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Abstract

This study documents the prevalence of historically marginalized populations
(across age, income, education, race-ethnicity, and language) living near active oil
and gas wells throughout the USA, at both local and aggregated scales. This is per-
formed by way of areal apportionment using well location data and population char-
acteristics from the American Community Survey. A clustering analysis of margin-
alized populations living near a high density of wells reveals four distinct regions of
high prevalence: southern California, southwest Texas, Appalachia, and northwest
New Mexico. At the nationwide scale, we find large absolute numbers of people
living near wells, including marginalized groups: nearly 18 million people in total
across the USA, many of which are Hispanic (3.3 million), Black (1.8 million),
Asian (0.7 million), and Native American (0.5 million), live below the poverty line
(3 million), older individuals (3 million), or young children (over 1 million). In cer-
tain states, this represents a large share of the total population — over 50% in the case
of West Virginia and Oklahoma. Estimates are subsequently compared to county-
level control groups to assess patterns of disproportionality. Wide variations are
found across regions and metrics, underscoring the locally specific nature of these
data. Our research contributes to the field of environmental justice by describing the
populations living near oil and gas wells.
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Introduction

New developments in crude oil and natural gas production technology have led
to increasingly rapid deployment of wells across the USA. There are currently
over one million known active wells (Drillinglnfo, 2018). Concurrently, the
scientific community is building a more holistic understanding of the environ-
mental impacts resulting from this growth. Besides observed air, surface water
and groundwater pollution, and explosion hazards and climate disruption due to
methane leakage (Adgate et al., 2014; Osborn et al., 2011), increased attention
is being paid to public health effects. McKenzie et al., (2017, 2018) for example
documented increased cancer risk (in one case, over 8 times EPA’s standard) for
populations living in the proximity of oil and gas operations due to inhalation
of non-methane hydrocarbons. This is one piece of a growing body of literature
illustrating health risks across a range of impacts, including respiratory condi-
tions (notably asthma), birth complications, and observations of increased hos-
pitalization across a variety of medical fields, including cardiology, neurology,
and oncology (Currie et al., 2017; Jemielita et al., 2015; Rasmussen et al., 2016;
Stacy, 2017; Whitworth et al., 2018). These public health threats are associated
with unconventional (i.e., shale/coalbed/tight) gas development in particular.
Additional effects on these populations include losses in aesthetic and property
values (Evensen & Stedman, 2018; McKenzie et al., 2016; Muehlenbachs et al.,
2015) as well as increases in violent crime (Bartik et al., 2019).

Many studies exploring environmental justice issues demonstrate how adverse
externalities are most likely to fall upon historically marginalized communities.
Researchers have documented ubiquitous evidence of environmental inequities
based upon race and other factors (Banzhaf, 2012; Banzhaf et al., 2019; Mohai
et al., 2009; Taylor, 2014). These groups have been historically underserved and
often at greater risk of exposure to environmental impacts.

To date, several prior analyses have explored community-level characteristics
surrounding oil and gas wells. Most have used the same methods as herein and
explored population and subgroup counts in specific production basins (Clough
& Bell, 2016; Meng, 2015; Ogneva-Himmelberger & Huang, 2015; Pellow, 2016;
Slonecker & Milheim, 2015), while few have explored national-level counts
(Czolowski et al., 2017; Earthworks, 2018; Long et al., 2016). However, no prior
studies have assessed, on a national scale, trends in narrower population groups,
looking specifically at marginalized communities. In addition, few other studies
disclose census margins of error with population estimates. This article addresses
these research gaps.

Kroepsch et al. (2019) identified a range of critical questions for developing a
research agenda on environmental justice in this context, and this study informs
one of them: who lives near wells? This is a first, but critical step, in better under-
standing distributional inequity in this context. We hope this study will assist
researchers, policymakers, and advocates to uncovering the mechanisms that
resulted in systemic inequity and addressing persistent environmental injustice
(Ma, 2020).
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Methods
Input datasets

Demographic data was obtained using the U.S. Census Bureau’s American Com-
munity Survey (henceforth, ACS; U.S. Census Bureau, 2021) 5-year estimates
for 2012-2016. Census tracts provide the starting point for the analyses herein
and represent the best balance between depth of demographic insight, accuracy of
estimates, minimizing margin of error, and geographical resolution. While census
block or block groups would have been more desirable in reducing the system-
atic uncertainty inherent to the areal apportionment calculations, margins of error
were unfortunately too large for most demographic metrics at these scales.

Locations of over one million identifiable active oil and gas wells in 2015,
both conventional and unconventional, were taken from the DrillingInfo database
(2018). This database has near comprehensive national coverage and is a compi-
lation of public datasets from state agencies. Exact locations of wells are given by
latitude/longitude coordinates in the database. Data from 2015 were used, despite
some states possessing more recent production data, because it provided the most
comprehensive single-year database nationwide. Indiana and Illinois are not
included due to the low quality of source data for these states, where character-
istics such as production, specific location, well type, and status are rarely speci-
fied. Thus, marginalized groups in these two states are unfortunately not able to
be represented in this analysis. It is estimated that the database covers~95% of
the nation’s wells and ~94% of its population (DrillingInfo, 2018).

Demographic estimation

We recombined ACS variables to create a shortlist of 13 demographic metrics
to investigate covering race-ethnicity, educational attainment, language, age,
unemployment, and income (see Online Resource 1 for additional details). These
metrics were selected for this study due to their utility in the literature of envi-
ronmental justice (Federal Interagency Working Group on Environmental Justice,
2016; Flanagan et al., 2018; U.S. Environmental Protection Agency, 2017). Our
focus was on exploring links to race-ethnicity in addition to key socioeconomic
metrics, such as poverty, unemployment, age, language, and education.

We extracted population counts of each population group living within four
different buffer distances of each well (radii of 1/10, 1/4, 1/2, and 1 mile). The lat-
ter two distances are employed in intercomparisons with other studies (see Online
Resource 2), and are the most common metric in extant literature (1 mile in par-
ticular). The former two are used in recognition of the fact that currently docu-
mented health impacts typically occur in very close proximity to wells with 1/10
mile representing an important threshold (McKenzie et al., 2018). Buffer zones
were then overlaid on each census tract, and the share of each tract intersecting a
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buffer is calculated via areal apportionment, the most commonly used approach
for this type of demographic analysis (Chakraborty et al., 2011).

Once population estimates are extracted at the census tract level, additional
metrics (counts as a percent of total population and margins of error) are calcu-
lated. These are then aggregated up to county, state, and national levels.

Population statistics for each group are produced, and the margin of error (MOE;
using the Census Bureau standard 90% confidence level) is calculated according to:

— 2
MOE, , = £/ ) MOE

where MOE, is the MOE of the cth component estimate. This step is reproduced
for aggregation to the state and national levels. Water bodies were omitted using
the 2015 Census Areal Hydrography National Geodatabase (U.S. Census Bureau,
2015).

To explore the prevalence of regions where marginalized groups live near wells,
and metrics overlap, we perform a clustering analysis and develop an index. First,
statistically high values for a subset of each population were identified by binning
distributions into five categories according to the Jenks natural breaks classification
method (i.e., minimizing variance within bins while maximizing variance between
them). Online Resource 3 depicts the geographic distributions for the highest bin
of each population. Then, to create a multivariate index, a score of 1 was assigned
to each well-variable pair that fell into the highest bin. These were summed, such
that for any given well, a score may range from O to 11 depending on the amount of
demographic metrics exhibiting high values. The resulting index can be interpreted
as a localized, overlapping measure of marginalized communities.

This index is smoothed using a kernel density function according to:

_ln x — x(7)
f(x)—n;K< g >

where x is a datapoint (well), n is 1,040,537 (wells), K is a quartic kernel estimator,
and /4 is 0.5 decimal degrees. This specific bandwidth parameter (2) was chosen as
it represented the best tradeoff between highlighting local clusters and ensuring they
were clearly visible in the full extent of the map. This smoothing process is per-
formed only for Fig. 1C to enable an intuitive interpretation of results at a national
scale and account for the role of well density in cumulating and exacerbating poten-
tial health impacts. Only wells with scores of 1 or above are depicted.

Comparative statistics

Population estimates were also compared with respective control groups. Within
counties, this is performed by contrasting our estimate of the share of populations
living near wells to that of corresponding county-wide estimates for the same
group, as given by:
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Piv  Pij
ei=(1-(=2+=2)) %100
o Lip L

where p is the population estimate for demographic variable i, in buffer zone b or
county j. Denominators ¢ represent total population estimates for respective variable/
region pairs. The resulting metric, e, is perhaps best understood as a county/vari-
able pair’s percent deviation from the expected value of its control group. To deter-
mine whether these deviations are statistically significant, we then follow the Census
Bureau guidelines and apply the z-score formula below:

|Esti’b - Esti’]»

Zibj =

\/MoEi,,,z + MoE,

Here, Est refers to population estimates (as a share of total, or 2 as defined above)
and MoE denotes associated census margins of error. This yields a z-score for each
county/variable pair that describes the extent to which estimates are statistically dif-
ferent from their control group counterparts at a 90% confidence level. Limitations
of our methodology are discussed in the supplementary information.

Results
Population-specific clustering

Oil and gas resources are extracted across a wide swath of the USA — the combined
land area within one mile of all wells covers approximately 270,000 mi%, or~7.6%
of the country. Figure 1A and B illustrate the degree to which this infrastructure is
not only widespread but also concentrated in the same large production basins.

We begin with a local, census tract level analysis of each population group in
isolation. This allows us to explore the prevalence of clusters or regions across the
country where certain marginalized groups may be living near wells in relatively
high numbers, as a share of total population. An array of maps highlighting the pre-
dominant clusters by group are provided in Online Resource 3. For Blacks, these
stretch across several southern states (LA, MS, AL, AR) and several urban settings
(Los Angeles, Cleveland, Akron, Youngstown). Alaskan Native and Native Ameri-
can clusters can be observed in Alaska (Prudhoe Bay, Utqiagvik, Anchorage) and
pueblos in northwestern New Mexico. For Asian communities, these are largely
concentrated in California, in urban settings of the San Joaquin Delta and greater
Los Angeles area, as are Hawaiians and Pacific Islanders. Clusters of Hispanic pop-
ulations stretch across large expanses of California and Texas.

In terms of socioeconomic metrics, clusters of populations with lower levels of
educational attainment are predominantly located in California (Central Valley,
Los Angeles), Texas (mainly near the U.S.-Mexico border), Louisiana (Lafayette,
New Orleans), southwest West Virginia, and eastern Kentucky. These regions are
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Degree of Clustering of Marginalized Populations and Well Density

Share of Total Population (Fig. 1C)

low high
500 2,500 10,000 24,500
1,000 5,000 20,000

Population Count Per Tract (Fig. 1D)

Fig. 1 Disposition of oil and gas wells and marginalized population clusters across the USA. A depicts
active oil wells in black (n=473,469), and B active gas wells in purple (n=377,738) for the year 2015.
C and D illustrate clustering of multiple marginalized population groups overlapping with areas of high
well density. C denotes an index score calculated using an equally weighted aggregate statistic, repre-
senting how many marginalized populations overlap as a share of total population living near wells. D
depicts these data terms of absolute population count per census tract, rather than relative shares as in
C. All well types are factored into this analysis (n=1,040,537); Hawaii is omitted in this figure given its
lack of wells

mirrored in the findings both for communities with high unemployment and those
under the poverty line, with the addition of several regions (San Joaquin Delta, CA;
Farmington, NM; north-central MT, areas across LA/MS/Appalachia). Limited Eng-
lish-speaking communities are concentrated in northern Alaska, California (Central
Valley, Los Angeles), Texas (South Texas and the Rio Grande Valley, Houston and
Dallas metro areas), and Garden City (KS).

Regarding age groups, communities with relatively higher numbers of children
under 5 years old are found in California’s Central Valley, throughout Texas (particu-
larly across the Eagle Ford, Permian, and Anadarko Basins), and in the North (north-
central MT, western ND in the Bakken Formation). These regions are comprised
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of children composing up to 13% of the total population living near wells —
over double the national average. Communities with high levels of older individuals
(over 64 years old) are observed across the nation, yet are concentrated in the fol-
lowing states: MT, ND, TX, KS, OK, NE, CO, MI, WV, TN, OH, and PA. A subset
of these (CO, NE, M]) intersect very little with other demographic metrics.
Additional income metrics (in particular the GINI coefficient) reveal many com-
munities facing relatively high income inequality in southern states (TX, LA, MS,
OK), in Appalachian states (WV, OH, PA), and in Montana. Median Family Income
metrics further highlight clustering in both poor and affluent neighborhoods, with
the latter typically surrounding major cities where fossil fuel extraction is prevalent.

Marginalized population overlap index

We then created a national index to highlight regions where clusters across multiple
marginalized population groups and areas of high well density coincide. Figure 1C
illustrates areas with a high degree of intersectionality for all wells across the coun-
try. Approximately 41 distinct (non-contiguous) clusters can be observed. The high-
est ones are found in CA’s Central Valley, notably near Bakersfield and Coalinga
(in the San Joaquin Basin). Moving east, a large cluster can be observed in the area
surrounding Farmington, NM — a region containing several Native American tribes,
with the Navajo Nation, Southern Ute, and Jicarilla Apache Nation having the great-
est overlap. In the Permian Basin, two clusters emerge (one northwest of Odessa,
TX, and the other west of Sonora, TX). Nearby, we observe three distinct clusters on
the TX-Mexico border, near the environs of Laredo, TX (Eagle Ford Shale). Three
significant clusters remain: one located northwest of Shreveport, LA (Haynesville-
Bossier Shale), and two in Appalachia: south of Charleston, WV, and near Allegheny
National Forest, PA. Figure 1D adapts the approach used in panel 1C to use abso-
lute population counts, rather than relative shares. Clusters remain largely the same
with the exception of some regions diminishing (e.g., California and Wyoming). This
underlines the fact that these clusters represent areas where marginalized groups are
found both in disproportion and in high numbers.

Summary statistics by distance from well

A local lens is most useful to identify larger disparities and truly explore questions
of environmental justice. The analyses presented above were completed to provide
a deeper and more focused assessment of such trends. Though it conveys a limited
perspective, aggregation at the national and state levels is helpful for obtaining a
broad snapshot of trends.

Table 1 summarizes national statistics for each population within one mile of a
well. For each group, two comparative statistics are provided: national totals and
control counties. The latter represents a control group reflecting demographic trends
specific to oil and gas producing regions: population estimates for counties within
which wells are located. There is a varying degree to which the county-level popula-
tion estimates are significantly statistically different from controls (5-57%; 90% CI),
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depending on the metric (see Table 1). For many counties, population numbers were
simply too low and/or metrics had margins of error too large to yield strong sta-
tistical power in the relationships explored. Significance measures for each county/
variable pair are provided in Online Resource 4, and summary statistics for the half,
quarter, and tenth mile buffer distances are found in Online Resource 5.

These results underscore the degree to which the US population and oil and gas
production are intertwined. Over 18 million people live within one mile of wells.
Many of these consist of marginalized groups (Hispanic: 3.3 m; Black: 1.8 m;
Asian: 0.7 m; Native American: 0.5 m; below the poverty line: 2.9 m; over 64 years
old: 2.7 m; under 5 years old: 1.2 m). From a relative standpoint, at a national aggre-
gated scale, most population groups are found to be less prevalent near wells than
their county-level controls. The exceptions to this are Native Americans, Whites,
people over 64 years old, and people with less than a high school degree. For these
populations, we find a respective 25.0%, 9.5%, 6.6%, and 46.6% higher prevalence
living within one mile of wells than controls.

State-level tables were also derived to depict population counts by demographic
group within one mile of wells. Online Resource 6 provides data for the 29 states
where oil and gas production is prevalent. The five states with the greatest number of
people living near wells are Texas (5.0 m), Ohio (3.0 m), California (2.2 m), Oklahoma
(1.9 m), and Pennsylvania (1.9 m). On a percentage of total state population basis,
these are: West Virginia (50.9%), Oklahoma (50.1%), Ohio (25.9%), Texas (18.7%),
and Pennsylvania (15.0%). These measures highlight the fact that many people across
the country are bearing the externalities of oil and gas development — particularly in
West Virginia and Oklahoma where a majority of people live near active wells.

With respect to summary results, a subset for one mile and %2 mile (state and
national levels) can be compared to other estimates in the literature; see Online
Resource 2 for a comprehensive assessment. In cases where metrics and methodo-
logical approaches overlap, our findings are extremely similar.

The comparative analyses outlined in this section were performed as an additional
means of investigating disproportionality through county, state, and national scales.
Percentage differences from respective control groups for each county/variable pair
can be found in Online Resource 4. These data illustrate the wide distribution that
can be seen across counties, in terms of disproportionality for any given population,
and emphasize the locally specific nature of these findings.

Discussion

In this study, we shine a light on the colocation of historically marginalized groups
and wells. While the negative impacts of production are real and widespread, a
nuanced approach is needed in moving beyond this framework and exposing cases
of environmental injustice. A key factor to acknowledge is that oil and gas devel-
opment may be desired and spurred on by local communities, in seeking royalties
and potential employment. This stands to reason as Bartik et al. (2019) have noted
large positive welfare implications on frontline communities. This economic ben-
efit is likely to be more tangibly perceived than the indirect negative externalities,
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particularly with respect to health impacts that are still being uncovered. It should be
noted that, more generally, the permitting process for oil and gas development dif-
fers on Native American lands, where most of these populations live.

Production also relies on labor inputs, meaning that fossil fuel extraction indus-
tries and inhabited areas frequently overlap. The analysis presented herein is not
causal, but correlative; we provide a characterization of the extent to which the colo-
cation phenomenon is prevalent. Developing this knowledge is particularly impor-
tant in light of the fact that there is evidence of health impacts for populations living
in close proximity to wells (Gold & McGinty, 2013; Macey et al., 2014; Rabinowitz
et al., 2015; Steinzor et al., 2013). Additionally, there have been numerous examples
of recent incidents involving gas leaks from wellheads, such as in Belmont County,
Ohio, in February 2018. Vulnerable communities are often at a disadvantage when it
comes to mitigating environmental exposures and overcoming impacts, so it is criti-
cal to understand where they might be most readily exposed to the negative exter-
nalities of production. In turn, understanding where and how oil and gas develop-
ment intersect with diverse communities should aid in formulating the appropriate
industry practices and public policies to reduce impacts to proximate populations.

There are four notable regions in the country where intersectionality across mar-
ginalized groups points to a need for deeper region-specific research, particularly
surrounding health impacts. The first such region is southern California, particu-
larly in greater Los Angeles and the Central Valley. The former reveals a preva-
lence of Hispanic, Asian, Black, and Hawaiian/Pacific Islander populations living
in proximity to oil and gas wells, while the latter registers more along metrics such
as language, poverty, and unemployment, among Hispanic communities. This is in
large part explained by the fact that wells in the Los Angeles urban setting tend to
be located within ethnically diverse central neighborhoods, while the Central Val-
ley is home to a large agricultural workforce facing its own set of socioeconomic
challenges.

The second notable region, concentrated in southwest Texas, includes the Per-
mian Basin and the Eagle Ford Shale. These regions mirror similar characteristics
as California’s Central Valley. A third major region of note, Appalachia, differs
somewhat from the others in terms of demographics. Here, these are predominantly
elderly White populations and groups with low income and high unemployment.
Finally, a fourth region to highlight appears in northwest New Mexico, largely com-
posed of Native American populations and communities with high unemployment,
poverty, and children under the age of five. These areas should form a primary focus
for science and policy given the degree to which this colocation and cumulation can
dramatically worsen inequities and health disparities (Morello-Frosch et al., 2011).

Another important policy aspect for exploration in subsequent research is the
relationship between employment and populations living near wells. Our results high-
light widespread clusters of high unemployment near wells 4—12 times the national
average (Online Resource 3). While this question has been explored nationally in the
context of shale wells (Maniloff & Mastromonaco, 2017), the approach presented in
this study, supplemented by time-series analysis and causal inference methods (e.g.,
using difference-in-differences or instrumental variables), is well suited to exploring
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this question for a broader range of well types using the frequent (i.e., annual) time
step proffered by the ACS.

Our study differs in several key ways to the most similar prior analyses (Czolowski
et al., 2017; Earthworks, 2018; Gold & McGinty, 2013). One chief aspect is that our
study uncovers national statistics for 12 new population groups, and the intersec-
tionality of these. It is the first national study to include census margins of error
alongside estimates, and uses more recent data for both wells and populations: all
prior national studies rely on the 2010 Census and demographic trends have likely
changed significantly since then, particularly in fossil fuel extraction zones. Finally,
Alaska is also included in our scope of analysis, exposing areas of potential interest
(particularly near Prudhoe Bay).

We envision multiple ways in which these findings can be useful to a variety of
audiences. First, for policymakers having a responsibility to ensure the safety and
welfare of people living near oil and gas operations, these data can aid in crafting
policy tailored to protecting vulnerable populations on the front lines. Second, these
communities themselves and representative organizations will have the means to
contextualize and quantify affected groups, in advocacy efforts aimed at addressing
environmental injustice. Third, researchers can more accurately scope areas of inter-
est for studies aimed at furthering our understanding of impacts from wells on proxi-
mate populations. Fourth, industry can use these data to customize and enhance their
stakeholder outreach efforts and operational considerations by better understanding
the makeup of the populations with which operators interact.

Our findings illustrate the sheer extent to which aggregate numbers of people live
in close proximity to wells, both in terms of marginalized populations and specific
geographies where fossil fuel production is prevalent. The data highlights key areas
of layered social vulnerability, and by way of these quantification efforts, reinforces
the need to further understand how frontline communities are impacted by oil and
gas development.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11111-022-00403-2.

Acknowledgements The authors would like to thank Ricardo Esparza Gamez and Aurora Barone for
their excellent research assistance, as well as Rainer Romero-Canyas, Jorge Consuegra, Beia Spiller,
Suzi Kerr, Scott Anderson, Elena Craft, David Lyon, Ben Ratner, and Melissa Vargas for their thoughtful
comments.

Declarations

Conflict of interest The authors declare no competing interests.

References

Adgate, J. L., Goldstein, B. D., & McKenzie, L. M. (2014). Potential public health hazards, exposures
and health effects from unconventional natural gas development. Environmental Science & Technol-
0gy, 48(15), 8307-8320. https://doi.org/10.1021/es404621d

Banzhaf, S., Ma, L., & Timmins, C. (2019). Environmental justice: The economics of race, place, and
pollution. Journal of Economic Perspectives, 33(1), 185-208. https://doi.org/10.1257/jep.33.1.185

@ Springer


https://doi.org/10.1007/s11111-022-00403-2
https://doi.org/10.1007/s11111-022-00403-2
https://doi.org/10.1021/es404621d
https://doi.org/10.1257/jep.33.1.185

Population and Environment (2022) 44:1-14 13

Banzhaf, H. S. (2012). The political economy of environmental justice. Stanford University Press.

Bartik, A. W., Currie, J., Greenstone, M., & Knittel, C. R. (2019). The local economic and welfare
consequences of hydraulic fracturing. American Economic Journal: Applied Economics, 11(4),
105-155. https://doi.org/10.1257/app.20170487

Chakraborty, J., Maantay, J. A., & Brender, J. D. (2011). Disproportionate proximity to environmen-
tal health hazards: Methods, models, and measurement. American Journal of Public Health,
101(S1), S27-36. https://doi.org/10.2105/ajph.2010.300109

Clough, E., & Bell, D. (2016). Just fracking: A distributive environmental justice analysis of uncon-
ventional gas development in Pennsylvania, USA. Environmental Research Letters, 11(2),
025001. https://doi.org/10.1088/1748-9326/11/2/025001

Currie, J., Greenstone, M., & Meckel, K. (2017). Hydraulic fracturing and infant health: New evi-
dence from Pennsylvania. Science Advances, 3(12). https://doi.org/10.1126/sciadv.1603021

Czolowski, E. D., Santoro, R. L., Srebotnjak, T., & Shonkoff, S. B. C. (2017). Toward consistent meth-
odology to quantify populations in proximity to oil and gas development: A national spatial analy-
sis and review. Environmental Health Perspectives, 125(8). https://doi.org/10.1289/EHP1535

DrillingInfo. (2018). Enverus DrillingInfo database. Retrieved from: https://info.drillinginfo.com/

Earthworks. (2018). The oil & gas threat map. https://oilandgasthreatmap.com/threat-map/

Evensen, D., & Stedman, R. (2018). Fracking’: Promoter and destroyer of ‘the good life. Journal of
Rural Studies, 59, 142—152. https://doi.org/10.1016/j.jrurstud.2017.02.020

Federal Interagency Working Group on Environmental Justice. (2016). Promising practices for EJ
methodologies in NEPA reviews. https://www.epa.gov/sites/production/files/2016-08/documents/
nepa_promising_practices_document_2016.pdf

Flanagan, B. E., Hallisey, E. J., Adams, E., & Lavery, A. (2018). Measuring community vulnerability
to natural and anthropogenic hazards: The centers for disease control and prevention’s social
vulnerability index. Journal of Environmental Health, 80(10), 34-37. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC7179070/

Gold, R., & McGinty, T. (2013). Energy boom puts wells in America’s backyards. Wall Street Jour-
nal. https://www.wsj.com/articles/SB10001424052702303672404579149432365326304

Jemielita, T., Gerton, G. L., Neidell, M., Chillrud, S., Yan, B., Stute, M., Howart, M., Saberi, P.,
Fausti, N., Penning, T. M., Roy, J., Propert, K. J., Panettieri, R. A., Jr. (2015). Unconventional
gas and oil drilling is associated with increased hospital utilization rates. PLOS ONE, 10(7).
https://doi.org/10.1371/journal.pone.0131093

Kroepsch, A. C., Maniloff, P. T., Adgate, J. L., McKenzie, L. M., & Dickinson, K. L. (2019). Environmental jus-
tice in unconventional oil and natural gas drilling and production: A critical review and research agenda.
Environmental Science & Technology, 53(12), 6601-6615. https://doi.org/10.1021/acs.est.9b00209

Long, J. C. S., Feinstein, L., Birkholzer, J. T., Foxall, W. (2016). An independent scientific assessment
of well stimulation in California, Vol. 3. California Council on Science and Technology. https://
ccst.us/reports/an-independent-scientific-assessment-of-well-stimulation-in-california-volume-3/

Ma, L. (2020). Mapping the clean air haves and have-nots. Science, 369(6503), 503-504. https://doi.
org/10.1126/science.abb0943

Macey, G. P., Breech, R., Chernaik, M., Cox, C., Larson, D., Thomas, D., & Carpenter, D. O. (2014).
Air concentrations of volatile compounds near oil and gas production: A community-based
exploratory study. Environmental Health, 13(82). https://doi.org/10.1186/1476-069X-13-82

Maniloff, P., & Mastromonaco, R. (2017). The local employment impacts of fracking: A national study.
Resource and Energy Economics, 49, 62-85. https://doi.org/10.1016/j.reseneeco.2017.04.005

McKenzie, L. M., Allshouse, W. B., Burke, T., Blair, B. D., & Adgate, J. L. (2016). Population size,
growth, and environmental justice near oil and gas wells in Colorado. Environmental Science &
Technology, 50(21), 11471-11480. https://doi.org/10.1021/acs.est.6b04391

McKenzie, L. M., Allshouse, W. B., Byers, T. E., Bedrick, E. J., Serdar, B., & Adgate, J. L. (2017).
Childhood hematologic cancer and residential proximity to oil and gas development. PLOS ONE,
12(2). https://doi.org/10.1371/journal.pone.0170423

McKenzie, L. M., Blair, B., Hughes, J., Allshouse, W. B., Blake, N.J., Helmig, D., Milmoe, P., Halliday,
H., Blake, D. R., & Adgate, J. L. (2018). Ambient nonmethane hydrocarbon levels along Colo-
rado’s Northern Front Range: Acute and chronic health risks. Environmental Science & Technol-
0gy, 52(8), 4514-4525. https://doi.org/10.1021/acs.est.7b05983

Meng, Q. (2015). Spatial analysis of environment and population at risk of natural gas fracking in the
state of Pennsylvania, USA. Science of the Total Environment, 515-516, 198-206. https://doi.org/
10.1016/j.scitotenv.2015.02.030

@ Springer


https://doi.org/10.1257/app.20170487
https://doi.org/10.2105/ajph.2010.300109
https://doi.org/10.1088/1748-9326/11/2/025001
https://doi.org/10.1126/sciadv.1603021
https://doi.org/10.1289/EHP1535
https://info.drillinginfo.com/
https://oilandgasthreatmap.com/threat-map/
https://doi.org/10.1016/j.jrurstud.2017.02.020
https://www.epa.gov/sites/production/files/2016-08/documents/nepa_promising_practices_document_2016.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/nepa_promising_practices_document_2016.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7179070/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7179070/
https://www.wsj.com/articles/SB10001424052702303672404579149432365326304
https://doi.org/10.1371/journal.pone.0131093
https://doi.org/10.1021/acs.est.9b00209
https://ccst.us/reports/an-independent-scientific-assessment-of-well-stimulation-in-california-volume-3/
https://ccst.us/reports/an-independent-scientific-assessment-of-well-stimulation-in-california-volume-3/
https://doi.org/10.1126/science.abb0943
https://doi.org/10.1126/science.abb0943
https://doi.org/10.1186/1476-069X-13-82
https://doi.org/10.1016/j.reseneeco.2017.04.005
https://doi.org/10.1021/acs.est.6b04391
https://doi.org/10.1371/journal.pone.0170423
https://doi.org/10.1021/acs.est.7b05983
https://doi.org/10.1016/j.scitotenv.2015.02.030
https://doi.org/10.1016/j.scitotenv.2015.02.030

14 Population and Environment (2022) 44:1-14

Michanowicz, D. R., Williams, S. R., Buonocore, J. J., Rowland, S. T., Konschnik, K. E., Goho, S.
A., & Bernstein, A. S. (2019). Population allocation at the housing unit level: Estimates around
underground natural gas storage wells in PA, OH, NY, WV, MI, and CA. Environmental Health,
18(58). https://doi.org/10.1186/s12940-019-0497-z

Mohai, P., Pellow, D., & Roberts, J. T. (2009). Environmental justice. Annual Review of Environment
and Resources, 34, 405-430.

Morello-Frosch, R., Zuk, M., Jerrett, M., Shamasunder, B., & Kyle, A. D. (2011). Understanding
the cumulative impacts of inequalities in environmental health: Implications for policy. Health
Affairs, 30(5), 879-887.

Muehlenbachs, L., Spiller, E., & Timmins, C. (2015). The housing market impacts of shale gas devel-
opment. American Economic Review, 105(12), 3633-3659. https://doi.org/10.1257/aer.20140079

Ogneva-Himmelberger, Y., & Huang, L. (2015). Spatial distribution of unconventional gas wells and
human populations in the Marcellus Shale in the United States: Vulnerability analysis. Applied
Geography, 60, 165-174. https://doi.org/10.1016/j.apgeog.2015.03.011

Osborn, S. G., Vengosh, A., Warner, N. R., & Jackson, R. B. (2011). Methane contamination of drink-
ing water accompanying gas-well drilling and hydraulic fracturing. PNAS, 108(20), 8172-8176.
https://doi.org/10.1073/pnas.1100682108

Pellow, D. N. (2016). Toward a critical environmental justice studies: Black Lives Matter as an envi-
ronmental justice challenge. Du Bois Review: Social Science Research on Race, 13(2), 221-236.
https://doi.org/10.1017/S1742058X1600014X

Prewitt, K. (2018). The census race classification: Is it doing its job? The ANNALS of the American Acad-
emy of Political and Social Science, 677(1), 8-24. https://doi.org/10.1177/2F0002716218756629

Rabinowitz, P. M., Slizovskiy, I. B., Lamers, V., Trufan, S. J., Holford, T. R., Dziura, J. D., Peduzzi, P.
N., Kane, M. ], Reif, J. S., Weiss, T. R., & Stowe, M. H. (2015). Proximity to natural gas wells and
reported health status: Results of a household survey in Washington County. Pennsylvania. Environ-
mental Health Perspectives, 123(1), 21-26. https://doi.org/10.1289/ehp.1307732

Rasmussen, S. G., Ogburn, E. L., McCormack, M., Casey, J. A., Bandeen-Roche, K., Mercer, D. G.,
& Schwartz, B. S. (2016). Association between unconventional natural gas development in the
Marcellus Shale and asthma exacerbations. JAMA Internal Medicine, 176(9), 1334—1343. https://
doi.org/10.1001/jamainternmed.2016.2436

Ridlington, E., Dutzik, T., Van Heeke, T., Garber, A., & Masur, D. (2015). Dangerous and close:
Fracking near Pennsylvania’s most vulnerable residents. Penn Environment Research & Policy
Center. https://pennenvironment.org/sites/environment/files/reports/PA_Close_Fracking_scrn.pdf

Slonecker, E. T., & Milheim, L. E. (2015). Landscape disturbance from unconventional and conventional
oil and gas development in the Marcellus Shale region of Pennsylvania, USA. Environments, 2(2),
200-220. https://doi.org/10.3390/environments2020200

Srebotnjak, T., & Rotkin-Ellman, M. (2014). Drilling in California: Who's at risk? Natural Resources
Defense Council. https://www.nrdc.org/sites/default/files/california-fracking-risks-report.pdf

Stacy, S.L. (2017). A review of the human health impacts of unconventional natural gas development.
Current Epidemiology Reports, 4(1), 38—45. https://doi.org/10.1007/2Fs40471-017-0097-9

Steinzor, N., Subra, W., & Sumi, L. (2013). Investigating links between shale gas development and
health impacts through a community survey project in Pennsylvania. New Solutions: A Journal of
Environmental and Occupational Health Policy, 23(1), 55-83. https://doi.org/10.2190/2FNS.23.1.e

Taylor, D. (2014). Toxic communities: Environmental racism, industrial pollution, and residential mobil-
ity. NYU Press. https://doi.org/10.18574/9781479805150

U.S. Census Bureau. (2015). Areal hydrography national geodatabase. Retrieved from: https://catalog.
data.gov/dataset/2015-areal-hydrography-national-geodatabase

U. S. Census Bureau. (2021). 2012-2016 American community survey 5-year estimates. Retrieved
from https://factfinder.census.gov/faces/nav/jsf/pages/searchresults.xhtml ?refresh=t

U.S. Environmental Protection Agency. (2017). EJSCREEN Technical Documentation.

Whitworth, K. W., Marshall, A. K., & Symanski, E. (2018). Drilling and production activity related to
unconventional gas development and severity of preterm birth. Environmental Health Perspec-
tives, 126(3), 037006. https://doi.org/10.1289/ehp2622

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

@ Springer


https://doi.org/10.1186/s12940-019-0497-z
https://doi.org/10.1257/aer.20140079
https://doi.org/10.1016/j.apgeog.2015.03.011
https://doi.org/10.1073/pnas.1100682108
https://doi.org/10.1017/S1742058X1600014X
https://doi.org/10.1177/2F0002716218756629
https://doi.org/10.1289/ehp.1307732
https://doi.org/10.1001/jamainternmed.2016.2436
https://doi.org/10.1001/jamainternmed.2016.2436
https://pennenvironment.org/sites/environment/files/reports/PA_Close_Fracking_scrn.pdf
https://doi.org/10.3390/environments2020200
https://www.nrdc.org/sites/default/files/california-fracking-risks-report.pdf
https://doi.org/10.1007/2Fs40471-017-0097-9
https://doi.org/10.2190/2FNS.23.1.e
https://doi.org/10.18574/9781479805150
https://catalog.data.gov/dataset/2015-areal-hydrography-national-geodatabase
https://catalog.data.gov/dataset/2015-areal-hydrography-national-geodatabase
https://factfinder.census.gov/faces/nav/jsf/pages/searchresults.xhtml?refresh=t
https://doi.org/10.1289/ehp2622

	The demographic characteristics of populations living near oil and gas wells in the USA
	Abstract
	Introduction
	Methods
	Input datasets
	Demographic estimation
	Comparative statistics

	Results
	Population-specific clustering
	Marginalized population overlap index
	Summary statistics by distance from well

	Discussion
	Acknowledgements 
	References


