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Abstract: Cold exposure remains a significant public health concern, particularly in the Arctic re-
gions prone to extremely cold weather. While the physical health impacts of cold exposure are well
documented, understanding the social vulnerability aspects is crucial for effective mitigation and
policy development. This study investigates the multifaceted dimensions of social vulnerability in
the face of cold temperatures across various communities in Alaska. Alaska, renowned for its extreme
cold temperatures and harsh environmental conditions, poses unique challenges to its residents,
particularly in the context of social vulnerability. Drawing on a combination of quantitative data
analysis and qualitative insights, we examine the factors contributing to social vulnerability, including
demographic, economic, geographic, and infrastructural elements, in terms of the Extremely Cold
Social Vulnerability Index, for seven Public Health Regions in Alaska. The Universal Thermal Climate
Index in two very cold categories (<—27 °C) was used to identify cold exposure. Factors such as in-
come, housing quality, health status, and resilience of the population play crucial roles in determining
an individual or community’s sensitivity to, and ability to cope with, cold temperatures. Our analysis
reveals that social vulnerability in Alaska is not uniform but varies significantly among regions. The
research findings highlight the importance of considering factors of both sensitivity and adaptivity in
understanding and addressing social vulnerability, thereby informing the development of targeted
strategies and policies to enhance the resilience of Alaskan communities. As cold temperatures are
projected to continue to challenge the region, addressing social vulnerability is essential for ensuring
the well-being and safety of Alaska’s diverse populations.

Keywords: cold exposure; Universal Thermal Climate Index; social sensitivity; social adaptivity;
Extremely Cold Social Vulnerability Index; Public Health Region; Alaska

1. Introduction

Ongoing climate change in the Arctic has a profound impact on the environmental,
social, cultural, political, economic, and security aspects of people’s lives in the region.
These consequences have drawn closer attention to the Arctic, highlighting both its intrinsic
value and relationship with the global landscape [1]. The perils associated with climatic
and geological hazards entail significant social and economic consequences, exacerbating
the vulnerability of the Arctic population. The need to eliminate these Arctic-specific risks
has intensified due to the accelerated pace of environmental transformation. Recent studies
show that the rate of atmospheric warming in the Arctic can be three to four times higher
than the global average [2-5]. The accumulation of knowledge through proactive research
can be used to assess and reduce vulnerability, thereby helping to prevent or mitigate
adverse effects. As we continue to explore the underlying mechanisms of climate change, it
is extremely important to redirect our efforts to respond to its consequences. This redirection
entails a focus on risk reduction, resilience, mitigation, and scenario development. In this
context, sustainable development is becoming a growing field of research that explores
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the interaction between natural and social systems. Central to sustainable development
is the task of meeting the needs of current and future generations while significantly
reducing poverty and preserving the Earth’s life support systems. Remaining challenges
include persistent differences in health status between residents of Arctic and non-Arctic
regions, climate-related health and social risks, as well as food /energy /water/economic
insecurity [6-8].

Vulnerability is a concept associated with the susceptibility to harm, lack of power,
defenselessness, diminished capabilities, and dependence. It provides a framework for
exploring the interplay between hazards, cultural practices, people’s life contexts, disasters,
and development [9]. In the field of hazard studies, a widely accepted definition of social
vulnerability, as proposed by Wisner et al. [10], p. 11, is “the characteristics of a person
or group in terms of their capacity to anticipate, cope with, resist and recover from the
impact of natural hazard”. Vulnerability represents the theoretical junction that connects
the way individuals interact with their environment to the social forces, institutions, and
cultural values that either support or challenge them. Wisner and coauthors [10] delved
into four overarching methods for defining vulnerability: (i) demographic, (ii) taxonomic,
(iii) situational, and (iv) contextual and proactive approaches, while J. Birkmann with
colleagues [11] discussed the multi-dimensional character of vulnerability, emphasizing
its social, economic, physical, cultural, environmental, and institutional aspects. As a
concept, social vulnerability describes combinations of social, cultural, economic, political,
and institutional processes that shape socioeconomic differentials in the experience of and
recovery from hazards [11].

The broad definition of vulnerability encompasses the potential for property or life
loss due to environmental hazards [12]. At the same time, Cutter et al. [13] aptly emphasize
that social vulnerability encompasses multiple dimensions, aiding in the recognition of
the attributes and life experiences of both communities and individuals that enable their
capacity to react to and recuperate from natural disasters. The Intergovernmental Panel on
Climate Change defines vulnerability as “the extent to which a system can be affected by
adverse impacts of climate change, including climate variability and extremes” [14].

Typically, vulnerability is seen as a combination of components, including exposure
and sensitivity to external stresses or disturbances, along with the capacity to adapt [15].
Exposure and sensitivity are often merged into potential impact, which can further in-
teract with adaptive capacity to determine vulnerability. Another common perspective
is the hazards-of-place model of vulnerability, employed by Cutter et al. in the Social
Vulnerability Index (SVI) [13]. In this model, hazard potential results from the interplay of
risk (an objective measure of the likelihood of a hazard event occurring) and mitigation
(measures to reduce or mitigate risks), which can be influenced by geographic factors and
the social context of a place. Additionally, some researchers emphasize the involvement
of stakeholders within the vulnerability framework [16,17]. Wilhelmi and Hayden [16]
introduced a novel research framework for analyzing local-level vulnerability to extreme
heat, combining quantitative and qualitative data on social vulnerability and adaptive
capacity beyond basic demographic information. The engagement of stakeholders, as one
element in the collection of quantitative and qualitative data, helps establish connections
between people and places, enhancing the understanding of local-level vulnerability and
existing adaptation strategies.

Quantitative measures of social vulnerability are widely used in research and practice.
The literature on vulnerability demonstrates that two primary approaches have been
employed to assess social vulnerability: (1) an inductive method based on statistical
relationships, and (2) a deductive method grounded in the theoretical understanding of
relationships [18].

The inductive approach to evaluating social vulnerability involves the creation of a
systematic Social Vulnerability Index (SVI) by incorporating extensive sets of variables
that impact social vulnerability [13]. While this approach also draws upon the existing
vulnerability literature, it distinguishes itself from the deductive method by encompassing
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all potential variables mentioned in the literature as relevant to assessing social vulnerabil-
ity. The SVI was originally constructed as a general environmental hazard vulnerability
measure for the USA [1]. Cutter et al. [13] conducted a comprehensive analysis of the body
of vulnerability literature, compiling a collection of 85 social vulnerability variables. From
this pool, they utilized a normalized set of 42 variables in a statistical analysis to measure
social vulnerability across over 3000 U.S. counties. Numerous other researchers have
adopted Cutter’s SVI to investigate social vulnerability in many countries and for different
purposes [18-21]. For example, the SVI was used for preparedness to specific hazards,
including climate-related disasters, such as flooding [22-28], coastal inundation and storm
surge [29], coastal erosion [30-32], tsunamis [33], hurricanes [34] or extreme heat [35], and
for disaster recovery [36,37]. The results of the SVI estimations can be used for different
management purposes, such as for local jurisdictions [38], metropolitan comparisons [39],
and mitigation planning [40,41], in different countries worldwide, such as Norway [42],
Germany [43], Portugal [44], Italy [28], China [45], Brazil [46], Philippines [47], and others.

On the other hand, the deductive approach involves the deliberate selection of a
limited number of variables based on prior theoretical knowledge and existing literature
to construct the SVI. The degree to which a researcher utilizes this deductive approach
can vary. In some cases, it simply entails the adoption of variables identified in previous
research without providing additional justification for their selection. For instance, Cut-
ter et al. [12] employed the deductive approach by choosing eight variables to quantify
social vulnerability when examining populations residing within hazard zones in George-
town County, South Carolina. Similarly, Wu et al. [30] selected nine variables to assess
social vulnerability in Cape May County, New Jersey, while Chakraborty et al. [48] opted
for ten variables to determine social vulnerability for evacuation in Hillsborough County,
Florida. In contrast, Zahran et al. [23] chose only three variables as proxies to assess so-
cial vulnerability. These selectively chosen social vulnerability variables were tailored to
address the specific research questions and concepts of the respective researchers.

With a deep understanding of vulnerability, numerous indices have been developed
and utilized in assessing vulnerability to extreme temperatures, specifically to heat, and
each index was developed with distinct frameworks and objectives [16,49-55]. They iden-
tify vulnerable areas and populations at risk: e.g., Wilhelmi and Hayden [16] underscore
the importance of adopting an interdisciplinary strategy to address societal susceptibil-
ity to extreme heat events. The approach should encompass various factors, including
information on weather and climate, the natural and constructed environment, social pro-
cesses and characteristics, interactions with stakeholders, and an evaluation of community
vulnerability at the local level. They delve into the connections between individuals and
locations within the context of urban heat stress, introducing a novel research framework
for a comprehensive, both top-down and bottom-up, analysis of local-level vulnerability to
extreme heat, with this framework striving to enhance the representation of societal vulner-
ability by integrating quantitative and qualitative data that extend beyond mere aggregated
demographic information [16]. Wolf and McGregor [52] created a Heat Vulnerability Index
(HVI) for London, UK, revealing higher vulnerability in central London, particularly in the
central boroughs and areas north of the Thames [52]. These studies assess the spatial and
temporal distribution of vulnerability and explain the patterns: Chow et al. [53] produced
HVI maps for Metropolitan Phoenix, USA, demonstrating how climate, urban ecology,
social status, and demographic changes interact to shape spatial and temporal patterns
of heat vulnerability [53]. An important aspect is offering decision support for resource
allocation in preparation for and response to heat-related events. Using the HVI map in
Pittsburgh, USA, Bradford et al. [54] determined optimal cooling center placements to
address vulnerability among at-risk populations, presenting a cost-effective solution for
city decision makers [54]. Last but not least among the issues is projecting future vulner-
ability. For example, Oh et al. [55] utilized an HVI to assess health vulnerability to heat
waves under the Representative Concentration Pathways (RCP) 8.5 scenario in the 2040s
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at the provincial level in South Korea, pinpointing Daegu Metropolitan City as the most
vulnerable region [55].

Whilst it was emphasized by some studies that sometimes cold exposure can pose a
higher danger to human health that heat [56-58] even despite future warming scenarios [59],
the vulnerability of society to low temperatures [60,61] has received little attention. One
of the major gaps in our current understanding of vulnerability is the limited research on
extreme cold conditions. K.C. Lauta and colleagues [60] argued that the existing body of
literature on disasters primarily concentrates on regions that are warm, easily accessible,
and densely populated. Nonetheless, with the increasing human presence in the Arctic and
Antarctica, the study of cold environments and their unique attributes has become more
pertinent [60]. The authors explored “cold disasters” in the context of disaster theory with
the aim of clarifying how these events challenge established understandings of disasters and
presenting emergency scenarios to illustrate the intricate dynamics of cold environments.

Vulnerability to the cold is particularly relevant in the Arctic because of its cold
background climate [60,62-65]. Although the Arctic is undergoing rapid climate change
and is expected to experience the most warming of any world region during this century,
there has been limited research on the subject of social vulnerability to extreme cold in
the Arctic. In order to enhance our comprehension of the health risks associated with
extreme cold and promote the development of models that highlight these risks, this paper
introduces the Extremely Cold Social Vulnerability Index (ECSVI). The ECSVI employs
an approach that incorporates well-established variables encompassing both physical and
social factors that are known contributors to vulnerability in extreme environments. This
research sets itself apart from previous studies, which have either focused on analyzing
variables (environmental or social) to identify the most relevant ones for cold-related
health risks or attempted to create a comprehensive index linking it to mortality or other
health consequences related to cold impacts. Despite numerous attempts to link exposure
to cold with health effects, only a few research studies have been able to quantify their
interaction and significance for the human environment, expressed in demographic and
social-economic factors. Our study aims to bridge this gap and should be recognized as
a significant contribution to modeling vulnerability to cold-related challenges, building
upon prior findings. The primary objective of our ongoing research is to assess regional
aspects of social vulnerability in the context of an extremely cold climatic environment,
with a specific emphasis on the expansive region of Alaska, USA. This investigation will
delve into the unique natural, medical, economical, and social characteristics and concerns
of the population in Alaska.

2. Materials and Methods
2.1. Study Area

Alaska is the largest and the northwestern-most state of the USA. In Alaska, the
Pacific coastline is separated from the interior by the Alaskan Range, with Denali Mountain
(6190 m) standing as the highest point in North America. The interior region consists of a
plateau that reaches an elevation of 1200 m in the east but generally drops to below 600 m
in the west, eventually transitioning into lowland terrain near the coast. To the north, the
Brooks Ridge runs in an east-west orientation, serving as a protective barrier for the interior
against the harsh cold of the Arctic. Beyond the Brooks Ridge lies the Arctic lowland of
the North Slope, which is exposed to the influences of the frigid Arctic Ocean, resulting
in consistently low temperatures and strong winds throughout the year. Consequently,
Alaska’s diverse topography and varying proximity to cold bodies of water in the Beringia
region give rise to a range of climates [62—-65]. According to the Koppen—Geiger climate
classification, Alaska’s climate transitions from Arctic polar tundra in the north, to subarctic
oceanic and continental in the northwest and interior, to temperate oceanic in the south
and southeast [65-67].

Despite being the largest state in the USA, Alaska has a population of less than 750,000,
with almost 40% of the population residing in Anchorage and nearly 15% residing in
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the Juneau and Fairbanks boroughs; in other parts of the state, the population density is
exceptionally low [68,69]. Alaska is a very diverse state in terms of health status, poverty,
and education level [70].

The study area includes 29 locations in Alaska, selected based on population size,
including the most densely populated locations as well as locations representative of both
the Koppen—Geiger subclasses as well as the Public Health Regions (PHRs). Alaska’s
seven PHRs are: Anchorage, Gulf Coast, Interior, Matanushka-Susitna (Mat-Su), Northern,
Southeast, and Southwest. Figure 1 shows the selected locations in the PHRs of Alaska.
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Figure 1. Selected locations at the Public Health Regions in Alaska.
2.2. Methods

The assessment of social vulnerability to cold climatic environments, with a primary focus
on Alaska, USA, has been conducted using the Social Vulnerability Index, which combines
bioclimatic and socio-economic data. The Extremely Cold Social Vulnerability Index (ECSVI) is
proposed as an integrative metric with three primary components: (1) cold exposure or climatic
discomfort (CD), denoting the discomfort caused by cold climatic conditions; (2) social sensitiv-
ity (SS), encompassing groups within the population most susceptible to temperature extremes;
and (3) the adaptive capacity or social adaptivity (SA) of a society to thrive in an extremely
cold natural environment. Both (2) and (3) are grounded in demographic, health, and economic
statistics [13,16,19-21,23,24,26,28,29,33,35,36,39,42,44-46,49-55]. The most challenging part of
this research is to choose indicators which could be used to better describe the social block in the
ECSVI—both SS and SA. They should be relevant, according to the literature search, and repre-
sented in open and available databases [13,16,19,20,23,24,26,28,29,33,35,36,39 42,44,46,49-53,55].
A widely acknowledged and simple method for defining social vulnerability to extreme
weather events involves aggregating these components [16,49], as illustrated in Equation (1):

V(ulnerability) = E(xposure) + S(ensitivity) — A(daptive capacity) 1)

Following the idea that sensitivity and adaptivity have opposite—positive for SS and
negative for SA—impacts on social vulnerability, as in [16,49], which means the higher the
SS, the higher the vulnerability, and the higher the SA, the lower the vulnerability, and
having in mind that the social block is a very important indicator for social vulnerability
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to extreme weather exposure and combining SS and SA together, we suggest changes to
Equation (1), as shown in Equation (2):

ECSVI=CD + (SS — SA)/2 ()

where CD is the cold climate discomfort, SS is the social sensitivity, and SA is the social
adaptivity. SS and SA were calculated as the arithmetic mean of all indicators for both SS
and SA.

First, estimation of social vulnerability to cold environments should involve an as-
sessment of the cold exposure. The Universal Thermal Climate Index (UTCI) was used to
identify the exposure. The UTCI stands out as a widely utilized metric for characterizing
how individuals perceive atmospheric conditions, amalgamating air temperature, humidity,
wind velocity, and radiation [71,72]. The UTCI represents the state-of-the-art measure of
thermal stress experienced by the human body, calculated through an advanced model that
combines human thermoregulation with a clothing insulation model [71,73]. These models
estimate the impact of air temperature, wind speed, water vapor pressure, and both short-
and long-wave radiant energy on human physiology [74]. The UTCI provides values on a
stress category scale, ranging from extreme cold to extreme hot stress [65], where the thresh-
olds for the categories of thermal stress have been defined by previous research [71-73]
depending on the corresponding physiological responses. In this study, CD is quantified
in terms of hours spent in the UTCI’s two very cold thermal perception categories below
—27 °C; namely, Category 1—extremely cold (UTCI < —40 °C) and Category 2—very cold
(UTCI = —40°...—-27 °C) [65].

Secondly, SS should define how various social factors contribute to an individual or
community’s susceptibility to the adverse effects of cold weather: social vulnerability to the
cold climatic environment must be determined through a combination of indicators that
highlight groups within the population that are particularly susceptible to extreme cold
temperatures. These indicators encompass the following categories: the percentages of
(i) elderly and (ii) disabled individuals; those with (iii) cardiovascular and (iv) respiratory
illnesses; (v) individuals with low income (falling below the poverty threshold); and
(vi) the proportion of people residing in housing units lacking complete plumbing facilities.
U.S. Census Data for Social, Economic, and Health Research defines “complete plumbing
facilities” or water and sanitation services, as piped hot and cold water, a flush toilet, and
a bathtub or shower, all within the household [https://usa.ipums.org/usa/index.shtml
(accessed on 12 January 2024)]. Since a large part of Alaska is located in the cold areas
with permafrost, plumbing facilities are not widespread, and water use for people is
a very challenging issue, which can be very complicated and expensive, especially in
winter [75,76]. Consequently, the availability of complete plumbing facilities in households
serves as an important additional indicator of SS to cold environments. As a result, SS was
represented as a combination of the six indicators listed above.

The third problem arises with SA. We posit that the society’s ability to adapt to the harsh
cold environment can be reflected in its social infrastructure and socio-economic indicators,
which offer both direct and indirect insights into the income levels of the population. Our
assumption is that factors affecting the ability of society to adapt to natural extremes include
(i) income levels, as higher levels enhance individuals’ capacity to adapt to challenging natural
surroundings by affording them greater personal resources; (ii) the level of education; (iii) the
proportion of people with a bachelor’s degree or higher; and (iv) the proportion of people of
working age. A literature review shows that the Market Basket indicator, which measures the
consumer price index and purchasing power, plays a pivotal role in gauging actual income
levels since it shows the real income [77,78]. This indicator likely exhibits significant regional
variations within Alaska. But given that the consumer price index is only available in open
bases for the Anchorage metropolitan area, we rely on alternative indicators that, in our
assessment, can be applied for the estimation of differences in the cost of living. In our case,
we choose indicators including (v) the proportion of housing units with five or more bedrooms
and (vi) those with three or more vehicles available.
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In summary, we have selected two indicators for cold exposure and twelve indicators
for the social component, with social sensitivity and adaptive capacity each being allocated
six indicators. All indicators were normalized to the same value range of 0-1 using the
min-max technique [79]. After normalization, each indicator was given equal weight (1)
using the Equal Weight approach, as in-situ expertise on the value of one indicator over
another is inaccessible [24,80]. And finally, all indicators are aggregated using Equation (2).

2.3. Data

The data used for exposure include the number of hours with the UTCI below —27 °C
for 29 weather stations in Alaska (1980-2019), based on the historical reconstruction of
the ERA5-HEAT (human thermal comfort) gridded dataset for the surface level with
0.25° x 0.25° spatial resolution; this dataset is available from the Copernicus Climate
Change Service (C3S) [81], Di Napoli et al. [82], and Hersbach et al. [83]. For all 29 locations,
the ERA5-HEAT pixel with its geographical center closest to the weather station location
was selected for the analysis. Social and economic data for the population in Alaska for
the years 2014 and 2019 were taken from the US Census data at https:/ /data.census.gov/
cedsci/ (accessed on 12 May 2022). The data are for SS—old-age dependency ratio, %;
total civilian non-institutionalized or disabled population; occupied housing units lacking
complete plumbing facilities (%); population for whom poverty status is determined
(%);SA—population of working age, or age 15-64 (%); per capita personal income (USD);
housing units with five or more bedrooms (%); housing units with three or more vehicles
available (%); population 25 years and over that are high school graduates (includes
equivalency) (%); and percent of the population with a bachelor’s degree or higher (%).
The old-age dependency ratio shows the ratio between the number of persons aged 65
and over, which is when they are generally economically inactive, and the working-age
population, or those ages 15-64. Statistics on cardiovascular and respiratory disease,
both for emergency department visits with upper respiratory infections per 10,000 of
the population and for diseases of the circulatory system per 10,000 of the population,
for the period of 2014-2019 are available at the State Department of Health website data
and statistics page: https://dhss.alaska.gov/dph/VitalStats/Pages/data/default.aspx
(accessed on 12 May 2022). All data are distributed spatially by the seven PHRs (Figure 1).

A flow chart of research methods is provided to make the results clearer, as shown in
Figure 2.

Social Vulnerability to Extremely Cold Environments for Public Health Regions in Alaska

S

- Cold Exposure

Alaskan Public Health Regions:

Exposure UTCI, categories: very cold extremely cold

1- old-age dependency ratio
2~ total civilian non-institutionalized population
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facilities _g ECSVI in
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a SOCI?I, 5 5= Visits with upper respi o Alaska:
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S N
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Social
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Figure 2. A flow chart of research methods.
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3. Results

The results for the UTCI were extracted from research describing spatial and temporal
changes of the UTCI in Beringia, including Alaska and Chukotka [65]. Figure 3 demon-
strates the annual number of UTCI hours in categories of thermal stress below —27 °C for
the seven PHRs in Alaska for the whole period of calculations from 1980 to 2019 and for
each of the four decades within the period. The largest temporary decrease, up to 13% in
the period from 1980-1989 to 2010-2019, was shown for the Northern Region. But even
with such a high rate of the cold exposure reduction, it still remains extremely cold, with the
annual number of UTCI hours in the coldest categories of thermal stress being just below
3300 h, which is more than two and three times as high as in the two next coldest regions:
the Interior (about 1500 h) and the Southwest (1060 h) (Figure 3). Matanushka-Susitna has
fewer than 500 cold stress hours, Anchorage has about 210 h, and the Southeast has about
185 h (Figure 3). With these results showing that the 2010-2019 values are generally only
slightly smaller than the 40-year means, we assume that for ECSVI estimates we can make
use of the period of 2010-2019 that coincides with the period of available social data.

4000 -
3282

3500 - @ 1980-1989
3000 4 [ 1989-1999

@ 2000-2009
2500 -

02010-2019
2000 - B 1980-2019

1500 -

Annual number of hours with
UTCI below -27°C

1000 -

500 -

Southeast Anchorage Gulf Coast Mat-Su Southwest Interior Northern

Figure 3. Climatic discomfort (CD) for seven Alaskan Public Health Regions: UTCI in categories of
very strong and extremely strong thermal stress (below —27 °C). Numbers above bars denote hours
for the decade 2010-2019.

The next step was to incorporate the indicators taken for evaluation of the social
sensitivity block of the ECSVI in Alaska. Figure 4 demonstrates the results of applying
the min-max technique with the rankings of each of the six indicators for all seven PHRs.
The old-age dependency ratio shows the ratio of people older than 64 to the working-age
population, or those ages 15-64. It is lowest for the Northern Region (11.7%) and highest in
the Southeast, with the Southwest (12.2%) and Anchorage (16.2%) having the second and
the third highest values. Application of the min-max technique gives the ranks from the
lowest to highest, as shown in Figure 4, with the old-age dependency ratio increasing from
the Northern Region, to the Southwest and Anchorage Regions, to Matanushka-Susitna, to
the Interior, and to the Gulf Coast and Southeast Regions.
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ECSVIin Alaska: Components of Social Sensitivity
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Figure 4. Components of the social sensitivity block in ECSVI for Alaska, represented in normalized
values, where 1—old-age dependency; 2—total civilian non-institutionalized population; 3—occupied
housing units: lacking complete plumbing facilities; 4—population for whom poverty status is
determined; 5—emergency department visits with upper respiratory infections; 6—population with
diseases of the circulatory system.

All other indicators were calculated in the same way as the old-age dependency ratio.
The indicator for total civilian non-institutionalized population, as a percent of the whole
population, shows the disabled proportion of the population, with the highest rates in the
Interior and Southwest. The number of occupied housing units that are lacking complete
plumbing facilities (as a percentage of all housing units) is the highest in the Northern and
Interior Regions, meaning these regions have the worst conditions. The Northern Region
ranks highest in poverty level, defined as the proportion (%) of the population for whom
poverty status is determined. The two indicators of health status—emergency department
visits with upper respiratory infections/10,000 and the population with diseases of the
circulatory system/10,000—are highest in the Northern Region.

The same technique was used for the components of social adaptivity (SA), or the
adaptive capacity—the ability of a society to adapt to extremely cold environments. Figure 5
demonstrates the results with the ranking of each of the six components of SA for all seven
PHRs. The population of working age (as a % of total population) has the lowest rank in
the Northern Region and the highest value in Anchorage. The highest income (USD) is in
Anchorage and the lowest is in Mat-Su. Total housing units with five or more bedrooms (%)
and with three or more vehicles available (%)—both components used to express the real
income in terms of the availability of spendable money—rank the highest in Anchorage
and in Matanushka-Susitna and the lowest in the Northern Region. The two indicators
showing the education level—percent of the population of 25 years and over with a high
school degree (includes equivalency), and percent of the population with a bachelor’s
degree or higher—are the highest in Matanushka-Susitna and Anchorage, respectively. The
Northern Region has the lowest level of population with a high school degree.
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Figure 5. Components of the social adaptivity block in ECSVI for Alaska, represented in normalized
values, where 1—population of working age; 2—per capita personal income; 3—total housing
units with five or more bedrooms; 4—housing units with three or more vehicles available (%);
5—population 25 years and over that are high school graduates (includes equivalency); 6—percent
of population with bachelor’s degree or higher.

Finally, Figure 6a summarizes all components of SS (shown in red bars) and SA (in
green bars). The Northern Region ranks highest in social sensitivity, which means it has the
worst social, demographic, and medical conditions among the PHRs in Alaska and is most
sensitive to cold exposure. At the same time, this region ranks lowest in adaptive capacity
as expressed by SA (Figure 6a). Conversely, Anchorage has the lowest sensitivity to cold
environments and is best positioned in terms of social adaptivity. Figure 6b synthesizes the
information from the social block of ECSVI in Alaska, ranking the regions from best (lowest
value) to the worst (highest value), from Anchorage to the Northern Region. The negative
values, as in Anchorage, Matanushka-Susitna, Gulf Coast, Southwest, and Southeast, imply
that in these PHRs the ability of society to adapt to cold exposure is higher than the
sensitivity. For other PHRs such as the Interior and Northern Regions, the positive value
of the social block indicates that society’s vulnerability to cold environments exceeds its
ability to resist (Figure 6b).

The last step is combining the results for CD, SS, and SA into a one value of the ECSVI
by using Equation (2). The predictable outcome is shown in Figures 7 and 8. While Figure 7
shows the value of the ECSVI and the ranking of all PHRs, Figure 8 summarizes the details
of the ECSVI for each component and each PHR. Anchorage shows the optimal conditions
compared to other PHRs, as it is a less cold region (Figure 3), having the lowest social
sensitivity and the best conditions to adapt (Figures 7 and 8). Positive values of the ECSVI
indicate that cold exposure is higher than the ability of the society to resist. The Northern
Region with negative results of the ECSVI is the coldest one, having the highest sensitivity
and the worst adaptive capacity (Figures 7 and 8). The Interior is less vulnerable than the
Northern Region but still has a high value of the ECSV], indicating a high enough cold
exposure and an insufficient social response capability.
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Figure 6. Alaskan Public Health Regions: results for evaluation of (a) social sensitivity (SS) and social
adaptivity (SA); (b) social block [(SS — SA)/2] (all values normalized). The number (1-7) indicates
the rank of each region.
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Figure 7. Extremely Cold Social Vulnerability Index (normalized) and its ranking for Alaskan Public
Health Regions. The number (1-7) indicates the rank of each region.
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Figure 8. Extremely Cold Social Vulnerability Index (ECSVI) and its components for Alaskan Public
Health Regions, where CD—climatic discomfort, with UTCI in categories of very strong and extremely
strong physiological strain (below —27 °C); SS—social sensitivity; SA—social adaptivity. The number
(1-7) indicates the rank of each region.

4. Discussion

The SVI approach has been applied in many places throughout the world and has
inspired other quantitative indicators of social vulnerability. Integration of climatic data
related to the thermal conditions of the environment with socio-economic information
derived from demographic, health, and economic metrics has been carried out in this study
for a cold-climate region: Alaska. The framework utilized here enables quantitative assess-
ment of adaptive capacity to environmental changes, or resilience to challenges within the
social-ecological system in the face of shifting climate conditions. The foundational basis
for the assessment is the Extremely Cold Social Vulnerability Index (ECSVI). By highlight-
ing the social vulnerability of the population to climate extremes, societal, the results of
our research show the societal range of regions in Alaska, supporting our hypothesis that
the ECSVI can serve as a comprehensive quantitative indicator that purports to measure a
place’s social vulnerability to climatic extremes, with implications for societal security.

The use of indicators that assign scores or rankings to locations simplifies the task of
integrating social and economic dimensions into the processes of planning the adaptive
measures. However, the ECSVI exhibits notable deficiencies in terms of its theoretical
underpinnings and internal consistency. We demonstrate that the ECSVI often deviates
from established theories; increases in factors contributing to vulnerability, such as poverty
level, frequently result in decreased vulnerability according to SVI measurements. We urge
caution when considering the use of this index in policymaking or other risk reduction
initiatives and recommend the development of more robust methods for assessing social
vulnerability in practical applications. We believe that even without extensive validation,
social vulnerability indicators have merit because it is essential to incorporate a social
element into hazard planning, readiness, and response.

The enhanced ability of individuals in the northern countries to adapt to harsh cold
climates is reflected in their decreased vulnerability to extreme cold conditions, which
is inversely related to winter temperatures [58]. This pattern aligns with expectations of
local adaptation to cold environments and has been observed in previous research [84—-86].
Essentially, in regions where frigid temperatures prevail, the architectural designs and
ways of life tend to be adjusted to these conditions, thus reducing the impact of extremely
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cold days and cold spells on public health [56,87]. Nonetheless, it is worth noting that
socioeconomic factors play a significant role in adaptation to cold environments [88].

Some researchers contend that in future climates under warmer scenarios, population
growth may even result in a rise in cold-related fatalities, despite the decline in cold
temperatures [59]. Conversely, in warmer conditions, it is anticipated that there will be
an upsurge in disease risks associated with food-borne pathogens, water-borne illnesses,
and vector-borne zoonotic diseases within both human and animal populations residing
in Arctic regions. The detrimental health consequences of warming in the Arctic will be
particularly significant for wildlife communities and Indigenous populations reliant on the
subsistence of food sources derived from wild flora and fauna [89-91].

4.1. Indigenous Knowledge and Social Support Network

Robust social support networks and a tightly knit sense of community can help
alleviate the adverse effects of exposure to cold temperatures. In cases where support
networks are less robust, vulnerable groups may encounter difficulties in obtaining help
during emergency situations. Improvements in support networks during emergencies
can be intertwined with changes in available technology, e.g., cell phones, social media,
and the internet. In the remote regions of Alaska, Indigenous communities are evolving
and adapting, but it would be beneficial to establish stronger connections and contacts
for improved resilience [92]. Studying and sharing information, which encompasses
Indigenous knowledge, are of the utmost significance in comprehending and preparing
for the future conditions of the Arctic by establishing the groundwork for well-informed
decision-making processes [93].

4.2. Limitations and Advantages

This study has several limitations. Firstly, it is not possible to draw individual conclu-
sions from population-level findings. Additionally, the exposure variables were not directly
measured in the locations where people experienced them. On a more technical level, the
distribution of the meteorological observatories was uneven among the groups, poten-
tially leading to disparities in the exposure measurements’ precision. The measurement
of meteorological indicators covered broad areas, introducing the possibility of Berkson’s
error [94]. However, since the study population was divided into climate groups with
similar characteristics, the bias associated with this should be considered. It is important to
emphasize that the current research was hindered by the absence of higher-quality data,
particularly information regarding Indigenous knowledge and social support networks.
Moreover, to simplify the calculations, the equal weighting of each indicator was used
despite this being a non-conventional approach in vulnerability studies.

The next studies will aim at exploring the role of government policies, emergency re-
sponse mechanisms, and community engagement in mitigating social vulnerability to cold
temperatures, identifying opportunities for improved preparedness, response, and recovery
efforts to reduce the disproportionate impacts of cold weather on vulnerable populations.

4.3. Recommendations: Reducing Vulnerability through Adaptation

The current research delves into the social aspects of vulnerability in the context of
cold climate challenges in Alaska. The state’s unique climatic conditions and geographical
features necessitate targeted and effective policies to mitigate the impacts of extreme cold.
Recommendations to increase social adaptivity and reduce social sensitivity, or improve
adaptive policy and to help vulnerable people, can include the development of targeted
educational programs to enhance cold weather awareness and preparedness, while integrat-
ing Indigenous knowledge and cultural practices into adaptive measures; establishment
of collaborative platforms for knowledge exchange; the enhancement of infrastructure
resilience; the development of community-based early warning systems; and the implemen-
tation of community-based support networks to foster resilience. Additionally, promoting
affordable and accessible personal protective measures such as specialized clothing and
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shelters is crucial. To mitigate the elevated risk of frostbite and a substantial drop in skin
temperature, particularly in the face and hands, essential protective measures include
avoiding prolonged exposure, donning specialized warm clothing, or opting to stay in-
doors. Indigenous communities and long-term residents in the region have long adhered
to these protective practices, demonstrating physiological and behavioral adaptations to
cold environments. New arrivals are encouraged to leverage the experiences of these
seasoned individuals to effectively navigate and adapt to the challenges posed by the cold
climate [56,65,95].

Implementation of these recommendations by policymakers has the potential to am-
plify the adaptive capacity of individuals in Alaska, ensuring a more robust response to
cold-related challenges and bolstering the overall resilience of communities. The findings
hold relevance not only for Alaska but also offer insights into improving adaptive policies
in other regions facing similar cold climatic adversities.

5. Conclusions

The Extremely Cold Social Vulnerability Index (ECSVI) provides a framework to
identify the vulnerability of the population to cold environments. The ECSVI test for the
Alaskan Public Health Regions illustrates areas characterized by the maximum severity
of weather conditions (Northern and Interior) and those with the best conditions for
adaptation to them (Anchorage).

The results will be useful for prioritizing appropriate intervention procedures in the
field of health monitoring and adaptation planning in order to minimize population losses
and guarantee demographic and social security. Adapting to the reality of climate change
and mitigating its effects will require new levels of collaboration between the physical and
social sciences. By applying the ECSVI to a particularly vulnerable region such as Alaska,
this study may be regarded as a step in that direction.

Alaska, renowned for its extreme cold temperatures and harsh environmental con-
ditions, poses unique challenges to its residents, particularly in the context of social vul-
nerability. This study investigates the multifaceted dimensions of social vulnerability in
the face of cold temperatures across various regions in Alaska. Drawing on a combination
of quantitative data analyses, we examine the factors contributing to social vulnerability,
including demographic, medical, economic, and geographic elements.

Our analysis reveals that social vulnerability in Alaska is not uniform but varies signifi-
cantly among regions. These research findings highlight the importance of considering both
structural and non-structural factors in understanding and addressing vulnerability. Factors
such as income, housing quality, and individual resilience play crucial roles in determining
a community’s ability to cope with cold temperatures and extreme weather events.

Ultimately, this research contributes to our understanding of social vulnerability in
cold climates and informs the development of targeted strategies and policies to enhance
the resilience of Alaskan communities. As cold temperatures are projected to continue to
challenge the region, addressing social vulnerability is essential for ensuring the well-being
and safety of Alaska’s diverse populations. Social vulnerability is a critical determinant
of the impact of cold exposure on individuals and communities. To address this issue
comprehensively, policymakers, public health officials, and community organizations
must consider a broad range of factors, starting with cold climate, but including income
disparities, housing conditions, age, health status, and geographic location. Implementing
proactive measures and policies to reduce social vulnerability is essential for safeguarding
the well-being of vulnerable populations during cold weather events. Future research
should continue to explore the interplay between these factors and develop innovative
strategies to enhance cold weather resilience in vulnerable communities.
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