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Abstract
Recent advances in sociological appreciation of risk have 
culminated in the concept of riskscapes, which describe 
how the social, political, biophysical, and technological driv-
ers of risk are embedded within different spaces in ways 
that can reinforce systemic inequities. The U.S. military has 
long been recognized as an important structural and institu-
tional contributor to environmental problems and therefore 
potentially riskscapes. However, the regional environmental 
injustice consequences of military presence have received 
little attention. To address this need, here we construct 
a regionalized military riskscapes modeling strategy that 
focuses on understanding environmental riskscapes across 
regional contexts. Using multilevel models with random 
intercepts, our exploratory analysis reveals differences in 
racial and ethnic environmental health exposure associated 
with proximity to military facilities across the 10 adminis-
trative regions used by the United States Environmental 
Protection Agency. Furthermore, we find that the relative 
contributions to local air pollution profiles arising from mili-
tary and non-military sources likely differ by region, as do 
consequent environmental justice concerns. For example, 
in the Midwest, Central Mountain, and West/Southwest 
regions neighborhoods with more Latinx residents expe-
rience intensified air pollution inequalities associated with 
proximity to military installations. Neighborhoods with more 
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1 | INTRODUCTION

Owing in part to popular and scholarly recognition of the environmental consequences of militarism and military 
action, over the past few decades environmental sociologists and scholars in related disciplines have sought to 
better understand the relationships between military action, environmental harm, and environmental injustice (e.g., 
Alvarez et al., 2022; Babcock, 2007; Bonds, 2016; Dillon, 2015; Downey, 2015; Frey, 2013; Hamilton, 2016; Hooks 
& Smith,  2004, 2005; Jorgenson, Clark, and Kentor,  2010; Smith et  al.,  2013). These efforts have included case 
studies and theoretical development of military-environment relationships (Hooks & Smith, 2004, 2005), analysis 
of the release of hazardous pollutants in the air, on land, and into water sources by military agencies (Bonds, 2016; 
Downey,  2015; Frey,  2013), and the environmental justice consequences of military action and activities in the 
United States and abroad (Alvarez et al., 2022; Jorgenson, Clark, and Kentor, 2010).

One recent development is risk-transfer militarism, which observes that as technology advances and certain 
elements of military action occur remotely, some hazards associated with warfare increasingly manifest away from 
combatants at the front lines and nearer to civilian and other populations at great distance from battlefields (Alvarez 
et al., 2021; Smith et al., 2013). A corollary of this development is greater interest in whether and how proximity to 
military bases in the United States implicates differential exposure to environmental harm—including air pollution—
for military personnel and their families who live on or near bases, as well as nearby civilian populations (Alvarez 
et al., 2021, 2022).

Concurrently, our understanding of environmental risk has been advanced by the development of regional risks-
cape theory and related frameworks (Müller-Mahn et al., 2018; Davies et al., 2020; see also Morello-Frosch, Pastor, 
and Sadd,  2001; Morello-Frosch et  al.,  2002). These posit that environmental and other risks are not regionally 
homogenous but vary by place because of a complex of spatially contingent socio-environmental factors (Abel & 
White, 2015; Davies et al., 2020; Liévanos, 2020; Müller-Mahn et al., 2018). Regional riskscapes encourage us to 
think beyond one-size-fits-all understandings of environmental harm and justice, instead downscaling the ways that 
we think about global, continental, or national risks (Beck, 1992, 1996) to understand more locally relevant differ-
ences. Notwithstanding the rapid development of these literatures, however, to date the application of regional 
riskscapes to military contexts has been understudied and demands additional review (Davies et al., 2020). In short, 
accumulating evidence and examples of the spatially contingent nature of environmental experiences suggests the 
need for a more regionally sensitive approach to the study of structural and institutional producers of environmental 
harm, including militaries.

2 of 21

Black residents in the Midwest reported greater environ-
mental health risk from air toxics associated with nearby 
military facilities. These results underscore the usefulness of 
viewing the environmental consequences of domestic mili-
tary facilities and their activities as regionally specific and 
spatially contingent. We further suggest that scholars study-
ing environmental inequalities relating to military and other 
sources of pollution should consider how regional processes 
contextualize the existence and persistence of environmen-
tal injustice.

K E Y W O R D S
conflict, environmental sociology, peace, race and ethnicity, soci-
ology of war
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SHTOB et al.

In this exploratory effort, we seek to address this need by merging literature on the environmental justice conse-
quences of military proximity in the United States with regional riskscapes. Our primary aim is to analyze whether 
regionalized military riskscapes exist across the domestic landscape, with a particular interest in illuminating their 
patterns and contours. We use multi-level models with random intercepts to explore whether relationships between 
proximity to military facilities and exposure to carcinogenic air toxins on the census tract level (Alvarez et al., 2022) 
are homogenous or heterogenous across the United States Environmental Protection Agency's (EPA) 10 administra-
tive regions. In each region, we explore the associations among the proximity of military facilities, the intensity of use 
of those facilities, and the presence of carcinogenic air toxins (whether they were released by military or non-military 
sources). In addition to further developing the literature on military presence, proximity, and exposure to air toxics, 
our goals include supporting fine-grained regional analysis of how miliary-related environmental injustice comes to 
pass, understanding how these processes and relationships differ across regions, assessing where cases of injustice 
may result from military or non-military sources, and providing guidance for how to reduce environmental harm and 
injustice for military personnel, their families, and civilian community members who live, work, or serve on or near 
military facilities.

While we find additional support for the existence of environmental injustice in exposure to air pollution 
based on proximity to domestic military facilities, we also find strong regional variation in the existence and magni-
tude of differential rates of exposure among racial and ethnic groups. Our results also suggest that in discrete 
regions,  observed differences in exposure within these groups may be the product of different pollution profiles 
from military and non-military emissions sources. These findings illustrate the utility of adapting the emergent study 
of regional riskscapes to the context of military institutions and militarism, creating militarized regional riskscape 
models to better understand their patterns, providing caution about generalizing national studies to local contexts 
or local studies to national contexts, and suggesting some means of studying existing air toxic pollution profiles and 
disparities in different parts of the country.

2 | LITERATURE REVEW

2.1 | Environmental justice

The environmental justice movement advocates for reducing environmental health and exposure disparities along 
many lines of social difference, especially racial/ethnic and socioeconomic difference. The academic study of envi-
ronmental justice started with distributional analyses of unequal exposure to landfills and hazardous waste facili-
ties, with heightened exposure among communities with more Black residents and/or near schools with more Black 
students (Bullard, 1983; United Church of Christ, 1987). This distributional focus was largely undertaken to establish 
that these inequalities exist and that they are not only anecdotal but rather form a systemic patterning of how our 
socio-spatial world is organized. Numerous studies have subsequently analyzed environmentally harmful facilities 
and environmental exposures employing several quantitative techniques and modes of geographic scaling to develop 
finely grained and nuanced understandings of how environmental inequality forms across spatial and social contexts 
(e.g., Ard, 2015; Liévanos, 2015; Mohai & Saha, 2007; Morello-Frosch, Pastor, and Sadd, 2001).

Developments in theorizing environmental (in)justice center the importance of state-sanctioned violence in the 
formation of environmental inequalities (Pellow, 2017; Pulido, 2017). These interventions stem from a history of 
institutional scholarship questioning the role of the state as arbiters of justice, with explanations ranging from indus-
try capture to organizational inertia (e.g., Faber, 2008; Harrison, 2019; Shilling et al., 2009), and employ theories of 
how racial formation takes place through state policies and practices (e.g., Goldberg, 2002; Omi & Winant, 1994). 
Kurtz  (2009) illuminates how state institutions and practices shape and are shaped, including how government 
perpetuates racial differences and differential racial outcomes through the promotion of abstracted homogeneity 
(see also Goldberg,  2002) in the context of the environment. Environmental justice movements and scholarship 

3 of 21
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SHTOB et al.

on race and ethnicity not only focus on distributional analyses to show disparities but also highlight the processes, 
procedures, and policies that inform the sociohistorical formation of racial and ethnic environmental inequalities 
(Pellow, 2000).

In our case, we investigate how the U.S. military, as a state institution, contributes to environmental inequality. 
Military presence and related activities were important foci of early environmental justice activism, as articulated 
by Principle 15 of the First National People of Color Environmental Leadership Summit's Principles of Environmen-
tal Justice: “Environmental Justice opposes military occupation, repression and exploitation of lands, peoples and 
cultures, and other life forms” (Principles of EJ, 1991). Sociological research on environmental inequality focusing 
on the military has been surprisingly light, with the notable exception of the treadmill of destruction (e.g., Hooks & 
Smith, 2004, 2005). Nevertheless, recent quantitative efforts emphasize how proximity to domestic military sites 
differentially impacts racial/ethnic groups in the United States in general (Alvarez et  al.,  2022) and those areas 
surrounding Las Vegas in particular (Alvarez, 2021).

2.2 | Military and the environment

Increasingly, social scientists are paying attention to the extent of the military's impact on the natural world, and 
the mechanisms that foster it. While several dates for the commencement of the Anthropocene—the period of 
human-induced climatic and environmental change—have been proposed, one recent and prominent indica-
tor is how nuclear bomb testing during the Cold War influenced the geological record through radioactive debris 
(Subramanian,  2019; see also Angus,  2017). The association between military activity and climate change does 
not end with the influence on the geological record, however, as studies have displayed relationships between 
capital-intensiveness of national military operations and emissions, their ecological footprints, and their energy use 
(e.g., Clark et al., 2010; Jorgenson, Clark, and Kentor, 2010). Indeed, through its worldwide operations the U.S. mili-
tary alone emits more carbon dioxide than several industrialized nations (Crawford, 2019). In short, military activity 
contributes to the Anthropocene in general and climate change in particular, a force that perpetuates and propagates 
global environmental problems.

Military influences on the environment are not only global but also local, and do not end with these observed 
greenhouse gas effects. For example, while nuclear bomb testing significantly altered the geological record and 
brought on a new epoch, these effects are not evenly distributed across space. Specifically, the U.S. military's test-
ing was disproportionately conducted in the American Southwest near domestic Native American reservations and 
Bikini Atoll in the Marshall Islands with disregard for Native and Bikinian ways of life, livelihood, self-determination, 
environmental quality, and sense of place in the process (Guyer, 2001; Kuletz, 1998). Moreover, practices such as 
dumping of chemical weaponry in the Pacific (Mitchell, 2020), the use of Agent Orange in Vietnam, Laos, and Cambo-
dia (Frey, 2013; Mitchell, 2020), and open pit burning of trash in Iraq and Afghanistan (Bonds, 2016) are only a few of 
the many ways in which the American military has contributed to environmental problems abroad.

While the environmental harms of American military activity may be felt most harshly and abrasively abroad, 
recent work in other academic domains demonstrates that practices designed to expand the American “sphere of 
influence” may be coming home (Go, 2020). The dramatic and intensive nature of warfare is commensurate with 
its impacts to environmental health, and subsequently, human health. However, subtler forms of risk and pollution 
spatially distant from test sites and battlefields nevertheless are important to understanding the full extent of military 
pollution (Alvarez et al., 2021, 2022). From increased unexploded ordnances on Native lands (Hooks & Smith, 2004) 
to increased air toxics exposure for communities with more Latinx and Black residents near domestic military sites 
(Alvarez et al., 2022) and polluting surface and ground water via firefighting foam (US GAO, 2018), some means in 
which domestic military activity contributes to the deterioration of environmental health have been documented. 
The dramatic nature of warfare, therefore, should not occlude analysis of the destructiveness of war preparation 
(Downey, 2015), which may take place in the everyday practices of domestic military sites with health consequences 
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SHTOB et al.

for military personnel, their families, and civilians who live or work on or near these sites. While prior studies consider 
environmental risk from domestic military facilities on national scale (Alvarez et al., 2022), here we assess regional 
variations in relationships between proximity to facilities, neighborhood composition, and air toxics cancer risk.

2.3 | Regional riskscapes

Notwithstanding the existence of many case studies and a few national studies assessing environmental harm and 
injustice associated with nearby military facilities and activities in the United States, the regional patterning of these 
outcomes has received comparatively little attention. Recently developed insights into regional riskscapes (Davies 
et al., 2020; Müller-Mahn et al., 2018) provide an opportunity to explore this patterning. The term “riskscape” has 
long been used in the social sciences to denote heterogenous risk profiles across ecological and social landscapes, 
including in analyses linking race and other demographic factors to differential exposures to air toxics and subse-
quent health effects (Morello-Frosch et al., 2002; Morello-Frosch, Pastor, and Sadd, 2001).

These early efforts focused on the socioeconomic and institutional drivers of toxic emissions and associated 
environmental health inequality in order to move past analysis of individual sites and develop a composite appreci-
ation for the political economy and complexity of differential exposure. Employing advances in spatial and quantita-
tive methodologies, for example, they analyzed both the sources of exposure and how they affected communities 
in different regions of Southern California based on those areas' racial composition (Morello-Frosch et al., 2002; 
Morello-Frosch, Pastor, and Sadd,  2001). As useful as these efforts were to synthesize a number of factors that 
contribute to environmental injustice through differential health risks and outcomes, they typically used the term 
“riskscape” without developing a meaningful theoretical sense of what riskscapes are, how they form, and what 
specific factors contribute to their existence.

Recent scholarship has sought to address this need by bringing together environmental justice literature in soci-
ology and related fields such as geography at the intersection of “risk, space, and practice” by “locating perils…within a 
spatial framework” and “providing orientation in potentially perilous terrain” (Müller-Mahn et al., 2018, pp. 197–198). 
Produced at the crossroads of “social dynamics and material processes,” these accounts emphasize the contributions 
of governments and other institutions to inequality and environmental vulnerability, as well as an appreciation of 
landscapes of risk and uncertainty arising from warfare (Davies et al., 2020; Müller-Mahn et al., 2018). They serve to 
link variations in community practice and subjectivities with materiality, temporality, power relations, and ideology, 
with the effect of pushing back on the assumption that the globalization of risk (cf. Beck, 1992, 1996) renders its 
spatial elements irrelevant (Müller-Mahn et al., 2018).

While environmental riskscapes have, for example, been studied in institutional contexts like the catastrophe 
(re)insurance market (Taylor & Wienkle, 2020), in specific cities (Abel & White, 2015; Liévanos, 2020), and across 
countries (Müller-Mahn et al., 2018), each approach shares an emphasis on the embedded and interlocking material, 
ecological, and social elements that drive and mediate the patterning of risk across landscapes. Notwithstanding an 
expressed need, as Davies et al. (2020) observe, to date environmental riskscapes have been unfortunately under-
studied in the context of warfare and militarism. Here, we address this need by further developing the early United 
States regional or subregional riskscape focus (Morello-Frosch et al., 2001), examining the divergent environmental 
justice implications of domestic military proximity (Alvarez et al., 2022) across the EPA's 10 administrative regions 
(see Figure 1).

Environmental sociologists and others in related fields have engaged in this type of regional comparative analysis 
using the EPA's demarcations (Ard, 2015; Liévanos, 2019; Zwickl et al., 2014). These regions differentiate the agen-
cy's geographically heterogenous bureaucratic offices that depend on sometimes variant interpretations of law in 
different regional federal appellate courts (to which they have been traditionally tied), as well as different cultures and 
philosophies related to enforcement, coordination, and delegated policy-making power. This is based in part on their 
territorially-bound regional purview, which requires greater interaction with different sets of state and local officials, 
as well as absorption of local socio-ecological conditions and public desires.

5 of 21
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SHTOB et al.

In short, different regional offices feature distinctive capacities and foci. They therefore provide a useful tether 
for development of regional riskscapes because they operate within slightly variant legal regimes but also reflect the 
differences among the states and localities they serve in culture, politics, environmental views, and views about the 
appropriate role and limits of government (Hunter & Waterman, 1992; Liévanos, 2019). For example, in addition to 
hosting regionally specific program offices like those operating near and specific to the Great Lakes or Chesapeake 
Bay, as of 2018 only two had a land division and only four an office of environmental justice or similar offices (Blank 
& Rosen-Zvi, 2018). While they operate under the same authorizing statutes as the agency generally and are subject 
to many of the same laws and requirements, these EPA offices and their projects are therefore best understood as 
regionally administratively and culturally differentiable and contingent.

Additionally, these regions reflect commonly recognized socio-environmental portions of the country (Zwickl 
et al., 2014). For example, ecologically, culturally, and in terms of political economy distinctions are easily drawn 
between the southwest and northeast portions of the United States, and each is distinctive from the southeast and 
Rocky Mountain states. Much in the same way that differences in landscape and demographics between neighbor-
hoods in a city, or parallel differences among countries that share a continent have allowed researchers to develop 
differential environmental riskscapes in those contexts (Liévanos, 2020; Müller-Mahn et al., 2018), the EPA's regions 
provide an opportunity to develop riskscapes domestically across the breadth of the United States. In fact, employing 
pollution exposure microdata in U.S. cities, Zwickl et al. (2014) found variation in exposure by income when compar-
ing racial and ethnic groups across regions.

6 of 21

F I G U R E  1   EPA regions. The Environmental Protection Agency's (EPA) has 10 regional offices that reflect 
geographical boundaries. EPA regions do not subdivide states: each region aggregates multiple states and (in some 
cases) territories.
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SHTOB et al.

For these reasons, while we certainly accept that there are other justifiable ways to regionally subdivide the 
United States for the purpose of environmental justice analysis, we view the EPA's 10 regions (which are coterminous 
with state boundaries and therefore census tracts) as useful and salient means of determining regionality. To these 
ends, Figure 2 shows the overall variation in average carcinogenic air toxic exposure for each of the 10 regions, with 
each box showing the middle 50th percentile of exposure results surrounding the mean and the whiskers extending 
up and down the upper and lower 25th percentile ranges, respectively. This suggests that these concerns may not be 
homogenous across these regions. Based on these factors—in combination with regional riskscapes—we suspect that 
environmental (in)justice concerns associated with the military proximity will be regionally heterogenous. Accord-
ingly, we have developed the following two hypotheses.

3 | HYPOTHESES

3.1 | Null hypothesis

H0. There will be no regional variation in environmental inequalities from military installations.

3.2 | The regional militarized riskscapes hypothesis

H1. There will be significant regional variation in racial and ethnic environmental inequality based on the relative 
proximity between census tracts and the nearest military installations.

7 of 21

F I G U R E  2   Estimated cancer risk from air toxics per million persons for each of the Environmental Protection 
Agency's (EPA) 10 regions.
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SHTOB et al.

4 | METHODS AND RESULTS

4.1 | Dependent variable: Estimated cancer risk from air toxics

The outcome of interest is the estimated cancer risk from air toxics per million persons, which is derived from the 
Environmental Protection Agency (EPA) National Air Toxics Assessments (NATA) (Office of Air Quality Planning and 
Standards, 2018). We use the latest version of NATA, which was based on 2014 data and published in 2018. The 
EPA estimates human health risk from air pollution by compiling data on hazardous facilities, meteorological and 
atmospheric modeling, travel diaries, and population estimates. NATA is preferable to measures of raw toxicity for 
the purpose of assessing threats to human health because it derives from “a rigorous multi-stage process beginning 
with (the EPA) compiling the National Emissions Inventory, which is then used to estimate ambient concentrations 
of air toxics through computer modeling of meteorological and photochemical processes. Environmental health risk 
is estimated by combining air toxics emissions concentrations with models of daily human outdoor activity” (Alvarez 
et al., 2022, p. 7). Moreover, the estimated cancer risk variable is a standardized measure (i.e. “per million persons”) 
of human health risk as compared to toxicity concentrations and has been used in previous environmental justice 
research (Liévanos, 2015). An additional benefit of using a standardized measure as compared to raw toxicity is the 
ability to compare across different geographic areas or population sizes.

4.2 | Independent variables: Military installation proximity and military intensity

We developed our primary independent variable of interest—the proximity of each census tract to the nearest mili-
tary installation—from The Defense Installations Spatial Data Infrastructure Program, which publishes a GIS shapefile 
of most military installations (some are excluded for national security reasons) (Department of Defense, 2019). We 
transposed the military installation and census tract shapefiles, and then created centroids for each census tract. 
Using ArcGIS, we calculated the proximity of the nearest military installation border to each census tract centroid. The 
military installation proximity variable measures distance from the nearest military facility in kilometers.

Recognizing that military facilities may differ in their intensity of use, we then constructed a measure to account 
and control for these differences. We did this by merging the previously described spatial dataset with The Base 
Structure Report published by the Department of Defense (DoD), which reports the plant replacement value (PRV) 
for each military facility (Department of Defense, 2015). The PRV is the replacement cost of the facilities and support-
ing infrastructure. To capture the financial intensity of each military installation, we calculate the “military intensity” 
by dividing the PRV by the area of the installation. The military intensity variable shows lower values for military sites 
with lower financial value per acre and higher values for military sites with greater financial value per acre. In effect, 
this allows for the development of a measure that reflects the fact that not all military facilities are of the same type, 
the same use, or the same intensity of use. 1 We constructed these measures instead of other methods of mean-
ingfully capturing the spatial extent of military facilities (e.g., areal percentage of tracts occupied by military bases; 
military facility kernel density) to (1) avoid a significant number of zero values and (2) maintain an easily-intelligible 
variable while effectively gauging proximity to nearby military sites and the relative intensity of those sites.

4.3 | Independent variables: Tract-level demographics and county-level indicators

To assess regional environmental inequality, we evaluate several independent variables at the tract and county level. 
First, we use demographic data from the American Community Survey (ACS), specifically the five-wave 2010–2014 
dataset. This dataset came from the National Historical Geographical Information System (Manson et al., 2018) and 
includes data about race/ethnicity composition. From this, we use percent Black residents, percent Latinx residents, 

8 of 21
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SHTOB et al.

percent Native residents, and percent Asian-Pacific Islander (API) residents. Additionally, we use a pair of ACS 
socio-economic indicators: median household income and the Gini income inequality index. Second, we include data 
on the urbanicity of census tracts from U.S. Economic Research Services Rural-Urban Continuum Codes (RUCC). 
Specifically, we recode the RUCC 1–3 as “metro” and 4–7 as “non-metro.” Third, county-level gross domestic product 
per capita (GDP) data comes from the Bureau of Economic Analysis (2018).

4.4 | Methods

Multilevel models are a sophisticated and rigorous statistical approach that accounts for group-clustering of multi-
ple observations (Alvarez et al., 2022; Evans et al., 2018). We use multilevel modeling to account for administrative 
homogeneity, meaning that census tracts in the same county are more likely to be similar than those in a different 
local administrative system and/or at greater distance. We conducted a multi-level model analysis for each EPA 
region. Our multi-level structure is a two-level model with census tracts (level 1) nested within counties (level 2):

y
ij
= βδ+μ

0j
+ e

0ij�

μ
0j

∼ N

(

0,σ
2

μ

)

�

e
0ij

∼ N

(

0,σ
2

e

)

�

Here, A y
ij
 is estimated cancer risk for tract i within county j. The vector of coefficients including the intercept and 

fixed effects is A δ and the row vector of corresponding variable values is A β  . The random effect for the county level 

is A μ
0j

 and is assumed to be normally distributed with a variance of A σ
2

μ
 . The random effect for the tract-level is A e

0ij
 

for the tract-level with a normal distribution with a variance of A σ
2

e
 . We estimated two series of models: (1) models 

without interactions; and (2) models with interactions. Within each series 11 models are estimated, with one national 
model and one for each of the 10 EPA regions. Note that the national model includes a three level nesting struc-
ture  (tracts  in counties  in  states) while  the  regional models  include a  two  level nesting  structure  (tracts  in coun-
ties) because of the small number of states in each EPA region.

5 | RESULTS

As indicated in Table 1, the national average of estimated cancer risk from air toxics is about 32 additional cases 
of cancer as a consequence of air toxics per million persons with a wide range of variation among tracts (ranging 
from 6 to 1505 additional cases of cancer per million persons). Figure 2 shows this regional variation, with the high-
est regional average of estimated cancer risk from air toxics in the South Central, Southeast, and West/Southwest 
regions. On the other hand, the Central Mountains, New England, and Midwest have the lowest estimated cancer 
risk from air toxics, showing regional variation in environmental health risk. The nationwide average for the nearest 
military installation to each census tract was 41 km with the closest at 0 km to farthest at 1337 km. The regions 
with the lowest average distance to the nearest military installation are the Mid-Atlantic, the West/Southwest, and 
New England. Regions with the highest average distance are the Central Mountains, South Central, and the Central 
Plains. To statistically assess regional differences, we conducted a series of multilevel models predicting air toxics 
cancer risk by racial/ethnic neighborhood composition, proximity to closest military installation, and other community 
demographic information.

To start at a baseline, we will first review the series of models without interactions shown in Table 2 and Figure 3. 
This revealed a nationwide patterning of significantly unequal estimated cancer risk from air toxics for census 
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tracts with greater percentages of Black and Latinx residents, supporting the results of earlier nationwide analyses 
of air toxics and environmental inequality (e.g., Downey, 1998; Ard, 2015; Liévanos, 2015, 2019; see also Alvarez 
et al., 2022). Similarly reflective of existing research (e.g., Grineski et al., 2017, 2019; Liévanos, 2015, 2019), we 
also found significantly greater estimated cancer risk from air toxics for tracts with greater percentages of Asian and 
Pacific Islander residents. The variance partition coefficient (VPC) reports the amount of variation explained by the 
higher levels (such as state and county levels). The VPC for all regions is 66.45% (i.e., the amount of variation that 
is explained by the state and county levels). The EPA regions' VPC ranges from 7.42% to 77.20%, in each this is the 
percentage of variation explained by the county level in each region. The range in VPC demonstrates that county-level 
variation is stronger in certain EPA regions like Northeast, Southeast, and Pacific Northwest, as compared to regions 
Mid-Altantic and Central Plains.

Now, we will explain the series of models with interactions, shown in Table 3. Each interaction coefficient repre-
sents how the effect of racial/ethnic neighborhood composition on air toxics cancer risk is moderated by military 
facility proximity, and vice versa. A negative and significant coefficient indicates that, as military facility proximity 
increases (a tract is further away from the nearest military site), the magnitude of the effect of racial/ethnic neighbor-
hood composition decreases. And, vice versa, that as racial/ethnic neighborhood composition increases, the effect 
of greater distance from the nearest military site decreases. In plain language, a negative and significant coefficient 
indicates that tracts closer to military facilities experience greater air toxics cancer risk when racial/ethnic composi-
tion increases relative to tracts further from military facilities. And, that tracts with more residents of the specified 
racial/ethnic groups experience more air toxics cancer risk when distance from the nearest site decreases relative to 
tracts with fewer residents of the specified racial/ethnic group.

The nationwide model found estimated cancer risk from air toxics worsens as the percentage of Latinx residents 
increases and with closer military installations. We find similar results for percentage of Black residents. On the other 
hand, we find estimated cancer risk from air toxics worsens for neighborhoods with greater Native populations and 
further distance from the nearest military installation. We find similar results for tracts with a higher percentage 
of API residents. The findings for the interaction between percent Black and Latinx residents and military facility 
proximity support prior work (Alvarez et al., 2022) while results for percent Native and API residents augment our 
understanding of relationships of racial/ethnic neighborhood composition, military proximity, and air toxics cancer 
risk. The VPC for the interaction models are similar to the non-interaction models.

To evaluate H0 and H1, we compare the coefficient values of the interaction terms in Table 3 (see also Figure 4). 
For Latinx neighborhoods, we find significant regional differences across the models. We find that Latinx envi-
ronmental inequality associated with military installations is significantly worse in the Midwest, Central Mountains, 
and West/Southwest regions. Results show greater overall environmental health risk as percent of Latinx residents 
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T A B L E  1   Descriptive statistics of dependent and independent variables.

Mean SD Min Median Max

Est. cancer risk from air toxics per million persons 31.65 12.92 6.17 31.00 1505.12

Black (%) 13.71 22.09 0.00 4.04 100.00

Latinx (%) 16.22 22.38 0.00 6.53 100.00

Native (%) 1.18 4.72 0.00 0.25 100.00

Asian/Pacific Islander (%) 4.70 8.97 0.00 1.44 92.07

Median household income (in $10,000) 5.73 2.85 0.25 5.10 25.00

Metro (binary) 0.83 0.37 0.00 1.00 1.00

GDP per capita (in $1000) 54.94 34.61 4.90 49.38 715.81

Gini index 0.46 0.04 0.33 0.46 0.65

Closest military installation (km) 41.02 43.75 0.00 27.55 1337.41

PRV density (ln) 4.78 1.98 −4.61 4.98 11.06
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increases in the Northeast, Mid-Atlantic, Southeast, and Pacific Northwest regions. This suggests that in these 
regions, environmental inequality from air pollution in Latinx communities may be more strongly associated with 
emissions from non-military facilities.

The models reveal significant regional variation based on the percentage of Black residents. Black environmen-
tal inequality associated with military installations is significantly worse in the Midwest. We find significant Black 
environmental inequality in the Northeast, Mid-Atlantic, and Pacific Northwest regions that suggests non-military 
contributors: as distance increases from military sites tracts with more Black residents experience greater air toxics 
cancer risk in these regions. There was no significant regional variation of military-associated environmental inequal-
ity for percent of Native and API residents.

Table 3 demonstrates significant general API environmental inequality from air pollution for New England and 
Midwest that appears to be not connected to military facility proximity: in these regions, as the distance from the 
nearest military facility increases, the effect of more API residents in the tract is an increase in air toxics cancer risk. 
Taken in total our results support H1, in that we find significant regional variation in human health risks from air pollu-
tion associated from military installations for census tracts with higher percentages of Latinx and Black residents. 
Moreover, there appears to be a slight regional variation in environmental inequality associated with military installa-
tions for census tracts with comparatively high percentages of Native populations. The region with the highest Latinx 
environmental inequality from military sites was region 8: the Central Mountains. Interestingly, this region reports the 
greatest average distance from the nearest military facility. We found Black environmental inequality from military 
installations only in Midwest (region 5). We did not find support for Native or API environmental inequality derived 
from military sites, based on the demarcations of EPA regions.

5.1 | Sensitivity analysis

Recognizing that tract-level ACS-derived variables can sometimes inhere high degrees of uncertainty across and 
within regions, to test the robustness of the findings we ran a sensitivity analysis by modifying the data to specific 

13 of 21

F I G U R E  3   Beta coefficient for percentage of race and ethnicity of residents. This reports coefficients from the 
models without interactions. Star indicates at least p < 0.05.
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criteria set forth by Folch et al. (2016). The robustness check specifically uses 2010 U.S. Census data for race and 
ethnicity. Additionally for the median household income variable, tracts with a coefficient of variation—the estimate 
divided by the margin of error—greater than 0.4 were omitted. With these two conditions in place, the sample size 
was reduced to 69,498 tracts. The robustness results are reported in Supplemental Table S1. Comparing the results 
across all models there were some changes in statistical significance to variables that are not central to our analysis. 
However, the results of military-associated environmental inequality for racial/ethnic communities reported in the 
results section above remain consistent. Thus, our main findings are robust to ACS data quality concerns.

6 | DISCUSSION

Multi-level models represent sophisticated means of disentangling and comparing the various associations and effects 
that contribute to the risk of environmental inequality. On our most basic analytical level, we find that the relative 
contributions to local air pollution profiles arising from military and non-military sources likely differ by region, as do 
consequent environmental justice concerns. For example, in the Midwest, Central Mountains, and West/Southwest 
regions Latinx neighborhoods experience intensified air pollution inequalities associated with proximity to military 
installations. The connections made between air force bases in the Southwest and this type of air pollution exposure 
(Alvarez, 2021) suggests one possible explanation for the risk patterns observed in this region as well as the need for 
deeper subregional or interregional analysis to understand similarities and differences in the factors driving results 
across these regions. Neighborhoods with more Black residents reported greater environmental health risk from air 
toxics associated with nearby military facilities in the Midwest, yet environmental inequality found in the Northeast, 
Mid-Atlantic, and Pacific Northwest regions may be more associated with non-military factors. This hints that in these 
cases this form of inequality is driven by factors outside of the military; for example, possibly industrial factors or 
those related to population or automobile density.

To distinguish these results from nationwide results focusing on similar questions, however, it is important to 
emphasize what is not found as well as what is. Here, we find that the previously described nationwide patterns 

17 of 21

F I G U R E  4   Interaction coefficients for % of race and ethnicity of residents. Star indicates at least p < 0.05.
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of environmental injustice that were developed on a nationwide scale (Alvarez et  al.,  2022) are not regionally 
homog enous and may not be the result of the same factors—military or non-military—in different parts of the coun-
try. By rejecting H0, our results support the findings of Alvarez et al. (2022), which hypothesized and demonstrated 
associations between military proximity, some differences in racial and ethnic composition of census tracts, and air 
toxics exposure across the country. This adds further support to a research tradition (e.g., Bonds, 2016) describing 
different types of military-related environmental degradation and the relationships among environmental justice 
indicators, exposure to air toxics, and proximity to miliary facilities. The finding of regional heterogeneity in support 
of H1 likewise provides foundational support for the utility of approaching riskscapes and riskscape theory in the 
context of regions to understand spatially contingent environmental injustice (and instances of justice) in the United 
States. In short, for those interested in the environmental and environmental justice consequences of the military and 
militarism, our exploratory modeling strategy to examine the intersection of environmental risk, health, and justice, 
the study of the military, and regional riskscapes provides a promising analytical approach.

Using this lens to focus on regional variation itself, across different racial and ethnic populations there was 
regional variation in census tract air toxics exposure as a function of proximity to military bases not only between the 
groups, but also within each group. For example, there are regional differences among Latinx populations that may 
not be reflected in nationwide analyses that aggregate regions (or vice versa), providing caution about the ecological 
and atomistic fallacies. This suggests the need for additional qualitative and case study analysis within regions to 
further develop these ideas locally and to expand our view of how and where environmental justice issues may arise. 
Using regionalized military riskscapes in cases like these might therefore provide guidance for those seeking to better 
locate regional or subregional research, prevent unsupported inferential leaps across scale, help to regionalize results, 
guard against ecological fallacy, and prevent the universalizing of particular cases in particular regions, instead using 
them as comparative tools useful for additional analysis of similarity and difference.

7 | CONCLUSION

Analyses and results like these emphasize the need for regional or subregional downscaling of inquiries and results. 
Moreover, they draw attention to the need for additional efforts to determine whether discrete instances of envi-
ronmental injustice are the result of a particular institution like the military or specific processes like the operation of 
facility, whether such associations are the result of the facility being located in a particular place or near a particular 
population, whether outside factors are at play, and how efforts to improve and ameliorate instances of environmen-
tal injustice should be tailored to particular regional, subregional, or community needs.

In this spirit, continued conceptual and empirical expansion of spatially contingent and regionalized understand-
ings of environmental inequality should continue to embrace military presence and action, while also remaining wary 
of over-generalizing national results to regional contexts, regional results to subregional or national contexts, and so 
on. Nor should assumptions carry over regarding cause, as our findings show that likely contributors toward envi-
ronmental inequality differ not only across regions but also by the racial and ethnic composition of communities. We 
should be clear, however, that because the NATA dataset does not distinguish between military and non-military 
sources of pollution our results simply demonstrate and regionalize associations between military facility proximity 
and intensity, on the one hand, and exposure to carcinogenic air toxics, on the other. They do not support a causal 
claim that the military is the source of this pollution as opposed to it being the result of intentionally co-located 
private military support activities or other emissions sources that are coincidentally nearby.

For this reason, the model developed here provides opportunities for additional research into how several causal 
chains and factors may contribute to instances of environmental inequality, including by using other datasets in local 
context that provide greater granularity about the sources of emissions. Furthermore, future research could benefit 
from a more detailed—and possibly qualitative or mixed methodological—lens that focuses on why these variations 
in riskscapes exist across EPA regions or the broader societal regions upon which they are overlaid: whether these 
result from reasons of demographics, organizational structure, administrative or political preference, environmental 
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culture, or other explanations. This is not to say that broad analyses are ineffective or unimportant: clearly given the 
contributions of studies that identify cases or sources of inequality this is not the case. However, it emphasizes the 
practical need for environmental inequality research that examines similar issues and communities simultaneously 
across different spatial scales and contexts.
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