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Abstract 

 

This paper examines the role played by community characteristics in influencing local environmental quality, 

focusing specifically on ethnic diversity. In contrast to the previous literature, this study argues that it is the 

fractionalization and/or polarization of ethnic groups that is the relevant consideration, rather than the 

population share of ethnic minorities, since such diversity may significantly increase the difficulty of co-

ordinating community action. Using toxic release data for the period 1990-1995 and, for the first time, 2000-

2005, we find that measures of ethnic diversity do indeed influence local toxic release emissions. This finding 

persists across a range of robustness exercises. 
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1. Introduction 

 

In recent years the public disclosure of countries’ major industrial polluters has become increasingly 

commonplace. Referred to by some as the third wave of environmental regulation after command and 

control and market instruments (Tietenberg 1998), the intention is that schemes such as the US Toxic Release 

Inventory (TRI) and the Canadian National Pollution Release Inventory will provide information to the 

public regarding the sources of industrial pollution within their locality.1 A literature has emerged to examine 

how various stakeholders, once armed with such information, may pressurise polluters to reduce their 

emissions. Studies such as Hamilton (1995) and Khanna et al. (1998) emphasise the role played by investors in 

influencing firm behaviour in the light of information regarding firms’ pollution activities.  Other studies, 

such as Arora and Cason (1996), Khanna and Damon (1999) and Antweiler and Harrison (2003) focus on the 

pressure that consumers place on firms and suggest, for example, that firms that produce final (as opposed to 

intermediate) goods and which are hence closer to consumers, are more likely to participate in voluntary 

environmental programs (Khanna and Damon 1999).2 More generally, Bui (2005) looks at the effectiveness of 

the TRI scheme in reducing pollution in the US petroleum industry. 

 

This paper contributes to a second strand of the literature that considers the role played by community 

pressure and the issue of whether the presence of certain community characteristics is likely to increase or 

decrease toxic releases within that locale. Studies such as Hamilton (1995) and Arora and Cason (1999) 

examine toxic emissions using US zip code level data and include a large number of demographic and socio-

economic characteristics. Key explanatory variables are found to be income, unemployment and the 

percentage of the population that rent homes. Other studies such as Hamilton (1993) and Kahn (1997) 

undertake similar analyses at the county level while Kriesel et al. (1996) perform their analysis at the census 

                                                           
1 Other public disclosure schemes include the UK’s Pollution Inventory, Australia’s National Pollutant Inventory, 
Indonesia’s Program for Pollution Control, Evaluation and Rating, the Philippine’s EcoWatch scheme and the Chinese 
GreenWatch program. 
2 A number of studies focus on the related, but distinct, issue of how effective voluntary environmental programs have 
been, particularly in the US (Vidovic and Khanna 2007, Innes and Sam 2008). 
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tract level, with similar results found. Becker (2004) finds that plant level abatement activity is influenced by 

community characteristics, including income and home ownership while Gray and Deily (1996) find that 

regulatory inspections and enforcement activity is lower for steel mills located in economically depressed 

areas. They argue that regulators may be reluctant to jeopardise employment levels in ‘economically sensitive’ 

areas or when the mill provides a large proportion of local employment. In a related literature, Pargal and 

Wheeler (1996) and Cole et al. (2005) examine the role that community pressures play in informally regulating 

firms in the context of Indonesia and the UK, respectively. Both studies find evidence to suggest that such 

informal regulation does indeed play a role either instead of, or alongside, formal regulation. 

 

In this paper we focus on environmental injustice, a key theme within this broad body of literature. 

Environmental injustice is said to occur if certain racial or socioeconomic groups experience a 

disproportionate share of the negative environmental consequences of industrial activity. With regard to race, 

studies such as GAO (1983) and UCC (1987) were the first to raise the possibility that US hazardous waste 

sites were disproportionately located in areas with large concentrations of minority communities. Later work 

by Boer et al. (1997), and Goldman and Fitton (1994) supported this finding while Jenkins et al. (2004), 

Davidson and Anderton (2000) and Anderton et al. (1994) find less compelling evidence of a link between 

race and hazardous waste or landfill sites. Hamilton (1995) finds no statistically significant relationship 

between race and toxic releases at the zip code level while Arora and Cason (1999) find that race does play a 

role, but only in ‘non-urban’ areas of the Southern USA.  

 

Three very recent studies have further stimulated the environmental justice debate. First, Wolverton (2009) 

finds that race is positively and significantly related to plant location when using current socio-economic data, 

but does not find such a link between plant location and race at the time of siting. Wolverton’s findings 

suggest that certain ethnic groups may be attracted to industrial plants, rather than the reverse, perhaps 

because of the reduced property prices. Ash et al. (2010) find evidence to suggest that minorities do face 

greater pollution burdens but also find that, within those communities, white citizens also face greater 



4 
 

pollution burdens. Their conclusion is that environmental justice is good for everyone, not just minority 

groups. Finally, Gray et al. (2010) examine whether environmental injustice may occur through reduced 

regulator activity in poor or minority communities but find little evidence to support this.  

 

Those who suggest that there may be a causal link from ethnicity to pollution provide two reasons as to why 

plant location, and hence toxic releases, may be influenced by the presence of minority communities 

(Hamilton 1993). First, based on Coase (1960), firms will locate where the valuation of environmental quality 

and hence the damage for which they would be required to compensate, is lowest. Since, as Wolverton (2009) 

points out, local willingness to pay for environmental quality is a positive function of income, a firm locating 

in a low income area, in which ethnic minorities are likely to be present, is likely to be required to make 

smaller compensation payments. Second, plants will locate where the likelihood, and strength, of collective 

action is lowest. Communities inevitably vary in their ability to overcome the free-rider problem to engage in 

collective action and the presence of ethnic groups may be one factor which limits this ability, perhaps 

because of language barriers or unfamiliarity with local political processes.  

 

However, to date, the literature examining the link between ethnicity and pollution has done so by looking 

only at the share of certain ethnic groups within each area. One barrier to collective action may be ethnic 

diversity, measured in terms of fractionalization or polarization, as this is likely to increase co-ordination 

problems, and hence transaction costs, associated with such action. A growing number of studies now link 

ethnic fractionalization to various aspects of economic and social activity with several focusing on the 

provision of public goods (Alesina et al. 1999, Vigdor 2004, Miguel and Gugerty 2005). These studies typically 

argue that ethnic diversity implies the heterogeneity of preferences in a community which, by creating 

disagreement surrounding public good provision, reduces the community’s ability to engage in collective 

action.3  However, as far as we are aware, no studies have yet examined the role played by ethnic diversity 

                                                           
3 Ethnic diversity has also been linked to economic growth (Easterly and Levine 1997), interpersonal trust (Leigh 2006, 
Alesina and la Ferrara 2002) and the likelihood of civil war (Collier and Hoeffler 1998, 2004).   
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(fractionalization or polarisation) in potentially reducing the ability of a community to informally regulate 

local polluters. That is the focus of the present study. 

 

Using TRI data for 1990-1995 and demographic data from the 1990 US Census of Housing and Population, 

we examine how ethnic fractionalization and polarisation affect zip-code level, toxicity weighted, toxic air 

releases. We then repeat the analysis using TRI data from 2000-2005 using the 2000 US Census of Housing 

and Population. We find evidence to suggest that the volume of industrial toxic releases within a zip-code 

increases with the degree of ethnic diversity within a community. Furthermore, our findings suggest that the 

relationship between ethnic diversity and toxic releases exists in both of the periods that we investigate.  

 

The remainder of the paper is structured as follows: Section 2 outlines the measurement of fractionalization 

and polarization, Section 3 discusses our data and methodology, Section 4 provides our results and Section 5 

concludes. 

  

2. Measuring Ethnic Diversity: Fractionalization and Polarization 

 

The majority of empirical studies that examine the effects of ethnic diversity do so using fractionalization 

indices, with the most common being the index of ethnolinguistic fractionalization (ELF). The ELF index 

can be defined as follows; 
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 where 
ijn is the number of people that belong to ethnolinguistic group i  in country j , 

jN  is the size of 

country j ’s population, 
jI is the total number of ethnolinguistic groups in country j , and 

ij  is the share 
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of population belonging to group i  in country j . Therefore, the index increases when the number of groups 

increases.  

 

While different versions of the ELF index exist, based on different definitions of ethnic groups and different 

data sources, there are two reasons for the popularity of the index. First, it is easy to interpret and simply 

represents the probability that two randomly drawn individuals from the population in a given country will 

not belong to the same group.4 Second, the index is relatively easy to compute and requires only the 

population shares of each group within each country. That said, the index has received some criticism relating 

to the difficulty of identifying relevant groups (Posner 2004) and the fact that the index may not adequately 

capture the depth of group divisions. For example, the index assumes that individuals within a group are 

identical while individuals in different groups are totally different and the difference between them is the 

same irrespective of which groups they belong to (Lind 2007).  In light of these criticisms, the concept of 

polarisation has been proposed as an alternative group diversity measure that accounts for relative group sizes 

and perceived differences between groups (Esteban and Ray 1994).   

 

In general, polarization stands for the idea that society tension is driven by an individual’s sense of 

identification with his/her own group and by the collective alienation of oneself from the other groups in a 

society.  The polarization in a society is postulated to be the sum of all effective antagonisms between 

individuals that belong to different groups and can be defined as; 

 

    * 1 1

1 1 1 1
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      (2) 

 

where i , 0 1i  ,  denotes the percentage of population that belong to group  i  ( 1,...,i N ) and  N is 

the number of groups. K is multiplicative constant for population normalization and 0 ,    is the degree of 

                                                           
4 The index ranges from 0 (a perfectly homogenous country) to 1 (where each individual belongs to a different group).  
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polarization sensitivity and  ,i jy y  represents the distance between two groups and can be expressed as 

the absolute distance
i jy y .5 This measure of polarization reaches its maximum when the population is 

concentrated on two equally sized poles located at the maximum distance from each other, that is, when the 

population is distributed into two equally sized groups in a society.  

 

However, the empirical implementation of polarization index P* has some difficulties which reduce its 

empirical applicability. The value of the polarization index P* depends crucially on the number of groups and 

the value of  . As such, the first difficulty is related to how to identify each group, a decision that naturally 

determines the number of groups involved in the analysis. The second is concerned with uncertainty over the 

right value of  since Esteban and Ray (1994) do not specify which value of  in the range of (0, 1.6] is 

better to capture polarization.6 Furthermore, the original application of the polarization measure of Esteban 

and Ray (1994) is initially referred to a measure of income or wealth polarization.  The distance between 

(income) groups is then measured as the Euclidean (income) distance in  . That is ( , )i j i jy y y y   . 

Therefore, to measure ethnic diversity using the polarization index, one not only needs to identify each ethnic 

group but also to measure the degree of antagonism between ethnic groups. Evidently, the task to calculate 

the distance between ethnic groups is difficult, subjective and, to an extent, arbitrary. 

 

To overcome such difficulties in measuring ethnic polarization, Montalvo and Reynal-Querol (2002) propose 

the index of discrete polarization (DP) by substituting the Euclidean metric by a discrete metric. This discrete 

metric implies that the distance between two individuals from the same group is zero whereas from different 

groups is unity. Accordingly, the distance between any two groups in a society is equal. 

  

                                                           
5 In the context of income,  

i jy y  is the distance between two income groups. 

6 Collier and Hoeffler (2001) and Alesina et al. (2003), for example, calculated the polarization measure for three different 

values of  : the two extreme values  0 and 1.6, and intermediate one 0.8.  
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Since [0, )  , there are different DP measures corresponding to each possible value of  . Montalvo and 

Reynal-Querol (2002), however, show that the only if   takes the value of one does the DP measure fulfil 

the basic properties of a polarization index. If  =1 the index has the following attributes for the example of 

a three group society:  First, if the two smallest groups are merged into a new group, the new distribution is 

more polarized that the original one. Second, if we shift population mass from one group equally to the other 

two groups, then polarization increases. Third, it reaches its maximum at a bipolar symmetric distribution, 

(0.5, 0,…, 0, 0.5), which represents the maximum degree of polarization. 7  

 

Moreover, when 1  , the only value of constant K that normalizes the DP index between 0 and 1 is equal 

to 4. This (1,4)DP  coincides with the RQ index originally constructed by Reynal-Querol (2002) for the 

measurement of ethnic and religious heterogeneity. The (1,4)DP  can be written as: 
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7 For detailed proofs, see Montalvo and Reynal-Querol (2002). 
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This polarization index equals 1 when the population is concentrated in two equally sized poles located at the 

maximum distance from each other. Broadly speaking, the measures of fractionalization and of polarization 

differ on two counts. First, an increase in the number of groups increases the fractionalization index whereas, 

it lowers the polarization index. Secondly, while the fractionalization index increases monotonically with 

diversity, the index of polarization captures how far the distribution of the groups is from a bimodal 

distribution. 

 

In this study we calculate fractionalization and polarisation indices based on equations (1) and (3), 

respectively. The manner in which we do this is discussed in more detail in the next section.  

 

3. Data and Methodology  

 

3.1 The Toxic Release Inventory 

 

Following the passage of the Emergency Planning and Community Right-To-Know Act (EPCRA) in 1986, 

the TRI program requires manufacturing facilities to report information on their releases and transfers of a 

wide range of toxic chemicals. Any facility that manufactures or processes more than a threshold level of the 

listed toxic chemicals must submit an annual toxic release inventory report.  The report includes such 

information as the name of the company, the name of any parent company, the volume of toxic releases, and 

the frequency of releases, as well as the medium (air, land, water, underground) in which the chemical is 

released.  

 

This study utilises zip code level toxic releases for the years 1991, 1993 and 1995. In sensitivity analysis we 

also examine toxic releases in 2005. Since the number of chemicals included within the TRI has changed over 

time, for consistency we use the 1988 ‘core chemicals’ list, which consists of 296 different chemicals, in each 
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year. In common with earlier studies (for example Arora and Cason 1999), we aggregate releases across all 

four media.8  

 

3.2 Demographic Data 

 

Our explanatory variables are drawn from the 1990 US Census of Population and Housing Summary Tape 

File 3B (STF 3B) at the five-digit zip code level.9 In the sensitivity analysis we also utilise explanatory variables 

from the 2000 Census. Table 1 defines each of our explanatory variables and Table 2 provides the mean 

values of each variable for zip codes reporting zero toxic releases and for zip codes reporting positive toxic 

releases.10 Table 2 indicates that, on average, zip codes reporting positive toxic releases tend to have a greater 

share of non-white and black residents, tend to have more urbanised populations and tend to be larger in 

terms of population size than zip codes that report zero releases. 

 

[Table 1 about here] 

[Table 2 about here] 

 

3.3 Toxicity Weighting 

 

The limitation of the TRI data is the lack of information on the potential risk of reported chemicals thereby 

limiting the ability to interpret and evaluate the threat to human health and the environment posed by such 

chemicals. Several studies have made an attempt to account for the relative toxicities of each chemical by 

constructing new aggregates, which incorporate each chemical’s toxicity (Arora and Cason 1995, Brooks and 

Sethi 1997, and Chintrakarn and Millimet 2006). Arora and Cason (1995) compared two methods of chemical 

aggregation, one weighting all chemicals equally and another weighting by assigned risk scores to account for 

                                                           
8 In unreported estimations we confirmed that disaggregating releases into air, land, water and underground, has very 
little impact on our results. 
9 The only exception is the land area (in square miles) of the each zip code which was used to construct zip code level 
population density. This was obtained from the US Forest Service. 
10 Summary statistics for the fractionalization and polarization variables are reported separately in Appendix 1. 
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the differences in chemical toxicity. However, their estimated results were insensitive to the weighting 

scheme. Brooks and Sethi (1997) attempted to address this issue by utilizing the threshold limit value (TLV) 

for each chemical substance provided by the American Conference of Governmental Industrial Hygienists 

(ACGIH). 11 Finally, Chintrakarn and Millimet (2006) consider three different methods of aggregation. First 

they aggregate all unweighted chemicals together into total releases. The second is to consider only those 

chemicals designated as hazardous air pollutants (HAPs). The third is to analyse only those chemicals 

classified as carcinogens under the requirements of the US Occupation Safety and Health Administration 

(OSHA). 

 

In this paper we address the issue of toxicity in three different ways. First, we weight each chemical by its 

threshold limit value time weighted average (TLV-TWA) as provided by the ACGIH, in the manner 

described below.12 Secondly in sensitivity analysis we consider only those chemicals designated as HAPs, 

again weighted by TLV-TWAs. Of the 296 chemicals included in the 1988 ‘core chemical’ list and included in 

our toxic releases data for 1991, 1993 and 1995, close to 50% are classified as HAPs. Thirdly, if local 

populations are oblivious to the toxicity of the chemicals to which they are exposed, collective action may be 

a response to the volume of pollution irrespective of its toxicity. For example, local populations may be more 

concerned by a plant that emits large quantities of relatively benign chemicals rather than a plant that emits 

small quantities of highly toxic pollutants, even though health impacts may be much greater in the latter case. 

Therefore, in the sensitivity analysis we also report results using unweighted chemicals which implicitly treat 

each chemical as being of equal toxicity.13  

 

To construct toxicity-weighted releases for each zip code, the amount of each released chemical substance is 

weighted by its own TLV-TWA before being aggregated together for each zip code. iR  denotes the total 

                                                           
11 In ACGIH’s publication ‘Threshold Limit Values for Chemical Substances and Physical Agents.’ 
12 The time weighted average TLV is based upon an 8 hour workday and a 40 hour working week. 
13 In unreported estimations we also consider only those chemicals designated as carcinogens under the requirements of 
OSHA. Results were very similar to those estimated using TLV weighted releases, HAPs or unweighted releases. For 
reasons of space these results are not reported but are available upon request. 
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toxicity-weighted releases in zip code i , 
k

ir  is the amount released (in pounds) of  a chemical substance k  in 

zip code i  and kTWA  is the threshold limit value time-weighted average (in mg/m3) of a chemical substance 

k . If the total number of released chemical substances in zip code i  is in , the aggregated toxicity-weighted 

releases for each zip code can be obtained as follows: 

 
1

in k

i
i

k k

r
R

TWA

  

As a result, toxicity weighted releases, iR , are expressed relative to a chemical substance with a TLV-TWA of 

1. 

 

3.4 Econometric Issues  

 

In order to estimate the determinants of toxic releases within each zip code, we first have to deal with the fact 

that only between 22-25% of the 28,889 zip codes report a positive level of toxic releases between 1990 and 

1995. All other zip codes report zero releases. However, we cannot treat these zero releases as being true 

zeroes because firms have to meet a number of criteria before their emissions are reported and incorporated 

within the TRI inventory. First, firms have to employ more than 10 full-time equivalent workers; second, they 

have to work within certain industries, although these include virtually all manufacturing industries; third, and 

perhaps most importantly, firms have to exceed a threshold level of emissions. 14 This latter criterion implies 

that a zip code containing only pollution intensive firms with fewer than 10 workers and a number of larger 

firms emitting just below the threshold would report zero toxic releases yet could, in principle, produce a 

moderate amount of pollution. In this context, the zip codes that report positive releases cannot be treated as 

a random sample of zip codes since they depend upon a latent variable which is whether or not firms meet 

the TRI reporting criteria.   

 

                                                           
14 In most cases, firms must manufacture or process more than 25,000 pounds of the chemical or use more than 10,000 
pounds during the year in question. 
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We therefore follow Arora and Cason (1999) and employ a two-stage Heckman sample selection model. In 

the first stage we estimate the likelihood of a zip code reporting positive releases using a probit model, while 

the second stage models the toxic releases of each zip code and includes the likelihood of each zip code 

having positive releases (the inverse Mills ratio) estimated from the first stage.15 Our second stage estimation 

is therefore of the form; 

 

TRit = α + β1Ei1990 + β2X’i1990 + β3  i1990 + εit         (4) 

 

 

Where TRit refers to toxic releases in zip code i in year t (1991, 1993 or 1995), E refers to our measure of 

ethnic diversity, either polarisation or fractionalisation, X’ is a vector of zip code characteristics described in 

Table 1 and λ is the inverse Mills ratio from the first stage probit estimation described above.  In case the 

relationship between community characteristics and pollution differs across the US, the two equation model 

is estimated for the full sample of all US states and for the Northern and Southern states separately.16 In our 

sensitivity analysis, equation (4) is re-estimated using toxic releases in 2005 as a function of community 

characteristics in 2000. 

 

In our main estimations, all explanatory variables in equation (4) are reported for 1990 (from the 1990 

Census) and are therefore lagged by 1, 3 or 5 years relative to the dependent variable.  The purpose of such 

lags is to mitigate endogeneity concerns given the possibility that minorities and other low income households 

                                                           
15 In our sensitivity analysis we also provide results from a single equation OLS model. In our two-stage Heckman model 
it is necessary to include at least one independent variable in the selection (first stage) equation that is not in the outcome 
(second stage) equation. In practice, it is difficult to find a variable that affects the decision to pollute and report but not 
the decision of how much to pollute. We use the median number of people per household which is statistically 
significant when included in the selection equation but not when included in the outcome equation. The rationale for 
using this variable might be that as the number of people per household increases we see a greater number of children 
and elderly within a zip code. It is possible that the presence of these more vulnerable groups within a community might 
encourage greater monitoring of firms thus making it more difficult for firms to hide or not report their emissions 
(though admittedly it is less clear why, once a firm has reported, its level of emissions is not influenced by this 
monitoring).  
16 The ‘South’ consists of the 11 states, Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee and Virginia. The ‘North’ contains the remaining 39 states.  
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might be drawn to the lower property prices in polluted neighbourhoods. Similarly, pollution and falling 

property prices might result in ‘white-flight’ as more affluent white residents pack-up and leave. If so, then 

higher pollution would not be a result of the presence of ethnic minorities and their potentially lower 

lobbying power, but would instead be generating an increase in the proportions of minority groups.17 We 

acknowledge, as Gray et al. (2010) point out, that lagging our explanatory variables may not fully address these 

endogeneity concerns if the polluting plants have been in place for many years and if local communities have 

adjusted to these pollution levels prior to the beginning of our time series. However, while the proportion of 

non-white households in a zip code may be subject to the endogeneity concerns referred to above, it is less 

clear that measures of ethnic diversity such as fractionalization and polarization would be.   

 

Our measures of fractionalization and polarization (FRAC and POLAR) are based on equations (1) and (3), 

respectively. The ethnic groupings are determined by the 1990 Census and are defined as Hispanic; non-

Hispanic black or African American; non-Hispanic American Indian, Eskimo or Aleut; non-Hispanic Asian 

or Pacific Islander; and non-Hispanic other race, providing 6 ethnic groups in total. Table 3 provides the 

share of each of group within the 1990 US population. In our sensitivity analysis we utilise an alternative 

measure of polarization (POLAR1) based upon 2 ethnic groups, white and non-white.18 Appendix 1 provides 

summary statistics for our polarization and fractionalization indices and demonstrates that all measures of 

diversity are higher in the South than the North. Appendix 2 illustrates the relationship between FRAC and 

POLAR for the North and South samples. We see that at low levels of POLAR, its relationship with FRAC is 

positive and almost linear while at high levels of POLAR the relationship is negative. 

 

[Table 3 about here] 

 

                                                           
17 If such reverse causation did exist it is a moot point as to whether this would still provide evidence of environmental 
injustice. There would be no injustice resulting from the deliberate acts of firms or policy makers, but minority groups 
would still be suffering disproportionately from the adverse effects of pollution.  
18 When only two ethnic groups are used the value of FRAC1 is 2*POLAR1and hence the estimated coefficients on 
these variables obviously have the same sign and significance while the coefficients on the other explanatory variables 
remain the same. For this reason we report only POLAR1. 
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4. Results 

 

Tables 4, 5 and 6 report the second stage results from the estimation of equation 4 for the full, North and 

South samples, respectively. In each Table results are reported using toxic releases in 1991, 1993 and 1995, 

with FRAC and POLAR being included separately for each. In table 4 we can see that FRAC and POLAR are 

positive and statistically significant determinants of toxic releases reported in 1991, 1993 and 1995. The 

degree of statistical significance generally increases with the size of the lag, with FRAC and POLAR being 

statistically significant at the 1% level as determinants of 1995 toxic releases.  It is also noticeable that the 

magnitude of the coefficients on FRAC and POLAR also increases with the lag size. The interpretation of the 

estimated coefficients for FRAC and POLAR in Tables 4, 5 and 6 is not straightforward, firstly because they 

have to be adjusted for the fact that both FRAC and POLAR feature in the first stage selection equation but 

secondly because referring to one unit changes in fractionalization or polarization indices does not lend itself 

to ease of interpretation. Nevertheless, perhaps the most notable feature of the marginal effects is that even 

once adjusted for the inclusion of FRAC and POLAR in the first stage regressions, they continue to increase 

in magnitude as we move from 1991, to 1993 and then 1995 releases. Our results therefore clearly indicate 

that ethnic diversity is positively related to toxic releases, with the magnitude of this relationship increasing as 

the lag on FRAC and POLAR, relative to toxic releases, increases.  

 

[Tables 4, 5 and 6 about here] 

 

For the other ethnicity variables we find mixed results. Perhaps surprisingly, the proportion of black residents 

is a negative, statistically significant determinant of toxic releases, with the proportion of other ethnic groups 

also often negatively related to releases, though not generally significant. The proportion of residents who are 

foreign born is a negative, statistically significant determinant of 1995 toxic releases for the full sample, 

though not for the North or South sub-samples. The negative relationship between foreign born residents 
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and toxic releases may reflect the influx of high skilled workers, often from other developed economies, in 

some regions.19 

 

With regard to our other control variables, we find that the proportion of manufacturing workers, the 

proportion living in urban areas, the unemployment rate, the size of the zip code’s population and releases in 

1990 are positive determinants of releases in 1991, 1993 and 1995. In contrast, the population density, the 

percentage of the population with a degree, the median age of residents and the proportion of workers who 

journey to work by carpool are all generally negative determinants of toxic releases. Finally, it is worth noting 

that the inverse Mills ratio is statistically significant, suggesting that the correction for selection bias was 

warranted.  

 

Turning to the North sample in Table 5, we again see that FRAC and POLAR are positive and statistically 

significant determinants of 1993 and 1995 toxic releases but are no longer statistically significant in the case of 

1991 releases. The sign and significance of the other control variables are very similar to those in Table 4. 

Regarding the South sample results in Table 6, we see that the estimated coefficients on FRAC and POLAR 

remain positive but are no longer statistically significant apart from POLAR as a determinant of 1995 

releases. Marginal effects are also smaller than those for the North sample. It would therefore appear that the 

sign and significance of FRAC and POLAR in the full sample results in Table 4 are largely being driven by 

the North sample. It is worth noting here that when toxic releases are not weighted by toxicity, FRAC and 

POLAR are statistically significant determinants of such releases in both North and South samples and hence 

it is the toxic weighting that reduces the statistical significance of FRAC and POLAR in the South sample. 

 

 

4.1 Sensitivity Analysis 

 

                                                           
19 In unreported estimations we omitted FRAC and POLAR and found that the sign and significance of the ethnic share 
variables remains very similar to the reported results in Table 4. 



17 
 

In this section we undertake a variety of sensitivity analyses to assess the robustness of our results. For 

reasons of space we do not report results for North and South sub-samples and report only the ethnic 

diversity and ethnic share variables. In the sensitivity analyses presented in Table 7 we use 1995 toxic releases 

as the dependent variable. Columns (1) and (2) in table 7 provide the results of single equation OLS 

estimations. Both FRAC and POLAR are positive determinants of toxic releases, with POLAR being 

statistically significant. As in Table 5, we again find the share of the population who are foreign born to be a 

negative, statistically significant determinant of toxic releases. Column (3) uses an alternative measure of 

polarisation, based upon only two ethnic groups, white and non-white. As noted previously, when FRAC1 

and POLAR1 are calculated using only 2 ethnic groups, FRAC1 = 2*POLAR1 and hence we therefore report 

only results using POLAR1. The estimated coefficient on POLAR1 is positive and statistically significant at 

the 10% level. Columns (4) and (5) use toxic releases that are not weighted by toxicity, as discussed in section 

3.3. It can be seen that the statistical significance of the coefficients on FRAC and POLAR increases, with 

both coefficients now statistically significant at 1%. Finally, as an alternative way to deal with the issue of 

toxicity, columns (6) and (7) use only toxic releases in the form hazardous air pollutants (weighted for toxicity 

by their threshold limit values). The coefficients on FRAC and POLAR remain positive and statistically 

significant. It is notable that the other ethnicity variables in Table 7 display little statistical significance with 

the exception of the proportion of foreign born residents in all models and the proportion of black residents 

in models (4) and (5).  

 

[Table 7 about here] 

 

In our second battery of sensitivity tests, we extend the previous analysis by using the 2000 US census results 

as determinants of 2005 toxic releases.20 We believe this is the first time that the 2000 US census has been 

used for this purpose and indeed the first time that such recent toxic releases have been estimated. A number 

of complicating factors have to be overcome in order to make comparison between our estimates of 1990s 

                                                           
20 In unreported estimations we also estimate 2001 and 2003 toxic releases. The results were very similar to those 
reported here.  
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releases and those in 2005. First, while the 1990 census data were reported at the level of the zip code, the 

2000 census reported at the level of newly created zip code tabulation areas (ZCTAs). Unfortunately, there is 

no precise mapping between zip codes and ZCTAs. For this reason, we estimate 2005 toxic releases at the 

county-level and also re-estimate 1995 releases at the county-level to allow comparison. Secondly, the number 

of chemicals included in the TRI has increased considerably over time. The toxic releases for 1991, 1993 and 

1995 were based on the 1988 ‘core chemical’ list of 296 chemicals. However, the 1995 core chemical list 

contained 588 chemicals and the 2000 core chemical list contained 608 chemicals. We therefore calculate 

2005 toxic releases in terms of 1988 core chemicals to allow comparison but, in addition, given how much the 

core chemical lists has grown, we also calculate 2005 releases in terms of 1995 and 2000 core chemicals. The 

results are provided in Table 8. Columns (1) to (6) provide estimates of 2005 toxic releases, with Column (1) 

and (2) using the 2000 core chemical list, columns (3) and (4) using 1995 core chemicals and columns (5) and 

(6) using 1988 core chemicals. Finally, columns (7) and (8) provide estimates of 1995 toxic releases in terms 

of 1988 core chemicals, allowing comparison with columns (5) and (6). 21 Table 8 indicates that both FRAC 

and POLAR are statistically significant determinants of 2005 toxic releases when 2000 and 1995 core 

chemicals are used. When using the much smaller 1988 core chemical list, the coefficient on POLAR remains 

significant at 10% but the coefficient on FRAC is no longer statistically significant. It is also notable that 

FRAC and POLAR are no longer statistically significant determinants of 1995 toxic releases when estimated 

at county-level. This lack of significance prevents a direct comparison of the magnitude of the marginal 

effects of FRAC and POLAR between the two time periods. In terms of the other ethnicity variables, the 

proportion of Hispanic residents now appears to play a more important role than the proportion of black 

residents. The proportion of foreign born residents is not a statistically significant determinant of 2005 

releases, but remains significant for 1995 releases.  

 

[Table 8 about here] 

 

                                                           
21 1995 toxic releases are only available in terms of 1988 core chemicals and our estimates of 1991, 1993 and 1995 toxic 
releases in Tables 2-6 are all based upon this chemical list. 
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5.  Conclusions  

 

This study has examined the extent to which community characteristics influence local toxic releases paying 

particular attention to the role played by ethnic minority groups. In contrast to previous studies, we argued 

that the ethnic diversity of an area, measured in terms of fractionalization or polarization, may provide a 

barrier to collective action. Previous studies, which consider only the population shares of various ethnic 

groups, are unlikely to capture this effect. We therefore combined zip code level US toxic release data for the 

period 1990-1995 with the results of the 1990 US census to examine the extent to which ethnic 

fractionalization and polarization do indeed influence toxic releases. We then performed the same analysis 

using toxic releases for 2005 combined with data from the 2000 US census.  

 

Our results indicate that both fractionalization and polarization have a statistically significant, positive 

relationship with toxic releases. This suggests that, other things being equal, the greater the ethnic diversity 

within an area, the greater the level of toxic releases. These results hold for the full US sample, but when 

splitting the sample into Northern and Southern US states, we find the effect of ethnic diversity to be greatest 

in the North. Ethnic diversity is also found to affect toxic releases in both the early 1990s and the early 2000s. 

Finally, this result holds across a battery of robustness checks, including different estimation methods, 

different toxicity weighting techniques and a different measure of polarization. 

 

A detailed examination of the possible mechanisms that may explain the link between ethnic diversity and 

pollution are beyond the remit of this paper. Our use of 5 year lagged explanatory variables, combined with 

the fact that endogeneity concerns appear weaker for ethnic diversity variables (in contrast to ethnic share 

variables), means we have some confidence that causality is moving from ethnic diversity to pollution. The 

potentially reduced ability of fragmented communities to co-ordinate lobbying activities would appear to be 

the most obvious mechanism at work, but a deeper investigation of this and other mechanisms remains a 

topic for future research.  
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Table 1: Description of Explanatory Variables 

Variables Variable Description 

FRAC Fractionalization index based on 6 ethnic groups 

POLAR Polarization index based on 6 ethnic groups 

POLAR1 Polarization index based on 2 ethnic groups 

FBORN Percentage of foreign-born residents 

NONWHITE Percentage of nonwhite residents 

HISP % of population who are Hispanic 

BLACK % of population who are non-Hispanic black  

AMINDIAN % of population who are non-Hispanic American Indian, Eskimo or Aleut 

ASIAN % of population who are non-Hispanic Asian 

OTHER % of population who are non-Hispanic other race 

MANUF Percentage of employed persons 16 and over who employed in manufacturing industries. 

POPDENS Population density (1000 persons per square mile) 

URBAN Percentage of residents living in an urban area 

INCOME Median household income (in thousands) 

POVERTY Percentage of residents living in poverty 

UNEMP Unemployment rate 

DEGREE Percentage of population 25 and over with bachelor’s degree or higher 

CARPOOL Percentage of workers 16 and over who journey to work by carpool 

AGE Median age of residents  

POP Total number of residents 

1990REL Total pounds of  on-site toxic releases in 1990 (in thousands) 

FEM Percentage of family households with a female as the head of the household 

VACANT Percentage of housing units that are vacant 

RENT Median rent paid in renter-occupied housing units (dollars per month) 

RENTERS Percentage of housing units that are renter-occupied 

CHILD Percentage of family households with children below 18 years of age 

PEOPLEPH Median number of people per household 
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Table 2. Mean values of variables for full sample 

Variables 

Zip codes reporting  Zip codes reporting  

zero releases  positive releases 

FBORN 2.93  4.95 

NONWHITE 10.03  16.01 

HISP 3.89  5.87 

BLACK 5.60  10.72 

AMINDIAN 1.86  0.69 

ASIAN 0.94  1.61 

OTHER 0.04  0.07 

MANUF 16.97  21.69 

POPDENS 0.90  1.90 

URBAN 20.86  62.82 

INCOME (thousands) 35.31  40.77 

POVERTY 14.80  13.20 

UNEMP 6.74  6.57 

DEGREE 9.49  10.74 

CARPOOL 14.97  14.04 

AGE 36.12  35.18 

POP (thousands) 6.22  21.30 

FEM 7.90  10.99 

VACANT 35.31  9.12 

RENT 442.99  546.35 

RENTERS 24.18  31.98 

CHILD 36.05  35.31 

PEOPLEPH 2.69  2.66 
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Table 3. Population shares of ethnic groups in 1990 

Hispanic origin by race Number of population %  

Total Population  248,709,873 100.00 

Not of Hispanic origin 226,355,814 91.01 

    White 188,128,296 75.64 

    Black or African American 29,216,293 11.75 

    American Indian, Eskimo, or Aleut 1,793,773 0.72 

    Asian or Pacific Islander 6,968,359 2.80 

    Other race 249,093 0.10 

Hispanic origin: 22,354,059 8.99 

    White 11,557,774 4.65 

    Black or African American 769,767 0.31 

    American Indian, Eskimo, or Aleut 165,461 0.07 

    Asian or Pacific Islander 305,303 0.12 

    Other race 9,555,754 3.84 

Source: 1990 Census of Population and Housing, US Bureau of the Census  
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Table 4. Second stage estimation results, FULL sample. Dependent variable TLV-weighted TRI Releases 

  1991 1991 1993 1993 1995 1995 

FRAC 0.4472*  0.6569**  1.1064***  

 [0.2438]   [0.2753]   [0.2963]   

POLAR  0.2814**  0.4430***  0.7340*** 

  [0.1417]   [0.1585]   [0.1712]  

FBORN -0.0031 -0.0030 -0.0047 -0.0045 -0.0211** -0.0207** 

 [0.0084]  [0.0084]  [0.0085]  [0.0085]  [0.0098]  [0.0099]  

HISP -0.0068 -0.0069 -0.0041 -0.0045 -0.0004 -0.0009 

 [0.0048]  [0.0047]  [0.0054]  [0.0054]  [0.0058]  [0.0058]  

BLACK -0.0058* -0.0061* -0.0096*** -0.0103*** -0.0107*** -0.0118*** 

 [0.0032]  [0.0032]  [0.0034]  [0.0034]  [0.0038]  [0.0038]  

AMINDIAN -0.0035 -0.0035 -0.0227 -0.0230 0.0159 0.0160 

 [0.0114]  [0.0114]  [0.0250]  [0.0250]  [0.0210]  [0.0209]  

ASIAN -0.0082 -0.0060 -0.0097 -0.0067 -0.0107 -0.0055 

 [0.0099]  [0.0096]  [0.0126]  [0.0121]  [0.0133]  [0.0126]  

OTHER -0.0674 -0.0624 -0.0032 0.0020 0.0546 0.0618 

 [0.1337]  [0.1334]  [0.1297]  [0.1270]  [0.1257]  [0.1235]  

MANUF 0.0062* 0.0062* 0.0068* 0.0068* 0.0112*** 0.0111*** 

 [0.0034]  [0.0034]  [0.0036]  [0.0036]  [0.0039]  [0.0039]  

POPDENS -0.0493* -0.0482 -0.1035*** -0.1019*** -0.1272*** -0.1243*** 

 [0.0294]  [0.0294]  [0.0341]  [0.0341]  [0.0342]  [0.0342]  

URBAN 0.0031** 0.0030** 0.0039*** 0.0037*** 0.0054*** 0.0052*** 

 [0.0012]  [0.0012]  [0.0013]  [0.0013]  [0.0015]  [0.0015]  

INCOME 0.1942 0.1894 -0.4877 -0.5028 0.8166 0.7941 

 [0.6010]  [0.6013]  [0.6291]  [0.6281]  [0.7198]  [0.7194]  

INCOME2 -0.0316 -0.0311 0.0606 0.0624 -0.1138 -0.1111 

 [0.0760]  [0.0760]  [0.0791]  [0.0789]  [0.0917]  [0.0916]  

POVERTY 0.0080 0.0077 -0.0038 -0.0044 0.0000 -0.0010 

 [0.0069]  [0.0069]  [0.0077]  [0.0077]  [0.0081]  [0.0081]  

UNEMP -0.0058 -0.0053 0.0012 0.0022 0.0363** 0.0378** 

 [0.0127]  [0.0127]  [0.0141]  [0.0142]  [0.0152]  [0.0152]  

DEGREE -0.0115* -0.0119* -0.0279*** -0.0284*** -0.0249*** -0.0258*** 

 [0.0061]  [0.0061]  [0.0070]  [0.0070]  [0.0078]  [0.0078]  

CARPOOL -0.0015 -0.0016 -0.0236*** -0.0237*** -0.0218** -0.0221** 

 [0.0076]  [0.0076]  [0.0087]  [0.0087]  [0.0092]  [0.0092]  

AGE -0.1835 -0.1955 -0.9168* -0.9341* -0.7472 -0.7789 

 [0.4668]  [0.4670]  [0.5391]  [0.5398]  [0.6083]  [0.6091]  

POP 0.0647** 0.0652** 0.0971*** 0.0976*** 0.0978** 0.0982** 

 [0.0330]  [0.0330]  [0.0376]  [0.0377]  [0.0409]  [0.0409]  

1990REL 0.8565*** 0.8564*** 0.7236*** 0.7231*** 0.6337*** 0.6328*** 

 [0.0109]  [0.0109]  [0.0129]  [0.0129]  [0.0140]  [0.0140]  

INVERSE MILLS 1.4181*** 1.4186*** 1.4007*** 1.3994*** 1.4589*** 1.4556*** 

 [0.0845]  [0.0845]  [0.0797]  [0.0797]  [0.0736]  [0.0736]  

Observations 6,029 6,029 6,029 6,029 6,029 6,029 

R-squared 0.6384 0.6385 0.5163 0.5165 0.4271 0.4275 

The following explanatory variables were also included in our estimations but omitted from this table because none were statistically 
significant; FEM, VACANT, RENT, RENTERS and CHILD. Standard errors in parentheses. *, ** and *** denote statistical 
significance at 10%, 5% and 1% significance levels, respectively. 
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Table 5: Second stage estimation results, NORTH sample. Dependent variable TLV-weighted TRI Releases 

  1991 1991 1993 1993 1995 1995 

FRAC 0.2719  0.7234**  1.1483***  

 [0.2924]   [0.3356]   [0.3659]   

POLAR  0.1555  0.5137**  0.7512*** 

  [0.1778]   [0.2021]   [0.2218]  

FBORN -0.0036 -0.0037 -0.0031 -0.0031 -0.0178 -0.0179 

 [0.0093]  [0.0093]  [0.0097]  [0.0097]  [0.0114]  [0.0114]  

HISP -0.0080 -0.0079 -0.0079 -0.0082 -0.0046 -0.0047 

 [0.0050]  [0.0050]  [0.0057]  [0.0057]  [0.0061]  [0.0061]  

BLACK -0.0127*** -0.0126*** -0.0188*** -0.0191*** -0.0234*** -0.0235*** 

 [0.0043]  [0.0043]  [0.0043]  [0.0043]  [0.0048]  [0.0048]  

AMINDIAN 0.0140 0.0141 -0.0549*** -0.0558*** -0.0111 -0.0124 

 [0.0127]  [0.0127]  [0.0205]  [0.0204]  [0.0179]  [0.0179]  

ASIAN -0.0085 -0.0069 -0.0144 -0.0113 -0.0114 -0.0054 

 [0.0105]  [0.0101]  [0.0136]  [0.0130]  [0.0143]  [0.0135]  

OTHER -0.0381 -0.0342 0.0368 0.0390 0.0188 0.0259 

 [0.1346]  [0.1342]  [0.1369]  [0.1336]  [0.1161]  [0.1134]  

MANUF 0.0122*** 0.0122*** 0.0088* 0.0090* 0.0105** 0.0106** 

 [0.0043]  [0.0043]  [0.0046]  [0.0046]  [0.0052]  [0.0052]  

POPDENS -0.0274 -0.0272 -0.1061*** -0.1065*** -0.1198*** -0.1201*** 

 [0.0335]  [0.0335]  [0.0406]  [0.0407]  [0.0408]  [0.0407]  

URBAN 0.0029** 0.0029** 0.0035** 0.0034** 0.0050*** 0.0049*** 

 [0.0014]  [0.0014]  [0.0016]  [0.0016]  [0.0017]  [0.0017]  

INCOME 0.8835 0.8887 -0.2206 -0.2224 1.3548 1.3726 

 [0.7677]  [0.7678]  [0.8164]  [0.8144]  [0.9337]  [0.9327]  

INCOME2 -0.1144 -0.1151 0.0205 0.0208 -0.1844 -0.1864 

 [0.0961]  [0.0961]  [0.1014]  [0.1011]  [0.1170]  [0.1169]  

POVERTY 0.0116 0.0115 0.0036 0.0030 0.0090 0.0082 

 [0.0085]  [0.0085]  [0.0092]  [0.0093]  [0.0102]  [0.0102]  

UNEMP 0.0049 0.0049 0.0077 0.0083 0.0480** 0.0485*** 

 [0.0150]  [0.0151]  [0.0165]  [0.0166]  [0.0188]  [0.0188]  

DEGREE -0.0055 -0.0057 -0.0169** -0.0175** -0.0230** -0.0241*** 

 [0.0072]  [0.0072]  [0.0081]  [0.0081]  [0.0091]  [0.0091]  

CARPOOL 0.0019 0.0020 -0.0192* -0.0192* -0.0254** -0.0256** 

 [0.0096]  [0.0096]  [0.0110]  [0.0110]  [0.0121]  [0.0121]  

AGE 0.1237 0.1156 -0.7045 -0.7125 -1.0032 -1.0291 

 [0.5270]  [0.5272]  [0.6201]  [0.6210]  [0.7165]  [0.7186]  

POP 0.0630* 0.0634* 0.0845** 0.0855** 0.1120** 0.1133** 

 [0.0371]  [0.0371]  [0.0428]  [0.0428]  [0.0482]  [0.0482]  

1990REL 0.8550*** 0.8550*** 0.7259*** 0.7253*** 0.6265*** 0.6258*** 

 [0.0131]  [0.0131]  [0.0151]  [0.0151]  [0.0169]  [0.0169]  

INVERSE MILLS 1.2926*** 1.2934*** 1.2890*** 1.2878*** 1.4090*** 1.4069*** 

 [0.1023]  [0.1023]  [0.0907]  [0.0907]  [0.0883]  [0.0883]  

Observations 4,501 4,501 4,501 4,501 4,501 4,501 

R-squared 0.6375 0.6376 0.5144 0.5146 0.4132 0.4134 

The following explanatory variables were also included in our estimations but omitted from this table because none were statistically 
significant; FEM, VACANT, RENT, RENTERS and CHILD. Standard errors in parentheses. *, ** and *** denote statistical 
significance at 10%, 5% and 1% significance levels, respectively. 
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Table 6: Second stage estimation results, SOUTH sample. Dependent variable TLV-weighted TRI Releases 

  1991 1991 1993 1993 1995 1995 

FRAC 0.6583  0.4088  0.8237  

 [0.4790]   [0.5097]   [0.5417]   

POLAR  0.3410  0.2394  0.5281* 

  [0.2561]   [0.2739]   [0.2913]  

FBORN -0.0101 -0.0094 0.0336 0.0339 -0.0009 0.0001 

 [0.0276]  [0.0276]  [0.0256]  [0.0256]  [0.0285]  [0.0286]  

HISP -0.0023 -0.0020 -0.0387 -0.0384 -0.0296 -0.0300 

 [0.0248]  [0.0248]  [0.0250]  [0.0250]  [0.0264]  [0.0265]  

BLACK 0.0023 0.0024 0.0066 0.0062 0.0064 0.0051 

 [0.0054]  [0.0054]  [0.0063]  [0.0063]  [0.0066]  [0.0067]  

AMINDIAN 0.0055 0.0073 0.0650** 0.0662** 0.0627** 0.0648** 

 [0.0162]  [0.0158]  [0.0308]  [0.0300]  [0.0289]  [0.0279]  

ASIAN -0.0179 -0.0135 -0.0175 -0.0152 -0.0575 -0.0537 

 [0.0347]  [0.0339]  [0.0367]  [0.0364]  [0.0362]  [0.0359]  

OTHER -0.0989 -0.0836 -0.9521 -0.9467 1.3788 1.3896 

 [0.6228]  [0.6238]  [0.6089]  [0.6091]  [1.3392]  [1.3406]  

MANUF -0.0041 -0.0042 0.0030 0.0030 0.0114* 0.0113 

 [0.0063]  [0.0063]  [0.0066]  [0.0066]  [0.0069]  [0.0069]  

POPDENS -0.1038 -0.1037 -0.1092 -0.1077 -0.1323* -0.1260* 

 [0.0670]  [0.0674]  [0.0695]  [0.0694]  [0.0724]  [0.0725]  

URBAN 0.0030 0.0030 0.0034 0.0034 0.0047 0.0046 

 [0.0028]  [0.0028]  [0.0027]  [0.0028]  [0.0030]  [0.0030]  

INCOME -1.0854 -1.0754 -1.1511 -1.1540 0.1886 0.1591 

 [1.0125]  [1.0127]  [1.0282]  [1.0277]  [1.2072]  [1.2072]  

INCOME2 0.1335 0.1323 0.1602 0.1605 -0.0370 -0.0332 

 [0.1301]  [0.1301]  [0.1338]  [0.1337]  [0.1583]  [0.1583]  

POVERTY -0.0044 -0.0043 -0.0341** -0.0341** -0.0278** -0.0280** 

 [0.0126]  [0.0127]  [0.0136]  [0.0136]  [0.0137]  [0.0137]  

UNEMP -0.0094 -0.0093 -0.0016 -0.0015 0.0323 0.0336 

 [0.0278]  [0.0279]  [0.0289]  [0.0290]  [0.0267]  [0.0268]  

DEGREE -0.0267** -0.0272** -0.0667*** -0.0670*** -0.0317** -0.0321** 

 [0.0129]  [0.0129]  [0.0141]  [0.0141]  [0.0153]  [0.0152]  

CARPOOL -0.0187 -0.0189 -0.0346** -0.0346** -0.0260* -0.0258* 

 [0.0137]  [0.0138]  [0.0150]  [0.0150]  [0.0142]  [0.0142]  

AGE -0.8913 -0.9183 -1.2026 -1.2253 0.8814 0.8359 

 [1.0815]  [1.0803]  [1.1112]  [1.1120]  [1.1793]  [1.1787]  

POP 0.0841 0.0852 0.1613** 0.1608** 0.0980 0.0956 

 [0.0749]  [0.0749]  [0.0802]  [0.0803]  [0.0772]  [0.0773]  

1990REL 0.8498*** 0.8497*** 0.7146*** 0.7143*** 0.6436*** 0.6433*** 

 [0.0208]  [0.0208]  [0.0257]  [0.0257]  [0.0251]  [0.0251]  

INVERSE MILLS 1.7362*** 1.7367*** 1.7205*** 1.7198*** 1.6041*** 1.6021*** 

 [0.1525]  [0.1524]  [0.1682]  [0.1683]  [0.1381]  [0.1380]  

Observations 1,528 1,528 1,528 1,528 1,528 1,528 

R-squared 0.6425 0.6425 0.5239 0.5238 0.4628 0.4629 

The following explanatory variables were also included in our estimations but omitted from this table because none were statistically 
significant; FEM, VACANT, RENT, RENTERS and CHILD. Standard errors in parentheses. *, ** and *** denote statistical 
significance at 10%, 5% and 1% significance levels, respectively. 
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Table 7 Sensitivity analysis 1. 

Variables OLS OLS Alt Polar Unweighted Unweighted HAPs HAPs 

 (1) (2) (3) (4) (5) (6) (7) 

FRAC 0.3366   0.8055***  0.6143*  

 [0.2640]   [0.3004]  [0.3204]  

POLAR  0.2629*   0.4794***  0.3748** 

  [0.1493]   [0.1725]  [0.1848] 

POLAR1   0.2870*     

   [0.1498]     

FBORN -0.0180* -0.0179* -0.0265*** -0.0277*** -0.0273*** -0.0234** -0.0233** 

 [0.0093] [0.0093] [0.0061] [0.0098] [0.0099] [0.0104] [0.0104] 

HISP 0.0010 0.0006  0.0034 0.0034 -0.0023 -0.0022 

 [0.0050] [0.0050]  [0.0056] [0.0056] [0.0062] [0.0062] 

BLACK 0.00001 -0.0007  -0.0072* -0.0075* -0.0047 -0.0050 

 [0.0035] [0.0034]  [0.0040] [0.0040] [0.0040] [0.0040] 

AMINDIAN 0.0027 0.0022  0.0087 0.0094 0.0227 0.0232 

 [0.0280] [0.0279]  [0.0374] [0.0372] [0.0305] [0.0300] 

ASIAN 0.0030 0.0071  -0.0148 -0.0110 -0.0208 -0.0173 

 [0.0132] [0.0122]  [0.0138] [0.0132] [0.0145] [0.0138] 

OTHER -0.1220 -0.1249  -0.0713 -0.0621 -0.2275 -0.2196 

 [0.1336] [0.1328]  [0.1393] [0.1388] [0.1666] [0.1657] 

NONWHITE   -0.0034     

   [0.0033]     

Observations 6029 6029 6029 6029 6029 6029 6029 

R-squared 0.4523 0.4522 0.4533 0.4096 0.4096 0.4353 0.4354 

All other explanatory variables were also included in these estimations but are not reported for reasons of space. The dependent 
variable is 1995 toxic releases and is estimated using the full sample. Standard errors in parentheses. *, ** and *** denote statistical 
significance at 10%, 5% and 1% significance levels, respectively. Columns (1) and (2) are the results from single equation OLS 
estimation, column (3) uses an alternative measure of polarization based on only 2 ethnic groups, columns (4) and (5) are estimates of 
toxic releases that are not weighted for toxicity, columns (6) and (7) are estimates of toxic releases in the form of hazardous air 
pollutants (HAPs). 
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Table 8 Sensitivity Analysis 2. County-Level Analysis for 2005 and 1995 

 Dependent Variables: 

 

2005 TRI 

(2000 cc) 

2005 TRI 

(2000 cc) 

2005 TRI 

(1995 cc) 

2005 TRI 

(1995 cc) 

2005 TRI 

(1988 cc) 

2005 TRI 

(1988cc) 

1995 TRI 

(1988 cc) 

1995 TRI 

(1988 cc) 

Variables (1) (2) (3) (4) (5) (6) (7) (8) 

FRAC 1.84366**  2.55308***  1.59092*  0.00438  

 [0.87817]  [0.89920]  [0.96012]  [0.78067]  

POLAR  0.88616*  1.23129**  0.80332  0.01314 

  [0.49647]  [0.49401]  [0.52735]  [0.43433] 

FBORN -0.00536 -0.00235 0.03156 0.03614 -0.00536 -0.00235 -0.07404*** -0.07415*** 

 [0.02520] [0.02536] [0.02183] [0.02209] [0.02520] [0.02536] [0.02133] [0.02160] 

HISP -0.02960* -0.02898* -0.03902** -0.03803** -0.02307 -0.02267 0.02658** 0.02679** 

 [0.01598] [0.01611] [0.01728] [0.01716] [0.01906] [0.01879] [0.01177] [0.01174] 

BLACK 0.00701 0.00965 0.00450 0.00816 0.00473 0.00658 0.0106 0.01091 

 [0.01224] [0.01207] [0.01238] [0.01182] [0.01343] [0.01268] [0.01240] [0.01239] 

AMINDIAN -0.00944 -0.00637 -0.01365 -0.00747 -0.01480 -0.01113 -0.01988 -0.01962 

 [0.01627] [0.01590] [0.01927] [0.01860] [0.02024] [0.01928] [0.02984] [0.02846] 

ASIAN 0.03859 0.05314 0.00686 0.02637 0.04321 0.05468 0.08479** 0.08501** 

 [0.04579] [0.04478] [0.03674] [0.03456] [0.04116] [0.03862] [0.03931] [0.03821] 

OTHER -0.29688 -0.22004 -0.19281 -0.07551 -0.18089 -0.11362 -0.32918 -0.32708 

 [0.23354] [0.22833] [0.21948] [0.21295] [0.23764] [0.23307] [0.49087] [0.48723] 

Observations 1935 1935 1935 1935 1935 1935 1935 1935 

R-squared 0.61 0.61 0.62 0.62 0.61 0.61 0.64 0.64 

All other explanatory variables were also included in these estimations but are not reported for reasons of space. In columns (1) to (7) 
the the dependent variable is 2005 toxic releases. In columns (7) and (8) the dependent variable is 1995 toxic releases. CC denotes 
core chemicals, so columns (1) and (2) use the 2000 core chemical list, columns (3) and (4) the 1995 core chemical list and columns (5) 
to (8) use the 1988 core chemical list.All estimations are made at the county level using the full sample. Standard errors in parentheses. 
*, ** and *** denote statistical significance at 10%, 5% and 1% significance levels, respectively.  
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APPENDIX 1. Summary Statistics for Fractionalization and Polarization Indices 

 

Variable Mean Std. Dev. Min Max 

Full Sample (N=28,889) 

FRAC 0.16 0.18 0.00 0.75 

POLAR 0.29 0.31 0.00 1.00 

POLAR1 0.27 0.31 0.00 1.00 

     

North Sample (N=22,322)     

FRAC 0.14 0.17 0.00 0.75 

POLAR 0.25 0.28 0.00 1.00 

POLAR1 0.22 0.28 0.00 1.00 

     

South Sample (N=6,567)     

FRAC 0.24 0.19 0.00 0.68 

POLAR 0.45 0.35 0.00 1.00 

POLAR1 0.44 0.36 0.00 1.00 
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APPENDIX 2. The Relationship between Fractionalization and Polarization Indices 

Figure A1. Fractionalization and Polarization in the North Sample 

 

 

Figure A2. Fractionalization and Polarization in the South Sample 
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