                                                           4. RESULTS

We begin by presenting the results of the underreporting tests. Then we discuss the results of the inspection equations estimated for the MUN, NAT and SEINCO. Finally, we present the results of the BOD5, Load and Violations equations. 

4.1 UNDER-REPORTING

Is there any difference between the levels of BOD5 sampled by regulators and those reported by the firms? Is this difference statistically significant? Is it economically significant? What we do in this section is to answer these questions. 

First, despite we have the information, we obviously cannot compare reported levels by the plants with the BOD5 levels obtained by the three inspecting institutions in their sampling inspections because of the under-reporting problem itself; i.e.: if plants are behaving strategically, they are going to report more when inspected. Moreover, plants in Uruguay take a control sample at the time of a sampling inspection. Given that sampling is very costly for Uruguayan firms (i.e., it is costly to send the sample to a laboratory to obtain the results), it is very possible that the results obtained in this control sample are the same results that the plants report later to the MUN.
 

The chosen way to explore for under-reporting in this section is simply to present descriptive statistics of the difference-of-means and standard deviations of the BOD5 reported levels when inspected and when not inspected (sampled or not), on a plant-by-plant basis. The econometric results of the following sections provide evidence of under-reporting at the margin. 

Doing the comparison on a plant-by-plant basis is important. Since inspections are not random (all three institutions sampled heavy polluters more often) comparing means of the reported levels during the months in which they were not inspected and the months in which they were inspected across all plants would provide misleading results in favor of the presence of under-reporting on average. Also, we opted to present simple descriptive statistics of the differences of the means and standard deviations instead of formal statistical tests because the low number of months in which the plants were inspected as compared with the number of months in which they were not inspected mines the power of the test. Performing such tests we were unable to reject the null of equal means with differences of more than 100% on reported levels of BOD5 when inspected and when not. Instead, we chose to observe the percentage difference paying attention to the economic significance of the difference instead of the statistical significance. This is what we present in the following paragraphs.

Thirty plants out the seventy-four (41%) presented average levels of reported BOD5 that were larger when inspected as compared to when not inspected. The figure is 33% for the NAT, who inspected sixty-one plants out of the seventy-four and 35% for SEINCO, who inspected sixty-nine. The plants with larger average reported levels of BOD5 when inspected by the MUN are also the plants with larger levels for the case of NAT and SEINCO, mostly. For the case of the MUN, the average difference across the plants with larger levels was 32% and the standard deviation was 26%. Average differences and their standard deviations in the case of the NAT were 72% and 93%, and 44% and 56% for the case of SEINCO. Therefore, more than one third of the plants seem to be acting strategically (under-reporting), and the extent of their under-reporting is not trivial, according to the three inspecting institutions.

4.2 INSPECTION EQUATIONS

We present the results of estimating the inspection equations for each of the three different monitoring agencies. We report the results for the conditional (fixed-effects) logistic regressions but not for the unconditional logistic regressions. 

4.2.1 MUN Inspection Equation

Results for the MUN inspection equation are presented in Table 10. 

Table 10: MUN Inspection Equation

Conditional (Fixed-effects) Logistic Regression

	Dependent Variable: INSPMUN

	Variable
	Coefficient
	Std. Error
	P-value

	INSPMUNCUM
	-0.223
	0.065
	0.001

	INSPMUNOTHERCUM
	-0.009
	0.004
	0.009

	FINEDMUNCUM
	1.024
	0.365
	0.005

	
	
	
	

	INSPSEINCOCUM
	-0.135
	0.041
	0.001

	INSPNATCUM
	-0.0001
	0.069
	0.999

	EANATCUM
	0.111
	0.072
	0.122

	
	
	
	

	VOL
	-0.001
	0.009
	0.942

	DURINGPLAN
	-0.545
	0.205
	0.008

	1997-1998
	1.995
	0.210
	0.000

	
	
	
	

	RF
	0.470
	0.199
	0.018

	STREAM
	1.1390
	0.786
	0.147

	CARRASCO1999
	0.421
	0.429
	0.326

	
	
	
	

	Number of Observations
	3066
	Log likelihood
	-801.45

	LR statistic (12 df)
	174.2
	Pseudo R2
	0.0980

	Prob > chi2
	0.000
	
	

	Notes: 

Two-tailed. z-distribution used. Small p-values in bold.
One plant (42 obs) dropped due to all positive or all negative outcomes.

WOOL omitted due to no within-group variance.

TANNERY omitted due to no within-group variance.

PTY omitted due to no within-group variance.


The most important results concerning the inspection strategy followed by the MUN are the following. First, the more inspections a plant received in the past 12 months the less is the probability of being inspected again in a given month, according to the negative sign on INSPMUNCUM. This sign reflects the sample-without-replacement inspection strategy mentioned by inspectors in interviews. But also reflects budget constraints, as told by the negative sign of the INSPMUNOTHERCUM coefficient. Besides this coefficient is low, its sign says that the more the number of inspections in the other plants the more the probability of being inspected. 

Second, the negative sign of INSPSEINCOCUM says that the MUN used SEINCO inspections as a substitute for their own; a natural result given the objectives of the Monitoring Program. Moreover, according to the DURINGPLAN coefficient, the MUN, reasonably, started to monitor industrial plants more closely in January 2000 after giving the plants enough time to comply. (In fact, six of the 11 fines that the MUN applied during the period were applied after the end of the Plan.) Because of the influence of the timing of the activities derived from the IADB loan (the Monitoring Program and the Pollution Reduction Plan) on the inspection activity of the MUN, the coefficient of VOL appears both small and statistically insignificant, suggesting that the MUN inspectors did not react to the economic situation of the industrial sector. In fact, when the MUN increased inspections (after the Plan) the Uruguayan economy was in the middle of a recession that had started at the end of 1999 and lasted until 2002. 

Third, reporting failures (RF) are a better predictor of inspections than any monitoring and enforcement variable, except fines, as indicated by both the size of its coefficient and its statistical significance. 

Unsurprisingly, the monitoring campaigns developed by the MUN and financed by the Inter American Development Bank during those months of 1997 and 1998 represented an important jump in the frequency of inspections.

Fifth, the MUN seems to be targeting plants emitting directly to a water body. Although the coefficient of STREAM is significant at 15%, it is the second largest coefficient. 


Finally, the MUN did not react to the NAT campaign in the Carrasco stream in particular, or to the inspection activity of the NAT in general. Nevertheless, it seems that the enforcement actions of the NAT did generate some inspections from the MUN. 

4.2.2 NAT Inspection Equation

Results for the NAT inspection equation are presented in Table 11. After correcting for the special monitoring campaigns that took place in 1999 on the Carrasco stream (CARRASCO1999), we find that the larger the number of inspections performed by the NAT in the last twelve months (INSPNATCUM), the lower is the probability of being inspected in a given month. Second, the larger the number of inspections performed by the NAT on the rest of the plants (INSPNATOTHERCUM) in the last twelve months, the lower is the probability of being inspected by the NAT in a given month. Explanations of these negative signs are similar to those given in the MUN case. The magnitude of the coefficient of INSPNATOTHERCUM is larger than that of the MUN because the NAT is in charge of the monitoring and enforcement of virtually all environmental regulations in the country. 

Third, without the influence of special plans or monitoring programs (as the MUN), the national government inspectors did react to the economic situation of the firms according to the significant and positive effect of VOL. The national government did not have any commitment with the Inter American Development Bank regarding industrial pollution, as did the municipal government. Therefore, it could simply inspect less during recessions, as to have done. 

One interesting result is the way the NAT seems to have reacted to the activities related to this loan. First, it markedly increases its monitoring frequency during the MUN Plan. Second, it seems to have followed SEINCO activity somewhat, according to the coefficient of INSPSEINCOCUM.  

We also find a correlation between the number of past inspections of the MUN to a plant and the chance that the NAT inspects that plant. 

Table 11: NAT Inspection Equation

Conditional (fixed - effects) Logistic Regression

	Dependent Variable: INSPNAT

	Variable
	Coefficient
	Std. Error
	P-value

	INSPNATCUM
	-0.208
	0.086
	0.015

	INSPNATOTHERCUM
	-0.043
	0.012
	0.000

	EANATCUM
	-0.040
	0.102
	0.697

	
	
	
	

	INSPSEINCOCUM
	0.103
	0.056
	0.085

	INSPMUNCUM
	0.111
	0.090
	0.220

	FINEDMUNCUM
	0.222
	0.537
	0.679

	
	
	
	

	VOL
	0.026
	0.013
	0.039

	DURINGPLAN
	1.738
	0.463
	0.000

	1997-1998
	-0.948
	0.337
	0.005

	
	
	
	

	RF
	-0.321
	0.385
	0.404

	STREAM
	0.214
	0.960
	0.823

	CARRASCO1999
	3.056
	0.506
	0.000

	
	
	
	

	Number of Observations
	1974
	Log likelihood
	-360.42

	LR statistic (12 df)
	99.28
	Pseudo R2
	0.1211

	Prob > chi2
	0.000
	
	

	Notes: 

Two-tailed. z-distribution used. Small p-values in bold.
27 plants (1134 obs.) dropped due to all positive or all negative outcomes.

WOOL omitted due to no within-group variability.

TANNERY omitted due to no within-group variability.


4.2.3 SEINCO Inspection Equation

Results for the SEINCO inspection equation are presented in Table 12. SEINCO inspections were very systematic. SEINCO did not take into account recent past inspections of the MUN or the NAT to decide who and when to inspect. The only variables that explain SEINCO inspections are past SEINCO inspections. The signs of INSPSEINCOCUM and INSPSEINCOTHERCUM say that the strategy followed was sampling without replacement. The timing of SEINCO inspections explains the signs of the coefficients of VOL and DURINGPLAN. 

Finally, SEINCO also considered emissions directly into a water body to be an important variable in the allocation of inspections across plants. Although the variable is not significant at 18%, its coefficient is the second largest.

Table 12: SEINCO Inspection Equation

Conditional (fixed - effects) Logistic Regression

	Dependent Variable: INSPSEINCO

	Variable
	Coefficient
	Std. Error
	P-value

	INSPSEINCOCUM
	-0.285
	0.051
	0.000

	INSPSEINCOTHERCUM
	0.007
	0.001
	0.000

	
	
	
	

	INSPMUNCUM
	-0.098
	0.067
	0.143

	FINEDMUNCUM
	-0.029
	0.494
	0.954

	INSPNATCUM
	-0.005
	0.072
	0.943

	EANATCUM
	0.080
	0.092
	0.387

	
	
	
	

	VOL
	-0.017
	0.009
	0.054

	DURINGPLAN
	2.502
	0.156
	0.000

	
	
	
	

	RF
	-0.243
	0.262
	0.354

	STREAM
	1.711
	1.303
	0.189

	CARRASCO1999
	0.279
	0.394
	0.478

	
	
	
	

	Number of Observations
	2130
	Log likelihood
	-872.78

	LR statistic (10 df)
	433.7
	Pseudo R2
	0.1990

	Prob > chi2
	0.000
	
	

	Notes: 

Two-tailed. z-distribution used. Small p-values in bold.
Three plants (90 obs.) dropped due to all positive or all negative outcomes.

WOOL omitted due to no within-group variance.

TANNERY omitted due to no within-group variance.

PTY omitted due to no within-group variance.


4.3 THE POLLUTION EQUATIONS

Using the three unconditional models of inspection, we obtain probabilities of being inspected by each of the three inspecting institutions. We call these probabilities PINSPMUN, PINSPNAT and PINSPSEINCO. As explained earlier, these probabilities of being inspected are used as explanatory variables in the pollution equations to control for the behavior of plants regarding possible future monitoring and enforcement actions.

4.3.1 The BOD5 Equation 

Results for the BOD5 equation are presented in Table 13. Here, we report two different estimations. In Specification 1, we allow only the constant term to differ during and after the Pollution Reduction Plan. In Specification 2, we also allow the slopes of the probabilities of being inspected by the MUN, NAT and SEINCO to differ.

Table 13: BOD5 Equation

	Method: Least Squares (Fixed Effects)1

	Sample: 1998:06 2001:10

	Total panel (unbalanced) observations: 2792

	Dependent Variable: LOG(BOD5)

	
	Specification 1
	Specification 2

	Variable
	Coefficient
	(P-value)2
	Coefficient
	(P-value )2

	C
	-1.440
	
	-1.585
	

	
	
	
	
	

	DURINGPLAN
	0.168
	0.000
	0.339
	0.000

	
	
	
	
	

	PINSPMUN
	0.011
	0.961
	2.453
	0.002

	    PINSPMUN*DURINGPLAN
	
	
	-2.491
	0.000

	PINSPNAT
	-0.579
	0.016
	-0.318
	0.760

	   PINSPNAT*DURINGPLAN
	
	
	0.036
	0.969

	PINSPSEINCO
	0.028
	0.738
	-0.345
	0.208

	   PINSPSEINCO*DURINGPLAN
	
	
	-1.585
	0.153

	
	
	
	
	

	INSPMUNCUM
	0.008
	0.568
	-0.013
	0.355

	INSPNATCUM
	0.037
	0.017
	0.022
	0.179

	FINEDMUNCUM
	0.037
	0.729
	-0.174
	0.202

	EANATCUM
	-0.016
	0.420
	-0.020
	0.285

	
	
	
	
	

	LOG(PQ)
	-0.120
	0.664
	-0.123
	0.648

	LOG(LABOR)
	0.777
	0.000
	0.780
	0.000

	LOG(WATER)
	0.063
	0.393
	0.070
	0.330

	LOG(ENERGY)
	0.317
	0.000
	0.312
	0.000

	LOG(FLOW)
	-0.187
	0.032
	-0.187
	0.031

	TECH
	-1.396
	0.000
	-1.419
	0.000

	
	
	
	

	R2
	0.883
	0.884

	Adjusted R2
	0.879
	0.880

	S.E.R.
	0.721
	0.720

	F- statistic 
	233.9
	228.1

	Mean dependent var
	4.184
	4.180

	S.D. dependent var
	2.071
	2.076

	Sum squared resid
	1403.8
	1398.9

	Durbin-Watson stat
	2.003
	2.005


* Fixed-effects are not presented.

** The t-statistic is calculated using Arellano’s robust standard errors (Arellano, 1987). These are calculated with the data transformed after subtracting the within-plant mean. This is the reason why we do not present the constant’s robust standard error. 

The first thing to notice is that PINSPMUN does not have a statistically significant effect on the reported levels of BOD5 in Specification 1.
 Furthermore, it has the second lowest coefficient together with INSPMUNCUM, also statistically insignificant. When we allow not only the constant term but also the slope to differ during and after the Plan, we find no marginal effect of PINSPMUN on the level of BOD5 during the Plan period, but we do find a strong positive effect of PINSPMUN after the Plan. This result is somewhat surprising and different from previous empirical works. Nevertheless, one has to remember that these are self-reported levels of BOD5.  A positive coefficient means that the larger the threat of being inspected by the MUN in a given month (after the plan), the larger the level of reported BOD5 by the plant for that month. This result is more evidence in favor of the existence of underreporting. 

Another important result is that neither the cumulative number of past inspections (INSPMUNCUM) nor the cumulative number of past fines (FINEDMUNCUM) of the MUN in the last 12 months has a clear economically or statistically significant effect on presently reported BOD5 levels in any of the two specifications. Nevertheless, although not significant at 20%, in the second specification MUN fines had the largest effect on reported pollution over all the enforcement actions of both the MUN and the NAT. This result tells that the MUN may increase the effectiveness of its actions by increasing the number of fines.

Third, the probability of being inspected by the NAT (PINSPNAT) has a negative effect on the reported levels of BOD5 in both specifications. However, this effect is not statistically different from zero when we allow it to differ during and after the Pollution Reduction Plan. Nevertheless, these inspections do not have a permanent deterrent effect, as measured by the cumulative number of inspections (INSPNATCUM). With respect to NAT’s enforcement actions in the last 12 months (EANATCUM), it also does not have a significant effect, economically or statistically, on BOD5 levels in either of the two specifications. 

Finally, the probability of being inspected by SEINCO (PINSPSEINCO) does not have an effect statistically different from zero in the first specification. However, in the second specification, although the coefficient is not statistically significant either, PINSPSEINCO has a strong negative effect on the reported levels of BOD5 both during and after the Plan. It is interesting to note that this is exactly the opposite effect of a larger probability of being inspected by the MUN. Recalling that the MUN used SEINCO inspections as substitutes for their own, a reasonable explanation for this is that a larger probability of being inspected by SEINCO also meant a lower probability of being inspected by the MUN and, therefore, a larger incentive to underreport. This explanation requires assuming that plants did not believe that the MUN inspectors would use SEINCO information to check for the truthfulness of the reports. It is difficult to explain reasons why the plants may have guessed correctly, but in fact we have no evidence that the MUN inspectors did crosscheck the reports. 

Another interesting result is the negative coefficient estimate of FLOW in both specifications. There is no a-priori reason why, ceteris paribus, plants with larger flows should have less BOD5 concentration levels, except that the largest industries may also be those with the best treatment plants. But if this is not exactly the case, a negative sign of the FLOW coefficient could be saying that diluting is taking place. Although explicitly prohibited by law, diluting is an easy and cheap compliance strategy and at the same time very difficult to detect. The very low and insignificant coefficient on WATER in both specifications is consistent with this interpretation because it could be the result of two offsetting effects. On the one hand, water is a complement of pollution in production, but on the other it is a substitute for BOD5 concentration levels if diluting takes place.

Not surprisingly, TECH appears with a strong negative sign in both specifications. In fact, it has the second largest coefficient after the reporting effect of PINSPMUN. This raises the possibility that despite not being effective on the margin, monitoring and enforcement activities of the MUN and the NAT could have played a significant role in technology adoption. In fact, this is commonly the argument that MUN officials raise to explain the decline in average levels of reported pollution through time. This argument is backed up by the results of several simple regressions of TECH against the cumulative number of monitoring and enforcement actions taken by the MUN and the NAT during the period.
 However, this explanation runs into some problems. First, only eight plants adopted technology during the period. Second, there are also other determinants for technology adoption from abroad in the case of international or exporting firms, that were not included in the auxiliary regressions conducted for TECH. Third, not controlling for technology adoption during the period did not change the mostly small and statistically insignificant coefficients of the monitoring and enforcement variables. 

The remaining input variables (LABOR and ENERGY) have the expected signs and significance levels in both specifications. On the other hand, the output price coefficient (PQ) is negative and not statistically significant. This may be the result of the market power of several firms in the local market.

Finally, according to the sign of DURINGPLAN, the reported levels of BOD5 were larger during the Pollution Reduction Plan. This result seems to tell that the Plan was successful in reducing BOD5 concentrations in industrial effluents. The explanation given by MUN inspectors is that the Plan gave them an opportunity to convince industry managers to recruit professionals to be in charge of their treatment plants (and to act on the incentives of these professionals at their work).  This translated into changes in the abatement and production processes that had an effect on pollution levels. This may be true. Given that the starting situation was bad, even small, easily implementable corrections in the operation of the treatment plants may have had an effect on pollution levels. Even without investing in treatment technology, industries may have decreased pollution levels by operating their treatment plants in a better way. Nevertheless, it is also true that an increase in under-reporting may also explain part of the decrease.
 

4.3.2 The Load Equation

There is an ongoing debate in the country whether legislation should turn toward the regulation of loads instead of concentrations. Given this debate, it is interesting to test whether there is a difference in the effectiveness of the enforcement actions of the Uruguayan authorities in controlling loads with respect to concentrations. Given that coefficient estimates cannot be compared, by running this equation we are basically searching for differences in the signs of the coefficients. Table 14 presents the results of a regression performed with LOAD = FLOW*BOD5 as the dependent variable.  

Table 14: Load Equation

	Method: Least Squares (Fixed Effects)1

	Sample: 1998:06 2001:10

	Total panel (unbalanced) observations: 2794

	Dependent Variable: LOG(LOAD)

	
	Specification 1
	Specification 2

	Variable
	Coefficient
	(P-value)2
	Coefficient
	(P-value)2

	C
	0.501
	
	0.217
	

	
	
	
	
	

	DURINGPLAN
	0.217
	0.003
	0.456
	0.006

	
	
	
	
	

	PINSPMUN
	0.128
	0.651
	2.972
	0.001

	    PINSPMUN*DURINGPLAN
	
	
	-2.896
	0.001

	PINSPNAT
	-1.545
	0.019
	-1.363
	0.378

	    PINSPNAT*DURINGPLAN
	
	0.146
	0.907

	PINSPSEINCO
	-0.053
	0.545
	-0.299
	-0.449

	PINSPSEINCO*DURINGPLAN
	
	0.252
	0.530

	
	
	
	
	

	INSPMUNCUM
	0.017
	0.386
	-0.004
	-0.814

	INSPNATCUM
	0.053
	0.025
	0.036
	0.132

	FINEDMUNCUM
	0.092
	0.643
	-0.095
	0.673

	EANATCUM
	-0.034
	0.150
	-0.041
	0.075

	
	
	
	
	

	LOG(PQ)
	-0.321
	0.243
	-0.288
	0.304

	LOG(LABOR)
	0.677
	0.000
	0.686
	0.000

	LOG(WATER)
	0.366
	0.005
	0.365
	0.005

	LOG(ENERGY)
	0.385
	0.000
	0.380
	0.000

	TECH
	-1.328
	0.000
	-1.361
	0.001

	
	
	
	

	R2
	0.932
	0.933

	Adjusted R2
	0.930
	0.930

	S.E.R.
	0.875
	0.874

	F- statistic 
	432.8
	419.8

	Mean dependent var
	6.580
	6.572

	S.D. dependent var
	3.307
	3.311

	Sum squared resid
	2070.6
	2066.6

	Durbin-Watson stat
	1.998
	1.995


* Fixed-effects are not presented.

** The t-statistic is calculated using Arellano’s robust standard errors (Arellano, 1987). These are calculated with the data transformed after subtracting the within-plant mean. This is the reason why we do not present the constant’s robust standard error.

Except for the fact that the coefficients necessarily change magnitudes due to the change in the variation of the dependent variable, there are only two significant changes regarding the effect of each of the variables on LOAD as compared to BOD5. One is the coefficient on WATER, which becomes statistically significant in both specifications. This is a natural result not necessarily suggesting any strategic behavior on the part of the firms.  A second change is that EANATCUM becomes statistically significant. In fact, over the two specifications, the actions performed by the NAT seem more effective in reducing (reported) BOD5 loads than the actions performed by the MUN. 

Finally, according to the sign of DURINGPLAN, the Pollution Reduction Plan was successful in reducing BOD5 loads. A potential problem with this interpretation is that the period after-the-Plan coincided with a deep recession of the Uruguayan economy. In other words, the recession could be the explanation for the fall in the pollution loads, not the Plan. Nevertheless, considering that LABOR and ENERGY correct for the effect of the recession on BOD5 levels, we have to conclude that the Plan was successful.

4.3.3 The Violation Equation

Our main objective in this section is to answer the question “Do enforcement actions affect the probability of a violation?” To this end, we define the dependent variable as a dummy equal to one if the plant reported a violation. Violation is defined with respect to the laxer standards during the Pollution Reduction Plan. Results are presented in Table 15. This model discards 483 observations belonging to 14 plants that either complied or did not comply in every month and therefore did not add any likelihood to the conditional model. Leaving aside plants that did not change their compliance status during the whole period, with violation being the most common status, obviously biases upward the effectiveness of the monitoring and enforcement variables. Therefore, the results should be interpreted while taking this into account.

The most striking result is the statistical insignificance of all the monitoring and enforcement variables in the first specification of the model, when only the intercept is allowed to vary between during-Plan and after-Plan periods. The only variable that appears to have an effect on the violation status of firms in this first specification is the probability of being inspected by the NAT. Although this variable is not significant even at a 23% level, it has a very large coefficient. 

Table 15: Violation Equation

	Method: Conditional (Fixed Effects) Logit

	Sample: 1998:05 2001:10

	Total panel (unbalanced) observations: 2008

	Dependent Variable: VIOL761

	
	Specification 1
	Specification 2

	Variable
	Coefficient
	(P-value)1
	Coefficient
	(P-value )1

	DURINGPLAN
	-1.233
	0.000
	0.314
	0.468

	
	
	
	
	

	PINSPMUN
	-0.519
	0.623
	6.988
	0.047

	    PINSPMUN*DURINGPLAN
	
	-8.088
	0.023

	PINSPNAT
	-2.178
	0.236
	11.45
	0.023

	    PINSPNAT*DURINGPLAN
	
	-13.76
	0.008

	PINSPSEINCO
	0.168
	0.638
	1.271
	0.240

	PINSPSEINCO*DURINGPLAN
	
	-1.365
	0.214

	
	
	
	
	

	INSPMUNCUM
	-0.003
	0.968
	-0.127
	0.120

	INSPNATCUM
	-0.015
	0.852
	-0.141
	0.105

	FINEDMUNCUM
	-0.117
	0.828
	-0.719
	0.221

	EANATCUM
	-0.059
	0.470
	-0.055
	0.514

	
	
	
	
	

	LOG(PQ)
	-1.157
	0.192
	-1.257
	0.155

	LOG(LABOR)
	0.147
	0.479
	0.188
	0.377

	LOG(WATER)
	0.306
	0.015
	0.341
	0.007

	LOG(ENERGY)
	0.895
	0.000
	0.815
	0.000

	LOG(FLOW)
	-0.729
	0.000
	-0.712
	0.000

	TECH
	-3.260
	0.000
	-3.747
	0.000

	
	
	

	Pseudo R2
	0.107
	0.1203

	LR chi2
	167.6
	188.73

	Prob > chi2
	0.000
	0.0000

	Log likelihood
	-700.4
	-689.85


The rest of the coefficients in the first specification have the expected signs and significance levels, except for the LABOR coefficient, which is insignificant. Apart from PINSPNAT, the variables with larger effects on the compliance status of plants are TECH, DURINGPLAN, PQ and FLOW. According to the significance level and magnitude of its coefficient, abatement technology adoption is clearly a determining factor of the compliance status of plants. The simplest explanation for the negative sign of DURINGPLAN is that during the Plan emission standards were laxer than after the Plan. This fact outweighs the fact that emissions were also larger during the Plan. (Recall the positive effect of DURINGPLAN on BOD5 and LOAD levels). Finally, the coefficient on FLOW raises the issue again about the possibility of diluting as a compliance strategy versus the possibility that larger plants are the ones with the best treatment plants.

As was the case for the BOD5 and LOAD equations, Table 15 also presents the results of the violation equation after including interaction effects between the DURINGPLAN dummy and the three probabilities. In sum, the inclusion of interaction effects does not change the magnitudes and significance levels of the estimates of the input variables and PINSPSEINCO, but it does change the coefficient estimates of the MUN and NAT monitoring and enforcement variables. PINSPMUN turned significant, negatively affecting the probability of violating during the Plan, when the standards were laxer, but with a positive and very large coefficient after the end of the Plan. The conclusions are similar for the case of the NAT. The probability of being inspected by the NAT (PINSPNAT) has a very large coefficient after the plan. During the Plan, on the other hand, PINSPNAT negatively affected the probability of being in violation. Another difference is the increase in the significance levels of the cumulative number of past inspections (INSPMUNCUM) and fines (FINEDMUNCUM) performed by the MUN, close to 10%. A similar thing happens with INSPNATCUM but not with EANATCUM. 

Nevertheless, one has to take into account the caveat at the beginning of this section: plants included in this regression are those that changed compliance status during the period at least once. With the violation status being a common case through time and across plants, the results of the effectiveness of the monitoring and enforcement variables are biased upward.

Finally, and very interestingly, with the inclusion of interaction effects the DURINGPLAN dummy becomes insignificant. This result says that the Plan did not have any effect on the compliance status of firms. Even when we are over-estimating the effect by leaving aside those plants that did not change compliance status. The result is extremely important because the increase in the levels of compliance of industrial firms with effluent standards was the main objective of the program undertaken by the MUN with funds from the Inter American Development Bank. According to this result, the program failed to do this. 

� This control sample is not mandatory in Uruguay, as it is in Canada.  Laplante and Rilstone (1996) compare the levels reported in the months in which the plants were inspected with the levels of the control sample. Therefore, apparently plants in Canada do not report the control sample as they generally do in Uruguay. 


� The Jarque-Bera statistic for the pooled errors is 9,367, failing to reject the null of normality. On a plant-by-plant basis, in 23 out of the total 74 plants we reject the null of normally distributed errors. 


� The correlation coefficient between TECH and INSPMUNCUM, and TECH and INSPNATCUM is 0.05 and 0.03, respectively, which is very low. Therefore, multicollinearity is not an issue in the BOD5 equation. 


� Using only MUN inspections, the percentage number of plants (of those that were inspected and reported) that reported more during the months that were inspected as compared to the months in which they were not inspected was 36% during the Plan and 54% after the Plan. The average difference of BOD5 reported levels when inspected and when not inspected for these plants were 35% during the Plan and 30% after the Plan. The standard deviation of these differences was 40% during the Plan and 33% after the Plan. Using only NAT inspections the percentage number of plants apparently under-reporting slightly decreased from 32% during the Plan to 29%. The average percentage difference of BOD5 reported levels when inspected and when not inspected decreased more sharply from 70% to 32%. Nevertheless, the percentages are not strictly comparable in the case of the NAT because it decreased markedly the number of plants inspected during and after the Plan. In this respect SEINCO is a better source for comparison. During the Plan, 34% of the 64 plants that reported and were inspected by SEINCO reported more during the months that were inspected as compared to the months in which they were not inspected. The average difference was 73% and its standard deviation was 90%. After the Plan, 49% of the 68 plants that reported and were inspected by SEINCO reported more when inspected as compared when not inspected. The average “under-reporting” was 34% and its standard deviation was 35%. These numbers are very similar to those obtained with the MUN inspections, although the average “under-reporting” in this case decreased more sharply. Therefore, on average, using MUN and SEINCO inspections, after the Plan ended the number of plants that have behaved strategically (under-report) on average increased from 1/3 to 1/2, but the average “lie” and its standard deviation decreased.





