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Abstract: Social vulnerability refers to how social positions affect the ability to access resources
during a disaster or disturbance, but there is limited empirical examination of its spatial patterns
in the Great Lakes Basin (GLB) region of North America. In this study, we map four themes of
social vulnerability for the GLB by using the Center for Disease Control’s Social Vulnerability Index
(CDC SVI) for every county in the basin and compare mean scores for each sub-basin to assess
inter-basin differences. Additionally, we map LISA results to identify clusters of high and low social
vulnerability along with the outliers across the region. Results show the spatial patterns depend on
the social vulnerability theme selected, with some overlapping clusters of high vulnerability existing
in Northern and Central Michigan, and clusters of low vulnerability in Eastern Wisconsin along with
outliers across the basins. Differences in these patterns also indicate the existence of an urban-rural
dimension to the variance in social vulnerabilities measured in this study. Understanding regional
patterns of social vulnerability help identify the most vulnerable people, and this paper presents
a framework for policymakers and researchers to address the unique social vulnerabilities across
heterogeneous regions.
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1. Introduction

The Great Lakes Basin (GLB), along the U.S.—Canadian border, is home to nearly 30 mil-
lion people [1], is a global economic engine, producing more than $5 trillion in economic
output annually [2], and is increasingly under threat from climate-driven disturbances
such as rapidly changing water levels, the intensification of storm events, and harmful
cyanobacterial blooms [3]. At the same time, the heterogeneity of the social landscape of
the basin is underpinned by the unequal distribution of social vulnerability. Therefore,
it is critical to identify which areas are most socially vulnerable to identify place-based
solutions that facilitate increased resiliency.

Using the Center for Disease Control and Prevention’s Social Vulnerability Index [4],
this study examines the spatial distribution of social vulnerability across the GLB and
identifies hotspots based on different characteristics of social vulnerability. Specifically,
this study hopes to determine, (1) how social vulnerability is distributed across the basin,
(2) where spatial clustering of vulnerabilities exists, and (3) if social vulnerability differs
across the region. While spatial assessments of social science data are abundant for other
coastal communities in the United States, they are lacking within the GLB [5,6]. As such,
this study fills an important gap in our understanding of social vulnerability in the Great
Lakes by providing stakeholders and decision-makers a descriptive account of the social
landscape that has the potential to aid in community resiliency and adaptive capacity [7-9].

1.1. Social Vulnerability

The social science literature on concepts such as resilience, capacity, and vulnerability
has grown with emergent climate change challenges, developing more nuanced ideas
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that better link social and natural systems together [10-12]. Social vulnerability refers to
how socioeconomic status intersects with race, place, and local institutional capacities that
shape the ability of communities and social groups within them to respond to disasters and
extreme events that disrupt day-to-day activities [7,11]. Social vulnerability results when
social, political, and economic processes combine to produce heightened susceptibility
to hazards for some populations [13-16]. The application of the concept can be found in
health research, hazard mitigation planning, and environmental social sciences, but the use
and selection of indicators can significantly vary [9,12,15,17,18].

Social vulnerability is also shaped by a social group or individual’s ability to access
and utilize resources to cope with an event or risk [19,20]. Resources consist of both
material, psychosocial, and institutional support, but these can vary significantly place-to-
place and by the type of event. For example, flooding from extreme precipitation events
impacts rural communities by damaging infrastructure that is expensive for municipalities
and townships with small tax bases to rebuild, and the distance to hospital services can
make it difficult to treat people who need medical attention. Furthermore, many rural
places in the GLB contain natural resource-dependent communities, places dependent on
the natural environment to maintain a livelihood, which makes them more vulnerable
to environmental perturbations along with global market fluctuations associated with
extractive industries and raw commodity production [21,22]. This may be different than in
urban areas, where there may be more concern with water contamination from CSOs and
impervious surface runoff, and damage to private property [3,23,24].

Social vulnerability also has a geographic pattern in the United States and identifying
the unique context of these vulnerabilities is needed for city and regional planners to
enhance the resiliency of places [7,10,25,26]. Identifying areas that are more socially vulner-
able than others is difficult, as the context of local places can shape the degree to which any
indicator impacts vulnerability [16,27]. Rather than long-term approaches to reduce social
vulnerability, most community efforts focus on short-term strategies on improving access
to emergency response services which are less effective in addressing the root causes of
social vulnerability [20,28]. This has led to a growing recognition that economic indicators
of community capacity and resilience may be masking inequalities within places [20]. This
idea suggests that what determines the usefulness of social vulnerability indicators is the
local context that shapes how these indicators affect the lived experience, behaviors, and
responses of social groups when disaster strikes. However, mapping out indicators at the
county level over time and space provides a way to establish methods and metrics for track-
ing and evaluating change, allowing for subnational comparisons and the identification of
geographically linked social vulnerabilities.

1.2. Measuring Social Vulnerability

The complexity of a concept like social vulnerability is highlighted by the multiple
dimensions and functions that underpin it, including adaptive capacity, exposure to harm,
and sensitivity to events [9,20,29]. Adaptive capacity refers to the process of adjusting
to a changing environment to reduce the risk of harm or exploit new opportunities [29].
Exposure refers to how the presence of people in places that could be adversely affected by
a hazard or disturbance (i.e., proximity to flood plain), while sensitivity reflects the degree
to which social systems are susceptible to disruption [29]. Social vulnerability comes in
multiple forms and is frequently measured by assessing aggregated data for an area on
socioeconomic status, household composition, minority make-up and language use, and
housing type and transportation [4,9,17,29]. Selected indicators of a social vulnerability
assessment are also influenced by non-local economic factors, political trends, and institu-
tional processes, thus their construct validity may change over time [29,30]. Despite the
differences in the indicators used, the common objective of social vulnerability research is
to identify and enhance the adaptive capacity of places to deal with a range of social and
ecological events, from macro changes (economic transitions, climate change) to situational
events (extreme flood event, closing of local employer) [9,15,18,29,30].
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An empirical understanding of the spatial distribution and determinants of social
vulnerability associated with climate change is expanding but still nascent, requiring many
spatial scales to be analyzed, monitored, and characterized throughout different spatial
frameworks and techniques [7-9,26,31]. However, there is significant debate on the validity
of quantitative approaches to examine and compare social vulnerability because local
context shapes how any particular predictor influences that location’s vulnerability. That
is, a comparable index that captures the nuances of vulnerability from place to place will
either miss critical variables and their interactions for the sake of a parsimonious model or
become too cumbersome to be useful at the larger, national-level [8,9,17,25].

1.3. Great Lakes Context

For the past three decades, the Great Lakes region has witnessed uneven popula-
tion growth, its population has aged, and it has also become more racially and ethnically
diverse [1]. These changing demographic characteristics have implications for the re-
gion’s economy, its governance [32], and particularly for its vulnerability and resiliency to
climate-driven disturbances [33,34] which are increasing in their intensity, frequency, and
magnitude [35,36].

Since 1960, the total population of the United States has grown over 33 percent, while
the population of the Great Lakes region has only grown 13 percent during that same
period [1]. Even within the region itself, demographic changes are heterogeneous and
differ between sub-basins, states, and countries. At the national level, the vast majority of
growth in the region has taken place in Canada, which has experienced 30 percent growth,
while the United States only grew 16 percent. At the sub-basin level, over 70 percent
reside within the Lake Michigan or Lake Erie watersheds, while only two percent live
within the Lake Superior watershed (Lake Huron and Lake Ontario constitute nine and
17 percent respectively) [37]. At the state level, Minnesota, Wisconsin, and Indiana are
considered moderate-growth states, with 2000 to 2010 growth rates of 0.79, 0.61, and
0.67 percent respectively; while Illinois, Ohio, and Michigan are considered slow or no
growth states [32]. Finally, it has been urban centers that have seen the largest changes
in the basin, with cities such as Chicago, Detroit, and Cleveland all losing population,
while Toronto, Montreal, and Ottawa have witnessed population growth [1]. The region is
also aging, and that aging has come at the cost of younger age cohorts. In particular, the
basin experienced declines in the 25-to-34 and 35-to-44-year-old cohorts, as well as children
younger than 15. Looking into the future, these trends continue with the potential to have
large implications for labor forces throughout the region [32].

Lastly, although demographically the GLB has become more diverse in recent decades,
the region remains more homogenous than the United States as a whole, with Black,
Hispanic, Asian, and other non-Caucasian races only accounting for a quarter of the
region’s population (up from 16 percent in 1990). Diversification is largely being driven by
immigration, which today accounts for 34 percent of the population (up from 26 percent
in 1960). That said, immigrants to the Great Lakes region differ from those arriving in the
rest of the country, particularly as it pertains to their source region. At the national level,
immigrants predominantly arrive from Central and South American, the Caribbean, and
East and Southeastern Asia, while in the Great Lakes migrants arrive from Europe, Central,
and Southern Asia, the Middle East, and Africa [1,32]. By 2040, the makeup of the region is
projected to change even further, as diversification is accelerated, driven by increases in
Hispanic populations, with the most pronounced increases occurring in Illinois [32].

Lake Superior is the deepest, coldest, and biggest of the Great Lakes, but is also
experiencing some of the more extreme environmental changes due to its more northern
location [36,38]. It is warming the fastest, which is contributing to the loss of ice cover and
could exacerbate behavioral changes and the distribution of species throughout the lake,
including the migration of non-native invasive species and transformations of existing
ecosystems [38,39]. The recent high water levels combined with major storms have led
to an increase in property damage and community development initiatives, with notable



Sustainability 2021, 13, 7274

40f22

examples from the city of Duluth, Minnesota [40]. Chemical contamination from both
current industrial practices and legacy effects of mining industries produce one threat while
increasing PFOS and personal care products are being introduced via groundwater transfer,
contaminating wildlife and food systems [41]. Other major ecosystem and environmental
stressors include shoreline development, invasive species, habitat and wetland degradation
and loss, inland forest fragmentation, and the rising concern on the emergence of algal
blooms in parts of the lake [42].

Lake Michigan is the second largest lake and is the only Great Lake completely within
the U.S. It contains the world’s largest collection of freshwater sand dunes and is home
to a key migratory bird route in North America, but also has the dubious distinction as
the deadliest lake due to strong rip currents that lead to more accidental drownings than
other Great Lakes [42,43]. It contains several large metropolitan areas that became pivotal
manufacturing hubs and is the most populous basin. One of the biggest issues on Lake
Michigan is the rate of erosion and sedimentation that occurs. Being the most developed
shoreline, erosion causes significant financial costs as homes and properties are reclaimed
by the lake [44,45]. Common stressors for Lake Michigan are water pathogens, erosion and
sedimentation, and contamination from a variety of industrial, agricultural, and household
practices [42].

Lake Huron has the largest drainage basin and the longest shoreline in the Great
Lakes system, but remains the second-largest by surface area, third-largest by volume, and
contains over 30,000 islands, including the largest freshwater island in the world [46,47].
The Lake Huron Basin contains a mixture of tourism and agriculture while boasting a
productive fishery in Saginaw Bay. Few cities exist in the Huron Basin, as the basin
is characterized as mostly rural, particularly in the northern areas in Ontario. Recent
challenges in Lake Huron management include chemical contamination, invasive species,
nutrient imbalances, and the degradation of natural habitats [47].

Lake Erie is the smallest Great Lake by volume but contains nearly 12 million people
(33% of the GLB population) [36,48]. Being the shallowest lake, it rapidly changes tempera-
ture in summer and can freeze over in the winter. The land surrounding the lake is mostly
developed as urban areas or agriculture, and governance around the lake is noted for the
complexity of social groups and actors using its resources. Of particular concern are the
harmful algal blooms, which are toxic and pose significant threats to public safety, partic-
ularly with 12 million dependent on the lake for drinking water [48]. As such, there is a
particular need to understand the drivers of eutrophication and the development of HABs,
but also a need to study the distribution of critical habitats, distribution of contaminants,
and how storm events impact beach water quality in a basin with significant coverage of
impervious surfaces [48].

Lake Ontario is the smallest lake in terms of surface area but is very deep with strong
currents as it operates as the gateway to the ocean through the St. Lawrence River. Located
at the lowest elevation, all of the other Great Lakes drain into it, suggesting that threats
tend to be amplified here. The landscape around the lake is largely rural along the U.S.
side but contains the city of Toronto, Canada, a globally integrated industrial city. Similar
to other lakes, the main environmental issues facing Lake Ontario include the management
of invasive species, loss of biodiversity, degradation of the lower food chain, and chemical
contaminants remain a concern [49]. Relatedly, a rising concern has been on property
damage, with Governor Cuomo of New York filed a lawsuit against the International
Joint Commission responsible for managing risks associated with the Great Lakes for
negligence, nuisance, and trespassing for not adequately protecting properties via water
outflow management [50].

Given the combination of economic, demographic, and climatic shifts in the region,
governments and civic organizations at multiple scales are recognizing the need to promote
climate adaptation with the need to identify and protect the most socially vulnerable
populations [4,14,36]. Furthermore, it is increasingly recognized that social vulnerability
has a geographic pattern [7,9], yet no study has specifically focused on the largest freshwater
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system in the world, one that is currently experiencing drastic shifts in climate [35]. This
study fills this gap by analyzing these spatial patterns, providing a deeper understanding
of the most socially and geographically vulnerable populations.

2. Materials and Methods

To understand the spatial patterns of social vulnerability in the GLB (Figure 1), this
study relies on several techniques. First, social vulnerabilities are mapped at the county
level across the GLB. The data used in this study relies on the Center for Disease Control’s
Social Vulnerability Index [4], a TIGER/Line shapefile of all U.S. counties [51], and the
United States Geological Survey (USGS) Water Basin Boundaries of the Great Lakes [52].
All data is publicly available online [4,51,52].

N 0— 60— T pvrs s 48; S Great Lake Basin Counties
\ Great Lake Basin Counties (209)
[ Great Lakes Subbasins

Lake Superior

Figure 1. Study Area.

SVI Data was spatially merged in ArcMap 10.8.1 with county-level spatial extents,
and two variables were created to identify which counties lie in the Great Lake Basin,
and their specific lake basin. Each county that intersected the basin was identified as a
Great Lake Basin county, but several counties stretch across multiple basins, particularly in
Michigan. To designate a specific lake basin, the drainage basin that covered the majority
of the surface area of the county was selected to represent these basins. This resulted in
209 Great Lake Basin counties for the database, where the file was then converted into a
.csv file and uploaded to IBM’s Statistical Package for the Social Sciences (SPSS) ver. 27 for
statistical analysis.

2.1. Social Vulnerability

The Center for Disease Control’s SVI uses 15 variables provided by the American
Community Survey (ACS) 5-year estimate (Table 1) to assess four sub-themes of social
vulnerability. The ACS is used instead of census numbers because they annually survey
neighborhoods, providing important updates to demographic changes that occur between
the 10-year periods between census counts. Each of these variables is available at the
county level through the CDC and ACS. To create the indices, the estimated percentage of
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the ACS variable at the county level is added as a way to capture relative measures across
different geographies (see [4] for more details).

Table 1. List of Social Vulnerability Themes and ACS Variables.

Social Vulnerability Theme ACS Variables (2014-2018)

% Below Poverty
% Unemployed
Income per Capita
% w/No High School Diploma

% Age 65 or Older
Household Composition and Disability % Age 17 or Younger
% Civilians w/Disability

Socioeconomic Status

% Minority
% Speaks English “Less than Well”

% Multi-Unit Structures
% Mobile Homes
Housing Type and Transportation % Crowding
% w/No Vehicle Access
% Living in Group Quarters

Minority Status and Language

2.1.1. Socioeconomic Status

Socioeconomic status refers to the social position a person or group has in society
based on several material and non-material factors that affect access to resources [31]. This
concept acknowledges that several factors combine to shape socioeconomic status, and
the U.S. census tracts established indicators for it: employment, income, and education.
Research has shown that those with lower incomes are disproportionately impacted by
disasters because they have fewer means to financially adapt to the loss of housing or
disruptions to daily livelihoods, often resulting in cycles of joblessness and poverty [9].
Furthermore, those with less education are less likely to act on new hazard risk information,
less likely to have the economic means to mitigate impacts from a disaster event, with
an added association with more burdensome experiences navigating the bureaucratic
loopholes needed to receive assistance [7,9]. The CDC measures this concept by adding
county percentages of persons below the poverty line, unemployed persons 16 and above,
per capita income, and persons 25 and over without a high school diploma [9].

2.1.2. Household Composition and Disability

Household composition and disability refers to how members of a particular house-
hold are in socially vulnerable groups, frequently defined as young children, the elderly,
and those with disabilities [9,13]. The increase in vulnerability from having a child is the
result of the child-bearing responsibility and the lack of adequate emergency response ser-
vices specifically for children [53]. The elderly population is more likely to require special
assistance in response to a disaster and may not be able to adequately care for themselves
in times of disruption, placing additional responsibility on emergency services and family
members [54]. Additionally, the rise of single-parent households has brought additional
challenges to individuals managing a more vulnerable population, including less income
and less division of responsibilities [7,55]. The CDC SVI measures this concept with the
percentage of people aged 65 and older in a household, the percentage of people age 17
and younger, the percentage of people with a disability, and the percent of single-parent
households with children living with them.

2.1.3. Minority Status and Language

Minority status and language refers to how institutional practices have created and
maintained inequalities based on race and immigration status in the U.S., which has a direct
bearing on a social group’s ability to respond, cope, and adapt to disaster [9,13]. Income
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inequality between races in the U.S. is significant, and this translates into the differential
ability for some groups to be able to afford to adapt to disaster [54]. Additionally, the rise
of immigration in the U.S. from Central and South America has created new geographies of
Spanish-speaking communities in areas that have not traditionally seen these populations,
and this can limit the ability for disaster communication to reach all subgroups if there
are not proper translation services and can impact social networks that provide access to
additional services [56,57]. The CDC SVI measures this concept with the percentage of
minority residents and the percent of persons who speak English less than well.

2.1.4. Housing Type and Transportation

Housing type and transportation refers to how housing structures are capable of
withstanding a disaster and provide adequate safety, while personal transportation options
relate to the ability to physically relocate [7,9,56]. This theme is directly related to socioeco-
nomic status, as those with fewer means are more likely to occupy crowded housing and
housing with no basements [13,58]. Residents in urban areas may also have more options
for public transportation services, all of which can be immediately shut down during a
disaster, leaving residents without access to a working vehicle immobile [9]. Additionally,
people living in group quarters such as dormitories, assisted living centers, and prisons
represent another vulnerability, as these living quarters have limited exits and populations
may require special attention during evacuations [13,29]. The CDC SVI measures this
concept with the percentage of housing structures with 10 or more units, percentage of
mobile homes, percentage of houses with more people than rooms, percent of households
with no vehicle access, and percent of persons living in group quarters.

2.2. Spatial and Statistical Analysis

To examine the spatial pattern of social vulnerability across the GLB, this study uses a
cluster and outlier analysis, using a bivariate local indicator of spatial association (LISA)
technique [59,60]. Spatial autocorrelation is the degree to which a value at one unit of
measurement is similar to the surrounding units, where the value represents the measure
of the dispersion of a spatial pattern, known as Moran’s I. Moran’s I is a measure statistic
(one value across all units) ranging from —1 to 1, where values closer to —1 represent even
spatial dispersion and values closer to 1 represent spatial clustering, and values near 0
represent a more random distribution of the variable [59,60]. A bivariate LISA analysis
maps the local Moran’s I values based on a scatterplot of the value of each observation and
the summed values of each neighbor [60,61].

Similarly, a local Moran'’s I can be calculated for each unit assessed to identify patterns
of clustering and dispersion [59,60]. These relative values are produced as z-scores with
associated p-values to assess the null hypothesis that a selected variable is randomly,
spatially distributed [26,61]. LISA values that are unexpectedly higher or lower than the
global Moran’s I can be mapped and represent five forms of spatial patterns: high value
units next to other high value units (high—high), high-value units next to low-value units
(high-low), low-value units next to high value units (low-high), low-value units next to
other low-value units (low-low), and non-significant differences [61]. Previous research
has applied univariate LISA statistics to identify clusters and outliers and other spatial
patterns of social vulnerability [6,16,25,26,62-65].

ArcMap 10.8 was used to perform the cluster and outlier analysis and produce the
maps for each SVI theme (see [66] for formula details). This analysis is found by accessing
the ArcToolbox and navigating to “Spatial Statistics Tools” > “Mapping Clusters” > “Cluster
and Outlier Analysis (Anselin Local Morans I).” Inverse distance is used and the false
discovery correction is applied for analysis. The data table produced from merging the
CDC SVI with county and Great Lake Basin location was exported and re-uploaded into
SPSS 27. A data quality check was performed and descriptive statistics were generated. To
assess differences between the GLB and the U.S. and the differences across basins within
the GLB, a t-test, and ANOVA test were performed and detailed below.
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3. Results

The following results highlight the SVI scores and LISA analysis, and illustrate the
spatial distribution of social vulnerability within the GLB, whether spatial clustering exists,
and whether there are significant variations of vulnerability across the basin.

3.1. Socioeconomic Vulnerability

Overall, the region appears fairly heterogeneous in terms of socioeconomic vulner-
ability, but several small patterns are observable from the SVI scores (Figures 2 and 3).
First, Lake Superior is most vulnerable to socioeconomic status along stretches of the
southern shores of Wisconsin and upper Michigan, which are very rural parts of the basin.
Second, the Lake Michigan Basin is fairly diverse, with less socioeconomic vulnerability
in the western part of the basin in the state of Wisconsin, but more vulnerability in the
northern basin (upper Michigan) and eastern basin (central Michigan). The Lake Huron
Basin appears the most vulnerable as the western and southern basin are some of the
most vulnerable parts of the state of Michigan. The Lake Erie Basin has relatively lower
SVI scores for socioeconomic vulnerability, with two higher-value scores for the counties
with Detroit, MI and Ashtabula, OH. The Lake Ontario Basin is fairly consistent in terms
of SVI score on socioeconomic vulnerability, with one county on the outer northeastern
edge of the basin, and a small group of lower scores across the eastern part of the Lake
Ontario basin.

- Kilometers Socioeconomic SVI Score
0 60 120 240 360 480
I 00-05(10)
B 0.6- 1.0 (36)
1.1-15 (43)
1.6 - 2.0 (50)
2.1-2.5 (45)
2.6-3.0(22)
B 3.1-35(2)
Wl z6-40(1)
[ Great Lakes Subbasins

j//y

N

Lake Superior <~

A
e, 7

7" Lake Ontario

Lake
, Michigan

Figure 2. SVI Score for Socioeconomic Vulnerability.

Several results stand out from the LISA. First, there are three noticeable areas of high—
high clusters (26 total counties), or areas where several unit scores are significantly higher
than by random chance alone in a neighborhood. One of the areas includes a significant
portion of the northern half of Michigan across the Lake Huron and Lake Michigan Basins,
a rural area significantly less populated than the lower half of the state. An isolated county
(Luce County) in the upper peninsula of Michigan in the Lake Superior Basin is also
identified, as well as another county in Pennsylvania (Erie County) in the Lake Erie Basin.
Interestingly, Luce County is the second-least populated county in Michigan with under
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7000 residents, whereas Erie County contains the Erie metropolitan area and is home to
over 250,000 people.

— Kilometers LISA Socioeconomic

0 60 120 240 360 480 Not Significant (151)
High-High Cluster (26)

I High-Low Outlier (8)

I Low-High Outlier (2)
Low-Low Cluster (22)

[ Great Lakes Subbasins

Lake
Miehigan

Figure 3. LISA Results for Socioeconomic Vulnerability.

Second, there are a few notable areas characterized by low-low clusters (22 total
counties), or counties with low SVI scores in a neighborhood with other counties with
low SVI scores, particularly along the western shoreline of Lake Michigan in Wisconsin
and Michigan, with an isolated county in Minnesota’s North Shore of Lake Superior, and
three other counties in Ohio’s Lake Erie. The largest cluster (18 of 22 counties) is the Lake
Michigan—Wisconsin cluster, which is a region dominated by manufacturing [67]. The iso-
lated county in Minnesota’s North Shore (Cook County), which is predominantly rural, is
the fifth least-populated county in the state, and the local economy is dependent on tourism
and recreation [67]. The three Ohio counties (Van Wert, Paulding, and Henry) are character-
ized as manufacturing counties, although they contain significant amounts of agricultural
lands and significant wind energy development exists in Van Wert and Paulding.

Third, there were a few isolated cases of high-low outlier cases (8) and low-high
outlier cases (2), with the former existing within the Lake Michigan Basin of Wisconsin (3),
and five counties across the Michigan—Ohio border in the Lake Erie Basin. One of the high—
low outlier Wisconsin counties (Menominee) includes the Menominee Indian Reservation,
while the two other counties include the city of Milwaukee (Milwaukee County) and
Marquette County, both of which are primarily dependent on manufacturing [67]. Another
high-low outlier is Wayne County (Detroit), Michigan, indicating that both rural and urban
outliers exist in the region. The two low-high outliers lie in Michigan, with one county in
the Lake Michigan basin and another in the Lake Huron Basin. There are no clusters or
outliers for this theme in the Ontario Basin.

3.2. Household Composition and Disability

As a whole, the GLB scores relatively low (between 1.1 and 2.5, with no values above
3), in terms of household composition and disability vulnerability. The counties with the
highest scores are fairly dispersed across the basins, with a sizable concentration of lower
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scores in the Lake Michigan Basin in Wisconsin, and another grouping of scores in the
1.6-2 range across the Ontario Basin (Figures 4 and 5).

o]

60

120

240

360

480

Kilometers

Household Comp/Disability SVI Score
Il 00-05(2)

B 06-1.0(4)

B 11-15(39)

[ 18-20(7)

[ 21-25(83)

i 26-30(4)

B 3.1-35(0)

Bl 36-40(0)

|| Great Lakes Subbasins

Figure 4. SVI Score for Household Composition and Disability.

Q

60

120

240

360

Kilometers

LISA Household Comp/Disability
| Not Significant (190)
[ High-High Cluster (10}
I High-Low Outlier (1)
I Low-High Outlier (0)
[ Low-Low Cluster (8)
[ Great Lakes Subbasins

Figure 5. LISA Results for Household Composition and Disability.
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Counties with scores between 2.1-2.5 represent the largest category (83 counties), and
are mostly scattered across the north shore of Lake Michigan in the state of Wisconsin
and overlapping with the northern half of Michigan, previously identified as a high—high
cluster of socioeconomic vulnerability. Another grouping of counties in this range extends
along Lake Erie’s southern shoreline. Higher scores are somewhat less concentrated, but
appear in small groups, across the eastern basin of Lake Michigan and the western basin
of Lake Huron in the state of Michigan, and stretched across the southern shoreline of
Lake Erie, even extending into the southwest corner of the Lake Erie Basin. Only four
counties are listed in the 2.6-3 category, with three in the Lake Michigan Basin and one in
the Erie Basin. The three counties in the Michigan basin consist of two counties in Western
Michigan and one county (Menominee) in Wisconsin.

Results from the LISA analysis for household composition and disability reveal two
distinct clusters, with one outlier. A high-high cluster exists in the north-central part of
Michigan (10 total counties) spanning across the Lake Huron and Lake Michigan Basins. A
low-low cluster also exists in the state of Wisconsin in the Lake Michigan Basin. Both of
these trends are consistent with the geographic distribution of socioeconomic social vulner-
ability. Although there are no low-high outliers, there is one outlier county (Keweenaw)
with higher than expected vulnerability scores in the Superior Basin in the northern portion
of the Upper Peninsula of Michigan, which also contains Isle Royale Island. There are no
clusters or outliers in the Lake Erie or Lake Ontario Basins.

3.3. Minority Status and Language

An initial observation is that the region appears fairly homogeneous in terms of minor-
ity and language vulnerability at the county level across the basin, except for counties along
the southwestern shore of Lake Michigan, between the metropolitan areas of Milwaukee WI
and Chicago IL (Figures 6 and 7). However, the spatial scale of this study does not capture
diversity at the community or census tract level, particularly for minority communities in
rural areas or specific neighborhoods among smaller cities.

N -_— Kilometers Minority Status/Language SVI Score

0 60 120 240 360 480 B 0005 (50)

I 0.6-1.0 (100)

I 11-15(42)
16-2.0(7)
21-25(0)

W 26-30(0)
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Il 36-40(0)

[] Great Lakes Subbasins
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Figure 6. SVI Scores for Minority and Language.
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Figure 7. LISA Results for Minority Status and Language.

Despite the lack of significant spatial variation in mapping the SVI scores for this
theme in the basin, the exploratory LISA analysis picked up on some of the nuances in the
region. First, there are significant low—low clusters along the northern half of Michigan in
the Lake Huron and Michigan Basins, and in Northern Wisconsin and the Upper Peninsula
of Michigan predominantly in the Lake Michigan Basin, although a few counties extend
into the Lake Superior Basin. The Superior—-Michigan Basin cluster consists of counties
with a non-specialized designation, whereas the Michigan—Huron Basin cluster is a mix of
non-specialized, manufacturing, and service-dependent economies [67].

A high-high cluster of vulnerability is found along the southern shoreline of Lake
Michigan (13 counties), spanning the states of Wisconsin, Illinois, Indiana, and Michigan.
This area represents the sprawling urban centers along the Chicago-Milwaukee corridor,
and expands to the east and northeast, incorporating other cities including Gary IN, and
Kalamazoo MI. Interestingly, there are four low outlier counties near this high—high cluster,
with two counties in the Michigan Basin, one in the Erie and the other at the intersection of
the Michigan—-Huron-Erie Basins. The two low outliers in the Michigan Basin consist of
one county within the Gary, Indiana metropolitan area (Cass County, MI, USA) and one in
rural Michigan (Barry County). The outlier in the Erie Basin is Wayne County, Michigan,
otherwise known as Detroit, and the low outlier at the intersection of the three basins
is Livingston County, home to one of the wealthiest counties in the state on the edge of
the Detroit-Warren—-Dearborn metropolitan area [4]. There is also one high outlier in the
low-low cluster of Northern Wisconsin within the Lake Michigan Basin (Forest County).

3.4. Housing Type and Transportation

Housing type and transportation is the highest-rated social vulnerability across the
region, with high-value areas in Lake Ontario Basin and the Upper Peninsula of Michigan,
and another stretch across the southeastern boundary of the Lake Erie Basin (Figure 8).
There appear to be a few hot spots with lower scores, which include two counties in
the Lake Superior Basin with scores between 1 and 1.5, with a few pockets in Eastern
Wisconsin and Northern Michigan. One county in the Southwest Lake Erie Basin in the
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state of Ohio has the distinction of having a score less than 1, with the highest SVI score for
this vulnerability belonging to a county in the Southern Lake Ontario basin.

N -—— Kilometers Housing Type/Transp. SVI Score
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Figure 8. SVI Scores for Housing Type and Transportation.

The LISA results highlight the nuanced differences found across the region for this
more widespread vulnerability theme (Figure 9). First, a noticeable cluster of high-high
vulnerability exists in the Ontario Basin in the state of New York, with two low outliers near
this cluster in Wayne and Lewis Counties, New York. Second, several high outliers exist in
the Southwestern Lake Erie Basin in the states of Ohio and Indiana, with two additional
counties identified as being high—low outliers in the Huron Basin of Northern Michigan
and one county along the western shore of Lake Michigan, where the city of Green Bay is
located. Third, two smaller low—low clusters exist next to some of the high-low outliers
in the Erie Basin (Northwest Ohio) and three counties spread across the Lake Huron and
Lake Michigan basins in the state of Michigan. The Lake Superior Basin does not have any
cluster or outlier counties when it comes to housing type and transportation vulnerability.

3.5. Social Vulnerability by Region

Overall, the Great Lakes Region is less vulnerable across household composition
(theme 2) and minority status and language (theme 3) than the rest of the contiguous U.S.
The mean composite score for socioeconomic and housing type/transportation vulnerabil-
ity between GLB and non-GLB counties is not statistically significant, with average scores
between 1.63-1.68 and 2.38-2.47, respectively (Figure 10 and Table 2). However, there are
statistically significant differences for household composition and minority status, and
language vulnerability. Household composition vulnerability for GLB counties is 1.846
and non-GLB counties have an average of 1.996 (F = 12.001; p < 0.001). Similarly, minority
status and language vulnerability for GLB counties are 0.743 and non-GLB counties have
an average of 0.99 (F = 63.99; p < 0.001).
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Figure 9. LISA Results for Housing Type and Transportation.
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Figure 10. Average County Composite Score of Social Vulnerability Themes.

Table 2. T-test Results between Great Lakes and non-Great Lakes Counties.

SVI Theme GL (209) Non-GL (2899) F Sig.
Socioeconomic Status 1.636 1.675 0.249 0.913
* Household Composition and Disability 1.846 1.996 12.008 <0.001
* Minority Status and Language 0.743 0.99 63.994 <0.001
Housing Type and Transportation 2.386 2.462 7.384 0.124

* Difference is significant (p < 0.001).



Sustainability 2021, 13, 7274

15 of 22

Household composition and disability SVI scores between the U.S. and the GLB are
statistically significant (f = 12.008; p < 0.001), where the U.S,, in general, has a slightly
higher social vulnerability. Second, there are significant differences in the mean composite
scores of counties around the third theme of minority status and language, where the rest
of the U.S. has slightly higher social vulnerability than the GLB (f = 63.994; p < 0.001). There
are no significant differences between the GLB and the rest of the U.S. for socio-economic
status and housing type and transportation.

To examine differences in the mean scores of each vulnerability theme within the
GLB, average SVI scores for each basin were averaged and compared to examine if there
are significant differences at the county level. Figure 11 below shows the mean social
vulnerability scores by theme for each lake basin. Table 3 shows mean vulnerability scores
along with ANOVA and Tukey’s HSD results indicating where significant differences exist
between the basins.

Average Composite Scores of Social Vulnerability Themes by Basin

& 3.00 283
o 259 5
3 250 235 225
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B -
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Figure 11. Average Composite Scores of Social Vulnerability Themes by Basin.

Table 3. Social Vulnerability Theme Mean by Lake Basin with Tukey’s HSD.

SVI Theme

Superior Michigan  Huron Erie Ontario F Sig. Diff. * Sig.

H#AM  <0.001

Socioeconomic Status 1.65 1.52 2.17 1.51 1.73 5.09 <0.001 H#E <0.001
Household Composition ¢ 1.82 2.00 1.89 177 163 0.168 ns Nis
and Disability
M#£S 0017
Mi ity Stat .
tnority Status 0.55 0.83 048 0.80 0.77 675 <0001 L7 H <0001

and Language

H#AE  0.002
H#A0 0021

Housing Type
and Transportation

O#M  0.002
2.59 2.35 2.18 2.25 2.83 650 <0001 O#H  <0.001
O#E  <0.001

* S = Superior; M = Michigan; H = Huron; E = Erie; O = Ontario.

Socioeconomic vulnerability is highest in the Huron Basin (2.17), followed by Ontario
(1.73), Superior (1.65), Michigan (1.52), and Erie (1.51). The Huron Basin and the Michigan
Basin are significantly different (p < 0.001), as well as the differences between the Huron
and Erie Basins (p < 0.001). The Superior and Ontario Basin were not significantly different
from other basins, but have means that indicate more vulnerability for socioeconomic
vulnerability than the Michigan and Erie Basins. There are no significant differences
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between the vulnerability scores for household composition and disability. However, it is
interesting to note that the Huron Basin has the highest average score for this vulnerability
(2), followed by Erie (1.89), Michigan (1.82), Ontario (1.77), and Superior (1.72).

Minority status and language vulnerability have the most significant differences across
the GLB, but it should be noted that this theme also had the lowest vulnerability scores
in general across the region, ranging from 0.83 to 0.48 across the GLB. First, the Michigan
Basin (0.83) has a higher vulnerability score for minority status and language than both
the Superior (0.55; p = 0.017) and Huron (0.48; p < 0.001) Basins. Second, the Lake Huron
Basin had lower vulnerability scores than both the Erie (0.80; p = 0.002) and Ontario (0.77;
p = 0.021) Basins. In both cases, the Huron-Michigan basins appear to be more vulnerable
for this theme than the rest of the GLB.

Housing type and transportation vulnerability represent the theme with the highest
average scores across the GLB. The most vulnerable basin for housing type and transporta-
tion is Ontario (2.83), followed by Superior (2.59), Michigan (2.35), Erie (2.25), and Huron
(2.18). The mean score for the Ontario Basin for this theme is significantly higher than the
Michigan (p = 0.002), Huron (p < 0.001), and Erie (p < 0.001) Basins.

4. Discussion

While this study has found that the GLB is not as socially vulnerable as other parts
of the U.S,, significant inter-basin variability exists and requires analysis for effective,

place-based strategies that enhance resiliency (Figure 12).

Social Vulnerability by Theme/Basin

Socioeconomic Status:

- Clusters of high vulnerability in northern MI
across the Lake Michigan-Huron Basins
Clusters of low vulnerability in western Lake
Michigan Basin

Household Composition
- Clusters of high vulnerability in northern
Lake Michigan-Huron basins
- Clusters of low vulnerability in western Lake
Michigan Basin

Language/Minority Status

- Clusters of high vulnerability southern Lake
Michigan Basin

- Clusters of low vulnerability in the Lake
Superior and Lake Huron Basins, and the
northern Michigan Basin.
High outlier countics in Lake Michigan
Basin

- Low outlier counties across the Lake
Michigan, Huron, and Erie Basins

Housing type and Transportation

- Clusters of high vulnerability in the Lake
Ontario and Michigan Basins

- Clusters of low vulnerability across the Lake
Michigan and Huron Basins, with one high
outlier

- High outliers scattered across the Lake
Michigan, Huron, and Erie Basins

Emergent Geographies of Vulnerability

Basin is less vulnerable overall, compared to the
u.s.

Northern Michigan
Northern Michigan is a rural uniquely socially
vulnerable region with overlapping social
vulnerabilities of sociocconomic status and
household composition.

Eastern Wisconsin
Eastern Wisconsin is less socially vulnerable in
terms of socioeconomic status and household
consumption than other areas of the GLB.

Milwaukee-Chicago Corridor
The Milwaukee-Chicago corridor contains
high-high clusters of language/minority status
vulnerability

Urban Outliers
Detroit and Cleveland appear as high outliers of
socioeconomic vulnerability.

Indigenous County Qutliers
Rural counties with Indigenous communities and
populations occasionally appear as high outliers
within the eastern Wisconsin clusters of lower
social vulnerability

Central New York
Unique in its cluster of high social vulnerability
related to housing type and transportation.

Directions Moving Forward

There exists a need for a bi-national dataset on Social
Vulnerability for the Great Lakes Basin

Natural resource-based communities in rural areas are more
susceptible to hazards based on their economic structure and
dependence on natural systems for livelihoods and wellbeing.
Demographic trends vary significantly between high-amenity and
agrarian areas. Policies with a broader regional focus on
economic structure may be more effective in reducing
vulnerability

Urban areas are more densely populated and patterns of social
vulnerability may exist on smaller scales (census tracts). While
language and minority status are more acute forms of social
vulnerability, other forms, such as housing types, are
neighborhood-dependent and are not captured at this level.
Policies should utilize LISA techniques to identify neighborhoods
to triage the most significant inequalities that emerge at finer
spatial scales.

Indigenous communities have unique social vulnerabilitics
stemming from cultural genocide and institutional racism. The
selected indicators may not accurately reflect Indigenous values
and social systems, suggesting the need to expand indicators to be
more representative of the social groups they describe. Policies
should prioritize these counties through efforts that promote
equity by promoting Indigenous leadership and providing direct
funding to accomplish context-specific risks to livelihoods.

Unique vulnerabilities related to housing type and transportation

are clustered in New York state. State and federal policies should
focus on improving these vulnerabilities by providing appropriate
EMS planning for each community within the region.

Figure 12. A flow diagram of findings, vulnerable geographies, and policy considerations.

Specifically, Social Vulnerability Index (SVI) scores indicate that from a socioeconomic
perspective, social vulnerability is highest in the Lake Huron Basin. The vulnerability
associated with household composition and disabilities are fairly well dispersed across the
basin, and no significant differences across the basins exist. However, a cluster of higher vul-
nerability again exists across Michigan between Lake Huron and Lake Michigan. Overall,
vulnerability as a product of language and minority status is low, but significant differences
do exist across the basin, with the Huron and the Superior Basins being significantly lower
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than the rest of the region. This may be a reflection of a rather homogeneous population
when data is aggregated at the county level. Finally, while mean scores were relatively
higher for the theme of housing type and transportation vulnerability, the Lake Ontario
basin stands out as being significantly higher than the Michigan, Huron, or Erie basin, and
although not statistically significant, has a higher average than the Superior Basin.

There are several notable themes and spatial patterns of social vulnerability across
the GLB revealed in this study. Comparing mean SVI scores across basins helps identify
meaningful differences across the basins, and this has identified important trends such as
the Lake Huron Basin being more socioeconomically vulnerable than other basins, and the
Lake Ontario basin being more vulnerable in terms of housing type and transportation.
Interestingly, there are no significant differences across the basins for the social vulnera-
bility theme of household composition (Table 3); however, cluster-outlier analysis reveals
clustering of high and low household composition. Additionally, the significance of the
socioeconomic vulnerability of the Lake Huron Basin may be a result of the largely rural
geography of the basin, influenced by measures such as per capita income where the cost
of living may be cheaper in some cases. This suggests that while both comparing means
across basins and utilizing exploratory spatial techniques can provide different insights
into the distribution of social vulnerability, it highlights how social landscapes stretch
across ecological boundaries, complicating the incorporation of the social landscape in
ecological studies at the epistemological and methodological levels.

Exploratory mapping techniques advance this understanding by identifying specific
spatial patterns that provide a better understanding of the spatial distribution of vulnera-
bility. This study demonstrates the usefulness of this approach by highlighting interesting
findings not observable with a-spatial statistical techniques.

First, the area of Northern Michigan spanning the Michigan-Huron basin appears
to be one of the more socially vulnerable regions within the GLB. This is confirmed by
the cluster and outlier analysis that suggests that both socioeconomic and household
composition vulnerabilities overlap here, with a smaller high—high cluster for housing
type and transportation. Overall, these results suggest that the overlapping socioeconomic,
household composition and disability vulnerabilities, in Michigan across both the Lake
Huron Basin and Lake Michigan Basin highlights one geography that is particularly socially
vulnerable. Additionally, this conglomerate highlights a largely rural area, shedding light
on how the spatial patterns of rural social vulnerability can look different than the spatially
concentrated patterns found in neighborhoods within larger cities. This demonstrates that
social vulnerability may also have urban-rural dimensions within the GLB that shape the
geographic pattern of the vulnerability. The widespread social vulnerability associated
with rurality and natural-resource-based communities is also associated with decades of
decline and cyclical poverty [17].

Second, and relatedly, the string of counties that represent the Milwaukee—Chicago
corridor is notable as a vulnerable region but has a different spatial pattern than the more
rural area of Northern Michigan. First, it is the only high—high cluster area identified in
assessing the social vulnerability of minority status and language. Second, there appear to
be geographic shifts in SVI scores based on Figures 2, 4 and 8, depicting the SVI scores for
socioeconomic, household composition, and housing type/transportation vulnerability
respectively, that are not always identified as significant in a LISA analysis. However, a
closer examination of the LISA results for socioeconomic vulnerability (Figure 3) shows
Milwaukee County identified as a high—low outlier just south of a low-low cluster, and
a low-low cluster for household composition and disability that starts just north of this
county. Figure 8 shows this corridor as containing a high level of housing type and
transportation vulnerability, but the cluster—outlier analysis (Figure 9) does not identify the
area as a significantly differentiated neighborhood.

Third, the social vulnerability theme of minority status and language demonstrates
the unique vulnerability of the Southern Lake Michigan Basin. Although average scores of
this third theme are low and do not show much range, the Lake Superior and Huron Basins
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appear less vulnerable than the rest of the Great Lakes. Cluster—outlier analysis results
show where the Michigan basin is most vulnerable, with a high-high cluster stretching from
the Chicago MSA of Illinois into the southwestern portion of Michigan, and significant low—
low clusters in Northern Michigan and Northern Wisconsin. The four low-high counties
in Michigan represent counties with significant cities (Grand Rapids, Flint, Kalamazoo,
Detroit), an interesting finding given the association between urban areas as a place with
more diversity and non-English use. Interestingly, the same general area identified as being
a high-high cluster for socioeconomic and household composition in Northern Michigan
appears less vulnerable to minority status and language vulnerability. This may be the
result of a more homogeneous, native-English speaking population existing in the more
rural parts of Michigan. While several Indigenous communities exist across this region,
they are often historically undercounted and underrepresented in the ACS surveys used to
construct the SVI [68].

Fourth, there are several counties with Indigenous populations in Wisconsin that
appear as high-low outliers for the social vulnerability themes of socioeconomic status
(Menominee County) and minority status and language (Forest County). Menominee
County hosts the Menominee Reservation and Forest County is home to two Indigenous
communities, the Forest County Potawatomi Community and the Sokaogon Chippewa
Community. Their high-low outlier status indicates that the surrounding counties consist of
a neighborhood with significantly higher scores than random chance alone, demonstrating
how populations can find themselves with heightened social vulnerabilities even when
surrounded by more resilient geographies, by natural forces, or otherwise [69]. In other
cases, the cluster—outlier analysis may not find a statistically significant outlier, but as is the
case for the social vulnerability of household composition and transportation (Figure 3),
the Native-majority Menominee County stands out as one of only four counties with SVI
scores in the range of 2.6-3. Additionally, the use of ACS data may be limited in accurately
reflecting these places, and this approach may also limit other assets available to these
places that serve to reduce vulnerability not being measured.

Finally, the theme of housing type and transportation has a unique spatial pattern that
stands out compared to the other three social vulnerability themes, both in the widespread
nature of this vulnerability (Figures 8 and 10) and the clustering/outlier patterns across the
basin (Figure 9). The high-high cluster in the Ontario Basin highlights a geography that
was not identified as particularly vulnerable according to other themes. Additionally, a
somewhat unique cluster emerged in Michigan that just lightly overlaps with the high-high
socioeconomic cluster for the same region. Along with the scattered high-low counties
along Ohio and Indiana, a few isolated outliers exist in Wisconsin and Northern Michigan
as well. These counties may be the locations of the nearest regional town that provides
medical services, prison populations, and/or apartment complexes, which can significantly
influence the SVI scores. Simply put, rural areas may only have one town in a neighboring
county where these services are available, and as a result, they draw more multi-unit
housing structures and populations living in group quarters.

Limitations

Several limitations should be considered. First, while using generalized indicators
across the community allows for statistical comparisons, the specific indicators used in the
creation of the social vulnerability indices can vary in the degree to which they serve as a
vulnerability [70]. This study utilizes the CDC SVI for the sake of consistency, but regional
planners and policymakers need to identify and consider the unique local indicators they
use to assess vulnerability and direct their time and resources that make sense given the
specific community context.

Second, the spatial scale used in this study is limited in its ability to assess minority
status and language as a social vulnerability, particularly involving inner-city and Indige-
nous populations. County-level analysis limits the finer spatial scale needed (census tract)
to understand spatial inequality in more dense urban areas [71]. Furthermore, the data
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used relies on a methodology that underrepresents and undercounts Indigenous commu-
nities in and around the GLB, making the approach limited in the representation of this
particular social group. This has the potential to further exacerbate inequalities and has
the potential to under-assess community resilience and vulnerability [68,69]. Additionally,
sociodemographic data on Indigenous communities can miss other culturally relevant data
to understand the social context of place, and they are frequently used to paint a picture of
deficit which is not always helpful for producing resilience.

Third, this study is U.S.-centric. U.S. databases are more easily accessible and available
for this particular analysis. Additionally, the geopolitical units in Canada are significantly
different than the state—county—township—town system in the U.S. from both a governance
and a spatial perspective. Even finding up-to-date demographic information for the region
is difficult.

5. Conclusions

Understanding the patterns of social vulnerability across relevant ecological bound-
aries helps incorporate the social landscape into natural resource management, risk man-
agement, community development, and emergency planning and preparedness. Using
the CDC’S SVI [4], this study explores and compares four themes of social vulnerability
while highlighting the unique geographies that represent clusters of vulnerability and
resilience, as well as outliers that warrant further attention. While there is still debate on
the selection of the indicators used to measure the concept [17,70], an understanding of
the spatial distribution of any indicator improves understanding of the spatial patterns of
social vulnerability.

Results reveal a region where social vulnerability is elevated for swaths of rural
Michigan as multiple clusters overlap in the state surrounded by the Great Lakes. Eastern
Wisconsin appears to be more resilient than other areas but has a few outliers that emerge
with the location of Indigenous communities, suggesting that this territory of resilience is
unequally distributed among tribal and non-tribal communities. The Chicago-Milwaukee
corridor around Lake Michigan also reveals an area of vulnerability defined by minority
status and language, but no other social vulnerability exists, highlighting nuances between
rural and urban social vulnerability. Furthermore, the Lake Ontario basin was not identified
as particularly vulnerable except for the theme of housing type and transportation, in
which it was the most vulnerable region and had significant clustering, suggesting that
specific social vulnerabilities cluster around particular regions (Northern Michigan, Eastern
Wisconsin, Western and Central New York). This demonstrates a need for continued work
in the spatial exploration of social vulnerability and multiple scales to tease out what makes
a region of communities more vulnerable than another.

Future research assessing social vulnerability is critical to identifying the geography
of vulnerability across the basin, and several ideas stem from this work. First, there exists a
need to build a comprehensive, bi-national social vulnerability dataset for the region for
an appropriate understanding of social vulnerability for the entire basin. Second, there
needs to be more effort in mapping physical infrastructure and its characteristics with
socio-demographic data. As the social landscape of risk grows with interdisciplinary
projects, the spatial relationships between physical structures and social groups must be
better understood to adequately address environmental justice issues in the region. Moving
to address future issues related to infrastructure without maintaining the current (and
degrading) infrastructure of older urban and rural communities will ensure environmental
hazards from extreme weather events will create significant barriers to resilience and
community capacity building. Finally, more effort is needed to identify and alleviate high—
low outliers and understand the governance processes that lead to these developments.
This study reveals that some of these outliers are associated with the presence of Indigenous
communities, but other outliers exist where such communities are no longer present.
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