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Abgract

Unfortunately, the empirical literature on the enforcement of industrial emissions standards refer to case
studiesin the developed world, mostly the U.S. and Canada. There does not exist any example of thistype
of empirical work for Latin America. In fact, Dasgupta, et a. (2001) isthe only example for the case of a

less devel oped country. This constitutes a very important shortcoming because Latin Americahasalong
tradition in water pollution control laws, but both public opinion and papers that have analyzed
environrrental policy in the region have regarded them as poorly enforced. Furthermore, many resources
are being devoted to developing new regulations and instruments, but no effort is being made to assess the
effectiveness of the existing ones. Thispaper contributesto fill this gap by empirically testing the effect of
(a) plant-level economic characteristics, and (b) inspections and enforcement actions of the municipal and
state governments on industrial plants' emissions of BOD5 in Montevideo, Uruguay, using monthly data of
seventy four industrial plants during the period July 1997 — October 2001.

1. INTRODUCTION

Thetheoreticd literature on enforcing pollution regulations is now quite extensive.
(See, for example, Polinsky and Shavell, 2000; Heyes, 2000; Cahen, 1997) In contragt,
the empiricd literature isfarly recent. This literature basicaly dedls with two issues.
Firgt, the effect of ingpections, fines and other enforcement actions (letters, phone cals
and enforcement orders) on pollution leves, non-compliance and saif -reporting [Magat
and Viscus (1990), Laplante and Rilston (1996), Gray and Delly (1996), Nadeau (1997);
Helland (1998), Gray and Shadbegian (2002)]. Invariably, these papers have shown that
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firms do react to enforcement actions by reducing levels of emissons, increasing reports
and reducing the length of time they spend in violation. A second issueisthe
determinants of the alocation of enforcement actions among the regulated plants. With
respect to it, the hypotheses tested have been mainly two: the existence of certain types of
targeting on the part of regulators [Gray and Delly (1996); Helland (1998); Gray and
Shadbegian (2002)], and the role played by political considerations, such as the
possihility thet the plant will be forced to shut down, the per cgpitaincome and the level
of pollution in the surrounding community [Helland (1998)]; the probahility of dosing

and impact on employment rate in their communities [Gray and Deally (1991)]; the plant’s
share of the employment in the local labor market and the level of unemploymentina
region [Dion, et d. (1998)]. These papers showed that regulators are senstive to
economic, socia and political congderations when dlocating enforcement actions among
regulated plants.

Unfortunately, al of the above cited papersrefer to case sudies of the U.S. and
Canada (basicaly, BODs emissons of the US pulp and paper indudtry, BODs and TSS
emissons of the Quebec pulp and paper industry and air pallution from the US sed
industry). There does not exist any example of thistype of empirica work for Latin
America2 In fact, Dasggupta, €t d. (2001) is the only example for the case of aless

34
developed country.  This condlitutes a very important shortcoming because Lain

2
Dasgupta, et d. (2000) conducted a datistical analys's on determinants of
“environmental performance’ in Mexico. However their work is not comparable with the
previoudy cited papers. Fird, their data resulted from a survey of 236 plants. Plant
managersowners salf assessed the compliance status of their plantsin afive posshilities
scale, and a plant was dassfied as compliant if it was"dways' or "dmost dways' in
compliance. The questionnaire was not designed to obtain information on the leve of
emissons. Second, the survey asked for the overdl "environmental performance’ of the
ant. Consequently, answers referred to ether water, arr, toxic or non-toxic pollution.

Their gudy isdso the firgt to include levies as determinants of levels of emissons.

¢ There are afew other examples of empirica andyses of pallution regulation in LDCs.
Wang, et d. (2002) used the same database as Dasgupta, et d. (2001) to test for the
determinants of the enforcement activities. They found that private firms had less
bargaining power, measured as the percentage of levy actudly pad rdative to what they
should have paid, and those plants with higher expenditures on pollution abatement paid
lower levies, suggesting thet regulator s may had been compensating firms for such
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America has along tradition in water pollution contral laws, but both public opinion and
papers that have andyzed environmenta palicy in the region (Russell and Powell, 1996;
Eskdand and Jmenez, 1992; O'Connor, 1998; Tietenberg; 1996) have regarded them as
poorly enforced. Furthermore, many resources are being devoted to developing new
regulations and instruments, but no effort is being made to assess the effectiveness of
exiging regulations.

The objective of this pgper isto contribute to fill this gap by empiricaly testing the
effect of (@) plant-level economic characteridtics, and (b) monitoring and enforcement
actions of the municipa and state governments on indudrid plants emissons of BOD5
in Montevideo, Uruguay.

Through this estimation | address the following questions: (1) How effective have
ingpections and the different enforcement actions of both municipa and Sate
governments been in terms of reducing BOD emissions? (2) Could this effectiveness be
improved by aredlocation of enforcement actions among different type of plants? (3)
Could this effectiveness be improved by subgtitutions among different monitoring and
enforcement actions (sampling ingpections, nortsampling ingpections, compliance orders,
fines)? This quedtion is relevant Snce ingpections and orders were dmogt the only actions
used by regulators. Fineswere rarely levied (See Table 1 below). If thisisthe expresson
of adrategy such asthe one suggested by Garvie and Keder (1994) in the presence of
inditutiond and palitica “condraints’, then a study like the one proposed here could
edimate the effects of such astrategy in terms of pollution abatement (tons of BOD

emissons).

investments. Pargd, Mani and Huq (1997) estimated the impact of ingpections and
community characterigtics (acting as proxies for political power) on water pollution in
eight sates of India Ther sample included 250 indudtrid plants surveyed in 1996.
“Ingpections’” were the total number of inspections that the plant had been subject toin
the period 1990 — 1994. They found that BOD emissons “are unaffected by ingpections’,
The authors recognized thet this result is conditiona on the nature of their database,
which did not dlow them to andlyze the impact of lagged ingpections. They aso found
little evidence of informa enforcement (as measured by the community characterigtics
proxy). Gupta and Saksena (2002) estimated a relationship between inspections and
compliance in the State of Punjab, India. However, their results may have been affected
by the poor qudlity of their database: ..."there is no comprehensve databass’ in India
according to the authors.
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A fourth objective would be to test for the presence and extent of under-reporting.
Magat and Viscus (1990) conddered the issue was not a serious problem. Helland (1998)
assumed its existence and congtructed amode to correct for undetected unreported
violations. Lgplante and Rilstone (1996) were the only ones that attempted to test
fadfication of results by firms conducting a paired difference of mean test between the
levels of BOD and TSS sdf-reported by the firms and those obtained through sampling
ingpections. These authors did not found gatistica evidence of fasfication of results,
dthough the test was performed only with 54 observations. Shimshack and Ward (2002)
opted for another approach, given their data. They tested whether current inspections,
after correcting for ingpection targeting, had any effect on reported emissons. They did
not find evidence of inaccurate sdif -reporting.

A unique feeture of the proposed research is the availability of athird source of
information on emissions, gpart from the plants themselves and the regulators. During
part of the andyzed period the municipal government of Montevideo implemented a
Monitoring Program in the framework of the | ADB-financed Sewage Plan for the city.
(See Section 2 bdlow). An independent consulting firm that conducted its own samples of
emissons ran the program. As aresult, information on emissonsis available for thirty-
eight (38) plantsfor 9x (6) out of the thirteen (13) reporting periods sudied. | will try to
use thisinformation to test for the extent of under-reporting and the effects of
enforcement actions. Nevertheless, results may need to be interpreted with caution
because during this period industrid plants knew they were been sampled and therefore
may have changed their reporting Strategy.

A fifth issue conddered is the effect of ingpections and enforcement actions on the
compliance satus of firms.

Findly, the present paper dso differs from the exidting literature because of the set of
vaiables induded in the estimation. Thiswill be the first paper to indude the three main
types of monitoring and enforcement actions (ingpections, orders and fines). In addition,
previous andlyses did not indude production and input consumption variables Hdland
(1998) was the only study in which level of production was incdluded. No study included
levels of input consumption apart from number of employees. Also, | have information
on both the quantities of sampling and non-sampling ingpections, the results of the
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sampling ingpections, and quantities and values of fines collected by bath the municipa

and gae government.

2. INDUSTRIAL WATER POLLUTION CONTROL IN MONTEVIDEO

Montevideo, cgpitd of Uruguay, has a population of gpproximatey one million and a
haf, dmog hdf of the population of the country. The main water sreams thet run across
the city are the Migudete, Pantanoso and Carrasco. These, jointly with the Rio dela
Pata, recaive the domestic and indudtria effluents of the city, dong with solid wastes of
gquatters a their margins (1.M.M., 2001). The estimated present contributions of each
source of organic pallution are: (1) Indudtrid Effluents: between 16 and 20 tons of DBOs
per day; (2) Sanitary system: 50 tons of DBOs per day, and (3) Squatters. approximatey
120 tons of DBOs per day (originating from 300 tons of solid wastes, near 25% of the
total generated by the city). It must be said though that the increase in squattersis a rather
new phenomenon in Montevideo (see Amarante and Ceffera, 2002) and the problem
with households organic pollution through the sanitary system is being addressed with the
congruction of anew system that ams to digpose the effluents directly into the Rio de la
Plaa Furthermore, organic pollution is the main quantitative type of indudtrid pollution.
Water pallution control policy in Montevideo isin the hands of bath the city and state
government. More specificdly, the Indudtriad Effluents Unit (Unidad de Efluentes
Indudtrides, UEI) of the Municipd Government of Montevideo (Intendencia Municipd
de Montevideo, IMM) and the Environmenta Control Divison (Divison de Control
Ambientd (DCA) of the Minigry of the Environment (Minigterio de Vivienda,
Ordenamiento Territorid y Medio Ambiente, MVOTMA). Firms report emissions and
other economic varigblesto the Industrid Effluents Unit (UEI) of the Municipa
Government of Montevideo (IMM), which isdso in charge of regular monitoring
ingpections and enforcement activities. The Environmenta Control Divison (DCA) of
the Minigry of the Environment isin charge of giving the authorization for indudtria
discharge (Autorizacion de Desagiie Indugtrid, ADI). Some coordination existed between
this two offices between 1996 and 2001, during which an informa agreement conveyed



to the city government unit (UEI) the exdusivity to make regular inspectionsin
Montevideo, dlowing the sate government divison (DCA) to concentrate its monitoring
and enforcement effortsin the rest of the country. But this coordination began to
deteriorate in the year 2002.

Ingruments used are emissions standards, defined in terms of concentration of a given
pollutant per liter of effluent discharged, and not in terms of quantities of pollutants
discharged.

Through 1997 to 1999 the Municipd Government (IMM) established aPlan (Plan de
Reduccion de la Contaminacion Industrid) that relaxed emissions standards for dmogt dl
the pollutants and dl industrid sectors. The plan, approved in 1996 as Resolution 761/96
of the Department of Environmenta Development of the IMM, was intended to bring
plantsinto compliance by giving them a period of adjusment in order to Sart investing in
abatement technology. The application of the plan started in March & 1997 and ended in
December 31 1999, day when the standards converged again to ther initial values.
Lesther tanners and wool processors had laxer sandards, converging to levels above the
initid ones. As gated in the Resolution, this plan was ingpired by the recognition of the
difficult economic Stuation of the industrid sector, from the part of the municipa
government (IMM).

As said, every four months plarts report to the municipa government unit (UEI)
monthly quantities of the following variables: (1) theleve of production for each good
produced, (2) the leve of water consumyption, including underground weter, (3) the leve
of dectric energy consumed, (4) the leve fue and/or firewood consumed, (5) the number
of employees and days worked. Plants are dso required to report samples of ther
discharges with the following information: total effluent flow and its concentration of
pollutants. Plants with aneffluent flow larger than 50m3/day are required to take samples
every two weeksingead of monthly.

The city government unit (UEI) conducts regular monitoring inspections. There are
two types of ingpections: sampling and non-sampling ingpections. Sampling ingpections
are ingpections in which the inspectors take samples from the plant’ s effluents for latter
andyds. These ingpections dways include ingpections of treatment plant performance,
the overd| trestment process performance, aswell as generd questions regarding the
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economic Stuation of the firm, induding changesin levels of production, or specid
events that could affect the effectiveness of trestment processes. Non-sampling
ingpections include the latter but not a sample of the plant effluents. Reasons for not
sampling may be severd: the plant is not working a the time of the ingpection, or the

5
plant is not discharging effluents at the time of the ingpection.

3. Data Set

| have three sources of information: the Municipa Government of Montevideo
(Intendencia Municipa de Montevideo; 1.M.M.), the Minigry of the Environment and a
private consulting consortium, (MULTISERVICE-SEINCO-TAHAL; SEINCO). The
core information comes from the IMM. As explained above, indudrid plantsin
Montevideo report economic and pollution varigbles levels to the municipal government
unit (UEI) on afour-month basis. From these reports | obtained monthly information on a
&t of varigblesthat | divide into three categories (1) Pollution Variables, (2) Production
Variables and (3) Input Varigbles Thefirg category, Pollution Variables, is composed
of Biologicd Oxygen Demand (BOD5) concentration of the indugtrid plants effluent
discharges measured in mg/l, the average monthly flow of discharges (FLOW) measured
in cubic meters (M3)/day, and the tatd volume of effluents discharged in the month
(VOLUMES), in m3 per day. The second category, Production Variables, is composed of
monthly levels of production for each good produced. The third category, Input
Variades, iscomposed of aligt of key inputs thet the plants are required to report to the
UEI. Thee are: tap water consumed per month (TAP) in m3, underground water
consumed per month (UW) in m3, total water consumed per month (W) in m3, dectric
energy consumed per month (EL) in Kwh, fud consumption per month (FUEL) in tons
firewood consumption per month (WOQOD) in tons, gas consumption per month (GAS) in
tons, number of employees per month (EMPLQOY') and number of days worked per month

5

Some dants discharge discontinuoudy and/or & given hours. This represents a problem
for the DCA ingpectors, who usudly reserve specific days for ingpections in Montevideo
snce they dso have to ingpect firmsin the ret of the country.
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(WD). Findly, | dso gathered information from the IMM records on ingpections and
fines. The information on ingpections is compased by the number of ingpections done per
month per plant, and the result of the sample in terms of mg/l of BODs in those cases
where a sample was taken. The information on fines levied by the UEI is compased of
the number of fineslevied on each indudtrid plant per month and their amounts

My second source of information is the Environmental Control Divison (Divison de
Control Ambientd, DCA) of the Minigry of the Environment. Thisinformation indludes
number of ingpections, enforcement orders, postponements, fine threats, and fines per
plant per month. In the case of ingpections, results of samplesin terms of BODs effluent
concentration (in mg/l) were dso computed. In the case of fines, amounts levied are dso
avalable

Findly, my third source of information is SEINCO, the name chosen for the private
partnership MULTISERVICE-SEINCO-TAHAL that wasin charge of the Monitoring
Program that the IMM implemented in 1998 as part of the Third Stage of the Urban
Sanitary Plan (Plan de Saneamiento Urbano — Tercera Etapa, PSUIII, financed by the
IADB). The main objective of the Monitoring Program was to design, implement and
execute awatercourses and indudtria effluents monitoring scheme for the control of
indudrid pallution (Multiservice-Seinco-Tahd, 2001).

My database includes seventy-four (74) indudrid plants located in Montevideo. The
section of these 74 plants was not random. Firgt, there are dl privatidly owned plants
Sacond, they were sHected from aligt of indudtrid plants thet were being sampled by
SEINCO during the years 2000 and 2001. Mogt of these plants dso were the ones that
were regularly being ingpected by the UEI. Thelist included the mogt important industria

6
pollutersinthecity. Of the eighty-seven plantsin thelist | excdluded twelve (12) plants
that reported less than six (6) times during the 13 four -month periodsin my sample,

° It induded a maximum of eghty-seven (87) indudtrid plantsin November 2000 —
February 2001. The number of plantsin the list did not remain fixed during the

consulting period of SEINCO. For example, in March- June 2001 there were seventy-
eight (78) firmsin the list. Thereasons, according to SEINCO employeesinterviewed,
were that Some plants closed and others were inactive during some periods. In these
caes, the “next plantsin the list” of the most important polluters of the city (made from a
previoudy performed census) were indluded and regularly inspected.
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athough they were active throughout the 13 periods. From the remaining 75 | had to
exclude one more because it was not reporting BODs emissons it reported only metals
emissons. Consaquently, conclusons from my analyss must be interpreted according to
this sample sdlection bias. It can be said though that thisbiasisintringc to thistype of
empiricd andysis.

In order to conclude this subsection | present in Table 1 descriptive Satistics for Input,
Pollution and Enforcement Variables (decriptive gatistics for Production varigbles are

7
not presented).

Table 1. Decriptive Statisticsfor Input and Pollution Variablesin Database
(Sample July 1997 — October 2001)
Total Potential Observations. 3,848

Variable Mean Std. Dev. Missing
Values
BODs (mg/l) 1031 2334 952
FLOW (m3/day) 203 453 1034
TAP (m3/month) 3848 8271 638
UW (m3/month) 2792 4873 1279
EL (Kwh/month) 179409 278828 449
FUEL (m3/month) 34 50 862
WD (per month) 22 4 594
EMPLQOY (number of employees) 145 610 342

" These number does ot indlude the missing values for VOLUMES, GAS and
FIREWOOD. GAS could not be usad in the analys's because the IMM did not ask for it
before 2001, and in 2001 only one plant reported gas consumption in two reporting
periods. The problem with FIREWOOD isthat not dl of the indugtrid plantsin the
sample used firewood as an input and not al of those who did not use it reported zero
consumption. Insteed, a vaue was missing in the repective cell. Possibly this reporting
defect is the consequence of rotation in the professond in charge of preparing and
submitting the reports. Thirteen plants did not report firewood consumption for the entire
sample period, and 32 plants dternated non-reports o firewood consumption with zero
consumption, suggedting that in fact they were not using firewood as an input. Given
these, | discarded these two variables from the andysis.
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Table 2: Descriptive Statisticsfor Monitoring and Enforcement Variables— IMM
and DCA
(Sample July 1996 — October 2001)
Total Observations: 4,736

Mean Std. Dev. [ Maximum Sum

INSPWS MM 0.085 0.286 3 401
INSPWOSIMM 0.031 0.212 6 148
FINEIMM 0.003 0.052 1 1n
FINEIMM (UR) 0.258 6.04 20 1030
INSPWSDCA 0.026 0.158 1 12
INSPWOSDCA 0.019 0.137 2 8
ORDERDCA 0.024 0.155 2 112
POSTDCA 0.013 0.123 2 60
FTDCA 0.015 0.126 2 72
FINEDCA 0.0008 0.029 1 4
30 90

FINEDCA (UR) 0.190 6.657
Note: Observationsfor FINEIMM were available from May 1997 (3,996 observations)

Every variable ends with the name of the ingtitution to which the information
bedongs DCA and IMM. “ORDER” gtands for the total number of adminigtrative or
compliance orders issued. Types of these include: an order to present the “ Indudtrid
Discharge Application” (Solicitud de Autorizacion de Desagiie Indudtrid, SADI)
form, an order to present periodic reports of the trestment plant (TP) performance; an
order to finish the congruction of the TP, an order to present the “ Start of Operation
Report” (Informe de Puesta en Operacion, 1PO); an order to designate a competent
professond as respongible for the TP operation; an order to present a“ Technica
Report” (Informe Tecnico, 1T); and an order to present modifications to the TP.
“POST” gtands for postponements. The DCA sometimes deferred the due dates set in
the process of gpplication for the SADI and for their orders. Consequently, actions
postponed include the same ligt of actions as executive orders. “INSPWSDCA” and
“INSPWOSDCA” correspond to ingpections with and without sample conducted by
the DCA inagiven period. “FTDCA” glands for fine threats from the DCA. Passed
the due date, the DCA issued a note communicating the plant that it was potentialy
subject to afine due to non-compliance of the previous order. “FINEDCA” isequd to
oneif the plant was ingpected in that period and zero if not. “FINEDCA(UR)” isthe
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tota amount of the fines levied in that period. “UR” stands for “Unidad Regugtable’,
amonetary unit indexed by wages. Its value was approximately USS$ 15 in October
2001. Smilar definitions gpply for the “IMM” varidbles

4. Missing values

Asevidenced by Table 1, | have missing vdues (MV) in my pand. Observations
are missing ether because the plant did not report in agiven period, in which casell
have amissng vaue for the entire st of variables for that period (“unit non-report”),
or because the plant did report but the report had missing values for one or a subset of
variables (*item non-report”).

There were four main reasons for unit non-report. Frg, the plant Smply failed to
submit a report. Second, the plant went out of business. Third, the plant reported no

activity in that period.8 And fourth, the plant had not yet sarted businessin that
period.

In summary (Table 3) there were atotd of sixty (61) nonreports over a potentia
962 observations (74 plants times 13 periods). Of these, two corresponds to two plants
that shut down in period 13. Twelve corresponds to “no-activity” periods of five
different plants. Thirteen (13) corresponds to two plant that Sarted businessin periods
five and eight, repectively. The remaining thirty-four (33) corresponds to “random”
nor-reports.

° | treated these as missing va ues because in some cases the firmsindicated (Lsudly in a
letter to the UEI Director) that they were producing “very low” quantities of products,
and therefore it was not worth it to report emissons. Even more, this letter was frequently
fallowed by non-reports in following periods without any dear information regarding the
exact point in time in which production regtarted. These last cases involved atota of

five plants and twelve reporting periods.



Table 3: Digtribution of Reporting Failures by Reason

Number of
Reason Non-Reports
“Went Out of Business” 2
“No Activity” 12
“Not in Business Y et” 13
“Random” 34
Total 61

Thefollowing two tables further bresk down the digtribution of these non-reports.

Table 4: Digribution of Reporting Failuresby Number of Industrial Plant

Number of Number
Non-Reports | of Plants

8 1

6 3

5 2

4 1

3 4

1 9

0 54

Total 60 74

Table5: Digribution of Reporting Failures by Period

Number of Number of
Period| Non — Reports | Period| Non —Reports
1 9 8 4
2 5 9 2
3 4 10 4
4 4 u 7
5 4 12 6
6 3 13 6
7 3 Total 61

Item non-reports have dso severa reasons. Some firms never reported a specific
variable. Others reported a specific variable unsystematicaly. For example, in the case of
underground water consumption some firms reported zero consumption in Some periods
and did not report in others. Findly, other vaues gppear to be randomly missing.
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Taking into condderation item and unit non-reports there were atota of 4,777
obsarvations missng for the inputs and pollution variables described in Table 1 plusthe

production variables reported by the indudtrid plants, out of atota of 40,144 possble

9
obsarvations. In other words, 11.9% of the data set was missing.

4. Dealing with the Missing Obser vations

The problem with MV isthat an estimation based only on the complete observations
(those having no MV) may bias parameter estimates.

Severd methods are used in the applied literature and others are proposed in amore
recent theoreticd literature to ded with MV. The issue when sdlecting amethod to ded
with MV isthat some of them (for example, imputing means) may reduce the efficiency
of the find estimators. A review of these methods, dong with a discusson of their
properties, can be found in Little and Rubin (1987) and Little (1992). For the case of
pand data, areview of the literature of incomplete pands and sdlection bias can be found
in Verbeek and Nijman (1992b). It is not the purpose of this section to review these
methods, but to inform the reader about how | dedlt with the missng observations.

4.1. “Missng at Random” and “Ignor ability”

Firgt, one should distinguish between the concepts of “missng completdy a random”
(MCAR) and “ignorahility” (Little and Rubin, 1987). Cdled Z the complete data set. Zis
ann* (k+ 1) metrix, where n is the number of observations and k is the number of
independent variables, exduding the intercept. Now, Z = Zyps + Znis, Where Zops and Ziis
are the subsats of observed and missing vaues, repectively. Define a*“response
indicator” matrix R, suchthatr; ; = 1if z j is observed and zero otherwise. Then Zpisis

9
An Appendix describing the digtribution of missing vaues per varigble by indudtrid
plant is available from the author.
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MCARIf f(R/ Zq) = f(Rq)fordl Z whereq isascdar or vector that indexes the
densty function. That is datais MCAR if the “missng-ness’ isindependent of the
paticular redization of the dataa hand. The probability distribution of the missng
observations does not depend on the particular sample a hand. Smilarly, Zysis “missng
a random” (MAR) if f(R/Z,q)= f(R/Z,,q) fordl Zys. In other words, detais MAR
if observations for one or more variables are missng when certain vaues are redized for
other observed varidbles Findly, datais not MAR if the missing observations depend on
the values of the unobserved variables for that cases. In other words, you do not observe a
certain variable or the whole set of variables when the value of some variableislarger or
amdler than a pecific amount. It isimportant to note that MCAR impliesMAR, but the
reverseisnot true.

Practical estimation procedures use the concept of “ignorability” ingead of the
concept of MCAR. Ignorability isaweeker concept than MCAR. A missing data
mechanism is sad to be ignorable for both sampling-based and likelihood-based
inferences when the datais MCAR, but it is dso ignorable (only for likelihood-based
inferences) when the datais MAR, dthough not MCAR. Findly, it is non-ignorable when
the datais not MAR (Little and Rubin, 1987). Therefore a missing data mechanism can
be ignorable for inferences purposes even if missng vaues are not MCAR.

Verbeek and Nijman (19923) proposed formd tests for ignorability in pand data
These test are worth performing because of the complexitiesinvolve in estimating a pand
incorporating the sdection rule. The advantage of the tests proposed areits smplicity and
the fact that they take into accounts both wave (unit) and item non-response (dthough the
authors refer to the latter as when information on the endogenous variable ismissing, and
they redtricted their attention to linear regresson models).

The generd idea of the tedtsis to compare the estimates obtained by usng only the
available observations with the estimates obtained usng only the complete obsarvations.
Using the available observations for each unit (plant) leeds to an unbaanced pand. Using
only complete obsarvations, thet is, only those units observed during al periodsfor dl
variablesleads to aba anced pand. Differences between estimators from the balanced
and unbaanced pands can be used to congruct a“smple (quasi-) Hausman test for
sectivity bias’ (p. 683). The test can be performed for both the fixed effects (FE) and



the random effects (RE) modeds. The test is based on the idea that were the selection rule
isignorable, there would be no reason why the estimates obtained using the balanced
pand should differ from those obtained using the unbaanced pand, sncethereisno
reason why the inconsstencies of the estimators from the baanced pand would coincide
with the inconsstency of the estimator of the unbaanced pand.

| faced three problems that prevented me from using these tests. First, thesetests do
not seem to take care of item non-responses for the cases of right hand side varidbles,
only in the case of the dependent varidble. Second, Verbeek and Nijman tests assumed
exogendty of right hand Sde variables. Third, and most determinant, | have zero vdid
observations for my baanced sub-pand (I have no month with observationsfor al

vaiadlesfor dl 74 plants).10

Given these reasons, | did not perform the tests. The consegquences may not be serious
for severd reasons. Firg, | think that it isfairly smple to conclude thet there exigts
sdection biasin my data set. | have twelve (12) observations missng as a consequence
that the plants informed “no activity” or “very low” activity. Missng-nessis clearly
related to the leve of production in those cases. In other words, the sdection rule is not
independent, among other possible things, of the overdl economic Stuation of firms.
These twelve cases make my selection rule not ignorable, in spite of the fact that apart

from them | have another thirty-three (33) non-report cases whose cauises are not as clear.

Second, even when the missng data mechanism (o called the sdlection rule) is
“ignorable’ and the estimators obtained using only the balanced sub-pand are consgtent,
it will pay to use dl the information available in the origina (unbaanced) pand, Snce
this would produce more efficient esimators. The latter is particularly true in those cases
when many individuds are incompletely obsarved, asit ismy case. Consequently, |
proceed assuming that my missng data mechanism is non ignorable and an unbaanced
pandl.

10
Thiswas d<0 true after imputing for item non-responses as explained in the following
section.
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4.1. Imputing item non-r esponses

In spite of the fact that | proceed with an unbaanced pand, | impute for the item non
regponses before estimating my pane. The reason was that item non-responses count for
40.9% of the totd 4,777 observaion missng.

According to the literature on missng values, there are basically two ways to proceed
when imputing values for item non-reports: conditiond mean imputation or multiple
imputation (Little, 1992).

Conditional mean imputation methods are based on Buck (1960), Dagenais (1973) and
Bede and Little (1975). The besic ideais to use the information on the observed X's or
on the observed X sand Y sto fill in missing vaues, correcting for the variances and
covariances. LS on thefilled-in data produces consstent estimates assuming MCAR.

Muitiple imputation (Rubin, 1987) is proposed as away to handle the problem that
whatever the conditional mean imputation procedure, “estimated andard errors of the
regresson coefficients from OLS or WLS in thefilled-in data would tend to be too smdl,
because imputation error is not taken into account.” (Little, 1992, p. 1232). By mutiple
imputation (Rubin, 1987), basicdly, oneimputes m? 2 vaues for each missing
obsarvation to obtain mdifferent data sets. With each data st one obtain the desired
edimates, and “average’ them to obtain afind parameter estimate and variance estimate
thet “correct” for the underestimation of variances produced by filling in missing
observations.

Both type of methods were developed and applied for cases of cross section dataand
therefore share a problem when gpplied to pand data. Firs, it makeslittle sensetofill in
item non-responses in one plant conditiona on information observed for the rest of the
plants, with different technologies and output. This aritiqueis vaid dso for multiple
imputation if | perform it based on the entire pand. In both methods | am “averaging’
across units and time.



A possible solution to this problem is to perform the imputations within units (plants).
By thisway | not only preserve between plants varigbility, minimizing bias and variance
problems for the find estimates, but | aso use plant-gpecific information about the
missing v.':iues11 But again if | perform multiple imputation within units; in order to
preserve vaiability, it will not be very hdpful snce it would produce mdata sets for each
different unit.

Conseguently, | used an iterated Buck procedure within plant to impute for item non-
reports, in the spirit of the suggestion made by Bedle and Little. | present thisiteration
briefly below.

Assume there is a data set consisting of N observationsand k variables, but one or
more of thek variables are not observed in some of the N observations. Define the
following variables

X, = é X; ; where C<N isthe subset of complete observations X, isthen the average

iic
of thevaridble X; over the complete observations.
X, isthefilledin datawhere X; = X; (the observed value) if the variable ] is observed
inthe observation i or X; =X, +a b, (x, - X ) i.e: thefitted value of alinear regression
mp

on the p observed variables for that observation.
N
X, = a X;; /N ; themean of varigble j over thefilledin data
i=1
a, =a (% - X)(%, - %) +c,; thej k™ dement of the corrected matrix of sums of

squares and products, where C;;, is the corrected term. C;;, equals the residua variance
computed form the regression of X; on the observed variablesin that observation i over
the complete cases, if only X; ismissing in observation i, or the residua covariance

computed from the regression of X; and X, on the rest of the dbsarved variablesin that

obsarvationif both X; and X, aremissng in that observation, aways regressng over the

11
Such as“Montlhy volumes of effluents discharged” divided by “Days Worked in the
month” to inpute FLOW.
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)and

complete cases. In mathematical notetion, call v, the covariance of (X; - é b;,X,
p

(X, - é b,,X,) where p isthe subset of observed variablesin the observation in question.
p

Then, ¢;, = Vv, if X; and X, are both unknown and O otherwise.
The steps of the version of theiterated Buck”s procedure proposed by Bede and Little
ae
1)  Ftadl the missing items as suggested by Buck and compute & .
2) Cdaulae X; and subsituteit for X;in %, =X, + & b, (x, - X)
Ip

3 Repeatuntil X; and a; have no further sgnificant changes.

To perform this procedure | condructed the following varigbles for each plant: (1)
WATER = TAP + UW Totd water consumption in m3/month; (2) ENERGY = EL*3.6 +
FUEL*43,752.06: Totd energy consumption in megajoules (MJ); (4) LABOR=
WD*EMPLOY: Totd days-employee worked; (5) POLLUTION = FLOW*BOD5* 1000:
Totd organic pallution discharged in (mg/day); (6) PRODUCTION = Quantity of good(s)
produced by month. The origina varigbles were fitted after fitting these constructed
vaiables. | estimated the linear auxiliary regressons with the variables in natura
logarithms forms. These did not necessarily aways provided better fits than linear
auxiliary regressons with variables in origind form, but they are closer to “the spirit” of

a Cobb-Douglas type of production funciion.12

Findly, | do not use the monitoring and enforcement variables in thisimputations
Thisis good for two reasons. fird, | conserve degrees of freedom in the auxiliary
regressions within firms, and second, it would be like cheating to use these variables to
impute for the MV and then use the resulting data to test for the effect of themin
pollution.

12
An Annex inwhich | discussin detall the processes followed to impute for item non

responses in each plant and the corresponding iteration procedures are available from the
author upon request.
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5. The Modd and Estimation issues

In the textbook gtatic case, a polluting firm is assumed to be arisk neutrd profit
maximizing unit. In such a case, and with the information a hand, the profit functionin a
given month t for agiven planti would be the following:

E(pi,t) = Pq_t *Qi,t - Wi,t * (Labori,t)' Pw,t * (TAPi,t) - PUW,t * (vai,t)
- PEL,t * (ELi,t ) - PFuel,t * (FUELM)
- E(Insp, ) * FINE, ,(BOD5, , - BOD5)
i =1,...,74,and t = uly 1997, ...., October 2001

whereE(p; ) = expected profit, P, , = price of the good produced, Q ; = quantity
produced, W , =wage, Labor;; = total number of employee-days worked, P, , = price of
tap water, TAP, ; = tap water consumed, in nt’, Ryw;: = cost of underground water, UW ; =
underground water consumed, inm3, Py, = price of Kw/h, EL; ; = electric energy
consumed, inKw/h, P, = price of fud, FUEL,; ; = fud consumption, E(Inspi;) =
expected probability of ingpection, BOD5; ; = Biochemica Oxygen Demand

concentration of discharges, inmg/l, BODS5 = maximum concentration levd of BODs per

litter dlowed by legidation, FINE; {(BODS5 ; —BODS5) = fine corresponding to the level

13
of violaion.

Inred life firms maximize, in a given month, the present value of future expected
profits. To make things Smpler | suppose that prices and quantities are known with
certain for every period. Thisis not the case for ingoections and fines. There existisa
probability of being ingoected in agiven month and aso fines are not goplied ingantly
and automaticaly as gaed in the legidaion. Thisisnot only becausein red life the

13
Fines are not the only pendty for not complying. Plants can dso be temporarily dosed.

Neverthdess, neither the municipa nor the nationd government have records of these

measures. It can be said though that these types of measures were more rare than fines.



process of fining aplant takestime, but dso it may be the consequence of severd issues
ranging from the present economic Stuation of the firm, as perceived by the regulators;
the ability of the firm to fight the pendlty in the judicid system and the willingness of this
system to decide againg firms (al of what Garvie and Keder (1994) cdled the “ socio-
legd” indtitutiond environment). The point is thet future fines are dso not certain for the
firm, ether in time or amount. So when deciding how much to emit in agiven period the
firm must assign a present vaue to the future fines that may derive from the present level
of chosen emissons. In such a case the expected profit function would look like

é:) ‘,t+s* it+s ~ \Ni,t+s* (Labori,t+s) - I:)W,t+s * (TAPi,Hs)L:'l

e u

PVE(p, ) = és:n 1 é - PUW,t+s*(UVVi,t+s)_ I:)EL,t+s~k (ELi,t+s) l;l
R (EYO - Prugus ¥ (FUEL, o) u

§ E(Insp,..)* PVE(FINE, ,,(BODS, ,, - BODS))d

wherePVE(p; , ) = present value of expected profit of plant i inmontht, n = relevant
time horizon for plant manager, r = discount rate for plant manager, and

PVE|FINE, ... (BODS, . - BODS)| = present value of expected finesin month t+s

it+s it+s

Given this prafit function, the plant chooses an optimd leve of emissons path in month
t. The correct way to proceed would be to solve formdly for BODs from the Kuhn-
Tucker conditions of the stochagtic dynamic programming problem of the plant manager,
to obtain the optimal emissons path. Thisway to proceed turned out to be not trivia and
| am presently working on it. Therefore whet | present below are the preliminary results
of the estimation of alinear equation in the spirit of the previous literature (Magat and
Viscug, 1990; Laplante and Rilstone, 1996; Dasgupta, et d., 2001). Such an equation

14
would be:

14
| should point out thet this linear equation differ with the one | obtain with the forma

derivation of the dynamic programming problem in that the coefficients of the
enforcement variables enter the equation in alinear fashion, and the fact that the future is
not taken into account.
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In(BODS5,,)=1,+1,*In(P,.)+1,*In(Labor, ) +1 ; * In(Water,, )
+1,*In(Energy, )+ 1 . * In(Flow, ) +1 , * E[Insp, ] +1 ,* INSPCUM
+14* ORDERCUM |, +| ,* FTCUM |, +| ,, * FINECUM

tmtu,
1 =1,...,74t=2ly 1997, ..., October 2001.
with variables as defined above.
BODs in agiven month is afunction of the cumulative number of: inpections

, 12 N 4 12 )
glNSPCUM = é (Inspm_s)g, enforcement orders ?pRDERCUM = é [Orderi’t_s]g,
é a é a

s=1 s=1

1
[o]
it-s

. é & u . e am u .
finethreats g~FTCUM ;= g [FTi t_s]a,and fines FFINECUM,, = [Flne ]L] received
é R R € L s a
inthe lagt year.
Fndly, m isplant soecific effect. | chose afixed effect modd, as oppose to arandom
effects given that | am basing my inference on this 74 specific plants, which were not

randomly selected from alarge population. U, , isthe remainder stochastic disturbance

assumed [ID(0,s ) .15

The previoudy cited literature incdlude the contemporaneous number of ingpections or
adummy indicating whether the plant was ingpected or not in that month. | do not
condder thisaposshbility because the fact that a plant isingpected in a given month
cannot have an effect on the average leve of pallution in that month, given that this
depends more on decisons dready taken at that moment, regarding production,

15 | am currently working on the congruction of avery important variable missng from
the equation. Thiswould capture the effect caused by modifications to the trestment
plant. Some plants, ordered by regulators, modify their treetment plants during the period
becauise the origind trestment plantswere not able to make them comply with the
emissons sandards. Information regarding the exact date in which each plant put into
operation its modified trestment plant is difficult to obtain.
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technology, etc. Furthermore, the sample from which the reported concentration of BODs
comes from, could have well been taken before the ingpection took place. What | include
in the equation is the expected probability of ingpection. | calculate this expected
probability of being ingoected as the fitted vaue of a probit ingpection equetion.

It can be said the inspection strategy of regulators obeys four rulas16 Thefird one
would be a“sample without replacement” rule. The time thet takes the regulator to
“sample’ dl plants is Sx months. During this length of time the regulator triesto vist
two times Priority 1 plants and one time Priority 2 plants. Priority 1 plants (25 of the 74
plantsin my sample) are the most heavy pollutersin terms of organic pollution and
metals They count for 80% of this pollution. Second, plants with worse compliance
history and those showing less * cooperation” with reguleators (they do not take the
promised measures to abate emissons or deay the modificationsto their treetment plant)
are ingpected more often. Third, citizens complaints about unusua emissons episodes
aso trigger ingpections. Findly, unusud leves of reported pollution and the fallure to
report in subsequent periods may trigger ingpections. As aresult, ingpections can be
modded as afunction of: (1) the number of ingpections performed in the plant during the
last twelve months, (2) the priority group to which the plant belongs, (3) the number of
detected violations, compliance orders (and postponements) issued to the plant in the last
twelve months, (4) the number of reporting falluresin the previous two reporting periods:

Insp;; =g, * ggjl (Inspi,t»s)g-'-gZ * [él::l(* DVi,t-s)]+ g5~ [é zil(* Orderi,t-s)]

+g,* [élz (POSti,t-s)]

s=1

+g;*Vol, +g,RF, +g,Pty, +h;,

0 The discussed drategy is that of the municipa government wnit (UET). As mentioned,
aso the nationd government office (DCA) conducted ingpections in the period.
Nevertheless, as dso mentioned, a previous arrangement between these two offices had
left main regular monitoring activity in the hands of the UEL.
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where DV isadummy variable equd to oneif the plant was ingoected and found out of

compliance with the emissions gandardsin that month.17 Order isanother dummy
variable equd to oneif a compliance or other type of order was issued to the plant in that
month. Post is aso adummy variable equd to oneif the DINAMA gave more time to the
plant to comply with a previous order. These three variables are included as proxies of

the level of cooperation commented above. The more of these recent records, the lessthe

18
cooperation of theplant. 1t must be said though thet thisleve of cooperation percaived
by regulatorsis not only afunction of the recent forma history of the plant. It depends

aso on incommensurable facts in which inspectors also base their decisions19 RFi: (=0,
1, or 2) isthe number of reporting falluresin the previous two reporting periods. In the
firg reporting period | set the reporting failure history of every plant equd to zero asan
indicator the a new enforcement period has began. Pty; isadummy variableequd to 1 f
the plant isa Priority 1 plant and h,  isthe error term, assumedto beidenticaly and
independently distributed norma variableswith zero mean.

o In the case of water pollution in Uruguay the law does not punish non-compliance with
emisson standards but punishes actions related to the maintenance and operation of the
trestment plant (which supposadly result in emissons concentration levels above the
gandards). In the legidation, fines are set as an increasing function of the number of past
offences of thistype. In spite of this DV are defined in thisway because non-compliance
with emissons standards continue to be the most important indicator that the trestment
plant is not being operated properly. Neverthdess, it is not a perfect proxy if we takeinto
acocount the cases when anew or modified treetment plant is put in operation and
ubsequent samples are taken to confirm thet it is effective in meking the indudtrid plant
t1% comply with the sandards.

| do not have the number of compliance orders issued by the municipa government of
Montevideo, just thoseissued by the nationd government office, DINAMA.

19An example isthe following: sometimes ingpectors 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 emissons sandards (thisis more typicd of smdll

plants, with lesser time of effluents retention). Another exampleis the quicknessto
response to suggested changes. It is worth noting that this makes the effectiveness of
water pollution control very dependable on those specific ingpectors with long experience
in the job. In other words, alot of the compliance higtory of plantsislogt when an
ingpector retires or is gppointed to another office.
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The plant manager updates its expected probability of being inspected and fined with
information that gartsin July 1996. This of course obeysto the period covered by the
sample but it dso has red life sense. In the first Sx months of 1997 the UEI implemented
anew enforcement dtrategy. It issued afax to every plant in its data base explaining the
new 4-month Reporting Form and communicating the plants that the municipd
government was undertaking new effortsin pollution control. Therefore, in July 1997
plant managers had to learn the new rules of the game.

The Uruguayan industria sector was going through an important contraction process
during part of the anadlyzed period. Particularly, the industry production volume index
dropped 8.6% on averagein 1999 and 7.2% in 2001 (during 2000 it experienced a
positive 2% change). The contraction was larger as measured by the industry red GDP
vaidion: 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, asa
consequence of this contraction of the industria sector ingpectors may have eased or
loosened their enforcement pressure on plants. | include the monthly leve of the industry
production volume index (Vol) to capture this possible effect.

Results of this estimation are presented below:

Table
I nspections Equation

Dependent Varidble: INSP

Induded obsarvaions: 3848
Vaiade Coefficient |Sd. Error |z-Satidic  |Prob.
INSPCUM 0.088 0.012 747 0.000
DVCUM -0033 0.032 -1.044 0.296
ORDERCUM 0.009 0.043 0214 0.831
POSTCUM 0.072 0.049 1478 0.139
VOL -0.012 0.0003 -31.63 0.000
RF 0.02 0.07 0.285 0.775
PTY 0.119 0.052 2.269 0.023

The Wdd gdidic for the overal goodness of fit of the modd was 1750.125. Although
aprdiminary regresson, results show that INSPCUM is gatidticdly sgnificant and its
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coefficient would indicate that regulators do target plantsin the sense that they seemto
concentrate ingpections on plants that are being ingpected more regularly. The coefficient
of DVCUM, dthough not satidticdly significant, is difficult to interpret. It may tell thet
regulators do not take into consderation violations to emissons fandardsin the
compliance higtory of the plant asthey take the level of cooperation from the part of the
plant manager, as captured by ORDERCUM and POSTCUM (dthough both variables are
not satigticaly significant). VOL isthe other satidticdly significant variable. The
objective behind including this varigble was testing the idea that regulators had eased
enforcement efforts due to the contraction process suffered by the industria sector.
Results are suggesting thet there is no evidence that ingpectors have eased their
monitoring (ingpection) efforts. This result is not entirely againg the origind idea. It may
well be possible that ingpectors increased their monitoring (ingpection) effort decreasing
their enforcement efforts (fines) for the same reason. Findly reporting failures (RF) and
Priority (Pty) have the expected sgns, dthough RF is not datisticdly sgnificant.

Using this equation | obtained the fitted va ues (expected probabilities of ingpection)
to usein the pollution equation. The result for this estimetion is presented below
(coefficients for plants fixed effects are not presented).

Table
Pollution Equation

Dependent Variable: LOG(BOD5)
Method: GLS (Cross Section Weights)
Total panel (unbalanced) observations: 336
Variable Coefficient | Std. Error | t-Statistic Prob.
LOG(PQ) -0.375 0.111 -3.376 0.0007
LOG(LABOR) 0.480 0.033 14.67 0.0000
LOG(WATER) 0.171 0.023 7.551 0.0000
LOG(ENERGY) 0.308 0.024 12.61 0.0000
LOG(FLOW) -0.276 0.019 -14.178 0.0000
INSPF -1.197 0.346 -3.460 0.0005
INSPCUM 0.050 0.010 5.000 0.0000
ORDERCUM -0.060 0.021 -2.807 0.0050
FTCUM -0.061 0.027 -2.240 0.0251
FINECUM 0.001 0.000 1.721 0.0853
Weighted R 0.966
Unweighted R° 0.730
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All the production function variables (LABOR, WATER, ENERGY) are datidticaly

sgnificant and enter the equation with the correct sign.20 The sgn of the coefficient of
FLOW and thefact thet it is dso Satisticaly sgnificant may be tdling that plants are
diluting its effluents as a compliance strategy. The expected probability of ingpection has
an important deterrent effect. With respect to INSPCUM, this varigble ssemsto be telling
that plants tend to increase its pollution levels once they have been ingpected, goparently
aware of the fact that regulators employ a*“sample without replacement” Srategy. In
other words, if plants have dready being ingpected they know that they are not going to
be ingpected again in the short run so they increase the levd of emissions. Ordersand
fine thrests has the expected coefficient Sgns, dthough FTCUM isnot datigticaly
sgnificant. Findly, fines are both not very important as deterrent mechanisms and
datigticaly inggnificant. Of course, this may be the consequence of the fact that only
fifteen fines were levied during the whole period.

6. Preliminary Conclusons

| havejudt presented preliminary results on the effect of different monitoring and
enforcement actions on the level of BODs concentration of indudtrid effluentsin
Montevideo, Uruguay. | did not emphasise the leve of the coefficients estimated, just the
sgn, precisaly because the preliminary nature of these results. Taking thisinto
condderations, sSome generd conclusions can be driven. Firdt, results of the ingpection
equation seem to be telling that regulators did target ingpections and increased the
ingpection rate in periods of indudtrid contraction, probably in subgtitution of harder
enforcement mechanisms such as orders and fines, which are more codlly to indudtries. In
other words, in difficult economics times regulators opted to closdy monitor plantsasa
softer mechanism of enforcing emissions standards through persona negotiation with
plant managers. Effectively, only fifteen fines were levied in the period to this seventy-

20
This sgnificance could be digtorted by the fact that 5% of the data set were missng
item nonresponses that were imputed using these variables.
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four plants (deven by the municipad governments and four by the nationd government).
Second, with respect to the effect on pollution leves, the clearer results seem to be thet
the probability of being ingpected has an important deterrent effect, and that plants seem
to be aware of the “sample without replacement” srategy increasing their levels of
pollution with the number of ingpections received in the last twelve months. Also,
compliance orders has its own deterrent effect, and o does fine thrests, athough thislast
oneis not Satidicaly sgnificant. Fines are indgnificant both gatigticdly and in terms of
the deterrent effect on BODs.

7. Next steps

Probably the most important step to take is to try to correct for sample selection. The
naturd thing to do would be to test first given that correcting for sample sdlection is not
samplein the cases of pand data. Neverthdess, | cannot perform the test for ignorability
proposad by Verbesk and Nijman (1992a) because | do not have enough data to estimate
abadanced pand with these 74 plantsin my origind data <.

According to Verbeek and Nijman (1992b), afirs way to obtain congsent estimators
of the parameters in the cases of one way error correction models when the selection rule
isnonrignorable is by a generdization for the case of pand data of the two-step Heckman
procedures for selectivity biasin cross sectiond data sets.

Congder the fallowing one-way error component lineer regresson mode,

Ve =X b +mv =1, Nt =1,.T,
whith i denating units (industrid plantsin my case) and t dencting time. &t isthe 1*k
vector of k explanatory varisblesand b isthe corresponaing k* 1 parameter vector.

m denotes the unobservable individua specific effect and Vv, denotes a usud disturbance
term. It is assumed that the errorsterms m and Vv, are independent of the explanatory
variables. It isaso assumed that m and v, are mutudly independent with

E(m) =E(v,)=0, E(mm) =d;s Zand E(v,v;;) =d,d.s;, where d, =lwhenk=1and 0

otherwiseand d;,d;;=1when i=] and t=s and zero otherwise. As before, we define
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o
r, =1if theuniti isobserved in period t and r, = O othewise Findly let ¢, = Qr,, , 0

t=1

that ¢, = 1if and only if the unit is observed for dl t.

| assume that the sdlection rule (the missing data mechaniam) is given by

e =Z,9+X +h,

where 1, isalatent variable such that when r,; isgreater or equd to athreshold leve
r, =1 (it is usualy assumed thet this threshold level is zero for smplicity). z,, isavector
of variables, usudly containing asubset of the variablesin g;t . g isthe corresponding
vector of parameters, and X; accounts for the unobserved individua specific effect inthe
sdlection process. Findly, h, isthe error term. For smplicity we assume normdity of the

error terms and independence of z, and x,, . More speifically,

@6 @l 60

I NG esalr sil —

m* ¢¢0 0 s

&y €0 0 siosig
where V; = (V... ¥r )" and h, :(Ilil’""iliT)"

Two correction terms are needed in the case of pand data and not just one (known as
the stlandard Heckman correction term). Thisis because know there are two error
components both in the equetion of interest and in the salection mechanism equation.
Nevertheless, the idearemains smilar to the origina cross section Heckman's casein the
sense that these terms are the conditiona expectations of m and Vv, given z;t and the
section rule. From Verbeek and Nijman (1992b), these conditiona expectations are
E{m/r;} =s ,Ayand E{v,/1,} =s , A, ,where

1 g
=———q E{x.+h _/r.
A =57rera Bl #he/r)

and
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=— aE{x +h. /rl-——* A E{x +h. /r.}}
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Not surprisingly, the authors concluded that this solution is*gill computationaly
undtractive’ (Verbeek and Nijman, 1990, p. 692). Given this problem, Verbeek and
Nijman conclude, “it may be worthwhile to have some smple variables that can be used
ingtead to gpproximate the true correction term to check for the sdlectivity of non-
responsg’ (p. 692). Examples of such variables presented by these authors are: (1) the
number of waves the plant participate, (2) adummy variable equd to oneif the plant is
obsarved in dl periods, and (3) adummy varigble indicating whether the plant is
observed in the previous period. These type of variables would be more helpful in the
case of the RE models, because in the case of the FE modd, the sdlection rule biasis
captured entirdly by the individua effect term and it would not be possible to identify the
parameters of the proposed correction terms from the individua effect parameter (“the
fixed effect estimator is more robust for selectivity bias than the random effects
edimator”, p. 682). At this point of my research | have not decide yet on whet correction
termsto use.

Another important future steps are estimating the mode with different dependent
vaiables. One of these could be the extent of the vidlation (or adummy varigble equa to
1if the platisin violaion of the concentration Sandard.) to test whether the Plan
elaborated by the municipa government in1997 was successtul inits objective of
increasing compliance level. Another intereting dependent variable would be the total
organic load (FLOW*BOD:s) of effluents.

Findly, | want to briefly discuss the issue of testing for under-reporting. One easy way
to accomplish thisisto conduct a difference of means test usng the mean of BODs
reported and the mean of BODs measured by the IMM and DCA in ingpections, or BODs
measured by SEINCO, or the three of them assuming they are technicaly equivaent
measures. Another more ambitious objective is to estimate the effectiveness of
monitoring and enforcement actions on the extent of under-reporting. Here | have the
problem of sample sze since | have regular four -month information for 38 plants during
periods6, 7, 8,9, 11 and 12. In period 10 SEINCO sampled only 17 plants, gpparently
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because most plants began to be sampled every six months, and period 10 fdll between
two sample campaigns. Consequently | am left with only 228 observationsin order to do
this estimation, which may not be a sufficient number.



Table A.1.: Digribution of Missing Values per Indugtrial Plant
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Inputs and Pallution Variables

Draft

PLANT |BODS | ELECTR. |EMPLOY| FLOW | FUEL | OSE|PERFOR | VOL. |W.D. Ig/g'[g;{[(iazral
1 22 0 0 24 4 0 44 4 0 20,9
2 0 3 0 28 7 6 31 12 0 18,6
3 5 6 0 2 1 8 32 8 0 13,2
4 12 1 0 17 1 0 32 27 [ 13 ] 22,0
5 4 0 0 0 8 1 0 0 0 2,8
6 0 2 0 0 0 2 36 0 0 8,5
7 17 4 5 24 1 3 30 21 [ 12 ] 250
8 10 4 0 6 7 9 12 17 9 15,8
9 2 6 1 2 7 11 10 1 1 8,8
10 11 5 0 6 20 2 2 2 2 10,7
11 6 1 1 38 32 3 16 38 1 29,1
12 4 0 0 12 0 7 33 18 |16 | 19,2
13 18 0 0 23 32 4 23 0 0 21,4
14 12 9 0 27 15 7 16 0 0 18,4
15 1 5 0 1 0 36 0 1 0 9,4
16 0 1 0 3 0 1 14 16 | 12 ] 10,0
17 8 10 17 52 6 7 44 52 | 32 | 48,7
18 10 10 16 52 5 6 44 52 [ 32 | 485
19 5 0 0 9 0 0 0 16 | 16 9,8
20 19 8 8 9 12 | 12 22 11 0 21,6
21 6 2 0 6 0 23 0 0 0 7,9
22 14 1 0 23 5 11 24 5 0 17,7
23 1 4 4 0 1 7 6 0 0 4,9
24 9 0 4 2 14 0 0 4 0 7,1
25 20 1 0 18 0 8 36 0 0 17,7
26 30 1 0 29 0 1 4 4 0 14,7
27 1 2 4 0 3 0 0 0 0 2,1
28 2 0 0 1 0 1 0 0 0 0,9
29 39 0 0 0 0 0 0 0 0 8,3
30 7 2 1 8 1 4 29 8 8 14,5
31 7 0 0 3 4 0 0 3 0 3,6
32 3 11 5 9 10 | 10 9 2 0 12,6
33 0 6 4 0 4 0 16 12 0 9,0
34 0 4 0 4 3 4 4 12 | 16 ] 10,0
35 8 2 0 2 52 | 14 31 1 0 23,5
36 42 4 4 11 36 [ 10 21 8 0 29,1
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Table A.2.: Names, Definitions and Units of Measure of Production Variables

Name Description L’\jlrg;;?; Name Description L’\jlrg;;?;
1 | ALCOHOLBEB Alcohol Beverage (Ton.) 34 |[HY POCL ORI THSodium hypo chlorit (m3)
2 ALUMINUM (Ton.) 35| ICECREAM (Kg/month)
3 BEER (hl) 36 JELLY (Kgs)
4 BEERROOT Root beer (hl) 37 JUICE Fruit and tomato | I/month
5 BICYCLE Bicycles Q x month |38 [ MILKCREAM | Milk and cream |/month
6 BOVINES Q x month |39 | OFFALBOV Bovine offal (Kgs.)
7 BUTTER (Kgs./month) 40 OFFALQV Ovine offal (Kgs.)
8 BUTTEROIL (Kgs./month) 41 | OFFALSETC Offal, fat, eggs (Kgs)
9 CARAMEL (Kgs./month) 42 OILFISH Fish Oil (Ton.)
10| CARDBOARD (Ton.) |43| OILRAW Raw Oil (m3)
11 CASEIN (Kgs./month) 44 OILREF Refined Oil (m?3)
12 CHICKEN Chickens processed (Ton.) 45 OVINES Q/month
13| CIDERBOT (Bot.) |46 PAINTS (m3/month)
14 CRAB (Ton.) 47 PAINTS2 (m3/month)
15 Cs (Kgs./month) 48 PAPER (Ton.)
16 | DETERDESOD |Detergents/deodorants| (Ton.) 49 PELLETS (Ton.)
17 FABRICASH Fabrics 50 PNF (Kgs./month),
18 FABRICM Fabrics (m) 51 PORKS Q/month
19 |FABRICSYNTHET| Synthetic fabrics (Kgs.) 52 POTATO Potato chips (Ton.)
20 FAT (Kgs) 53 RENAULT Units processed Units
21 FILLET Fillet fish (Ton.) |54 SALTS (Ton.)
22| FISHWHOLE |Wholefishprocessed| (Ton.) (55| SAUSAGES (Kgs.)
23 FLOURFISH Flour produced (Ton.) |56 SNACKS (Ton.)
24 HAM HG Fish processed (Ton.) 57 SOAPS (Ton.)
25 HG (Kgs) 58 SODA (Ton.)
26| HIDECASTR | Hidescastratedram |(Q x month){59 | SODABOT (Bot.)
27 HIDEDYED Dyed cow hides Q x month | g0 SQUID (Ton.)
28| HIDEFINISH Finished cow hides (m2) 61| SUPERGAS (Ton.)
29| HIDELAMB Lamb hides Units  |[g2 TOPS (Ton.)
30 [HIDESEMIFINISH|Semi finished cow hides)  Units g3 | WATERSODA (ht)
31 HIDESHEEP Sheep hides Units 64| WETBLUE Units
32| HIDETANNED Tanned cow hides Units 65 | WOOLCLEAN Cleaned wool (Ton.)
33 |HIDEUNFURRED | Unfured cow hides Units 66 | WOOLDIRTY Dirty wool (Kgs.)

67 YOGURT I/month




Table A.3.: Percentage of Missing Values of Production Variables

Number | Product Variable Number| Product Variable
1 ALCOHOLBEB 00| 34 |HYPOCLORITE|77
2 ALUMINUM 00| 35 ICECREAM |115
3 BEER 19| 36 JELLY 0,0
4 BEERROOT 87| 37 JUICE 9,6
5 BICYCLE 19| 38 MILKCREAM |9,6
6 BOVINES 05| 39 OFFALBOV |00
7 BUTTER 115 40 OFFALOV 154
8 BUTTEROIL [250 41 OFFALSETC |77
9 CARAMEL 115 42 OILFISH 7,7
10 CARDBOARD [00]| 43 OILRAW 0,0
11 CASEIN 84,6 44 OILREF 19
12 CHICKEN 00| 45 OVINES 10,1
13 CIDERBOT 00| 46 PAINTS 9,6
14 CRAB 77| 47 PAINTS2 0,0
15 CSs 00| 48 PAPER 0,0
16 DETERDESOD |00 49 PELLETS 0,0
17 FABRICASH 10| 50 PNF 38
18 FABRICM 38| 51 PORKS 5,8
19 FABRICSYNTHET |0,0| 52 POTATO 0,0
20 FAT 38| 53 RENAULT  |14,4
21 FILLET 144 54 SALTS 0,0
22 FISHWHOLE [10,3] 55 SAUSAGES |154
23 FL OURFISH 77| 56 SNACKS 0,0
24 HAM 00| 57 SOAPS 7,7
25 HG 279 58 SODA 3,8
26 HIDECASTR 19| 59 SODABOT |19
27 HIDEDYED 44,71 60 SQUID 7,7
28 HIDEFINISH  |231] 61 SUPERGAS |29
29 HIDELAMB 00| 62 TOPS 0,0
30 HIDESEMIFINISH 1462 63 WATERSODA (17,3
31 HIDESHEEP 141 64 WETBLUE 0,0
32 HIDETANNED 29| 65 WOOLCLEAN |19
33 HIDEUNFURRED |19,6| 66 WOOLDIRTY |0,
67 YOGURT 115
TOTAL 8,7
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