Effectiveness of Industrial Effluent Standards Enforcement in Montevideo, Uruguay

PONER QUE LOS PAPERS DE LDC SON UNA MIERDA Y/O RESPONDEN OTRAS PREGUNTAS A EXECPCION DE DASGUPTA

ONER QUE ME INGRESE TODA LA BASE DE DATOS A HUEVOS POBRECITO DESPUÉS DE ESTE ESFUERZO NECESITO APOYO

1. Introduction

The theoretical literature on enforcing pollution regulations is now quite extensive. (See Polinsky and Shavell, 2000; Heyes, 2000; Cohen, 1997) In contrast, the empirical literature is fairly recent. Magat and Viscusi (1990) seem to have been the first example. They estimated the effect of inspections on industrial BOD emissions in the US pulp and paper industry. More recent papers extended their work, with some differences, to cases of air pollution in the US, and water and air pollution in Canada. 

This literature basically deals with two issues. The first one is the effect of enforcement actions on levels of pollution, non-compliance and self-reporting [Magat and Viscusi (1990); Laplante and Rilston (1996); Gray and Deily (1996); Nadeau (1997); Helland (1998); Gray and Shadbegian (2002)]. Although by different magnitudes, all these papers found evidence that firms react to enforcement actions by reducing levels of emissions, or moving into compliance and/or increasing its reporting frequency. 

The second questions pertains to the determinants of the allocation of enforcement actions among regulated plants. The hypotheses tested have been mainly two: the existence of certain types of targeting on the part of regulators and the role played by political considerations. 

In the theoretical literature of enforcing emissions standards, the issue of targeting some firms with greater monitoring or enforcement action has been addressed in two different ways. In a static version a regulator interested in maximizing compliance subject to a given enforcement budget should target enforcement actions toward those plants with higher marginal abatement costs at the level of the standard (Garvie and Keeler, 1994). A dynamic version of targeting is due to Harrington (1988). In his model the regulator could achieve high levels of compliance even with restricted penalties by classifying firms in two groups (bad and good firms) according to their past compliance status, and targeting bad firms. Gray and Deily (1996) results suggests that enforcers tend to concentrate their efforts on cutting emissions by those firms they know are more likely to react as a strategy to maximize the effectiveness of their actions. Helland (1998) found no evidence to support Harrington's hypothesis that firms not found in violation in the past are more likely to be in violation in the present. Nevertheless, "violations did trigger a penalty phase as suggested by Harrington" (p. 151). Gray and Shadbegian (2002) found a negative effect of inspections on the compliance status of plants and they interpreted this as evidence of targeting.

Examples of political considerations found to influence the regulator’s allocation of inspections and enforcement actions are: the possibility that firms will be forced to shut down, per capita income and the level of pollution in the surrounding community (Helland, 1998); the probability of closing and impact on employment in their communities (Deily and Gray, 1991); the plant’s share of the employment in the local labor market and the level of unemployment in a region (Dion, et al., 1998). 

All of the above mentioned papers are studies made in developed countries. In fact, Dasgupta, et al. (2001) and Wang, et al. (2002) are the only examples of this literature for the case of a less developed country.
 Dasgupta, et al. (2001) found that inspections by authorities in Zhenjiang, China, do reduce water pollution (measured by Chemical Oxygen Demand) by 0.4%, a result much smaller than the 20% and 28% found for the US and Canada. Wang, et al. (2002) work is somewhat different. They used the same database as Dasgupta, et al. (2001) to test for the determinants of the enforcement activities of regulators. More specifically they tried to identify firm characteristics that give the firms more (or less) bargaining power with regulators, where bargaining power is measured as the percentage of levies paid. When found in violations of emissions standards plants in Zhenjiang must pay a levy (fine). But in fact the city government does not have the power to fully enforce it. Firms ended up paying a share of the levies assessed. It is the magnitude of this share that the authors used as a proxy for bargaining power.

Unfortunately, there does not exist any example of this empirical work for Latin America.
 This constitutes a very important shortcoming for this region. There are basically two reasons why.

First, SE NECESITAN ESTUDIOS PORQUE NO SE PUEDE LLEVAR ADELANTE UNA POLITICA AMBIENTAL SERIA SIN UNA EVALUACIÓN DE LOS GRADOS DE CUMPLIMIENTO. EN URUGUAY NADIE TIENE IDEA DE QUE ESTA PASANDO (AGENDA, GAM) Latin America has a long tradition in water pollution control laws, but public opinion has historically regarded these norms as poorly enforced, an opinion echoed in papers that have analysed environmental policy in the region (Russell and Powell, 1996; Eskeland and Jimenez, 1992; O'Connor, 1998; Tietenberg; 1996). Furthermore, many resources are being devoted to "filling in legal holes" and developing new instruments, but no effort is being made to assess the effectiveness of existing regulations. 

Second, this type of analyses can shed light into the relevancy of the hypothesis of the “lack of institutional capacity” (Russell and Powell, 1996) of Latin American countries to implement incentive-based type of instruments. This lack expresses basically in the impossibility of implementing a monitoring and enforcement system consistent with the demands of effective direct incentive-based instruments, such as emissions taxes. In this respect, and given that there is not any a-priori monitoring advantage of emissions standards over emissions taxes it comes out naturally necessary to study the actual level of compliance that authorities could attain with emissions standards before proposing and embarking into the implementation of incentive-based instruments. A “good” level of compliance with emissions standards and credible and effective enforcement activities could be seen as necessary conditions, although not sufficient, for the implementation of incentive-based instruments. 

In fact, to my knowledge there does not exist a single work in Latin America aimed at testing the effectiveness of municipal or state government enforcement of industrial plants’ pollution levels. The proposed research seeks to fill this gap by empirically testing the effect of inspections and enforcement actions on industrial water pollution in Montevideo, Uruguay.  

3.3. Research Proposal

My proposed research aims at estimating the effects of 

(a) plant-level economic characteristics, and 

(b) inspections and enforcement actions of the municipal and state governments

on industrial plants' emissions of BOD in Montevideo, Uruguay. Through this estimation I address the following questions: 

(1) How effective have inspections and different enforcement actions of both enforcement agencies been in terms of reducing BOD emissions? 

(2) Could inspection and enforcement efforts be improved by a reallocation of actions among different type of plants? 

(3) Could these efforts be improved by substitutions among different monitoring and enforcement actions (sampling inspections, non-sampling inspections, compliance orders, and fines)?

Other issues may also be considered. For example, a fourth inquiry would be to test for the effects of inspections and enforcement actions on the compliance status of firms. Results are not very promising since regulators seemed to be tolerating some violations to the standards while negotiating gradual abatement with firm owners/managers.

3.4. Data Base 

I have three main sources of information: Municipal Government of Montevideo (Intendencia Municipal de Montevideo; IMM), Ministry of the Environment and a private consulting consortium, (MULTISERVICE-SEINCO-TAHAL, SEINCO).

This data bases are not public. In fact gaining access to them was made possible after convincing the municipal and national environmental authorities about the importance of such a study. This was not an easy task an took me a couple of months. My arguments were supported because they echoed needs already mentioned in the  CITA AGENDA Y TALLER RECURSOS HÍDRICOS AQUI.

  The core information comes from the IMM. Industrial plants in Montevideo report economic and pollution activities to the Industrial Effluents Units (Unidad de Efluentes Industriales, UEI) of the IMM on a four-month basis. From these reports I obtained monthly information on a set of variables that I divide into three categories (1) Pollution Variables, (2) Production Variables, and (3) Input Variables. The first category, Pollution Variables, is composed of Biological Oxygen Demand concentration of the industrial plants effluent discharges measured in mg/l, and the average monthly flow of discharges measured in m3/day. 

The second category, Production Variables, is composed of average monthly levels of production of all types of products in physical units (There are a total of 70 different products). 

The third category, Input Variables, is composed of a list of key inputs that the plants are required to report to the UEI. These are:

(a) tap water consumed per month (in m3)

(b) underground water consumed per month (in m3)

(c) electricity consumed per month (in Kwh)

(d) fuel consumption per month (in tons)

(e) firewood consumption per month (in tons)

(f) gas consumption per month (in tons)

(g) number of employees per month

(h) number days worked per month. 

Finally, I also gathered information from the IMM records on inspections and fines. The information on inspections is composed of the number of inspections done per month per plant, and the result of the sample in terms of mg/l of BOD in those cases where a sample was taken. The information on fines levied by the UEI is composed of the number of fines levied on each industrial plant per month and their amounts.

Of all the above mentioned information, the IMM only keep in electronic format the information concerning reported pollution and inspections. I put the information concerning Input Variables and Fines into electronic format. The UEI did not keep track of the number of fines levied. In order to come out with this information I reviewed every Municipal Resolution borne at the Department of Environmental Development, of which the UEI is part.

My second source of information is the Environmental Control Division (Division de Control Ambiental, DCA) of the Ministry of the Environment. PONER ACA LO DE LA SADI ‘ INSPECIONES The information includes number of inspections, administrative orders, postponements, fine threats, and fines per plant per month. In the case of inspections, results of samples in terms of BOD5 effluent concentration (in mg/l) were also computed. In the case of fines, amounts levied are also available.

Both the city government unit (UEI) and national government division (DCA) inspections are of two types: sample and non-sample.  

Finally, my third source of information is the private partnership MULTISERVICE-SEINCO-TAHAL (SEINCO) that was in charge of the Monitoring Program that the IMM implemented in 1998 as part of the Third Stage of the Urban Sanitary Plan (Plan de Saneamiento Urbano – Tercera Etapa, PSUIII) financed by the IADB. The main objective of the Monitoring Program was to design, implement and execute a waterways and industrial effluents monitoring scheme for the control of industrial pollution (Multiservice-Seinco-Tahal, 2001b). SEINCO conducted their own inspections and emissions samples.

The period covered in my database is March 1997 ‘ October 2001. Seventy-four (74) industrial plants located in Montevideo are included. The selection of these 74 plants was not random. First, these are all privately owned plants. Second, they were selected from a list of industrial plants that were being sampled by SEINCO during the years 2000 and 2001. Most of these plants were the ones that were also regularly being inspected by the UEI. The list included the most important industrial polluters in the city. 

The main value of my proposed research is policy relevance. As stated before, no analysis of this type has been conducted in Latin America. Thus, this proposed research might serve as a baseline case for comparing different enforcement strategies and for comparing command and control standards with incentive-based instruments that could be developed. For example, inspections and orders are almost the only actions used by regulators. Only eleven fines were levied by the IMM in the period and CIFRA DCA AQUI. If this is the expression of a strategy such as the one suggested by Garvie and Keeler (1994) in the presence of institutional and political “constraints”, then a study like the one proposed here could estimate the effects of such a strategy in terms of pollution abatement (tons of BOD emissions). 

Another important contribution of this research may be in the field of institutional design. During the analyzed period the roles of the municipal and national enforcement offices (UEI and DCA) were explicitly delineated so as to minimize duplication of efforts. In 2002, when I was collecting information at the DCA I was told that it was their impression that the UEI had not been as effective as it could have been. As a result, the DCA started to inspect industrial plants in Montevideo again in early 2002, with the goal of doing so regularly as a mechanism of compliance monitoring. This research could yield insights to evaluate the appropriateness of this new strategy. 

Another unique feature of the proposed research is the availability of a third source of information on emissions (SEINCO), apart from the plants themselves and the regulators. Using this information, and possibly the results obtained by the regulators in their sampling inspections, one could test for the extent of under-reporting and the effects of enforcement actions on reporting. Nevertheless, results may need to be interpreted with caution because during this period industrial plants knew they were been sampled and therefore may have changed their reporting strategy. This last hypothesis can also be tested. 

Finally, my research also differs from the existing literature because of the set of variables included in the estimation. This will be the first research effort to include the three main types of monitoring and enforcement actions (inspections, orders and fines). In addition, previous analyses did not include production and input consumption variables. Helland (1998) was the only study in which level of production was included. No study included levels of input consumption apart from number of employees. Also, I have information on both the quantities of sampling and non-sampling inspections, the results of the sampling inspections, and quantities and values of fines collected by both the municipal and state government. 

3.6. The Model and Estimation issues 

The core of the model will be composed of a set of two equations, a Pollution Equation and an Inspection Equation. The reason for the existence of two equations is the possibility of endogeneity of Inspections in the Pollution Equation. Tests for endogeneity are going to be considered, and the issue is discussed in paragraphs below.

The basic Pollution Equation would be the following:

BOD5 = F(LEVEL OF PRODUCTION, LEVELS OF INPUTS USED, NUMBER OF INSPECTIONS, NUMBER OF ORDERS, NUMBER OF FINES)

According to the questions addressed in the research, the following dependent variables could be used: four-month monthly average kilograms of BOD discharged, four-month monthly average concentration of BOD per m3 discharged, monthly average extent of the violation (standards are set in terms of concentration), or a dummy variable equal to 1 if the plant is in violation of the concentration standard.

INSPECTIONS and FINES refer both to IMM and DCA inspections and fines.

A time trend is being considered to be included in order to capture the fact that industry was going through a contraction process during this period. Actually several of the plants in the sample were about to close by August 2002, a fact that makes my panel unbalanced along with non-reporting.

With respect to the Inspections Equation, I incorporate their basic arguments as follows:
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The dependent variable considered is the number of inspections that the firm has received in the period. The possibility of estimating only one equation for both the UEI and DCA offices or separate ones for each office will be considered.

As for the possible explanatory variables, the rest of the enforcement actions are included as a way to capture the issue that governments use inspections as a follow up to enforcement actions to check, for instance, that the firm has complied with what it was ordered to do. Nevertheless, it also true that inspections may lead to enforcement actions. This would cause an endogeneity problem in this equation, and it is therefore something I will need to take care of.

Another important determinant of inspections according to my field research is the number of periods since the plant was last inspected. According to interviews, inspectors in the IMM follow a strategy of “sampling without replacement” in both groups of Priority 1 and Priority 2 firms. The first ones are inspected more often, but the strategy is the same in both groups: inspect all firms in the group, in order, and start again when finished.
 This variable is included under the TIME category of variables in the equation. TIME refers also to a time trend that is included to capture any effect that occurred over the period that may have affected the enforcement strategy of either the municipal or the national government.

Another important determinant of inspections is SELF-REPORT. Under this name I plan to include a dummy variable equal to 1 if the firm did not file a self–report one or two periods ago. It is expected to have a positive effect on Inspections since non-reporting actually triggers inspections at the IMM. 

one of the estimation procedures being considered includes the estimation of a Self-Reporting Equation. This equation would have a dummy equal to 1 if the firm reported in the period, and 0 otherwise. Explanatory variables in this equation would not differ from those in the Pollution Equation. Particularly important variables in this equation are thought to be, for example, the number of employees, since the bigger the firm the higher the probability it has a civil engineer in charge of its treatment plant and paper-work necessary for self-reporting. Another example could be the number of times the firm was detected in violation t-k periods ago, which is expected to have a positive effect. 

One of the main estimation problems to be encountered besides those already mentioned is the possibility of the endogeneity of the monitoring (INSPECTIONS) and enforcement (EXECUTIORDERS and FINES) in the Pollution Equation as a consequence of a targeting strategy by the regulator. Evidence from the field research suggests that the level of emissions reported in one period, if abnormal, may certainly trigger an inspection. But the endogeneity problem needs to be tested.

Finally, I want to briefly discuss the issue of testing for under-reporting. One easy way to accomplish this is to conduct a difference of means test using the mean of BOD reported and the mean of BOD measured by the IMM and DCA in inspections, or BOD measured by SEINCO, or the three of them assuming they are technically equivalent measures. Another more ambitious objective is to estimate the effectiveness of monitoring and enforcement actions on the extent of under-reporting. Here I have the problem of sample size since I have regular four-month information for 38 plants during periods 6, 7, 8, 9, 11 and 12. Consequently I am left with only 228 observations in order to do this estimation, which may not be a sufficient number.

� Pargal, Mani and Huq (1997) VER SI ME DIO PERMISO PARA CITAR estimated the impact of inspections and community characteristics on water pollution in eight states of India. Gupta and Saksena (2002) attempted to estimate a relationship between inspections and compliance in the State of Punjab, India. However, their database was of poor quality, not comparable to the others papers cited. 


� Dasgupta, et al. (2000) conducted a statistical analysis of determinants of “environmental performance” in Mexico. However their work cannot be considered as an example of the one proposed here for two reasons. First, their data resulted from a survey of 236 plants where plant managers/owners self assessed the compliance status of their plants on a five-point scale, and a plant was classified as compliant if it was "always" or "almost always" in compliance. Second, the questionnaire was not designed to obtain information on the level of emissions, but asked for the overall "environmental performance" of the plant. Consequently, answers referred to either water, air, toxic and/or non-toxic pollution.


� Of course, particular events such as citizens’ complaint or a severe violation detected would cause the plant to be inspected again before starting the next draw of firms. 
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