
                                                                2. DATA

2.1 Information Sources


Uruguay uses uniform emission standards as its pollution control instruments.  They are defined in terms of concentrations of pollutants in discharges. Every four months, plants report to the Industrial Effluents Unit of the municipal government monthly levels of (1) production, (2) tap and underground water consumed, (3) energy consumed (electricity, wood, and fuels), (4)

number of employees and days worked, and (5) volume of emissions and concentrations of pollutants.
  Two types of regular inspections exist: (a) sampling inspections consisting of samples taken from the treatment plant’s effluent and an evaluation of both the plant’s performance and overall economic condition and (b) non-sampling inspections consisting of everything in (a) except effluent samples.
 


We have three sources of information for variable construction.  The first is the Municipal Government of Montevideo (MUN) from which we obtain information on items (1) to (5) above and on inspections and fines.  Inspections consist of the number of sampling and non-sampling inspections performed by MUN per month per plant; samples are measured in mg/l of BOD5.  Fines levied by MUN consist of the number and amount of fine(s) levied on each industrial plant per month.  The sample period for all variables is July 1996 – October 2001, except for fines, which is May 1997 – October 2001. 


The second source of information is the national government Environmental Control Division of the Ministry of the Environment (NAT).  It provides the number and results (mg/l of BOD5) of sampling inspections, the number of non-sampling inspections, the total number of compliance orders, and follow-up “fine threats” (a note communicating a potential fine) issued by NAT.  Finally, it provides both the number and amount of fine(s) per month per plant.  The sample period for all NAT variables is June 1996 – October 2001.


The third source is the private partnership SEINCO, in charge of the Monitoring Program that MUN implemented in 1999.  Information consists of the number and result of sampling inspections conducted by SEINCO between April 1999 and September 2001. 


Our data set includes 74 industrial plants in Montevideo.  All are privately owned; public industrial plants did not report emissions during the period.  Plants were selected from a list of 87 provided by MUN and SEINCO.  From these, we excluded 12 that reported less than six times during the 13 reporting periods, even though they were active throughout the 13 periods.  From the remaining 75 we excluded one because it was not reporting BOD5 emissions.  The remaining 74 plants are responsible for more than 90% of the total industrial organic pollution in the city. 


Tables 1 and 2 present descriptive statistics for our variables.
 

Table 1: Descriptive Statistics for Reported Input and Pollution Variables

	Variable
	Mean
	Median
	Std. Dev.
	Missing Values

	BOD5 (mg/l)
	1,031
	370
	2,334
	952

	Effluent flow (m3/day)
	203
	52
	453
	1,034

	Tap water (m3/month)
	3,848
	784
	8,271
	638

	Underground water (m3/month)
	2,793
	750
	4,873
	1,279

	Electricity (Kwh/month)
	179,409
	68,000
	278,828
	449

	Fuel (m3/month)
	34
	12
	50
	862

	Days worked (per month)
	22
	23
	4.6
	594

	Number of employees)
	122
	60
	276
	342


                                Sample July 1997 – October 2001 - Total Potential Observations: 3,848

Table 2 shows that NAT inspected the 74 plants a lot less than MUN during the period; i.e., 211 for NAT vs. 549 for MUN.

Table 2: Descriptive Statistics for Monitoring and Enforcement Variables

	Sample July 1996 – October 2001
	
	MUN – 74 plants
	NAT – 61 plants

	
	Unit of Measure
	Mean
	Std. Dev.
	Maximum
	Sum
	Mean
	Std. Dev.
	Maximum
	Sum

	Sample Inspections
	#
	0.085
	0.286
	3
	401
	0.026
	0.158
	1
	122

	Result (BOD5)
	(mg/l)
	1,582
	3,894
	49,925
	-
	1,102
	1,720
	10,400
	-

	Non-sample Inspections
	#
	0.031
	0.212
	6
	148
	0.019
	0.137
	2
	89

	Total Inspections
	#
	0.116
	0.378
	9
	549
	0.045
	0.210
	2
	211

	Inspections
	Dummy
	0.106
	0.308
	1
	502
	0.044
	0.204
	1
	207

	Compliance Orders
	#
	-
	-
	-
	-
	0.024
	0.155
	2
	112

	Postponements
	#
	-
	-
	-
	-
	0.013
	0.123
	2
	60

	Fine threats
	#
	-
	-
	-
	-
	0.015
	0.126
	2
	72

	Fines
	#
	0.003
	0.052
	1
	11
	0.001
	0.029
	1
	4

	Fine ($)
	$
	1,404
	1,050
	3,000
	15,450
	3,375
	750
	4,500
	13,500

	Sample April 1999 – September 2001
	
	SEINCO – 71 Plants

	Sample Inspections
	#
	0.180
	0.384
	1
	666
	
	
	
	

	Results (BOD5)
	(mg/l)
	1,184
	2,545
	38,000
	(mg/l)
	
	
	
	


          Notes:  (1) Observations for fines levied by MUN were available from May 1997 (3,996 observations).

                      (2) Statistics for amount of fines are based on non-zero observations.

                      (3) Dollars are constant October 2001 dollars.


  Descriptive statistics for “Reported Extent of Violation” are presented in Table 3.  It is defined as reported emissions of BOD5 (mg/l) minus the concentration standard, censored at zero; i.e., overcompliance results in a value of zero. Table 3 also includes descriptive statistics for a compliance status variable equal to one if the plant reported a violation and zero otherwise.  The calculations are done using the original standards during the entire period and also using the laxer standards of the Industrial Reduction Plan during July 1997 – December 1999.

Table 3: Descriptive Statistics for Reported Violations

	
	Reported Extent of Violation

(Censored at zero)
	Reported Compliance Status 

(Violation = 1, Compliance = 0)

	
	Original Standards
	Plan’s Standards
	Original Standards
	Plan’s Standards

	Mean
	641.5
	338.8
	0.5421
	0.4069

	Median
	20.0
	0.0
	1.0
	0.0

	Maximum
	38143
	17125
	1.0
	1.0

	Std. Dev.
	1906.7
	1124.1
	0.4983
	0.4914

	Observations
	2699
	2192
	2699
	2192



Reported violations were frequent, even when measured as emissions in excess of the laxer standard.  Forty-one percent of reported BOD5 levels were out of compliance with the emission standards.  The number of reported violations as a percentage of the number of reports never decreased below 25% in a given month or 41% in terms of the original standard.  In spite of this, fines were rarely levied. MUN levied only 11 fines and NAT only four during this period. 

2.2 Missing Values

 
The last column of Table 1 provides information on missing values for selected variables.  Of 40,924 possible observations, 5,747 or 14.0% were missing. This happened either because a plant did not report during a given period (a “unit” non-report) or because the report had missing values for one or a subset of variables (an “item” non-report).  There was a total of 62 unit non-reports over 962 potential observations.  Six correspond to four plants that ceased production.  Twelve correspond to reported “no-activity” periods of three different plants.
  Sixteen correspond to three plants that started business in periods four, five, and nine, respectively.  The remaining 28 correspond to “random” non-reports.  Item non-reports are missing either because some firms report a specific variable unsystematically or for no apparent reason.
  

We cannot perform Verbeek and Nijman’s (1992a) formal test for “ignorability” because we have zero observations for a “balanced” sub-panel; i.e., we have no month in which all 74 plants reported.  Consequently, we proceeded with an unbalanced panel.  Also, we imputed values for non-responses prior to estimation.  Non-responses account for 56.9% of the 5,180 observations that were missing for the input and pollution variables. 

The literature proposes several methods for imputing missing values.  (See Little and Rubin (1987) and Little (1992)).  We used an iterative Buck procedure for each plant, as suggested by Beale and Little (1975).  To do so, we constructed the following variables for each plant: (1) WATER: Underground and tap water consumption in m3/month; (2) ENERGY: The sum of electricity and fuel consumed per month in mega joules; (3) LABOR = The total number of days worked in a month times the total number of employees in that month; (4) POLLUTION = FLOW*BOD5*1000: Total organic pollution discharged in (mg/day), where FLOW is the average flow level of discharges in m3/day; and (5) PRODUCTION = Quantity produced by month.
  We do not use the monitoring and enforcement variables in this imputation.
  

3. SPECIFICATION AND ESTIMATION ISSUES

3.1 The Inspection Equations 

During the estimation period, the municipal government inspected all 74 industrial plants  at least twice.  The national government inspected 58 of these same plants at least once.  Both regulators neither coordinated monitoring efforts nor shared information on a regular basis.  Because of this, we estimated separate inspection equations for MUN, NAT and SEINCO. 

For each of the three agencies, our inspection equations are designed both to explain inspection strategy and to provide probabilities of inspection. Fitted values are used later as instruments for actual inspections in the reported BOD5, load, and violation equations. We begin by estimating a plant-specific fixed-effects model within a logit framework using the procedure suggested by Chamberlain (1980); it results in consistent estimates (Baltagi, p. 180). The model itself is referred to as conditional logit.  We likewise estimate a logit model with no fixed effects; i.e., a model with a common intercept. (Its results are not reported). We refer to this as unconditional logit. Performing a Hausman specification test for plant-specific fixed effects, we reject the null hypothesis of a common intercept.  

3.1.1 The MUN Inspection Equation

The municipal government inspection equation is:
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where i = 1, …, 74; t = July 1997, …, October 2001; and γi and γ1  through γ12 are parameters to be estimated.  Also, γi is a plant-specific fixed effect, and 
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 is an error term, assumed to be identically and independently distributed with zero mean and to have a logistic distribution.  
 INSPMUNi,t is a dummy variable equal to one if plant i was inspected by the municipal government in month t; it is zero otherwise.  INSPMUNCUMi,t-1 is the cumulative number of inspections performed on the plant during the past twelve months.  MUN´s inspectors indicated that plants showing less cooperation with regulators were inspected more often. So, we felt that results of past inspections affect decisions of regulators regarding which firms to inspect.
  This sort of targeting is consistent with theoretical results (Garvie and Keeler, 1994).    

 INSPMUNOTHERCUMi,t-1 measures the cumulative number of inspections performed by MUN in the remaining plants during the last 12 months.  With MUN monitoring activities affected by budget constraints, the sign of this variable’s coefficient is expected to be negative, indicating that the higher the number of inspections performed on other plants in the recent past the smaller the probability of this plant being inspected given the cost of monitoring campaigns. 

 FINEDMUNCUMi,t-1 measures the cumulative number of fines imposed against a plant during the past 12 months.  It is designed to capture the level of cooperation.
  The higher the cumulative number of fines, the less the cooperation of the plant in the recent past.

           Another important determinant of municipal inspections was the Monitoring Program financed by IADB and performed by the consortium SEINCO.   MUN took advantage of the program, saving on monitoring resources. INSPSEINCOCUMi,t-1, measures this effect.  It is the cumulative number of inspections performed by SEINCO on a plant in the last 12 months.

To capture the effect of monitoring and enforcement activity of the national government on inspection activity of the municipal authority, we included INSPNATCUM i,t-1, the cumulative number of inspections, and EANATCUMi,t-1, the cumulative number of compliance orders, fine threats, and fines issued by  NAT during the previous 12 months.
 

The Uruguayan industrial sector went through an important contraction during 1999 – 2001.  As a consequence of this contraction, inspectors may have eased their enforcement pressure on plants, since it was precisely the “difficult economic times” that inspired the Industrial Pollution Reduction Plan.  We included the monthly level of the industry production volume index (VOLt) for this reason.

 DURINGPLANt is a dummy variable that reflects the Industrial Pollution Reduction Plan implemented from March 1997 to December 1999.  MUN’s objective during these months was to give more time to plants to incorporate abatement technology. It equals one during these months and zero otherwise.  (1997-1998)t is a dummy variable equal to one in the months of 1997-1998 when MUN inspectors conducted special IADB-financed monitoring campaigns due to the delay in the implementation of the Monitoring Program by SEINCO; it is zero otherwise.  

Obtaining information from firms on a regular basis was a central issue in the new enforcement strategy implemented by MUN once it got the loan from IADB.  As a result, failure to report in subsequent periods triggered inspections.  So, we included the number of reporting failures in the previous two reporting periods (RFi,t ) as an explanatory variable.
 

We included the dummy STREAMi,t to capture the effect that a plant emitting directly into waterways (value equal to one) vs. emitting into the sewage system (value equal to zero) might have on the probability of being inspected.  Also, during 1999 NAT performed special monitoring on plants in the Carrasco basin. We included the dummy CARRASCO1999i,t for this reason.  It takes the value one during the months of 1999 that the campaign took place and zero in the remaining months. While we expect this variable to be more important in the NAT equation, we include it in the MUN equation to keep the specifications comparable.

Finally, three additional variables ideally belong in the conditional logit specification.  They are PTYi, TANNERYi , and WOOLi.  MUN classified a plant according to its contribution to pollution. Categories were “Priority 1” and “Priority 2”.  Priority 1 plants are heavy polluters.  In our sample, we have 25 Priority 1 plants, and they account for 80% of the industrial, organic, and metals pollution in the city.  So, we created the variable PTYi and set it equal to 1 if the plant was a Priority 1 plant and zero otherwise.  Also, we created two dummy variables TANNERYi for tanneries and WOOLi for wool washers.
  The municipal government, in accordance with the IADB, targeted its control efforts at two pollutants, Chromium and BOD5.  These two industries are the most important sources of these pollutants, respectively. Unfortunately, these three variables could not be included in the conditional logit specification because of a lack of within-plant variability.  Linear combinations of the fixed effects with any of these three variables resulted in perfect collinearity.  This was not a problem, however, with the unconditional logit.

               As stated earlier, we used Chamberlain’s procedure to estimate Equation (1).  In the 

procedure itself, however, fixed-effects were swept out or removed during  estimation. We faced a dilemma because we needed intercepts in the model to obtain predictions for the probabilities of inspection. Consequently, we had to resort to using the unconditional logit to obtain the fitted probabilities of inspection since its estimation resulted in an explicit estimate for the intercept. 

3.1.2 The NAT Inspection Equation

The national government inspection equation is:
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where i = 1, …, 74; t = July 1997, …, October 2001; and αi and α1  through α 12 are parameters to be estimated.  Everything in Equation (2) has the same explanation and interpretation as in Equation (1).  

3.1.3 The SEINCO Inspection Equation

The SEINCO inspection equation is:
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where i = 1, …, 74; t = July 1997, …, October 2001; and βi and β1  through β 12 are parameters to be estimated.  The specification of the SEINCO inspection equation matches those of the municipal and national governments.

3.2 The Pollution Equations

3.2.1 The Reported BOD5 Equation

         Equation (4) is a linear pollution equation in the spirit of Magat and Viscusi (1990), Laplante and Rilstone (1996), and Dasgupta, et al. (2001).  We assume a Cobb-Douglas technology.
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where i = 1, …, 74; t = July 1997, …, October 2001; and 
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 and λ1 through λ14 are parameters to be estimated.  The parameter
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 is a plant-specific effect.  We chose a fixed-effects model because we made inferences based on 74 specific plants that were not randomly selected from a large population.  On the contrary, they were responsible for almost 90% of the industrial emissions in the city.  Also, a Chow test rejected the null hypothesis of common constant term.

             The level of reported BOD5 (variable name BOD5i,t) is expressed as a function of two sets of variables, one reflecting the marginal benefits and the other the marginal expected costs of pollution.  Marginal benefits of pollution are represented by the price of the final good (
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) and the input variables LABORi,t, WATERi,t, ENERGYi,t, and FLOW i,t,.  Marginal expected costs are represented by monitoring and enforcement variables.  These consist of the probabilities of being inspected by the municipal and national governments and by SEINCO; i.e., by PINSPMUNi,t, PINSPNATi,t and PINSPSEINCOi,t.  These three variables are intended to capture the effect of future possible enforcement actions due to today’s pollution decisions.  They were obtained by fitting the unconditional logit inspection equations.  Provided that there is no contemporaneous correlation between the error term in the pollution equation and the error terms in the inspection equations, these fitted values will be uncorrelated with 
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, and least squares will yield consistent estimates of the parameters in the pollution equation. 

Because current pollution is affected by past monitoring and enforcement actions, we included INSPMUNCUMi,t-1, INSPNATCUM i,t-1, FINEDMUNCUM i,t-1, and EANATCUM i,t-1.
  The reason for including this last variable (intermediate enforcement actions) in addition to fines is that, with only 15 fines in the entire period (despite frequent violations), it is reasonable to conclude that regulators intended to reduce emissions via these intermediate actions.  These may have had their own deterring effects.
 

Eight firms modified their treatment technology during the period, either by constructing new treatment plants or by significantly modifying existing plants.
  We included the dummy TECHi,t to control the effect of changes in treatment technology on reported BOD5 levels.  It was set equal to one in the month that the plant incorporated abatement technology and for all periods after.  It was zero otherwise.

The last explanatory variable is DURINGPLANt.  Its purpose is to test for the presence of different reporting or emitting behavior of plants during the plan.  During these months emission standards were laxer.  It also measures the success of the plan.

Regarding the stochastic disturbance 
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, there are several possibilities pertaining to its behavior.  Following Park, the panel structure of the errors can be: (1) panel heteroscedastic, (2) contemporaneously correlated and (3) common serially correlated or (4) plant-specific serially correlated.  Because of the unbalanced nature of the panel, the estimated residual covariance matrix would be formed by temporally mismatched sources.  While this procedure is consistent (as the number of observations within cross-sections approaches infinity), it is not likely to be a good estimator in this setting.  

A Durbin-Watson test on the residuals of the original regression suggested rejecting the null hypothesis of no autocorrelation in favor of the alternative of first-order autocorrelation.  A  Chow test was used to test for plant-specific versus common autocorrelation of the errors.  Test results indicated that the null hypothesis of common autocorrelation should be rejected in favor of the alternative hypothesis of plant-specific autocorrelation.  

           We addressed panel heteroscedasticity with three different tests: Bartlett, Levene, and Brown-Forsythe. All suggested rejecting the null hypothesis of panel homoscedasticity in favor of the alternative that not all plant-specific errors’ variances are the same.

Because our number of cross sections (74) is larger than the number of time series (52), the error covariance matrix is not invertible, and we cannot use estimated generalized least squares (EGLS).  To obtain consistent point estimates of the parameters and then calculate robust standard errors for these estimates, we first estimated a least squares dummy variables (LSDV) model to obtain estimated residuals for use in a Cochrane-Orcutt procedure.  With the transformed data we ran a second LSDV to estimate the parameters of the reported BOD5 equation.  With the residuals of the second LSDV, we calculated Arellano’s (1987) robust standard errors.
  By transforming the data to eliminate the serial correlation of the errors first, we are heeding Arellano’s (2003) cautionary note that when T is not small the robustness of this technique to serial correlation may decrease.

3.2.2 The Reported Load Equation

The reason for estimating a reported BOD5 equation, with the dependent variable in mg/l, is that emission standards are defined in terms of mg/l.  It is also interesting to test whether the monitoring and enforcement strategy of regulators during the period had an effect on the total organic load reported by plants.  An issue that may arise is whether regulators’ effectiveness is masqueraded by the dilution of effluents in clean water.  The estimated load equation is specified exactly as the BOD5 equation except for the fact that it cannot include FLOWi,t as an explanatory variable because LOADi,t is defined as BOD5i,t times FLOWi,t. LOADi,t is then measured in kg/day.  The estimation of the load equation is performed exactly as the BOD5 equation. 

3.2.3 The Reported Violation Equation

In order to test the effectiveness of regulators regarding the reported compliance status of plants, we estimated a conditional fixed-effects logistic model with the dummy VIOLi,t equal to one if the plant reported a violation as a dependent variable.  Reported violations were defined with respect to the laxer standards during the Pollution Reduction Plan. 

The reported violation equation has the same explanatory variables as the reported BOD5 equation, but it has fewer observations.  Five plants were dropped from the sample because they release effluents into the soil, and there are no standards set for BOD5 in this case.  Also, 14 additional plants that complied or did not comply in every month of the period and therefore did not add any likelihood to the conditional model were also dropped from the sample.

Finally, Table 4 provides a summary of all variable names and their definitions thus far.

Table 4: Definition of Variables

	Name
	Definition

	(1997-199)t
	Dummy equal to one in months of 1997 and 1998 during which MUN conducted special IADB-financed monitoring campaigns

	BOD5i,t =
	Reported Biological Oxygen Demand concentration of discharges, in mg/l

	CARRASCO1999i,t=
	Dummy equal to one in the months of 1999 during which NATconducted a special monitoring campaign in the Carrasco stream

	DURINGPLANt=
	Dummy equal to one during the Industrial Pollution Reduction Plan months

	ENERGYi,t = 
	Total energy consumption in mega joules (MJ)

	EANATCUMi,t=
	Number of enforcement actions (orders and fines) imposed by NAT against the plant in the last 12 months

	FLOWi,t = 
	Daily average effluent flow (m3/day)

	INSPNAT i,t = 
	Dummy equal to one if plant i was inspected by NAT in month t

	INSPNATCUMi,t-1=
	Number of inspections performed by NAT on the plant during the last 12 months

	INSPNATOTHERCUMi,t-1=
	Number of inspections performed by NAT on the rest of the plants during the last 12 months

	INSPMUN i,t = 
	Dummy equal to one if plant i was inspected by MUN in month t

	INSPMUNCUMi,t-1=
	Number of inspections performed by MUN on the plant during the last twelve months

	INSPMUNOTHERCUMi,t-1=
	Number of inspections performed by MUN on the remaining plants during the last 12 months

	INSPSEINCOi,t=
	Dummy equal to one if plant i was inspected by SEINCO in month t

	INSPSEINCOCUMi,t-1=
	Number of inspections performed by SEINCO on the plant during the last 12 months

	FINEDMUNCUMi,t-1=
	Number of fines imposed by MUN against the plant in the last 12 months

	LABORi,t = 
	Total employee-days worked

	LOADi,t = 
	(BOD5i,t * FLOWi,t) = Total organic pollution discharged in mg/day

	PINSPMUNi,t = 
	Probability of being inspected by MUN

	PINSPNATi,t = 
	Probability of being inspected by NAT

	PINSPSEINCOi,t = 
	Probability of being inspected by SEINCO

	Pq,t= 
	Price of the good produced

	PTYi=
	Dummy equal to one if the plant is a Priority 1 plant

	RFi,t = 
	Number of reporting failures in the previous two reporting periods

	STREAMi,t=
	Dummy equal to one if the plant emits directly into a water body

	TANNERYi=
	Dummy equal to one if the plant is a tannery

	TECHi,t = 
	Dummy equal to one after the plant modified its abatement technology

	VIOLi,t = 
	Dummy equal to one if the plant reported a violation

	VOLt = 
	Monthly level of the industry production volume index

	WATERi,t =
	Total water consumption in m3/month

	WOOLi=
	Dummy equal to one if the plant is a wool washer


� Some plants voluntarily report to the national government Department of Environmental Control.


� Possible reasons for not sampling are that a plant may not be working or discharging at the time of inspection. This poses a problem for national inspectors.  They have rigid schedules in Montevideo because they also must inspect firms in the rest of the country.


� Descriptive statistics for levels of production are not presented for space reasons. Gas and firewood consumption are not included in the table. MUN did not ask firms to report gas consumption before 2001. In 2001 only one plant reported gas consumption in two reporting periods. The problem with firewood is that not all industrial plants in the sample who did not use it reported zero consumption. Instead, a value was missing in the respective cell.


� We treated these as missing because sometimes firms sent letters to MUN indicating that they were producing “very low” quantities and therefore it was not worth reporting emissions. In one case a letter was followed by three non-reports in the following periods without any clear information regarding exactly when production started again.


� One example is underground water consumption. Given its importance we opted not to discard this variable, as we did with firewood. 


� In 25 cases this variable involved standardizing units of measure to be able to add different products.


� A document describing the distribution of missing values per variable by industrial plant, the processes followed to impute for item non-responses in each plant, and the corresponding iteration procedures is available from the senior author upon request.


� We tried the cumulative number of inspections performed in the last six months instead of 12 months. The two models produce very similar results, but six-month lagged inspections were not statistically significant. The twelve-month lagged inspections were statistically significant and increased the goodness of fit of the model. 


� The inclusion of the cumulative number of detected violations instead of fines did not improve the fit of the model. Also, the cumulative amount instead of the cumulative number of fines did not change the results.


� This level of cooperation perceived by regulators is not only a function of the recent formal history of the plant. It also depends on non-quantifiable factors on which inspectors based their decisions. For example, sometimes inspectors are kept waiting at the plant entrance for the amount of time needed to make some quick cleanings and other measures (like diluting) to comply with the emissions standards. 


� Separating EANATCUM into the cumulative number of compliance orders, the cumulative number of fine threats, and the cumulative number of fines did not improve the results.


� In 1997 MUN implemented a new enforcement strategy. It issued a fax to every plant explaining the new four-month Reporting Form format and communicated that the municipal government was undertaking a new plan for pollution control. For that reason, in the first reporting period we set the reporting failure history of every plant equal to zero as an indicator that a new enforcement period had begun.


� We included sector dummies in place of these two dummies to explore the results. The sector dummies were neither significant nor did they improve the fit of the model in the unconditional regression. 


� Monetary fines were not the only penalty levied for not complying. Plants could also be temporarily closed. But neither the municipal nor the national government had trustworthy records of these measures and they were as uncommon as fines during the period. Another form of penalty was to make professionals in charge of treatment plants legally responsible for sending false reports.  The objective was to persuade professionals about the dangers of falsifying information and to act on reluctant plants through them. Because high fines are rarely feasible to apply in less-developed countries where firms suffer from important cash flow constraints, these alternative penalties are easier to apply because they do not imply a cash payment.  Unfortunately, it was impossible to measure their effects.  Finally, INSPSEINCOCUMi,t-1 (the cumulative number of past inspections by SEINCO) was originally included in this model but it was dropped due to its correlation of 0.91 with PINSPSEINCOi,t. 


� We ran a version of this equation separating the cumulative number of compliance orders, the cumulative number of fine threats and the cumulative number of fines issued by NAT. Results did not change.


� One  plant incorporated technology the month before the beginning of the study period and two during 1996.


� One caveat to this conclusion is stressed later. The after-plan period coincided with one of the most important recessions of the Uruguayan economy in its entire history. As a result, an interpretation of the success of the plan according to a positive sign of the DURINGPLANt dummy could be misleading.


� The senior author is grateful to Manuel Arellano for suggesting this approach.  A considered but discarded course of action was Panel Corrected Standard Errors (Beck and Katz, 1995 and Beck et al., 1993). We did not use this method for two reasons. First, the motivation of Beck and Katz (1995) was the overconfidence produced by Park’s (EGLS) standard errors, a point made by Freedman and Peters (1984). Our motivation here is somewhat different: we cannot use EGLS in the first place due to the fact that N>T. Panel Corrected Standard Errors were developed for panels with T>N. The second reason is an empirical one. We have two plants (#52 and #72) that did not have contemporaneous observations. In other words, we cannot calculate all � EMBED Equation.3  ��� to form� EMBED Equation.3  ���.


� The senior author thanks Gabriela Sanromán for pointing this out.
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