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This article describes the preliminary results of an effort to produce an Arctic Urban Sustainability Index that will have

applications for researchers and policymakers. The project aims to help policymalkers define and implement sustainability policies
by measuring progress towards sustainability, compare across cities, and trace development over time. Existing studies within

the region provide little analysis specifically addressing urban development. This study, under the auspices of the National
Science Foundation’s Partnerships for International Research and Education (PIRE) project, aims to fill this gap in Arctic

research by promoting urban sustainability, with a focus on optimal city planning and management to ensure the interests of
future generations. Collecting the data to prepare the Index has proven challenging across a number of dimensions and efforts

to address those challenges are discussed. While the Index described here remains a work in progress, we believe the process of
thinking through issues related to measuring sustainability systematically will ultimately deliver useful results for researchers

and policymarkers.

The Arctic region has seen urban growth in resource-rich areas even as the populations in other
parts of the region shrink (Howe, 2009; Dybbroe et al., 2010; Heleniak, 2010; Heleniak, 2013). A
majority of the Arctic population resides in urban environments. Expanding cities provide housing,
jobs, and education for human populations (Wu et al., 2011; Day & Ellis, 2013), but also impart
negative effects such as pollution, encroachment on open land, and contributions to impacts on
the surrounding natural environment far beyond the settlement limits (McKinney, 2008). Typically,
research in the Arctic has focused on a range of specific and discrete issues, including modeling
Arctic climate and weather conditions (Johannessen et al, 2004); permafrost (Shiklomanov et al,
2010); marine and shipping issues (Arctic Council, 2009); oil and gas development (Gautier et al,
2009); foreign policy and geopolitical concerns (Heininen & Nicol, 2007; Exner-Pirot, 2013); and
“decolonized” research with Indigenous peoples (Smith, 2013). Focusing on cities is crucial
because they represent a space where these issues intersect.

Cities, including those in the Arctic, act as a focus where intense human-environment interactions
take place (Dybbroe, 2008; Rasmussen, 2011; Streletskiy & Shiklomanov, 2016). The continual
growth of the global urban population has invigorated efforts to define and measure urban
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sustainability (Science for Environment Policy, 2015). On the global scale, there have been several
important projects undertaken to quantify and track levels of sustainability in urban areas, including
most recently the UN Sustainable Development Goals (UN CSD, 2007; Todorov & Marinova,
2009; Li et al, 2014; WCCD, 2017; UN, 2015). Unfortunately, Arctic cities have been vastly
underrepresented in these broader research efforts. Meanwhile, the Arctic region has been
undergoing accelerated and significant changes — climatically, socially, economically, and politically
(Anisimov et al., 2010; Heleniak, 2013; Jakobsson et al., 2014; Underdal, 2013; Young, 2009).
Observed changes have spurred interest in research tracking the evolution of Arctic cities within
these individual thematic components (AMAP 2017; Larsen et al., 2015; Longergan et al., 1993;
Shiklomanov et al., 2017). The Arctic Urban Sustainability Index seeks to contribute to building
the knowledge base on these issues by improving our understanding of the complex linkages
among them.

This article lays out a research framework for measuring urban sustainability in the Arctic region,
addresses the challenges in quantifying sustainability within an easy-to-use index, and shows best
practices for making this data and analysis accessible to policymakers and the public. The goal is to
create a synergetic tool measuring Arctic urban sustainability across economic, social,
environmental, governance, and planning dimensions. The central research question for the project
is: How can Arctic urban sustainability be measured and how can the likelihood of progress on
sustainability challenges be assessed? Our central hypothesis posits that a comprehensive tool for
measuring sustainability efforts across the full range of scales and mechanisms, as well as the
research process of creating such a tool, will trigger efforts to improve urban sustainability
planning.

In order to start the conversation around measuring Arctic urban sustainability, researchers created
a preliminary Index using a small set of indicators, which were most universally accessible for a
limited sample of Arctic cities. The selection of indicators was informed through a series of
consultations, meetings and workshops with researchers, local politicians, and other Arctic urban
community members. The preliminary dataset was used to synthesize data visualization samples
and was presented at several conferences and workshops to generate feedback and interaction from
the wider Arctic research community. Challenges related to data quality and accessibility, combined
with the limited scope of this preliminary analysis in terms of indicators and cities, suggest that the
preliminary results are far from being an accurate measure of urban sustainability in the Arctic.
However, by undertaking this initial phase, researchers identified several priorities and best
practices for improving the project. The presentations and discussions of the research have initiated
valuable exchanges within the broader scientific and policy community, generating feedback and
engagement with the research team which will help drive forward the project (Arctic PIRE
Workshop, 2017; Streletskiy, 2017; Schaffner et al., 2017; Suter, 2017). The reactions and support
this preliminary Index has garnered indicate that the continued improvement of metrics to track
sustainability will likely encourage improved urban planning models and benefit Arctic cities.

Defining Sustainability

As with intangible concepts like democracy, justice, and innovation, the substance of sustainability
can be hard to define and measure. We start from the assumption that there is a concrete core to
sustainability and work to quantify its key components. The conceptual roots of sustainability date
back to the late seventeenth century and have evolved over time (Caradonna, 2014: 0).
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Contemporary definitions for sustainable cities focus on using resources in a way that does not
impinge on future generations (World Commission on Environment and Development, 1987). In
looking specifically at Arctic urban sustainability, we apply the U.S. National Academies of Sciences
three pillars of sustainability: economy, environment, and society (Schaffer & Vollmer, 2010) in an
effort to fill existing knowledge gaps (Petrov et al., 2017: 64). Sustainability science seeks to view
the world in big picture terms and understand how the various components “depend on one
another, interact, and co-evolve” (Matson, Clark & Andersson, 2016). We implement these ideas
by seeking to integrate concern for the environment with a broader understanding that
communities need a thriving economy and jobs, as well as measures of social justice, in order to
thrive.

In a review of the literature, Portney argues that the existing indices tend to mix policy measures
with outcome measures (Portney, 2013: 41). He calls for creating an Index of Taking Sustainability
Seriously, with the caveat that there still is not enough empirical data to state with confidence how
much specific actions, policies or programs influence objective measures of sustainability.
Nevertheless, cities that “take sustainability seriously” are presumably making progress toward
greater sustainability. In order to avoid mixing outcome and policy measures, we define
sustainability along five dimensions: the first three measure sustainability outcomes — economic,
social, and environmental — while the last two focus on efforts by cities to achieve these outcomes
— governance and planning.

Defining an Arctic City

The idea of a city being defined by something other than population and economics is hardly new.
In 1937, urban historian Lewis Mumford wrote a philosophical piece called “What is a city?” in
which he argues that “the city, in its complete sense, then, is a geographic plexus, an economic
organization, an institutional process, a theater of social action, and an aesthetic symbol of
collective unity” (Mumford, 1937: 8). Ina 1947 Sciencearticle, J. Q. Stewart introduced social physics
and used allometric parameters to define physical urban forms as a result of a long series of events,
technological developments, and social preferences (Stewart, 1947). More contemporary theorists
agree that cities are not merely defined as a dense agglomeration of people, but a place that serves
a specific social function. This approach defined the city as a space containing a “contact system,
[where] a set of interactions and flows define the kinds of the network that enable creativity and
innovation to thrive and grow” (Batty & Ferguson, 2011: 755). Likewise, William Frey and Zachary
Zimmer were not satisfied with the limitations of the definition of a city as merely an agglomeration
of people, proposing instead that we view cities as ‘Functional Community Areas” (Frey &
Zimmer, 2011). These theories informed our decisions in refining our research scope to
communities that met a given population threshold, but also were significant in serving a defined
set of regional functions.

In considering urban settlements in the Arctic, it quickly becomes apparent that they do not closely
resemble cities elsewhere in the world, and cannot be defined by conventional parameters. The
U.S. Census Bureau defines an urban area as any agglomeration of more than 50,000 people and
classifies areas between 2,500 and 50,000 as urban clusters (Bureau of the Census, 2010). A
common definition for Arctic urban areas during the Soviet era was a settlement of over 12,000
residents, where 85% of the population was engaged in the non-agricultural sectors (Heleniak,
2013: 3), but this definition has also evolved over time. In Iceland, localities of 200 or more
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population are classified as urban (UN Demographic Yearbook, 2015). In the Arctic we often find

<

small urban communities filling the same functional niches as bigger “urban areas” at lower
latitudes. Cities of smaller population and low population density can still serve vital administrative
functions for government, sites for manufacturing and industry, and centers for social institutions.
Other agglomeration services are also in play within these cities: opportunities for learning,
information spillover (the rapid transition of ideas), persistent lower costs of moving people and
goods, and the allure of higher wages for employees and higher productivity levels for employers

(Brunn, 2016).

The Arctic is not a strictly defined region, with circumpolar countries and international
organizations delineating this border varyingly. While the Arctic Circle defines the physical area
approximately above 66°30” N, the region is generally considered more broadly. In Sweden, the
county of Visterbotten is classified as Arctic, though a majority of the territory lies below the Arctic
Circle (Husebekk et al., 2015). The US Arctic Research and Policy Act uses a strict definition of
the Arctic Circle, except in Alaska where significantly more territory is added (US Arctic Research
Commission, 2009). Previous research, such as the Arctic Human Development Report (AHDR),
considers these variations and generally accepts a wider region to be Arctic. However other
prominent organizations including the Arctic Council Emergency Prevention, Preparedness, and
Response (EPPR) working group, the Arctic Monitoring and Assessment Programme (AMAP),
and the Conservation of Arctic Flora and Fauna (CAFF) draw the border differently as well. This
project defines the Arctic region as the largest possible area encompassed by this agglomeration of
Arctic research organization borders (Figure 1).

These varying demographic, geographical, and functional classifications of Arctic urban areas
forced the team to create a circumpolar definition of Arctic cities, rooted in the practicality of
undertaking the research project. These considerations informed our decision-making process in
classifying an Arctic city as settlement of over 12,000 population located within the Arctic region
as defined in defined above. However, cities outside this region have been added based on expert
opinion. For example, Yakutsk, which is outside the Arctic borders is underlined by permafrost
and widely considered as a major Arctic city. The demographic and geographical definition resulted
in an initial list of 50 cities (Appendix A). This list is not definitive, as more cities could be added
during the project, based on advice from experts and community feedback. Because of practical
considerations, the preliminary index focused on cities where the research team had experience
and contacts with local stakeholders. This process identified a list of 12 cities, which are featured
in analysis below. Table 1 features these cities and their most recently available (2016/2017)
population statistics, sourced from countries’ national statistical databases.

Table 1. 12 of 50 possible Arctic cities were selected for the pilot index

City Population Nuuk, DK 17,036 Arkhangelsk, 351,488
Anchorage, US 298,192 Tromse, N0 34,283 RU

Fairbanks, US 32,751 Boden, 5E 28,024 Norilsk, RU 178,054
Whitchorse, CA 28,225 Kiruna, SE 23,167 Salekhard, RTUJ 48,794
Yellowknife, CA 19,569 Luled, 5E 76,770
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Figure 1. A map of the cities being featured in the pilot Arctic Urban Sustainability Index, and all Arctic cities that meet
the spatial and demographic criteria of this research project

Map Anthor: Luis Suter
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Global Challenges in Quantifying Urban Sustainability

Designing a set of measures to assess urban sustainability across these areas remains a challenge;
even among the 12 cities selected for the pilot index there is diversity in their microenvironments,
politics, and socioeconomic organization. Attempts to quantify complex subjects such as
sustainability into indexes and ranking systems have sometimes been criticized as being
“incoherently defined, anchored in confused and untested theories, measured idiosyncratically, and
subject to manipulation by both the raters and the rated, leading to unintended, unwanted
consequences” (Snyder & Cooley, 2015: 79). These concerns reflect the challenge of measuring
and communicating the complexity of sustainability and the interactions between sustainability
categories such as economics, society, politics, and environment. This criticism has stimulated
universities and funding organizations to support increased multidisciplinary analysis, and
encouraged the National Academy of Sciences to study ways to promote interdisciplinary team
science (Cooke & Hilton, 2015).

In 2009, a group of researchers at the University of Quebec analyzed the use of sustainable
development indicators in seventeen urban settings, finding 118 different indicators being tracked
across these cities (Tanguay et al., 2009: 24). This diversity was attributed to the broad definitions
of sustainability (and equally broad interpretations) being used within the different communities.
The research showed that there was a strong correlation between the number of indicators in an
index and the type of actors driving the creation of the index, where studies endorsed by municipal
leaders tended to favor a “structure comprising fewer indicators, intended to achieve simple and
quantifiable objectives, [while| scientists prefer[red] a minimum of aggregation and, if possible,
simplification, in order to be faithful to the concepts” (Tanguay et al., 2009: 14).

The complexity and variety of sustainability definitions and sustainability metrics increase the
difficulty of translating science into effective policy. The difficulties in building this particular
bridge between science and policy are well documented (McCool & Stankey, 2004; Weigold, 2001),
and highlight the need for more bilateral understanding between scientists and policymakers.
Preparing indicators that are scientifically sound and policy relevant demonstrates the importance
of knowledge production among researchers, political leadership, and other local stakeholders.
Dutch researchers Niemeijer and De Groot found that the best way to find a compromise between
a desire to standardize for comparative purposes and retain local relevance is the inclusion of
“consensus” indicators which are universally collectible, complemented by locally specific
indicators to address the unique concerns of individual communities (Niemeijer & De Groot,
2008). The fine balance between scientific robustness and political accessibility is a special
consideration in constructing such metrics.

Quantifying Urban Sustainability in the Arctic Context

The Arctic PIRE project has developed a structural framework where sustainability advances are
seen in the social, economic, and environmental sphere and where the main drivers are seen in the
policymaking and planning spheres. The quantification of the complex interactions between the
five pillars of sustainability is further complicated in the Arctic region by the breadth of
microenvironments, and diversity of political and socioeconomic systems in the region. The
environmental impacts to physical systems, such as effects of climate change and permafrost have
been shown to be comparable across the Arctic (AMAP, 2017; Grebenets et al., 2012; Streletskiy
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et al., 2012; Shiklomanov et al., 2017), but the social and political systems controlling the cities vary
starkly (Laruelle, 2014; Huskey & Howe, 2010). Countries have different definitions of what
constitutes an urban area (Rasmussen, 2011), contributing to challenges of assessing these
communities at a constant geographic scale. Perhaps the biggest challenge will be choosing a
standard set of “consensus” indicators to universally assess all these unique cities (DeGroot, 2008).
Cooperation with local stakeholders to assist in data collection and discussion of appropriate
indicators will be vital to ensure the metrics remain accessible and useful to local actors.

Table 2. Arctic Urban Sustainability Index Framework with five sustainability categories, related components, and related
indicators to measure them
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Income Capia Income
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% Vioter Tumout, Civic organizations per capta, Representation in regonal govemment, Youth engagement;
Representation [Wmnm
Local Revenue Raising Capaoty, Local Control of Budger, Depengance on Single Industy, INClusion oF
Fiscal Mangament nasilty issues in dudget
GOVERNANCE Institutions Number of Govemment Employees; Levels of Cansesus; Stabiity of Instfons; Precense of Sustanabiity
Discussion of Paitical Issues within community, local perception of govemment sustainabiity pians; political wil
State-Sociely Relaions | =sc0 7= =5 v
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The major focus of the Arctic PIRE project going forward is the identification or creation of
metrics to quantify these indicators. Having such measurements is necessary to pinpoint areas for
improvement, track changes, demonstrate advances, and examine opportunity costs of devoting
resources to one area at the expense of another. In the Arctic and other places, the Index will
provide a framework (Table 2) for measuring the contributions of the different actors — various
levels of government, corporations, and civil society groups. These measures will work at various
scales, from individual households to federal governments, and across mechanisms, from urban
design to personnel decisions by private industry. Having such diverse measures will make it
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possible to identify best practices and transfer them to other cities. Preparing the Arctic Urban
Sustainability Index will require more intensive research focused on three main tasks:

1. Defining metrics of sustainability in the Arctic;

2. Collecting data that are comparable across cities to measure
progress along the indicators; and

3. Balancing the complexity of the index to provide accurate
measurements with the need to present findings in a clear
and concise manner so that policymakers can implement

recommendations informed by the research.

The Index must communicate information effectively to policymakers. In recent years, there has
been explosive growth in the number of indicators created within tools aimed at altering or
supporting “the forms, the exercise, and perhaps even the distributions of power in certain spheres
of global governance” (Davis et al., 2012: 4). When translating science to policy, researchers have
found that “indicators of sustainability will only be effective if they support social learning by
providing users with the information they need in a form they can understand and relate to”
(Shields et al., 2002: 1). It has been found that indicator sets with broad political support, which
actively involve those who will create policies and those who will be affected, improve the success
of an index (Steward & Kuska, 2011). One scholar working on the development of indicators in
the developing world argues for designing them “from the bottom up” since they will have greater
legitimacy (Stone, 2012: 283). The integration of feedback and input on the design of the index and
the validation would be a useful method in educating policymakers on the data and science, while
ensuring that scientists are including factors relevant to policymakers and their constituents.

Preliminary Data Collection and Analysis

The index framework identifies 80 indicators that can be used to measure urban sustainability in
the Arctic. These potential indicators were identified at the first meeting of the PIRE team in
October 2016. As of June 2017, about 200 data points have been collected throughout the index;
however, the diversity in sources and measurement standards means that these data are not easily
comparable. The experience among Arctic researchers has shown that collating and collecting data
regarding the region can be difficult (Forbes, 2011; Paul & Andreassen, 2009; Larsen et al., 2015),
especially at the urban scale. Therefore, the identification of gaps within the easily accessible metrics
alone would be a beneficial addition to the knowledge base of sustainability in Arctic urban centers.
Our continued work to create a central repository of data on Arctic cities will benefit the public
and cities themselves by increasing the visibility and accessibility of Arctic science. Analysis of these
data could be used to identify best practice policies among localities within the circumpolar
community. As a proof-of-concept, the research team identified 10 indicators that were measurable
across 12 cities in the Arctic (Appendix B). Data were collected from the countries’ national
statistical databases and reports from NGOs, universities, and other research groups.

The 12 initial cities were selected based on their geographic distribution and the relatively
“universal” availability of data within these cities and indicators. The indicators were selected from
the social and economic categories because these measures were the most easily measurable, and
were common in more established urban sustainability indexes (Tanguay et al 2009). The

environmental, governance, and planning categories require further data collection and indicator
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development before they can be included. These 10 indicators within the economic and social
spheres do not represent the most effective sustainability-specific indicators within the index
framework, however the more complex indicators require more data collection, and potentially the
production and administration of survey instruments and field-based data collection (Arctic PIRE
Workshop 2017).

Table 3. A sample of Arctic Urban Sustainability Index including some identified data gaps

. Remoteness/
Well Being Transportation Energy
Cost of round- | Greenhouse
Per Capita trip air travel to as emissions Access to
Inconlje rI:lajor urban ¢ (tons per Median Age Graduation rates internet
center capita)
Yellowknife] $57,765.04 1.0387% 10.32 32.6 81% 90.90%
Whitehorse $42,510.57 1.6466% 16.10 38.1 69% 78.00%
Nuuk $39,568.97 2.5272% 11.15 33.8 48.30% 64.90%
Tromso $35,850.03 0.4184% 4.66 38.7 82% 77.50%
Salekhard $41,541.71 0.9629% 0.05 N/A N/A 70.00%
Norilsk $36,459.09 1.3714% 18.23 N/A N/A 67.30%
ArkhangelsK $20,174.46 0.4957% 0.08 N/A N/A 65.90%
Kiruna $37,533.63 0.6661% 1.20 42.2 82% 93%
Boden $37,802.69 0.2645% 1.20 43.9 82% 93%
Lulea $37,264.57 0.2684% 50.70 41.8 82% 93%
Fairbanks $33,553.00 0.8941% 38.60 27.2 93.10% 93.80%
Anchorage $36,733.00 0.5445% 28.91 32.2 92.50% 94.70%
Mean $38,063.06 0.9249% 75.10 36.72 79.10% 871.83%

Monetary Values in US Dollars, based on PPP adjusted Conversion Rates from OECD; Cost of Air Travel Calculated
as % of per capita income.

Data Sources: Northwest Territory Burean of Statistics, Y nkon Burean of Statistics, Statistics Canada, Statistics Greenland, StatBank
Norway, Federal State Statistics Service Municipale Data Passport (Russia), Statistics Sweden, US Census Burean, City of Fairbanks,
University of Alaska, OECD, Knoema.

Even with this limited set of indicators, the research team faced significant challenges finding data,
especially at the resolution adequate for urban scale analysis (Figure 3). Moreover, the
normalization of data between countries proved to be difficult, with the indicators being measured
differently among them. For example, in Russia, the greenhouse gas emissions report only listed
pollution from stationary sources (Rosstat Municipal Data Passport, 2015), whereas in Fairbanks
the University of Alaska had recently undertaken an extensive audit of all GHG emissions for the
borough (Holdmann & Murphy, 2008). While some researchers have been able to quantify
stationary versus non-stationary emission sources in Russian cities (Bityukova & Kasimov, 2012),
these data were not easily accessible and indicate the need to engage more regional and topical
experts in developing the database. These sorts of data issues resulted in the need to utilize data
from the regional (or closest available) scale or to insert “Not Available” fillers where applicable
(Figure 3).

Monetary values were normalized using year-appropriate OECD Purchasing Power Parity (PPP)
conversion rates (OECD, 2017). Other values were normalized to a per-capita or percent measure
wherever possible. Some indicators also required creative normalization techniques in order to
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account for differences between the research areas. The cost of air travel, for example, was
calculated to the nearest major non-Arctic airport (usually national capitals), but then required
normalization to account for the purchasing power of local residents. A measurement of the cost
relative to the PPP normalized per-capita income was generated, which demonstrates the
complexity and amount of consideration that is needed for creating every single metric.

Results and Challenges

The analysis ranked the 12 cities within each indicator and generated a ranking of performance
across all 10 indicators (Figure 2). There are some general trends apparent, such as the strong
performance of Swedish cities in these metrics. Another interesting finding is the vast difference
between Salekhard and the other two Russian cities. The rankings are an example highlighting the
tradeoffs of accessibility and accuracy (Tanguay et al., 2009), since they provide a broad overview
and the trends are easily understandable. However, they do not show nuances in the data such as
the distribution of scores, or city performance relative to peers and the circumpolar average.

Performance of Cities within Preliminary Index
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Figure 2: Relative Ranking of 12 cities across 10 indicators in preliminary analysis

The analysis also calculated the circumpolar mean within each indicator and calculated each city’s
distance from that mean in standard deviations. The visualization of these standard-deviation
scores facilitates comparison among cities, while also allowing individual cities to assess how they
are performing compared to the circumpolar average (Figure 3). This analysis is preliminary and
inherits underlying issues in data quality and normalization; these issues will be addressed by the

project in the years going forward.
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Figure 3. Spider diagrams for the selected Arctic cities showing relative performance of cities across several sustainability
indicators. Each indicator is estimated in standard deviations relative to the circumpolar average. The below average values are

outlined in the light-red circle and the above average values are located within the green circle.

The analysis of the standard scores of cities in Figure 3 displays their performance within each of
the indicator categories, relative to the citcumpolar mean. These diagrams make it easy to see how
cities are performing compared to the circumpolar average and to each other. It is easy to see
Yellowknife has very high per-capita income than compared to the circumpolar average, but has
below average local budget expenditure. In Russia, it is easy to see that Arkhangelsk is
underperforming the other cities in terms of their unemployment rate. Over time, as cities
implement policies to improve their performance within indicators, their ‘score-lines” would move
towards the outer edge of the spider-plots, representing improved performance. Moreover, if cities
improve performance within one indicator at the expense of another — for example, lower
unemployment at the expense of increased greenhouse gas emissions — their ‘score-lines’ would
shift. This visualization aims to clearly show the complex interactions between different
components of sustainability and how sustainability policies can have varying effects on these

COI’l’lpOI’lCIltS.

The preliminary results were based off data from a limited selection of 12 cities, and are not
informed by an analysis of all the Arctic cities which will be included within the full scope of this
project (Appendix A). Thus, these rankings and patterns must be interpreted as truly preliminary,
and not yet significant or appropriate for policy direction. Instead, these results grant an
opportunity to present the ongoing work of this project and familiarize a broader community with
the end goals and framework of the Arctic PIRE project. The results provided an opportunity to
validate framework design and data presentation concepts, while a discussion of the research
process encouraged engagement with the wider Arctic science and policy community. These
opportunities to incorporate feedback from regional and topical experts are vital to improving the

research and success of such a trans-disciplinary project.
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Moving Forward

During the first Arctic PIRE conference held in October 2016, the team identified 80 indicators
to be measured across the 50 cities identified. These 4,000 data points represent a massive research
undertaking because of the variability in data accessibility and availability at the adequate
geographical and temporal scale. Leading up to the annual Arctic PIRE conference in November
2017, the teams will be identifying one or two “core indicators” within each component of
sustainability. While selecting these indicators, the Arctic PIRE teams will be working in
consultation with topical and regional experts, as well as encouraging feedback from international
research organizations, regional and national governments, and the Arctic communities. These
interactions are vital for creating a product that is transformable and could be used to inform
actionable policy (Rowe, 2013; Shields et al., 2008; Tanguay et al., 2009). By including more relevant
local actors in the research process, through cooperative data collection efforts, the organization
of workshops, and the promotion of science-policy interactions, all involved parties will be better
informed on how and why these indicators were selected, and how they were measured.

Some data, especially those of a more qualitative nature, are simply not available on the city-scale
within the circumpolar region. For the purpose of quantifying this data, the Arctic PIRE team is
planning to construct a survey that can be administered across the circumpolar region. For such a
survey to be successful and economical, it is critically important to establish strong relationships
with city officials across the region of study to ensure proper access to subjects and to ensure the
work is undertaken with the correct permissions and authorizations. Research on Arctic urban
sustainability can be coordinated with other efforts on sustainability issues at different levels of
government in the Arctic.

The presentation of these initial results has already generated significant interest and interaction
with the project, supporting the initial hypothesis that the research process, not only the final
product, will generate significant progress in promoting urban sustainability in the Arctic. The
ongoing incorporation of feedback from academic peers and policymakers is important for
developing a “living framework,” which remains open to change and adaptation as new insights
and data become available. The various side-projects the Arctic PIRE team is undertaking are
aimed at further encouraging greater collaboration among all Arctic urban stakeholders, and
engaging them in advancing the research. These affiliated projects include data collection initiatives
in cooperation with local Arctic universities, geographic information system (GIS) models to
analyze the dynamics between climate change and urban infrastructure, and remote-sensing
projects to track urban growth patterns.

Just as important are efforts to engage a new generation of Arctic researchers through an exciting
educational outreach project entitled #60Above60, and through yearly university level field
courses which will bring together students from across the Arctic countries to experience and
learn about the issues and challenges facing Arctic urban centers first-hand (Figure 4). While
much work remains on improving the Arctic Urban Sustainability Index and the database that
supports it, the enthusiastic engagement generated so far is indicative of great possibilities.

Suter, Schaffner, Giddings, Orttung & Streletskiy
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Figure 4. American, Russian, German, Swiss, Dutch, and Spanish university students pose during an annual Arctic
[field-conrse on permafrost and sustainability in northern regions, led by The George Washington University in partnership
with Moscow State University.

Photo Credit: Anna Summi
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Appendix A

NAME COUNTRY Population COMMENT
Akureyri Iceland 18,342
Alesund Norway 47,336
Alta Norway 20,521
Anadyr* Russia 8,288 | Deemed Significant by Expert Opinion (Low Population)
Anchorage United States 298,192
Apatity Russia 56,732
Archangelsk Russia 351,488
Boden Sweden 28,024
Bodo Norway 51,110
Dudinka Russia 21,513
Fairbanks United States 32,751
Fort St. John Canada 20,155
Harstad Norway 24,853
Juneau United States 32,468
Kandalaksha Russia 32,034
Kirovsk Russia 28,863
Kiruna Sweden 23,167
Labytnangi Russia 26,500
Lulea Sweden 76,770
Magadan* Russia 98,930 | Deemed Significant by Expert Opinion (Outside Regional Border)
Mo i Rana Norway 26,186
Molde Norway 20,892
Monchegorsk Russia 46,205
Murmansk Russia 298,096
Nadym Russia 44,660
Nakhodka Russia 152,294
Narvik Norway 18,721
Naryan Mar Russia 24,654
Nikel Russia 12,055
Norilsk Russia 178,654
Novy Urengoy Russia 113,254
Noyabrsk Russia 106,879
Nuuk Greenland 17,036
Onega Russia 26,070
Oulu* Finland 200,637 | Deemed Significant by Expert Opinion (Outside Regional Border)
Polyarny Russia 16,956
Reykjavik Iceland 212,385
Rovaniemi Finland 62,234
Salekhard Russia 48,794
Severodvinsk Russia 185,042
Severomorsk Russia 50,905
Skelleftea Sweden 72,266
Torshavn Faroe Islands 12,713
Tromso Norway 34,283
Umei Sweden 122,892
Vorkuta Russia 80,061
Whitehorse Canada 28,225
Yakutsk* Russia 307,911 | Deemed Significant by Expert Opinion (Outside Regional Border)
Yamburg Russia 47711
Yellowknife Canada 19,569
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Appendix B

Well Being TE;’“;:;ZZ | Public Finance | Energy Housing
Cost of round- | Total Local | Greenhouse .
Unemployment Per Capita trip air travel to Budget  |gas emissions Habltable . ) Life Access to
Rate Income major urban Expenditure | (tons per Dwellmgs per Median Age Graduation rares expectancy internet
center Per Capita capita) Capita
Yellowknife 4.00%]|  $57,765.04 1.0387%|  $3,925.76 10.32 0.365 32.6 81% 779 90.90%
Whitehorse 0.20% $42,510.57 1.6466%|  $2,447.71 16.10]  0.456956522 38.1 69% 714 78.00%
Nuuk 0.09% $39,568.97 2.5272% N/A 11.15]  0.392305822 338 48.30% 724 04.90%
Tromso 2.10% $35,850.03 0.4184%]|  $5,144.82 4.66]  0.739959549 38.7 82% 79.8 77.50%
Salekhard 3.60%|  $41,541.71 0.9629%|  $5,223.71 0.05 N/A N/A N/A 759 70.00%
Norilsk 5.00%|  $36,459.09 1.3714%|  $3,953.66 18.23 N/A N/A N/A 74.8 07.30%
Arkhangelsk 7.20%|  $20,174.46 0.4957% $945.59 0.08 N/A N/A N/A 76.3 05.90%
Kiruna 7.00%|  $37,533.63 0.6661%|  $9,411.79 1.20]  0.629668393 422 82% 83.92 93%
Boden 7.00%|  $37,802.69 0.2645%|  $11,535.46 1.20]  0.767558887 439 82% 83.92 93%
Lulea 4.70%]|  $37,264.57 0.2684%|  $11,548.68 50.70]  0.828205072 41.8 82% 81.50 93%
Fairbanks 5.40% $33,553.00 0.8941%]|  $1,067.60 38.60]  0.410501978 21.2 93.10% 794 93.80%
Anchorage 5.60% $36,733.00 0.5445%|  $1,574.75 2891 0.374751669 322 92.50% 78.64 94.70%
Mean 3.32% §38,063.06 0.9249% $5,162 15.10 0.552 36.72 79.10% 78.50 81.83%

Data Sources: Northwest Tervitory Burean of Statistics, Yukon Burean of Statistics, Statistics Canada, Census Canada,
Statistics Greenland, StatBank Norway, Federal State Statistics Service Municipal Data Passport (Russia), Statistics
Sweden, US Census Burean, City of Fairbanks, University of Alaska, OECD, Knoema
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