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Abstract

The Northern Interior region of Alaska is undergoing rapid social and environmental change due in
part to recent decades of a marked warming dimate. This warming is shifting seasonal patterns and
affecting ecosystem services, with localized impacts on subsistence people and resource managemertt.
There is a paucity of data for the region; however, disparate sets of biological and weather data do exist,
along with a growing archive of traditional ecological knowledge (TEK) documenting local observations of
change and effects. This project is a part of collaboration between McNeeley, Alaska Native (Koyukon and
Gwich'in Athabascan) communities, U.S. Fish and Wildlife Service (USFWS), and the Alaska Climate
Research Center (ACRC), which ains to integrate these datasets by framing questions within the context of
local observations, and asking questions of relevance to stakeholders (i.e., local residents, agency
personnel, and scientists who study arctic environmental change). As we collectively grapple with how to
understand and adapt to these changes while sustaining valuable resources and ecosystem services,
scaling data and observations of change to a local/regional level while asking the appropriate questions of
those data is critical to increase our understanding of the change and to devise adaptive strategies for
management and decision making. The collaborators will be performing statistical and content analysis on
observational weather, biological, and interview data to look for patterns of change, impacts, and
wulnerabilities in two transects along the Koyukuk and Yukon Rivers of the Northem Interior. Regional
stakeholders participate in a reiterative process to provide resullts (in the form of reports, presentations, and
a usable database) and to get feedback and additional observations for continuing the refinement of our
questions and analysis. This project is part of McNeeley's dissertation research examining local/regional
impacts, vulnerabilities and adaptive capacities in Interior Alaska through an interdisciplinary, multi-method,
regional case study approach.

Climate Change Impacts in the Northern Interior of Alaska

Climate change in the Arctic is expected to be among the largest and most rapid of any region on
Earth with major physical, social, economic and ecological impacts ((ACIA 2004: IPCC 2001 Serreze et al.
2000). The Arctic has experienced the greatest regional warming on Earth in recent decades (Huntington
and Weller 2005). Global Girculation Models (GCMs) project annual mean temperature increase of
approximetely 2 to 3°C (3.6 to 5.4°F) by 2050 for the Arctic as a whole, with large seasonal and regional
variahility (Kattsov and Kallen 2005).

Climatic changes related to recent warming trends are highly visible in the Arctic and Subarctic as
aresult of “polar amplification” — a phenomenon in which the polar regions are particularly sensitive to
changes in surface termperature through changes in snow and ice cover (ACIA 2004). Alaska is warming
more than anywhere else on Earth (ACIA 2005; (Whitfield 2003), and the Interior region of Alaska has



shown the most warming statewide over the last 56 years (ACRC 2006). Meteorological observations show
that Alaska’s mean annual temperature increased 3.4°F from 1949 to 2004 with local wintertime mean
temperature change as high as 9.4°F in the Interior region (Alaska Climate Research Center 2005).

Alaska Climate Research Center 2006

A paucity of data and observations in this region combined with the difficulty of downscaling
observations and model data has led to increasing interest in the integration of western science with
indigenous knowledge and native observations of climate change. Native elders and hunters possess
traditional knowledge and observations of weather and environmental change, and they are concerned
about what they perceive to be dramatic changes in their biophysical milieu (Huntington and Fox 2005;
Krupnik and Jolly 2002). The scientific community does not yet have a clear or complete picture on howthis
warming has altered the social-ecological system of the Interior, but it is thought to have already altered
hydrological processes that support ecosystems, which has major implications for bath subsistence and
land and resource management (Hinzman et al. 2005). It is the examination of the hurman dimensions of
global environmental change at finer scales that can help to explain patterns of change across scales that
include the regional and local and provide results of importance to local stakehalders (NRC 1992).

(Berkes 1999) defines TEK as a “cumulative body of knowledge, practice, and belief, evolving by
adaptive processes and handed down through generations by cultural transmission, about the relationships
of living beings (including hurmans) with one another and with their environment.” Accumulated TEK about
climate-ecosystemtland interconnections has historically made northern natives resilient to environmental
change. However, a new set of circumstances that combines rapid environmental change in a context of
rapid social, economic, and cultural changes has brought about a new era of vulnerability to climate change.
Partnerships between dimate change researchers and indigenous experts can be a reciprocal one where
indigenous observations can contribute to the science, while increased understanding of processes by the
scientists can help improve local/regional forecasts, which are at a scale that matter and are useful to
stakeholders such as subsistence people and government agencies (NRC 1999). (Riedlinger and Berkes
2000) outline five areas in which traditional ecological knowledge (TEK) can benefit climate change
research:

1) aslocal scale expertise;

2) asasource of climate history and baseline data;

3) informulating research questions and hypatheses;

4) forinsight into impacts and adaptation in Arctic communities; and



5) inlong-term, community-based monitoring.

Through a collaboration between the author and the U.S. Fish and Wildlife Service and the Alaska
Climate Research Center climatological, TEK, and biological datasets will be integrated through asking
questions that are relevant to Interior Athabascan communities, to management issues of USFWS refuge
managers and biologists, and to the ACRC in their role as a service organization to respond to inquiries
from stakeholders. Each collaborator brings knowledge, expertise, and stakeholder connections that will
make this project more robust than any one of us could do on our own and will contribute bridge various
disciplines and connect research to stakeholders. This phase of the research is necessary in order to have a
context to discuss the broader issues of vulnerability and adaptation to global environmental change ona
locallregional level. It provides baseline analyses that will underpin future inquiry.

WVulnerability and Adaptation Analysis in Practice: From the Conceptual to the Case

Although there has been much discussion and debate about the meaning of vulnerablity, it is generally
agreed upon that vulnerability to climate change is determined by the exposure and sensitivity of the system
to stress, disturbance or change (Adger 2006: Ford et al. 2006: Smit and Pilifosova 2003; Smit et al. 2000:
Smithers and Smit 1997). Exposure is the nature and degree to which a systemis exposed to significant
climete variations and sensitivity is the degree to which a system s affected, either adversely or beneficially
by climate-related stimuli (Adger et al. 2004). Exposure and sensitivity of a system or community have to do
with the biophysical phenomenon or dimate stimulus (such as drought, hurricanes, etc.) as well as the
societal condition that affects its own exposure (such as location in a flood-prone area) and the ability of the
community to plan for, or adapt to that exposure-sensitivity (Ford et al. 2006: Smit and Pilifosova 2003). An
exposure unit could be a region, population or groups, community, ecasystem, country, economic sectors,
household, business, or individual (Adger et al. 2004).

Smit and Wandel (2006) discuss four different approaches to vulnerability and adaptation research of which
the fourth approach characterizes the approach used in our study. This follows the community-based
wulnerability assessment approach that contributes to practical adaptation initiatives and follows the
principles:

1) researcher does not presume to know exposure and sensitivities that are pertinent to a community, nor
does researcher specify a priori determinants of adaptive capacity in the community;

2) these are identified by community itself;

3) methods requiire active involverment of stakeholders, considerable efforts to ensure legitimacy,
information collection on community relevant phenomena and processes, integration of information from
multiple sources, and the engagement of decision makers.

The conceptual model for this approach is represented by:

(Smit and Wandel 2006)



Following this model we are focusing on first and second boxes of this figure. Stakeholders will be engaged
to &) contribute to the process af ensuring legitimacy, and b) lead us to start looking at the possible future
sensitivities and adaptive capacities of (39 and 4™ boxes).

The idea that Alaska and Arctic native people are vulnerable to climate change has been pretty well
established at this point (Ford et al. 2006: Krupnik and Jolly 2002: Nuttall 2005). We know subsistence
people who rely on the stability and predictability of weather and snow and ice conditions are going to be
affected by warming along with the hydrological and ecological systems they depend on. So, what next? \We
need to take a closer look at how and when they are wulnerable across time and space as well as what sorts
of adaptive capacity or coping mechanism do they have to deal with the vulnerahilities and build their
resilience to perturbances and surprises, and then what needs to happen to utilize the adaptive capacity and
turn it into actual adaptations? Also, there is a need to look at the policies and institutions that either
exacerbate vulnerability or undermine adaptive responses to harmful change (Thomas and Twyrman 2005).
But the precursor to this on the local and regional level is understanding the environmental change and
impacts, which leads up to establishing current vulnerahilities (Adger et al. 2004). So this collaboration is
focusing on that first stage through using different types of knowledge and understanding, which includes
weather data, interviews and biological data to recognize local and regional patterns. Through this pattern
recognition phase, which has involved stakeholders from the beginning, we can continue an iterative
process of participation with stakeholders to examine issues of vulnerability and adaptation.

Not only is the environment changing over time, but also the technalogical and institutional factors that
shape wulnerability are in flux as well. (Adger and Kelly 1999). This phase of the analysis is providing only a
snapshat in time, but will provide a baseline to work with and refine with stakehalders. The analysis, like
wulnerability itself, will be dynamic and evolve over time (Adger and Kelly 1999). This is providing the
context for understanding HDGEC on a local/regional scale. Also local knowledge can “calibrate” and
deepen the more general knowledge of climate impact and vulnerability assessments (Dow et al. 2006).

Interviews provide the context to understand the science by both helping to develop the appropriate
questions of the data, and also to help with interpreting what the data is saying and establish some patterns
of change on local scale of the whole system and not just pieces of the systemin isolation. Looking at the
weather station data, interviews, and biological data is one step in that direction. It is experimental in nature
through a participatory stakeholder driven process where they are included in the development of the
methodology. It is also inductive in that theories will be developed along the way as opposed to being
preconceived. This is not to say that it occurs within a theoretical or methodological vacuum as we each
bring our own respective trainings to the table. But the process allows for openness and flexibility to accept
certain theories and methods where they are appropriate, reject themwhere they are not, and develop new
ones when they arise fromthe process and the evidence.

This is a necessary phase for identifying how people are experiencing change in both the bio-physical and
the social realm. This is the precursor to getting to what | amreally interested in for my dissertation is issues
of vulnerability and adaptation/adaptive capacity. But you cannot talk about adaptive capacity without
discussing vulnerability and you cannot talk about vulnerability before understanding the patterns of change
currently being experienced, i.e., the context.

The Case Study

The unit of analysis for this project is the Northern Interior region of Alaska. Two transects along the
Koyukuk and Yukon Rivers are being examined through the participation of Athabascan villages.



The region is part of the Yukon-Koyukuk census area, which encompasses almost 150, 000 square miles,
yet only contains about 1% of the population of Alaska with around 6, 500 people (Erskine 2001). The study
villages are located within or near U.S. Fish and Wildlife Refuges. The area is boreal forest dominated by
spruce, birch, and aspen. It has a continental subarctic climate, with great seasonal extremes in
temperature and daylight with the highest summer and lowest winter temperatures for the state. The region
is characterized by a complex networks of streams and rivers and lakes and wetlands that and are highly
productive fish and waterfowl habitat areas.

The recent warming trend in the Interior has resulted in bio-physical changes with impacts to subsistence
and resource management. Hydrological changes such as degrading permafrost and lake drying along with
changes inice conditions and freeze up/ break up of the rivers have been observed by local people. Also,
seasonality shifts that have to do with the timing of weather events, plant and animal phenology, etc. have
been observed, which all have cascading ecological effects and human activities. Another common theme
related to these is the issue of lack of predictahility of weather and related events. This affects safety and
harvest success, as well as psychological effects that in turn influence risk perceptions and when and where
people hunt (Ford et al. 2006).

Given these changes and observations by local people, a set of climatological, social, and biological
questions was developed based on past interviews and working with collaborators and stakeholders. All
questions are examined through analyses of both the weather data and the interview data. Questions were
developed specifically with the relevance to stakeholders in terms of resource management and subsistence
hunting, fishing, and trapping in mind:

Climatological Questions:

1) What are the annual and seasonal mean temperature, precipitation, and snowfall changes for the
weather data nearest study sights (i.e., Allakkaket, Bettles, Galena, Tanana, Fort Yukon)? How do
these compare to local human observations made by interviewees in the villages?

2) How has the climate changed or shifted during specific key weeks or months (e.g., during the
transitional seasons of freeze-up/break-up, during the fall moose hunt)? If changes exist, how do these
compare to local human olbservations from interviews? If they do not, what might explain these
differences?



3) How has the distribution frequency changed for certain variables such as weeks below -40F, -50F, -
60F, or extreme temperature/precipitation events? Has there been an increase or decrease in extreme
weather events (e.g., extreme heat or cold, precipitation events)? How do these outcomes compare to
local human olservations?

4) How has the timing of precipitation events changed? For example, has the timing of the major summer
or spring rain events, fall snow event changed?

Social Questions:

5) What do the changes in climatological variables mean “on the ground” to the people traveling, hunting,
fishing, trapping, etc. in the region? How does this affect relationships between key variables within the
SES?

6) What are the key impacts and vulnerabilities identified by local stakeholders?

Biological Questions:

7) Isthere a significant relationship between changes in climate and the arrival/departure of migratory bird
populations?

8) Isthere a significant relationship between changes in fall seasonality, moose dynamics and moose
hunter success?

Data and Methods

The "system of interest" is the region, but the analysis seeks to identify the broader conditions and
structures within which the communities of the region function. This requires involverment of the community
of stakeholders. The researcher begins with an assessment of current exposures, sensitivities and current
adaptive capacity, employing ethnographic in-community methods (such as semi-structured interviews,
participant observation and focus groups) as well as insights fromlocal and regional decision-makers,
resource managers, scientists, published and unpublished literature, and any other available sources of
information.

Interviews were conducted in two regions of Interior Alaska — six villages over 2004-2005 Interviews were
semi-directed and interviewees were chasen based on age (Elders and so-called “younger Elders”, i.e.,
55+), long-term residency in the region, participating in subsistence activities, availability, and willingness to
participate. The stakeholder participatory process involved going back out to villages to get input for future
steps for the project and is ongoing.

Specific methods include:

1) Coding and Network Analysis of interview data: Coding of data using qualitative data analysis (QDA) software
(Atlas.ti) to identify thermes, relationships between themes, and patterns in the interview data through a grounded
theory approach. This is a process of inductive coding, which converts narrative text into nominal variables. The
variables can then be systematically queried for pattern identification. This works through network analysis
where links and relationships between variables are made. Atlas.ti allows one to produce a myriad of visualized
queries and “network views” for the data integration process as well as the development of conceptual maps and
theoretical models.

2) Statistical analysis: linear trend, significance tests, total change calculations, threshold/frequency
distributions for temperature, precipitation and snowfall data.

3) Integrated data matrix creation: initially using both Atlas.ti and Excel spreadsheets, and eventually
developing a user friendly interface (to be determined) to achieve integration, comparison, and
visualization of results frominterviews and results of weather data to identify patterns, gaps, and areas
for further investigation. This will also help to further identify local and regional patterns and variations.

4) Stakeholder involverment through meetings, workshops, or focus groups, and additional interviewing, if
necessary. WWe will present the output of the above methods in these fora to get feedback for further
refinement of questions and analyses.



This is not a linear process as some guestions for the weather station analysis have already been identified
such as dimatological changes during the fall moase hunting season, however, athers will be developed
along the way through content analysis and through the stakeholder workshops. Knowing methodological
problems of linking different spatial and temporal scales —the idea is not to correlate or “match” by looking
for total agreement between data sources, but to examine them in tandemto get a fuller picture of the
changes and perceptions of changes in the region as well as how these changes are affecting the natural
environment, people and their behaviors. Once the pattern recognition phase has been completed, we can
move on to examine the wulnerabilities and adaptations, which require deeper analysis into the social,
econammic, institutional context that both frame the social-ecological system as well as drive its dynamics.
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