1. Introduction

My dissertation will consist of three different research efforts. The first one is a description of the institutional framework, policy instruments, and the enforcement process that characterizes industrial water pollution regulation in Montevideo, Uruguay. The second is an empirical study in which I estimate the relationship between Biological Oxygen Demand (BOD)
 levels of industrial effluent emissions in Montevideo and two sets of variables: (1) industrial plants characteristics and (2) monitoring and enforcement actions taken by the municipal and state governments. The third work is a theoretical model illustrating the interaction between a polluting firm and an environmental authority who attempts to set and enforce an emissions tax. The model assumes the existence of asymmetric information about abatement costs and that the regulator asks the firm to report these costs. 

Although the first two parts belong to the same research effort, each of the three parts was borne from different motivations. They also belong to different literatures. As a result, this proposal will be divided in three parts, one for each of the proposed research works. 

2. Industrial Water Pollution Control in Montevideo, Uruguay

2.1. Introduction

Environmental economists advocate the use of economic instruments as a cost-effective way to control pollution.
 Given that these instruments minimize aggregate abatement costs, less developed countries should be particularly interested in their implementation, because they could save scarce resources and avoid further compromising economic development possibilities. Nevertheless, the history of environmental policy in Latin America does not validate this presumption. Pollution control regulation in Latin America has been under-developed, poorly enforced, and based on “command and control” instruments (CEPAL, 2000).
 It is only in recent years that some countries have incorporated economic instruments (see CEPAL, 2001), although some did so merely as a declaration of intention (CEPAL, 2000). This is particularly true for the case of water pollution.

These experiences open up a wide range of interesting questions. The ones that I consider most relevant are: Why have Latin American countries relied almost exclusively on command and control type of instruments? What distinguishes countries that have already implemented economic instruments or are considering doing so from those who still base their pollution regulation on command and control instruments? And finally, given that not all the countries that have included economic instruments in their environmental regulations have successfully implemented them, what are the conditions needed for this to happen? 

Answers to these questions come from the positive political economy literature of regulatory instrument choice and a more recent literature on the “institutional capacities” of these countries. The first states, for example, that polluting firms will prefer emissions standards over emissions charges simply because under emissions standards firms pay nothing for the first s units of emissions, where s denotes the quantity of emissions set by the standard. Firms therefore may pressure a regulator and/or legislator against the imposition of emission charges, and the latter are also influenced by the overall economic situation. For the same reasons penalties for not complying with the standards are relaxed. On the question of why some countries have already considered implementing economic instruments, this literature suggests that it is necessary to analyze the characteristics of the supply side of the “political market”, such as the predominance of lawyers in the legislature and their staffs who are unfamiliar with economic instruments. 

The second set of answers comes from a fairly recent literature that maintains that even assuming a regulator is committed to the implementation of economic incentives it may not succeed because of the lack of the “institutional capacity” needed to support these instruments in Latin American countries. This explanation is particularly relevant for the issue of why only some countries have successfully implemented economic instruments.

Unfortunately, there is a lack of empirical studies that tests whether the explanations provided by these two sets of theoretical literature apply or not, and if so, to what extent. Moreover, when the issue of instrument choice for pollution regulation in Latin American countries is addressed, the region (or even Less Developed Countries) is commonly treated as a homogeneous unit of analysis (See for example Eskeland and Jimenez, 1992; Russell and Powell, 1996, O'Connor, 1998; Seroa da Motta, et al., 1999; Blackman and Harrington, 2000). However, as some authors have noted (Keohane, et al., 1998; Russell and Powell, 1996) no useful answers to the questions posed in this research proposal can emerge unless there is a case-by-case analysis of the institutional and political economy characteristics of each country. I am not aware of such a work done for the case of pollution control for any Latin American country.

This issue motivates my first piece of research. My objective is to describe in detail the policy setting of industrial water pollution control in Montevideo, Uruguay through field research aimed at identifying and weighting institutional and political economy constraints that prevent the implementation of economic instruments. 


The rest of this section is organized as follows. I first explain in more detail the puzzle that motivates this research. Next I review possible answers to this puzzle that come from the theoretical literature of positive political economy (Section 2.3.) and institutional capacities (Section 2.4.). After that I develop my research proposal and present some conclusions based on the work done thus far.
2.2. “Command and control” vs. Economic Instruments

Since the pioneering work of Pigou, economists have advocated the use of taxes as an efficient way to correct externalities. This has been particularly true in the area of environmental and natural resource economics. In this discipline, economists initially advocated Pigouvian taxes to substitute for command and control instruments because the latter usually do not take into account the differences in abatement costs of the different polluters and therefore are an inefficient way of controlling pollution.

The problem with Pigouvian taxes is that in order to set the proper tax the regulator needs to know the marginal abatement costs of polluting firms and the marginal social benefits of pollution control. This informational burden has made the implementation of Pigouvian taxes difficult. Moreover, even pollution charges designed to meet a previously defined ambient quality or aggregate emissions level are also difficult to implement, because to do so a regulator still needs to know the marginal abatement costs of firms
. 

Dales (1968) was one of the first to propose another type of instrument that overcomes this difficulty: tradable discharge permits. With this policy a regulator first sets the minimum ambient standard or total emissions level, on the basis of a multi – criterion analysis that does not necessarily include economic valuations, leaving aside the problem of estimating the benefits and costs of pollution control. As a second step the regulator distributes a number of discharge permits equal to the desired total level of emissions, and allows the firms to trade these permits. The advantage over emission taxes is that the permits approach solves the asymmetric information problem between the regulator and those regulated. With the use of tradable permits, the regulator does not need to have any information on the firm’s marginal abatement costs. At the same time tradable permits maintain the efficiency advantage over command and control instruments. Under the assumption of perfect competition in the permits market, these instruments are cost – effective; i.e., they minimize the aggregate abatement costs of reaching the environmental target (Montgomery, 1972).

Some authors have investigated the robustness of Montgomery’s result under non–competitive conditions such as market power (Hahn, 1984) and transactions costs (Stavins, 1995). These investigations concluded that cost-effectiveness of tradable permits could not be guaranteed under these circumstances. Nevertheless, although it is recognized that tradable permits are not a panacea and that policy makers should be careful of the particular situation (Bhöm y Russell, 1985; Stavins, 1998), it is true that among environmental and natural resource economists there exists a fairly broad consensus that tradable permits are the best instruments for controlling pollution. 

When looking at developing countries, and particularly at Latin America, one could conclude that tradable permits or economic instruments in general should be particularly attractive. Given that tradable permits or emissions charges minimize aggregate abatement costs of regulated firms, by implementing these instruments these economies would save scarce resources and avoid further compromising economic development possibilities.

But the history of environmental policy in Latin America does not validate this presumption. According to a recent survey (CEPAL, 2001) experiences with economic instruments in Latin America include only:

· Brazil, State of Sao Paulo: tariff on industrial effluents, since 1977; 

· Chile, Santiago: a sort of rudimentary pollution permits market for emissions of particulate material to the air based not on transactions but on compensations; 

· Colombia, several regions: charges on industrial emissions of BOD and Total Suspended Solids (TSS), since 1997.

Mexico is sometimes included in this list but what it really implemented is a system of fines for violations of emission standards. The idea was to set the penalties at levels above the cost of building a treatment plant so as to induce industrial firms to do so.

As can be seen, only Brazil and Colombia apply economic instruments for water pollution regulation, an environmental problem commonly considered to be among the two most important in the region along with biodiversity conservation. In other countries, such as Argentina (Calcagno, 2000), Bolivia, El Salvador and Nicaragua, although economic instruments have been proposed and included in their legislation, there has not been an effort to go further with their implementation (CEPAL, 2000). Finally, Chile (Cepal, 2001), Costa Rica (Guzmán, 2001) and Cuba (Cepal, 2000) are now considering the implementation of water emissions charges.

As stated in the previous section, these experiences open up a range of possible questions: Why have these countries relied almost exclusively on command and control instruments in the past? What differentiates the countries that have already implemented economic instruments, or are considering doing so, from those who still base their pollution regulation on command and control instruments? Lastly, what are the conditions for successful implementation of incentive instruments?

In order to explore these questions, I briefly review explanations given by the positive political economy literature on the issue of regulatory instruments choice, and a more recent literature on the “institutional capacities” of these countries. Later, I turn to the question of why Uruguay is not on the list of Latin American countries that have implemented, or are in the process of implementing economic instruments. Finally, I develop my research proposal aimed at answering this question.

2.3. The Political Economy of the Choice of Policy Instruments

As with every regulatory choice, political forces also influence the choice of instruments in environmental policy. The literature on the political economy of regulatory choice is, of course, extremely vast. Fortunately a fairly recent paper (Keohane, et al., 1998) has surveyed this literature for the case of environmental policy. The authors have looked at the hypotheses provided by this literature on four issues pertaining to the experience of the US environmental policy, from which I take two. First, why have command and control instruments been used more frequently in the past than incentive-based instruments despite the cost-effective advantage of the latter? Second, “why have incentive-based instruments begun to gain acceptance in recent years?”

In these two respects the US experience is not different from Latin America's. It is useful then to summarize the answers for these two questions in order to later analyze their relevance for my case study of Montevideo, Uruguay.

In order to survey the literature on positive political economy Keohane and co-authors (op.cit., 1998) used a model for a “political market”. In this market the “commodity” traded is the legislators'  “effective support” for a given instrument. The demand side of the market includes several interest groups: polluting firms, environmental organizations, workers and consumers. The supply side of the market is assumed to be composed of legislators, who seek to assure re-election. They are therefore willing to trade some “effective support” for a given environmental policy instrument in exchange for votes and/or monetary contributions. The final instrument choice is the result of competitive equilibrium of such a market operating through given institutional mechanisms. 

On the demand side of the market the question of why command and control instruments are more commonly used can be answered by examining the incentives of each of the aforementioned interest groups.

Firms: Profit maximizing firms demand those policy instruments that minimize their costs of compliance. Firms will prefer standards to emissions charges because under the former they only have to incur abatement costs (and possibly non-compliance costs, such as fines and other penalties). Under emissions charges firms also pay a certain amount for every unit emitted, even those ranging between zero and the emissions standard. In the case of tradable permits, preferences are firm specific. They depend on how many permits a firm gets allocated, its abatement costs and the permit price. They depend also on the process by which permits are allocated. Some firms may prefer grandfathered permits to emissions standards. Auctioned permits, on the other hand, may be opposed by most of the firms when compared to emissions standards. 

Another explanation is that command and control instruments create rents and barriers to entry, as they are commonly more stringent for new firms than for existing ones.

Environmental organizations may also prefer standards to taxes or tradable permits because: 

a. Emissions taxes and tradable permits are seen as licenses to pollute.

b. Tradable permit levels or emissions taxes may be more difficult to alter in the future than emission standards.

c. The solution to “pollution hot spots” is more difficult to address under incentive - based instruments. 

Workers: Environmental regulations create costs that firm managers and owners use to threaten governments with the possibility of lost jobs. Unions tend to defend jobs. Consequently they will commonly be on the side of their employers in the case of pollution control. As the costs in the case of charges are greater than in the case of command and control instruments, unions will tend to oppose charges also. Again, in the case of tradable permits, it depends on the particular firm.

Consumers: According to Keohane, et al. (1998) consumers have expressed little pressure on the issue of selection of environmental policy instruments in the US as a consequence of free riding and lack of information. Every interest group faces the problem of free-riding. Since most of the time the object of demand (a regulation) is a public good, some potential beneficiaries may opt to free ride on the lobbying efforts of others members of the group. For consumers or citizens this is a bigger problem than it is for other interest groups such as trade associations, since the balance of costs and benefits are greater for individual citizens, than they are for a firm member of a trade organization. It also pays very little to an individual consumer to keep himself constantly informed about alternative environmental regulations proposed for different problems, since the costs of doing so may well outweigh the benefits.

From the supply side of the “political market” the literature has proposed the following explanations for the prevalence of command and control instruments over incentive – based. First, legislators and environmental regulators are predominantly not trained in economics. Command and control approaches are not only more easily understood, but also they are the instruments legislators and regulators are used to. Implementation of incentive – based instruments would require legislators and their staffs to understand them before they give their votes of support. 

Second, ideology may play a significant role in instrument choice. Politicians, legislators and regulators will be more prone to promote incentive-based instruments if they are free-market oriented, independently of their true understanding of the instruments. Similarly, legislators with more confidence in the role of government will be more inclined to support regulatory measures like command and control instruments. 

Third, politicians will prefer instruments for which the costs of regulation are less visible. This is not the case of charges and tradable permits. Command and control instruments, on the other hand, may hide the cost of abatement in price increases.

Fourth, politicians often engage in “symbolic politics”. Command and control instruments may be seen as stronger “statements of support for environmental protection” than emission charges or tradable permits. 

Fifth, politicians may be more interested in the distribution of costs than in the minimization of them, the main advantage of incentive – based instruments. Politicians may therefore be reluctant to implement instruments that may cause some firms to close or re-locate, particularly given that this may create unemployment in certain areas. As a result they will have a bias toward favoring existing standards.

Sixth, legislators may view command and control instruments as assuring a greater degree of control in implementation. And finally, incentive – based instruments shift control decisions from regulatory staff to polluting firms, possibly affecting their prestige and job security.


Answers for the second question -why have economic instruments began to gain acceptance in recent years- include: increasing understanding of how these instruments work, discussions of new unregulated environmental problems without any interest group advocating a status quo approach, and a political shift toward using market mechanisms to solve social problems.

2.4. Lack of “institutional capacity” in Less Developed Countries

Other possible answers to the questions posed by this research come from a fairly recent literature. This literature states that even assuming that environmental policy makers in Latin American countries are committed to the implementation of economic instruments,  they face what Russell and Powell (1996) and Russell (2001) have called a lack of “institutional capacity”, which makes it impossible to implement economic instruments in the short run.

Russell and Powell (1996) cast doubts on the arguments for the superiority of direct economic over indirect command and control instruments. The informational burden posed on the regulator in the case of the former clashes with the lack of “institutional capacity” of these countries. What is meant exactly by lack of institutional capacity? Examples observed in many Latin American countries are:

(a) overlapping jurisdiction of state and municipal offices in charge of environmental regulation. These offices act regularly without coordination between them and as a consequence economic agents such as polluting firms may face unclear regulations concerning, for example, water pollution standards;

(b) legal emptiness in some areas; 

(c) understaffed or wrongly staffed environmental agencies with inadequate monitoring technologies;

(d) slow legal processes and a small number of judges and attorneys qualified in environmental law; 

(e) lack of experience with economic instruments for environmental protection, perhaps as a result of the existence of a small number of environmental economists; 

(f) a general lack of public resources.

The main result of this lack of institutional capacity is the inability to implement parallel monitoring and enforcement strategies in order to attain some “good” level of compliance when applying economic instruments. The cost of administering these policy programs can be a very high price to pay for Latin American countries for the attainment of cost-effectiveness. 

The authors conclude that the choice of policy instruments must be compatible with a country's institutional capacity.  This concept of institutional compatibility of instruments implies “…an evolution from those instruments more easily defined and enforced, and the least closely connected to ambient quality goals; toward those involving more difficult definition tasks and closer connections to desired ambient results, aiming at tradable permits in the long run.” (Russell and Powel, op.cit., p. 20) 

Several authors have agreed with this conclusion (Barbe, 1994; CEPAL, 2000 and 2001; Eskeland y Jimenez, 1992; O’Connor, 1998), and some have also stated that institutional compatibility leads policy makers in developing countries to look for alternative indirect instruments. Examples of these are: technological standards and other indirect command and control instruments, taxes on polluting consumption goods or production inputs (Eskeland and Devarajan, 1995), taxes on complements (or subsidies on substitutes) of polluting goods; combinations of indirect taxation and command and control instruments (Eskeland, 1994); import quotas on polluting goods or inputs (O’Connor, 1998), private enforcement of environmental regulations (Tietenberg, 1996); informal regulation (Pargal and Wheeler, 1996; World Bank, 1999); voluntary agreements on pollution abatement between the government and polluters (O’Connor, 1998); and public disclosure of the environmental performance of firms (Pargal and Wheeler, 1996).

2.5. A Research Proposal 

The reviewed literature provides two sets of theoretical explanations for the choices of environmental policies in Latin American countries. Unfortunately, apart from anecdotal evidence on specific examples, there exists a lack of empirical studies that test whether the theories apply, or the extent to which they do so. Moreover, when the issue of instrument choice for pollution regulation in Latin American countries is addressed, the region (or even Less Developed Countries) is commonly treated as a homogeneous unit of analysis (See, for example, Eskeland and Jimenez, 1992; Russell and Powell, 1996, O'Connor, 1998; Seroa da Motta, et al., 1999). 

In this respect, Keohane, et al. (1998) state that “most of the academic work in this area [political economy of instrument choice] has been theoretical; very few arguments have been subject to empirical validation.” Furthermore, although some quantitative empirical studies of the demand side of the political market (for example estimating firms’ willingness to pay for particular outcomes) are possible, this is not the case for the supply side of the market where information on political decisions is not public. As a result the only possibility in these cases is “through detailed case studies of the legislative decision-making process.” 
Similarly, Russell and Powell (1996) noted that in the more institutionally developed Latin American countries some efforts are being made to implement economic instruments; however, legislation is mainly based on command and control instruments in those countries with less developed institutions. The argument of “lack of institutional capacity” gives a possible explanation for this disparity, but in their words “no definite answer is available without substantial field investigations” (Russell and Powell, 1996, p. 1). In other words, useful answers to the questions posed in this research proposal require empirical research of the institutional and political economy characteristics of each case as a specific unit of analysis since the appropriateness of regulatory systems "will vary across countries, across regions within countries and also across pollutants". (Blackman and Harrington, 2000)

I am not aware of such a work done for the case of pollution control for any Latin American country. This issue motivates my first piece of dissertation research. The proposed research is described in the following paragraphs. 

Uruguay is a peculiar case. It has had a relatively high level of economic development among Latin American countries. Nevertheless, its environmental legislation is extremely underdeveloped, even compared with others countries in the region. It has not yet implemented any kind of incentive – based instrument, direct or indirect. “Economic incentives” has only recently been proposed as policy instruments (Ley Nº 17.283, known as “Ley General de Protección del Medio Ambiente” enacted in December 2000). 

The case study I will examine is industrial water pollution control in the capital city of Uruguay, Montevideo. Water pollution legislation and control efforts by both national and municipal governments have a history of more than 30 years. It therefore provides an excellent case to analyze in order to provide answers to my research questions. I have conducted a field research with the following objectives:

(1) Describe the institutional context of industrial water pollution control policy in Montevideo, analyzing aspects such as: 

a. Which city government agency has jurisdiction and its relationship to the national agencies;

b. Which of the previously described political economy or institutional factors are binding;

c. The legal framework of water pollution control

(2) Describe the industrial water pollution control program. The kind of questions I will try to answer on this point are:

a. What types of instruments are used? 

b. What was the process by which these instruments were implemented?

c. Is the program based on regular self – reports of polluting firms?

d. If so, how does a firm or plant qualify to be responsible for self-reporting? What kind of information is being reported and why?

(3) Describe the enforcement program:

a. How do government officials assign inspections among different firms?

b. What do the inspection processes consist of?

c. What is the average probability of inspection in a given year?

d. What is the compliance rate? 

e. What is the exact definition of violation of a standard?

f. What procedures are followed once a firm is found in violation?
g. What are the maximum and minimum fines and what are the criteria for imposing them?
(4) Describe the results in terms of ambient water quality.

(5) Provide an interpretation of these results in terms of instruments used, institutional and economic framework, and enforcement policies.

(6) Provide an evaluation of the possibility of introducing market-based instruments in the short-run.

2.6. Work done thus far

In this section I provide a brief summary of the results of my field research in Montevideo. The results are grouped by question topic as outlined in the previous section.

2.6.1. Institutional Context

Effectively, water pollution control policy in Uruguay, and particularly in Montevideo, suffers from several “institutional constraints”. 

First, I have identified a severe overlapping jurisdiction among the city government and state government offices, more specifically between the Industrial Effluents Unit (Unidad de Efluentes Industriales, UEI) of the Municipal Government of Montevideo (Intendencia Municipal de Montevideo, IMM) and the Environmental Control Division (División de Control Ambiental (DCA) of the Ministry of the Environment (Ministerio de Vivienda, Ordenamiento Territorial y Medio Ambiente, MVOTMA). Firms report emissions and other economic variables to the Industrial Effluents Unit (UEI) of the Municipal Government of Montevideo (IMM), which is also in charge of regular inspections to check for compliance to effluent standards. But the Environmental Control Division (DCA) of the Ministry of the Environment is in charge of giving the authorization for industrial discharge (Autorizacion de Desagüe Industrial, ADI) and consequently also conducts inspections. Nevertheless, coordination existed between 1996 and 2001, during which an informal agreement between these two offices conveyed to the city government unit (UEI) the exclusivity to make regular inspections in Montevideo, allowing the state government division (DCA) to concentrate its monitoring efforts in the rest of the country. But this coordination began to deteriorate in the year 2002. 

Second, the city government unit (UEI) is clearly understaffed, and the state government division (DCA) is mostly staffed with chemical engineers. There does not exist a single environmental economist among the staff of both the Municipal Government of Montevideo (IMM) and the Ministry of the Environment (MVOTMA). This is probably the main reason why economic instruments have not been part of the instruments menu yet, according to opinions gathered in several interviews. 

Third, access to appropriate monitoring technology does not seem to be a potential problem, though budget constraints are going to bind harder in the coming months due to the overall economic situation of the country. 

Finally, the Justice system is extremely slow, with no experience at all in environmental issues.

With respect to the political economy arguments, up to this point I am able to conclude that the situation for the case of Uruguay is the following:


From the demand side, environmental organizations do not seem to have influenced bureaucrats’ or the legislature’s decisions in the past, although their power may be growing. Nevertheless, it is true that taxes and tradable permits are perceived by these organizations as licenses to pollute. Lastly, consumer pressure is nonexistent. One may conclude that in the presence of the worst economic crisis in history, firms and workers will oppose effluent charges and will prefer (imperfectly enforced) emission standards as the former may threaten competitiveness and jobs. But the issue is that neither firms nor workers have expressed any preference over instruments for water pollution control, because incentive-based instruments have not even been considered up to now. This is why I conclude that the main reason comes from the supply side: there is not a disposition to use incentive-based policy instruments in the Administration or the Congress, even though I found it at the level of the UEI and the DCA staffs. 

Three explanations are given for this. First, there is a lack of staff skilled in environmental economics at all of these three levels. Second, ideology plays a significant role in Uruguay. Half the congress and the city government administration belong to the left party. This means that for many people emissions charges are seen as licenses to pollute for the firms that can afford them, and tradable permits are seen as a free-market solution. In other words, economic instruments are seen as a move toward a more market-oriented economy, as opposed to command and control instruments, which are seen as a more government-oriented solution. Clearly there is a miscomprehension of economic instruments. They are not seen as a cost-effective alternative for regulation, but rather as no regulation at all, or a lax regulation. Otherwise uniform emissions standards would be seen as what they are: licenses to pollute for free. Finally, but no less important, the distribution of costs and not the minimization of them matters most to legislators and the administration. Given the difficult economic and labor market conditions in Uruguay, legislators will be reluctant to implement instruments that may cause some firms to close or re-locate. Legislators know firms will oppose incentive-based instruments, and they are not willing to go against these interests. 

Very interestingly, this institutional context provides environmental economists a potential outreach role in the dissemination of concepts such as the importance of attaining cost–effectiveness in environmental policy. This is a role that my field research has already allowed me to play.

2.6.2. The Pollution Control program

The instruments used are emissions standards, but not the kind of emissions standards economists are used to dealing with in textbooks. Effluents standards are defined in terms of concentration of a given pollutant per liter of effluent discharged, and not in terms of quantities of pollutants discharged. This difference is a very important one and should be taken into account when proposing economic instruments as an alternative to these standards.

It must be mentioned that during 1997 through 1999 the Municipal Government (IMM) established a Plan (Plan de Reducción de la Contaminación Industrial) that relaxed emissions standards for almost all the pollutants and all industrial sectors. The plan, approved in 1996 as Resolution 761/96 of the Department of Environmental Development of the IMM, was intended to bring plants into compliance by giving them a period of adjustment in order to start investing in abatement technology. Leather tanners and wool processors were given more time, although the date by which their emissions were to meet the standards was not specified in the chronogram. As stated in the Resolution, this plan was inspired by the recognition of the “present reality of the industry” sector on the part of the municipal government (IMM). The Plan seems to have failed in the sense that it apparently did not produce any significant change in compliance rates. A more formal test for this conclusion is part of my second proposed research.
Plants report every four months to the municipal government unit (UEI) monthly quantities of the following variables: (1) the level of production for each good produced, (2) the level of water consumption, including underground water, (3) the level of electric energy consumed, (4) the level fuel and/or wood consumed, (5) the number of employees and days worked. Plants are also required to report samples of their discharges with the following information: total effluent flow and its concentration of pollutants. Plants with an effluent flow larger than 50m3/day are required to take samples biweekly instead of monthly.

2.6.3. Enforcement strategy


As part of an agreement between the city and the national governments, during the last five years industrial plants have been inspected more frequently by the city government unit (UEI) than by the national government division (DCA). In fact, inspections by the city government unit (UEI) have been extremely frequent. For example, taking a sample composed of 75 industrial plants responsible for more than 90% of industrial emissions in the city, in the period between July 1996 and October 2001 the city government unit (UEI) conducted a total of 501 inspections on these plants. This number gives an unconditional probability of 0.42% of being inspected in a four - month period. 

There are two types of inspections: sampling and non-sampling inspections. Sampling inspections are inspections in which the inspectors take samples from the plant‘s effluents for latter analysis. These inspections always include inspections of treatment plant performance, the overall treatment process performance, as well as general questions regarding the economic situation of the firm, including changes in levels of production, or special events that could affect the effectiveness of treatment processes. Non-sampling inspections include the latter but not a sample of the plant effluents. Reasons for not sampling may be several: the plant was not working at the time of the inspection, or the plant was not discharging effluents at the time of the inspection
. Sometimes, non-sampling inspections are triggered by citizen complaints about abnormal discharges or smell. Of the 501 inspections, 375 were sampling inspections. 

The municipal government has just finished a four-year program financed by the Inter American Development Bank (IADB) that formally classified plants into two categories: Priority 1 and Priority 2. Priority 1 plants are those that pollute more and are inspected more often. But the enforcement strategy is one of “sampling without replacement” in both groups.

Interestingly, fines have been very rare events. Between July 1997 and October 2001 these same 75 industrial plants have received a total of only 11 fines by the city government unit (UEI). The enforcement strategy seems to be to closely monitor firms, but to tolerate some violations to the standards while negotiating gradual abatement with firm owners/managers.

Compliance has been fairly low. For example, in June 2001 the city government published information in the press regarding compliance to industrial emissions standards. Average concentrations of BOD were calculated for every industrial sector in each of eight groups representing different points of discharge (i.e., the five river basins, the sewage system, the Montevideo Bay, and the Río de la Plata). Twenty-seven (27) industrial branches were on average out of compliance with regard to BOD standards out of a total of 48 branches. The sample included 76 plants.

2.6.4. Water stream ambient quality


Water stream ambient quality has improved considerably during the last decade, but more as a result of the number of industrial plants closed in the process of economic integration with Argentina, Brazil and Paraguay (MERCOSUR) than as a result of environmental control.

2.6.5. Possibility of introducing market based instruments in the short-run

This is certainly not a simple question to answer. In order to come to a conclusion, I will base my judgment on what I think are the most important demands on the part of economic instruments. Among these, first is the ability to monitor emissions as continuously as possible. Second, the ability to manage a greater amount of information regarding not only emissions but also variables such as the amount of tradable permits held or charges paid by every plant in every period. Third, the need of a fast legal system, with the ability to respond in time to possible disputes that may arise. Finally, but no less important, political will also plays a definite role. 

3. Effectiveness of Industrial Effluent Standards Enforcement in Montevideo, Uruguay

3.1. 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 in this literature. They estimated the effect of inspections on industrial BOD emissions in the US. A couple of papers extended their work, with some differences, to the case of air pollution in the US, and water and air pollution in Canada (Laplante and Risltone, 1996; Gray and Daily, 1996; Nadeau, 1997; Helland, 1998). Invariably, these papers have shown that firms react to enforcement actions by reducing levels of emissions. 

Unfortunately, there does not exist any example of this empirical work for Latin America.
 In fact, Dasgupta, et al. (2001) is the only example of the type of work proposed for my research for the case of a less developed country (LDC). This constitutes a very important shortcoming for this region. 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 analyzed 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. 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. 

3.2. The Empirical Literature on the Enforcement of Uniform Industrial Effluent Standards

The following review deals specifically with the empirical literature on the enforcement of industrial emissions standards. The number of papers in this literature has grown steadily in the past decade.  This literature basically deals with two issues: first, the effect of enforcement actions on levels of pollution, non-compliance and self-reporting; and second, the determinants of the allocation of enforcement actions among regulated plants. With respect to this second issue, 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, such as local labor market conditions. 

3.2.1. Effect of inspections and enforcement actions on emissions, violations and self-reporting

Magat and Viscusi (1990) [henceforth MV] seem to be the first rigorous paper analyzing industrial water pollution enforcement policy. Since their data on inspections was more complete than on other enforcement actions, they chose to test the relationship between plant inspections and plant BOD discharge levels. Their case study was the seventy-seven plants (out of 194) that periodically reported emissions in the pulp and paper industry in the U.S. The authors were aware of sample selection bias and they concluded accordingly. Their study covered the period from the first quarter of 1982 through the first quarter of 1985. It is important to note that what MV refer to as discharge levels are actually reported discharge levels taken from the Discharge Monitoring Report that the plants send monthly to the EPA or to a similar state office in cases when states have met federal criteria in order to be in charge of water pollution policy enforcement. Their results showed that one inspection in a given quarter reduced the level of quarterly average monthly emissions of BOD by 1,149 pounds, around 20% of the mean value of BOD discharges. When interacted with the compliance status of the plant, inspections of non-compliant plants were 100% more effective than inspections of compliant plants, although confidence intervals for both variables overlapped. Variables capturing plant size, industry sector and region effects were statistically insignificant. 

Inspections also had a significant effect on the compliance status of firms according to a second model they estimated. These authors found that if a plant had not been inspected in the previous quarter, its odds of being out of compliance doubled. MV also tested for the effect of inspections on self–reporting. Using mean differences between the number of non-reports in a four-month period before and after an inspection, they found that an inspection increased monthly reports by 0.1. 

Laplante and Rilston (1996) [henceforth LR] conducted a similar analysis to MV’s for the pulp and paper industry in Quebec, Canada. Their sample was composed of observations of 59 plants in the period 1985 – 1990. They found that both inspections and the "threat" of inspections (an instrumental variable used as a proxy for “expected inspection”) had a “strong negative impact” on the level of emissions. Their result showed that past inspections reduced the level of reported BOD emissions by 28% of the mean BOD level discharged, as compared to the 20% obtained by MV. They also found that inspections strongly improved the frequency of self-reporting. Their analysis differs from that of MV in two ways. First, their database allowed them to calculate and measure the impact of inspections on the extent of violations, measured as the level of BOD emissions relative to the standard for that plant. (MV did not have information on the level specified in the permits held by the firms, just on the compliance status) Second, they repeated their analysis for Total Suspended Solids (TSS), with similar results.

Gray and Deily (1996) were the first to include enforcement actions (letters, phone calls and enforcement orders) apart from inspections in the analysis. Their dependent variable was the compliance status of the plant, not its level of emissions or violations. They studied air pollution from the steel industry in the US and found that the total number of past enforcement actions, whether measured as inspections alone or total actions, did increase compliance. 

Nadeau (1997) was the first to try to separate the effects of monitoring and enforcement activities (“administrative, civil, judicial, and penalty actions”, p. 68) His objective was to estimate the effects of these actions on the duration of non-compliance. This issue will not be a part of my research, since in Uruguay some level of non-compliance is tolerated. The enforcement strategy is not a matter of getting firms to comply but to get them to decrease emissions. Nadeau found that “a 10% increase in monitoring activity leads to a 4.2% reduction in the time that a plant violates EPA regulations. A 10% increase in enforcement responses implies a 4-4.7% reduction in the length of violation” (p. 77).

Helland (1998) also dealt with BOD emissions in industrial water pollution with quarterly data of 57 plants from the U.S. pulp and paper industry in the period 1990 to 1993. He found evidence that detected violations in the previous quarter and two quarters ago increased the probability of self-reporting by 9% and 8%, respectively. He also found that past violations, the age of the plants, the costs of compliance and liquidity constraints were the most important determinants of the probability of violation.

More recently, Gray and Shadbegian (2002) analyzed annual data between 1979 and 1990 for 116 pulp and paper plants in the US. With respect to the effectiveness of inspections, they found that plants that faced greater enforcement actions were more likely to move into compliance, although those actions are not effective in preventing plants from moving out of compliance. They also found that firms with relatively low levels of compliance seemed to be less responsive to enforcement actions. 

3.2.2. Targeting

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. The regulator could target enforcement according to past violations. 

Gray and Deily (1996) found that plants predicted in compliance faced less enforcement actions, but at the same time plants with a better history of compliance faced more enforcement actions. The latter result 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.

Inspired by Harrington’s model, Helland (1998) tested for this “state-dependent” type of targeting in producing environmental compliance and increasing self-reporting of emissions. He found that the presence of a violation in the previous quarter and the failure to self-report were the most important determinants of inspections, increasing the probability of being inspected by 38% and 23%, respectively. Most importantly for his objectives, he 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. 

Gray and Shadbegian (2002) found a negative effect of inspections on the compliance status of plants and they interpreted this as evidence of targeting.

3.2.3. Political considerations in the decision to inspect

Regulators may allocate monitoring and enforcement resources among firms according to political considerations. (See Section 2.3) If this motivation is not taken into account, the regulator’s actions may be interpreted merely as ineffective enforcement. Helland (1998) provided some insights into this issue. He found evidence that "violations did trigger a penalty phase as suggested by Harrington" (p. 151), but also political considerations were important determinants of inspections (e.g., the possibility that the mill will be forced to shut down, per capita income of the surrounding community and the level of pollution in the surrounding community).

Along the same line, Deily and Gray (1991) found evidence that in the case of the emissions of the US steel industry, the EPA directed less enforcement towards those plants with a greater probability of closing and impact on employment in their communities. Nevertheless, the magnitude of the effect was not very high. For example, their estimation showed that a 10% increase in a plant’s share of the local labor market decreased enforcement actions by 1.9%. Also, a 10% increase in the probability of closing decreased enforcement activity by 6.5%.

Dion, et al. (1998) have raised a very interesting point. They noted that uniform emissions standards do not imply uniform level of actual emissions. Enforcement authorities are the ones that ultimately determine the actual level of emissions of plants by their allocation of inspections and enforcement actions among regulated firms.  If these authorities approximately take into account variables such as the costs of compliance of different plants and the expected damage of each plant’s emissions, they could substantially reduce the actual cost-ineffectiveness and inefficiency of uniform emission standards. They used the same case study and partly the same database of LR. They found that a 1% increase in the plant’s share of the employment in the local labor market increased the probability of being inspected by 0.11%. They argued that this result obeyed the issue that the firm’s share of the local employment market acted as a proxy for the visibility of enforcer actions. In other words, the bigger the plant’s share of the local labor market, the more visible to the public the enforcers’ inspections. As a result regulators would inspect bigger plants more often. According to the authors, the latter does not mean that the regulator was willing to continue further with more costly enforcement actions, such as fines towards those plants. Their second result was that the level of unemployment in a region decreased the probability of inspections for a plant. Finally, two-period lagged values of the size of the plant’s emissions relative to the volume of the water stream receiving those emissions increased the probability of inspections by 8.9%.

3.2.4. Less Developed Countries
Empirical analyses of regulators’ effectiveness in industrial emissions control or the determinants of their allocation of inspections among firms are unfortunately almost nonexistent in LDCs. 

Dasgupta, et al. (2001) seems to be the only statistically rigorous example of such an analysis.
 Their study is also the first to include levies as determinants of levels of emissions. They analyzed annual data on 640 industrial plants in the city of Zhenjiang in China, between the years of 1993 and 1997. Their main results are that inspections do have a “statistically significant” effect on firms’ emissions of TSS and Chemical Oxygen Demand (COD). Inspections on the margin reduced water pollution measured by TSS and COD by 1.18% and 0.4% relative to their mean values. These results are far less than the 20% and 28% obtained by MV and LR for the US and Canada. For the case of Total Suspended Particulates (TSP, air pollution) the result was 0.34%. Second, pollution charges (fines) did not had an effect on pollution, although according to the authors this may have been the result of a lack of variation in pollution charges. Third, citizens’ complaints did impact inspections “significantly” and therefore also pollution.

There are a few other examples of empirical analyses of pollution regulation in LDCs. For example, Wang, et al. (2002) used the same database as Dasgupta, et al. (2001) to test for the determinants of the enforcement activities of regulators. They found that private firms had less bargaining power, measured as the percentage of levy actually paid relative to what they should have paid. A more interesting result they found is that those plants with higher expenditures on pollution abatement paid lower levies. This result suggested that regulators might have been compensating firms for such investments. 

Pargal, Mani and Huq (1997) estimated the impact of inspections and community characteristics (acting as proxies for political power) on water pollution in eight states of India. Their sample included 250 industrial plants surveyed in 1996, although they reported their results with 71 observations. BOD emissions were measured as the monthly average BOD generated by each plant. Inspections are the total number of inspections that the plant had been subject to in the period 1990 – 1994. One of their main results is that BOD emissions “are unaffected by inspections”, a conclusion driven by the statistically insignificant nature of the “Inspections” variable in the BOD equation, rather than by the magnitude of the coefficient (a frequent interpretation in the paper). The authors recognized that this result is conditional on the nature of their database, which did not allow them to analyze the impact of lagged inspections. They also found little evidence of informal enforcement (as measured by the community characteristics proxy). 

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 because “there is no comprehensive database” in India according to the authors. In order to deal with this problem, the authors constructed a dummy dependent variable equal to 0 if the firm was in compliance with air and water pollution regulations. Compliance was determined using a simple majority rule: the plant was said to be in compliance if it was not in violation with air or water pollution in most of the available reports they have from inspections done on the firm in the previous five years. Their results (based on a panel with 117 observations) showed a negative impact of inspections on compliance, possibly as a result of endogeneity. Nevertheless, these results may be affected by the quality of the database. Other interesting results that these authors found are that firms that were required to install an effluent treatment plant and frequent violators were inspected more often and, on the other hand, firms with higher maintenance costs of the treatment plant and higher rate of return were likely to get inspected less often.

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' self-reported 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 fifth inquiry would be to test for the effects of inspections and enforcement actions on the compliance status of firms. This would be an easy extension. Results are not very promising since regulators seemed to be tolerating some violations to the standards while negotiating gradual abatement with firm owners/managers.

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 command and control standards with incentive-based instruments that could be developed and for comparing different enforcement strategies. For example, inspections and orders are almost the only actions used by regulators. Fines were rarely levied (See Table 1 below). 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. As noted above, 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. For example, if enforcement efforts of the UEI were truly ineffective, it could have been so as a consequence of relying on too many inspections and too few fines. However, this enforcement strategy may be the result of political considerations on the part of the municipal government (IMM). If this is the case, is the Ministry of the Environment different with respect to their political consideration in the allocation of enforcement strategies? In other words, could the DCA impose more fines in this context? On the other hand, if the UEI was effective, there is clearly no need for the DCA to duplicate monitoring actions (inspections). 

Another unique feature of the proposed research is the availability of a third source of information on emissions, apart from the plants themselves and the regulators. This third source is made possible by a Monitoring Program implemented during part of the analyzed period by the municipal government of Montevideo as a result of an IADB financed Sewage Plan for the city. (See Section 3.1 below). An independent consulting firm that conducted its own samples of emissions ran the program. As a result, information is available for thirty-eight (38) plants for six (6) out of the thirteen (13) periods studied. 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. 

3.4. 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). The core information comes from the IMM. As explained in Section 2.6.2, industrial plants in Montevideo need to 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 (BOD5) concentration of the industrial plants effluent discharges measured in mg/l, and the average monthly flow of discharges (FLOW) measured in cubic meters (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 tap water consumed per month (OSE) in m3, underground water consumed per month (PERFOR) in m3, total water consumed per month (WATERTOT) in m3, electric energy consumed per month (ELECTRIC) in Kwh, fuel consumption per month (FUEL) in tons, firewood consumption per month (FIREWOOD) in tons, gas consumption per month (GAS) in tons, number of employees per month (EMPLOY) and number of employee days worked per month (WORKDAYS). 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.

My second source of information is the Environmental Control Division (Division de Control Ambiental, DCA) of the Ministry of the Environment. This 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, as explained in Section 2.6.3. 

Finally, my third source of information is SEINCO, the name chosen for the private partnership MULTISERVICE-SEINCO-TAHAL 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. A detailed explanation of the Program is part of the research objectives of the first part of this prospectus. 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.

Seventy-four (74) industrial plants located in Montevideo are included in my database. 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. It included a maximum of eighty-seven (87) industrial plants in November 2000 – February 2001.
 Of these 87, I excluded twelve (12) plants that reported less than six (6) times during the 13 four-month periods in my sample, although they were active throughout the 13 periods. From the remaining 75 I had to exclude one more because it was not reporting BOD emissions; it reported only metals emissions. Consequently, conclusions from my analysis must be interpreted according to this sample selection bias. It can be said that this bias is intrinsic to this type of empirical analysis since non-reporting is usually present and it cannot be guaranteed that a random sample would lead to firms with complete information.

In order to conclude a preliminary description of my database, I present in Table 1 descriptive statistics for Input, Pollution and Enforcement Actions Variables. Descriptive statistics were calculated after averaging the monthly data for the four-month periods corresponding with the reporting periods, starting in February and ending in January of each year. For the case of BOD5, monthly reported concentrations were weighted by the corresponding FLOW. In those cases in which FLOW was not available, simple averages were calculated. With respect to the rest of the variables, simple averages were calculated over the available number of observations in the four months.

Descriptive statistics for the Production Variables are not presented because a zero value was computed for each industrial plant in the cells corresponding to products not produced. Consequently, simple statistics over all industrial plants would not be descriptive for these variables. At the same, the number of variables (seventy) prevents me from presenting descriptive statistics for every plant. Finally, statistics presented in the tables are calculated over non-missing observations of my four-month average sample.

Table 1: Descriptive Statistics for Input and Pollution Variables in Database

(Sample July-October 1997 to July – October 2001)

Total Potential Observations: 962

	Variable
	Mean
	Std. Dev.
	Observations
	Missing Values

	BOD5 (mg/l)
	1050.7
	1869.3
	858
	104

	FLOW (m3/day)
	199.29
	525.15
	789
	173

	OSE (m3/month)
	3905.7
	8104.1
	868
	94

	PERFOR (m3/month)
	2686.5
	4786.7
	708
	254

	WATERTOT (m3/month)
	6066.7
	9006.9
	687
	275

	ELECTRIC (Kwh/month)
	182877
	252885
	894
	68

	FUEL (m3/month)
	35.50
	49.52
	749
	213

	FIREWOOD (tons/month)
	103.55
	244.45
	360
	602

	WORKDAYS (per month)
	22.62
	3.47
	812
	150

	EMPLOY (number of employees)
	147.08
	608.60
	879
	83


Table 2: Descriptive Statistics for Monitoring and Enforcement Variables – IMM and DCA

(Sample July-October 1996 to July – October 2001)

Total Potential Observations: 1184

	
	Mean
	Maximum
	Std. Dev.
	Observations

	DCAEXORDERS
	0.092905
	2
	0.299027
	1184

	DCAPOST
	0.050676
	2
	0.251722
	1184

	DCAINSPWS
	0.115709
	4
	0.39561
	1184

	DCAINSPWOS
	0.0625
	4
	0.292734
	1184

	DCAFINE
	0.005068
	1
	0.071036
	1184

	DCAUR
	1.689189
	800
	28.13777
	1184

	IMMINSPWS
	0.339527
	5
	0.566395
	1184

	IMMINSPWOS
	0.129223
	8
	0.519468
	1184

	IMMURTOT
	0.994208
	200
	11.83118
	1036

	IMMFINE
	0.010618
	1
	0.102544
	1036

	SEINCO
	0.586993
	4
	1.014285
	1184





Note: 
Observations for IMMURTOT and IMMFINE were available for

the period March – June 1997

Every variable has a four-month frequency and starts with the name of the institution to which the information belongs: DCA, IMM and SEINCO. “EXORDERS” stands for the total number of executive orders issued. Types of executive orders include: an order to present the “Industrial Discharge Application” (Solicitud de Autorizacion de Desagüe Industrial, SADI) form, an order to present periodic reports of treatment plant (TP) performance; an order to finish TP construction; an order to present the “Start Operation Report” (Informe de Puesta en Operacion, IPO); an order to designate a competent professional as responsible for the TP operation; an order to present a “Technical Report” (Informe Tecnico, IT); and an order to present modifications to the TP. “POST” stands for postponements. The DCA frequently relaxed the due dates set in the process of application for the SADI and for their executive orders. Consequently, actions postponed include the same list of actions as executive orders. “DCAINSPWS” and “DCAINSPWOS” correspond to inspections with and without sample conducted by the DCA in a given period. “DCAUR” is the total amount of the fines levied in that period. “UR” stands for “Adjustable Unit” (Unidad Reajustable, UR), and monetary unit indexed by inflation. Its value was $U 208.35 (Uruguayan pesos), which means approximately 7.5 US$ as of October 2002. Nevertheless, the Uruguayan peso experienced 100% devaluation with respect to the American dollar in 2002. Similar definitions apply for the “IMM” variables. Finally, “SEINCO” stands for the number of samples taken by SEINCO in the period.

3.5. Missing values

As made clear by the previous tables, my database does have missing observations. They are missing either because the plant did not report in a given period, in which case I have a missing value for the entire set of variables in the report for that period, or because the plant did submit a report to the UEI but the report had missing values for one or a subset of the variables. 

3.5.1. Causes of missing values

3.5.1.1. Non-Reporting

There were four main reasons why reports were not available for a specific plant in a given period. First, the plant simply failed to submit a report for that period. Second, the plant went out of business. Third, the plant reported “no activity” or “very low” activity in that period. And fourth, the plant had not yet started business in that period.

For the cases of missing a single variable or a subset of variables, there are also several reasons. Some firms never reported a specific variable. Others reported a specific variable unsystematically. For example, in the case of underground water consumption, some firms reported zero consumption in some periods and did not report in others, possibly as a consequence of a change in the person filling out the reports in the firm. Finally, other values appear to be randomly missing.

In summary (Table 3) there were a total of sixty (60) non-reports over a potential 962 observations (74 plants times 13 periods). Of these, two corresponds to Plant 57 and Plant 70, which shut down in period 13. Twelve corresponds to “no-activity” periods of Plants 7, 8, 10, 57 and 72. Thirteen (13) corresponds to Plant 5 and Plant 52. The remaining thirty-three (33) corresponds to “random” non-reports. 
Table 3: Distribution of Reporting Failures by Reason

	Reason
	Number of 

Non-Reports

	“Went Out of Business”
	2

	“No Activity”
	12

	“Not in Business Yet”
	13

	“Random”
	33

	Total
	60


3.5.2. Reported Missing Values 

In some cases even if the plant did send in a report to the UEI, the report had missing values for one or a subset of the variables. 

In summary, missing observations could possibly be classified into five different groups according to the process by which they were generated. These are: (1) the plant was not yet in business yet by July 1997; (2) the plant went out of business before October 2001; (3) the plant reported “no activity” during that period; (4) the plant did not report, and (5) the plant reported, but values were missing for at least one of the variables in the report. 

A total of 1,139 (13.2%) out of 8,658 potential observations were missing for the 9 variables comprising the Inputs and Pollution Variables (74*13*9)
, and 137 observations were missing from the Production Variables set.

3.5.3. Dealing with Missing Observations


Considered courses of actions for dealing with the problem of the missing observations at this stage of my research are: (1) Filling in missing values using different forecasting techniques most suitable for the specific case at hand. By specific case I mean a specific pattern of missing observations of a variable for a given plant. (2) Using the Expectation-Maximization (EM) algorithm as suggested by Little and Rubin (1986) as a general technique for estimating every missing observation in the entire database, and (3) Dropping the nineteen firms with at least one non-report, fill in the remaining missing observations as in (1) and estimate the model with the remaining fifty-five plants. I would then estimate a reporting equation with the whole sample and re-estimate the original model with a sample selection correction term as suggested by Heckman (1979). Results obtained by the three procedures are going to be presented and compared.

Forecasting techniques considered for the first of the courses of actions are time trends and univariate autoregressions.

The EM algorithm consists basically of a multiple imputation mechanism based on a maximum likelihood estimator of the missing observations. The EM starts with initial values for the missing observations that are defined by the researcher. It then finds the maximum (M step) likelihood estimates of the vector of means and matrix of variances and covariances of the X matrix formed by the original data and the guessed values for the missing observations. With this information it calculates the conditional expectation (E step) of the missing values given the originally available data only and the estimated vector of means and variance/covariance matrix of the M step. The process is repeated until the algorithm converges to a researcher-determined difference between iteration calculations. 

 I am presently reviewing the literature on incomplete panels (a fairly recent and short literature) in order to assist with selecting a method.

3.6. The Model and Estimation issues 

After commenting on the sample selection bias and missing observations problems in this section, I present the basic model I am proposing to estimate and also some issues I may encounter in the estimation process.

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:
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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 (concentration of BOD relative to standard), or a dummy variable equal to 1 if the plant is in violation of the concentration standard.

The names of the explanatory variables in the equation above corresponds to those presented in previous sections and therefore do not require explanation. INSPECTIONSit and FINESit refer both to IMM and DCA inspections and fines.

Despite the subscripts indicating contemporaneous monitoring and enforcement actions, other possibilities also seem reasonable. First, including the effects of past inspections in order to try to capture the issue that abatement decisions could take time. Past levels of pollution can also be included for the same reason. 

The PRODUCTION variable is thought to capture the effects of differences of abatement possibilities among industrial sectors. Therefore no dummy variable is included for this purpose.

A time trend is 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. The liberalization of the exchange rate market by the Uruguayan government during July 2002 seemed to have reversed the contraction up to some extent in September 2002, according to conversations with inspectors and the Industrial GDP published quarterly by the Central Bank of Uruguay (Banco Central del Uruguay, BCU)

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.

BOD5 stands for the level of reported emissions in the preceding period. 

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 possible independent variable I am considering is the number and/or extent of significant detected violations in the last year. This variable is supposed to capture the historical “compliance status” of a plant. This could capture both the issue of targeting “bad" plants in the short run but “good" plants in the longer run, since these are the ones who react to enforcement actions. 

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. 

As said, 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. In period 10 SEINCO sampled only 17 plants, apparently because most plants began to be sampled every six months, and period 10 fell between two sample campaigns. Consequently I am left with only 228 observations in order to do this estimation, which may not be a sufficient number.

4. Imperfectly Enforceable Pollution Tax with Asymmetric Information
4.1. Introduction

My intention in this third part of my dissertation research is to model the decision that a polluting firm faces when it has to report its privately known Abatement Cost Function (AC) to a regulator who seeks to implement an imperfectly enforceable Pigouvian tax to control aggregate emissions. The regulator is able to observe (or estimate) the aggregate marginal damage function but it is unable to observe the firms’ individual marginal abatement cost (MAC) functions needed to calculate the proper tax. It therefore asks the firms to report their AC functions. After setting the tax consistent with the reported AC functions reported, the Regulator also tries to enforce it by conducting audits to monitor emissions and imposing penalties in case of non-compliance.

My work builds on Bulckaen (1997). He treats the case were there exists asymmetric information between the firms and the regulator concerning MAC, but the tax that emerges from the AC functions reported is perfectly enforceable. His paper is a revision of the result established by Kwerel (1977), who showed that a firm would have an unbounded incentive to under-report its AC when faced with an emission tax. Bulckaen shows that there exists a limit to under-reporting when the regulator requires the firm to behave “consistently” with its own report. “Consistently” means to emit according to the level of reported abatement costs and the resulting tax. This is because the firm trades off the saved tax payments of under-reporting with the increases in abatement costs because of reduced emissions. The latter arises because the regulator can perfectly enforce the consistent level of emissions.

Both Kwerel and Bulckaen did not consider enforcement issues, but a more realistic situation would be that in which the firm could not only under-report its MAC but emit more than its consistent level of emissions due to the fact that the regulator cannot perfectly monitor the firm’s emissions. Then the firm would decide on two variables to minimize overall costs: (1) the truthfulness of the abatement costs report, and (2) its true level of emissions (or, in other words, its compliance status). Nobody has addressed the question of what are the firm’s incentives in this case.

4.2. Literature Review on Emissions Taxation under Asymmetric Information

The first to treat the case of an imperfectly enforceable pollution tax seemed to be Harford (1978). In this paper and in Harford (1987) he showed that the firm’s actual level of emissions would be independent of the enforcement parameters. As in the case of perfect enforcement, the firm will equate MAC to the emission tax. Changes in the fine or the probability of detection will affect the level of reported emissions, but not the level of actual emissions.
 Recently Sandmo (2002) took these results to emphasize that the cost-effectiveness property of taxes would continue to hold under imperfect compliance. 

These papers dealt with firms’ incentives and properties of an emissions tax scheme in the context of self-reporting of emissions. In these models the emissions tax was a parameter exogenously determined. The nature of the information asymmetry concerned only the firms’ compliance status.

I think that one of the most important aspects involved in the implementation of an emissions tax is the level at which the tax must be set. It is unfair to compare this instrument with uniform emission standards, for example, and claim certain superiority of taxes in terms of costs-effectiveness (as in the papers analyzed above) without considering the fact that to set a tax the regulator needs to have at least some idea of the distribution of the MAC functions of the firms. The relative advantage of taxes as cost-effective instruments to control pollution over uniform emissions standards must be weighed against this fact, which by the way is the usual reason behind the argument of the impossibility of allocating emissions standards among firms so as to mimic the tax result. This similar informational burden that taxes and prices pose on the regulator in the implementation phase has already been noticed in the literature. For example, Weitzman (1974) states: “…it is neither easier nor harder to name the right prices than the right quantities because in principle exactly the same information is needed to correctly specify either” (p. 478).

The literature that deals with taxing pollution when there exists asymmetry of information concerning firms’ abatement costs is briefly summarized below. There are two common assumptions in this literature. First, imperfect compliance is either not an issue or perfect enforcement of emissions is assumed. Second, the regulator pursues the optimum level of pollution. That is, it wants to minimize expected total social costs of pollution control, composed of (1) expected damages from emissions, and (2) abatement costs (which are assumed imperfectly known). The literature could be divided into two sets of papers. First, a set of papers in which the regulator does not try to uncover true abatement costs, but instead uses a probability distribution of these costs in order to maximize expected net benefits from pollution control. Second, a set of papers in which the regulator attempts to uncover the firms’ ACs by asking them to report these costs. 

A first example of the first set of papers is Weitzman (1974), who compares the relative advantages of implementing emission standards vs. emission taxes in terms of expected efficiency. Another example is Roberts and Spence (1976). They show that a mixed scheme composed of transferable permits complemented by subsidies and penalties (effluent charges) for levels of emissions below and above the number of permits held could reduce expected social costs as compared with pure licenses or pure effluent charges schemes. The authors ruled out the possibility that the regulator could iteratively adjust calculations. This assumption is also maintained in my dissertation. Justifications for this assumption include the political infeasibility of adjusting taxes in every period and the fact that the “correct” tax may continuously change due to exogenous changes such as technology innovations. Their model and mine are static in this sense.  Finally, Jebjerg and Lando (1997) derived the optimal tax scheme when the regulator is also interested in securing the firm survival. 

The second set of papers differ from the first set in the fact that they assumed that the regulator asks the firms to report their abatement costs functions to set the optimal tax, instead of using subjective or known probabilities of their distribution. In other words, the regulator attempts to uncover or obtain some information on the abatement costs. The first work in this literature is Kwerel (1977). His concern was the incentives of firms to misreport abatement costs, and therefore the ability of the regulator to attain the optimum level of emissions under such a mechanism. In this context Kwerel showed that firms would have an unbounded incentive to under-report abatement costs under a pure effluent charge scheme and an unbounded incentive to over-report its abatement costs under a pure licensing scheme. He went on to show that under a mixed scheme of licenses and subsidies for levels of pollution below the number of licenses held by the firm, firms will report truthfully and the social optimum would be attained. 

Dasgupta, et. al (1980) adapted Groves' (1973) result to this setting to conclude that the regulator could obtain a truthful report of AC from the firms if it could tax each one differently according to Groves incentive mechanism. Such a solution is not of interest in my model since I am interested in a uniform emissions tax for all sources. 

Spulber (1988) derived necessary and sufficient condition for an optimal effluent charge system when welfare effects on the product market were taken into account, assuming a specific quadratic form of the firms’ costs functions.

Bulckaen (1997) re-evaluated Kwerel’s result about the firms’ unbounded incentives to under-report abatement costs when confronted with an emission tax. Bulckaen argued that the firm’s incentive to under-report its abatement costs is no longer unbounded when the regulator require the firm to emit “consistently” with its own reports. “Consistently” means to emit according to the point at which the reported MAC curve (not the true MAC curve) equals the tax.

Neither of the previous papers considered imperfect enforcement of emissions. The only exception is Swierzbinski’s (1994) His main concern was the development of an instrument for optimal pollution regulation. This instrument proved to be the following scheme: First, the firm reports what its level of emissions will be and pays a fee based on this report. Second, the regulator monitors the actual level of the firm’s emissions with a certain probability. If the regulator monitors the firm and finds that the firm is not in compliance with what it had reported, it is fined. If it is found emitting consistently with its report, it is paid a rebate. The regulator maximizes expected net benefits of pollution control and chooses K different triplets composed by a tax, an inspection probability and a rebate, for each of the K types of firms, where “type” refers to abatement costs level. But Swierzbinzki incorporates a “masquerade” constraint. This constraint guarantees that a type k firm will not choose a triplet designed for a type j firm. It is needed because the regulator cannot observe the firm’s type but it is offering different schemes to different types of firms. This problem is the main motivation of my work. 

4.3. Research Proposal

In this work I bring together the literatures of imperfect enforcement of emissions taxes and asymmetry of information between the regulator and the firms concerning the latter’s AC. To do so, I re-evaluate Bulckaen’s result dropping the assumption of perfect enforcement of the “consistent” level of emissions. 

I am going to analyze a firm's decisions about (1) revealing its abatement cost function, and (2) being compliant with its consistent level of emissions when the firm has private information about its Abatement Costs (AC).

More precisely I address the following questions:

(1) Does including imperfect enforcement affect the firm’s report of AC?

This question can be stated in two parts as:

(1.a.) Does the firm have incentives to under-report? If it does, are these incentives bounded or unbounded? Under what conditions?

(1.b.) If bounded, is the level of under-reporting of AC larger or smaller than in the case of perfect enforcement, as analyzed by Bulckaen?

(2.) Could the Regulator design a penalty scheme so as to achieve perfect compliance with the consistent level of emissions?

4.4. A Model with Constant Penalties

In this section I motivate the discussion introduced in the previous sections by presenting Kwerel’s and Bulckaen’s results formally, as well as a model I have constructed in order to answer the previous questions. My model assumes a linear penalty function. The role of non-linear penalties is matter of present research effort. I comment on these efforts in the next section.

Consistent with Kwerel (1977) and Bulkaen (1997), assume that there are N firms. Let xj be firm j's level of emissions. X is the total level of emissions discharged by the N firms; X = (j xj. The Regulator is able to estimate the aggregate damage function of pollution [D(X) = D((j xj); Dx(X)>0 and Dxx(X)>0].

Let Cj(xj) be the firm’s total abatement cost function. As usual, it is assumed that Cj’<0 and Cj’’ >0. Cj(xj) is privately known by firm j. The regulator asks each firm j to report its abatement costs. It also declares that the information will be used to determine the optimal emission tax t. Each firm j then faces the decision about what level of AC to report to the regulator, knowing that the regulator will use this information to determine the optimal pollution tax. To capture this decision (and dropping the j subscript since I am going to deal only with the decision of one firm), j’s AC function can be written as C(x,( ), where ( is a variable that captures the truthfulness of the report. C(x,(0) is the real abatement cost function. Assume that -Cx((xj,()>0 and C((xj,()>0. Finally, given the other MAC functions reported by the other firms, the regulator sets the tax so that             -Cx(X,() = Dx(X ), where -Cx(X,( ) is the aggregate reported MAC function. Therefore, t=t(( ). 

4.4.1. Kwerel’s Problem

Kwerel’s model time line is as follows:

1. The firms report AC (report ( ).

2. Regulator sets t(θ).

In this context, firm j's problem is simply to 


[image: image3.wmf]0

,

min(,){,}()*

=+

x

FxCxtx

q

qqq


It can be noticed that the firm has an unbounded incentive to under-report its abatement cost function since 
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Kwerel’s model is illustrated in Figure 1. Let 
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Assume that the firm reports truthfully
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the firm tax payment changes (may increase or decrease) from 
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 but it can also reduce abatement costs by increasing its level of emissions from 
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. This savings in tax payments and abatement efforts have no costs for the firm.
Figure 1: Kwerel’s model
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4.4.2. Bulckaen’s Problem

Bulckaen noted twenty years later that this would not be a realistic situation. Instead he assumed that the regulator was able to costlessly enforce the level of emissions “consistent” with the firm’s AC report [
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]. Under this new assumption, the firm minimizes the following objective function:
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Really, the regulator sets an emission standard [
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] that is costlessly enforce. Under these circumstances, Bulckaen showed that the firm’s incentive to under-report its abatement costs would no longer be unbounded. Bulckaen’s argument is illustrated in Figure 2. In this graph it can be seen that when the firm under-reports AC it decreases its level of tax payments by 
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 because it has to reduce emissions. Boundness to under-reporting is determined by a (* that makes these previous expressions equal.

Figure 2: Bulckaen’s Argument
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4.4.3. Imperfect enforcement of "consistent" emissions with linear penalties
In my model, unlike Bulckaen’s, the regulator is unable to costlessly enforce consistent emissions. Each firm j then faces two decisions, namely: (a) what level of AC to report to the regulator, knowing that the regulator will use this information to determine the pollution tax and the consistent emissions standard
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, and (b) what level of pollution to emit, with imperfect enforcement characterized by a certain probability (() of being audited and fined ( per unit of emission above 
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can be interpreted as an emission standard in this model, once the firm has reported AC.

The Problem time-line is now the following:
1. The firm reports AC (reports ( ).

2. The regulator sets t(θ) and the consistent standard 
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3. The actual level of emissions is chosen and enforcement is applied.

Assume we are in stage 3 so that θ and t(θ) have been chosen. A possible situation can be depicted graphically as in Figure 3, assuming 
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Figure 3: The case of weak enforcement when marginal penalties are constant

	[image: image46.wmf]$

x

[image: image47.wmf][()]

t

pqf

+

[image: image48.wmf]{}

x

C

q

-

[image: image49.wmf]0

{}

x

C

q

-

[image: image50.wmf]x

[image: image51.emf]() t



0

{}

x

C





{}

x

C





00

() x



() x



0

() t



0

() x



()

x

DX

[image: image52.emf]()


t


q




() t q

[image: image53.wmf]x

[image: image54.emf]0


{}


x


C


q


-




0 {} x C q -

[image: image55.emf]{}


x


C


q


-




{} x C q -

[image: image56.emf][()]


t


pqf


+




[()] t pqf +

[image: image57.wmf]$

x


 


	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 


It is important to note that if this were the situation the regulator would know that if the firm acts consistently with its reports its emissions should be at 
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) can be named the "consistent level of violation”. Nevertheless, in what follows I assume that the regulator cannot penalize the firm for "consistently" violating the standard. In other words, the regulator cannot penalize the firm without performing an inspection to monitor emissions and check that the firm is in violation.
 The firm's problem at this stage of the game is therefore
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where 
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From the Kuhn - Tucker conditions of this problem, one can see that the firm is going to comply with the consistent level of emissions (
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 the solution to this equation. In stage 2 the regulator sets 
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Several results follow from the work done thus far. First, no matter the strictness of the level of enforcement of emissions the firm will never report its true level of AC. In other words, the firm always has an incentive to under-report AC.

A second set of results refers to the bound-ness or unbound-ness of this incentive. In general, it depends on the strictness of enforcement. The latter can be summarized in three cases. First, when the regulator sets the penalties high enough so that 
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 holds along the relevant range of θ (it is able to enforce the consistent level emissions), incentives are bounded. This is Bulckaen’s case. Second, even when penalties are not set high enough so that the regulator is not always able to enforce the consistent level of emissions, incentives are bounded [unless 
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is increasing too fast]. Third, only when the enforcement is very weak [
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is large enough], the firm may have an unbounded incentive to under-report. 


Finally, incentives to under-report abatement costs are always larger than in the Bulckaen’s case except when the regulator is always able to enforce the consistent level of emissions, which is Bulckaen’s case itself.

It should be noted that these results differ from the usual results in the literature of enforcing evadable taxes, where there exists a dichotomy between the level of enforcement and the level of pollution under emission charges. Effectively, the firm chooses emissions so as to equate MAC with the tax independently of the enforcement parameters (Harford, 1978) and enforcement only affects the level of reported emissions, not actual emissions. This dichotomy breaks down here because in this model the firm is reporting its AC function, rather than emissions. For exactly the same reason, it is also not true that "The optimal amounts of production and emission are the same as in the case with perfect monitoring and no evasion". (Sandmo, 2002, pg. 90) In my model imperfect enforcement affects the “optimal” amount of emissions set by the regulator.

4.5.Considered extensions of the work to complete the research

In this final section of my prospectus I present what I consider are fruitful ways to extend the work I have done thus far in order to complete my research related to this topic. 

I am considering extending this model in two ways. First, I wish to incorporate increasing marginal penalties, as opposed to the constant marginal penalties considered thus far. Second, this model is not very realistic in the sense that the regulator is willing to attain an optimal level of emissions, that is to minimize the sum of total damages and total (reported) abatement costs. It may be more realistic to assume that the regulator is using an emission tax as a cost-effective instrument to attain a certain predetermined level of aggregate emissions, not necessarily optimal. This changes the objective function of the regulator and therefore the way in which the tax is calculated. Preliminary thoughts indicate that the incentives to under-report may be higher, and therefore also the role of enforcement, since in this case under-reporting does not decrease the aggregate level of emissions pursued by the regulator, as in the case when the regulator's objective is an efficient level of emissions. 
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� What I refer to as BOD is, more specifically, BOD5,20. This is the quantity of oxygen demanded by organic matter in their break down process during five (5) days at a water temperature of 20o Celsius. Through the text I use BOD as an acronym for this measure and BOD5 when I am referring to the corresponding variable in my data set. 


� I refer here to economic instruments as those instruments that directly control emissions, such as emission taxes and tradable discharge permits. There exists another category of economic instruments frequently called indirect economic instruments. These do not regulate emissions of the pollutant directly. Examples of the latter are taxes for polluting goods (e.g. gasoline). I will address these in Section 2.4.


� Similarly, command and control instruments may be classified as direct and indirect. Among the first ones are emission standards; the second ones include technology standards. For a more comprehensive discussion on instrument classification see Russell and Powell, 1996.


� This issue motivates my third dissertation research effort. See Section 4.


� Some plants discharge discontinuously and/or at given hours. This represents a problem for the DCA inspectors, who usually reserve specific days for inspections in Montevideo since they also have to inspect firms in the rest of the country.


� Dasgupta, et al. (2000), although it is an analysis of environmental performance of industrial plants in Mexico, does not belong to this literature for reasons that I will explain in the next section.


� 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. 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. The questionnaire was not designed to obtain information on the level of emissions. Second, the survey asked for the overall "environmental performance" of the plant. Consequently, answers referred to either water, air, toxic or non-toxic pollution.


� The number of plants in the list did not remain fixed during the consulting period of SEINCO. For example, in March- June 2001 there were seventy-eight (78) firms in the list. The reasons, according to SEINCO employees interviewed, were that some plants closed and others were inactive during some periods. In these cases, the “next plants in the list” of the most important polluters of the city (made from a previously performed census) were included and regularly inspected.


� These numbers are the result of two previous procedures: dropping the input variable GAS and filling the missing values of the input variable FIREWOOD with zeros. I give justifications for these procedures in the corresponding section of my dissertation.





� 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. 


� The same result can be observed in Linder and McBride (1984), who studied the incentives of decentralized enforcement agencies in the context of a similar model. The result does not hold when the probability of being inspected is a function of the relative amount of under-reporting, instead of the absolute amount, as it can be seen in Martin (1984). 


� This assumption is consistent with actual law in the US and other countries as well.
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