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Abstract. According to environmental justice, environmental degrada-
tion and benefits should not be disproportionately shared between com-
munities. Identifying disparities in the spatial distribution of environ-
mental degradation is therefore a prerequisite for validating the state of
environmental justice in a geographic region. Under ideal circumstances,
environmental risk assessment is a preferred metric, but only when expo-
sure levels have been quantified reliably after estimating the risk. In this
study, we adopt a proximity burden metric caused by adjacent hazardous
sources, allowing us to evaluate the environmental burden distribution
and vulnerability to pollution sources. In close collaboration with a pre-
dominantly Latinx community in Chicago, we highlight the usefulness
of our approach through a case study that shows how certain commu-
nity areas in the city are likely to bear a disproportionate burden of
environmental pollution caused by industrial roads.

Keywords: Environmental justice - GIS - urban analytics.
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1 Introduction

Environmental justice (EJ) concepts can be traced back to the American Civil
Rights movement of the 1960s. These concepts gained major impetus in the 1990s
with the declaration of the 17 principles during the First National People of Color
Environmental Leadership Summit held in Washington (1991) and the Executive
Order 12898 (Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations; 1994). One fundamental principles is
that communities must not disproportionately share environmental degradation
or benefits. In this context, environmental degradation implies the existence of
stationary or mobile hazardous sources, an exposure pathway, and a population
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bearing the potential health impact(s) caused by these sources. According to the
Environmental Protection Agency [10|, environmental justice will be achieved
“when everyone enjoys the same degree of protection from environmental and
health hazards” and, on top of that, “equal access to the decision-making process
to have a healthy environment in which to live, learn, and work.”

A prerequisite for validating the state of EJ in a geo-
graphic region is identifying disparities in the spatial dis-
tribution of environmental degradation. This implies that
a metric must be adopted to represent the level of degrada-
tion. Under ideal conditions, a risk estimate is a preferable
metric; however, this requires a reliable quantification of
the exposure level after conducting an environmental risk
assessment [9]. This task poses insurmountable difficulties
in EJ validation studies since communities are exposed to
many stationary and mobile hazardous sources, and it is 1
difficult to quantify the exposures stemming from each one
of them reliably. To overcome this limitation, the proxim-
ity burden metric caused by adjacent hazardous sources is
introduced, requiring the coordinates of the target popula-
tion (e.g., the centroid of a census tract) [1]. In this study,
we consider a series of hazardous sources from toxic release Fig. 1: Community-
inventory facilities, rail yards and brownfields. oriented approach.

Data integration

Dashboards

Community

As recently pointed out by Mah [7], big data can play an important role in
understanding toxic exposure landscapes across different temporal and spatial
scales. This must be accompanied, however, by the right techniques and ap-
proaches that render new voices visible and ensure that patterns of exclusion
are not reproduced. Even though underrepresented communities have witnessed
and felt disparities through their lived experience, they often do not have the
platform to raise their concerns. It is important then to design new methods to
increase community engagement with local authorities. Our focus in this paper is
the development of a proximity metric that uses data and considers an underrep-
resented community in Chicago. We use as a target population, kindergarten to
8th-grade school children. With this selection, a geographically well-defined lo-
cation for the target population becomes available (i.e., school addresses). More-
over, this population is age homogeneous, vulnerable to pollution sources, and
relatively stationary for many years. To optimize the residency requirement, only
the children in the neighborhood schools were included in this study since most
of them are likely to dwell in the local communities where the schools are.

In this paper, we first introduce our collective proximity burden (CPB) met-
ric, and discuss the main sources of data used in the study (Fig. . We briefly
discuss the creation of a visualization dashboard created after close interactions
with community groups and policy makers. We highlight the usefulness of our ap-
proach through a case study that shows how certain community areas in Chicago
are likely to bear a disproportionate burden of environmental pollution caused
by industrial roads.
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2 Methodology

2.1 Collective proximity burden

To establish a meaningful proximity metric of the environmental burden distri-
bution, we introduce the school proximity burden score (henceforth, for brevity,
proximity burden). For each school i, the 1-mile proximity burden score is:

(ProzimityBurden); = (PSS x Hs); (1)

where: PSS is the percentage of neighborhood school students (out of the total
student population) in each school i, and Hs is the number of hazardous sources
near school ¢, within a 1-mile radius. This metric establishes the distribution of
the 1-mile proximity burden for each school, i, as a relative (to the other schools)
score in the study area (i.e., City of Chicago). We chose a 1-mile radius because
it represents a typical 15-20 minute walk.

To communicate the environmental burden reality in understandable and
geographically identifiable terms, aggregation was performed at a Chicago com-
munity area level. The collective proximity burden for all the schools in each
community area provides a metric to study the exposure disparities to environ-
mental hazards levied on the most sensitive population of these communities.
The collective proximity burden (CPB) at a Chicago community area scale, z,
is defined as follows:

CPB, = Z(ProximityBurden)i = Z(PSS x Hs); 2)
i=1 i=1

where n, is the number of schools in the community area z.

The CPB establishes a comparison metric for each community area regarding
the proximity burden on its schools. For example, New City, a community area
in the Southwest section of Chicago, has ten public schools (i.e., n, = 10).
Conceptually, the CPB score provides an estimate of the hazard distribution
that each community area bears due to the proximity of its schools to hazardous
sources within a 1-mile radius.

The case study presented in the following section depicts the industrial roads
burden distribution to public schools in Chicago. This is one of the five hazardous
sources studied in a series of Midwest Comprehensive Visualization Dashboards
(MCVD) focusing on environmental justice issues in the Chicago region [3}/4].
The other sources were: the toxic release inventory facilities (TRI), the Risk-
Screening Environmental Indicator hazard for each TRI facility, rail yards with
six of the eight major rail hubs located in the southwest section of the city, and
brownfields. The primary objective of these dashboards is to create visualizations
that lead to operational insights supporting data-driven decisions to resolve the
EJ issues in large urban settings. Due to the potential public health implica-
tions related to the unequal distribution of these pollution exposure sources, we
adopted a community-based participatory design approach to ensure, as a min-
imum, that the representations of data and findings are understandable to the
public. The visualization for the case study presented in the following section
is from the interactive MCVD [4], which has been formulated based on a long
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period of interactions with community groups and policymakers. The dashboard
was widely used by the community and the high number of views and downloads
recorded by the UIC usage metric system as well as the coverage it received from
major news outlets (e.g., Chicago Tribune [5]) testify to its success in improving
public discourse and engaging city agents in this important issue.

2.2 Data sources

In this study, we use a number of publicly available data sets to analyze the
disparities in exposure to environmental hazards among kindergarteners (ages 5
to 6) to eighth graders of Chicago public schools. The School Profile Informa-
tion provided by Chicago Public Schools (CPS) is used as the primary source of
demographic data about the population under study. The socioeconomic indi-
cators were obtained from the 2018 U.S. Census Bureau American Community
Survey. The geographic information describing the neighborhood characteristics,
including major roads, community areas and industrial corridors were obtained
from the Chicago Data Portal. Data preparation and preliminary analysis was
performed with the IBM SPSS Modeller 18.2.1. Geospatial data integration,
mapping, and spatial analysis were performed using ESRI’s ArcGIS Pro.

3 Case study

The hazardous source considered in this case study is the burden estimated from
the industrial roads at a 1-mile radius from schools (see Eq. 1). The hazardous
source is the total kilometers of heavy traffic roads (i.e., roads classified by the
city of Chicago) within the industrial corridors of Chicago.

As seen in Fig. 2] the burden clas-
sification from this source is not ran-
domly distributed within the City of
Chicago, and a few community areas
are allotted the highest-burden score.
In addition, the industrial road bur-
den score is concentrated in commu-
nities with a predominantly Latinx
student population (i.e., more than
58% in all the High burden CPB cat-
egories). The finding underlines the
EJ implications since the LatinX stu-
dent population and the percent of Fig.2: CPB scores at a CA level for the
the overall Latinx population in each central section of Chicago. Regions are
community area are highly correlated. shaded according to their hazard burden

The community area (CA) scale scores. Blue circles highlight the per-
of aggregation and the classification centage of Latinx students.
based on natural breaks were selected as the most “sensible” representations of
the EJ issues during our interactions with local community groups and policy-
makers. However, when spatial data are aggregated at a CA scale, the results
are likely to depend on the selected scale and the configuration of the areal units
adopted to represent the burden scores. In our studies of EJ issues in Chicago

ol Percentage of Latinx
students in the
e
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the modifiable areal unit problem (MAUP) was identified, however, the ma-
jor conclusion is not altered since the burden distribution at a census tract (CT)
level across the city remains unequal and much more evident. In addition, the
CTs with the high burden classification contain a predominantly Latinx student
population (results not shown). For comparison purposes, a quantile classifica-
tion was implemented for depicting the industrial roads burden distribution at a
CA and CT scale. Fig. [J] corroborates the above findings and further justify the
use of natural breaks as a much more conservative classification method. The
association of the CPB scores and industrial corridors becomes evident as well
since the majority of the high-level scores are concentrated near these corridors.

Collective Proximity Burden (CPB): Industrial Roads Collective Proximity Burden (CPB): Industrial Roads
ity Areas Census Tracts

== 20.1 - 270
=3 Industrial Corridors
'| = Community Areas

=3 Industrial Corridors
'| = Community Areas

0 25 5 10 15 20 0 25 5 10 15 20

Fig. 3: Left: Industrial roads CPB distribution at a CA scale. Right: Industrial
roads CPB distribution at a CT scale.

The high-burden CTs provide a practical resolution with a better delineation
of the critical areas. This resolution is helpful for designing and implementing
environmental monitoring networks, identifying restraint areas for new TRI level
industrial developments and permits, and identifying priority areas for rezoning
the industrial corridors.

4 Conclusion

Through the conscious planning and support of the City of Chicago, the num-
ber of facilities in the surrounding industrial corridors is increasing, along with
levels of pollution and health effects like increasing rates of cancer, asthma and
respiratory disease. This lead to a growing dispute between the communities, de-
velopers and the City Council over rezoning decisions that will directly impact
the number of industries (and jobs) in the region as well as pollution levels. A
major innovation of this study is the use of public school children to quantify the
proximity burden in communities. The case study presented here indicates that
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certain community areas with a predominantly Latinx population are likely to
bear a disproportionate burden of environmental pollution caused by industrial
roads. The adopted community-based participatory design approach for creating
visualizations of EJ issues generated dashboards and findings that assist com-
munity groups and policymakers to gain operational insights and promote data-
driven decisions to resolve these issues. In addition, these dashboards provide
the means to identify high priority areas for monitoring and rezoning efforts.

In future work, we plan to leverage the engagement with the community to
develop alternate scenarios based on land use change [2|, and effectively eval-
uate the impact of these changes on different features, such as transportation
and population density [6}/8]. We based our calculation of hazard indicators on
temporal homogeneity assumption and treated all hazards as the same, while
in real-world scenarios, different hazards can be substantively different across a
profile of relevant factors. In our future work, we will develop models that assign
different weights to various type of hazards to create a more realistic represen-
tation. We also plan to incorporate visualizations at the census tract level to
provide a better granularity of high-priority areas, and consider other minorities
other than Latinx. Given the wealth of urban data currently available, we also
plan to reproduce our work in other US cities.
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