectives of outsiders who lack the
understanding of what it means to be living through these changes everyday. What was very rewarding for me was to be able to prioritize
and elevate the voices and the observations from AAOKH observers who describe these impacts in their own words and reflect on
them in their annual reports.

Another thing that has been rewarding was to be working within an academic organization which is co-led by Indigenous people.
Indigenous children are taught from a young age to listen to their Elders, especially when out on the land or ice, as they have lived many
years thriving in the Arctic environment. They pass on knowledge about how to safely navigate unforgiving conditions. That wisdom is
necessary to be able to safely hunt, live, and thrive in the Arctic. | believe it is also necessary to understand and mitigate climate change
impacts. So to be working in an organization that is actively pursuing guidance from Indigenous people doesn’t only feel rewarding, it
feels right.

— Roberta Tuurraq Glenn, Ifiupiaq
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sizes AAOKH observing themes in a publicly accessible and
summarized way. Importantly, this StoryMap also places com-
munity observations and datasets from operational agencies
or other research projects into the same framework.

Despite an increasing recognition of the value of these ob-
servations in the data-sparse Arctic, sharing information reg-
ularly with other science initiatives can be challenging when
there is a mismatch in expectations for data collection. For-
malizing data sharing agreements in such applications would
be important to ensure mutually agreeable terms for regular
information exchange. Alternatively, formalizing a data shar-
ing policy also empowers communities to choose not to par-
ticipate in a research effort. AAOKH-affiliated scientists are
also actively engaged in research to connect with other ob-
serving programs across Arctic regions (Johnson et al. 2015;
Eicken et al. 2021), including the contribution of informa-
tion on good practices for Arctic CBM and advancing rela-
tionships with other regional and pan-Arctic observing ef-
forts (Danielsen et al. 2021, 2020). Similarly, AAOKH explores
links with other communities experiencing and monitoring
environmental change at the pan-Arctic scale as a part of the
ELOKA network of projects. For example, we have the op-
portunity to examine broad-scale pan-Arctic environmental
trends by engaging with other CBMs that rely on ELOKA digi-
tal platforms (Johnson et al. 2021). At the international level,
AAOKH is well positioned to contribute to efforts to promote
the use of community-based monitoring and Indigenous-led
observations for sustained Arctic observations, specifically by
supporting the development of shared Arctic variables that
are of value to Arctic Indigenous communities (Starkweather
et al. 2022).

Core function five: supporting community and
Indigenous-led responses to environmental

change
“Global warming is happening. It is affecting different villages in
different ways. I collect observations...this is an important tool for
the future”... “We can look back on these observations in years to
come...[and] compare if there are any dramatic changes”—Guy Om-
nik (December® 2020), AAOKH observer in Tikigaq.

While currently the least developed element of AAOKH,
we anticipate that the direct support of community-scale re-
sponses to rapid change, by informing short-term decision-
making and long-term planning, will grow in importance.
We have made strides in responding to community priori-
ties and interests by implementing new observing protocols
and maintaining data services (e.g., ocean monitoring and
mapping of whaling trails), yet we also see new opportuni-
ties for AAOKH observations to be more directly applied to
local decision-making, particularly in the context of Indige-
nous food security. Many AAOKH observations directly cor-
respond to dimensions of Indigenous food security, as de-
fined by ICC-Alaska (2016), as well as the comanagement of

8 December—Siqifigilaq (Coastal dialect), Umigragvik (Point Hope di-
alect), Higifigilaq (Anaktuvuk Pass dialect). Month of no sun, month
when skylights are made of ice blocks, seal and polar bear hunting
(North Slope Borough 2019).
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fish, birds, and wildlife in Alaska. Although the science and
management of coastal marine wildlife in northern Alaska is
rooted in western scientific frameworks, there is an opportu-
nity to improve natural resource management approaches by
elevating the perspectives and practices provided by IK hold-
ers (Yua et al. 2022). Incorporating Indigenous observations,
such as those contributed to AAOKH, may be particularly
useful for strengthening local decision-making and Indige-
nous sovereignty over management systems that have been
dominated by western approaches. Similarly, the long-term
records sustained through a program like AAOKH document
phenological shifts, novel conditions or species, health, and
ecology of the biophysical environment that might otherwise
be missed in more conventional scientific practices that often
maintain a disciplinary focus or take a reductionist monitor-
ing approach (Eicken 2010; Moore and Hauser 2019; Tengo et
al. 2021).

Ifiupiaq hunters are also experts at assessing metrics of
wildlife health. Examples of observations include documen-
tation of body condition, behavior, or disease, such as color
and texture of blubber or muscle (e.g., as described in the pre-
vious sub-section), unusual behavior (e.g., use of terrestrial
rather than sea ice substrate by natchiq, or ringed seal), or
simply “fat”, “skinny”, or “typical” body condition (Ostertag
et al. 2018). More explicit inclusion of IK, and specifically In-
digenous ecological metrics, could help tip the balance of
power in comanagement frameworks to allow for more eq-
uitable, inclusive, and stronger decision-making while main-
taining the health of wildlife, fish, and also the people reliant
on them (Loseto et al. 2018; Raymond-Yakoubian and Daniel
2018; Peacock et al. 2020; Breton-Honeyman et al. 2021; Yua
et al. 2022). Furthermore, our ability to document and un-
derstand the connections between accessibility to resources
(Brinkman et al. 2016; Hauser et al. 2021) and travel safety un-
der changing ice, ocean, and land conditions (Ford et al. 2019;
Fox et al. 2020; Simonee et al. 2021) directly intersects with
food security, management, and policy decisions (ICC-Alaska
2016; Heeringa et al. 2019; Brinkman et al. 2022).

An important step in our ability to directly apply AAOKH
observations to local decision-making and food security is-
sues involves modifications in our database functionality.
Currently, the database format for data collection, entry, and
query is heavily influenced by how it was set up during
SIZONet as an observing system specifically working with ob-
servers to collect observations on sea ice and ice-related activ-
ities. Although still relevant, as SIZONet evolved into AAOKH,
there was a shift in focus from observations centered on sea
ice to documenting the wide-ranging environmental factors
that influence daily community activities, including the ac-
cessibility and availability of subsistence resources as well as
impacts to community infrastructure that supports these ac-
tivities (e.g., ice cellars, access roads, and boat launches). To
accommodate a broader range of observations (e.g., related
to wildlife health and travel safety), we are considering the
implementation of new categories to be used during data en-
try, which can help direct the use of observations for applica-
tions in various decision-making contexts. Our goal is to work
with observers, Tribes, and comanagement organizations to
develop more accessible and useful data tools and products.
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Future directions for continued progression

toward a knowledge coproduction framework
“...if we can keep that [trust and knowledge] going with this
group...otherwise we’ll have to start over and have to gain that trust
again and that can take valuable time”—Noah Naylor (March?
2021), AAOKH Steering Group member from Qikiqtagruk.

The foundations of AAOKH, and SIZONet before it, were
built on trust and knowledge as well as an equitable valua-
tion of IK alongside western science. The body of observations
collected so far through AAOKH and SIZONet provides a crit-
ical and unique collection of IK and first-hand perspectives,
as well as an example of ways of sharing, during a time of
rapid environmental change across the Arctic. However, we
also acknowledge that neither project was necessarily con-
ceived with the tenets of knowledge coproduction (Yua et al.
2022) at heart. Historical framing of coproduction research
conceived of more interdisciplinary approaches to conven-
tional science, often for actionable science that was inclusive
of “stakeholder” perspectives (e.g., Bremer and Meisch 2017).
We strive for a coproduction approach that embodies the con-
cept of reciprocity as a respectful inclusion of both Ifiupiaq
and western ways of understanding the environment. As we
turn toward future goals of sustaining AAOKH’s core func-
tions, based on our mutually beneficial relationships with
observers and communities, we must also evaluate where we
stand in relation to power dynamics, resource distribution,
and overall equity in our research relationships. This will
help us identify the additional work needed to center Indige-
nous voices and strengthen Indigenous self-determination
over our research collaborations and approach. During our
progression from SIZONet to AAOKH, we have continued to
track and strengthen records of Indigenous insights on Arc-
tic change, emphasized communication with communities,
created new data and information responsive to community
interests, and supported Indigenous scholarship and training
opportunities. Yet an honest reflection suggests there is more
to do to elevate Indigenous governance over our shared re-
search. If we take a decolonizing approach to our ongoing and
future collaborations (Roué and Nakashima 2022), the roles
of Indigenous and non-Indigenous contributors need redefi-
nition and evaluation in terms of leadership of the project,
data ownership, accessibility, and capacity building of not
just Indigenous youth and scholars but also non-Indigenous
researchers (Pedersen et al. 2020; Wilson et al. 2020).

AAOKH currently has multiple platforms and pathways
for knowledge sharing that can complicate Indigenous data
sovereignty. Utilizing both an online database with use re-
strictions and regular sharing of observations on our Face-
book page, we are assessing our abilities to provide equi-
table access to data while also supporting Indigenous data
sovereignty and limiting misuse of information. An impor-
tant pathway forward requires AAOKH to continuously work
toward a culturally appropriate data-use policy (Carroll et al.
2021) to ensure proper crediting and use of AAOKH obser-
vations. We are actively working as a team, along with our
ELOKA partners, on revising our data use agreements and
sharing protocols. We also recognize that there are limits to
understanding the usability and accessibility of our data and
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current platforms for sharing information without a stronger
evaluative component to the AAOKH program. In addition
to instituting database analytics to track access and use of
the database, we will particularly seek Indigenous evalua-
tion techniques and opportunities (Waapalaneexkweew and
Dodge-Francis 2018; Firestone et al. 2019; Velez et al. 2022) as
we continue the project into the future.

While much focus is often put on capacity-building for In-
digenous communities and youth, part of our ongoing and fu-
ture efforts must also consider ways for our non-Indigenous
participants to understand the inequitable history of re-
search in the region whilst also finding pathways to lift up
Ifiupiaq voices, values, and customs (Zurba et al. 2021). Ex-
amples from other Arctic regions provide models of knowl-
edge transfer techniques that can disrupt the colonial his-
tory of Arctic research (Ljubicic et al. 2022), such as programs
based on the land that serve as forums for Elders, youth, and
researchers to respectfully engage in cross-cultural dialogue
and uphold relational accountability (e.g., in the context of
leadership, ethics, Indigenous values, and language). These
may be important opportunities for experiential learning for
non-Indigenous researchers and Indigenous youth alike.

As we continue to pursue a stronger coproduction of
knowledge framework with future iterations of AAOKH, our
goal is to support Indigenous self-determination and gover-
nance over the project, observations, and knowledge that we
collaboratively generate. As one initial step toward promot-
ing Indigenous scholarship and leadership within AAOKH,
we created a new job opportunity for one of our recently grad-
uated students (RG), who has cultural connections to AAOKH
communities, to increasingly lead community engagement
and project management. We believe this puts her into a po-
sition poised to increasingly lead the definition of our future
research directions. Instituting reflective and evaluative com-
ponents to ask who owns, benefits from, and is involved in
the design and framing of the scope of our research (Tuhiwai
Smith 1999) will be critical to our progress going forward.
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