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We are pleased that our article has produced such wide-ranging re-
sponses, and hope that similar levels of interest are stimulated at large.
That there is controversy about the methods and conclusions indicates
that there are important matters of social analysis and policy deserving
further attention. How we as individual researchers and public policy
makers respond to these matters has both methodological and political
significance. In this regard, we consider that the best approach to prog-
ress is through reasoned, noninflammatory discourse.

This study began in 1992 as an effort to investigate and provide a
stronger empirical foundation for one dimension of the position ad-
vanced by the environmental justice movement, namely the lack of
balance in the siting of hazardous waste facilities. With the expectation
of reinforcing the existing findings, we conducted a study that im-
proved upon the approaches reported in the literature by including
historical data and developing some prototypical statistical testing tai-
lored to environmental justice research. Consistent with scientific sur-
prise, the results were substantially different from those we expected.
Both this study and the evolution of research in environmental justice
genuinely provide a model of how the scientific process is supposed to
work. There also has been considerable progress in the development
of concepts and methods since our project started.

In response to some commentators' concerns about the definition of
environmental justice, there is clearly no wish to restrict the meaning
of such a broad concept to hazardous waste or even siting issues—
important as they are. Rather, we were focused on testable hypotheses
in an area with sufficient data to provide meaningful results. Hazard-
ous waste siting is one of those issues.

On a related point, reviewers also noted aspects this study did not
address. We would agree that this was a study focused on one particu-
lar facet of the environmental justice debate and, as such, there are
clearly a wide range of issues not addressed. These issues range from
the sociohistorical issues and the scope of environmental justice men-
tioned by Bullard, to the exclusion of rural facilities noted by several
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commentators. This narrower focus does not signify that these other
issues lack importance, only that in this article we focused on a man-
ageable topic.

Beyond these general points, there are several issues we see as rele-
vant and would like to address. These include the approach used in
the literature review, census tracts versus zip codes, methodological
issues, and directions for future research.

Literature Review

A literature review can serve a wide variety of purposes. It can update
a reader on the state of a discipline, review an ongoing debate, or define
the basis for an author's position. The purpose of our literature review
was to focus the readers on the material that guided the development
of our study in late 1992 and 1993. This is why many of the subsequent
articles referred to by the commentators were either only briefly re-
ferred to or not addressed in our article. The decision to focus our
review was based on the space constraints inherent in a scholarly article
that prevents both an exhaustive literature review and a comprehensive
presentation of every aspect of research.

The same space constraints that limited the scope of the literature
review also limited the depth of the literature analysis. As we stated in
our literature review, we provide a brief overview of the relevant issues,
the approaches adopted, and conclusions drawn. Readers desiring a
more complete review of the literature inspiring this research are en-
couraged to read the comprehensive 30-page literature review provided
in ""Race, Poverty, and Hazardous Waste Landfill Siting in Texas"
(Yandle, 1993). Einally, one point raised by Mohai on this issue would
benefit from a direct response. After stating that "existing research has
rarely rested solely on the discriminatory siting hypothesis, or any
other single hypothesis," he then lists "factors" such as insufficient
access to resources, job blackmail, limited access to decision makers,
and housing segregation as alternative explanations. In our view these
"factors" can be accurately viewed as part of discrimination, most
notably as mechanisms by which discriminatory siting takes place.

Census Tracts versus Zip Codes

The issue of using census tracts versus zip codes attracted diverse
observations from commentators. Given this interest, we would like
to step back to examine the design and purpose of both zip codes and
census tracts. According to the United States Postal Service:
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The Zoning Improvement Plan (ZIP Code) was initiated July I, 1963, to
speed ami improve mail handling lemphasis added]. ZIP Code is a five-
digit system: the first digit represents one of the geographical areas; the
second two numbers indicate a metropolitan area or sectional center; the
last two represent a small town or delivery unit within a metropolitan
area. (U.S. Postal Service, 1982:21)

Since the 1980 Census, census data have been available for zip code
areas, and has been used extensively by direct mail marketers. In con-
trast, the Census Bureau reported that:

The concept of census tracts was originated by the late Dr. Walter Laidlaw
in New York City in 1906. While working with population statistics, he
became convinced that, in order to study neighborhoods, it was necessary
to have population data for local areas smaller than boroughs or
wards. . . . At liis request the Census Bureau made tabulations of 1910
data by census tracts. (U.S. Bureau of the Census, 1952: 1)

Today, the Census Bureau defines census tracts as follows: "Census
tracts usually have between 2,500 and 8,000 persons and . . . are de-
signed to he hotnogeneous with respect to population characteristics,
economic status, and living conditions^' (emphasis added; U.S. Bureau
of the C'ensus [I993:A-51). Since census tracts were constructed for
demographic research with homogeneity principles in mind, we con-
tinue to support census tracts as the most appropriate measure for the
purpose of this and similar studies.

Mohai raises the issue of the relative size of zip codes and census
tracts. While we did not conduct an extensive study to respond to this
concern, Waco, Texas, provides an illustrative example of the differ-
ence in size between these two units. While there are nine zip code
areas in greater Waco, there are five times as many census tracts in the
same area (45 tracts). Mohai's strong defense of zip codes is especially
puzzling because the authors of the UCC study (the largest environ-
mental justice study to use zip codes) acknowledged the weakness of
zip codes when they stated: "Census data was available for geographic
units that are smaller than 5-digit zip code areas, including tracts, block
groups, blocks, and enumeration districts. These smaller units allow
for more precise definitions of these neighborhoods in some cases"
(United Church of Christ, 1987:62).

Bullard raises different concerns about zip codes. He is indeed cor-
rect when he notes that we did not report the population density of
tracts or the proximity of population to hazardous waste landfills. The
Census Bureau does not provide population density information, and
given the irregular boarders of census tracts, there is no single measure
of population proximity to a hazardous waste landfill. One of the chal-
lenges generated by our study is that it raises population density as a
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possible factor, a difficult variable to quantify for large-scale studies.
We join Bullard in looking forward to firm data on this issue.

Similarly, Bullard is correct that block groups and blocks do indeed
provide even smaller units of analysis than census tracts. However, this
higher resolution comes at a serious informational cost. As Anderton
points out, identifying data (particularly income data) are often sup-
pressed at this level. Also, these units can be too small for effective use
in large-scale studies. For example, Bullard's Almeda Plaza neighbor-
hood consisted of multiple block groups. Selecting the blocks and
block groups that represent these small neighborhoods requires a de-
tailed knowledge of these communities which may be feasible for
small-scale local studies, but would not be realistic for statewide or
national studies.

Methodological Issues

Commentators also raise several issues on the methodology used in
this study. Many of these are forward-looking, and can best be de-
scribed as directions for future research. Such comments are addressed
in the "Directions for Future Research" section.

Anderton raises broad methodological issues when he asserts that
there are several methodological issues that render our results biased.
Perhaps not surprisingly, we disagree. That our study is confined to
metropolitan Texan landfills does ntit, a priori, make the results of no
value or without broader interest. Similarly, the other issues raised
(such as not explicitly adjusting for changing definitions of hazardous
landfill sites, relying on census data, not including rural sites, and not
weighing for the varying size of tract population) do not render the
conclusions unreliable. This is, after all, a broad statistical investiga-
tion. Substantially stronger evidence than pointing to these factors and
making the assertion that they substantially bias the results is required
to cast doubt on this study's validity.

The most immediate specific methodological issues are raised by
Mohai, who raises several objections, each fundamentally related to
the issues of independence. Mohai correctly notes a useful theoretical
point: even though we removed the estimated impact of each tract from
the relevant MA, our calculations did not create independence between
the MAs and the tracts, since the tracts are imbedded in the MAs.'

I In regard to the use ot medians as a pnixy fnr means in making this adiustment, we
would note that (contrary to the small extreme sample constructed by Mohai) in a rea-
sonably large sample such as we used, the median can he expected to approach the mean
vaiuc with a normal distribution. To the extent that the median does approach the mean,
[he methodology chosen is an acceptahle way of removing the influence til the tract from
its MA. Also, for certain years of this study, mean census data were simply not availahle,
lf.iiiing to rhc use of median as J proxy measure.
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Contrary to Mohai's assertion, this does not make our results invalid.
To explain why, we need to clarify what is meant by "independence"
in this context.

Chi-square relies on an assumption of independence for acceptance
of its null hypotheses, not in the independence of the variables tested.
Indeed, if we artificially created independence between the variables
(in this case the MAs and the tracts), there would be no point in con-
ducting the statistical analysis. By artificially creating independence
between the variables, we would already know the results of the sta-
tistical analysis: a finding of independence between the MAs and the
tracts. This finding would support the null hypothesis—that there was
not a statistically significant difference between the host communities
and the MAs for race or median family income. In essence, while the
calculation we performed adjusted the MAs data for the very slight
influence of the tracts upon the MAs,- this was not necessary for sta-
tistically valid comparisons. In sum, there was no artificially created
independence between the MAs and the tracts, and the chi-square val-
ues are meaningful.

Mohai's second main methodological issue, our use of quartile
analysis, may be best described as a difference in opinion over tech-
nique. He argues that each tract value must be looked at relative to its
MA value, from which we could calculate a simple "greater than" or
"less than" relationship between each tract and its MA. We have con-
cerns that this approach would be vulnerable to a variety of individ-
ually relevant but statistically irrelevant factors such as regional geol-
ogy or access to interstate highways. We also consider the quartile
approach to he equally valid when real world data with multiple ob-
servations are used, despite the extreme example that Mohai con-
structed. The data in this study were inspected to be sure that no ex-
treme position was present, such as that depicted in the constructed
example.

Nonetheless, we reexamined the data in Table 1 using the method-
ology advocated by Mohai,' and the results confirm our findings. For
each of our 71 observations, we subtracted the tract percent white from
the MA percent white. A negative difference would indicate that the
tract was disproportionately white, while a positive difference would
indicate the opposite. (For example, if a hazardous waste landfill was
located in an MA that was 71 percent white and a tract that was 86
percent white, the result would be a difference of -0.15—or - 1 5

2 For example in 1980 the Houston SMSA had a population of 2,90.S,.J53, while tracts
containing hazardous waste landfills had a population o( 12,237, or 0.42 percent of rhe
population of the Houston SMSA.

'Time constraints prevented us from performing similar sratistical analyses on the
remaining data.
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percent.) Our results show that 45 tracts had a higher percentage white
than their respective MA, while 26 of the tracts had a higher percent
nonwhite. Statistical testing revealed a mean difference of -0.0833
with a standard deviation of 0.2441, resulting in a t statistic of
— 2.2519 and significance at the .05 level.

A different way of looking at our original analysis is that we com-
pared the distribution of values (nonwhite population and income)
across a collection of tracts and their respective MAs in the state of
Texas. We, and various advisers, considered this population sufficient
to provide meaningful results. The question was: Is the distribution of
values in the tracts consistent with the distribution of values in the
MAs? The null hypothesis is that there is no difference between the
distrihution of tract and MA values. A rejection of the null hypothesis
is a conclusion that there is a statistically significant difference between
the distribution of values (measured by quartiies) in the tract and those
in the MA. As the article says, "If a statistically significant difference
between the tracts and the MAs was found for race or income, this
would indicate that a bias was present in siting. However, the specific
nature and reasons for this bias would not be established."

The analysis in some cases showed insufficient association to assert
a statistically significant conclusion with confidence. But in the critical
cases, the analysis led us to conclude, with confidence, the findings
indicated in our ''Results" section. In this regard, we most emphati-
cally consider that environmental justice principles should be applied
for the benefit of all communities—indeed this is one of our results.
That hazardous waste landfills were found to be disproportionately
located in poor white communities is clearly an important finding of
this work. Our conclusions have been credible to a number of anony-
mous reviewers, as well as to Barkenbus, Peretz, and Rubin and to
Bullard.

Directions for Future Research

The most thoughtful part of this Forum is the volume and quality
of ideas for future research and methodological refinements that some
reviewers have generated. In their commentaries, Barkenbus, Peretz,
and Rubin provide an excellent outlining of areas for future research,
while Anderton delineates advances in methodology.

In his commentary, Anderton describes six broad methodological
areas (defining study subjects, adequacy and coverage of data, choice
of areal units, studying areas or populations, controlled comparisons,
and longitudinal designs), then outlines his vision for best research
practices in these areas. With the increased interest in environmental
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justice, increased funding trom both private and public sources hope-
fully will be available to undertake this research. As a research com-
munity we are now in a better position to undertake this more de-
manding program.

Barkenbus, Peretz, and Rubin provide a thorough and thoughtful
exploration of both what we know and what we do not know about
environmental justice. The wide-ranging research questions they raise
(such as the role of the market place, treatment of other LULUs, dy-
namics of siting in rural areas, levels of regulatory inspections and
enforcement, cleanup decisions, and representation of stakeholders in
environmental decision making) are a true challenge for environmental
justice researchers. We agree with Barkenbus, Peretz, and Rubin about
the complexity of environmental justice, and the need for extensive
research into a broad range of environmental justice issues.

Conclusions

As we review both our research and the related commentaries, we
are impressed by both the diversity of comments and the recognized
need for further research. That our results do not support certain his-
torical claims may be disturbing to some. Together with the findings
of others, these results suggest that the claims of systematic injustice
in the siting of facilities is difficult to support with historical statistical
data analysis in this specific situation. Even as we are concerned with
the various dimensions of environmental justice, we must be cautious
about implementing policy until we have a more complete understand-
ing of these complex issues.

We specifically support the research agenda suggested by Barkenbus,
Peretz, and Rubin. Hazardous waste landfill sitings are only part of
the issue. The larger issues pertain—as Bullard also notes—to equal
protection, participation in decision making, and redress of grievances.
We would like to echo the conclusions of Barkenbus, Peretz, and
Rubin:

The goal of public policy should be to increase the access to al! forms of
environmental quality, both rhose that are privately appropriable through
the marketplace and those that can only be communally acquired such as
biodiversity and global warming protection.

Of concern to responsible environmentalists and public policy analysts
is that this goal not only has capacity and resource constraints but also
must reflect the vision and political skills of those working for these
noteworthy goals. SSQ
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