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Abstract 

We examine the relationship between the administrative enforcement of environmental regulation, ethnic fragmentation, and other community characteristics in New Jersey and New York. After controlling for potential sample selection and endogeneity, we find that the percentage of nonwhite population is positively related with administrative penalties imposed on violators. However, penalties are lower in more ethnically fragmented communities. This result may be due to the fact these communities are less likely to coordinate to create solidarity across ethnic groups and demand stronger enforcement.
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1. Introduction

Although studies of the distribution of environmental risks routinely include the percentage of minorities to examine whether nonwhites suffer a disproportionate burden of environmental hazards, ethnic heterogeneity (or ethnic fragmentation) can also have an additional important impact on the level of environmental protection. Alesina, Baqir, and Easterly (1999) show that spending in non-excludable goods decrease with ethnic fragmentation. Alesina and La Ferrara (2000) find that a community’s heterogeneity influences individuals’ incentives to belong to voluntary organizations while Vigdor (2004) shows that racial heterogeneity reduces the propensity to engage in collective action. 
This paper contributes to the literature by examining whether ethnic fragmentation influences the enforcement of environmental laws. If ethnic heterogeneity reduces the likelihood that a community can foment solidarity and protest against environmental violations or creates conflict among ethnic groups with heterogeneous preferences for public goods, then regulators seeking to maximize their political power would impose larger penalties in ethnically homogenous communities than in heterogeneous communities. In this paper we find evidence that ethnic fragmentation reduces the provision of environmental protection. Using zip-code level data from New Jersey and New York, we examine administrative penalties assessed by state regulators and find that violators receive smaller penalties in communities that are more ethnically fragmented although penalties are higher in zip codes where more residents are nonwhite.

In the vast area of environmental justice there are relatively few studies analyzing the enforcement of environmental regulation. Among these studies, most papers investigate the decisions by the Environmental Protection Agency (EPA) to treat abandoned hazardous waste sites (the Superfund program). Sigman (2001) finds that Superfund cleanup priorities are more influenced by private interests than by the harm posed by the sites. Similarly, Viscusi and Hamilton (1999) find that a community’s voter turnout increases remediation funds and cleanup targets. Zimmerman (1993) and Lavelle and Coyle (1992) document that in areas with a larger percentage of minorities cleanup progress is slower than in other communities. However, Hird (1994) and Gupta et al. (1996) do not find that income or percentage of minorities influence Superfund cleanup decisions. Research has almost exclusively focused on Superfund because of the controversial nature of the program, its size, and the fact that there are comparatively objective criteria under which the EPA is presumed to undertake cleanup priorities. 

Gray and Shadbegian (2004) have extended the analysis of regulatory stringency to air and water enforcement for pulp and paper mills. The authors consider both direct measures of regulatory stringency, number of inspections and enforcement actions, and indirect measures: amount of air and water pollution. They find that nonwhites suffer less air pollution, plants emit less pollution where benefits to the population are larger, and that plants in poor neighborhoods emit more pollution than plants in other neighborhoods. However, the results for inspections and enforcement actions are weaker than the results for emissions. Gray and Shadbegian argue that quantifiable measures of enforcement such as penalties may affect the plants’ emissions in ways that are not captured by the number of inspections or enforcement actions. Indeed, aggregating all types of enforcement actions into one dependent variable can confound the analysis since regulators have discretionary powers to enforce environmental regulations and can make use of a large array of enforcement instruments. 

To examine the relationship between the enforcement of environmental regulations, ethnic fragmentation, and other community characteristics we focus on administrative penalties assessed by state regulators under consent instruments in New York and New Jersey in 1999 and 2000. The explanatory variables include measures of environmental quality and socioeconomic and demographic factors at the zip code level. We use instrumental variables to control for potential endogeneity and perform sample-selection regression to estimate the probability that an administrative enforcement action takes place in a zip code and the magnitude of penalties assessed to violators in that area (conditional on the probability of enforcement). We find that although penalties are higher in zip codes where more residents are nonwhite, violators receive smaller penalties in areas that are more ethnically fragmented. We also find that penalties are higher in urban areas and in communities with more per capita income and a lower percentage of children and elderly living in a community. These results are robust to changes in the specification of the empirical model and the empirical methodology used to estimate the models. 
Our results have implications for the design and implementation of environmental policy. The EPA defines environmental justice as “the fair treatment and meaningful involvement of all people regardless of race, color, national origin, or income with respect to the development, implementation, and enforcement of environmental laws, regulations, and policies.
” Our results suggest that regulators must actively seek to overcome barriers to collective action and to inform and engage citizens in ethnically fragmented areas to guarantee “meaningful involvement” and public participation by motivated and informed citizens. Our results have also implications for researchers of environmental justice issues. Since ethnic heterogeneity and percentage of minorities are correlated, omitting ethnic heterogeneity could lead to biased estimates of the percentage of minorities.
The paper is organized as follows. Section 2 discusses the type of enforcement action that we examine in this paper: consent instruments. Section 3 describes a model of enforcement that provides a motivation for the selection of explanatory variables. Section 4 outlines the empirical methodology and Section 5 presents results. Section 6 concludes. 

2. Administrative enforcement: Consent instruments

A typical enforcement action begins with an inspection followed by investigation. If a violation is discovered, the regulator can then decide to implement some type of informal enforcement action or seek administrative proceedings in which case environmental laws often set a cap on the total penalty. If the regulator wants to seek penalty in excess of the cap then the next step is civil enforcement in court. Finally the regulator can pursue criminal enforcement.

Given that the goal of the paper is to examine whether regulators are influenced by ethnic fragmentation and other community characteristics, we believe administrative penalties imposed under consent instruments are a good choice of dependent variable for several reasons. First, consent instruments constitute the largest percent of administrative enforcement actions undertaken by the EPA. Between 1999 and 2000, almost 85 percent of the penalties imposed in administrative enforcement cases were imposed under consent instruments. Furthermore, administrative consent instruments do not involve a judicial court process. The violator settles without further litigation and waives its rights to a hearing or appeal on the alleged violation as set forth in the agreement. Thus, the administrative penalty imposed on the violator depends on the regulator’s calculus of the benefits and costs of making the plant go back to compliance. 

Because the assessment of penalties by state regulators is likely to depend on the enforcement culture of several state agencies and their employees and empirical measures of enforcement culture are difficult to obtain, we examine administrative penalties assessed by state regulators in New Jersey and New York, two states that are part of EPA Region 1
. Although choosing two states limits the number of observations and the applicability of results, we argue that the variability in enforcement culture and social and political preferences of regulators within an EPA region is likely to be smaller than across the United States. 
3. The empirical model

We assume state regulators impose administrative penalties under consent instruments in order to make violators go back into compliance and deter further violations. If the goal of regulators is to maximize the community’s welfare, they set the penalty where its marginal benefit to the community (in terms of compliance and deterrence) equals its marginal cost. The marginal cost could differ across communities if fines affected the financial performance of firms and consequently the communities where the firms are located. However, administrative penalties are on average relatively small (the sample mean is $19,733) and it is unlikely that penalties under consent agreements can endanger the financial prospects of particular facilities and communities
. 

Marginal benefits of compliance and deterrence will differ across communities depending on their current environmental quality as well as on socioeconomic and demographic factors such as income, the number of people living in an area, and the proportion of children and elderly, two groups particularly susceptible to environmental risks. Besides the public health benefits of improving environmental quality, regulators seeking to maximize political support can also consider factors that determine a community's capabilities for collective action. Thus, we also include a measure of ethnic fragmentation and other variables that control for activism. 

The dependent variable is the average penalty per administrative enforcement action in New York and New Jersey, at the zip code level, during 1999 and 2000. Administrative consent instruments were used to enforce environmental regulation in 131 zip codes, 6 percent of the observations for which Census data were available. Approximately 78 percent of the zip codes experienced only one administrative enforcement action during the period of analysis, slightly above 12 percent experience 2 administrative enforcement actions, and around 10 percent experienced between 3 and 7 enforcement actions. On average, the penalty per enforcement action imposed on violators is $19,733 and the median is $11,250. The data come from the EPA’s Administrative Enforcement Docket. Unfortunately, the Administrative Enforcement Docket does not include information of the actual nature and damage caused by the violations. This lack of information implies that choosing a geographical unit of analysis (based on distance from the facilities) is as arbitrary as choosing an administrative unit of analysis (the zip code). Secondly, there may be a relevant omitted variable in terms of the seriousness of the violation. Such omitted variable could bias the estimates of those independent variables that control for the public health benefits of making violators go back into compliance. On the other hand, such omitted variable should not affect the estimate of the variables that control for activism and race.   

Although the fact that there are few observations forces us to aim for a parsimonious model, all the factors that we include in the model are relevant according to a model of deterrence and compliance. The explanatory variables include demographic and socioeconomic factors from the 2000 Census and measures of environmental quality (data on Toxic Release Inventory (TRI) emissions from the EPA’s TRI Web site and concentration of air pollutants from the EPA’s AirData data set). 

We include the percentage of non-white population, NONWHITE, in the model to control for the possibility that regulators discriminate on the basis of race. However, the influence of ethnicity can go beyond the environmental racism hypothesis. Alesina and La Ferrara (2004) show that the provision of public goods will be lower in more ethnically heterogeneous communities. Alesina, Baqir, and Easterly (1999) show that spending in non-excludable goods such as roads and public education decrease with ethnic fragmentation. Vigdor (2004) finds that the rate of return of Census forms (that affects the amount of federal grants a community receives) decreases with a community's racial, generational, and socioeconomic fragmentation. If ethnic heterogeneity reduces the likelihood that a community can foment solidarity and protest against violations or creates conflict among ethnic groups with heterogeneous preferences for public goods, then ethnic fragmentation can also influence the decision of regulators seeking to maximize their political power. These arguments suggest that regulators who want to maximize political support may impose lower penalties in communities that are more ethnically fragmented. Hence, in addition to percentages of nonwhite residents, we follow Easterly and Levine (1997) and calculate the ethnic heterogeneity variable ETHNIC as 1 - ((Racei)2, where i is the zip code percentage of White, Black, Hispanic, Asian, and others. While NONWHITE measures the probability that one individual drawn at random from a given zip code is nonwhite, ETHNIC measures the probability that two individuals drawn at random from the same zip code belong to different ethnic groups. ETHNIC = 0 would imply complete ethnic homogeneity while ETHNIC = 1 would imply complete ethnic heterogeneity. To further control for the ability and incentives to engage in collective action, HOUSING measures the percentage of owner-occupied housing units at the zip-code level
. 

Marginal benefits from environmental protection depend on ability to pay. Per capita income (INCOME) controls for income levels. We hypothesize that INCOME is positively related to penalties if support for environmental protection is a normal good. Two explanatory variables control for the benefits of making violators go back to compliance. We include the percentage of the population who are 65 years old or older plus the percentage of children less than 6 years of age, RISK. This variable would have a positive influence on penalties if the health benefits of deterrence and compliance are higher for the young people and the elderly. On the other hand, RISK could have a negative influence on penalties if communities with higher percentages of young people and the elderly have less political power or are less likely to engage in community activism than communities with higher percentages of individuals in their middle age. In addition, health benefits likely increase with a community’s total population, POPULATION, and with the percentage of the population living in areas designed as urban, URBAN. To control for state-specific effects we include a dummy variable, NJDUMMY, that takes on the value of one if the enforcement action took place in New Jersey.

To control for environmental quality we collected data on emissions of TRI chemicals to all media and annual average concentration of four air pollutants - carbon monoxide, particulate matter smaller than 10 micrometers, sulfur dioxide, and volatile organic compounds - at the zip code level. Given the correlation among these air pollutants, the small number of observations, and the need for a parsimonious model, we use factor analysis to calculate two uncorrelated variables that summarize the variability of these pollutants. Appendix B explains the methods used. 


Table 1 presents summary statistics for the dependent variable and explanatory variables. Average income per capita is almost $24,000. On average, around 40 percent of residents are designated as population at risk. On average, these communities are predominately urban, white, and relatively homogenous in their ethnic composition although there is considerable variation in the distribution of minorities and ethnic fragmentation.

4. Empirical methodology

We fit sample selection models of the relationship between the assessment of administrative penalties under consent instruments and community characteristics. If communities with no administrative enforcement actions were excluded from the analysis, then sample selection bias could occur. We fit sample selection models using two-step consistent estimation. The first step estimates the probability that there is an administrative enforcement action (ACTION) in the community during 1999 and 2000.  The second step estimates penalties
. The sample selection equation controls for the non-random nature of communities where enforcement actions take place. Hence, its independent variables include the number of TRI reporting facilities in the community, FACILITY. Although administrative enforcement actions are not restricted to TRI facilities, the presence of these polluters is likely correlated with the probability of enforcement.

Several of the distributions, including the distribution of penalties and pollutants, are non-normal. Since preliminary analyses indicated the presence of potential outliers and influential observations we perform robust regression on the sub-sample of communities where an administrative enforcement action took place in 1999 or 2000. Robust regression calculates residuals and assigns lower weights to larger residuals. Then weighted least squares are performed and new residuals are calculated. The process is repeated until the change between iterations is negligible (Hamilton, 1992).
 To compare the coefficients of the sample-selection model to the results of robust regression we drop observations with a weight of zero when estimating the sample-selection model
.

Reverse causality could affect the interpretation of results if penalties are larger in communities with worse environmental records and families with children and elderly, for example, avoid polluted neighborhoods. It is also reasonable to believe that the measures of environmental quality are not truly exogenous if past enforcement explains present values of concentration of pollutants or violators respond promptly to penalties. To circumvent these problems it is necessary to use instruments that are correlated with the variables that could create reverse causality but are uncorrelated with the error term of the dependent variable. A common practice is to use lagged values of the variables as instruments. First, we run variables for the year 2000 on their 1990 values (1996 values for environmental quality regressors). The predicted values are then entered into the model of penalties and the predicted values of the environmental variables are used to perform factor analysis. Table A1 in Appendix A summarizes 2000 data for the observations used to instrument the explanatory variables.

5. Results

Table A2 in Appendix A presents the first-stage results of regressing each explanatory variable on lagged values of all socioeconomic, demographic, and environmental quality variables. We include lagged values for other variables as instruments to explain as much of the variation in each instrumented variable as possible. For example, the percentage of population at risk in 1990 explains 11 percent of the variation in percentage of population at risk in 2000. The goodness of fit increases to 33 percent when other factors are included. Overall, the regressions in Table A explain between 91 and 33 percent of the variation in each explanatory variable. We use the predicted values of the explanatory variables to perform robust regression and sample-selection regression on penalties.

Table 2 presents results from the robust regression and the sample-selection model
. The inverse Mills ratio term is statistically insignificant and the differences between the robust regression and sample-selection estimates are relatively small for those coefficients that are statistically significant.

Penalties are higher in zip codes where more nonwhites live. One standard deviation increase in nonwhite population increases penalties by approximately $9,375. The estimates are statistically significant with a p-value of .002 in both the robust regression and the sample-selection model. This result complements the finding by Gray and Shadbegian (2004) that nonwhites seem to suffer less air pollution, although these authors do not find a statistically significant effect of race on inspections or enforcement actions. On the other hand, penalties are lower in more ethnically fragmented communities. The estimates are statistically significant with a p-value of .001. One standard deviation increase in ethnic heterogeneity reduces penalties by $11,941. This finding is consistent with theoretical predictions and empirical findings indicating ethnic heterogeneity affects negatively the provision of public goods. Although the correlation coefficient between NONWHITE and ETHNIC is .74, the different results for these two variables are not due to multicollinearity. The coefficient for each variable has the same sign after removing the other variable from the specification. The null hypothesis that the estimates of NONWHITE and ETHNIC are equal in absolute can be rejected at the 7.7 percent significance level (using the robust regression results). Thus, there is weak statistical evidence that the negative impact of ethnic fragmentation on penalties is greater than the positive impact of NONWHITE.  

 INCOME has a positive and weakly statistically significant influence on penalties assessed under consent agreements. Using the robust regression estimate, penalties increase by $3,614 for each one standard deviation increase in per capita income. To the extent that income is a determinant of the demand for environmental protection, the positive effect of income can be related to larger benefits for wealthier communities. On the other hand, this finding could be interpreted as evidence that there is environmental injustice based on class. This is, for example, how Gray and Shadbegian (2004) interpret their finding that poverty rates are positively correlated with air and water pollution and negatively with enforcement actions.

The larger the percentage of the population at risk (larger percentage of elderly and children) the lower is the penalty. The estimates are statistically significant at the 3.8 percent level in the robust regression and at the 1.6 percent level in the sample-selection model. For each one standard deviation increase in the proportion of the population at risk, penalties decrease by approximately $9,084. The economic and statistical significance of this result is robust to changes in the specification. Although this result could be due to uncorrected endogeneity, we note that Gray and Shadbegian (2004) find that the percentage of elderly people is negatively correlated with inspections (although positively correlated with enforcement actions). Although Gray and Shadbegian also find that the percentage of children is positively related to inspection and enforcement actions, all of these results are statistically insignificant. Thus, it is possible that the observed negative influence of RISK on penalties might be due to the fact that communities with larger percentages of young people and the elderly have less political power or are less likely to engage in activism.
As expected, URBAN has a positive impact on penalties but the estimate is insignificant in the sample selection model and weakly statistically significant in the robust regression (p-value of .086). The POPULATION term is positive but statistically insignificant. The environmental quality factors are positive, as expected, but statistically insignificant. Finally, on average penalties appear to be smaller in New Jersey than in New York although the estimate is not statistically significant at any of the conventional significance levels.

We also estimated specifications that included, rather than the environmental quality factors, logs of TRI emissions, sulfur dioxide, carbon monoxide, and volatile organic compounds. The results are very similar qualitatively and quantitatively. The estimates of NONWHITE, ETHNIC, RISK, and URBAN maintain the sign and levels of significance and their magnitudes differ by less than 10 percent. INCOME
 in the robust regression results has a p-value of .12. None of the environmental quality variables are statistically significant. 

6. Conclusions

We examine the empirical relationship between the administrative enforcement of environmental regulation, ethnic fragmentation, and other community characteristics in New Jersey and New York. After controlling for potential sample selection and endogeneity, we find that the percentage of nonwhite population is positively related with administrative penalties imposed on violators. However, penalties are lower in more ethnically fragmented communities. This result may be due to the fact these communities are less likely to coordinate to create solidarity across ethnic groups and demand stronger enforcement.
We believe regulators and researchers can usefully consider that race may affect the enforcement of environmental regulation as well as the distribution of environmental hazards not exclusively through the percentage of minorities but also through the ethnic composition of the community. Valuable and effective decision-making through public participation requires motivated and well-informed participants (Beierle and Cayford, 2002). Regulators who seek to develop and implement policies that satisfy the environmental justice criterion would need to overcome barriers to collective action due to ethnic fragmentation. Researchers may consider that the effects of race and ethnicity can go beyond the standard environmental racism hypothesis and include an index of ethnic heterogeneity in their empirical models. Since ethnic heterogeneity and percentage of minorities are correlated, omitting ethnic heterogeneity could lead to biased estimates of the percentage of minorities. Similarly, research on migratory responses to changes in environmental quality that analyzes how households sort among neighborhoods based on their income and their preferences for environmental quality and ethnic composition may take into account that changes in environmental quality may not be uncorrelated with ethnic fragmentation
.    

We also find that penalties are higher in communities with more per capita income and where a larger percentage of residents live in urban areas. A robust result is that penalties are lower in communities with a greater percentage of population who are at risk in polluted environments. Although it may be possible this result is due to the fact that we have not been able to purge completely the variable RISK of endogeneity, we note that Gray and Shadbegian (2004) find that the percentages of elderly people and children have no statistically significant influence on inspection and enforcement actions.  
This paper has two main shortcomings. First, we do not have data about the magnitude of the violation and therefore we cannot calculate the direct benefits for the residents of a community. Although several of our explanatory variables proxy for potential benefits of deterrence and compliance it is possible that we omit other relevant variables. In this case the estimates of the variables that control for the health benefits of compliance and deterrence could be inconsistent. However, we argue that this omitted-variable problem should not affect the estimates of NONWHITE and ETHNIC since these variables are not correlated with the health benefits of improving environmental quality.

Secondly, by concentrating on administrative enforcement we ignore penalties imposed under civil and criminal enforcement. Although it would be useful to develop a model in which the regulators first decide the type of enforcement action and then impose penalties in a way that both decisions depend on community characteristics, empirical estimation of such model would require very detailed data of single enforcement actions. For this reason, we believe that case studies can help us greatly to understand the relationships between the enforcement of environmental regulations and community characteristics. Case studies can appraise the relevance of the variables routinely included in regression models and may reveal other important factors that researchers who rely on published data necessarily ignore such as the institutional culture of particular enforcement agencies and individual enforcement agents or the degree of cooperation among the agencies with enforcement responsibilities. 

Table 1: Descriptive Statistics (Sample of communities that experienced administrative consent instrument) 

	
	DESCRIPTION
	MEAN
	STANDARD DEVIATION

	PENALTY
	Average penalty (penalties per administrative enforcement action, $)
	19,733.5
	24,607.8

	INCOME
	Income per capita ($)
	23,942.9
	12,908.8

	RISK
	Percentage of the population at risk (people 65 years old or older + children under 6)
	.430
	.059

	NONWHITE
	Percentage of non-white people 
	.267
	.259

	ETHNIC
	Ethnic fragmentation 
	.277
	.187

	HOUSING
	Percentage of owner-occupied housing units
	.932
	.057

	URBAN
	Percentage of population living in designated urban area
	.878
	.259

	POPULATION
	Total population
	24,680.5
	21,544.05

	LOG EMISSIONS
	Log TRI emissions (log pounds)
	3.06
	4.78

	LOG  SO2
	Log Concentration Sulfur Dioxide (log pounds)
	3.07
	2.58

	LOG CO
	Log Concentration Carbon Monoxide (log pounds)
	2.76
	2.24

	LOG VOC
	Log Concentration Volatile Organic Components (log pounds)
	3.14
	2.10

	LOG PM10
	Log Concentration Particulate Matter < 10 micrometers (log pounds) 
	1.72
	2.22

	ENVIRONMENTAL FACTOR 1
	First Factor Analysis Score of environmental variables 
	-.251
	1.15

	ENVIRONMENTAL FACTOR 2
	Second Factor Analysis Score of environmental variables
	-.015
	.805

	FACILITY
	TRI reporting facilities
	11.43
	19.83

	Observations
	131
	131
	131


Table 2: Robust and Two-Step Sample-Selection Regressions

(Standard Errors in parenthesis)

	
	ROBUST REGRESSION


	SAMPLE-SELECTION


	SAMPLE-SELECTION



	
	PENALTY
	PENALTY
	PROBIT(ACTION) 



	INCOME
	.276c
(.163)
	.289c
(.157)
	-3.38*10-6

(5.61*10-6)

	RISK
	-153970.9b
(73413.9)
	-166488.5b
(69437.8)
	.458

(1.757)

	NONWHITE
	36196.9a
(11624.7)
	34066.7a

(10882.7)
	-.168

(.380)

	ETHNIC
	-63619.7a
(19156.2)
	-64923.3a
(18446.8)
	.497

(.604)

	HOUSING
	-1599.2

(25035.9)
	3756.0

(23907.6)
	-1.108c
(.650)

	URBAN
	12615.7c
(7298.3)
	7998.3

(7686.4)
	.753a
(.214)

	POPULATION
	.025

(.082)
	-.009

(.079)
	6.27b *10-6

(3.18*10-6)

	ENVIRONMENTAL FACTOR 1
	397.7

(2353.8)
	2227.6

(2856.0)
	-.358a
(.084)

	ENVIRONMENTAL FACTOR 2
	2457.8

(1857.5)
	1910.3

(6386.2)
	-.048

(.061)

	NJ DUMMY
	-7476.9

(5495.2)
	-9910.5

(6386.2)
	.577 a
(.193)

	FACILITY
	
	
	.033a
(.005)

	Constant
	76303.3b
(29923.3)
	93629.2a
(30429.8)
	-1.76b
(.835)

	Inverse Mills Ratio
	
	-4982.0

(4123.9)
	

	Statistic (p-value)
	2.81 (.0037)
	87.60 (< .001)
	

	Observations
	131
	127
	2065


a Significant at the 1 % level. b Significant at the 5 % level. c Significant at the 10 % level.
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Appendix A: First-Stage, Instruments 
Table A1 presents descriptive statistics for selected variables for the sample of observations included in the first-stage estimation. 

Table A1: Descriptive Statistics

	
	DESCRIPTION
	MEAN
	STANDARD DEVIATION

	INCOME
	Income per capita ($)
	24,067.7
	11,462.4

	RISK
	Percentage of the population at risk (people 65 years old or older + children under 6)
	.435    
	.061          

	NONWHITE
	Percentage of non-white people 
	.160    
	.221          

	ETHNIC
	Ethnic fragmentation 
	.184              
	. 175

	HOUSING
	Percentage of owner-occupied housing units
	.867     
	.156 

	URBAN
	Percentage of population living in designated urban area
	.578
	.445

	POPULATION
	Total population
	13190.9
	17082.4

	LOG EMISSIONS
	Log TRI emissions (log pounds)
	2.874    
	5.017          

	LOG  SO2
	Log Concentration Sulfur Dioxide (log pounds)
	2.883
	2.248

	LOG CO
	Log Concentration Carbon Monoxide (log pounds)
	2.358
	2.024

	LOG VOC
	Log Concentration Volatile Organic Components (log pounds)
	2.464
	1.999

	LOG PM10
	Log Concentration Particulate Matter < 10 micrometers (log pounds) 
	1.947
	1.976

	FACILITY
	TRI reporting facilities
	2.634   
	8.103

	Observations
	2069
	2069
	2069


Table A2 presents the estimation results of the regression of current values on lagged values. 

Table A2

	
	INCOME
	NONWHITE
	ETHNIC
	RISK
	HOUSING
	LOG EMISSIONS
	LOG CO
	LOG PM10
	LOG  SO2
	LOG VOC

	INCOME 1990
	1.267
	-0.000
	-0.000
	0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000

	
	(0.019)***
	(0.000)
	(0.000)
	(0.000)
	(0.000)***
	(0.000)
	(0.000)
	(0.000)**
	(0.000)***
	(0.000)

	Percent Unemployed 1990
	4,785.300
	-0.017
	-0.045
	-0.033
	-0.553
	6.254
	0.290
	1.199
	1.349
	0.381

	
	(3,193.928)
	(0.049)
	(0.056)
	(0.037)
	(0.080)***
	(1.899)***
	(1.135)
	(0.934)
	(1.133)
	(1.092)

	Percent Poverty 1990
	3,125.148
	-0.070
	-0.048
	0.036
	-0.005
	-0.128
	2.266
	2.198
	1.293
	1.887

	
	(2,000.683)
	(0.031)**
	(0.035)
	(0.023)
	(0.050)
	(1.190)
	(0.711)***
	(0.585)***
	(0.710)*
	(0.684)***

	Percent High School Graduates 1990
	61.799
	-0.001
	-0.001
	-0.001
	-0.001
	0.012
	0.016
	0.012
	0.004
	0.007

	
	(15.503)***
	(0.000)***
	(0.000)***
	(0.000)***
	(0.000)***
	(0.009)
	(0.006)***
	(0.005)**
	(0.005)
	(0.005)

	Percent Black 1990
	-2,905.517
	0.906
	-0.049
	0.059
	-0.016
	-0.425
	-0.403
	-0.656
	-0.893
	-0.448

	
	(1,003.950)***
	(0.015)***
	(0.018)***
	(0.012)***
	(0.025)
	(0.597)
	(0.357)
	(0.293)**
	(0.356)**
	(0.343)

	Percent Asian 1990
	-3,569.310
	1.191
	0.403
	0.097
	0.124
	-3.516
	-2.569
	-4.052
	-4.865
	-1.036

	
	(3,810.717)
	(0.059)***
	(0.067)***
	(0.044)**
	(0.095)
	(2.266)
	(1.354)*
	(1.114)***
	(1.352)***
	(1.303)

	Percent Hispanic 1990
	-2,490.698
	0.638
	-0.093
	0.078
	0.119
	-2.447
	-0.537
	-1.670
	-1.795
	-1.113

	
	(1,605.773)
	(0.025)***
	(0.028)***
	(0.019)***
	(0.040)***
	(0.955)**
	(0.571)
	(0.469)***
	(0.570)***
	(0.549)**

	Percent Other Race, Nonwhite 1990
	-1,861.966
	0.907
	-0.032
	0.125
	0.182
	-1.038
	-2.909
	-1.049
	-2.263
	-1.220

	
	(3,863.683)
	(0.060)***
	(0.068)
	(0.045)***
	(0.097)*
	(2.298)
	(1.373)**
	(1.129)
	(1.371)*
	(1.321)

	ETHNIC 1990
	2,514.370
	0.061
	0.887
	-0.129
	0.092
	0.032
	0.114
	0.879
	1.110
	-0.058

	
	(1,194.639)**
	(0.018)***
	(0.021)***
	(0.014)***
	(0.030)***
	(0.710)
	(0.425)
	(0.349)**
	(0.424)***
	(0.408)

	RISK 1990
	-2,314.888
	0.015
	-0.030
	0.429
	-0.480
	1.982
	0.534
	-0.335
	0.353
	0.530

	
	(1,957.813)
	(0.030)
	(0.034)
	(0.023)***
	(0.049)***
	(1.164)*
	(0.696)
	(0.572)
	(0.694)
	(0.669)

	HOUSING 1990
	1,630.191
	-0.066
	-0.063
	0.117
	0.355
	0.135
	0.373
	0.343
	0.281
	0.341

	
	(665.729)**
	(0.010)***
	(0.012)***
	(0.008)***
	(0.017)***
	(0.396)
	(0.237)
	(0.195)*
	(0.236)
	(0.228)

	URBAN 1990
	216.437
	0.036
	0.062
	-0.008
	0.053
	-0.210
	-0.103
	-0.363
	-0.149
	0.060

	
	(328.173)
	(0.005)***
	(0.006)***
	(0.004)**
	(0.008)***
	(0.195)
	(0.117)
	(0.096)***
	(0.116)
	(0.112)

	
	
	
	
	
	
	
	
	
	
	

	POPULATION 1990
	-0.052
	0.000
	0.000
	0.000
	0.000
	0.000
	-0.000
	0.000
	0.000
	-0.000

	
	(0.010)***
	(0.000)***
	(0.000)**
	(0.000)***
	(0.000)***
	(0.000)
	(0.000)
	(0.000)
	(0.000)**
	(0.000)

	Density 1990
	0.067
	-0.000
	-0.000
	-0.000
	0.000
	0.000
	0.000
	0.000
	-0.000
	0.000

	
	(0.013)***
	(0.000)***
	(0.000)
	(0.000)***
	(0.000)***
	(0.000)
	(0.000)*
	(0.000)
	(0.000)
	(0.000)

	NJDUMMY 1990
	1,382.262
	0.032
	0.010
	-0.009
	-0.030
	10.179
	2.483
	2.690
	1.882
	1.473

	
	(284.739)***
	(0.004)***
	(0.005)**
	(0.003)***
	(0.007)***
	(0.169)***
	(0.101)***
	(0.083)***
	(0.101)***
	(0.097)***

	LOG EMISSIONS 1996
	-130.277
	0.001
	0.001
	0.001
	0.002
	-0.012
	0.038
	0.019
	0.014
	0.028

	
	(22.150)***
	(0.000)***
	(0.000)
	(0.000)***
	(0.001)***
	(0.013)
	(0.008)***
	(0.006)***
	(0.008)*
	(0.008)***

	LOG CO 1996
	53.580
	-0.001
	-0.002
	0.001
	0.003
	0.171
	0.515
	0.056
	0.049
	-0.076

	
	(70.812)
	(0.001)
	(0.001)
	(0.001)
	(0.002)
	(0.042)***
	(0.025)***
	(0.021)***
	(0.025)*
	(0.024)***

	LOG PM10 1996
	-95.705
	-0.001
	-0.001
	0.002
	-0.002
	0.151
	-0.205
	0.422
	-0.163
	-0.233

	
	(64.540)
	(0.001)
	(0.001)
	(0.001)**
	(0.002)
	(0.038)***
	(0.023)***
	(0.019)***
	(0.023)***
	(0.022)***

	LOG SO2 1996
	61.904
	0.002
	0.003
	-0.002
	-0.006
	0.007
	-0.010
	-0.025
	0.643
	-0.070

	
	(56.026)
	(0.001)*
	(0.001)***
	(0.001)***
	(0.001)***
	(0.033)
	(0.020)
	(0.016)
	(0.020)***
	(0.019)***

	LOG VOC 1996
	6.537
	0.001
	0.001
	0.000
	0.011
	-0.262
	-0.205
	-0.219
	-0.291
	0.546

	
	(77.305)
	(0.001)
	(0.001)
	(0.001)
	(0.002)***
	(0.046)***
	(0.027)***
	(0.023)***
	(0.027)***
	(0.026)***

	Constant
	-1,496.448
	0.108
	0.134
	0.349
	0.834
	-1.228
	-0.607
	-0.500
	0.288
	-0.107

	
	(1,395.571)
	(0.022)***
	(0.024)***
	(0.016)***
	(0.035)***
	(0.830)
	(0.496)
	(0.408)
	(0.495)
	(0.477)

	Observations
	2069
	2069
	2069
	2069
	2069
	2069
	2069
	2069
	2069
	2069

	R-squared
	0.86
	0.91
	0.81
	0.33
	0.51
	0.73
	0.42
	0.59
	0.53
	0.44


Appendix B: Developing Factor Analysis Score Variables

Factor analysis develops uncorrelated factors that explain the relationships between a set of original variables. One goal of factor analysis is to determine the “true” number of underlying variables when the original data set contains variables that are highly correlated. We collected data on emissions of TRI chemicals to all media and annual average concentration of four air pollutants - carbon monoxide, particulate matter smaller than 10 micrometers, sulfur dioxide, and volatile organic compounds. Given the correlation among these air pollutants, the small number of observations, and the need for a parsimonious model, we use the principal factor method with iteration (for details about this method see Johnson, 1998) to create two score variables that capture the variation of these pollutants. 


Table B1 presents the factors’ eigenvalues and the proportion of variation of the original variables that each factor explains. The results indicate that two factors can explain almost 94 percent of the original variation in TRI emissions, carbon monoxide, particulate matter smaller than 10 micrometers, sulfur dioxide, and volatile organic compounds. 

Table B1

	Factor
	Eigenvalue
	Proportion of variation explained
	Cumulative variation explained

	1
	3.329
	.821
	.821

	2
	.476
	.117
	.938

	3
	.229
	.057
	.995

	4
	.019
	.005
	1.0

	5
	-.0002
	-0.0
	1.0



Table B2 presents the loadings for the first two factors. The factor loadings are the linear coefficients attached to each original variable such that the sum of loadings time variables creates each factor.

Table B2

	Variable
	Factor Loading 1
	Factor Loading 2
	Uniqueness

	LOG EMISSIONS
	.669
	.204
	.010

	LOG CO
	.298
	.522
	.167

	LOG PM10
	.843
	.284
	.100

	LOG  SO2
	.490
	.624
	.351

	LOG VOC
	.277
	.043
	.314



The first factor has large loadings for TRI emissions and particulate matter. Hence the first score variable is mainly capturing the effect of toxic emissions and concentration of particulate matter. The second factor has large loadings for SO2 and CO. Hence the second score variable describes the effects of concentration of sulfur dioxide and carbon monoxide. Finally, low uniqueness values imply that there is not much variance for each variable that the factors cannot explain.  










� http://www.epa.gov/compliance/environmentaljustice/index.html


� Although Puerto Rico and the Virgin Islands also belong to EPA Region 1, these two areas are very different to New York and New Jersey and enforcement behavior is likely to follow a different process.


� We included unemployment rates in our model to control for the possibility that regulators might impose lower penalties under consent agreements where unemployment is high but the estimates were statistically insignificant. 


� We included in our model voter turnout at the county level to further control for political involvement but the estimates were statistically insignificant.   


� Puhani (2000) shows that full-information maximum-likelihood sample-selection models are less robust than two-step models when the explanatory variables are highly correlated. We estimate two-step models since our model includes variables such as income and race that are highly correlated.


� STATA’s robust regression command first screens the data to eliminate outliers and then performs Huber and biweight iterations. For details about the procedure, see Hamilton (1992).


� There are four observations with a weight of zero in the robust regression estimation: zip code 07660 in Ridgefield Park, zip code 07960 in Morristown, zip code 11231 in Brooklyn, and zip code 14606 in Rochester.   


� By defining "success" as the occurrence of consent instrument, "failure" is by default defined as everything but a consent instrument: it includes civil, criminal enforcement, or no enforcement action. Thus, we cannot sensibly interpret the estimates of the probit equation.    


� Sieg et al. (2004) and Banzhaf and Walsh (2004) are two recent papers on migratory responses to changes in environmental quality.
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