5.2. The Inspection Equation

In order to specify the inspection equation I consider that the strategy of regulators obeyed five rules.
 The first one is a “sample without replacement” rule. According to UEI inspectors, the time that takes them to “sample” all plants is approximately six months. During this length of time the regulator tries to visit two times Priority 1 plants and one time Priority 2 plants. Priority 1 plants (25 of the 74 plants in my sample) are the most heavy polluters in terms of organic pollution and metals. They count for 80% of this pollution. In order to capture this rule, I included the number of inspections performed in the plant during the last twelve months (INSPCUMi,t ) and the priority group to which the plant belongs (Ptyi , equal to 1 if the plant is a Priority 1 plant) as explanatory variables.

The second rule was that plants with worse compliance history and those showing less “cooperation” with regulators (e.g.: they do not take the promised measures to abate emissions or delay them) were inspected more often. Three variables were included to capture the level of cooperation. First, DVCUMi,t=
[image: image1.wmf]å

=

-

12

1

,

s

s

t

i

DV

, with DVi,t-s = the number of detected violations for plant i in month t-s.
 A violation is defined as being out of compliance with the emissions standards.
 During the months that the Industrial Pollution Reduction Plan was being implemented the violations were calculated as deviations from the (laxer) standards set by the Plan, no the original ones. Second, ORDERCUM i,t,, as defined in the pollution equation. Third, POSTCUM i,t = 
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, with Posti,t also a dummy variable equal to one if the DINAMA gave more time to the plant to comply with a previous order. The more of these recent records, the less the cooperation of the plant.
  It must be said though that this level of cooperation perceived by regulators is not only a function of the recent formal history of the plant. It depends also on incommensurable facts in which inspectors also base their decisions.

The third inspection rule was that citizens complaints about unusual emissions episodes also trigger inspections. Nevertheless, citizens’ complaints were not included as an explanatory variables because of the unavailability of information about them. This could be justified because BOD5 measures concentration of organic pollution in the plants´ effluents, which is very difficult to trigger inspections via public complaints because it is very difficult to observe for the common public. It is different when the dependent variable is total discharge (BOD5*FLOW) because this is easier to observe. In addition, interviewed inspectors declared that most of complaints do not come from “unusual” discharges, but from smells or illegal point of discharges (streets, brooks) or when the public sanitary system below the streets collapses and breaks down. But this is not the consequence of actual emissions but the accumulated effect of emissions during a long period of time.

Fourth, the failure to report in subsequent periods triggered inspections. As a result, the number of reporting failures in the previous two reporting periods (RFi,t ) was also included as an explanatory variable. In the first six months of 1997 the UEI implemented a new enforcement strategy. It issued a fax to every plant in its data base explaining the new 4-month Reporting Form format and communicating the plants that the municipal government was undertaking a new plan in pollution control (the commented “Plan de Reducción de la Contaminación Industrial”). For that reason, in the first reporting period I set the reporting failure history of every plant equal to zero as an indicator the a new enforcement period has began.

Finally, unusually high levels of reported pollution sometimes, although very rarely, triggered an inspection, according to UEI inspectors. One reason for this is that obviously it is not common for plants to report “peaks” of their emissions. It is not easy to construct a variable capturing the effect of unusual levels of reported emissions. There are three reporting periods during the year: March-June, July-October and November-February. So plants report four months of activity in each report, but they did not have a clear due date for sending their reports. Many plants during the analyzed period sent their reports in the final month of the following reporting period, that is regulators were looking at a picture of the plant that was at least four months old. Other plants reported immediately after the end of the reported period. In short, regulators did not receive the information on emissions at the exact point in time in every period. This complicated the possibility of constructing a variable indicating unusual level of emissions because it was impossible to know at what point in time the regulator was looking at the information so as to decide on an inspection. For this reason I opted not to include a lagged indicator of reported pollution. 

Given what was just explained, I did not include the present level of BOD5 as an explanatory variable either. 

In addition, the Uruguayan industrial sector went through an important contraction process during part of the analyzed period. Particularly, the industry production volume index dropped 8.6% on average in 1999 and 7.2% in 2001 (during 2000 it experienced a positive 2% change). The contraction was larger as measured by the industry real GDP: 23% between 1996 and 2001, with an average drop of 4% in the period 1997 – 2001 and 8% in the period 1999 – 2001.
 Although not recognized by authorities, as a consequence of this contraction inspectors may have eased or loosened  their enforcement pressure on plants, since it was precisely the difficult economic times that inspired the Industrial Pollution Reduction Plan. I included the monthly level of the industry production volume index (Vol) to capture this possible effect.

The following is the resulting Inspection Equation that was estimated:
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where Inspi,t is a dummy equal to one if the pant i was inspected in month t and 
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is the error term, assumed to be identically and independently distributed normal variable with zero mean.

Estimation issues

Inspection Equation

As it can be observed, fixed effects are not included in the Inspection Equation. The reason is simple. In the Probit (non-linear) model it is not possible to get rid of the plant-specific effects (
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) using the Within transformation, as in the linear case (Chamberlain, 1980). Maximizing the likelihood over all parameters, included the plant-specific effects, will yield inconsistent estimates for large N and fixed T (Hsiao, 1986). Alternatives suggested methods to obtain consistent estimates (as the conditional maximum likelihood approach suggested by Chamberlain (1980)) are computationally unattractive for the case of the fixed-effect logit model (Greene, 1997) and do not yield computational simplifications for the fixed-effects probit model (Baltagi, 1995).

Another issue is that the Inspection Equation above implicitly assumed that every plant has information on the number of inspections, orders, fine threats, and fines that both DINAMA and the IMM perform on every plant, and they use this information to form their probabilities of being inspected. In the real world this is impossible without a government policy of information disclosure that it is not the case in Montevideo. Therefore, the estimated probabilities of inspections will surely differ from the ones formed by plant-managers. One possibility to move closer to the real world would have been to estimate a separate inspection equation for every plant. This was tried. Nevertheless, some plants did not have a sufficient number of observations to assure the “asymptotic” properties of maximum likelihood estimators of the probit model and for others the final coefficient covariance matrix resulted singular, possibly as the consequence of having many zero observations for ORDERCUM, POSTCUM and RF. 

RESULTS

Inspection Equation

Results for the Inspection Equation are presented below. Four different inspections equations were estimated. The first two columns show the results for the pooled inspection equation. The last three columns show results for the UEI and DCA separately.
Table

Inspection Equations

	Method: ML - Binary Probit (Quadratic hill climbing)

Sample: 1997:07 2001:10

	Dependent Variable:
	
	INSP
	

	Variable
	
	Coefficient (z-Statistic)
	

	C
	-2.3772
	-2.3638
	-2.4145

	
	(-7.6562)
	(7.6763)
	(-78339)

	INSPCUM
	0.08878
	
	0.0863

	
	(7.6353)
	
	(7.6029)

	DVCUM761
	-0.0292
	0.0242
	

	
	(-0.85327)
	(0.7263)
	

	ORDERCUM
	0.0309
	0.0926
	

	
	(0.7162)
	(2.2207)
	

	POSTCUM
	0.0582
	0.0863
	

	
	(1.1846)
	(1.7845)
	

	ORDERPOSTCUM
	
	
	0.0432

	
	
	
	(1.5109)

	VOL
	0.0104
	0.0115
	0.0107

	
	(3.5060)
	(3.9290)
	(3.6316)

	RF
	0.0625
	0.0493
	0.0597

	
	(0.8924)
	(0.7044)
	(0.8528)

	PTY
	0.1494
	0.2079
	0.1489

	
	(2.8224)
	(4.0045)
	(2.8169)

	Mean dependent var
	0.1494
	0.1494
	0.1494

	Log likelihood
	-1571.9
	-1600.5
	-1572.41

	Restr. log likelihood
	-1622.8
	-1622.8
	-1622.8

	LR statistic 
	101.7
	44.6
	100.8

	Akaike info criterion
	0.8212
	0.8355
	0.8204

	Schwarz criterion
	0.8342
	0.8469
	0.8301

	Hannan-Quinn criter.
	0.8258
	0.8395
	0.8238

	McFadden R-squared
	0.0313
	0.0137
	0.0310

	Obs with Dep=0
	3273
	3273
	3273

	Obs with Dep=1
	575
	575
	575

	Total obs
	3848
	3848
	3848


Table

Marginal Effects

	Variable
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	C
	-0.5357
	-0.5417
	-0.5461

	INSPCUM
	0.0200
	
	 0.0198

	DVCUM761
	-0.0070
	0.0055
	

	ORDERCUM
	0.0070
	0.0212
	 0.0090

	POSTCUM
	0.0131
	0.0198
	

	VOL
	0.0023
	0.0026
	 0.0024

	RF
	0.0141
	0.0113
	 0.0126

	PTY
	0.0337
	0.0476
	 0.0341


Prior to commenting on the results I would like to prevent the reader about the fact that I am not considering statistical significance to be a relevant concept in the judgments of the Inspection Equation. Its specification was the result of an extensive field research that included many hours of interviews and discussion with inspectors, directors and lawyers at both the municipal government unit (UEI) and the national government office (DCA), all of whom also made comments on preliminary results of this paper. Interviews also included industrial engineers in charge of treatment plants and former authorities of the national environmental office (DINAMA). Consequently, even though I do not expect this model to fit the real world perfectly, I am more concerned about committing a type II error than a type I error. Of course we cannot fix the probability of a type II error as we do with the probability of a type I error, but we know that these two probabilities are inversely related. I am also conscious that, in the words of Venn (cited in McCloseky and Ziliak, 1996), the significance tests were developed to test whether the difference between the estimated value of the coefficient and the zero value was permanent; they were not designed to test whether this difference is important. For all these reasons, I do not base my conclusions about the relevancy of the variables involved on the concept of statistical significance. Instead I discuss the size of the coefficients and the marginal effects of the variables.  

Results in the first column (the Pooled Inspection Equation) show that the coefficient of INSPCUM has the opposite sign to what was expected. This variable was included as a proxy for the sample without replacement strategy and therefore it was expected to have a negative sign. Inspectors declared that the length of time it took them to sample all plants was six month and in that period they “tried” to visit Priority 1 plants two times and Priority 2 plants one time. INSPCUM sums over twelve months. The idea going beyond six month was to allow possible delays, but of course the risk was to end up observing what I observe. Rather than capturing the sampling without replacement inspection strategy, its coefficient captures the fact that regulators do target plants in the sense that they seem to concentrate inspections on some plants beyond the rules captured by the other regressors (Running a regression with INSPCUM over the last six months instead of twelve months did not change the results. In fact the coefficient was larger (0.117), indicating that the targeting effect is strong). Lastly the marginal effect on the probability of being inspected is 2%, which is not insignificant given the fact that the unconditional mean value of the variable INSP was 0.15.
The estimated marginal effects of coefficients of DVCUM761 (cumulative number of detected violations with respect to the Plan standards (Resolution #761 of the IMM)) and ORDERCUM (-0.0070, 0.0070 respectively) resulted very low. From this point of view, the model says that regulators do not take into consideration violations to emissions standards, even violations with respect to the laxer standards set in the Plan, and neither they take the level of cooperation from the part of the plant manager (as captured by ORDERCUM on its own) when determining which plant to inspect. POSTCUM  resulted more important in terms of its marginal effect (1.3%) than ORDERCUM and it may also explain the low value of ORDERCUM´s marginal effects. Effectively, as it can be seen in Table 2 above there were more than one postponement for every two orders on average. Therefore, one cannot expect an inspection following an order.

One explanation for these unexpected results could be that these variables are a bad proxy for the subjective level of cooperation perceived by inspectors of both administrations (remember that ORDERCUM and POSTCUM were constructed only with information from the national government office (DINAMA)). 

Another problem could be that the high collinearity between these variables and INSPCUM could be influencing it level of statistical and economic significance. The same specification of the Inspection Equation is telling us about the possibility of high correlation between INSPCUM and ORDERCUM, and also the high number of postponements, as just commented. If this were true the estimates just commented would not be reliable in the sense that their standard errors would be high. The correlation between these two variables was 0.23, which is not very high. Other possibilities were also considered, like lagging ORDERCUM, but the correlation coefficient did not increase much: 0.29. 

In spite of this I ran a regression omitting the variable INSPCUM. Results of this regression are presented in the second column. The most notable changes are that DVCUM761 changed sign but decreased its importance even further (it also remained statiscally insignificant). The other important change is that ORDERCUM increased it importance and also became statistically significant. 

A third possibility to avoid this collinearity is not to drop INSPCUM because of its economic and statistical significance and tried to diminish collinearity constructing another indicator of cooperation. The chosen solution with the data at hand was to drop DVCUM761 and leave only the sum of ORDERCUM and POSTCUM  (ORDERPOSTCUM) as the cooperation indicator (the choice is justified because DVCUM761 involved several other things not directly related with cooperation and because it does not distinguish between the magnitudes of violations; a 1mg/l violation weighs the same as a 1,000 mg/l violation). Results are presented in the third column of Table XX. There are no significant changes (either statistical and economical) with respect to the results of the first column.

Besides all these experimentations with the specification of the Inspection Equation, dropping INSPCUM does not seem a good move. First, its coefficient is not zero: it is a very strong statistically significant variable and its marginal effect is also considerable. Second, the same correlation that causes multicollinearity causes bias in the estimates of the coefficients of those variables with which INSPCUM is correlated (ORDERCUM, POSTCUM and DVCUM761). Therefore, the coefficients in the second column may be biased for these variables. Lastly, and most important for my objectives, my interest in this equation is for the purpose of estimating a probability of inspection to be used in the Pollution Equation below. In the words of Kennedy (1992), as I expect this multicollinear pattern to prevail in the situation to be predicted (the probability of being inspected) a “do nothing” course of action is justified. Consequently, it is the first specification (column) that I use for estimating (fitting) the probability of inspection.
 

Results of this statistical models also says that while inspectors may have diminished their monitoring pressure in recession times, this change was not important in the margin (between 0.0023 in the first model and 0.0026 in the second model). Of course, in this case the analysis in the margin has not much sense since as commented before the drop in the production volume index of the industry sector reached a maximum of eight points in a hundred, what translates in more than one percentage point in the probability of inspection. In fact the correlation coefficient of these two variables is 0.07239. To complete this picture I present below the total number of inspections performed to the seventy-four plants in the sample by year. 

	
	Number of Inspections in the 

twelve months finished in June
	VOL

(Average Twelve

months finished 

June)

	
	IMM
	DCA
	

	1997
	107
	21
	100.10

	1998
	126
	41
	107.80

	1999
	108
	73
	107.22

	2000
	68
	39
	100.24

	2001
	90
	34
	100.49


It is interesting to comment a little on the evolution of inspections of both institutions. The number of inspection of the IMM in the last twelve month at the moment of implementing the Plan was 107. One year later it had increased considerably to 126. The recession started at the beginning of 1999 so by July the number of inspections in the last twelve months had dropped to 108 and continue to drop the next twelve month reaching a minimum of 68 by July 2000. The evolution of inspection in the next twelve months seems to indicate an apparent change of mind of the IMM inspectors, who increased the number of inspections again. The evolution of the DCA inspections differs markedly. Between 1997 and 1999 the increase in the number of inspections multiply for three. This may be a good indicator that an important number of plants performed changes to their treatment technology or constructed new treatment plants in the period. The decline in the two years that follow (2000 and 2001) is possibly also an indicator of the policy strategy in times of recession. 

RF seems to be another variable with low explanatory power from an statistical and economic point of view. A reporting failure in one reporting period increases the probability of being inspected by 1%.

Finally, Pty is another statistical and economic significant variable. A Prioirty 1 plant have an average 3.3% higher probability of being inspected than a Prioirity 2 plant.

In conclusion what this model is telling is that regulators seem to be targeting inspections and determining which plants to inspect in a given month heavily in terms of their Prioriy 1 and Priory 2 classification. Results also show that regulators have been sensible to recession, decreasing their number of inspections in those months.

Finally, given that the results presented above derive from the pool of the UEI and DCA inspections, below I present estimation results of the first statistical model for both offices separately.

Table

Inspection Equations

	Method: ML - Binary Probit (Quadratic hill climbing)

Sample: 1997:07 2001:10

	Dependent Variable:
	INSPIMM
	INSPDCA
	INSPDCA

	Variable
	Coefficient

(z-Statistic)
	Coefficient

(z-Statistic)
	Coefficient

(z-Statistic)

	C
	-2.1454
	-3.7426
	-3.7685

	
	(-6.4261)
	(-8.2327)
	(-8.3021)

	INSPIMMCUM
	0.0531
	
	

	
	(3.3093)
	
	

	DVIMMCUM761
	-0.0514
	
	

	
	(-0.9468)
	
	

	INSPDCACUM
	
	0.2157
	0.1981

	
	
	(7.9922)
	(5.9903)

	DVDCACUM761
	
	-0.0490
	

	
	
	(-0.7920)
	

	DVDCACUM253
	
	
	0.0182

	
	
	
	(0.3961)

	ORDERCUM
	0.0308
	0.0320
	0.0263

	
	(0.6680)
	(0.5288)
	(0.4388)

	POSTCUM
	0.0091
	0.0483
	0.0571

	
	(0.1647)
	(0.7414)
	(0.8873)

	VOL
	0.0073
	0.0176
	0.0178

	
	(2.2931)
	(4.1197)
	(4.1858)

	RF
	0.1289
	-0.1454
	-0.1431

	
	(1.7917)
	(-1.1342)
	(-1.1153)

	PTY
	0.1864
	0.1575
	0.1585

	
	(3.2677)
	(2.1433)
	(2.1518)

	Mean dependent var
	0.1094
	0.0483
	0.0483

	Log likelihood
	-1311.5
	-694.4
	-694.6

	Restr. log likelihood
	-1328.6
	-744.9
	-744.9

	LR statistic 
	34.27
	101.1
	100.6

	Akaike info criterion
	0.6858
	0.3651
	0.3652

	Schwarz criterion
	0.6988
	0.3781
	0.3782

	Hannan-Quinn criter.
	0.6904
	0.3697
	0.3698

	McFadden R-squared
	0.0129
	0.0679
	0.0675

	Obs with Dep=0
	3427
	3662
	3662

	Obs with Dep=1
	421
	186
	186

	Total obs
	3848
	3848
	3848


Table

Marginal Effects

The first thing to notice is that INSPCUM is far greater predictor of a future inspector for the DCA than for the UEI. While in the UEI case and additional inspection in the last twelve months has an average marginal effect of XX%, this number is XX% in the case of the UEI. In fact, INSPCUM is the most important predictor of a DCA inspection. Second, detected violations in the past are bad predictors in both cases. ORDERCUM seems to be a good proxy of cooperation in the sense that it behaves similar in both cases. This is not the case of POSTCUM, which appears more relevant in the DCA, understandably. Fourth it is notable that according to these results is the national government office and not the municipal government unit (UEI) that has largerly to the recession. Effectively, a one percent change in the industry volume index caused the expected probability of receiving an inspection from the DCA to decline by XX% on average and XX% on average for the case of the UEI, this is notable since it was the latter and not the DCA who implemented the Plan (Res. 761/96) considering the “situation”  of the industry sector. Fifth, results also show that the pooled results on the effects of reporting failures just presented above are highly incluenced by the incredible disparity in the coefficients of this variable for each case. RF is a very important predictor of the probability of inspection in the UEI´s model but in fact has a negative and similar in magnitude coefficient in the DCA´s, which is difficult to explain. Sixth, the priority category of the plant is the most important predictor of a probability of inspection in the UEI´s model, which is understandable since it a UEI´s variable,. Finally, I ran a regression (third column) to test whether the DCA was basing its decisions more on the original standard levels of the legislation (Dec. 253/79) instead of the laxer and convergent standard levels set by the municipal Plan (Res. 761/96). Results show that this may have been a possibility in the sense that the coefficient of DVDCACUM changed sign.

� The discussed strategy is mainly that of the municipal government unit (UEI). As mentioned, also the national government office (DCA) conducted inspections in the period. Nevertheless, as also mentioned, a previous arrangement between these two offices had left main regular monitoring activity in the hands of the UEI during the analyzed period. In fact, as it can be seen in Table 2, out of a total of 760 inspections, 549 were done by the UEI. 


� In eight opportunities a plant was inspected and found out of compliance with emissions standards by both the IMM and the DCA. In those eight observations the value of DV is 2. These occurrences involved a total of six plants (two of them two times). Observations for the variable Insp in these eight cases were set equal to one.


� Uruguayan law does not punish non-compliance with emission standards. It punishes actions related to the maintenance and operation of the treatment plant (which supposedly result in emissions’ concentration levels above the standards). In the legislation, fines are set as an increasing function of the number of past offences of this type. In spite of this, DV are defined in this way because non-compliance with emissions standards continue to be the most important indicator that the treatment plant is not being operated properly. Nevertheless, it is not a perfect proxy if we take into account the cases when a new or recently modified treatment plant is put into operation and subsequent samples are taken to confirm compliance with emissions the standards.


� I do not have the number of compliance orders and postponements issued by the municipal government of Montevideo, just those issued by the national government office, DINAMA.


�An example is the following: sometimes inspectors are kept waiting at the plant entrance for the length of time needed to make some quick cleanings and other measures (like diluting) to comply with the emissions standards (this is more typical in small plants, with lesser time of effluents retention). Another example is the quickness to response to suggested changes. It is worth noting that this makes the effectiveness of water pollution control very dependable on those specific inspectors with long experience in the job. In other words, a lot of the compliance history of plants is lost when an inspector retires or is appointed to another office.


� These differences between the Volume Index (constructed by the National Statistics Institute) and the industrial GDP (constructed by the Central Bank) variation obey to differences in the weights to the different sectors in the construction of both series. I chose the first one because of monthly availability.


� The other two statistical models were also used to estimate the probability of inspection and used in the pollution equation. See below.
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