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Abstract: 




1. RESEARCH PROBLEM
The Problem: Between the years 1997 and 2001, Uruguayan enforcers of industrial emissions standards in Montevideo opted for a strategy based on frequent monitoring of industrial plants and some tolerance for non-compliance, even with respect to relaxed emissions standards. (a “compliance regime”, as called by Garvie and Keeler (1994)) This strategy was part of the “Industrial Pollution Reduction Plan” that gave firms almost two years to invest in abatement technology. (See Caffera, 2004). By this way, regulators sought to decrease the level of noncompliance of the city industrial plants with emissions standards. At the same, one of the most severe economic crises in the country’s history emerged in 1999, almost at the end of the Plan. As a result, regulators opted to continue being lenient with violators after the planned scheduled “grace period” ended. This strategy failed to improve compliance levels with BOD5 emission standards, either on the margin or comparing the situation during the Plan with the situation after the Plan. (Caffera, 2007).[footnoteRef:2] According to what regulators and inspectors told me in informal interviews and contacts I had with them over the last years, they have been applying another enforcement strategy since the crisis ended in 2003, and even more distinctively since the change in municipal authorities in 2005. This strategy is characterized, in their words, by less tolerance for violations and more penalties applied (what Garvie and Keeler (1994) called a “deterrence regime”). The data substantiate what they say. On average, during the period 1997 – 2002, they applied around seven penalties per year. This number doubled during the years 2003 and 2007. Unluckily, we know nothing about how effective have these different enforcement regimes been in increasing the levels of compliance, on the margin and in terms of the total effect. We do not know either how the different characteristics of industrial plants are correlated with higher levels of non-compliance in this new regime.  [2:  There is no good information on the level of emissions before the Plan.] 

Question to be answered: The objective of this research is to fill this gap in our knowledge. The focus is on providing answers to the following questions: Has the enforcers’ activity been sufficient to significantly improve industrial firms’ levels of compliance with effluent standards under the new enforcement regime? What characteristics of industrial plants are more correlated with higher levels of BOD5 in effluents and non-compliance? How effective have been the different enforcement measures taken by regulators over the period in increasing the levels of compliance? Is the new “deterrent regime” more effective in increasing compliance levels than tha previous, more lenient “compliance regime”.
Policy relevance of the problem: regulators need to know the answers to these questions in order to be able to use their scarce enforcement budgets more effectively. Regulators’ objective is to increase the overall levels of compliance with emission standards. But they lack the resources to be able to conduct such a statistically rigorous analysis of their past activity. The propose research seeks to provide such an analysis. By estimating the effect of the enforcers’ activity on compliance levels, and by identifying which plants’ characteristics are correlated with lower levels of compliance, the proposed work will serve as an essential input into the policy analysis and the potentially necessary re-allocation of resources among industrial plants and among different enforcement activities (inspection, intermediate enforcement actions and fines). It will also be a rigorous test of the relative effectiveness of both approaches to regulation: lenient regime vs. less tolerant. This will be an important product of the project. Regulators in less developed countries as Uruguay face important tradeoffs between the objectives of providing employment and protecting the environment when an important part of the population has unsatisfied basic needs.
How the project will contribute to the solution of this problem: The project will contribute to solve this problem by using a good data set to estimate these parameters in the correct way. 
Scientific relevance: there has been little research of this type in LA. Verso de la importance of enforcement and the lack of sound empirical work in Latin America que está en la preliminary proposal. If we environmental economists interested in development issues are to say something useful about how to organize environmental policy in these countries we need to conduct more applied research.
Overview of the literature: Most in advanced developed countries (citar biblio). A few in China (citas). In LA, poor data. In Uruguay,  Caffera (2007), pero no sirve porque es de un período especial.

2. RESEARCH OBJECTIVES
The overall purpose of this research project is to test the effectiveness of the enforcement measures on the compliance status of industrial plants in Montevideo, Uruguay.  The concrete object of this project is to analyze the correlations between the different enforcement measures taken by regulators and the self-reported levels of organic pollution of industrial plants (as measured by tons of BOD5 of their effluents) in Montevideo, Uruguay, during the period 1997-2007. 
More specifically, the research aims to answer the following questions: Has the enforcers’ activity been sufficient to significantly improve industrial firms’ levels of compliance with effluent standards under the new enforcement regime? What characteristics of industrial plants are more correlated with higher levels of BOD5 in their effluents and non-compliance? How effective have been the different enforcement measures taken by regulators over the period in increasing the levels of compliance? Is the new “deterrent regime” more effective in increasing compliance levels than the previous, more lenient “compliance regime”.
In order to answer these questions I will use advanced econometric techniques to estimate a model I describe below. The model basically tests a unique hypothesis:
1. An increase in expected penalties, defined as the probability of being inspected multiplied by the amount of the corresponding fine, decreases the probability that an industrial plant would be out of compliance with effluent standards
3. RESEARCH METHODS
3.1. Data 
[bookmark: _Toc51178627]Dependent variables:
Biological Oxygen Demand (BOD5) measure in effluents of plant i in month j and a zero/one dummy variable indicating the plant’s i compliance status in month j: These variables will be obtained (I already have the information for the period July 1997 – October 2001) from the reports that every four months industrial plants send to the municipal government of Montevideo. In these reports, industrial plants inform monthly levels of the following variables: (1) production, (2) water consumed, (3) energy consumed, (4) number of employees, (5) days worked, (6) volume of effluents and (7) several parameters characterizing the plant’s effluents. One of these parameters they inform of is mg/l of BOD5. They report mg/l emitted per month, on average. This is because the emissions standards are set in terms of concentrations of pollutants in effluents, not in terms of loads, although dilution is explicitly prohibited. A plant is out of compliance if the mg/l of BOD5 exceeds the maximum set in the legislation. When this is the case, my dependent variable “Compliance Status” takes the value of one, and zero otherwise. From all the reported parameters I chose BOD5 because it is one of the most important industrial pollutants in the city and because of data availability (it is a pollutant that every plant has to report, regardless of its branch). 
Main explanatory variables:
Expected Penalty: The main explanatory variable for this project will be the expected penalty that the industrial plant i faces in month j when it decides how much organic pollution to emit.[footnoteRef:3] The expected penalty is calculated as the product of the probability that the plant i faces of being inspected in month j and the amount of the corresponding fine. According to the legislation, this fine depends both on the plant´s past violations record and the level of BOD5 in effluents discovered when inspected. The probability of being inspected will be calculated as explained in detail in the next section. The variables involved in the estimation of the expected penalty are the following: [3:  I refer to organic pollution as the level of BOD5 in the plant’s effluents.] 

Inspections: The number of inspections performed at the plant i in month j by the municipal and the national inspectors will be obtained from these governments’ records. 
Compliance orders: The number of compliance orders sent to the plant i in month j by the municipal and the national inspectors will be obtained from these governments’ records. Compliance orders are letters of warning sent to firms when a violation is discovered. The first letter indicates that the plant has a period of time to correct the situation, after which it could be fined. A second warning may be issued.
Fines: The number and amount of fines applied to the plant i in month j by the municipal and the national governments will be obtained from their records.
Controls:
Abatement Costs: According to the economic theory, the level of a pollutant emitted by an industrial plant that faces an emission standard (a maximum allowable level of pollution to emit) is the one that minimizes total expected costs. These are conformed by the expected penalty (in the case that the level of emissions chosen exceeds the standard), as explained above, and the abatement costs. These are the difference in (maximum) profits that the plant obtains in an unregulated setting and the (maximum) profits that the plant obtains when it emits less than the level of emissions in the unregulated setting (I am assuming that the emission standard set by the regulators is less than the level that the plant would have emitted in an unregulated setting). Assuming that plants choose inputs to maximize profits, an increase in the maximum achievable profit, given a level of emissions e, will decrease abatement costs. Following this theory, I will include an estimation of the plant´s profits as a control variable. This profit will be calculated using public information on product and input price indexes and the quantities of the good produced and the input k used by the plant i in month j. This information (quantities of production and input used by month) is obtained from the reports that the plants send to the municipal government, as explained above. Profits calculated in this way are not, of course, an exact estimation of the plant´s profits, but an index. Not all the inputs that the plants actually used will be included in this calculation, but only the ones that they inform of to regulators in the reports. Specifically, the variable profits will be calculated using the following variables:
	Retail Price Index: the level of this index for the product k produced by the plant i in month j, as published by the Central Bank of Uruguay.
	Industrial Water price index: the level of this index in month j, as published by the Central Bank of Uruguay. Tap water in Uruguay is provided by only one public firm.
	Industrial Electricity Price index for the Industry: the level of this index in month j, as published by the Central Bank of Uruguay. Electricity in Uruguay is provided by only one public firm.
	Industrial Salary Index: the level of this index in month j, as published by the National Institute of Statistics.
	Production: the level (in units of goods, Kilograms, cubic meters, etc.) of the good k produced by the plant i in month j, as reported by the industrial plant to the municipal government.  
Water consumed: cubic meters of tap water consumed by plant i in month j, as reported by the industrial plant to the municipal government.  
Electricity consumed: KW of electricity consumed by plant i in month j, as reported by the industrial plant to the municipal government.  
Number of employees: total number of persons that worked at the industrial plant i in month j, as reported to the municipal government. 
Days worked: total number of days that the industrial plant i operated in month j, as reported by the industrial plant to the municipal government. 
Other controls:
As described below, I will estimate a panel data with fixed effects by plant. This technique precludes me from using other controls of the plant characteristics that do not vary with time, such as the industry branch to which the plant belongs. The effect of any time invariant characteristic of the plant (such as the level of environmental consciousness of the manager) will be included in the fixed effect. One exception is:
Value of exports: the value of the plant´s exports in US$. The idea is to control for the possibility that exporting plants would pollute less due to foreign markets requirements. 
Variables to be used as controls in the auxiliary inspection equation:
As explained in more detail below, I will estimated an auxiliary equation with the a zero/one dummy variable as a dependent variable (indicating whether the plant i was inspected in month j by the municipal or the national government). I will then use this auxiliary regression to fit the estimated probability of being inspected. The variables I will use as controls in this auxiliary regression are:
Non-reports: the number of times that plant i did not send the report in the last two opportunities. Non-reports may have caused the plant to be inspected. 
Stream: a dummy variable with the value of zero if the plant discharges to the city sewage system and one if the plant discharges to any of the city water bodies. Effluent standards are tighter for plants discharging to water bodies. Therefore, regulators could be more jealous with these plants.
Missing Values
Several of all these variables present missing values. The variables reported by the industrial plants may be missing because the plant did not send the report, in which case I have missing values for all the variables in the report for the four months (“unit non-report”), or because a specific variable in the report in a given month was is missing without apparent reason (“item non-report”). I will test for “ignorability” using Verbeek and Nijman’s (1992) test. I will also test the effect of imputing values for the item non-report cases using an iterative Buck (1960) procedure, as suggested by Beale and Little (1975), for each plant. 
The number of plants included in my sample is unknown yet. Again, I have not with me yet the information regarding the period 2002 – 2007. I do have the information regarding the period 1996 – 2001. This information covers a total of seventy-four plants. But I do not know if everyone of these plants continue to operate or any other important plant started operation in any of these years. 
For both of these reasons (missing values and plants´ attrition) my panel is unbalanced.
Econometrics:
With the assumption that the level of emissions of an industrial firm is the result of a balance between marginal benefits and marginal costs of pollution EN LUGAR DE ESTO PONER MODELO TEÓRICO. SACAR DE LOS APUNTES DE MIS CLASES. OJO QUE NO HAYA NADA NUEVO DINÁMICO APARTE DEL MODELO ESTÁTICO SOBRE ESTÁNDARES. 
The hypothesis will be tested running a dynamic panel data model with pollution as the dependent variable. COPIAR LINE-OUT DE PROPOSAL DE ANA ACA:

The data set covers the period July 1997 – February 2008 and between 70 and 80 industrial plants in the city of Montevideo, Uruguay. The panel is unbalanced due to missing data (non – reports) and attrition is present since new firms appear and other close. All information is monthly.

Methodological problem: published literature has not done a good job in controlling endogeneity. Several strategies to solve this problem have been tried: review papers to see strategies.
Endogeneity of inspections is an obvious potential and important problem in this type of empirical research. I will treat the data as a system of equations, with inspections and emissions jointly determined, to tackle this problem. 
4. EXPECTED RESULTS AND DISSEMINATION
5. INSTITUTION AND PERSONNEL
The proposed research would be a continuation of my dissertation research. The dissertation gave me experience (PONER QUE EXPERIENCIA: DONDE ESTAN LOS DATOS, LA LEGISLACIÓN QUE LA SE, EL CONTACTO CON LOS REGULADORES, LA ECONOMETRÍA, ETC.)
I am attaching my CV as an annex.
6. TIMETABLE
7. BUDGET
8. ANNEXES
Caffera, M. (2007). “Financial assistance of multilateral aid agencies to enforce environmental regulations: is it effective?”. Unpublished working paper.
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