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1. RESEARCH PROBLEM

In March 1997, Uruguayan enforcers implemented the �Industrial
Pollution Reduction Plan� to decrease the levels of noncompliance of
the city industrial plants with emissions standards.

In July 1997, 76% of the levels of BOD5 reported by the �rms were
above the emissions standards. (Ca¤era, 2004).

The Plan

gave �rms almost two years to invest in abatement technology
relaxed emissions standards
characterized by frequent monitoring of industrial plants and tolerance
for non-compliance

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 2 / 14



1. RESEARCH PROBLEM

In March 1997, Uruguayan enforcers implemented the �Industrial
Pollution Reduction Plan� to decrease the levels of noncompliance of
the city industrial plants with emissions standards.

In July 1997, 76% of the levels of BOD5 reported by the �rms were
above the emissions standards. (Ca¤era, 2004).

The Plan

gave �rms almost two years to invest in abatement technology
relaxed emissions standards
characterized by frequent monitoring of industrial plants and tolerance
for non-compliance

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 2 / 14



1. RESEARCH PROBLEM

In March 1997, Uruguayan enforcers implemented the �Industrial
Pollution Reduction Plan� to decrease the levels of noncompliance of
the city industrial plants with emissions standards.

In July 1997, 76% of the levels of BOD5 reported by the �rms were
above the emissions standards. (Ca¤era, 2004).

The Plan

gave �rms almost two years to invest in abatement technology
relaxed emissions standards
characterized by frequent monitoring of industrial plants and tolerance
for non-compliance

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 2 / 14



1. RESEARCH PROBLEM

In March 1997, Uruguayan enforcers implemented the �Industrial
Pollution Reduction Plan� to decrease the levels of noncompliance of
the city industrial plants with emissions standards.

In July 1997, 76% of the levels of BOD5 reported by the �rms were
above the emissions standards. (Ca¤era, 2004).

The Plan

gave �rms almost two years to invest in abatement technology

relaxed emissions standards
characterized by frequent monitoring of industrial plants and tolerance
for non-compliance

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 2 / 14



1. RESEARCH PROBLEM

In March 1997, Uruguayan enforcers implemented the �Industrial
Pollution Reduction Plan� to decrease the levels of noncompliance of
the city industrial plants with emissions standards.

In July 1997, 76% of the levels of BOD5 reported by the �rms were
above the emissions standards. (Ca¤era, 2004).

The Plan

gave �rms almost two years to invest in abatement technology
relaxed emissions standards

characterized by frequent monitoring of industrial plants and tolerance
for non-compliance

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 2 / 14



1. RESEARCH PROBLEM

In March 1997, Uruguayan enforcers implemented the �Industrial
Pollution Reduction Plan� to decrease the levels of noncompliance of
the city industrial plants with emissions standards.

In July 1997, 76% of the levels of BOD5 reported by the �rms were
above the emissions standards. (Ca¤era, 2004).

The Plan

gave �rms almost two years to invest in abatement technology
relaxed emissions standards
characterized by frequent monitoring of industrial plants and tolerance
for non-compliance

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 2 / 14



1. RESEARCH PROBLEM (cont.)

July 1999: crisis

Regulators opted to continue being lenient with violators after the
scheduled �grace period�of the Plan ended (December 1999)

This strategy failed to improve compliance levels with BOD5 emission
standards. (Ca¤era, 2007).

Regulators have been applying another enforcement strategy since
2003, and even more since 2005

less tolerance

Data substantiate what they declare

1997 �2002: around 7 penalties per year
2003 and 2007: double. (Preliminary data).

Unluckily, we know nothing about how e¤ective this new strategy has
been in increasing the levels of compliance
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2. RESEARCH OBJECTIVES

The objective of this research is to provide answers to the following
questions:

1 Has the enforcers�activity improve industrial �rms�levels of
compliance with e uent standards under the new enforcement
regime? How much?

2 What characteristics of industrial plants are more correlated with
higher levels of BOD5 in e uents and non-compliance?

The model basically tests a unique hypothesis:

An increase in expected penalties, decreases the probability that an
industrial plant would be out of compliance with e uent standards.
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3. MOTIVATION

Why is this research important?

Most empirical studies of enforcement done in developed countries

Studies done in less developed countries are about enforcement of
economic instruments

Nevertheless, emission standards continue to be very common

None use a data base as rich as the one in this proposal

detailed time-series plant-level emissions and enforcement data

Relevant to policy making, useful to regulators

statistically rigorous information based on which to decide how to use
their scarce enforcement budgets more e¤ectively.

Rigorous test about the e¤ectiveness of lenient vs. less tolerant regime
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4. RESEARCH METHODS
4.1. Data

Dependent variables:

Biological Oxygen Demand (BOD5) measure in e uents of plant i in
month t
Zero/one dummy variable indicating plant�s i compliance status in
month t,

Obtained from the reports that every four months industrial plants
send to the municipal government of Montevideo
In these reports, industrial plants inform monthly levels of the
following variables:

1 production,
2 water consumed,
3 energy consumed,
4 number of employees,
5 days worked,
6 volume of e uents and
7 several parameters characterizing the plant�s e uents
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4. RESEARCH METHODS (cont.)
4.1. Data

I chose BOD5 because industrial organic pollution is important in the
city and because of data availability.

Main explanatory variables:

Expected Penalty : the product of the probability that the plant i faces
of being inspected in month t and the amount of the corresponding
�ne.
The probability of being inspected will be calculated �tting an auxiliary
regression, as explained in more detail below.

Controls:

Abatement Costs: proxied by

(retail price index of output � quantity of output) � (index of
expenditures on inputs electricity)
relevant products and inputs prices, as in the reduced form emissions
choice function
electricity and labor, directly as regressors
0/1 (or 0/1/2) "dummy" indicating whether a plant has an e uents
treatment plant, or not.
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3. RESEARCH METHODS (cont.)
3.1. Data

Other controls:

Value of exports
Lagged level of pollution or lagged level of compliance

Fixed e¤ects by plant preclude me from using any time-invariant
control for other plant�s characteristic
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3. RESEARCH METHODS (cont.)
3.1. Data

Variables to be used in the auxiliary inspection equation:

Dependent variable:

Zero/one dummy (indicating whether the plant i was inspected in
month t by the municipal or the national government)

Covariates

Compliance record: Inspections, Compliance orders and Fines in the
last 12 months
Number of non-reports in the last two periods
Industrial Production Index in month t, or dummy for crisis

Inspection equation is �tted to obtain the variable expected
probability of being inspected, and multiplied by the corresponding
�ne in case of being inspected (or probability of being �ned).
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3. RESEARCH METHODS (cont.)
3.1. Data

Missing Values:

The number of plants included in my sample is unknown yet.

I do not have with me yet the information regarding the period 2002
�2007.

If possible, test fo "ignorability" (Verbeek and Nijman�s (1992) test).

I will also test the e¤ect of imputing values for the item non-report
cases using an iterative Buck (1960) procedure, as suggested by Beale
and Little (1975), for each plant.

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 10 / 14



3. RESEARCH METHODS (cont.)
3.1. Data

Missing Values:

The number of plants included in my sample is unknown yet.

I do not have with me yet the information regarding the period 2002
�2007.

If possible, test fo "ignorability" (Verbeek and Nijman�s (1992) test).

I will also test the e¤ect of imputing values for the item non-report
cases using an iterative Buck (1960) procedure, as suggested by Beale
and Little (1975), for each plant.

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 10 / 14



3. RESEARCH METHODS (cont.)
3.1. Data

Missing Values:

The number of plants included in my sample is unknown yet.

I do not have with me yet the information regarding the period 2002
�2007.

If possible, test fo "ignorability" (Verbeek and Nijman�s (1992) test).

I will also test the e¤ect of imputing values for the item non-report
cases using an iterative Buck (1960) procedure, as suggested by Beale
and Little (1975), for each plant.

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 10 / 14



3. RESEARCH METHODS (cont.)
3.1. Data

Missing Values:

The number of plants included in my sample is unknown yet.

I do not have with me yet the information regarding the period 2002
�2007.

If possible, test fo "ignorability" (Verbeek and Nijman�s (1992) test).

I will also test the e¤ect of imputing values for the item non-report
cases using an iterative Buck (1960) procedure, as suggested by Beale
and Little (1975), for each plant.

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 10 / 14



3. RESEARCH METHODS (cont.)
3.1. Data

Missing Values:

The number of plants included in my sample is unknown yet.

I do not have with me yet the information regarding the period 2002
�2007.

If possible, test fo "ignorability" (Verbeek and Nijman�s (1992) test).

I will also test the e¤ect of imputing values for the item non-report
cases using an iterative Buck (1960) procedure, as suggested by Beale
and Little (1975), for each plant.

Marcelo Ca¤era (Universidad de Montevideo) E¤ectiveness October 2008 10 / 14



5. ECONOMETRICS

Endogeneity: I will undertake several approaches to deal with this
problem.

1 Run an auxiliary regression to construct the variable probability of
being inspected, and then use this variable to construct the variable
expected penalty, to use as main explanatory variable of pollution in
my main regression.

2 Follow the approach by Shimshack and Ward (2005):

1 Instrument: Inspections on other plants in that month

3 Explicit system of equations
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5. ECONOMETRICS (cont.)

Under-reporting

Found evidence in previous research

Possible ways to deal with this problem

replicate the estimation using only the levels of BOD5 the plants
reported in the months they were inspected,
or the levels of BOD5 found by inspectors in sampling inspections

Test for it:

including a dummy if plant inspected in that month
comparing means levels of reports when and when not inspected
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6. EXPECTED RESULTS

1 Answer the research questions addressed

2 Test the hypothesis stated above
3 Improve the way past published papers dealt with the endogeneity
problem

4 Formulate relevant policy recommendations that may help regulators
to improve the e¤ectiveness of their enforcement activity regarding
industrial e uents control.

5 Advice regulators in other areas as retribution for the data
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7. DISSEMINATION OF RESULTS

Present the results of this research to regulators in seminars at the
Municipal Government of Montevideo and the National
Environmental agency

and academic conferences (ALEAR, EAERE, etc.).

The research project will lead also to a non-technical publication for
regulators in Spanish.

Finally, I plan to publish a paper with the results of this research in
the best possible journal.
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