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ABSTRACT

Environmental Equity in Los Angeles

by

Lauretta Marie Burke

The issue of environmental equity refers to whether the burden of environmental pollution is borne evenly across society, and
more specifically, to whether racial minority and low-income communities bear a disproportionate share of exposure to pollution and
environmental risk. Previous studies on the subject, conducted at a variety of scales, offer conflicting evidence regarding the
importance of race and income in the relationship with environmental hazards. As race and income are highly correlated, the purpose
of this analysis is to determine the significance of race in the relationship with environmental pollution when the effects of other
important variables, such as income, have been removed.

In a case study for Los Angles, the relationship between industrial facilities emitting toxic chemicals and demographic
variables are examined at the censustract-level of aggregation. Several exploratory data analysis and linear modeling techniques were
implemented using the ARC/INFO GIS and S statistical software. Results suggest that race is a significant factor in this relationship.
A detailed examination of the processes which have resulted in the current socioenvironmental landscape was conducted for three
smaller study areas within Los Angeles. Policy issues related to the overall analysis are discussed.
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Chapter 1. The Equity Issue

Introduction

Environmental equity has recently emerged as an important issue both in the media and within the Federal government. The
issue of environmental equity refers to whether people bear the burden of our technological advances - environmental pollution-
evenly across society. In particular, the issue addresses whether or not racial minority and low-income communities bear a
disproportionate share of exposure to pollution and environmental risk.

There are several terms in use in the literature which refer to the issue of the fairness of the distribution of environmental
hazards - environmental equity, environmental justice and environmental racism. The three terms refer to the same basic issue, but
differ somewhat in terms of tone and conviction.

The Language of Equity

The term environmental equity refers to the issue and the actuality of the fairness of the distribution of environmental
hazard with regard to the population. This is an appropriate starting point for scientific and policy inquiry. It implies no bias or
presumptions. It is the point from which one can ask whether the distribution of environmental hazards is equitable across the
population, or with regard to race, ethnicity, or income. The U.S. Environmental Protection Agency (EPA) chooses to use the term
environmental equity to refer to this issue, and the broader issue of disproportionate risk on any population group, as defined by
gender, age, income, or race (EPA, 1992).

Environmental justice is the political movement aimed at achieving environmental equity. The terms environmental equity
and environmental justice are often used interchangeably, and environmental equity is sometimes referred to as a movement. A tenet
of the environmental justice movement is that current inequities in the distribution of pollution are due, at least in part, to racial
discrimination (Taylor, 1992). The environmental justice movement is largely a grassroots movement.

The term environmental racism was coined about a decade ago, when a series of protests failed to halt the siting of a
hazardous waste landfill in predominantly Black Warren County, North Carolina (Satchell, 1992). The term is often used
synonymously with environmental justice, in reference to the movement. But, the term itself contains the conclusion that inequities
exist and a declaration of the cause of the inequities. The term is, of course, highly political, and is often used as a rallying cry to
highlight inequities and motivate participation in the movement.

The Value of Equity

Research on environmental quality in minority communities has been minimal and participation by minorities in the
mainstream environmental movement has been sparse (Srnith, 1974, Bullard, 1990). The growing environmental justice movement
has potential benefits in several areas. Firstly, participation by all segments of the population in the environmental movement is
desirable, as this should effect a broader and better understanding of the nature of our environmental problems; how these problems
are perceived; and the implications of proposed environmental policies. Diversity has great value, and this certainly applies to the area
of environmental decision-making. Additionally, the movement is resulting in increased knowledge about environmental problems
and solutions. This should ultimately result in better decisions supported by a greater consensus. The second benefit of the
environmental justice movement is moral and legal in nature - environmental protection and the distribution of environmental hazards
should be equitable across society. Federally funded programs (including environmental protection) are mandated to be
non-discriminatory by the Civil Rights Act of 1964. The environmental justice movement presses the environmental decision making
process to give issues of fairness consideration.

Although studies on the subject of the fairness of the distribution of environmental hazards were conducted as early as 1971
(CEQ, 1971), the issue of environmental equity and the related environmental justice movement have only gained attention and
momentum within the past few years. The movement was slow to spawn, largely the result of history, timing, and limited resources,
until a few key events in the 1980’s provided the catalyst which generated the movement.

The Environmental Justice Movement

Historically, participation by racial minorities in mainstream environmental organizations and the environmental movement
has been slight. Within the U.S., the environmental movement gained momentum during the 1960’s, at the same time that the civil
rights movement was becoming a major force in national politics. Although there are some similarities between the two movements
such as reliance on public participation, protest and legal action, the two movements have operated in relative isolation.



The environmental movement was closely aligned with, and largely grew out of, many old and well-established national
conservation organizations. These membership organizations were historically White and middle to upper-middle class dominated
(Smith, 1974). Although the environmental movement had the broad goals of pollution abatement and general improvement of
environmental quality, there was also a large emphasis on the conservation of pristine areas, wildlife and scenic wonders (CEQ, 1971,
Adams, 1992).

The civil rights movement, on the other hand, has deep roots in the Black church and other community organizations. The
focus of this movement was social justice - political empowerment, equal education, fair employment practices and open housing for
all people. Many social justice activists saw the environmental movement as a tactic to divert attention and resources away from the
more important issue of the day - racism (Bullard, 1990).

In 1971, the President’s Council on Environmental Quality issued its second annual report, which provided the first published
information about inequities in the distribution of environmental hazards in the U.S. (Mohai & Bryant, 1992c). Within a chapter of the
report dedicated to environmental problems of the inner-city, the report presented striking evidence of the correlation between poverty
areas and high degrees of air pollution for three U.S. cities (CEQ, 197 1). Although environmental inequities were documented by the
CEQ report and nine other studies on the subject published during the 1970’s (Mohai & Bryant, 1992a), the issue was not seriously
adopted by either the mainstream environmental movement or the civil rights movement. That same year, in a hearing before the U.S.
Civil Rights Commission, EPA Administrator Ruckelshaus testified that the EPA was a "technical and scientific agency, not equipped
to judge disparate impacts on minority communities due to pollution" (Lavelle, 1992).

Some advocates of environmental justice suggest that concern about the environment cuts across all racial, ethnic and income
strata, although participation in organizations dedicated to environmental protection has not (Bullard, 1990). Others suggest that due to
the distractions caused by poverty and its accompanying ills, the traditional environmental objectives of clean air and water and the
preservation of wilderness are not the central concerns of most inner city poor (CEQ, 1971). The type of issues adopted by
environmental organizations has greatly influenced membership. As most mainstream environmental organizations have not focused
on minority or inner-city pollution issues, minority participation in these organizations has been meager. Additionally, minorities are
underrepresented in professional positions within national environmental organizations (Smith, 1974, Bullard, 1990).

Environmental Discrimination Cited

Mainstream environmentalism and the vast majority of environmental policy enacted in this country over the past 25 years
have ignored the issue of environmental equity, largely the result of focusing on more evident environmental problems. The
mainstream environmental movement has focused on the improvement in overall environmental quality and the preservation of rare
and pristine areas, at the expense of more consideration of the fairness of these policies. Many policies aimed at improving
environmental quality have been regressive, meaning the policies place a disproportionate burden on low-income individuals (Smith,
1974).

A focus of environmental equity (or the environmental justice movement) has been the fairness of siting decisions for locally
unwanted land uses (LULU’s). LULU’s are typically facilities which pollute or carry some sort of environmental risk, such as landfills.
In his 1990 book, Dumping in Dixie - Race, Class, and Environmental Quality, Robert Bullard explores the thesis that "Black
communities, because of their economic and political vulnerability have been routinely targeted for the siting of noxious facilities,
locally unwanted land uses, and environmental hazards". Bullard proposes that the combination of limited residential options for
Blacks; institutional barriers; and facility siting decisions have contributed to high concentrations of Blacks living in neighborhoods
which are undesirable in terms of environmental quality. Facility siting often follows the "path of least resistance", meaning that
Blacks and poor communities have often been targeted as facility locations because of their likely lack of political opposition (Bullard,
1990).

Many factors contribute to the siting of polluting industries in poor and minority neighborhoods. Land values and labor costs
tend to be lower in poor neighborhoods, thus attracting industries seeking to reduce the cost of doing business (Mohai & Bryant,
1992c). Additionally, these communities often have the least ability to oppose the siting of an undesirable facility. In low-income
communities, there are often more pressing problems related to poverty and there is sometimes the additional problem of language
differences. Mohai & Bryant (1 992c) make the argument that low-income and minority communities tend to be unaware of policy
decisions affecting them; are not organized; lack the resources (time, money, contacts, and knowledge of the political system) for
taking political actions; and tend to be underrepresented on governing bodies.

Beyond the limited ability of low-income and minority communities to resist the siting of unwanted facilities, several
environmental equity scholars argue that some communities provide incentives which attract locally unwanted land uses. The trade-off
is between jobs and a tax base versus environmental risk. Bullard (1990) argues that in order to improve the economic conditions of
their constituents, many civil rights, business and political leaders provided incentives for industries by relaxing enforcement of



pollution standards and environmental regulations and by sometimes ignoring known violations. In many cases, facility siting occurs
with little input from the local community, but is justified through the provision of jobs.

In some cases surrounding the siting of extremely undesirable facilities, such as landfills, the community is offered
compensation for accepting the facility (Morell, 1987). This is an extreme example of the trade-off between economics and
environmental risk. Under such conditions, the most economically disadvantaged communities would benefit the most from accepting
the facility, as money would have higher utility in this context. Depending upon the evaluation criteria used, such deals would result in
apparent environmental inequity.

An additional criticism by the environmental justice movement of mainstream environmentalism relates to the "not in my
backyard" or NIMBY phenomenon. Some environmental justice supporters claim that environmentalists have been effective in
defending their own backyards, without consideration of whose backyards the facilities then land in (Taylor, 1992). Opposition to
facility siting in clean, pristine, middle-class and upper-class neighborhoods has sometimes pushed unwanted facilities into the
neighborhoods of the less attentive or less politically powerful.

Birth of a Movement

Beginning in the mid 1980’s, minorities became increasingly active in the environmental justice movement. This activism
resulted from the discovery of toxins in many minority communities; the publication of research linking race, class, and
disproportionate exposure to toxins; the revelation that minority communities were targeted for the siting of hazardous facilities; and
the organization of conferences and other meetings on the subject of environmental justice (Taylor, 1992).

There were several key events which provided momentum for the environmental justice movement. The following provides a
brief synopsis of those events. Details of individual studies and reports are provided later, under Summary and Comparison of Major
Studies.

The first major event to focus national attention on the issue of environmental pollution and race occurred in Warren County,
NC in 1982. The predominantly Black community of Afton, NC was selected as a disposal site for PCB-contaminated soil, although
the site was not physically well-suited as a disposal site (Bullard, 1990). Protests erupted, similar to the civil rights demonstrations of
the 1960’s, in which over 500 protesters were arrested (Coyle, 1992). Although the protests did not succeed in halting the project, they
did succeed in focusing national attention on the issue.

The protests led to a 1983 study by the General Accounting Office (GAO) of hazardous waste landfill siting in the South. The
GAO study examined the racial and socioeconomic characteristics of communities1 surrounding four major off-site hazardous waste
landfills. Though Blacks comprise about 20 percent of the overall population of the region, the communities with these landfills
ranged from 38 to 90 percent Black (GAO, 1983)

Also in 1983, one of the first conferences addressing environmental equity was held - the Urban Environment Conference on
Toxics and Minorities. The meeting served as a forum for dialogue among organized labor, minorities, and environmental groups
(Bullard, 1990). In 1985, the National Council of Churches formed an Eco-Justice working group.

In 1987, the United Church of Christ’s (UCC) Commission on Racial Justice (CRJ) released a landmark report on
environmental equity - Toxic Waste and Race in the United States. The report represented the first systematic national analysis of the
relationship between race, income, and the distribution of hazardous waste sites (Mohai & Bryant, 1992a). The study found that, on
average, the higher the number and greater the severity of commercial hazardous waste facilities in a community, the higher the
minority percentage of the population. The study also concluded that race is the single best predictor of where commercial hazardous
waste facilities are located, even when the effect of income is taken into account (UCC, 1987).

The 1987 United Church of Christ report was a critical event for the environmental justice movement. It provided empirical
evidence documenting environmental inequity and attributed it to race. At the time of the report’s release, Dr. Benjamin Chavis Jr.,
Executive Director of the Commission on Racial Justice, termed the racial biases in the location of these facilities “environmental
racism" (Mohai and Bryant, 1992c).

In 1990, two professors at the University of Michigan School of Natural Resources, Paul Mohai and Bunyan Bryant,
convened the Michigan Conference on Race and the Incidence of Environmental Hazards. The meeting of about 20 people represented
the first such meeting where a majority of the presenters were people of color. Several conference participants formed the Michigan

                                                          
1 Within the GAO study, a "community" was defined by all census areas (tracts) which had a border within 4 miles of the

site.



Coalition, to continue work on this subject. In September of 1990, the Michigan Coalition met with EPA Administrator William Reilly
(Mohai and Bryant, 1992b).

During 1990, EPA initiated several activities on environmental equity. EPA’s Science Advisory Board published a report,
Reducing Risk: Setting Priorities and Strategies for Environmental Protection. The report urged EPA to target the most promising
opportunities for reducing the most serious risks to human health and the environment (Reilly, 1992), which should have effected a
focus on urban problems. In July of 1990, Reilly formed the Environmental Equity Workgroup to review the evidence that racial
minority and low-income populations bear a higher environmental risk burden than the general population. The final report of the
Workgroup was released in July of 1992.

Reflecting the growing interest in environmental justice and minority participation in the environmental field, in April of
1990, a conference was convened at Howard University on environmental opportunities for minorities in the environmental field.
Additionally, in 1990, Greenpeace released a report on environmental justice - Playing with Fire, and Bullard’s Dumping in Dixie was
published, documenting environmental discrimination in the South.

In October of 1991, the "First National People of Color Environmental Leadership Summit" was held on Capitol Hill and was
attended by about 500 representatives of community groups and many representatives of mainstream environmental organizations
(Coyle, 1992). Three months later, the University of Michigan’s Law School convened a Symposium on Race, Poverty and the
Environment.

In 1992, EPA released two publications on environmental equity and created an Office of Environmental Equity. The
March/April issue of the EPA Journal was dedicated to the issue of environmental equity, entitled "Environmental Protection - Has It
Been Fair?". The issue contains articles by outspoken researchers and activists for environmental justice, providing a broad
background on the movement; on issues of race, poverty and the environment; on particular groups at risk including farm workers ,
Native Americans and inner-city children, and summarizes EPA’s position on the issue.

In July of the same year, EPA released the report of its Workgroup on equity -Environmental Equity - Reducing Risk for All
Communities. Although commended for addressing the issue at all, the EPA report has been widely criticized for being too cautious
and conservative; exaggerating uncertainties surrounding the issue; not directly acknowledging inequities related to race; and for
making recommendations which were too general and weak and which lacked any time-table for action (EPA, 1992).

In September of 1992, the National Law Journal published the results of its own comprehensive analysis of every
environmental lawsuit concluded in the U.S. within the past seven years. The publication presented extensive evidence that federal
environmental protection laws have not been implemented equally with regard to race (Lavelle & Coyle, 1992).

From the infrequent workshops and studies of the early 1970’s, the environmental justice movement gained size, strength,
organization and effectiveness to become an important influence in environmental decision-making today. The environmental justice
movement has gained the attention and support of the minority community in a way the mainstream environmental movement never
has. Through linking civil rights with environmental rights, re-introducing civil rights campaign strategies into environmental
campaigns, and addressing issues of concern to the minority community, the movement has created a structure in which minorities
feel comfortable participating (Taylor, 1992).

The main "players" in environmental justice have been established. The bulk of the environmental justice movement will be
through grassroots organizations, more aligned with and structured like the social justice movement than the mainstream
environmental movement. At the same time, many mainstream environmental organizations are attempting to include environmental
justice concerns and forge alliances with these grassroots organizations (Suro, 1993, MacLachlan, 1992). With these two types of
organizations will lie the vast majority of the environmental justice movement for the near future. While the EPA report recommends
that the Agency "increase the priority that it gives to issues of environmental equity", it will take time for the bureaucracy to develop
and introduce policies to include the consideration of equity within its programs.

As part of this movement, there has been a groundswell of grassroots organizations working on environmental justice. Within
Los Angeles alone, several groups are having significant effects on environmental and land-use decision making. Concerned Citizens
of South Central, one of the first African American environmental groups, prevented the siting of a toxic waste incinerator in South
Central in 1985 (Kay, 1991). Concerned Citizens of South Central later aligned with a Hispanic group, the Mothers of East Los
Angeles, to prevent the siting of the same incinerator in Vernon, next to the barrio of East Los Angeles. Together, the two groups filed
a lawsuit which halted the project, and resulted in the introduction of legislation to require environmental impact statements to include
the racial and ethnic makeup of the community (Kay, 1991).



Another group in Los Angeles, the Labor/Community Watchdog, is a multi-racial, grassroots, working-class organization
focusing on air pollution in Los Angeles. The group uses a combination of education, scientific analysis and public protest to affect
public policies, both aimed at improving air quality and avoiding policies which disproportionately affect low-income and minority
individuals (Novick, 1992).

With the history of the environmental justice movement in context, the following section provides a comparison and more
detail on several of the most important studies on environmental equity.

Summary and Comparison of Major Studies

Over the past two decades there have been many studies and reports examining the issue of environmental equity. The studies
have examined a variety of types of environmental hazards; assessed the hazard’s relationship to an assortment of demographic
indices; employed a wide range of analysis methods; and performed these analyses at a variety of scales.

There are many statistical tests and techniques available to the researcher performing such analysis, including significance
testing of regression coefficients; discriminant analysis; difference of means tests; analysis of variance; matched-pairs tests; and
several non-parametric tests. As many different statistical techniques have been applied within these studies, there is no common
metric for comparison between or among studies. In most studies which evaluated the relationship between race or income and an
environmental hazard, a test of significance of that variable was applied2. In studies which examined the relationship between both
race and income and an environmental hazard, different techniques have been applied to evaluate the relative importance of those
variables. The following overview of studies of environmental equity draws comparisons based on the studies’ conclusions. In many
cases, information was obtained from a secondary source and the particular statistical tests applied are not known. (A detailed review
of three major studies follows this overview and comparison).

Overview

Mohai and Bryant (1992a) conducted a review of 15 studies conducted since 1971 which provide "systematic information
about the social distribution of environmental hazards." The studies examine the relationship of the hazards to income, race, or in
some cases, both. The purpose of their review was to document the wide range of studies which have been performed; determine
whether the evidence from these studies demonstrates a consistent pattern of 11 environmental racism"; and assess the relative
influence of income and race on the distribution of pollution. The review constitutes the best bibliography of equity studies to date.

The 15 studies varied considerably in terms of scope. About half the studies focused on a single urban area, while the rest
focused on a region, a collection of urban areas, or were national in scope. (Several studies were performed both for the nation and for
urban areas only.) Eleven of the studies examined the distribution of air pollution, four examined the distribution of solid or hazardous
waste facilities, while one focused on toxic fish consumption. The studies were performed at a variety of scales and the scale and
statistical methods cannot always be determined from the Mohai and Bryant review.

Of the four studies of the distribution of waste disposal sites, one focused on a single urban area (Houston); one on a set of
urban areas; the 1983 GAO study focused on a region (the South); and the 1987 UCC study was national in scope. The three studies
which evaluated the importance of income as a factor affecting the distribution of sites found it to be a significant factor. (The
Houston study only looked at race.) All four studies evaluated the importance of race as a factor and found it to be significant. Only
the 1987 UCC study evaluated the relative importance of income and race. This study, which was performed at the zip-code-level,
concluded that race was the more significant factor in the relationship with occurrence of hazardous waste facilities. This study is
discussed in detail later.

Of the ten studies of the distribution of air pollution, four focused on a single urban area; three on a set of urban areas; one
was national in scope; and two performed studies both at the national level and upon urban areas only. Six of seven studies which
evaluated whether air pollution is distributed equitably by race found race to be a significant variable in the relationship. (The study
which found that race was not a significant factor focused on a single urban area.) All ten studies on air pollution evaluated the
importance of income in this relationship. Every study which was conducted only on urban areas found income to be a significant
factor, while those studies conducted on both rural and urban areas together found that income was not significant. This discrepancy is
probably the result of both income and air pollution levels being higher in urban areas.

In six of the studies on the distribution of air pollution, the relative importance of both income and race was evaluated. Three
of these studies found income to have the stronger relationship with air pollution, while three studies found race to have the stronger
relationship.

                                                          
2 Significance tests typically used a 95% confidence level, though some used 90% or 99%.



A 1978 study by Asch & Seneca performed an analysis at the census-tract-level for a study of three urban areas, and at the
level of city for a study of all urban areas in 23 states. The two analyses produced similar conclusions- that the relationship between
median family-incomelevels and air pollution is stronger than the relationship between the minority percentage and air pollution. A
study on the distribution of damage from air pollution by Gianessi et. al. (1979) presents a contrasting result. The national study found
that minorities were much more likely than Whites to suffer greater damage from air pollution at all income levels.

Combined these studies present strong evidence of inequities in the distribution of environmental hazards, both by
income-level and by race. It is not conclusive, though, whether race or income-level is the more important factor in this relationship.

The 1987 report by the United Church or Christ is regarded by many in the environmental justice movement as the
conclusive empirical evidence required to raise public awareness about the disproportionate burden of environmental hazards on
minorities. The results of this report will be examined in detail, along with two other important reports on environmental equity - the
1992 report by EPA’s Environmental Equity Workgroup, and the 1992 study by the National Law Journal.

1987 United Church of Christ Report

Toxic Wastes and Race in the United States, published in 1987 by the UCC Commission on Racial Justice was the first, and
perhaps only, report to comprehensively document the presence of hazardous wastes in racial and ethnic communities throughout the
U.S.. The report presents findings from two cross-sectional studies on demographic patterns associated with commercial hazardous
waste facilities and uncontrolled toxic waste sites. A major objective of the study was to determine whether the racial composition of
communities with and without commercial hazardous waste facilities was significantly different, in addition to determining which
factors are important in this relationship.

One study focused on 415 operating, off-site commercial hazardous waste treatment, storage and disposal facilities, obtained
from the EPA Hazardous Waste Data Management System. The methodological approach involved assigning all communities (as
defined by 5-digit zip codes) to one of four categories, depending upon the number, type and size of facilities within the community.3

Five variables were evaluated in this study - minority percentage of the population; mean household income; mean value of
owner-occupied home; pounds of hazardous waste generated per person; and number of uncontrolled toxic waste sites per 1,000
persons in the community. The analysis used five different statistical tests in order to "derive findings that are independent of any
single technique." The techniques used were: discriminant analysis; difference of means test; matched-pairs test; and non-parametric
versions of the difference of means and matched-pairs tests.

The second study in the report focused on the communities surrounding over 18,000 uncontrolled toxic waste sites from
EPA’s Comprehensive Environmental Response, Compensation, and Liability Act Information System (CERCLIS). This study was
descriptive in nature, aimed at quantifying the number of persons from different racial and ethnic groups living in communities with
uncontrolled toxic waste sites.

Regarding communities with commercial hazardous waste facilities, major findings of the first study included:

1) "Race proved to be the most significant among variables tested in association with the location of commercial hazardous
waste facilities and this represented a consistent national pattern";

2) On average, the greater the number and the higher the severity of commercial hazardous waste facilities or landfills within
a community, the higher the minority percentage of the population;

3) "Although socioeconomic status appeared to play an important role in the location of commercial hazardous waste
facilities, race still proved to be more significant".

The findings of the first study seem well justified by the statistical results presented in the report. The results of one test,
though, make it less indisputable that race is clearly the most significant factor. In an analysis of operating commercial hazardous
waste facilities, a matched pairs test was applied comparing zip code to county-level facility occurrence within each of the 10 EPA
Regions (UCC Table B-3). In this test, mean household income and mean value of owner occupied home were found to be significant
in more of the ten EPA Regions than was the minority percentage.

                                                          
3 Group 1 comprised communities without any such facilities; communities in Group 2 had one facility which was not a

landfill; communities in Group 3 have a hazardous waste landfill, but not one of the five largest; while communities in Group 4 have
several facilities or one of the five largest landfills.



Some of the findings of the second study in the report regarding communities with uncontrolled toxic waste sites were
presented in an alarming, yet inconclusive fashion, where the frame of reference for evaluation was absent. One can accurately derive
from the report’s findings that Blacks are heavily overrepresented in cities with the largest number of uncontrolled toxic waste sites.
But, as the report states, "the presence of uncontrolled toxic waste sites was highly pervasive... with more than half of the U. S.
population residing in communities with sites". Against this backdrop, the findings that "three of every five Black and Hispanic
Americans live in communities with uncontrolled toxic waste sites" and "approximately half of all Asian/Pacific Islanders and
American Indians" live in such communities are not outstanding. Further examination of this study’s results (UCC Table C-1) shows
that the percentage of each racial and ethnic group living in communities with uncontrolled toxic waste sites was roughly equal. Of the
total population, 54.2% live in communities with sites, while 57.1% of all Blacks, 56.6% of all Hispanics, 53.6% of all Whites, 52.8%
of all Asians and Pacific Islanders, and 46.4% of all Native Americans live in communities with sites.

In examining the results of the UCC report, a very different picture of the magnitude of environmental inequity emerges
depending upon the environmental hazard assessed and the statistical technique applied. In an examination of communities (zip codes)
with operating commercial hazardous waste facilities, one finds that the minority percentage of the population is twice as large in
communities with facilities as those without. The statistical techniques applied in this study suggest that race is a more important
factor than income in this relationship. When one examines the population living in communities with uncontrolled toxic waste sites,
however, the disparity between the minority and White percentages of the population is slight -56.3 versus 53.6 percent. This
difference could easily be attributed to the income effects.

The overall differences between these two studies might result from the facility types and time of siting. Uncontrolled toxic
waste sites are much more pervasive, and the majority may have been sited prior to the NIMBY phenomenon.

1992 EPA Report

EPA’s Environmental Equity Workgroup released its report, Environmental Equity -Reducing Risk for all Communities, in
June of 1992. One of the major findings of the report is:

"Racial minority and low-income populations experience higher than average exposures to selected air pollutants, hazardous
waste facilities, contaminated fish, and agricultural pesticides in the workplace. Exposure does not always result in
immediate or acute health effects. High exposure and the possibility of chronic effects, are nevertheless a clear cause for
health concerns."

This rather significant finding was surrounded by other findings emphasizing our current lack of knowledge on the
environmental contribution to racial differences in disease and death rates, and the general lack of data on environmental health effects
by race and income. The report also emphasizes the uncertainties surrounding cumulative and synergistic effects and multiple
pathways of exposure.

Although the report cites the disproportionate average exposure to pollutants of low-income and minority persons, it does
little to explain the cause, other than by stating that, "these differences are deeply rooted in many aspects of society, such as historical
residence, politics, commerce, geography, local land-use decisions, and other socioeconomic factors that affect where people live and
work."

The EPA report provides a cautious, conservative balance to the more assured conclusions of discrimination provided by
much of the environmental justice literature. The report cites several studies which suggest that many, if not all of the racially-based
differences in cancer rates can be explained by the effects of poverty. The report’s emphasis on health effects results in less attention
being paid to the more conclusive literature on exposure. Although EPA cites the 1983 GAO study and the 1987 UCC report, the EPA
report concludes that more study of this issue is required to fully understand the associations of race, income and facility location.

The EPA report and creation of the Office of Environmental Equity are important acknowledgement that environmental risk
and exposure to pollution are not distributed evenly across society. The body of literature reviewed by the EPA Workgroup surely
supported more aggressive conclusions and recommendations than those adopted in the final report. But, this is, nevertheless, an
important starting point for the consideration of environmental equity in national policy.

National Law Journal

The September 21, 1992 issue of the National Law Journal (NLJ) presented results of an analysis conducted by the NLJ of
every environmental lawsuit concluded within the U.S. in the last seven years. Key findings of the report show that penalties imposed
for environmental law violations in minority areas are lower than those imposed for violations in largely White areas. (Areas are
defined by five-digit zip codes.) With regard to hazardous waste law enforcement under the Resource Conservation and Recovery Act



(RCRA), average penalties in White areas were six times those in minority areas ($336,000 versus $55,000), while there was little
disparity in the average penalties assessed between high and low-income areas ($110,000 versus $113,000).

A slightly different picture emerges when the comparison is made of penalties assessed under all federal air, water and waste
laws. In this case, the disparity between penalties assessed to high and low-income areas is larger than the disparity across race.
Average penalties in high income areas were 53% higher than in low-income areas ($147,000 versus $96,000). Average penalties in
White areas were 46% higher than in minority communities ($153,000 versus $105,000).

The NLJ study also found that within the Superfund program, abandoned hazardous waste sites in minority areas take 20%
longer to be placed on the National Priority List (NPL)4 than those in White areas, and the cleanup method selected tended to be less
stringent in minority than in White communities. The EPA claims that penalties assessed are based on the particular conditions at the
site and on the ability of the legally responsible party(ies) to pay.

Although Blacks and Hispanics dominate in urban areas where pollution levels are high enough to violate the standards of the
Clean Air Act, Whites have disproportionately benefitted from litigation under the Act. Of 352 cases brought under the Act in the past
seven years, the population which benefitted was 79% White, 14% Black, and 8% Hispanic. This disparity could result largely from a
lack of financial resources in minority communities. Litigation is an effective, but expensive, tool for environmental remediation
(Lavelle & Coyle, 1992).

This extensive analysis and expose by the NLJ provides evidence of unequal protection for minority and low-income
individuals under current implementation of environmental statutes.

Summary

The studies and reports described here provide validation for the environmental justice movement. There are many more case
studies, articles, and newspaper clippings which provide further evidence of a system of environmental planning, protection, and
remediation which has not been equitable across society. The anecdotes about injustice are abundant. The systematic analysis of the
subject is uneven, but none-the-less provides significant evidence of inequity. The analyses described above were performed at a
variety of scales, using a wide range of methods, examining a variety of types of pollution. There is ample evidence that
environmental hazards are distributed inequitably with regard to income and inequitably with regard to race. But, given the knowledge
accumulated through these studies, it is not conclusive whether race or income-level is the more significant factor in the relationship
with environmental hazards. Nor has it been shown, in any analytical way, what processes contribute to this inequity. Is the inequity
propagated through low-income minority individuals locating in environmentally poor neighborhoods, through a middle-class White
exodus from those neighborhoods, or through the intentional targeting of such communities for the siting of unwanted facilities?

The next chapter describes in detail the purpose and methodology of this analysis, which is aimed at answering some of these
questions.

Chapter 2. Study Purpose and Methodology

This chapter provides a detailed description of the purpose of this study and the methodologies employed. It begins with a
discussion of the study’s purpose and is followed by a description of the study hypothesis and assumptions; a discussion of data
sources and accuracy issues; a description of the analytical methods applied and limitations of these methods.

The Need for this Analysis

Previous studies and reports offer conflicting evidence regarding the importance of race as a factor in the relationship with
the distribution of pollution or environmental hazards. Several studies (Kruvant, 1975; Burch, 1976; Asch & Seneca, 1978) concl ude
that economics is the more significant factor in the relationship with environmental pollution, while three national studies examining
how racial and socioeconomic factors relate to the location of environmental hazards (Gianessi et al., 1979; UCC, 1987; Gelobter,
1992) conclude that race is the more significant factor (Mohai & Bryant, 1992a).

In coarse-scale analysis, such as that employed in the national studies, one must be careful that the scale of analysis does not
make results appear significant which are not, or create a relationship where there is none. This raises the issue of two related
problems in geographical analysis - the modifiable areal unit problem (Johnson, 1984, Openshaw, 1984b) and the ecological fallacy
(Robinson, 1950, Openshaw, 1984a). The ecological fallacy refers to the inappropriateness of drawing conclusions about individuals
from an analysis conducted on an aggregated unit, such as a census tract. The modifiable areal unit problem refers to artifacts which

                                                          
4 A site must be placed on the NPL before cleanup can occur under the Superfund program.



result from the scale at which an analysis is conducted. If an analysis is repeatedly performed on the same base data set at increasingly
aggregated levels (ie. census block-group, census tract, zip-code, or county), it will typically be found that the strength of the
relationship increases. Although it is difficult to make comparisons across scales, the R2 associated with a linear relationship typically
increases as the degree of aggregation is increased.

Beyond affecting the overall strength of the relationship, the degree of aggregation and the scope of a study can affect the
significance of individual coefficients within a model. As discussed in the previous chapter, in national studies on air pollution,
income does not typically appear to be a significant factor because both income and air pollution concentrations are higher in urban
areas. But, when one examines in greater detail the relationship between income and air pollution within urban areas, it becomes
apparent that there is a strong relationship (CEQ, 1971; Asch & Seneca, 1978; Gelobter, 1988).

In the national studies and most of the studies on urban areas, the analyses were performed with data typically aggregated to
the zip code level. This scale of analysis might not be detailed enough to capture the relationship between the environmental hazard
and the affected population, and the degree of aggregation might inflate the strength of the relationship. The average size of a zip code
within Los Angles County is roughly 37 square kilometers.5 Zip codes are irregularly shaped and are sometimes discontinuous in
space. The size of the zip codes might again be too coarse to pick up the actual relationship between the variables of interest, and a
distorted picture of the true relationship could result (Openshaw, 1984). Thought needs to be given to the scale of analysis which is
appropriate for the environmental hazard being examined, and the analysis should be conducted at that scale.

Study Purpose

The main purpose of this case study of Los Angeles is to determine whether or not race is a significant factor in the
relationship with proximity to environmental pollution when the effects of other important variables have been removed. More
specifically, when controlling for income and population density, is race a significant variable in the relationship with environmental
pollution?

To achieve this goal, several spatial and statistical techniques have been applied at the highest level of resolution that was
both possible and appropriate. The analysis was performed at the census-tract-level for over 1600 census tracts in Los Angeles
County. This choice of scale is justified later in this chapter in the section on Scale Issues, after the spatial accuracy of the data sets
has been discussed.

Study Hypothesis and Assumptions

Within a market-oriented economic system, it stands to reason that economically disadvantaged people would suffer a greater
share of pollution than those better-off economically. Greater economic resources afford greater choice regarding where to live and
how much can be spent on environmental factors and aesthetics. More money can be translated into a larger home; more property
buffering, the home; a home closer to the shore and upwind from most traffic; or into additional consumer goods, as a matter of
choice. A higher income does not guarantee that more money will be spent on one’s living environment, but it affords greater
opportunity to do so. The less economically well off one is, the less choice one has regarding where to live. The first premise of this
analysis is that money offers choice. A corollary of this is that wealthy people will tend to live in cleaner neighborhoods.

It is unfortunately the case that minorities are typically more economically disadvantaged than Whites. The reasons for this
are complex, but among others, include being new arrivals to an area; language differences; educational disadvantage; economic
discrimination; and the restructuring and suburbanization of industry (Eggers & Massey, 1992). Minorities are more likely than
Whites to be economically disadvantaged, and therefore have less choice regarding where to live. A corollary of this is that minorities
will tend to live in more polluted neighborhoods.

The locations of industrial facilities in a landscape are the result of a complex set of physical, economic, and political factors
working together, in addition to an element of chance. The location of transportation corridors and waterways; zoning regulations;
local taxes; property values; land availability; and proximity to a market, labor force and input resources are among the plethora of
factors that affect where a facility might be located.

Due in part to industrial zoning, industries are often located in the less densely populated parts of an urban landscape, and
often along transportation arteries. Residential property values are typically lower in industrial areas than in areas without industry
(Asabere & Huffman, 1991). For this reason, low income communities could develop in industrial areas, as the industry offers the
dubious appeal of making the area a less desirable place to live and lowering property values and rents. This premise, that areas with

                                                          
5 The zip code area estimate is based on 280 5-digit codes in L.A. County (excluding P.O. box zip codes), and an area of

10,400 sq.km.



polluting industries tend to be less expensive places to live accounts for the potential circumstance of people with low incomes
choosing to live in areas with industrial facilities.

The complement to this case involves the siting of new facilities. As mentioned previously, many factors affect locational
choice. But, as environmental awareness has increased over the last twenty years, so has community resistance to the siting of new
potentially polluting facilities and the NIMBY phenomenon. NIMBY implies an acceptance of the need for the given facility, as long
as it is sited outside of the relevant area or "backyard" of those resisting the facility. (This differs from the more ideological "Not In
Anybody’s Back Yard" which encourages fundamental changes in industry and waste management, thereby eliminating the need for
some facilities.) If a facility is perceived as undesirable, there is the chance that there will be resistance to its siting. Facility siting
often follows the path of least resistance, coupled with considerations of minimizing costs and maximizing profits. The path of least
resistance could include targeting areas where people are not politically active or well connected, have not indicated tendencies toward
environmental activism, or perhaps do not have English as their first language (Dear, 1992). All other things being equal, the siting of
facilities which are perceived as undesirable often follows the path of least resistance.

Largely due to zoning, industry will tend to be located in areas of low population density. Such areas would have fewer
people with a given facility in their "backyard," and perhaps, therefore, provide less resistance. Also, industry tends to cluster in
industrial zones, rather than being dispersed across the landscape. The premise here is that industry is more likely to be located in
areas of low population density.

Given these assumptions, it is useful to examine the objective of this study - determining whether race is a significant factor
in the relationship with environmental pollution when the effects of other important variables are removed. As stated earlier,
minorities tend to be more economically disadvantaged; have less choice about where to live; and for reasons of affordability, might
choose to live in areas close to industry. For these economic reasons alone, one would expect to see a disproportionately high number
of minority residents in industrial areas. But, the question to be examined is whether or not there is an effect related to race which goes
beyond what would be expected from economic factors alone.

The variables which will be used in this analysis represent the mean or median conditions for each of 1640 census tracts in
Los Angeles County. The dependent variable of interest which is used as a surrogate for level of pollution is the number of "polluting
facilities" within the census tracts. (More detail on this definition is provided in the next section, on Data Sources.) The explanatory
variables of interest are:

1) population density for the tract (people per sq. km.);

2) an indicator of income in the tract - median per capita income will be used. In addition, the importance of median housing
cost will be explored; and

3) some indicator of racial/ethnic composition in the tract - a single variable representing the minority percentage in the tract
is evaluated, in addition to separate variables representing the Hispanic, Black, and Asian percentages for the tract.

These variables reflect the residential composition of the census tract. Although people are exposed to pollution in many
different phases and locations during their daily and weekly routines, residence has been selected as the best single surrogate for
exposure to pollution.

** A Note on Terminology:

Although Black, White, Hispanic and Asian are a mix of racial and ethnic categories, the term race will be used when
referring to these four categories.

To state the hypothesis of this study in statistical terms: If one were to control for the effect of income level and population
density and then examine the number of polluting facilities in a census tract as a function of race, the null hypothesis states that the
coefficients associated with the racial variable(s) are equal to zero. The alternative hypothesis states that for at least one of the racial
variables, the coefficient is non-zero, with a statistically significant degree of confidence.

This statistical analysis examines the relationship between the explanatory variables and the dependent variable for a single
point in time. As such, this analysis provides no information on causality, but rather, quantifies the current relationship.

Two cases will be examined - one where minorities are grouped into a single variable (Minority Percentage) and another
where the White, Hispanic, Black and Asian percentages are treated separately. These hypotheses differ in terms of number of



variables depending upon whether or not the Hispanic, Black and Asian tract percentages are grouped into the single variable for
Minority Percentage, or are examined separately.

A hypothesis testing framework will be used in this analysis, and individual coefficients will be evaluated at the .05 level of
significance for a two-tailed test. This level of significance, admittedly the most commonly used in statistical tests (Gould, 1970),
affords a high degree of confidence that the coefficient of interest is non-zero. Although this framework is technically appropriate for
inferring characteristics about the whole population from a sample, it is also commonly used in modeling an entire population, such as
in analyses including all U.S. counties. Within this analysis, all but 30 of the census tracts in Los Angeles will be included. The
relative significance of the variables reflecting race and income will be evaluated through significance testing of model coefficients
and pairwise model comparisons. For some models, 95% confidence intervals surrounding the coefficient for the racial variable will
be evaluated, to establish a high degree of confidence that the coefficient for the population is not zero.

The analysis is made difficult by the degree of correlation between variables. In particular, the variable representing the
minority percentage for the tract is highly negatively correlated with median per capita income for the tract (at -.71). As a result, the
variable reflecting racial mix (Minority Percentage) includes a considerable amount of information about per capita income, while the
Per Capita Income variable includes considerable information on racial makeup. The problem of multicollinearity results when two
explanatory variables are highly correlated. In cases where the correlation approaches unity (linearity), the model breaks down
computationally (Kennedy, 1985). A diagnostic test for multicollinearity will be applied to insure that the model assumption of
independent variables is not violated.

Overview of Analysis

This analysis is both spatial and statistical in nature. In order for any statistical techniques to be applied, the spatial
relationship between sources and recipients of pollution needed to be determined. To do this:

1) a surrogate for pollution had to be established;
2) the relevant process scale needed to be determined;
3) a method for identifying the affected population needed to be selected; and finally,
4) methods for establishing the relationship between the source of pollution and the socioeconomic characteristics of

the population needed to be developed.



Data Sources

Two data sources were used in this analysis - one reflecting the socioeconomic characteristics of the county, the other
reflecting the distribution of toxic emissions within the county. U.S Census TIGER files and Summary Tapes were used, providing
data at the censustract-level for 1640 census tracts in LA county. The data included information on population size, race, ethnicity,
median housing value and median per capita, household and family incomes for each tract.

The most comprehensive source of data on facilities releasing toxic substances to the environment is the U.S. Environmental
Protection Agency’s Toxic Release Inventory (TRI) system (U.S. EPA, 1989). The system was required by the Emergency Planning
and Community Right to Know provisions (Title III) of the Superfund Amendments and Reauthorization Act (SARA). In addition to
locational information, the TRI data base provides information on the type of facility by industrial category; type and amount of
chemical(s) released; and pathway of emission to the environment for 722 facilities within Los Angeles County.

Data Assemblage

The data sets were integrated using the ARC/INFO Geographic Information System (GIS), version 6.0. The Universal
Transverse Mercator (UTM) projection was used. Within the GIS, a point in polygon overlay was performed in order to determine
which census tract each TRI facility lies within.

Data Accuracy Issues

Census Data

Census tract boundaries were created in ARC/INFO from U.S. Census Bureau TIGER files by the Environmental Systems
Research Institute. The data was provided in Lambert projection and was subsequently converted to the UTM projection. TIGER line
files are based on 1: 100,000 scale maps from the U.S. Geological Survey, which meet national map accuracy standards at that scale.
As such, the spatial accuracy of this data set is fairly high.

This study made use of 1990 Census data which was released prior to the 1990 Post-Enumeration Survey. The
Post-Enumeration Survey provides an estimate of the error associated with the initial census estimates, and produces adjustments
which the U.S. Census Bureau can use to correct the final census numbers. Whether or not the Bureau would use the adjustments in
the final census count was the subject of a lawsuit filed by several states and counties, including Los Angeles (Exter, 1990). The
Secretary of Commerce decided against using the adjustments, though aggregated adjustment coefficients are available (Hogan,1992).

At the national level, the undercount of non-Hispanic Whites is relatively low (less than 1%), while the undercount of
Hispanics and Blacks is around 5% and the undercount of Asians is around 2.4% (Hogan, 1992). Tenure (home-ownership) seems to
be an important factor in the degree of undercounting. When the undercount estimates which apply to large urban areas in the western
part of the U.S. are examined by housing tenure, a more striking pattern emerges. Table 1 provides the Revised Post-stratification
Estimates of the undercount on a percentage basis. It is apparent from these estimates that the undercounting of renters is much greater
than for homeowners, and the undercounting of minorities is much greater than for Whites.

The implications of these error estimates for this study of Los Angeles are that:

1) Overall population density is likely to be higher than the data suggests;
2) Population density is likely to be underestimated to a larger degree in tracts which have a large percentage of

minorities (Hispanic, Black, or Asian) and where the percentage of homeowners is low;
3) For census tracts which have high Hispanic, Black, or Asian percentages, these

percentages might be slightly underestimated.



To concisely summarize the "relative error" in the estimates - the minority dominated tracts are likely to be more densely
populated and might have slightly higher minority percentage than the data suggest. As will become apparent in the Chapter 3, most
TRI facilities occur in low density tracts and in tracts which have a high minority percentage. As a result, not including these
adjustments should not have a significant effect on the results of the analysis.

Toxic Release Inventory (TRI) Data

The locational information contained within EPA’s TRI data base was obtained through several methods. For most facilities
within the TRI data base, the facility operator or some other responsible party provided the facility locational information to EPA.
Locational information includes the facility street address, city, county, and zip code in addition to latitude and longitude. The street
address information, including zip code, tends to be fairly good, barring errors introduced during data entry. The accuracy of latitude
and longitude coordinates tends to be lower, owing to the fact that not all information providers are accustomed to reading coordinates
from a map, and might not have another means of obtaining this information. This is the primary means of obtaining latitude and
longitude.

When the latitude and longitude are not provided by the facility, or when there is an obvious error in the coordinates, this
information is obtained from EPA’s ROADNET system if available, or the centroid (polygon center) for the zip code of the facility is
used (EPA, 1991). An analysis on TRI locational data quality assurance performed for EPA compared coordinates obtained through
these three sources and found that those provided by the facility to be the "Preferred" coordinates in 74% of the cases examined;
ROADNET coordinates 14% of the time; and Zip code centroids 12% of the time (EPA, 1991).

Extensive quality assurance QA) and quality control (QC) is required in the development and maintenance of a database like
EPA’s TRI. Resources have not permitted the necessary QA/QC for the all facilities in the TRI. EPA has concentrated its efforts on
insuring the locational accuracy of the largest TRI facilities.

The shortcomings of locational accuracy of the TRI can be seen by displaying the raw TRI facility locations as a geographic
coverage overlaid on a map of Los Angeles County. The number of facilities which lie well offshore reflects the problems with
locational accuracy. Of the 722 TRI facilities in Los Angeles, 56 fell outside the county boundary.

Several methods exist to improve the locational accuracy of such a data set. These include visiting individual facilities with a
Global Positioning System (GPS) which would provide a digital readout of geographic coordinates, accurate to within 6 meters (Long
et. al., 1991). Another technique involves address matching. In an automated fashion, the facility street addresses are matched with the
Census TIGER Files, where latitude and longitude of the street segments are known. This results in locational coordinates which are
highly accurate. A third technique would involve manually looking up street addresses on maps and reading the latitude and longitude
from the map, which is very time consuming and has a much lower accuracy.

The Teale Data Center in Sacramento has improved the quality of the TRI data set for LA County by doing an automated
address matching for 379 of the largest of the 722 facilities. This provided a sound base on which further locational improvements



could be made. Of the 343 facilities whose coordinates had not been revised, 45 had locations which fell outside the LA County
boundary and were definitely incorrect. These locations were improved through a point editing procedure.

The 379 facilities whose coordinates were improved through automated address matching are the most accurate, with an
estimated accuracy of within 0.1 kilometer. A sample of 325 facilities was taken to assess the accuracy of the overall population. Of
these 325, only 21 facilities (6.5%) were located outside their Zip code boundary (based on the Thomas Brother’s Guide for Los
Angeles - Zip Code Edition). Facilities whose locations fell outside their Zip Code boundaries were improved through the same
method as used previously. This method is estimated to be accurate to within 0.5 kilometers of the actual location. The estimated
average map accuracy of the whole data set (722 facilities) is 0.3 kilometer.

Census Tracts and TRI Facility Locations Combined

The Census tract coverage which was created from Tiger files was obtained in Lambert projection and was converted to
Universal Transverse Mercator (UTM). The UTM projection is appropriate for small geographic areas and is a projection in which
areal distortion is minimal. The TRI was obtained as a tabular data file which included latitude and longitude. A geographic coverage
(Lat/Lon) was created which was then converted to UTM for overlay with the Census coverage. As a TIGER file served as the basis
for the address-matching for TRI facilities, errors due to misregistration should be minimal. Checking the facilities with "improved"
coordinates using a Thomas Brothers Map of Los Angeles indicated good registration between the two coverages, as facilities did
appear located in the correct positions within census tracts.

Further, as the Census data set does appear spatially correlated with regard to income and race (i.e. income groups and racial
groups are clustered rather than random), this would serve to lessen the effect of errors where facilities are placed in adjacent tracts.

Methods of Analysis

Several statistical techniques were applied in order to examine the influence of race on proximity to polluting facilities.
Additionally, these techniques can be used to identify geographic areas which stand out as anomalies in terms of having many more or
fewer polluting facilities than would be expected. A brief description of each method follows, along with a discussion of the
limitations specific to each approach. Limitations which are relevant to all methods are discussed in the last section of this chapter.

Prior to performing the analysis, the relationships between all explanatory variables and the dependent variable were
examined and were found to be approximately linear, and a diagnostic test for multicollinearity among the explanatory variables was
performed. Two types of generalized linear models were applied - one for the case of modeling the number of TRI facilities in a
census tract, and one for modeling presence or absence of a TRI facility in the tract. The statistical analysis is preceded by an
exploratory analysis technique - bivariate mapping.

Method 1) Bivariate Mapping Analysis

This technique allows for a bivariate analysis of the landscape for the purpose of identifying tracts which are anomalies in
terms of the value of their explanatory variables (i.e. highly-White, low-income tracts, or high-income, minority-dominated tracts),
which then might be interesting tracts to examine in subsequent analysis.

This method of analysis involves partitioning the whole set of observations into separate groupings based upon income level
and minority percentage. First, the number of categories (n and m) for each of the two variables is selected. Next, thresholds for
partitioning the data into quantiles are calculated, such that the same number of observations falls into each single variable
(1-dimensional grouping). This partitioning is done for both variables (Per Capita Income and Minority Percentage). This results in an
n by in matrix, where the number of observations in each row or column are roughly equal, but the number of observations in each cell
would not be equal due to the negative relationship between Per Capita Income and Minority Percentage. For example, cells reflecting



a high Per Capita Income and low Minority Percentage are likely to have more observations than those with a high Per Capita Income
and high Minority Percentage. A bivariate mapping is achieved through representing one variable through changes in hue and the
other through changes in lightness.

Limitations

This analysis method should be useful for visualization of the relationship between race, income and facility occurrence. One
limitation of this method is that it will only be applied to two variables at a time. Therefore, when income-level and minority
percentage are examined, the influence of population density is not considered. Another limitation of this approach is that the results
could be an artifact of the thresholds selected and resultant groupings. This limitation could be overcome through evaluation at several
different levels of resolution.

Method 2) Modeling the Number of TRI Facilities in a Tract:
Generalized Linear Modeling to a Poisson Distribution

The intent of this analysis is to determine the relationship between the explanatory variables (population density, income, and
one or more variables representing racial composition) and the dependent variable (number of TRI facilities in a census tract). This
dependent variable is a count variable with a very skewed distribution. The variable ranges between 0 and 25, but 83% of the tracts
have no facilities and only 4% of the tracts have more than 2 facilities. (The distributions of all variables are provided in Appendix B.)
Owing to the skewed distribution, using Ordinary Least Squares estimation and modeling to a Normal (Gaussian) distribution is not
appropriate, as the necessary assumptions of a normally distributed dependent variable and normally distributed error term would be
violated. (Kennedy, 1985). A non-linear model, fitted to a Poisson distribution will be used.

A test for heteroskedasticity within the classical linear model revealed that the variance of the error term in the model is not
constant over the range of the explanatory variables. This violates another assumption of classical linear regression - that the error
term has uniform variance (Kennedy, 1985). Fitting the model to a Poisson distribution greatly reduces the degree of
heteroskedasticity.

Several combinations of explanatory variables will be evaluated within this model structure. The influence of Population
Density and median Per Capita Income will be consistently included in the model.6 The explanatory variables used as an indication of
race / ethnicity will vary. A variable reflecting the total Minority Percentage will be used in the basic model, while three separate
variables reflecting the Hispanic, Black and Asian percentages of each census tract will be evaluated in a second model. Additionally,
binary indicator variables (dummy variables) reflecting, racial / ethnic categories will be used to isolate the influence of race. The
importance of the variable representing race will be evaluated through significance testing.

Limitations of the model

As discussed earlier, the dependent variable - number of TRI facilities in a tract is highly skewed, where 96 percent of all
tracts have 2 or fewer facilities, and only 1.3 percent of all tracts having more than 5 facilities. The mean number of TRI facilities in a
tract is 0.41. A generalized linear model of the form implemented will predict a mean fitted value which is equivalent to the mean
value of the dependent variable. But, the fitted values will have a narrower range (and variance) than the actual data. The model will
predict some low values, but not zero. As a result, it is expected that many tracts where there are no facilities present will have small
negative residuals. Also, the model is unlikely to predict facility occurrence as high as some of those which occur in reality, such as
those with more than five facilities. So, in cases where the actual number of facilities is quite high, even if the model predicts a high
value in terms of the model range, a positive residual could be expected. In general, it can be said that such a model will tend to
overpredict in the cases of 0 occurrence, and underpredict in the case of high facility occurrence.

Method 3) Modeling Presence or Absence of Facilities in a Census Tract: Logit Analysis

Logit analysis can be employed to model presence or absence of TRI facilities in a census tract. This second type of model is
being implemented in order to insure that results are not dependent upon a few highly industrial tracts with an extreme number of TRI
facilities. Logit models are generalized linear models fitted to a binomial distribution. The model assesses the likelihood of facility
presence for each tract, given the values of the dependent variables for that tract. In general, the same explanatory variables will be
assessed as were used in the modeling of number of facilities per tract - Population Density, Per Capita Income, and several variables

                                                          
6 Median Housing Cost was evaluated for its value as a variable representing economic status (replacing Per Capita Income) .

Per Capita Income proved to be a more significant variable when included with Population Density and Minority Percentage as
explanatory variables.



which indicate racial makeup. The dependent variable in this case will be a binary variable reflecting whether or not any TRI facilities
are present in a census tract.

Advantages and limitations of the model

Using logit analysis to model the presence / absence of facilities in a tract is, in many regards, simpler than modeling the
number of facilities in a tract. By modeling presence absence, the problem of trying to predict a widely distributed count variable has
been eliminated. This method also eliminates the problem of highly influential observations (outliers) in terms of the dependent
variable. But, one of the limitations of logit modeling is the associated loss of information.

Although all facilities do not have the same type or level of emissions, it can still be assumed that on average, close proximity
to several facilities proves more of a hazard than close proximity to only one (EPA, 1989). A limitation of the logit model is that
presence of a single facility in a tract is treated the same as the presence of 20.

A logit model produces fitted values between 0 and 1 which reflect the predicted probability of a TRI facility being present in
a given tract. It is standard practice to use a threshold of 0.5 for interpretation of the model prediction (Pindyck and Rubinfeld, 1991).
Fitted values below 0.5 are interpreted as a prediction that no facility is present, while fitted values greater than 0.5 are interpreted as a
prediction of facility presence.

Roughly 17% of all tracts have facilities. The logit model will produce a set of fitted predictions (one per observation) which
have a mean equal to the actual occurrence of the dependent variable (0. 17). When the prediction threshold is applied, it is likely that
only a small percentage of observations will exceed the threshold of 0.5. The logit model is therefore likely to severely underpredict
the number of tracts with facilities. It should also be noted that given the disproportionate absence of facilities vs. presence in tracts
(83% vs. 17%), the success rate for predicting absence should be much higher than the success rate for predicting presence.

The Problem of Spatial Dependence

As discussed previously, industrial facility siting is not a random process and facilities tend to cluster in industrial zones.
Additionally, as an initial visual analysis of the explanatory variables reveals (described in Chapter 3), there is a high degree of spatial
autocorrelation within each of the explanatory variables. Low-income census tracts are concentrated in the center of the city, as is the
majority of the minority population.

Both the modeling of the number of facilities per tract and modelling of presence absence of facilities within a tract used
variable-sized census tracts as the unit of analysis. Over 1600 tracts were used in the analysis, hence, there were over 1600
observations used in the generalized linear models. Each observation was treated as an independent observation, regardless of its
location in space. This ignores the potential problem of spatial dependence (Anselin, 1989).

Spatial autocorrelation or spatial dependence is the presence of spatial pattern in a mapped variable due to geographic
proximity. The presence of spatial dependence violates a basic assumption of many standard statistical tests - that observations are
independent (Haining, 1990). Ignoring spatial dependence can result in a biased analysis with inaccurate results, both in terms of
variable significance and coefficient value.

There are methods for dealing with spatial dependence. First, there are tests for spatial autocorrelation, such as the Moran,
Geary and Join-count statistics (Goodchild, 1986), which help to determine whether further consideration of spatial dependence is
warranted. In the case of census tracts in Los Angeles, the simple visual analysis of the distribution of income, and racial mix of the
population shows that the population is not randomly distributed, and spatial autocorrelation exists. This is also true of the distribution
of the TRI facilities across the landscape.

Once the determination has been made that observations are spatially autocorrelated, several techniques are available to
address the problem. Spatial regression analysis, available in spatial statistical software such as SPACESTAT (Anselin, 1992), can
perform the linear regression analysis, while taking into account proximal and adjacent effects. As modeling of discrete data (such as
logit analysis) is not available in SPACESTAT, this was not an alternative.

Another option for dealing with spatial dependence is through repetitively evaluating coefficients of models which include a
randomly-sampled, spatially-independent, subset of all observations. This resampling technique is similar to bootstrapping (Diaconis,
et. al, 1983), except sampling is not done with replacement. Bootstrapping is a robust estimation technique which exploits randomness
in resampled data sets, in order to infer parameter estimates, measures of bias and variance, and pseudo-significance levels (Anselin,
1990). The resampling procedure involves, first, determining a minimum distance threshold for spatial dependence, beyond which
observations are likely to be spatially independent. Next, a single observation is randomly chosen, and a set of observations which are



beyond the distance threshold from all other observations are selected, and the model is run on this "resampled" subset of
observations. The resampling and the estimation of model coefficients is then repeated many times (hundreds to thousands), and from
this set of coefficient estimates, a final set of coefficient estimates can be empirically estimated. This final set of coefficients provides
a very good representation of the relationship between the explanatory and dependent variables, while circumventing the problem of
spatial dependence.

The resampling technique will be applied to a logit analysis.7 Standard logit analysis (of all 1600+ observations) and the
resampling technique will be performed on the same set of variables, so that the importance of spatial dependence can be evaluated.

General Limitations of the Analysis

This analysis is based on the evaluation of a very limited set of explanatory variables reflecting socioeconomic characteristics
of the population as these influence the occurrence of facilities which deal with or emit toxic substances. But, many other factors
which are quite relevant to the siting of industrial facilities were not included, such as proximity to transportation corridors and
waterways or the effect of zoning, local taxes, etc. The only type of environmental hazard considered in this analysis is industrial
facilities in the TRI. Additionally, all TRI facilities were treated uniformly, regardless of the type of facility, or types and amounts of
chemicals emitted.

Regression analysis assumes that explanatory variables are exogenous (originating from external causes). Factors within an
urban landscape are inextricably related. Within the proposed models, the exploratory variables are closely related to the dependent
variable. It is possible that the explanatory variables influence TRI facility occurrence. It is also possible that the occurrence of TRI
facilities influences the characteristics of the surrounding community - its population density, economic class, and racial / ethnic
composition. This analysis will quantify the relationship between these variables, but as stated earlier, will not establish causality.

Time

This analysis was performed for a single time period, and in essence reflects a single "snapshot in time". As such the models
implemented reflect the relationship among race, income, population density and TRI facilities at the end of the 1980’s, but provide no
insight into the processes which have resulted in this landscape and these relationships. As such, conclusions about facility siting
decisions "targeting" certain types of communities would be inappropriate.

Within this type of cross-sectional analysis, the racial/ethnic composition of a community at the time of facility siting is not
considered. Further analysis is therefore required of individual neighborhoods, in order to understand the process over time. Several
neighborhoods will be selected for further study, and the socioeconomic dynamics of the neighborhood will be examined in
conjunction with the inception of facilities in the neighborhood. Results of this analysis will be presented in Chapter 5.

Space

A limitation to modeling at the census tract level is the effect of aggregation of the population and polluting facilities to the
variable-sized unit of the census tract. This results in one’s proximity to a facility being averaged across the tract. So, whether one is
adjacent to a facility, within 1000 meters; or at the opposite side of the tract, proximity is treated as uniform.

The variable size of tracts introduces additional disuniformity. As tracts in the northern portion of the county are much larger
than in southern LA county, one can be 30 km from a facility and still in the same tract in the rural north, while some urban tracts are
only 1 kilometer across. This problem was reduced in model implementation through the exclusion of tracts with a population density
of less than 100 persons per square kilometer. Subsequent to the exclusion of these 30 tracts, the mean tract area was reduced to 2.5
sq. km from 6.3 sq. km., and the number of observations was reduced from 1640 to 1610.

In some densely populated areas in the southern portion of the county, one could live within a tract with no TRI facilities,
while being in close proximity (less than 1 kilometer) to several facilities. Linear modeling aggregated to the census tract level will not
pick up these proximal effects or the effects of adjacency. This shortcoming will serve to reduce the significance of the modeling
results, and reduce the predictive capabilities of the model.

                                                          
7 This examination of spatial dependence is being performed for the logit modeling only, as a resampling program was

available for logit modeling, but not for poisson modeling.



Scale Issues

The relevant scale of analysis for examining proximity to toxic facilities is the subject of extensive ongoing research (EPA,
1989; Wilson, 1991). How big is the "backyard" associated with the NIMBY (Not In My Back Yard) syndrome? This relates to one’s
subjective perception of relevant distance. Research by Dear (1992) and others address this issue of perceived zone of effect. In
physical terms, the relevant scale of effect varies with facility type; type of chemical emitted; medium of emission; and physical
factors such as surface water flow; groundwater depth and flow; climate; precipitation and humidity; stack height and predominant
winds.

In research on comparative risk underway at EPA concerning population proximity to TRI facilities, 2 mile and 4 mile (3.2
and 6.4 km.) distances are being used as the relevant thresholds for proximity (Personal communication, Lauren Hall, EPA). Owing to
the spatial accuracy problems of the raw TRI data, much more refined analysis would seem inappropriate.

From an examination of risk assessments performed on individual TRI facilities in Los Angeles for the South Coast Air
Quality Management District, the "zone of effect"8 was estimated to extend as little as 0.5 km. from a facility to as much as 20-30 km.
Most census tracts within L.A. County are between 1.0 and 2.0 kilometers on a side. In most cases, analysis at the census tract level
would result in only a subset of the "affected population" being included in the observation. It is therefore true that for the smallest
census tracts, only the most affected population will be included, while for the largest census tracts, more than the affected population
might be included.

Summary

Three varied methods of analysis have been described. These methods will be applied with the intention of identifying
whether or not race is an important factor in the relationship with proximity to TRI facilities; and to identify neighborhoods which
stand out as having an unexpectedly high number of TRI facilities, given the characteristics of the neighborhood, other than race.

Chapter Three provides an introduction to the landscape of L.A. County. The chapter provides an overview of the physical
landscape; the socioeconomic and industrial landscapes; and describes the inter-relationship among variables representing these
landscapes.

                                                          
8 "Zone of effect" is the area within which this facility contributes a 1x10-6 aggregate cancer risk.



Chapter 3. Background on Los Angeles County

This chapter provides a description of the physical setting of Los Angeles, the distribution of industrial facilities, and the
socioeconomic landscape that comprise this multi-cultural city. A statistical summary of important variables is provided. The chapter
concludes with an exploratory spatial analysis.

The Physical Landscape of Los Angeles County

Los Angeles County, a land area of approximately 10,400 sq. kilometers (4,060 sq. miles) is striking for its wide variety of
topography and climate. The area is comprised of high mountains in the north; low, rugged intervening hills; broad, flat valley floors;
and a tremendous coastal plain.

The high, rugged San Gabriel Mountains comprise most of the northern half of Los Angeles County, stretching from the
northwest comer of the county across to the center of the county’s eastern border. This section of the county is predominantly public
land - the Angeles National Forest, and is sparsely populated. The only major communities to the north of the mountains are Lancaster
and Palmdale, skirting the Mojave Desert. (Figure 2 provides an orientation to the area.) In the western panhandle of the county, near
the coast, lie the much lower Santa Monica Mountains. These are also sparsely populated, predominantly public lands, held as national
forest, national recreation area, and state parks. The Hollywood Hills lie at the eastern edge of these mountains.

Between the San Gabriel and Santa Monica Mountains lies the wide, flat San Fernando Valley. Burbank lies at the eastern
edge of the valley. Further east, still bordered by the San Gabriels on the north, is the San Gabriel Valley, stretching from Pasadena,
nearly to Pomona. Both valleys have been important agricultural areas.

South of these valleys lies the southern third of the county, the vast Los Angeles coastal plain. It is on the plain that the vast
majority of Los Angelinos live. Downtown Los Angles lies in the center of the northern portion of the plain. Just to the east, the Los
Angeles river runs from Vernon, nearly due south to Long Beach Harbor. The cities of Inglewood, Torrance, Compton and Santa Fe
Springs are among the many which lie on the plain. Palos Verdes is the promontory which divides the more industrial south-facing
coast, dominated by Wilmington, Terminal Island and Lono, Beach, from the western-facing coast, which is comprised of beach
communities such as Manhattan Beach, Marina Del Rey, and Santa Monica, in addition to LAX airport.



The Industrial Landscape - TRI facilities within Los Angeles County

EPA’s Toxic Release Inventory (TRI) database includes facilities within Standard Industrial Classification (SIC) numbers
2000 - 3999, whose emissions of any of set of toxic chemicals exceeds prescribed thresholds. These SIC categories include food and
tobacco processing; textile mill and apparel production; lumber, paper and furniture processing; printing; chemical processing;
petroleum refining; rubber and plastics manufacture; leather, stone, clay and glass industries; primary and fabricated metal industries;
commercial machine and computer manufacturing; transportation equipment; analytical and optical goods; and miscellaneous
manufacturing. (For a detailed list of industrial categories and their frequency of occurrence within Los Angeles County, see
Appendix C.) One hundred thirty nine different chemicals are emitted by facilities within Los Angeles County.



The 1989 TRI data base includes 722 facilities for L.A. County. The pattern of TRI facilities in L.A. County is far from
random. Most facilities are in the southernmost quarter of the county. Large concentrations of facilities can be identified around
Vernon9, south of Compton, and near La Puente and along the Interstate 5 corridor. Figure 3 reflects the distribution of TRI facilities
within LA County.

The Socioeconomic Landscape - Census Data for Los Angeles County

The US Census data on the 1640 tracts which make up LA county provide a wealth of information on its estimated 8,863,164
inhabitants, and the socioeconomic landscape of the county. Census-tract-level data used in this study includes the total population for
the tract; population percentage by race and ethnicity; median household and per capita income and median home value. By
combining the total population for the tract with the tract area (which is available in the GIS coverage), the population density of the
tract has been calculated.

The US Census Bureau treats race separately from Hispanic ethnicity. At the most aggregate level, the population is
categorized into five racial categories and two categories regarding Hispanic Origin (of Hispanic Origin, or not of Hispanic Origin).
The five racial categories are White, Black, Indian/Eskimo, Asian and Other. The whole population, therefore, can be categorized by
race, Hispanic-origin, or both. Summary statistics for LA County are presented in Table 2.

The vast majority of persons claiming Hispanic Origin also claimed White or Other as their race. Less than 4% of the persons
of Hispanic Origin claimed Black, Indian, Eskimo, or Asian as their race. Due to this distribution and in order to be consistent with
other work in this area, this two-dimensional matrix has been recategorized into the five ethnic/racial categories which will be used in
this analysis:

                                                          
9 Vernon was identified in a 1991 analysis by the San Francisco Examiner as the "dirtiest zip code" in the State. (See Kay,

1991).





1) Hispanic of any Race (POPH) 38%
2) White (non-Hispanic) (POPW) 41%
3) Black (non-Hispanic) (POPB) 11%
4) Asian (non-Hispanic) (POPA) 10%
5) Other (non-Hispanic Other

and Indian/Eskimo) (POPO) 0%

The 1640 census tracts in LA county had a median population of 5029. Five of these tracts had a population of less than 100
persons. These tracts were unusual, non-residential tracts, including, Universal City and Long Beach Harbor. These tracts were deleted
from the data set as outliers. The mean population density within the remaining 1635 census tracts is 4246 persons per square
kilometer. Twenty-five of these tracts have a population density of less than 100 persons per square kilometer. The majority of these
tracts are rural tracts within the national forest in the northern half of the county. A few of these twenty-five tracts are sparsely-
populated, highly-industrial tracts in the southern half of the county. These 25 tracts were also excluded from the analysis as outliers,
resulting in a data set with 1610 observations (census tracts). This exclusion reduced the population under study by 4066 (0.05%); the
number of TRI facilities by 39 (5.4%); but reduces the land area under study by 4084 sq. km. (39.8%). This allows a focus on the
more densely populated southern half of the county. Figure 4 reflects which tracts have been excluded from the analysis.

Of these 1610 tracts, 278 contain one or more TRI facilities and 1332 contain none. Table 3 presents some summary statistics
for these 1610 tracts.





The Distribution of Relevant Variables

In general, none of the variables used in this analysis are normally distributed, but rather have varying degrees of positive
skewedness. Appendix B provides histograms reflecting the distributions of the major variables which give an indication of how the
distributions deviate from normal.

Relationships Between Variables

It is well known that socioeconomic factors are very related. Among others, race; years of education; literacy; and income are
very interdependent. Within Los Angeles County, the typical White resident has had more years of education; has a higher income;
owns more property; lives in a less densely populated area; and has fewer children than the typical Black or Hispanic resident of Los
Angeles County.

Within this study, these interdependencies are reflected in the correlations between the explanatory variables which reflect
the racial and ethnic percentages; per capita income; housing value; and population density at the census tract level. Table 4 presents
the correlation coefficients relating racial percentages, income and population density.



Aside from the obvious correlation between per capita income and housing value (at .82), per capita income is highly
correlated with percentage White (at .72) and highly negatively correlated with the Hispanic percentage (at -.64). There is less of a
negative correlation between per capita income and percentage Black (at -.24) and no significant relationship between per capita
income and Asian percentage (at -.01). Housing Value is similarly correlated with the racial percentages. Summary statistics at the
County level confirm the inference of these relationships - average per capita income by race within Los Angeles is $20,531 for
Whites, $12,018 for Blacks, $14,584 for Asians, and only $8,100 for Hispanics (U.S. Census, STF-3, 1990).

Population density has an inverse of the same general relationship, with racial percentage, though not as strong. Population
density is negatively correlated with percentage White (at -.43), positively correlated with Hispanic percentage (at .42) and shows no
correlation with percentage Black or Asian. This suggests that tracts with a high percentage of Whites have the lowest population
density, while those dominated by Hispanics have the highest. It follows that Per Capita Income would be negatively correlated with
Population Density (at -.397), reflecting that the higher one’s income, the more space one can afford.

As the correlations between these variables do not approach unity, they can be included as explanatory variables within the
same model. A diagnostic test for multicollinearity was performed to insure that the correlation between variables was not so high as
to invalidate model results. The "condition number" was calculated, which is the ratio of the largest to smallest of the Eigen values
associated with the matrix resulting from the multiplication of X-transpose by X matrixes. As the condition number calculated, 4.2, is
considerable smaller than the guideline of 100 (Montgomery & Peck, 1982), multicollinearity does not appear to be a problem.

Racial / Ethnic Population Patterns

Figure 5 provides an indication of both the distribution of the population and the racial mix within each census tract in
southern Los Angeles County10. The pattern is striking. Near the center of map, the barrio of East Los Angeles stands out as a
Hispanic enclave. From north of East L.A., south almost to Compton and east to Santa Fe Springs, Hispanics are clearly the
predominant group. To the south and west of this area lie Watts, Compton and Inglewood, areas which are predominantly Black and
Hispanic. There are a few neighborhoods, such as Monterey Park and the eastern edge of the county, where Asians predominate,
though these areas also include many Hispanics and some Whites. Peripheral to this dense, urban core, particularly along the coast and
in parts of the San Fernando Valley, Whites predominate.

Relationship Between Explanatory and Dependent Variables

The dependent variable of interest for initial modeling is the number of TRI facilities in each tract (TRISITES). The variable
is highly skewed. Of the 1610 tracts, 1332 (83%) have no TRISITES, while 278 (17%) have one or more TRISITES. The mean
TRISITES is 0.41, while the maximum is 25. The variable TRI01 reflects facility presence or absence within the tract. Table 5
provides the correlations between TRISITES and the major explanatory variables. Of the four explanatory variables examined,
Population Density has the strongest correlation with TRISITES.

                                                          
10 A map of neighborhood names has been provided for reference in Appendix A.





Visual Analysis

Having examined the nature of the landscape in Los Angeles County; the distribution of the TRI facilities in the county; and
the demographic relationships at the census-tract-level, it is useful to visually examine the spatial interrelationships between these
demographic variables and the TRI facilities. As discussed earlier, the three explanatory variables of greatest interest are the Minority
Percentage (equivalent to 1 - the White Percentage); the Per Capita Income; and the Population Density.







Minority Percentage and TRI Facility Locations

A quantile mapping of the Minority Percentage in each census tract and TRI facility locations is presented in Figure 6.
Though the correlation between these two variables is only .123, visual analysis of this map reveals a strong positive correlation



between these two variables. This anomaly probably results from the visual analysis focusing on the TRI facility locations, though
there are many minority-dominated tracts which have no facilities. There are few facilities in census tracts where the Minority
Percentage is less than 27%.

Per Capita Income and TRI Facility Locations

Figure 7 presents a quantile mapping of Per Capita Income and TRI facility locations. Again, the relationship is striking.
Many facilities lie within the low-income urban core, and many others follow low-income corridors which emanate from this core.
The pattern is very similar to that observed in Figure 6. The El Segundo area stands out as a high-income area (also having a low
minority percentage) which has many TRI facilities.

Population Density and TRI Facility Locations

A quantile mapping of Population Density by census tract and TRI facility locations is presented in Figure 8. At this scale of
analysis, Population Density appears much more heterogeneous across the landscape than either Per Capita Income or Minority
Percentage. Lowdensity tracts carve into high-density areas. Noteworthy in this regard is the area between Vernon and Huntington
Park, where several low-density, highly-industrial tracts are adjacent to high-density tracts.11 Modeling at the census-tract level will,
unfortunately, not capture these proximal effects. Overall, TRI facilities appear clustered in low-density tracts.

Racial / Ethnic Composition and TRI Facility Locations

The visual analysis of the Minority Percentage and TRI facility location (Figure 6) and the correlation between these two
variables (at .12) have shown that there is a positive relationship between these two variables. The relationship between individual
racial/ethnic ,groups and TRI facilities can also be examined. By categorizing each census tract according to which group comprises
the largest percentage (plurality) and overlaying this with TRI facility locations, a striking pattern is revealed. (See Figure 9). The
majority of the facilities appear to lie in Hispanic-dominated tracts. Table 6 presents summary statistics by the four racial / ethnic
groups for the 1610 tracts used in this analysis which confirm this impression.

Census tracts within Los Angeles have an average of 0.41 TRI facilities per tract. Hispanic-dominated tracts have an average
of 0.71 facilities, while White-dominated tracts have an average of 0.21 facilities. In Black- and Asian-dominated tracts, the average
number of facilities is closer to the average for the county - 0.46 and 0.41, respectively.

Summary

The evidence presented in this chapter suggests that there is a relationship between TRI facility occurrence within census
tracts and each of the explanatory variables (Minority Percentage, Per Capita Income, and Population Density) and that these variables
are sufficiently unique that they can simultaneously be included in a generalized linear regression analysis. Additionally, it has been
shown TRI facility occurrence is higher than average in Hispanic-dominated census tracts. This conclusion, though noteworthy, does
not address the topic of this thesis - whether or not race is an important factor when the influence of other important variables have
been controlled for. This issue is the subject of the next chapter.

                                                          
11 Note: One of these very low-density tracts, just south of Vernon, has been excluded from the analysis, with a population

density of less than 100 persons per sq. km..





Chapter 4. Analysis Results

Introduction

The results of three methods of analysis will be presented in this chapter: 1) bivariate mapping of minority proportion and
income; 2) generalized linear modeling to a Poisson distribution (modeling the number of TRI facilities in a census tract); and 3) logit
analysis (modeling presence or absence of TRI facilities in a census tract).

Under the first method, results of an exploratory analysis are presented. A bivariate mapping technique was employed to
explore the relationship between Per Capita Income and Minority Percentage in a spatial context and to identify unusual tracts in the
socio-economic industrial landscape.

Under method 2, several different models and techniques are described. Included are: a) the basic model which uses the 3
main explanatory variables; b) pairwise model comparisons of three 2-explanatory variable models; c) the basic model extended to
examine racial/ethnic percentages separately; and e) the inclusion of indicator variables to isolate the influence of race. The
presentation includes a sensitivity analysis and concludes with model comparisons, and a discussion of the prediction success and
residuals associated with the best model.

Under method 3, a single logit model predicting TRI facility presence or absence is presented. Two methods for interpreting
model results are compared and the prediction success and residuals associated with one of these methods is presented. Finally, the
issue of spatial dependence is explored through a resampling method.

Method 1) Categorical Partitioning and Bivariate Mapping

This technique was implemented in the Arc Macro Language (AML) under the Arcplot subsystem of Arc/Info. A
two-dimensional quantile-based categorization (by Minority Percentage and Per Capita Income) allows for bivariate mapping of these
two variables. Figure 10 reflects a 4x4 mapping of Southern Los Angeles, where Minority Percentage is represented by change in hue.
Change from blue through red reflects low to high categories of Minority Percentage. Per Capita Income is represented through
change in lightness (or strength) of the color. Pale shades represent low Per Capita Income categories, while more intense colors
represent high income categories.

The bivariate mapping technique reveals the high correlation between income and minority composition in a spatial context.
Of the 1608 tracts categorized in the 4 x 4 (16 category) partitioning, 67% were assigned to the four cells (categories) along the
diagonal. (The key in Figure 10 reflects categorical assignments). As expected, occurrence decreases as one moves further from the
diagonal. Only three census tracts were assigned to the highest income, highest Minority Percentage category, while only one tract is
assigned to the lowest income, lowest Minority Percentage category.

The technique was useful for identifying census tracts that diverge from the dominant relationship between income and race.
Tracts which have a high Minority Percentage and high Per Capita Income can be identified, mostly west of the poor urban core,
including tracts near Inglewood, south of Norwalk and south and west of Compton. Similarly, tracts which have a low Minority
Percentage and low Per Capita Income can be identified south of Burbank. north of San Fernando, and north of Covina. These tracts
tend to have far fewer facilities than those in the high Minority Percentage, high Per capita Income groupings. Both categories are
areas which are rare in the landscape, and could be interesting areas for subsequent analysis.

Method 2) Modeling the Number of TRI Facilities in a Tract: Generalized Linear Modeling to a Poisson
Distribution

As discussed earlier, owing to the highly skewed distribution of the dependent variable (number of TRI facilities in a census
tract) the model was fitted to a Poisson distribution.

The primary variables of interest for their relationship with the number of TRI facilities in a tract (TRISITES) are median Per
Capita Income (PCINC), Minority Percentage of the population (MINORITY), and Population Density (POPDENS). Minority
Percentage of the population is the sum of the individual Hispanic, Black, Asian and Other categories. Also of interest is how the
percentage of the population of each of these ethnic or racial groups relates to the dependent variable and the other explanatory
variables.





A set of multiple-linear regression models was examined in order to evaluate the relative relevance of the three primary
explanatory variables Per Capita Income, Minority Percentage and Population Density. These are:

1) using all 3 variables to predict TRISITES; and
2) doing 3 pairings of 2 variables each to predict TRISITES.

(Table 14 summarizes results of all the Poisson models.)

a) 3 Explanatory Variable Model:
TRISITES <- Minority %, Population Density, Per Capita Income

The three-explanatory variables used in this model:

1) minority - the percentage of the tract population who are Black, Asian, or Hispanic
2) std.popdens - a standardized version of the number of persons per square kilometer
in the tract
3) std.pcinc - a standardized version of the median per capita income for the tract

In this model, all coefficients were significant at the .05 level. Rho2 for the model is 0.345. Population Density proved to be
the most significant variable, with a t-value of 24.9. Minority Percentage and Per Capita Income were significant variables, with
t-values of 10.2 and 7.9, respectively. The signs of the coefficients reflect that an increase in predicted TRISITES would result from
either an increase in the Minority Percentage of the population; a decrease in Population Density; or a decrease in Per Capita Income.
The 95% confidence interval for the coefficient associated with Minority Percentage is 1.8 to 2.6. A Chi-Square test was used to
confirm that the model is significant at the .05 level. Table 7 provides a summary of the model results.

b) Comparison of Three 2-Explanatory Variable Models

Running pairwise models including only two of Minority Percentage, Per Capita Income, and Population Density yielded
similar results. In all three models both variables were significant, with t-values well over 2.0. The best of these three models used
Minority Percentage and Population Density to predict TRISITES, with Rho2 of 0.318. The second best 2-explanatoryvariable model
used Per Capita Income and Population Density (Rho2 of 0.307), while the weakest model included Minority Percentage and Per
Capita Income (Rho2 of 0.054). Table 8 provides summaries of the three models.

A comparison of t-values from these models elucidates a relationship among the variables. In the first of these models,
Population Density and Minority Percentage had t-values of 23.7 and 22.9, respectively. In the second model, Population Density and
Per Capita Income had t-values of 23.6 and 19.4, respectively. In the third model, both t-values were much lower, at 4.3 for Minority
Percentage and 3.2 for Per Capita Income. This indication of significance reflects the fact that Per Capita Income and Minority
Percentage contain some redundant information, while Population Density contains much more unique information.



Sensitivity Analysis

A sensitivity analysis was performed to evaluate the sensitivity of Per Capita Income and Minority Percentage across
different ranges of Population Density. The 1610 observation data set was stratified into five groupings based on Population Density,
such that there were roughly equivalent numbers of observations in each grouping. The basic three-explanatory-vari able model was
applied to each of these five stratum. Table 9 provides a summary of this analysis.

As expected, the total number of TRI facilities in each stratum diminishes with increasing Population Density. Rho2 also
decreases in higher Population Density strata. Of the three variables, Minority Percentage appears the most sensitive to Population
Density. The coefficient associated with Minority Percentage ranges from 2.9 in the lowest-density grouping to -2.1 in one of the
higher-density groupings. The t-values associated with this coefficient drop from 10.4 to 0.37 with increasing Population Density.
This coefficient is not significant or is borderline significant in four of the five strata.

The Per Capita Income variable is also sensitive to the Population Density partitioning. The magnitude of the coefficient
associated with this variable generally increases with increasing Population Density, ranging from -0.6 in the lowest-density stratum to
-3.4 in one of the higher-density stratum. The t-values associated with this variable are significant for all strata.



Minority Percentage appears to have its greatest significance relative to Per Capita Income in the lowest-density grouping. At
higher Population Density strata, Minority Percentage is not significant.

These results show that within the main 1610 observation model, much of the strength of Minority Percentage relative to Per
Capita Income comes from observations which have a low Population Density. These tracts tend to be either low-income,
minority-dominated and fairly industrial, or sparsely-populated, high-income and White-dominated. Census tracts which have ten or
more TRI facilities are typically more extreme in degree of minority proportion than in degree of poverty. (This evaluation is based on
a comparison of standardized values.) These tracts are highly influential observations.

Interpretation

In the full model, all three explanatory variables are relevant in the relationship with TRISITES. Population Density appears
to be the most significant of the three variables. The best two-explanatory-variable model (using Minority Percentage and Population
Density) is a slightly better model than the one pairing Per Capita Income and Population Density. This suggests that, when all census
tracts are included in the model, the Minority Percentage of a census tract is a slightly more significant factor in the relationship with
TRISITES than is the median Per Capita Income for the tract. In the full model, Per Capita Income is an important variable, but the
Minority Percentage appears to include much of the same information, and some additional relevant information which makes
Minority Percentage slightly more valuable in the relationship with TRISITES.

In an analysis of the sensitivity of these coefficients to Population Density, it was revealed that much of the strength of the
racial variable relative to the income variable comes from observations with a low Population Density and a large number of TRI
facilities. Additionally, it was shown that the Per Capita Income variable is more stable across different Population Density strata than
is the Minority Percentage variable.

c) Influence of Individual Ethnic and Racial Percentages on TRISITES

The first set of models examined have confirmed the significance of Minority Percentage in the relationship with TRI facility
occurrence. This section explores the importance of individual ethnic / racial categories in the relationship with TRISITES.

The Minority Percentage of the population examined earlier, is the sum of the Hispanic, Black, Asian and Other categories.
As the population classified as "Other" is so small as to be insignificant, it was not considered further. The Hispanic, Black and Asian
percentages of the census tracts were examined using generalized-linear-regression analysis, as was used previously. (The White



Percentage of the population could not also be included in this model, as multicollinearity would result and the model would break
down computationally (Kennedy, 1985)).

Three new explanatory variables were included in the model:

1) poph - the proportion of the tract population classified as Hispanic
2) popb - the proportion of the tract population classified as Black
3) popa - the proportion of the tract population classified as Asian

When these three ethnic/ racial variables were used as the only explanatory variables for predicting TRISITES, Hispanic
Percentage and Black Percentage were both significant at the .05 level (t-values of 12.6 and 3.8, respectively). The Asian Percentage
of the population did not prove to be a significant variable (t-value 0.4). (Model summary is provided in the Table 14.)

The two racial/ethnic variables which proved significant (poph and popb) were subsequently included in a model with
Population Density and Per Capita Income. In the resulting model all variables are significant with t-values of 25.1 for Population
Density; 12.3 for Hispanic Percentage; 7.0 for Black Percentage; and 5.5 for Per Capita Income. With Rho2 of .36 1, this model
appears slightly stronger than the model which used the single variable Minority Percentage as an indication of racial mix. Table 10
presents a summary of this model.

Interpretation

Variables representing both the Hispanic and Black population percentages were highly in the relationship with TRISITES.
The Asian Percentage of the population was not a significant variable. Of the four racial groups, Asians are the most uniformly
distributed across the county, and this could account for the lack of significance of this variable.

d) Inclusion of Indicator Variables
Indicator (or binary dummy) variables can be used to group observations and to make continuous variables discrete. In this

analysis, indicator variables were used to examine the mean characteristics of different ethnic and racial groups at different thresholds.
In particular, Hispanic vs. non-Hispanic groupings were examined, along with variables representing which racial group has the
plurality (largest percentage) in each tract.

Indicator Variable Model 1 - Hispanic Groupings

In previous analysis, the Hispanic Percentage proved to be the most valuable of the racial ethnic variables examined. But,
inclusion of the Hispanic Percentage greatly reduces the significance of the Per Capita Income variable because the two are highly
negatively correlated (at -.64) and hence, Hispanic Percentage already reflects much of the income information.



Through the use of an indicator variable which distinguishes highly Hispanic from notvery-Hispanic tracts, much of the detail
is lost regarding the precise Hispanic Percentage of the tract, but average characteristics of these groups can be estimated. Relating to
this, the high negative correlation between Hispanic Percentage and Per Capita Income is lost, so Per Capita Income becomes a more
significant variable in the model.

2:)

Two variables were established to reflect the degree of Hispanic domination of the census tract. For moderately Hispanic
tracts, HMID was set to 1 if the Hispanic Percentage was between 0.3 and 0.6 and set to 0 otherwise. For Highly Hispanic tracts,
HHIGH was set to I if the Hispanic Percentage was 0.6 or greater. Of the 1610 tracts, the Hispanic Percentage was less than 0.3 859
times (53%); between 0.3 and 0.6 413 times (26%) and 0.6 or greater 338 times (21%).

The indicator variables HMID and HHIGH were combined in a model with Per Capita Income and Population Density to
predict TRISITES. All variables in this model proved significant. Rho2 for the model is .335. Table 11 provides a model summary.

Results

A plot of the predicted number of TRISITES for the three classes of Hispanic dominance versus Per Capita Income reflects
the influence of this variable on the model. (See Figure 11.) This plot represents the model prediction for a constant Population
Density of 3490 - the median observed value for Population Density. It can be seen that, particularly at lower income levels, the
predicted number of TRI facilities in a tract is much higher for tracts which are greater than 60% Hispanic than for those which are
less than 30 % Hispanic. For a median Per Capita Income of $8,000 and a Population Density of 3490 persons per km2, the predicted
number of TRI facilities is 0.39 for tracts which are less than 30% Hispanic, 0.65 for tracts which are between 30 and 60% Hispanic,
and 1. 13 for tracts which are greater than 60% Hispanic. This difference decreases at higher income levels. For example, for a median
Per Capita income of $20,000, the predicted number of TRISITES drops to 0.14, 0.23 and 0.41 for Hispanic Percentages of less than
30, between 30 and 60, and greater than 60, respectively.

Indicator variable 2- Dominant Racial / Ethnic Group

Four indicator variables were created reflecting which racial/ethnic group had the highest percentage in the tract. Of 1610
tracts, the largest percentage was White 844 times (52%); Hispanic 550 times (34%); Black 155 times (10%); and Asian 61 times
(4%). Summary statistics were taken on this partitioning of data (See Table 12). The characteristics which are noteworthy from these
statistics are that Hispanic dominated tracts are the poorest; are the densest; and have the highest mean number of TRISITES by a
considerable margin. Also noteworthy is that the median Minority Percentage varies widely - is highest in the Black dominated tracts
(at .98) followed by the Hispanic dominated tracts (at .88); the Asian dominated tracts (at .78) and the White dominated tracts( at .28).





Of these indicator variables, only Hispanic Majority and Black Majority proved significant. In a model using these plus
Population Density and Per Capita Income to predict TRISITES, all variables were significant. The model was significant with a Rho2

of .347. A model summary is provided in Table 13.

The model predictions for these three groupings can be plotted against Per Capita Income (while holding Population Density
constant). See Figure 12. The separate lines reflect predictions of number of TRISITES in a tract for tracts with a Hispanic plurality;
Black plurality; and White or Asian plurality.

The plots reflect that for a given Per Capita Income, Hispanic dominated tracts have the highest number of TRISITES,
followed by the Black dominated tracts, followed finally by White or Asian dominated tracts. At a median Per Capita Income of
$10,000 and a Population Density of 3490 persons per km2, the predicted number of TRISITES is 0.26 for tracts which have a White
or Asian plurality; 0.61 for tracts with a Black plurality; and 0.86 for tracts which have a Hispanic plurality. Once again this difference
decreases at higher income levels.



This model supports the conclusion that the Hispanic Percentage of the population is a significant variable, and illuminates
the value of this variable, as distinct from the influence of income effects. The Black Percentage of the population is also a significant
variable.

Model Prediction and Results

Table 14 provides a comparison of all the 1610 observation Poisson models used to predict TRISITES.

Of the models for predicting TRISITES which have been described, the four-variable model using Hispanic Percentage,
Black Percentage, Per Capita Income and Population Density appears to have the best predictive capability, as indicated by its low
residual deviance and high Rho2 (0.361). The actual values of TRISITES ranged between 0 and 25, with a mean of 0.41. The fitted
values from this model ranged from near 0 to 9.5, with a mean of 0.41. The deviance residuals associated with these predictions
ranged from -3.5 to 9.3, with a mean of -0.3.

A plot of the predicted values from this model combined with the actual location of the TRI facilities indicates a good
relationship in most areas. (Figure 13). It can be seen, though, that there are many areas where the model predicted a relatively high
number of TRISITES where none occur and areas where the predicted value is low and facilities do occur. These errors can be
examined more closely through an examination of the residual deviance for each census tract.

In tracts where there is no TRI facility, the model overpredicted to a varying degree. The mean fitted value was 0.29 for tracts
where no facility was present, and 1.00 for tracts which had one or more facilities. In tracts where there is a large number of TRI
facilities, the model always severely underpredicts. Figure 14 reflects the spatial distribution of large overprediction and
underprediction by the model. Dark grey reflects underprediction, while light grey reflects overprediction. The discs in each census
tract are scaled to the magnitude of the deviance residual. Deviance residuals range between -3.5 and 9.3 for this model. Only tracts
where the deviance residual is greater than 1 or less than -1 are displayed.





A test for normality revealed a slight positive skew in the distribution of residuals. There appears to be mild
heteroskedasticity present between the residuals and the three explanatory variables. The heteroskedasticity is most pronounced with
Population Density.

Figure 14 reflects that the model is severely underpredicting the number of TRISITES in Torrance; South of Compton;
around El Segundo; in Sante Fe Springs; in Huntington Park; between Vernon and East L.A.; in Burbank; North of Van Nuys; and
near Canoga Park. The areas where the model severely overpredicts are San Fernando; Pasadena; Pomona; North of Le Puente; East
of East L.A.; East of Hollywood; Southwest of Watts; and around Wilmington. In some areas, such as Sante Fe Springs, East L.A. and
San Fernando, we see locations of high overprediction and high underprediction in close proximity to one another. It can be observed
in Figure 14 that the model often predicts a relatively high value for a number of contiguous census tracts, as adjacent tracts are often
similar demographically, but the TRI facilities occur clustered in only some of these tracts. This reality results in the case of high
overprediction adjacent to high underprediction.

The spatial distribution of residuals suggests that there is spatial dependence which has not been accounted for in the Poisson
model. This reduces the reliability of model results. Spatial dependence is examined under the next method - logit analysis.







Method 3) Modeling Presence or Absence of Facilities in a Census Tract: Logit Analysis

A logit model was employed to examine presence or absence of TRI facilities in a census tract. The same explanatory
variables as were used in the "preferred" Poisson model were used here (Hispanic Percentage, Black Percentage, Per Capita Income
and Population Density), and the same 1610 observations. The dependent variable of interest is TRIO1, a binary variable for which a
value of 1 indicates the presence of at least one facility in a census tract.

Results

In the initial model, where Hispanic Percentage, Black Percentage, Per Capita Income and Population Density were used to
predict TRI01, the coefficient for Black Percentage was not significant (t-value = 1.8), so was subsequently dropped from the model.
In the resulting model, which is summarized in Table 15, all three explanatory variables were significant. Rho2 for the model is 0. 157.

The predicted or fitted values from this model, which reflect the predicted probability of a TRI facility being present in a
given tract, ranged from near 0 to 0.81. The mean fitted value is 0.173, which is equivalent to the actual occurrence of tracts with TRI
facilities present (17.3%). There are several methods for interpreting, these fitted values, though the most common practice is to use a
threshold of 0.5 for interpretation of the model prediction. Fitted values below 0.5 are interpreted as a prediction that no facility is
present, while fitted values of 0.5 and above are interpreted as a prediction of facility presence. Table 16 summarizes model prediction
success using the threshold of 0.5. Given this threshold, the model predicts only 71 tracts (4.4%) as having facilities. Of these, 41 are
correct, so the success rate for predicting presence is 57.7%. Similarly, of the 1539 tracts where the model predicts absence, 1302 are
correct, so the success rate for predicting facility absence is 84.6%. Overall raw prediction success using the 0.5 threshold is 83.4%.



An alternative way of looking at prediction success is to examine the success given the actual condition rather than the
predicted condition. Here, we find that 98% of tracts without facilities are correctly predicted, while only 15% of tracts with facilities
are predicted correctly. Prediction success is uneven as a result of the differential difficulty of predicting facility presence vs. absence.
As 82.7% of all tracts have no facility, it is much easier to correctly predict facility absence than presence. As a result, a normalized
measure of prediction success can be calculated by subtracting the predicted share from the percent correct for both predicted absence
and presence, and then dividing by the actual share for each of those categories (Wrigley, 1985). This measure indicates that
prediction success is only slightly better than chance for predicting facility absence, but is fairly successful in predicting the more
difficult facility presence.

Although the prediction interpretation threshold of 0.5 is the most common in practice, other methods can be considered. Of
the 1610 tracts, 278 have facilities present. The threshold could be adjusted downward to a level where the proportion of tracts
predicted to have a facility equals the proportion in reality. Using a threshold of 0.29 achieves this objective and results in the model
prediction presented in Table 17. Using the threshold of 0.29, prediction success across the actual categories becomes somewhat more
even (88% and 43%), and the normalized prediction success has become slightly more even (0.1 and 1.5). The overall raw prediction
success of the model is reduced slightly, to 80.4.

Figure 15 shows spatially the results of classification using the 0.29 threshold. Areas which are lightly shaded were classified
correctly. Areas which are dark grey have facilities, but have predicted probabilities of having a facility of less than 0.29. Areas which
are light grey do not have any facilities in the tract, but have a predicted probability of greater than 0.29 of having one. Areas northeast
of Monterey Park, north and east of East L.A., north of Sante Fe Springs, north of La Puente and around San Fernando stand out as
areas where the model "overpredicted", when the 0.29 threshold was used. Far fewer tracts would be classified in this category if the
0.5 threshold were used.



Using the 0.29 threshold reduces the number of tracts where "underprediction" has occurred. These tracts, shaded in dark
grey, have facilities, but have a predicted probability of having a facility which is less than 0.29. The areas which stand out are similar
to those areas identified through an examination of residuals from the Poisson model. They are LAX and El Segundo, Torrance,
around Compton, Huntington Park, Burbank, Van Nuys, and Canoga Park. As the use of a 0.29 threshold is generous in classifying
tracts as having a facility, these "underpredictions" can be considered severe.

An analysis of the deviance residuals associated with this model supports this conclusion. The deviance residuals associated
with this model ranged from -1.52 to 3.39, with a mean of -0. 15. A plot of the deviance residuals squared reveals the areas of extreme
under or overprediction, and a broader pattern of misclassification emerges. Figure 16 presents negative deviance residuals
(overpredictions) in light grey and positive deviance residuals (underpredictions) in dark grey. In this case, severe underprediction
reflects tracts where the probability is quite low that a facility would be present, given the Population Density, Per Capita Income and
Hispanic Percentage of the tract, but at least one facility is present. Unlike the examination of residuals from the Poisson model, where
severe underprediction tended to identify tracts with a large number of TRI facilities, these residuals show the least likely tracts for a
facility to occur where one does occur.

Spatial Dependence

The importance of spatial dependence within the context of the logit model was evaluated through a sensitivity analysis
involving the resampling technique described in Chapter 2. The procedure involves first selecting a minimum distance threshold
representing the neighborhood surrounding a census tract. Next, a census tract is randomly selected as the first observation in the
"resampled data set", and all tracts whose polygon centroid lies within the threshold are excluded as neighbors. This procedure is then
repeated until the original set of observations is exhausted. A logit model is then run on the randomly selected resampled data set. This
process was repeated 2000 times for each distance threshold, resulting in a sample of 2000 estimates of each coefficient, associated
t-values and residual deviance. From these, a single set of coefficients can be estimated. The larger the distance threshold selected, the
larger the average number of neighbors each tract will have; and the smaller the average number of observations in each model run.

This technique was applied to the same variables as were used in the original logit model. (See Table 15 for summary of
original logit model). The explanatory variables Population Density, Per Capita Income and Hispanic Percentage were used to predict
presence or absence of facilities within the tract (TRI01). The method was applied for distance thresholds of one, two and three
kilometers and 2000 iterations. Beyond the three kilometer threshold the average number of observations in the resampled subsets
become too low for the results to be reliable.







Results

As the minimum distance threshold was increased from one to three kilometers, the magnitude of the coefficients associated
with Population density and Per Capita Income decreased slightly (7% and 32%, respectively), while the magnitude of the coefficient
associated with Minority Percentage increased slightly (41%). The t-values associated with these coefficients decreased considerably
with the increased threshold, though all coefficients were still significant at the three kilometer threshold. Table 18 and Figure 17
compare the estimated values for all coefficients at the three distance thresholds with the coefficients estimated in the full logit model.
Ninety-five percent confidence intervals were calculated for both the full model coefficients and the coefficients estimated through
resampling and are presented in Figure 17. The straight solid line represents the coefficient estimated in the full model, while the fine
dashed line reflects the 95% confidence interval for this estimate. The three points along a solid line represent the coefficient estimates
for the three distance thresholds, while the coarse dashed lines reflect 95% confidence intervals for these estimates. As the distance
threshold increases, the standard error associated with the estimate increases, resulting in wider 95% confidence intervals about the
estimates.

The coefficients estimated for Population Density appear the least sensitive to the distance threshold selected. There is little
difference between the coefficient estimated for Population Density in the full model as compared with the three estimated through the
resampling method. There is slightly more change in the parameter estimates for Per Capita Income, though the coefficients estimated
through resampling always lie within the 95% confidence interval for the full model coefficient. The parameter estimates for Hispanic
Percentage appear the most sensitive to the distance threshold selected. When a one kilometer threshold is used, the estimated
coefficient is quite similar to that of the full model. In the case of the three kilometer threshold, the estimated coefficient slightly
exceeds the 95% Confidence Interval for the full model coefficient.





This analysis has allowed for an examination of the influence of spatial dependence on the error term of the model. The
results suggest that spatial dependence has not had much of an effect on the model’s coefficients. As increasing the distance threshold
to three kilometers results in increasing the magnitude of the coefficient associated with Hispanic Percentage and decreasing the
magnitude of the coefficients associated with Population Density and Per Capita Income, it is safe to assume that the Hispanic
Percentage variable is at least as important as it appears in the full model.

Summary

Several conclusions can be drawn from these three very different methods of analysis. Consistently, race (as represented by
Minority Percentage) proved to be an important variable in the relationship with TRI facility occurrence in a census tract. Both in the
case of modeling the number of TRI facilities in a tract (Poisson model) and in the case of modeling the presence or absence of TRI
facilities (Logit model), Minority Percentage proved to be an important variable, while the influence of Per Capita Income and
Population Density were controlled. Within the full model, Minority Percentage appears to have a slightly stronger relationship with
the number of TRI facilities in a census tract than does Per Capita Income. A sensitivity analysis suggests that much of the strength of
the Minority Percentage variable comes from observations with low Population Density and many TRI facilities.

Of the individual racial / ethnic groups examined for Los Angeles, Hispanics appear to be most disproportionately exposed to
TRI facilities. The Black population also appears to have a greater exposure to TRI facilities than would be expected based upon
income and population density.

The results of the logit analysis strengthened the conclusions drawn from the Poisson analysis by showing that results were
not dependent upon a few highly influential industrial tracts. Also, it was shown that spatial dependence does not significantly affect
the results of the logit analysis.

Residuals from the Poisson and logit models will be combined with knowledge gained through the bivariate mapping in order
to identify neighborhoods for more detailed analysis of the process which has resulted in the current socio-environmental landscape.
The detailed neighborhood analysis will be the subject of the next chapter.



Chapter 5. Neighborhood Analysis

This chapter presents the method and results of a more detailed analysis of three areas or neighborhoods". The chapter begins
with a brief description of the purpose of the detailed analysis, and is followed by descriptions of the method of neighborhood
selection; research methods employed; and study results.

Detailed Study Purpose and Methodology

The statistical analyses described in the previous chapter provide evidence of environmental inequity in Los Angeles. It is
apparent that low-income and minority individuals generally live in closer proximity to TRI facilities than do higher-income and
White individuals. These statistical analyses describe a static condition - a "snapshot in time", but do not provide any insight into the
processes which have resulted in this socio-environmental landscape. The purpose of this neighborhood analysis is to provide more
detail regarding the development history of a few study areas within the County. A closer examination of the physical features of each
area, the zoning for the area, and the timing of industrial and residential development was conducted with the goal of providing insight
regarding the factors which have resulted in the current socio-environmental landscape.

Method for Neighborhood Selection

Information gained from the analysis of residuals from the Poisson and logit models and the bivariate mapping were jointly
used in the selection of three neighborhoods for further study. The selection method was somewhat ad-hoc, employing some
constraints and flexible criteria regarding the study areas. It was desirable to select study areas with at least moderate population
density ( greater than 1000 pp/sq.km.), as to exclude the highly industrial, non-residential tracts. At the same time, it was desirable to
select areas with at least a moderate number of TRI facilities. Additionally, rather than examining three study areas of similar
socio-economic characteristics, it would be preferable to examine three neighborhoods of varied ethnic composition and economic
class.

In a demographic landscape as varied as that of Los Angeles, it was not difficult to identify neighborhoods which met these
criteria. Utilizing the large positive residuals from the Poisson model tended to distinguish tracts with many more facilities than would
be expected given the population density, minority composition and per capita income of the tract. Overall, these residuals tended to
point toward tracts with a large number of TRI facilities or moderate to high population density. The residuals from the logit model
tended to distinguish tracts with a moderate to high population density, or a high per capita income. The bivariate mapping was then
used to identify neighborhoods which diverged from the strong negative relationship between income and minority percentage, such
as high income areas with a high minority percentage.

Three neighborhoods or study areas were selected for further analysis:

1) Huntington Park - This area was selected because of the large concentration of census tracts which had high residuals in
both the Poisson and logit models. This area is at the heart of the poor inner city, and is located just south of Vernon,
regarded by many as the most polluted place in Los Angeles. The Huntington Park area is very densely populated and is
almost exclusively Hispanic.

2) Burbank - This area was also selected for study due to the large residuals in both the Poisson and logit models. The area is
densely populated, is of moderate income, and has a moderate percentage of minority residents. The area is ethnically
diverse, with a mix of White, Hispanic and Asian residents, though TRI facilities tend to be in tracts which have a higher
Hispanic percentage.

3) Compton / Gardena (west of Compton) - This area stood out in the bivariate mapping as an area with a moderate
population density, moderate per capita income and a moderate minority percentage. This area also had large residuals in
both the Poisson and logit models. This study area is ethnically mixed, with a significant percentage of all four ethnic groups.

Research Methods

Several sources of information and collection techniques were used in the neighborhood analysis. These included site visits,
telephone interviews, and use of existing materials such as zoning maps. This information was synthesized in a descriptive fashion.

Information on the history of TRI facilities within the neighborhoods was obtained through telephone interviews with 50 TRI
facility operators. Questionnaires asking for the same information were sent to several others which could not be contacted by phone.
(Appendix D contains the questionnaire which was used for the phone interviews and mail survey.) The survey focused on when the
facility began operation at the current location; whether it was the original location for the business; what factors influenced the



decision to site the facility in that location; and on the nature of the surrounding area- whether it is purely industrial, highly residential
or mixed. Some facilities were also asked about the number of employees; what percentage came from the surrounding community;
and about the nature of the pollution associated with their industrial process and the pollution control technologies they were using
Unlike the mailed questionnaires, the response rate on the phone survey was very high. Only two facilities declined to provide
information over the phone.

Each neighborhood was also visited to obtain a better sense of the nature and character of the study sites, the aura of the TRI
facilities, and to verify the actual proximity of the industrial sites to residential areas. The site visits were made on a Sunday, while
few facilities were operating

Both historic and current maps of the area were used to provide additional information on important features, such as roads,
railroads and airports; on zoning for each area; and to identify changes in the community over time. Information on when residential
structures were built was obtained from the 1990 Census. Interviews with government officials and local environmental activists
provided additional perspective on local history and environmental perception within the community.

Results of Neighborhood Analysis

The seeds of the current residential and industrial landscape of Los Angeles were planted long ago. Most of the industrial
zones within the County were well defined by 1930, though much industrial growth occurred after 1940. Population growth, and
residential expansion have been fundamental to the history of Los Angeles. Although much of Los Angeles was developed by 1940,
most residential construction occurred after 1955 (Census, 1990.)

Most TRI facilities within the study areas opened before 1952, prior to widespread environmental awareness and the rise of
the NIMBY phenomenon. TRI facilities do not present the same hazard as toxic waste dumps. They are industrial facilities, which
often offer jobs for the surrounding communities, while only presenting an indefinite and largely unknown risk. It appears that there
has been little need for targeting of communities by TRI facilities because these facilities tend to be located in long-term industrial
areas, and because there is not much community resistance to these facilities. To a great extent, historic zoning has resulted in the
landscape which is apparent today.

Industrial facilities are businesses focused on making a profit. Most of the facilities have been in place for a long time, and
chose current locations for reasons of access, land availability, low land prices, and because of the industrial nature of the area.
Industries need to be in industrial areas for reasons of zoning; pollution; convenience; and to fit in. In this sense, it is a path of least
resistance - industries can most easily locate in industrial areas. Many of those industries have had to change processes and implement
control technologies over time in order to comply with new regulations.

Prior to 1940, all three of the study areas had both residential and industrial land uses. Housing typically densified in these
areas during the 1950’s and 1960’s, at the same time that industry expanded within industrial zones. The growth of both industry and
residential use consumed open space and reduced the buffering between these conflicting land uses. This development largely
followed the zoning and planning which had been established decades earlier.



Chapter 6. Research Summary and Conclusions

Los Angeles is a city of contrasts. It is a diverse, multi-cultural, industrial city. It is a city of large open spaces and world
renowned congestion. It is a city of year-round leisure pursuit; a place for agriculture, industry, and the premier city of the automobile.
Though a city of tremendous wealth and extravagance, its center is one of extreme poverty, frustration and neglect.

The history of ethnic migration to this area is long and colorful, resulting in a city of paramount ethnic diversity. But,
segregation in the city is historic and complex. Many parts of the city are extremely integrated, while South Central remains an area
dominated by a Black and Hispanic underclass. The expanse surrounding East Los Angeles has become the largest concentration of
Hispanics north of Mexico City.

Los Angeles is a far more industrial city than many realize. It is a major center for oil refineries, the petro-chemical industry,
metal finishing and plating, textiles and aerospace. There are over 700 manufacturing facilities in Los Angeles which are required by
law to report their routine processing, emission and disposal of toxic chemicals for inclusion in EPA’s TRI database. These facilities
range from seemingly benign industries, such as fruit canning and ice cream manufacture, to oil refineries and metal foundries.
One-hundred-thirty-nine different TRI-listed toxic chemicals are emitted by TRI facilities in Los Angeles County. Many facilities are
in the TRI due to the emission of a single chemical, while some oil refineries emit as many as thirty. TRI facilities have very different
types and rates of emission, employ different control technologies and pose widely different risks to the surrounding community.

The analysis presented in this report applies only to TRI facilities, and only to Los Angeles, and is not generalizable beyond
this case study. Many other environmental hazards exist within Los Angeles, which were not included in this analysis. Environmental
hazards such as landfills and conventional air pollutants have not been considered. By volume, toxic emissions from TRI facilities
pale in comparison to emissions from automobiles in Los Angeles.

The statistical analyses described here have confirmed that there is a significant relationship between income, minority
percentage and TRI facility occurrence in a census tract. In general, the poorer an area, and the higher the minority percentage of the
population, the greater the number of TRI facilities which occur in that area. When all census tracts were included in the analysis, the
minority percentage of the tract appeared to have a slightly stronger relationship with TRI facility occurrence than does the median per
capita income of the tract. This relationship was found to be very sensitive to the minimum population density threshold used,
suggesting that the presence of minority individuals in low density, highly industrial tracts adds strength to the racial variable relative
to the income variable. Overall, it is not possible to conclude whether income or race is more important in this relationship with TRI
facility occurrence. Both are significant variables.

The statistical analyses assessed static conditions in 1989. The more detailed study of three neighborhoods added a temporal
dimension to the analysis. Zoning has had a major influence on the socio-environmental landscape which exists today. Many sections
of greater Los Angeles had industrially-zoned areas adjacent to residentially-zoned areas in the 1920’s. By the 1940’s this blueprint or
scheme for control of space and form had come to fruition.

Industries, acting as profit seeking enterprises, make largely rational decisions. They operate to minimize cost, while
maximizing revenue. The objectives include acquiring land at low cost; acquiring facilities well suited to intended use; having good,
efficient access to transportation, customers and suppliers; locating in a safe area where workers with appropriate skills are available;
and locating in an area where the facility can operate legally and at minimum cost. Of course, zoning can be changed to accommodate
new uses, but it is easier to locate in an area with compatible zoning from the outset. Also, environmental regulations can vary from
locality to locality, but this does not appear to have been an important factor for TRI facilities in Los Angeles County.

Given that most TRI facilities within the study areas began operation at current locations before 1952, and few have been
sited within the last twenty years, industrial siting decisions do not appear to be a major factor controlling the socio-environmental
landscape. Most of the current housing stock was built since 1955. A large influx of foreign-born persons beginning in the 1970’s has
significantly elevated the demand for inexpensive housing. Residential and, to some extent, industrial expansion have increased the
proximity between housing and industry.

Given the more pressing motivations guiding industrial decision making, facility siting does not appear to have resulted in the
high number of minority individuals living in close proximity to industrial facilities. The current socio-environmental landscape,
therefore, must be a product of residential choice, or perhaps lack of choice.

Residential segregation is apparent in many parts of Los Angeles. The urban core of South Central and East Los Angeles is
dominated by Blacks, and increasingly, by Hispanics, while the outlying areas are dominated by middle and upper-class Whites. This
segregation results, in part, from the effect of aggregation, particularly for foreign speaking residents. A Spanish speaking population
must reach some size in order to support many desirable services, such as Spanish-speaking banks, shops and theaters. East Los



Angeles offers the appeal of these services for newly arriving Spanish-speakers. Such effects alone, however, do not account for the
degree of segregation present in Los Angeles.

The statistical analysis showed that at a given income level, Hispanic and Black individuals were more likely to be living in
close proximity to a TRI facility than White or Asian individuals. This result could be attributed to two factors - perception and value
of the environment or limited residential choice. If individuals’ perception of the environment differs across racial and ethnic groups,
perhaps as a result of culture, experience, differing degrees of environmental awareness, etc., this could result in a differing valuing of
proximity to industry. Hence, people might be willing to pay differently for not living near industries which pose an unknown
environmental risk. Another explanation of the model results lies in residential segregation. If differing residential options are
available to people of the same economic class, but of different race or ethnicity, this could account for the importance of race as a
factor within the model.

Policy Issues

The bivariate mapping employed in this analysis confirmed the strong correlation between income and race. The greater the
Minority Percentage in a tract, the poorer the tract tends to be, with very few tracts diverging from this pattern. Due to the high
correlation between income and race, which of the two factors is more important is nearly a moot point. To examine low-income
neighborhoods is to examine minority-dominated neighborhoods, and the inverse is true. And both hold true most of the time.

This finding has relevance to potential policies for addressing the high minority proximity to TRI facilities. If one wanted to
address the issue of a high percentage of minority and lowincome individuals living near TRI facilities, one would not need to focus
on ethnic composition or income-level. Rather, if one simply focuses on areas with high concentrations of TRI facilities (or the most
polluted areas, in general) one would by default be examining the areas with, on average, a high minority percentage and low income.
Hence, a risk-based approach, which focuses on areas of high pollution and the greatest risk to the population, which treats people
equally, would generally identify areas of low income and high minority percentage. Such a strategy can only be effective if
environmental protection and priority setting are kept separate from political interests.

The solutions to the problems of environmental equity are closely related to broader problems in American society today.
Firstly, the strong relationship between race and poverty is at the root of the high minority exposure to environmental pollution, as
poverty limits choice. For it ever to be the case that the exposure of minority individuals to pollution is no higher than that of the
average resident, the economic disparity between minorities and non-Hispanic Whites must be rectified.

Secondly, if residential segregation has resulted in the importance of race as a factor beyond what would be expected from
income-level alone, then, once again the issue of environmental equity is closely tied to broader social problems. Residential
segregation must be remedied.

There are some policies and actions available, however, which are more closely related to environmental policy, which could
help to lessen environmental inequities. Insuring that environmental regulations are uniformly enforced, regardless of the race,
ethnicity or class of the affected population, would go a long way toward addressing the equity issue. Small industrial businesses offer
a great benefit to the surrounding community, particularly in low income areas. It is crucial that these facilities employ all required
and appropriate pollution control methods, to minimize risk to the surrounding communities.

Within regional planning agencies, greater attention needs to be paid to environmental concerns and the co-location of
conflicting land-uses. Particularly in the cases of most limited choice, such as low-income and public housing projects, it seems
inappropriate, at best, to site these in areas of high environmental risk. Although it did not appear to be the case with TRI facilities,
more noxious facilities such as landfills, incinerators and pipelines are often proposed for the most disadvantaged areas. People should
be treated equally within the environmental landscape, and such targeting should not persist. To this end, environmental reports and
planning documents should be published and distributed in the languages which are appropriate for all affected neighborhoods.

And, finally, the quality of environmental education is poor in general, and even worse in inner-city schools. Environmental
education should be improved in both primary and secondary schools as a means of improving environmental awareness and of
improving people’s ability to address environmental concerns within their communities.

Further Research

This research examined the relationship between the population and TRI facility occurrence within census tracts. The
analysis could be expanded in three ways:



1) Within this analysis, all TRI facilities were treated as equivalent. The analysis could be enhanced by evaluating the relative
risk posed by individual facilities in terms of type and volume (or overall toxicity) of emissions.

2) Additionally, other sources of pollution could be included in order to get a broader picture of environmental equity in Los
Angeles. Sources such as incinerators, municipal and hazardous waste landfills, and Superfund sites could be included, in
addition to information on concentrations of conventional pollutants.

3) Finally, a similar, frame-independent analysis could be performed which is less constrained by census tract boundaries.
Such an analysis could be implemented by buffering facilities, and then analyzing the characteristics of the "affected
population" within the buffer. Alternatively, a population potential function could be used which would allow for a
distance-based evaluation of exposure.

Such enhancements would be interesting extensions of this thesis.
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Appendix D - Industrial Neighborhood Questionnaire

I am a graduate student at UCSB doing research on decisionmaking surrounding the siting, of industrial facilities within Los
Angeles. I am looking at several hundred facilities within L.A., and am trying to gather some information about why different
businesses chose their current locations.

I have a few questions for the site manager, or some other person knowledgeable of the history of the facility. The discussion
should only take about 5 minutes.

1) When did the facility begin operation at the current location? (year).
2) Did your company open here or did you move to this location?
3) What is the nature of your business?
4) What is the nature of the neighborhood surrounding your facility? (le. industrial, commercial, residential, mixed.)
5) What is the name of the neighborhood / area? Is it an incorporated area?
6) Is the area "run down"?
7) What factors influenced the decision to site the facility in this area?
8) How many employees are there at this site?
9) Does the facility employ many people from the surrounding community, or do most people commute from more

than 5 miles?
10) Is there much pollution associated with your industrial process? (either toxic or conventional).

If so, what pollution control technologies are being employed to reduce the pollution?
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