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Intersectional and Entangled Risks:
An Empirical Analysis of Disasters
and Landfills

Clare E. B. Cannon*

University of California, Davis, Davis, CA, United States

Landfills are environmental hazards linked to harms, such as the production of
greenhouse gases and the accumulation of toxins in natural and human systems.
Although environmental justice research has established such unwanted land uses as
hazardous waste sites occur in poor communities and communities of color, less is
known about the relationship between landfills and gender. As a driver of global climate
change, there is also limited research into the relationships among disasters, landfills, and
climate-related risks. To fill this gap, the current study uses an intersectional approach
to theorize and empirically analyze relationships among landfills, disasters, race, class,
and gender. We employ negative binomial regression to analyze a unique U.S. dataset
of landfill counts, total number of disasters, and socio-demographic characteristics,
including the use of two-way interactions among race, sex, and socioeconomic status
variables, and number of federally-declared disasters that influence landfill counts.
Findings suggest that intersecting axes of social location (specifically gender and race)
are not multiplicative when it comes to landfills or the environmental risks they pose,
but we argue may be entangled—that is related in non-linear and complicated ways.
Using intersectionality theory, we interpret the findings to indicate that women of
color are agents of resistance enacting their own forms of power against dominant
structural arrangements that produce and maintain environmental injustices. Conclusions
and implications for environmental justice, intersectionality, and climate risks are
further discussed.

Keywords: gender, intersectionality theory, environmental justice, environmental risk, landfills, climate impacts,
social disparities in climate

INTRODUCTION

One underexplored area of great concern are the risks related to disasters and landfills particularly
to women and racially minoritized groups. As global climate change leads to more frequent and
catastrophic disasters, these disasters generate exponentially more waste than in a typical year.
Disasters create a dual risk to residents of both the immediate effects of the disaster itself and the
potentially harmful effects of disaster-generated waste. Moreover, such risk is unevenly distributed,
with landfills, the eventual home of such waste, disproportionately located in communities of
color and poor communities across the U.S. (e.g., Mohai and Saha, 2015a,b; Cannon, 2020). But
how do these disparities of climate related impacts affect communities across intersecting axes
of social location including along lines of gender, race, and socioeconomic status? To answer
this question, the current paper integrates environmental justice and intersectionality theories to

Frontiers in Climate | www.frontiersin.org

1 xx 2021 | Volume 3 | Article 709439

58
59
60
61
62
63
64
65
66
67
68
69

74

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

104
105

106
107
108
109
110
111
112
113
114


https://www.frontiersin.org/journals/climate
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://www.frontiersin.org/journals/climate#editorial-board
https://doi.org/10.3389/fclim.2021.709439
http://crossmark.crossref.org/dialog/?doi=10.3389/fclim.2021.709439&domain=pdf&date_stamp=2021-xx-xx
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles
https://creativecommons.org/licenses/by/4.0/
mailto:cebcannon@ucdavis.edu
https://doi.org/10.3389/fclim.2021.709439
https://www.frontiersin.org/articles/10.3389/fclim.2021.709439/full

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

171

Cannon

Intersectional Environmental Risks

develop a theoretical framework to analyze the factors that
influence landfill counts. This theoretical integration informs
a quantitative analysis of landfills across the United States by
examining crucial socio-demographic characteristics, disasters,
and other relevant variables garnered from prior research.

Previous scholarship has found disasters have an indirect
relationship on communities through waste generation
(McKinney et al, 2015) and that landfills themselves pose
a risk to neighboring residents through the production of
greenhouse gasses and the accumulation of toxins in human
and natural systems (Elliott and Frickel, 2013). To build on this
prior work, the current paper uses an intersectional approach
(e.g., Crenshaw, 1989; Cho et al, 2013; Collins and Bilge,
2020)—that interlocking axes of social location exacerbates
social inequalities—to quantitatively assess disparities related to
disasters and landfills. Building on previous scholarship that uses
quantitative methods to advance intersectionality theory of social
inequality (McCall, 2005), this paper extends this framework
to further our understanding of environmental injustice, in
the form of landfills, and the disparate risks related to waste
generation from disasters. In doing so, we consider best practices
from prior research on the inclusion of measures of gender in
our analyses.

To accomplish these aims, we first review relevant
environmental justice research of waste, the environmental risks
it poses, and disasters. Next, we engage with leading research into
gender inequality, climate change, and intersectionality theory to
inform promising practices of conceptualizing and empirically
assessing unique effects of gender related to the environment.
Finally, we apply an intersectional environmental justice
approach to our empirical analysis of a unique dataset to yield
insights into climate-related environmental risks to landfills.

LITERATURE REVIEW

Landfills, Climate Risks, and Disasters

Environmental justice scholarship has a rich tradition of
analyzing the disproportionate siting of environmental hazards,
in particular waste sites and their attendant risks, in poor
communities and communities of color across the U.S. (e.g.,
UCC, 1987; Bullard, 1990; Saha and Mohai, 2005; Bullard
et al,, 2007; Elliott and Frickel, 2013; Taylor, 2014; Mohai
and Saha, 2015a,b). To date, much of the environmental
justice research into these disparities has focused on federally-
regulated sites, such as hazardous waste landfills or other facilities
recorded in the US EPAs Toxics Release Inventory. However,
little research has investigated the effects of other landfills—
construction and demolition (C&D), municipal, and industrial—
that make up 93% of all landfills in the U.S. (Cannon, 2020).
Much of the waste that our modern societies produce are
not classified or regulated as hazardous waste though much
of it may be hazardous posing significant risks to neighboring
communities (EPA (United States Environmental Protection
Agency), 2008). Research suggests that such waste sites pose
risks to human and community health and well-being, such
as poor air quality, water contamination, and other noxious
outcomes (World Health Organization, 2007; Mattiello et al.,

2013). Moreover, landfills themselves emit greenhouse gases
(GHG, i.e., methane) contributing to the acceleration of the
global climate emergency and associated-climate risks (EPA,
2006, 2013a). While hazardous waste is regulated federally,
individual states are responsible for establishing criteria for how
these other landfills operate and for monitoring compliance.
As understudied sources of climate risks, these landfills are an
important site for further investigation (Cannon, 2020).

An important gap in the literature are the relationships among
climate change-related disasters, landfills, and environmental
risks. The ongoing environmental risks, such as increased rates
of cancer, poor air quality, increased asthma rates and increased
rates of diabetes (Ma et al., 2007; Fazzo et al., 2008; Gensburg
et al.,, 2009; Koshy et al., 2009) posed by both hazardous and
non-hazardous landfills (i.e., C&D, industrial, and municipal)
may be further exacerbated by disasters, whose frequency and
severity are all but certain to increase with the ongoing and
unfolding climate crisis (IPCC, 2018). To further understand the
complex linkages among landfills, disasters, climate change, and
environmental risk disparities, environmental justice scholarship
has also begun to investigate how disaster impacts on such waste
sites exacerbates these already existing socio-environmental
inequalities (McKinney et al.,, 2015). In their research on this
topic, McKinney et al. (2015) found that debris from disasters in
more urban areas created a pipeline of waste to more rural areas
across the Southeastern U.S.

Moreover, understanding the effects of disaster-generated
waste is a necessary site of study given the importance of its quick
and thorough removal post-disaster to a community’s successful
recovery (Luther, 2010; Brown et al, 2011). Waste, whether
disaster-generated or not, contributes to a climate change-
related positive feedback loop in which accumulation of waste
in landfills increases the production of greenhouse gasses, which
contribute to global climate change, which in turn generates more
frequent and extreme disasters producing more landfill waste
[EPA (United States Environmental Protection Agency), 2013;
McKinney et al., 2015]. This positive feedback loop generates
climate-related risks through GHG emissions, themselves; risks
from increased disaster frequency and severity; and, through the
debris produced by disasters. Although there are ongoing efforts
to capture methane releases from some landfills (e.g., Spokas
et al., 2006; Ghosh et al., 2019), these efforts are patchwork and
produce “fugitive emissions” that escape capture (e.g., Monster
et al., 2019). Given these complex relationships, further research
is needed to uncover the key linkages among disasters, waste, and
socio-demographic characteristics that produce climate change-
related environmental risk disparities.

Gender Inequality, Environmental Hazards,

and Disasters

Another strand of environmental justice research has
investigated the disproportionate impact of environmental
injustice on women (for an overview of gender and
environmental justice research, see Sze, 2017). Increasingly,
gender has emerged as a key analytical focus in environmental

justice research as scholars increasingly examine how
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environmental hazards can affect women differently than
men (e.g., Rocheleau et al, 1996; Downey and Hawkins,
2008; Collins et al., 2011; Taylor, 2014; Sze, 2017; Perry and
Gillespie, 2019). Researchers have also begun to analyze how
gender intersects with other aspects of social life including age,
immigration status/citizenship, and indigeneity to influence
disproportionate exposure to environmental hazards (e.g.,
Merchant, 1980; Mies and Shiva, 1993; Linder et al., 2008; Collins
et al.,, 2011; McKane et al.,, 2018; Goodling, 2019; Nirmal and
Rocheleau, 2019; McKee, 2020). Research along these lines,
using secondary data analysis, have employed female-headed
primary households as an indicator of gender inequality, in
which they have found gender inequality plays a role in cancer
risks associated with air pollution (Collins et al., 2011) and that
female-headed primary households tend to be overly represented
in U.S. census tracts with high concentrations of air toxics
(Downey and Hawkins, 2008).

A brief explanation on the use of the category women.
I recognize “women” as an expansive category and one that
may include non-gender binary, trans-women, intersex and
other people who identify as women. Empirically, given the
use of female-headed primary households from the American
Community Survey as a measure of gender inequality, I
acknowledge that whoever identified as female was counted in
this measure. In this way, I fail to capture the other ways that
people are discriminated by and experience oppression on the
basis of gender. I also acknowledge that people may identify
as female in the ACS who may not be identified as such on
their personal identification documents since the ACS asks for
self-reporting. However, for those whom female does not fit
their identity they may not be counted in this measure. More
work needs to be done to include the full range of identity and
expression in census data collection efforts.

Gender also plays a role in disaster experiences and recovery.
For instance, research suggests that gender inequalities are linked
to barriers to access resources and decision making around
healthcare services, education, finances, legal apparatuses and
rights for women and girls (Sultana, 2010; Ajibade et al., 2013;
Kimura and Katano, 2014). Research has also found that women
are disproportionately impacted by natural hazards, disasters,
and climate change (Enarson and Morrow, 1998; Fordham, 2003;
Sultana, 2014; McKinney and Fulkerson, 2015; Gaillard et al.,
2017). Thus, gender plays a unique role in both environmental
hazards and disasters warranting further empirical analysis, while
recent scholarship documents that intersectionality can be a
powerful theory for understanding such impacts (Vinyeta et al,,
2016).

Intersectionality Theory

To better assess the ways gender inequality contributes
to environmental hazards and intersects with race and
socioeconomic status, scholars have also begun to apply
intersectionality theory to further understand relationships
among gender, race, socioeconomic status, along with other
socio-demographic characteristics, and environmental outcomes
(Ducre, 2018; Malin and Ryder, 2018; Mollet and Faria, 2018;
Sultana, 2021). Intersectionality, a critical theory and approach

that grows out of Black feminist thought, seeks to identify and
critique the ways various systems of power oppress specific kinds
of people and how oppressed peoples can enact their own forms
of power (e.g., Crenshaw, 1989; Collins, 1990; Cho et al., 2013;
Collins and Bilge, 2020). In foundational texts, Crenshaw (1989)
and Collins (1990) assert that it is the intersection of interlocking
systems of domination vis-a-vis race, class, and gender that
oppresses people, in general, and Black, Indigenous, and women
of color, in particular. Moreover, intersectionality, in focusing
on and valuing difference, seeks to uncover the complex array
of identities (e.g., race, socioeconomic status, gender, sexual
orientation, religious, etc.) that are produced structurally and
culturally and occur simultaneously. Intersectionality research
engages with the experiences and meanings of belonging to
multiple social groups, examines power and inequality, and
understands social categories as fluid, dynamic, and emergent
from social contexts (Cole, 2009; Else-Quest and Hyde, 2016a).
Intersectional feminist theorists call for the acknowledgment and
investigation of structural power to illuminate how it operates
to create multiple and wide-ranging disparities (Ducre, 2018;
Mollett, 2018; Mollett and Faria, 2018; Nash, 2019).

Researchers have begun to use such intersectional approaches
to further understanding and analysis of environmental
disparities as it relates to disasters (e.g., Luft and Griffin, 2008;
Ryder, 2017), urban ecology (e.g., Di Chiro, 2006; Braun, 2015),
environmental risks (e.g., Olofsson et al., 2016), pollution (e.g.,
Sze, 2006), space (e.g., Mollett and Faria, 2018), and climate
change (e.g., Kaijser and Kronsell, 2014; Sultana, 2021). Ducre
(2018), argues for the inclusion of gender in environmental
justice research, which has often been lacking and that it is
necessary to cast women experiencing environmental injustices
not just as victims but as agents of resistance.

Yet, even fewer studies have used intersectionality theory
to investigate waste as a form of environmental injustice
(Dillon, 2014; Vasudevan, 2019) or used quantitative methods
(for exception see McKane et al, 2018) to test hypotheses
derived from intersectionality theories applied to environmental
justice outcomes. Of the research that exists, Vasudevan (2019)
applies critical race theory, postcolonial studies, and feminist
geopolitical approaches to understand how racial capitalism as
a political and ecological undertaking across scales produces an
intimate relationship between race and waste to make metal
valuable. Finally, Dillon (2014) advances “waste formations”
as a framework for understanding and analyzing socio-
ecological transformations that produced and reproduced urban
inequalities creating new geographies of waste. This dearth of
research creates a gap in knowledge of how race, gender, and
waste may be related to produce environmental risk disparities.

Empirical Approaches to Intersectionality

Just as there is a growing body of research bringing together
intersectionality theory and environmental issues, increasingly
scholars have begun to call for research to employ quantitative
approaches to test hypotheses generated from such rich
theorizations to further our understanding and analysis of
interlocking systems of oppression and power arrangements that

Frontiers in Climate | www.frontiersin.org

xx 2021 | Volume 3 | Article 709439

286
287

289
290
291
292
293
294
295
296
297
298

300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

Ql4


https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles

343
344
345
346
347
348
349
350
351
352
353
[Q27]ss4
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

Cannon

Intersectional Environmental Risks

uphold such systems (McCall, 2005; Cho et al., 2013; Else-
Quest and Hyde, 2016a). Notably, intersectional research offers
generative potential for analytical understanding of complex
inequities (Else-Quest and Hyde, 2016a). Although identity
categories as represented by quantitative measures are always
approximate, by broadening the intersectionality theoretical
perspective using more and various types of methods (other than
commonly used techniques such as ethnography, deconstruction,
and genealogy), scholars can add to how we understand
structural inequality and experiences of oppression (McCall,
2005). Following other intersectionality scholars (e.g., McCall,
2005; Cho et al., 2013; Else-Quest and Hyde, 2016), the term
“social category” refers to socially constructed classes of gender,
race, socioeconomic status, etc. “Group” is used for groups within
asocial category (i.e., women, men). “Location” refers to different
intersections of groups belonging to multiple intersecting
categories (i.e., Black women). This approach also represents an
opportunity to extend best practices for the inclusion of gender
and racial minority considerations into research using secondary
data analysis. Although such methodologies have been critiqued
(e.g., Browne and Misra, 2003; Stainback and Tomaskovic-Devey,
2009), they can be used strategically to further our knowledge
of interlocking systems of oppression and social (e.g., McCall,
2005; Grabe et al., 2015; Else-Quest and Hyde, 2016b) and
environmental inequality (McKane et al., 2018; Mollett and Faria,
2018).

Given these interlocking systems of oppression, it would
be expected that membership in two disadvantaged social
groups (i.e., Black and women) would exacerbate the chances
of experiencing more disadvantage (Else-Quest and Hyde,
2016a,b). Mostly such insights have been garnered through
theorizations and qualitative methods (e.g., Collins, 1990;
Crenshaw, 1991; Collins, 1999; MacKinnon, 2013; Collins
and Bilge, 2020). Applying an interpretive intersectional
framework to environmental justice concerns can improve
our understanding of environmental disparities for women,
generally, and women from racial and ethnic minoritized
groups, specifically.

An intersectional quantitative approach emphasizes the
processes by which categories (e.g., race, socioeconomic status,
gender, etc.) are produced and reproduced by structural
arrangements of power and are resisted (Cho et al., 2013; Else-
Quest and Hyde, 2016a; Nash, 2019). Such an approach can help
us to explore the nature and extent of configurations of social
and environmental inequality. Therefore, primary focus is on
the nature of relationships among social groups, the nature and
extent of differences and inequalities, and how these relationships
may be changing rather than on the definition of a particular
social group (McCall, 2005, p. 1785). One analytical design
suggested by scholars to get at these relationships among social
groups is to use interaction effects to test between and within
group configurations (McCall, 2005; Bauer, 2014; Else-Quest and
Hyde, 2016b).

To this end, the current study uses a between-group
design (i.e., gender x race) to test hypotheses derived from
intersectionality  theories wusing traditional quantitative
approaches (i.e, negative binomial regression) with main

and interactive effects. Statistical interactions between two or
more categories are one way of considering multiplicative effects
(Bauer, 2014; Else-Quest and Hyde, 2016a). Multiplicative effects
begin to get at the premise articulated by intersectionality theory
that inequality is more than the sum of its constitutive parts (e.g.,
Crenshaw, 1989; Collins, 1990). Importantly, as Cole (2009)
warns interactive effects are not sufficient for an analysis to be
intersectional, however using an intersectional framework to
interpret such analyses offers insights into the production of
injustices across social groups (e.g., McCall, 2005; Ducre, 2018;
Mollett and Faria, 2018).

Statement of Purpose and Hypotheses
The current study aims to build on the research reviewed
above to examine empirically intersectional effects of race,
socioeconomic status, gender, and disasters on landfills, a
measure of environmental hazards, and to test hypotheses
derived from environmental justice and intersectionality theories
to further understand climate risk disparities. To do this, we
investigate the intercategorical complexity of race, gender, and
socioeconomic status that contributes to inequality (McCall,
2005), broadly, and environmental risk disparities, specifically.
Hypotheses are tested to ascertain whether there are complex
differences and inequalities between groups with respect to
measures of environmental inequality. Lastly, we employ an
interpretive intersectional framework to quantitatively analyze
environmental outcomes.

Based on the extant literature, the following hypotheses
are tested:

HI1: Counties with greater landfill counts, regardless of
landfill type, contain a greater number of disasters compared
to counties with fewer landfill counts, holding all other
variables constant.

H2: Counties with greater landfill counts, regardless of landfill
type, contain greater percentages of non-white residents and
lower socioeconomic status compared to counties with fewer
landfill counts, holding all other variables constant.

H3: Counties with greater landfill counts, regardless of
landfill type, contain greater percentages of female-headed
households compared to counties with fewer landfill counts,
holding all other variables constant.

H4: There are complex differences within and between social
groups with respect to predicting landfill counts.

H4-A: Counties with a greater percentage of non-white
residents and low socioeconomic status, as measured by
percent of families in poverty, will have multiplicative
effects on landfill counts, regardless of landfill type, holding
all other variables constant.

H4-B: Counties with a greater percentage of non-white
residents and high gender inequality, as measured by
percent of female-headed primary households, will have
multiplicative effects on landfill counts, regardless of
landfill type, holding all other variables constant.

H4-C: Counties with higher socioeconomic status,
as measured by a greater percentage of percent of
families in poverty, and gender inequality, measured as
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percent of female-headed primary households, will have
multiplicative effects on landfill counts, regardless of
landfill type, holding all other variables constant.

DATA AND METHODS

In this study, we theoretically specify and empirically analyze
how disasters, socioeconomic, racial, and gender status
contribute to unequal risks to environmental inequalities to
evaluate the understudied effects of non-hazardous waste
landfills across the U.S. Negative binomial regression was used to
estimate models of a unique data set of social and environmental
indicators for all counties of the 48 contiguous United States. A
combination of data from several sources is necessary for this
research. Data are reviewed below, followed by a discussion of
the analytic technique.

Landfill Data, 2013

Waste generated from households and through industrial,
construction and demolition processes must be disposed of
somewhere. Location of landfills maintained by the state are
recorded by each state’s environmental regulatory agency (e.g.,
Environmental Management, Natural Resources, Environmental
Quality, Environment and Natural Resources, etc.). There is a
great deal of variance across landfill records with respect to fill
size, accepted materials, and address given non-hazardous waste
landfills are regulated and maintained at the state level. Moreover,
given such variation across state records, data collection took
an extensive amount of time (3 years) and necessitated going to
each state’s environmental agency to build a dataset of landfill
by type and county. Collecting data from individual states,
although more time-intensive, proved to be more accurate and
thorough than using data from national databases, such as
the Toxics Release Inventory (EPA, 2021), which often lacked
the most current and complete data available. Furthermore,
federal databases are not always comparable due to inconsistent
data collection procedures across federal agencies. As such, this
dataset represents the first of its kind to the author’s knowledge.
Hazardous waste landfill data since it is regulated and monitored
at the federal level, were obtained from the U.S. Environmental
Protection Agency. Landfills in the U.S. are typically in use for 50
years until they are capped or closed (South Carolina Department
of Health Environmental Control, 2021). Because fill size is
not recorded across landfills, we are unable to account for the
differing sizes of landfills. Similar to much of the environmental
justice literature into waste facilities (e.g., Mohai and Saha,
2015b), we treat all landfills as a measure of environmental
inequality. All landfills that were listed as open in 2013 are used
in the dataset for the 3,108 counties for which there were data.

Disaster Data, 2013

Disaster data are taken from the US Federal Emergency
Management Agency (FEMA) for each county and include
all federally declared disasters for the time period 1961-2011
(i.e., tropical storms, hurricanes, floods, tornadoes, earthquakes,
fires, freezes, landslides, droughts, volcanoes, blizzards, water
shortages, and tsunamis) (Federal Emergency Management

Agency, 2013). These data are only if a disaster was declared
by the U.S. President as a disaster according to the policies
outlined in the Robert T. Stafford Disaster Relief and Emergency
Assistance Act (1988). These data do not describe either the
spatial or temporal dimensions of a disaster but the type of
disaster, year, and county in which it occurred. To determine
key relationships between disasters and landfills, we employ a
total number of federally declared disasters from 1964-2011 (see
McKinney et al., 2015) to test research hypotheses.

Urban Rural Continuum, 2013

To control for the urban-rural spectrum of counties, the
rural/urban continuum coding (RUCC) from 2013 developed
by the United States Department of Agriculture (USDA) is
used. Nine classification codes designate counties by degree of
urbanization and proximity to metro areas, with each county
assigned one of the nine codes. This coding scheme allows
researchers to use county data to move beyond metro and non-
metro areas and into finer residential groups, particularly in
analyzing trends of non-metro areas. Higher values (i.e., nine)
represent more rural counties. Since the RUCC codes occur at
the county level of analysis, this study uses the county as the level
of analysis.

While county-level analyses may have the potential for errors
related to aggregation, such geography is necessitated here due
to the requirement of socio-demographically detailed C&D,
industrial, and municipal landfill data. Moreover, given that
no research has examined the effects of these landfills at the
subnational scale, such level of aggregation is an important
contribution to our understanding of the associations between
social inequality and non-hazardous waste landfills. Lastly,
counties are administrative units which are often responsible for
regulating landfills. As such, they represent an important unit
of study.

Given the novelty of these data and the use of RUCC data
and FEMA disaster declaration summary data, the county level
of analysis is an important first step to testing the research
hypotheses elaborated above. The unit hazard coincidence
method, wherein analysts investigate the relationship between
sociodemographic characteristics of a unit (i.e., county) and
the occurrence of a hazard in that unit (i.e., landfill), is used
in this analysis. Although critiqued (e.g., Mohai and Saha,
2006), utilizing the unit hazard coincidence method is an
important initial step in analyzing these novel data and may
inform risk management policy given the administrative unit
is often the level at which such decisions are made. Given
the method and level of analysis, this research provides a
generalized view of relationships being explored, more fine-
grained data and analyses is needed to refine the results
established here (see Limitations and Future Research for
further discussion).

Sociodemographic Data, 2013

All sociodemographic data comes from the American
Community Survey (ACS) 5-year estimate (2009-2013) to
include data for all study areas regardless of population size (U.S.
Census, 2021). Additionally, total population and population
density, or people per square mile (Smith, 2009), are used
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TABLE 1 | Summary statistics with multicollinearity measure, variance inflation factor (VIF), for all counties in the contiguous U.S.

Mean SD Min Max VIF

Dependent variable

Total non-hazardous landfill counts 1.62 2.09 0 18 -

Hazardous landfill counts 0.17 0.56 0 6 -

Independent and control variables

Population density (sg. mile) 258.39 1,724.93 0.12 69,468.42 1.15

Total population 98,479.18 314,016.51 82 9,818,605 1.31

RUCC 4.99 2.7 1 9 1.57

Race

% non-white 16.73 16.32 0.78 97.08 3.83

Socioeconomic

% below poverty 11.97 5.63 0 40.19 2.77

Gender

Percent female-headed primary households 11.33 4.28 1.68 38.01 6.38

N = 3,108

as predictors in order to statistically control for variations in
population size while controlling for the physical size of the
county. Other independent variables found in the environmental
justice literature (e.g., Mohai and Saha, 2015a) include percent
non-white as a measure of racial minoritized groups and the
socioeconomic variable, percent of families living below the
poverty line. To ascertain a unique effect of gender on landfill
counts, following research by Downey and Hawkins (2008)
and Collins et al. (2011), percent of female-headed primary
households is used as a measure of gender inequality. The
census defines this measure as “primary families maintained
by a female household with no husband present,” (U.S. Census,
2021). This indicator is often used measure gender inequality in
environmental research. Secondary data analysis is limited by the
data collected and future data collection efforts should attempt
to collect more information on the experiences and structural
disadvantages that are uniquely related to gender to more fully
account for gender-related disparities.

Analytical Approach

Negative binomial regression, a generalization of Poisson
regression, was estimated to predict landfill counts (i.e., non-
hazardous waste and hazardous waste) as a function of
county-level socioeconomic characteristics, with a focus on
associations among race, socioeconomic status, and gender
inequality. Interactive effects were included to determine
multiplicative effects of key independent variables to empirically
test intersectionality theories of intersecting axes of oppression
on an environmental justice outcome (ie., landfill counts
by county). These analyses follow a call by scholars to use
quantitative analytic strategies (specifically non-additive linear
modeling) to investigate whether or not and the extent to which
intersectionality can be identified and analyzed at a level of
analysis beyond the individual and to complement ongoing
qualitative research into intersecting forms of oppression
(McCall, 2005; Cho et al., 2013). Given the large sample size (i.e.,
3,108 counties for which there were data) and this technique’s

flexibility for handling overdispersion (caused by an excess
of “false” 0s), negative binomial regression was an optimal
technique to predict landfill counts.

Negative binomial regression is preferable to zero-inflated
or Poisson regression for several reasons. First, zero-inflated
models are used to differentiate between “true” 0s and “false”
0s and given the rigorous methods of data collection from
state sources, we assume all Os are true. Second, negative
binomial regression is the preferred model because the model
is not under dispersed as determined by Pearson chi-square
which estimates dispersion and is typically a rare problem.
For instance, Pearson’s chi-square > 1 indicates data are over
dispersed and if it is < 1, data are under dispersed. Furthermore,
dispersion parameter (o) was estimated from the data using
maximum likelihood since they produced better fitting models
than setting the dispersion parameter to 1 (Cameron and
Trivedi, 1998). Several commonly used measures of goodness-
of-fit were reported [i.e., the Pearson Chi-Square, Akaike
information criteria (AIC), Bayesian information criterion (BIC),
and the Likelihood Ratio Chi-Square] and within accepted
ranges (Cameron, 2009). Taken together, these tests indicate
the likelihood of the outcome happening given the set of
independent variables. All models satisfied assumptions of
negative binomial regression. Finally, the same models reported
here were run using both Poisson regression and zero-inflated
regression, the negative binomial regression models were the best
fitted models.

DISCUSSION OF RESULTS

Summary statistics are reported in Tablel. A diagnostic
bivariate correlation table is presented in Table 2. Negative
binomial regression results are presented in Table 3.
The distribution of landfills across the U.S. are presented
in Figure 1.

Results are organized as follows. To test research hypotheses,
two models, Models 1 and 2 respectively, were run with the
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TABLE 2 | Bivariate correlation table of all measures included in regression models.

1. 2. 4 5 6. 7 8 9
1. Total non-hazardous waste landfills 1.00
2. Hazardous waste landfills 0.291* 1.00
3. Population density 0.009 0.055** 1.00
4. Total population 0.352** 0.256** 0.333** 1.00
5. RUCC —-0.211** —0.256** —0.178" —0.335"* 1.00
6. All disasters (1964-2011) —0.003 0.054** 0.025 0.173* —0.106** 1.00
7. Percent non-white 0.169** 0.117* 0.162** 0.203** —0.17* -0.027 1.00
8. Percent families below poverty —0.021 -0.27 0.006 —0.05" 0.175* 0.008 0.5632** 1.00
9. Percent female-headed primary households 0.133** 0.124** 0.106** 0.133* —0.24* 0.032 0.84** 0.702** 1.00

‘0 < 0.05; *p < 0.01.

same set of independent variables predicting total non-hazardous
waste landfill counts (ie., C&D, municipal, and industrial)
and hazardous waste landfill counts. The variables included in
interaction terms (i.e., percent non-white, percent female-headed
primary households, percent living below the poverty line) are
centered on the averages to improve interpretation of the non-
interaction effects (see below Main effects) (Williams, 2015).
Main effects of control and explanatory variables are reported
first followed by a discussion of interactive effects. Incidence rate
ratios for each variable are presented for ease of interpretation.

Control Variables

Control variables, population density and total population, were
in the expected direction for both models. Specifically, greater
population density and total population are positively associated
with landfill counts regardless of landfill type (Smith, 2009). For
rurality as Model 1 indicates, consistent with previous research
(Cannon, 2020), more urban counties are positively associated
with a greater number of non-hazardous waste landfills. One
driver of this relationship may be the expansive building boom
in urban areas given the relative cheap credit available after the
2008 Great Recession along with both private investment in
development and public priorities to fund housing. Moreover, we
would expect a greater number of non-hazardous waste landfills
near urban areas given the large populations concentrated in
those areas. Model 2 also indicates that a greater number of
hazardous waste landfills is positively associated with more
urban areas. This finding is surprising given hazardous waste
landfills often take waste from oil processes and other energy
production activities that tend to occur outside of urban areas
(EPA (United States Environmental Protection Agency), 2020).
Taken together, with the expected rise in population size in urban
areas, we may expect an increase in non-hazardous waste landfills
contributing to climate change through carbon emissions
and posing additional climate-related risks for an increased
population. With the continued dominant fossil fuel energy
system, we may similarly expect an increase in hazardous waste
landfills, which take mostly waste from extractive and refinement
of oil and natural gas processes, with their attendant risks. Below,
statistically significant estimates of main effects of independent
variables are reported, followed by interactive effects.

Main Effects

For Model 1, total number of disasters from 1964-2011 is
negatively associated with non-hazardous waste landfill counts.
This finding does not support Hypothesis 1—that counties
with a greater number of non-hazardous waste landfills contain
a greater number of federally declared disasters—but does
support prior research that investigated the relationship between
disasters and landfills in the Southeastern U.S. (McKinney et al.,
2015). McKinney et al. (2015) theorized that there was waste
displacement from areas that experienced disasters to other areas,
extending the impacts and risks of disasters beyond immediately
affected areas through waste transfer. This finding may similarly
support what Dillon (2014) has referred to as “waste formations”
in which waste is displaced to newly “waste-able spaces.” These
results can help inform how we think about climate-related risks
from landfills and disasters and the downstream impacts for
communities through such waste formations, waste generation
and transfer. In Model 2, the relationship between disasters and
hazardous waste landfills was not statistically significant.

Conditional Effects
For models that include interactive effects between two

continuous variables, non-interaction effects (often referred to
as main effects) are typically interpreted to ensure main effects
and interactive effects are not confounded (Jaccard et al., 1990;
Aiken and West, 1991). In such models, main effects represent
conditional relationships—that is the main effect of one variable
(i.e., percent families living below the poverty line) is in fact
the effect of that variable when the other predictors used in the
interaction terms equal zero (Williams, 2015). Put another way,
the main effect of a variable on the outcome is conditioned by the
other variable in the interaction term. For this reason, we have
centered the variables—that is we subtracted the mean from each
case—included in the interaction terms. This technique improves
interpretability of our analyses such that we can interpret the
non-interaction effects of each variable included in an interaction
term as its average instead of as zero (Williams, 2015).

The conditional effect of race in Model 1 indicates a positive
association with a greater number of non-hazardous waste
landfills for counties with average percentages of female-headed
primary households and families in poverty. This result supports
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TABLE 3 | Negative binomial regression examining main and interactive effects of
socio-demographic variables on counties with counts of non-hazardous and
hazardous waste landfills.

Model 1 Model 2
Independent variables Non-hazardous Hazardous
Population density (sg. mile) 1.00"* 1.00
(5.46 x 1079) (6.65 x 1079)
Total population® 1.01%* 1.01%*
(0.0012) (0.0024)
Rurality
RUCC code 0.95"* 0.77**
(0.0113) (0.0328)
Disasters
Total disasters 1964-2011 0.98"** 0.998
(0.0045) (0.0126)
Socioeconomic
% below poverty (centered) 0.96** 0.96"
(0.007) (0.208)
Race
% non-white (centered) 1.01* 0.995
(0.0031) (0.0076)
Gender
% female-headed primary 1.03* 1.23"*
households (centered) (0.0135) (0.0381)
Interactive effects
Race*Gender 0.999* 0.998"
(0.0004) (0.0012)
Gender*SES 1.00 0.98™
(0.0014) (0.0058)
Race*SES 1.00 1.003"
(0.0004) (0.0014)
Constant 217" 0.4
(0.0736) (0.1909)

Goodness-of-fit

Likelihood Ratio Chi-Square (df) 433.43(10)** 487.61(10y™**

Pearson Chi-Square (Value/df) 117 1.05

AIC 9,994.95 2,480.41

BIC 10,067.32 2,552.67
N = 3,108

0 < 0.05,*p < 0.0, **p < 0.001, Tp < 0.1.

aTotal population is reported in the hundreds of thousands.

Exponentiated coefficients (i.e., incidence rate ratio) are reported with standard errors
in parentheses.

Hypothesis 2—that counties with greater non-hazardous waste
landfills contain greater percentages of non-white residents
compared to counties with fewer landfills—and is expected given
prior research into environmental inequalities across other kinds
of waste containment (e.g., Bullard et al., 2007; Smith, 2009; Pais
et al., 2014; Mohai and Saha, 2015a,b).

The conditional effect of socioeconomic status in Model 1
and Model 2 both indicate a negative association with a greater
number of non-hazardous waste landfills and hazardous waste
landfills, respectively, for counties with average percentages of
non-white residents and female-headed primary households.
This result, which does not support hypothesis 2, is somewhat

surprising given environmental justice research into toxic waste
that indicates it tends to be concentrated in poorer areas in the
U.S. (e.g., Downey, 2005; Mohai and Saha, 2015b), but does
offer some support for Kosmicki and Longs (Kosmicki and
Long, 2016) finding that nuclear power plants tend to occur in
census tracts with higher median household incomes than coal
hosting tracts in the U.S. This finding suggests the continued
need to study different forms of environmental injustices and
waste containment to better understand key relationships among
environmental and social inequality.

The conditional effect of gender in Models 1 and 2 both
indicate there is a positive association between a greater number
of non-hazardous waste landfills and hazardous waste landfills,
respectively, and percent female-headed primary households for
counties with average percentages of non-white residents and
families in poverty. This result supports hypothesis 3—that
counties with greater counts of non-hazardous waste landfills
are positively associated with gender inequality—and adds to
the growing body of research that uses empirical analyses with
indicators of gender inequality to investigate environmental
hazards (Downey and Hawkins, 2008; Collins et al., 2011). It also
could demonstrate that risks related to the landfills are often born
by women.

One possible explanation for this finding may be that women,
on average, make less money than men (81.6 cents to a man’s
dollar in the U.S.) (Gharehgozli and Atal, 2020), while accounting
for more workers in the U.S. workforce (Kelly, 2020), they
subsequently may have less time to mount a political resistance
to unwanted land uses such as landfills and their potentially
pernicious effects. Research has further shown that women
experience time shortages due to the gender wage gap since
they have to work more hours or more jobs to increase their
wages (e.g., Hyde et al., 2020). Such an explanation advances
the path of political least resistance theory in environmental
justice research (e.g., Bullard, 1990; Downey, 2005) by including
gender disparities.

And yet, much environmental justice research has shown the
importance of women, generally, and Black, Indigenous, and
women of color, in particular, in advancing environmental justice
movements (e.g., Bullard, 1993a,b; Taylor, 2000; Cole and Foster,
2001; Schlosberg, 2003, 2004; Bell and Braun, 2010; Mann, 2011;
McGregor, 2015; Martinez-Alier et al., 2016; Pulido and De Lara,
2018; Perkins, 2021). Although, Black, Indigenous, and women of
color earn less money and have less time, they are key organizers
in fighting environmental injustices in their communities. A key
insight of intersectionality theory is that women of color are
not just survivors or victims of environmental injustices they
also enact resistance to the systems of oppression that perpetrate
these injustices (Ducre, 2018). Taking an intersectional approach
to environmental justice, it is likely that although women of
color experience greater risks from landfills, they also tend to
organize resistance for healthier environments, a benefit that
extends beyond their immediate communities. This insight is
aligned with Ducre’s (2018, p. 33) argument regarding Black
women’s liberation and its possible wide-ranging effects, when
she writes “their [Black women] liberation from oppression and
rights to clean air and water would ensure that all others would
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FIGURE 1 |

have access to the same.” Similarly, given our analyses suggest
there are downstream consequences from disasters on landfills
in areas not immediately impacted by such disasters, future
research may discover that these sites of resistance also have
downstream impacts.

It could also be the case that since women tend to make
less money than men, they have less choice in where they can
afford to live (e.g., Gotham, 2014). Previous environmental
justice research has argued that environmental inequalities are
disproportionately located in racial minority neighborhoods
because racial housing discrimination constrains residential
choices of racial minorities and confines them to neighborhoods
with high levels of environmental hazards (Bullard, 1993a,b;
Mohai and Saha, 2006; Pais et al., 2014). Following this research
and applying an intersectional interpretive framework, one
explanation could be that Black, Indigenous, and women
of color’s housing choice is further constrained for a
multitude of factors both related directly to gender as well
as intersecting systems that affect women’s residential choices
(i.e., discriminatory practices, both overt and covert, related to
racial, gender, and socioeconomic statuses, including the gender
wage gap). Just as women of color are fighting for healthier
environments to reduce risks and environmental injustices,
women of color are also leaders in the movement for affordable
housing (i.e., Moms 4 Housing). Such insights suggest that just
as experiences of injustices are intersectional so is the resistance
to them. More research is necessary to understand both why
female-headed primary households are disproportionately

located in areas with landfills and how women are organizing
to fight these injustices. Given the current and existential threat
due to the climate crisis, future research should particularly
focus on the role of women of color within social mobilizations
confronting climate change.

Interactive Effects

To test hypotheses elucidated above drawn from intersectionality
and environmental justice scholarship, three two-way interaction
terms—race x gender, gender x socioeconomic status, and
socioeconomic status x race—were included in both models
with respective environmental outcomes, non-hazardous and
hazardous waste landfill counts (see Table3). Results of
statistically significant interactions are graphed in Figures 1, 2 for
Models 1 and 2, respectively, and elaborated below.

Model 1 indicates that as the effect of percent of non-
white residents of a county increases there is a corresponding
increase in the number of non-hazardous waste landfills, but
that effect decreases as percent of female-headed primary
households increases (see Figure 2). Model 2 indicates that as the
percentage of female-headed primary households increases there
is a corresponding increase in the number of hazardous waste
landfills, but that effect decreases as percentage of non-white
residents increases (Figure 3A). Taken together, these findings do
not support hypothesis 4-A that interactions between gender and
race have a multiplicative effect on landfills.

This finding is unexpected given research into both
environmental hazards (Downey and Hawkins, 2008; Collins
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et al., 2011) and intersectionality (McCall, 2005) that would
suggest racial and gender inequality would have multiplicative
effects on increased environmental hazards. This finding does
not support hypothesis 4-B. Given these unexpected findings,
models were re-run multiple times regionally to ascertain if there
were differences across regions. For instance, the same models
were run by US EPA region (i.e., Northeast, Southeast, West,
and Midwest) and the same results held across each region.
Models were also run by RUCC code. Counties were subsetted
by metro, non-metro, and completely rural counties according
to RUCC codes. The findings reported here also held across
these different groupings (Results are available upon request).
Considering this and drawing on more recent quantitative
intersectional research that has found intersectional risks to
be more than the sum of their parts (i.e., not multiplicative)
(e.g., Evans et al, 2018), we argue that intersectional risks to
environmental injustices may not be multiplicative so much
as entangled.

Entanglement is understood both as a complicated or
compromising relationship and as what Einstein referred to
as “spooky action at a distance’—that two objects affect each
other in hard to predict and non-linear ways over space and
time (e.g., Gilder, 2009). To say the least, socially constructed
categories of race and gender, not to mention data measures
of these constructs (e.g., D’Ignazio and Klein, 2020), are
complicated relationships in themselves and to each other
that may put residents in compromising positions because of
the ways that structural racism and heteropatriarchy play out
across space and time (e.g., formal and informal practices
of redlining). Rather than understanding the multiplicative
ways that race and gender can and do disadvantage some,
intersectional theory pushes us to think deeper about the
arrangements of power that constrain peoples lives and life
chances. Applying an intersectional theoretical framework, we
suggest that race and gender interlock in entangled ways and not
just multiplicative ones. This may mean that though we would
expect, for example, Black women to be doubly constrained
by structural racism and heteropatriarchy, we also find that
they have access to forms of power and resistance that push
back on these forces and tells a more complicated story than
one solely of multiple forms of oppressions and attendant
injustices (e.g., Ducre, 2018). The non-linear findings suggest
that just as structural arrangements of power that produce and
maintain oppressions are complicated so are arrangements of
resistance. The pressing social and environmental crises due
to climate change are likely to both exacerbate the effects
of such power arrangements as well as inspire opposition to
it. Future research should investigate and test this suggestion
particularly using qualitative methods to gain greater insights
into the lived experiences of Black, Indigenous, and women of
color in both their experiences of environmental injustice and
forms of their resistance to it, especially as it relates to climate
change risks.

In Model 2, the two-way interaction between gender
inequality and poverty indicates that as the percentage
of female headed primary households increases there is

a corresponding increase in the number of hazardous
waste landfills, but that effect declines as percentage of
families in poverty increases (Figure3B). This result
does not support hypothesis 4-C that gender and
income inequality would have multiplicative effects on
environmental hazards.

Adding to the point above, it may be the case that the
interlocking systems of oppression (i.e., heteropatriarchy and
structural racism) that constrain women’s life chances do so
in non-linear ways. For instance, take the gender wage gap
referenced above. When that gap is broken down further by
race and ethnicity, it tells a more specific story that black
women earn 66%, while Indigenous women make 60%, and
Hispanic women earn 58% of a white man’s pay for the same
work (Hegewisch and Tesfaselassie, 2018; Asante Muhammad
et al, 2019; Hegewisch and Barsi, 2020). It could be that
this lack of wages not only constrains residential choice
putting women of color in areas with more landfills and
thus in areas with increased environmental risks as posited
above, but also may inform relationships between gender, race,
environmental justice, and resistance in ways not yet theorized or
fully understood.

That is to suggest, gender, race, class, and environmental
injustice—here in the form of environmental risks posed by
landfills—are non-linear and may be entangled. For example,
given environmental justice research we would expect that as
the percent of non-white residents increases and the percent
of female-headed primary households increases so does the
number of landfills. However, we find that this effect decreases
as the number of female-headed primary households increases.
One explanation of this result could be that women, and in
particular Black, Indigenous, and women of color, though they
earn less money for the same work, are often the driving force
behind organizing and coalition building to stop unwanted
land uses (i.e., landfills) (e.g., Taylor, 2000; Cole and Foster,
2001; Bullard and Wright, 2012). Using an intersectional
interpretive framework to understand these analyses, we argue
that such findings could evidence sites of resistance and
forms of power by Black, Indigenous, and women of color to
environmental injustices and risks (Mann, 2011; Ducre, 2018;
Perkins, 2021) which may explain the unexpected finding. Such
an interpretation could have implications for climate risks both
in how landfills contribute to global warming through methane
emissions and in how landfills are not “climate ready”—that
is they are not designed to withstand shocks anticipated from
increased disaster frequency and severity due to the global
climate crisis (e.g., Weber et al., 2011; Sinnathamby et al., 2014;
Wille, 2018; Beaven et al., 2020).

Model 2 also shows that as percentage of non-white
residents in a county increases there is a corresponding
increase in the number of hazardous waste landfills in
a county, especially as percentage of families in poverty
increases (Figure 3C). This finding supports Hypothesis 4-
A that membership in both a racial minoritized group and
low socioeconomic status group has multiplicative effects on
the likelihood of experiencing environmental inequality. It
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also may signal the complicated relationship among structural
power arrangements in that there is a multiplicative effect of
race and class on presence of environmental risks, confirming
insights from previous environmental justice research (e.g.,
Brulle and Pellow, 2006; Mohai and Saha, 2015b; Cannon,
2020) and intersectionality research (e.g., McCall, 2005; Else-
Quest and Hyde, 2016b). While belonging to two disadvantaged
social groups exacerbates environmental injustices, there is still
much to learn about the ways that gender, race, class, and
environmental justice intersect to produce and reproduce both
environmental risks and resistance. This finding also highlights
the importance of including gender in theoretically developing
and empirically analyzing environmental outcomes, an often-
overlooked dimension in quantitative environmental justice
scholarship, as it tells a more complicated story than one of just
race and class.

To summarize, we find some support for the idea that
intersecting social axes do not result in just multiplicative
effects but that the linkages among race, class, gender, and
waste are more complex. Applying an intersectional framework
to environmental justice theories of waste distribution, such
as the path of least political resistance and constrained
housing choices referenced above, informs us not only of
the complexities that gender brings to socio-environmental
analysis that has thus far predominantly focused on race
and class, but also generates novel insights into structural
arrangements of power. In our intersectional reading, it is not
simply that women of color most likely experience greater
environmental injustices due to structural power arrangements
that make intersecting identities matter, but that they most
likely are actively resisting such injustices. Such insights have
implications for climate-related risks not just from landfills
but also for social mobilizations against major contributors to
climate change (e.g., fossil fuel industries, industrial agriculture,
regulatory and compliance failures). Additional research is
needed to test the explanation presented here and to better
articulate the complex relationships among waste, power,
and resistance.

Limitations and Future Research

There are limitations to this study that suggest important
areas for future research. First, the current study employs
a cross-sectional analysis of secondary data (for critiques,
see Mohai and Saha, 2015a). As such, this research is
unable to determine causality, future research should include
historic census data, municipality data, and landfill permitting
dates. More data is needed at an even greater detailed level
to focus on at-risk areas for disaster. Such finer grained
data is necessary to more accurately identify and define
key relationships among sociodemographic characteristics,
disaster, and landfills especially for those most vulnerable
to harmful impacts. Future research should consider using
disaster data that include both spatial and temporal indicators
to investigate relationships across time, space, and social
inequality intersectionally. Moreover, future research should
consider investigating the relationship between disaster type and
social inequality. Secondly, the sub-national level scope and

the county scale might affect estimated relationships (Baden
et al, 2007). Similar to many geographic units of analysis,
there are limitations in accounting for differences across the
unit of analysis (i.e., counties) (Ringquist, 2005). For example,
there may be more within-county variation for certain variables
(i.e., percentages of non-white residents) than other variables
(i.e., RUCC). Future research should further test the identified
relationships here among sociodemographic characteristics,
disasters, and landfills at a more fine-grained level of analysis
(i.e., using census tracts, at-risk areas for disaster). Additionally,
environmental justice research has shown the effectiveness of
using distance-based methods (i.e., geographically weighted
regression) to ascertain key relationships among race, class, and
hazardous waste sites (Mohai and Saha, 2015a). This research
has demonstrated the importance of including measures of
gender inequality in environmental analyses. However, analyses
are limited by the secondary data collected. Subsequently,
additional data must be collected to more fully measure and
account for gender inequality. Additionally, more research
is needed to address other vulnerable groups to disaster
including the elderly and children. Similarly, intersectional
data should be collected to further test the findings and
theories presented here. Finally, future research should employ
qualitative approaches to further extend intersectionality theory
within environmental justice and to advance our understanding
of underlying mechanisms of general trends presented here
(e.g., Malin and Ryder, 2018).

CONCLUSIONS

Quantitative environmental justice research into waste
containment has rarely theoretically developed or analytically
included measures of gender or gender inequality. This paper
advances our understanding of intersectional environmental
risks through an analysis of both non-hazardous and hazardous
waste landfills, disasters, race, class, and gender across the U.S.
In doing so, we highlight the risk disparities related to landfills.
We advance intersectionality studies by empirically testing
research hypotheses derived from intersectionality theory and
applied to environmental outcomes. Doing so we improve
understanding of disparate environmental impacts on women
and racially minoritized groups and reflect on best practices
for including gender and racial minority considerations into
research design and analysis. We build on these insights to
suggest that relationships among gender, race, class, and waste
are entangled—that they are related in non-linear and spooky
ways—and as such reflect the complicated ways that minoritized
women are agents of power not just encountering environmental
injustices but also fighting them. Our theory can inform policies
related to risk management around landfills, as well-strategies
of resistance to environmental injustices, especially in light
of the pressing and existential challenges driven by global
climate change, particularly for marginalized groups. This
theory necessitates further testing and refinement through both
quantitative and qualitative means. In sum, the theoretical
framework and analysis presented here extends environmental
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justice research through a synthesis of intersectionality theory to
develop a theoretical framework of intersectional entanglement
to empirically analyze climate-related risk disparities
in the U.S.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

REFERENCES

Ajibade, 1., McBean, G., and Bezner-Kerr, R. (2013). Urban flooding in Lagos,
Nigeria: patterns of vulnerability and resilience among women. Global Environ.
Change 23, 1714-1725. doi: 10.1016/j.gloenvcha.2013.08.009

Asante Muhammad, D., Tec, R., and Ramirez, K. (2019). Racial Wealth Snapshot:
American Indians/Native Americans; Indian Health Service, “Disparities.”
Available online at: https://www.ihs.gov/newsroom/factsheets/disparities

Baden, B. M., Noonan, D. S., and Turaga, R. M. R. (2007). Scales of justice: is there
a geographic bias in environmental equity analysis? J. Environ. Plan. Manag.
50, 163-185. doi: 10.1080/09640560601156433

Beaven, R. P., Stringfellow, A. M., Nicholls, R. J., Haigh, I. D., Kebede, A. S., and
Watts, J. (2020). Future challenges of coastal landfills exacerbated by sea level
rise. Waste Manag. 105, 92-101. doi: 10.1016/j.wasman.2020.01.027

Bell, S. E., and Braun, Y. A. (2010). Coal, identity, and the gendering of
environmental justice activism in central Appalachia. Gender Soc. 24, 794-813.
doi: 10.1177/0891243210387277

Braun, Y. A. (2015). “Interrogating large-scale development and inequality
in Lesotho: bridging feminist political ecology, intersectionality, and
environmental justice frameworks,” in A Political Ecology of Women,
Water and Global Environmental Change, eds S. Buechler and A. S. Hanson
(Abingdon: Routledge), 19-37. doi: 10.4324/9781315796208-3

Brown, C., Milke, M., and Seville, E. (2011). Disaster waste management: a review
article. Waste Manag. 31, 1085-1098. doi: 10.1016/j.wasman.2011.01.027

I, and Misra, J. (2003). The intersection of gender and
race in the labor market. Annu. Rev. 29, 487-513.
doi: 10.1146/annurev.s0c.29.010202.100016

Brulle, R, and Pellow, D. (2006). Environmental justice: human health
and environmental inequalities. Annu. Rev. Public Health 27, 103-124.
doi: 10.1146/annurev.publhealth.27.021405.102124

Bullard, R. (1990). Dumping in Dixie: Race, Class, and Environmental Quality.
Boulder, CO: Westview.

Bullard, R. (1993a). Confronting Environmental Racism: Voices From the
Grassroots. Brooklyn, NY: South End Press.

Bullard, R., Mohai, P., Saha, R., and Wright, B. (2007). “Toxic wastes and race at
twenty 1987-2007, Grassroots struggles to dismantle environmental racism in
the United States: a report prepared for the United Church of Christ Justice and
Witness Ministries,” in Special preview release for American Association for the
Advancement of Science Annual Meeting (Cleveland, OH).

Bullard, R. D. (1993b). Race and environmental justice in the United States. Yale J.
Int L. 18:319.

Browne,
Sociol.

Bullard, R. D., and Wright, B. (2012). The Wrong Complexion for
Protection: How the Government Response to Disaster Endangers
African  American ~ Communities. New York, NY: NYU Press.

doi: 10.18574/nyu/9780814799932.001.0001

Cameron, A. C. (2009). Advances in Count Data Regression. Talk for the Applied
Statistics Workshop. Available online at: http://cameron.econ.ucdavis.edu/racd/
count.html]

Cameron, A. C., and Trivedi, P. K. (1998). Regression Analysis of Count Data. New
York, NY: Cambridge Press. doi: 10.1017/CBO9780511814365

Cannon, C. E. B. (2020). Examining rural environmental injustice: an analysis
of ruralness, class, race, and gender on the presence of landfills across the
United States. J. Rural Commun. Dev. 15, 89-114.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

FUNDING

This research was supported by a grant from the National Science
Foundation [#1602813]. The University of California, Davis
Library provides funding to support open access publication.

Cho, S., Crenshaw, K. W., and McCall, L. (2013). Toward a field of
intersectionality studies: Theory, applications, and praxis. Signs 38, 811-845.
doi: 10.1086/669608

Cole, E. R. (2009). Intersectionality and research in psychology. Am. Psychol. 64,
170-180. doi: 10.1037/a0014564

Cole, L., and Foster, S. (2001). From the Ground Up: Environmental Racism and the
Rise of the Environmental Justice Movement. New York, NY: NYU Press.

Collins, P. H. (1990). Black Feminist Thought: Knowledge, Consciousness, and the
Politics of Empowerment. New York, NY: Routledge.

Collins, P. H., and Bilge, S. (2020). Intersectionality. New York, NY: John Wiley
& Sons.

Collins, T. W., Grineski, S., Chakraborty, J., and McDonald, Y. (2011).
Understanding environmental health inequalities through comparative
intracategorical ~analysis: Racial/ethnic  disparities in cancer risks
from air toxics in El Paso County, Texas. Health Place 17, 335-344.
doi: 10.1016/j.healthplace.2010.11.011

Crenshaw, K. (1989). Demarginalizing the intersection of race and sex: a black
feminist critique of antidiscrimination doctrine, feminist theory and antiracist
politics. u. Chi. Legal f. 139.

Crenshaw, K. (1991). Mapping the margins: intersectionality, identity politics
and violence against women of color. Stanford Law Rev. 43, 1241-1299.
doi: 10.2307/1229039

Crowder, K. and Downey, L. (2010). Inter-neighborhood migration,
race, and environmental hazards: modeling micro-level processes of
environmental inequality. Am. J. Sociol. 115, 1110-1149. doi: 10.1086/
649576

Di Chiro, G. (2006). Teaching urban ecology: environmental studies and the
pedagogy of intersectionality. Feminist Teacher 16, 98-109.

D’Ignazio, C., and Klein, L. F. (2020). Data Feminism. Cambridge, MA: Mit Press.
doi: 10.7551/mitpress/11805.001.0001

Downey, L. (2005). The unintended significance of race: environmental racial
inequality in Detroit. Social Forces 83: 971-1007. doi: 10.1353/50£.2005.0026

Downey, L., and Hawkins, B. (2008). Race, income, and environmental
inequality in the United States. Sociol. Perspect. 51, 759-781.
doi: 10.1525/s0p.2008.51.4.759

Ducre, K. A. (2018). The black feminist spatial imagination and an
intersectional  environmental  justice. Sociol. 4, 22-35.
doi: 10.1080/23251042.2018.1426089

Elliott, J., and Frickel, S. (2011).
change: uncovering relict industrial waste sites and subsequent land use
conversions in Portland and New Orleans. J. Urban Affairs 33, 61-82.
doi: 10.1111/j.1467-9906.2010.00533.x

Elliott, J., and Frickel, S. (2013). The historical nature of cities: a study of
urbanization and hazardous waste accumulation. Am. Sociol. Rev. 78, 521-543.
doi: 10.1177/0003122413493285

Else-Quest, N., and Hyde, J. S. (2016a), Intersectionality in quantitative
psychological research: I. Theoretical and epistemological issues. Psychol.
Women Q. 40,155-170. doi: 10.1177/0361684316629797

Else-Quest, N., and Hyde, J. S. (2016b). Intersectionality in quantitative
psychological research: II. Methods and techniques. Psychol. Women Q. 40,
319-336. doi: 10.1177/0361684316647953

Enarson, E., and Morrow, B. H. (1998). The Gendered Terrain of Disaster.
Westport, CT: Praeger Publishers.

Environ.

Environmental dimensions of urban

Frontiers in Climate | www.frontiersin.org

13

xx 2021 | Volume 3 | Article 709439

1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482

Ql5


https://doi.org/10.1016/j.gloenvcha.2013.08.009
https://www.ihs.gov/newsroom/factsheets/disparities
https://doi.org/10.1080/09640560601156433
https://doi.org/10.1016/j.wasman.2020.01.027
https://doi.org/10.1177/0891243210387277
https://doi.org/10.4324/9781315796208-3
https://doi.org/10.1016/j.wasman.2011.01.027
https://doi.org/10.1146/annurev.soc.29.010202.100016
https://doi.org/10.1146/annurev.publhealth.27.021405.102124
https://doi.org/10.18574/nyu/9780814799932.001.0001
http://cameron.econ.ucdavis.edu/racd/count.html
http://cameron.econ.ucdavis.edu/racd/count.html
https://doi.org/10.1017/CBO9780511814365
https://doi.org/10.1086/669608
https://doi.org/10.1037/a0014564
https://doi.org/10.1016/j.healthplace.2010.11.011
https://doi.org/10.2307/1229039
https://doi.org/10.1086/649576
https://doi.org/10.7551/mitpress/11805.001.0001
https://doi.org/10.1353/sof.2005.0026
https://doi.org/10.1525/sop.2008.51.4.759
https://doi.org/10.1080/23251042.2018.1426089
https://doi.org/10.1111/j.1467-9906.2010.00533.x
https://doi.org/10.1177/0003122413493285
https://doi.org/10.1177/0361684316629797
https://doi.org/10.1177/0361684316647953
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles

1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538

1539

Cannon

Intersectional Environmental Risks

EPA (United States Environmental Protection Agency) (2008). Planning for
Natural Disaster Debris Guidance (Document ID Number EPA530-K-08-001).
Washington, DC: Office of Solid Waste and Emergency Response, EPA.

EPA (United States Environmental Protection Agency) (2013). Municipal Solid
Waste Generation, Recycling, and Disposal in the United States: Facts and Figures
for 2011 (Document ID Number EPA 530-F-13-001). Washington, DC: Office of
Solid Waste and Emergency Response, EPA.

EPA (United States Environmental Protection Agency) (2020). Landfills. Available
online at: https://www.epa.gov/landfills (accessed February 02, 2020).

Evans, C. R, David, R., Jukka-Pekka Onnela, W., and Subramanian, S.
V. (2018). A multilevel approach to modeling health inequalities at
the intersection of multiple social identities. Soc. Sci. Med. 203, 64-73.
doi: 10.1016/j.socscimed.2017.11.011

Fazzo, L., Belli, S., Minichilli, F., Mitis, F., Santoro, M., Martina, L., et al. (2008).
Cluster analysis of mortality and malformations in the Provinces of Naples and
Caserta (Campania Region). Ann Ist Super Sanita. 44, 99-111.

Federal Emergency Management Agency (2013).
Washington, DC: Government Printing Office.

Flowers, C. C. (2020). Waste: one woman'’s fight against America’s dirty secret. The
New Press.

Fordham, M. (2003). “Gender, disaster and development: the necessity for
integration,” in Natural Disasters in a Globalizing World, ed M. Pelling (London:
Routledge), 73-90. doi: 10.4324/9780203402375-15

Gaillard, J. C,, Sanz, K., Balgos, B. C., Dalisay, S. N. M., Gorman-Murray, A., Smith,
F., et al. (2017). Beyond men and women: a critical perspective on gender and
disaster. Disasters 41, 429-447. doi: 10.1111/disa.12209

Gensburg, L. J., Pantea, C., Kielb, C., Fitzgerald, E., Stark, A., and Kim, N.
(2009). Cancer incidence among former Love Canal residents. Environ. Health
Perspect. 117, 1265-1271. doi: 10.1289/ehp.0800153

Gharehgozli, O., and Atal, V. (2020). Revisiting the gender wage gap in the
United States. Econ. Anal. Policy 66, 207-216. doi: 10.1016/j.eap.2020.04.008

Ghosh, P., Shah, G., Chandra, R,, Sahota, S., Kumar, H., Vijay, V. K., et al. (2019).
Assessment of methane emissions and energy recovery potential from the
municipal solid waste landfills of Delhi, India. Bioresour. Technol. 272,611-615.
doi: 10.1016/j.biortech.2018.10.069

Gilder, L. (2009). The Age of Entanglement: When Quantum Physics Was Reborn.
New York, NY: Alfred A. Knopf.

Goodling, E. (2019). Intersecting hazards, intersectional identities: a baseline
Critical Environmental Justice analysis of US homelessness. Environ. Plan. E.
Nat. Space. 3, 833-856. doi: 10.1177/2514848619892433

Gotham, K. F. (2014). Race, Real Estate, and Uneven Development: The Kansas
City Experience, 1900-2010, 2nd Edition. Albany, NY: State University of New
York Press.

Grabe, S., Grose, R. G., and Dutt, A. (2015). Women’s land ownership and
relationship power: a mixed methods approach to understanding structural
inequities and violence against women. Psychol. Women Q. 39, 7-19.
doi: 10.1177/0361684314533485

Grineski, S., Bolin, B., and Boone, C. (2007). Criteria air pollution and marginalized
populations: environmental inequity in metropolitan Phoenix, Arizona. Soc.
Sci. Q. 88, 535-554. doi: 10.1111/.1540-6237.2007.00470.x

Hegewisch, A., and Barsi, Z. (2020). The Gender Wage Gap: 2019 Earnings
Differences By Race and Ethnicity. Washington, DC: Institute for Women’s
Policy Research. Available online at: https://iwpr.org/publications/the-gender-
wage- gap-2019-earnings- differences-by-race-and-ethnicity/ (accessed June 1,
2020).

Hegewisch, A., and Tesfaselassie, A. (2018). The Gender Wage Gap: 2018; Earnings
Difference By Gender, Race, and Ethnicity. Washington, DC: Institute for
Women’s Policy Research. Available at: https://iwpr.org/publications/annual-
gender-wage-gap-2018/ (accessed June 1, 2020).

Hyde, E., Greene, M. E.,, and Darmstadt, G. L. (2020). Time poverty: obstacle to
women’s human rights, health and sustainable development. J. Global Health
10:020313. doi: 10.7189/jogh.10.020313

Kaijser, A., and Kronsell, A. (2014).
the lens of intersectionality.  Environ.
doi: 10.1080/09644016.2013.835203

Kelly, J. (2020). Women Now Hold More Jobs Than Men In The U.S.
Workforce. Available online at: https://www.forbes.com/sites/jackkelly/2020/
01/13/women-now-hold-more-jobs-than-men/ (accessed June 1, 2020).

Disaster  Declarations.

Climate
Polit.

change
23,

through
417-433.

Kimura, A. H., and Katano, Y. (2014). Farming after the Fukushima accident:
a feminist political ecology analysis of organic agriculture. J. Rural Stud. 34,
108-116. doi: 10.1016/j.jrurstud.2013.12.006

Koshy, L., Jones, T., and BéruBé, K. (2009). Characterization and bioreactivity of
respirable airborne particles from a municipal landfill. Biomarkers 14(Suppl 1),
49-53. doi: 10.1080/13547500902965351

Kosmicki, S., and Long, M. (2016). “Exploring environmental inequality within
US communities containing coal and nuclear power plants,” in Hazardous
Waste and Pollution, ed T. Wyatt (New York, New York: Springer), 79-99.
doi: 10.1007/978-3-319-18081-6_6

Kouznetsova, M., Huang, X., Ma, J., Lessner, L., and Carpenter, D. O.
(2007). Increased rate of hospitalization for diabetes and residential
proximity of hazardous waste sites. Environ Health Perspect. 115, 75-79.
doi: 10.1289/ehp.9223

Linder, S. H., Marko, D., and Sexton, K. (2008). Cumulative cancer risk from
air pollution in Houston: Disparities in risk burden and social disadvantage.
Environ. Sci. Technol. 42, 4312-4322. doi: 10.1021/es072042u

Luft, R. E., and Griffin, S. (2008). “A status report on housing in New Orleans after
Katrina: an intersectional analysis,” in Katrina and the Women of New Orleans,
ed B. Willinger B (New Orleans, LA: Newcomb College Center for Research on
Women), 50-53.

Luther, L. (2010). Managing Disaster Debris: Overview of Regulatory Requirements,
Agency Roles, and Selected Challenges. Washington, DC: Congressional
Research Service.

Ma, J., Kouznetsova, M., Lessner, L., and Carpenter, D. O. (2007).
Asthma and infectious respiratory disease in children correlation to
residence near hazardous waste sites. Paediatr Respir Rev. 8, 292-298.
doi: 10.1016/j.prrv.2007.07.009

MacKinnon, C. A. (2013). Intersectionality as method: a note. Signs 38, 1019-1030.
doi: 10.1086/669570

Malin, S. A, and Ryder, S. S. (2018). Developing deeply intersectional
environmental  justice  scholarship.  Environ.  Sociol. 4,  1-7.
doi: 10.1080/23251042.2018.1446711

Mann, S. A. (2011). Pioneers of US ecofeminism and environmental justice.
Feminist Formations 23, 1-25. doi: 10.1353/1£.2011.0028

Martinez-Alier, J., Temper, L., Del Bene, D., and Scheidel, A. (2016). Is there
a global environmental justice movement? J. Peasant Stud. 43, 731-755.
doi: 10.1080/03066150.2016.1141198

Mattiello, A., Chiodini, P., Bianco, E., Forgione, N., Flammia, L, Gallo, C,, et al.
(2013). Health effects associated with the disposal of solid waste in landfills and
incinerators in populations living in surrounding areas: a systematic review. Int.
J. Public Health 58, 725-735. doi: 10.1007/s00038-013-0496-8

McCall, L. (2005). The complexity of intersectionality. Signs 40, 1771-1800.
doi: 10.1086/426800

McGregor, D. (2015). Indigenous women, water justice and zaagidowin (love).
Canad. Woman Stud. 30.

McKane, R. G., Satcher, L. A., Houston, S. L., and Hess, D. J. (2018). Race, class,
and space: an intersectional approach to environmental justice in New York
City. Environ. Sociol. 4, 79-92. doi: 10.1080/23251042.2018.1429177

McKee, E. (2020). Divergent visions: Intersectional water advocacy in Palestine.
Environ. Plan. E. Nat. Space. 4, 43-64. doi: 10.1177/2514848620909386

McKinney, L. A., and Fulkerson, G. M. (2015). Gender equality and
climate justice: a cross-national analysis. Soc. Just. Res. 28, 293-317.
doi: 10.1007/s11211-015-0241-y

McKinney, L. A., Kick, E., and Cannon, C. E. B. (2015). A human ecology approach
to environmental inequality: A county-level analysis of natural disasters and the
distribution of landfills in the Southeastern US. Hum. Ecol. Rev. 21, 109-132.
doi: 10.22459/HER.21.01.2015.05

Mohai, P., Pellow, D., and Roberts, J. T. (2009). Environmental justice. Annu. Rev.
Environ. Resour. 34, 405-430. doi: 10.1146/annurev-environ-082508-094348

Mohai, P., and Saha, R. (2006). Reassessing racial and socioeconomic
disparities in environmental justice research. Demography 43, 383-399.
doi: 10.1353/dem.2006.0017

Mohai, P., and Saha, R. (2015a). Which came first, people or pollution? A review of
theory and evidence from longitudinal environmental justice studies. Environ.
Res. Lett. 10:125011. doi: 10.1088/1748-9326/10/12/125011

Mohai, P., and Saha, R. (2015b). Which came first, people or pollution?
Assessing the disparate siting and post-siting demographic change

Frontiers in Climate | www.frontiersin.org

14

xx 2021 | Volume 3 | Article 709439

1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595

1596

Ql5


https://www.epa.gov/landfills
https://doi.org/10.1016/j.socscimed.2017.11.011
https://doi.org/10.4324/9780203402375-15
https://doi.org/10.1111/disa.12209
https://doi.org/10.1289/ehp.0800153
https://doi.org/10.1016/j.eap.2020.04.008
https://doi.org/10.1016/j.biortech.2018.10.069
https://doi.org/10.1177/2514848619892433
https://doi.org/10.1177/0361684314533485
https://doi.org/10.1111/j.1540-6237.2007.00470.x
https://iwpr.org/publications/the-gender-wage-gap-2019-earnings-differences-by-race-and-ethnicity/
https://iwpr.org/publications/the-gender-wage-gap-2019-earnings-differences-by-race-and-ethnicity/
https://iwpr.org/publications/annual-gender-wage-gap-2018/
https://iwpr.org/publications/annual-gender-wage-gap-2018/
https://doi.org/10.7189/jogh.10.020313
https://doi.org/10.1080/09644016.2013.835203
https://www.forbes.com/sites/jackkelly/2020/01/13/women-now-hold-more-jobs-than-men/
https://www.forbes.com/sites/jackkelly/2020/01/13/women-now-hold-more-jobs-than-men/
https://doi.org/10.1016/j.jrurstud.2013.12.006
https://doi.org/10.1080/13547500902965351
https://doi.org/10.1007/978-3-319-18081-6_6
https://doi.org/10.1289/ehp.9223
https://doi.org/10.1021/es072042u
https://doi.org/10.1016/j.prrv.2007.07.009
https://doi.org/10.1086/669570
https://doi.org/10.1080/23251042.2018.1446711
https://doi.org/10.1353/ff.2011.0028
https://doi.org/10.1080/03066150.2016.1141198
https://doi.org/10.1007/s00038-013-0496-8
https://doi.org/10.1086/426800
https://doi.org/10.1080/23251042.2018.1429177
https://doi.org/10.1177/2514848620909386
https://doi.org/10.1007/s11211-015-0241-y
https://doi.org/10.22459/HER.21.01.2015.05
https://doi.org/10.1146/annurev-environ-082508-094348
https://doi.org/10.1353/dem.2006.0017
https://doi.org/10.1088/1748-9326/10/12/125011
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles

[Q22]1597

1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652

1653

Cannon

Intersectional Environmental Risks

hypotheses of environmental injustice. Environ. Res. Lett. 10:115008.
doi: 10.1088/1748-9326/10/11/115008

Monster, J., Kjeldsen, P., and Scheutz, C. (2019). Methodologies for measuring
fugitive methane emissions from landfills-a review. Waste Manag. 87, 835-859.
doi: 10.1016/j.wasman.2018.12.047

Nirmal, P., and Rocheleau, D. (2019). Decolonizing degrowth in the post-
development convergence: Questions, experience, and proposals from
two Indigenous territories. Environ. Plan. E. Nat. Space 2, 465-492.
doi: 10.1177/2514848618819478

Olofsson, A., Ohman, S, and Nygren K G (2016). An intersectional
risk approach for environmental sociology. Environ. Sociol. 2, 346-354.
doi: 10.1080/23251042.2016.1246086

Pais, J., Crowder, K., and Downey, L. (2014). Unequal trajectories: racial and
class differences in residential exposure to industrial hazard. Soc. Forces 92,
1189-1215. doi: 10.1093/sf/s0t099

Pellow, D. N. (2017). What is Critical Environmental Justice? Cambridge, MA:

Polity Press.
Pellow, D. N, and Brehm, H. N. (2013). An environmental sociology
for the twenty-first century. Annu. Rev. Sociol. 39, 229-250.

doi: 10.1146/annurev-soc-071312-145558

Perkins, T. (2021). The multiple people of color origins of the US environmental
justice movement: social movement spillover and regional racial projects in
California. Environ. Sociol. 7, 147-159. doi: 10.1080/23251042.2020.1848502

Perry, N., and Gillespie, J. (2019). Restricting spatial lives? The gendered
implications of conservation in Cambodia’s protected wetlands. Environ. Plan.
E. Nat. Space 2, 73-88. doi: 10.1177/2514848619827736

Porta, D., Milani, S., Lazzarino, A., Perucci, C., and Forastiere, F. (2009).
Systematic review of epidemiological studies on health effects associated with
management of solid waste. Environ. Health 8:60. doi: 10.1186/1476-069X-8-60

Pulido, L., and De Lara, J. (2018). Reimagining justice’in environmental justice:
radical ecologies, decolonial thought, and the black radical tradition. Environ.
Plan. E. Nat. Space 1, 76-98. doi: 10.1177/2514848618770363

Ringquist, E. J. (2005). Assessing evidence of environmental inequities: a meta-
analysis. J. Policy Anal. Manag. 24, 223-247. doi: 10.1002/pam.20088

Rocheleau, D., Thomas-Slayter, B., and Wangari, E. (1996). Feminist
Political Ecology: Global Issues and Local Experiences. New York, NY;
London: Routledge.

Ryder, S. S. (2017). A bridge to challenging environmental inequality:
intersectionality, environmental justice and disaster vulnerability. Soc. Thought
Res. 34, 85-115.

Saha, R., and Mohai, P. (2005). Historical context and hazardous waste facility
siting: Understanding temporal patterns in Michigan. Soc. Problems 52,
618-648. doi: 10.1525/sp.2005.52.4.618

Schlosberg, D. (2003). The justice of environmental justice: reconciling equity,
recognition, and participation in a political movement. Moral Polit. Reason.
Environ. Practice 77:106.

Schlosberg, D. (2004). Reconceiving
movements and political theories.
doi: 10.1080/0964401042000229025

Sinnathamby, G., Phillips, D. H., Sivakumar, V., and Paksy, A. (2014). Landfill cap
models under simulated climate change precipitation: impacts of cracks and
root growth. Géotechnique 64, 95-107. doi: 10.1680/geot.12.P.140

Smith, C. L. (2009). Economic deprivation and racial segregation: comparing
superfund sites in Portland, Oregon and Detroit, Michigan. Soc. Sci. Res. 38,
681-692. doi: 10.1016/j.ssresearch.2009.03.005

South Carolina Department of Health and Environmental Control (2021). How
Landfills Work. Available online at: https://scdhec.gov/environment/land-and-
waste-landfills/how-landfills-work

Spokas, K., Bogner, J., Chanton, J. P, Morcet, M., Aran, C, Graff, C,
et al. (2006). Methane mass balance at three landfill sites: What is the
efficiency of capture by gas collection systems? Waste Manag. 26, 516-525.
doi: 10.1016/j.wasman.2005.07.021

environmental  justice:
Polit. 13,

global

Environ. 517-540.

Stainback, K., and Tomaskovic-Devey, D. (2009). Intersections of power and
privilege long term trends in managerial representation. Am. Sociol. Rev. 74,
800-820. doi: 10.1177/000312240907400506

Sultana, F. (2010). Living in hazardous waterscapes: gendered vulnerabilities
and experiences of floods and disasters. Environ. Hazards 9, 43-53.
doi: 10.3763/ehaz.2010.S102

Sultana, F. (2014). Gendering climate change: geographical insights. Prof. Geogr.
66, 372-381. doi: 10.1080/00330124.2013.821730

Sze, J. (2006). Bodies, pollution, and environmental justice. Feminist Teacher
16, 124-132.

Sze, J. (2017). “Gender and environmental justice, in Gender and the
Environment, ed S. MacGregor (Abingdon: Routledge), 159-168.
doi: 10.4324/9781315886572-11

Sze, J. (2020). Environmental Justice in a Moment of Danger. Berkeley, CA:
UC Press.

Taylor, D. (2014). Toxic Communities: Environmental Racism, Industrial Pollution
and Residential Mobility. New York, NY: New York University Press.

Taylor, D. E. (2000). The rise of the environmental justice paradigm: injustice
framing and the social construction of environmental discourses. Am. Behav.
Sci. 43, 508-580. doi: 10.1177/00027640021955432

U.S. Census (2021). Universe Definitions. Available online at: https://www.census.
gov/programs-surveys/cps/data/data-tools/cps- table-creator-help/universe-
definitions.html (accessed April 2, 2021).

United States Census Bureau (2013). Characteristics of Population, Vol. 1.
Washington, DC: Government Printing Office.

United States Department of Agriculture (2013). Rural Urban County Continuum
Codes. Washington, DC: Government Printing Office.

Vinyeta, K., Whyte, K., and Lynn, K. (2016). Climate Change Through an
Intersectional Lens: Gendered Vulnerability and Resilience in Indigenous
Communities in the United States. General Technical Report PNW-GTR-
923. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. Available online at: https://www.fs.fed.us/pnw/
pubs/pnw_gtr923.pdf

Wakefield, S., and Elliott, S. (2003). Constructing the news: the role of local
newspapers in environmental risk communication. Prof. Geogr. 55, 216—226.

Weber, R., Watson, A., Forter, M., and Oliaei, F. (2011). Persistent organic
pollutants and landfills-a review of past experiences and future challenges.
Waste Manag. Res. 29, 107-121. doi: 10.1177/0734242X10390730

Wille, E. (2018). “Flooding risks at old landfill sites: linear economy meets climate
change,” in Proceedings of the 4th International Symposium on Enhanced
Landfill Mining (Leuven).

World Health Organization (2007). Population Health and Waste Management:
Scientific Data and Policy Options. Report of a WHO Workshop. Rome, Italy,
29-30 March. Copenhagen: WHO Regional Office for Europe.

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Cannon. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Climate | www.frontiersin.org

xx 2021 | Volume 3 | Article 709439

1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665 Q15
1666
1667
1668
1669
1670
1671
1672
1673

1674
1675

1676

1677
1678

1679

1680

1681
1682

1683

1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709

1710


https://doi.org/10.1088/1748-9326/10/11/115008
https://doi.org/10.1016/j.wasman.2018.12.047
https://doi.org/10.1177/2514848618819478
https://doi.org/10.1080/23251042.2016.1246086
https://doi.org/10.1093/sf/sot099
https://doi.org/10.1146/annurev-soc-071312-145558
https://doi.org/10.1080/23251042.2020.1848502
https://doi.org/10.1177/2514848619827736
https://doi.org/10.1186/1476-069X-8-60
https://doi.org/10.1177/2514848618770363
https://doi.org/10.1002/pam.20088
https://doi.org/10.1525/sp.2005.52.4.618
https://doi.org/10.1080/0964401042000229025
https://doi.org/10.1680/geot.12.P.140
https://doi.org/10.1016/j.ssresearch.2009.03.005
https://scdhec.gov/environment/land-and-waste-landfills/how-landfills-work
https://scdhec.gov/environment/land-and-waste-landfills/how-landfills-work
https://doi.org/10.1016/j.wasman.2005.07.021
https://doi.org/10.1177/000312240907400506
https://doi.org/10.3763/ehaz.2010.SI02
https://doi.org/10.1080/00330124.2013.821730
https://doi.org/10.4324/9781315886572-11
https://doi.org/10.1177/00027640021955432
https://www.census.gov/programs-surveys/cps/data/data-tools/cps-table-creator-help/universe-definitions.html
https://www.census.gov/programs-surveys/cps/data/data-tools/cps-table-creator-help/universe-definitions.html
https://www.census.gov/programs-surveys/cps/data/data-tools/cps-table-creator-help/universe-definitions.html
https://www.fs.fed.us/pnw/pubs/pnw_gtr923.pdf
https://www.fs.fed.us/pnw/pubs/pnw_gtr923.pdf
https://doi.org/10.1177/0734242X10390730
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles

	Intersectional and Entangled Risks: An Empirical Analysis of Disasters and Landfills
	Introduction
	Literature Review
	Landfills, Climate Risks, and Disasters
	Gender Inequality, Environmental Hazards, and Disasters
	Intersectionality Theory
	Empirical Approaches to Intersectionality
	Statement of Purpose and Hypotheses

	Data and Methods
	Landfill Data, 2013
	Disaster Data, 2013
	Urban Rural Continuum, 2013
	Sociodemographic Data, 2013
	Analytical Approach

	Discussion of Results
	Control Variables
	Main Effects
	Conditional Effects
	Interactive Effects
	Limitations and Future Research

	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	References




