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Abstract
In this study we investigate the effectiveness of environmental regulation in a large develop-
ing country. We construct a panel of 3,436 major toxics polluters from 2004 to 2015 using
detailed plant-specific data on toxics releases, inspections, and fines, across Mexico. Our
results show that regulators target polluters who are significantly non-compliant and impose
higher fines on them. This has implications for the cost efficiency of monitoring and reg-
ulatory enforcement. An additional priority violation increases current toxics inspections,
fines, and amount of fines by 7, 5 and 18 per cent, respectively. An additional priority vio-
lation followed by fines imposed on the plant results in a reduction in annual toxics releases
by more than 50 per cent. Higher fines imposed on other major facilities in the samemunic-
ipality induce plants to reduce the annual release of toxic pollutants by 0.1 per cent. Finally,
inspections and fines increase the likelihood of reporting toxics releases.

Keywords: developing countries; environmental deterrence; inspections and fines; regulator regulation
effects; toxics pollution registry; voluntary environmental certificates

JEL classification: K32; Q52; Q53; Q58

1. Introduction
Cost-effective environmental regulation is relevant for developing countries, where
budgets for environmental protection are typically small. One particular concern ismon-
itoring and enforcement. Any regulation of environmental pollution such as air, water
(surface and groundwater), and land cannot be effective without appropriatemonitoring
and enforcement. However, monitoring and enforcement are costly. Evidence suggests
that a significant portion of the costs of implementing environmental laws arises from
the costs incurred by the regulatory agencies for inspections, enforcement activities, and
judicial actions against polluters who fail to comply (Gray and Shimshack, 2011).
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In this paper, we study the impact of monitoring and enforcement actions on the
behavior of major toxic polluters in Mexico. One major contribution of this paper is
the evidence it provides that the regulatory pressure channels which exist in developed
countries also operate in the context of developing countries. We find that despite the
imposition of only a few fines on individual polluters, there is a significant deterrence
impact on toxic pollutant discharges. We find evidence that the regulation imple-
mented through priority violations detected and fines imposed result in a significant
reduction in toxic pollution by the plant. We find some evidence of regulator reputa-
tion effects. Shimshack and Ward (2005) define it as plants revising their beliefs with
increased sanctions on other plants in the same jurisdiction. Policymakers need to con-
sider this spillover effect as it implies that significant cost-efficiency is obtained from
these rarely-imposed monetary fines.

Past studies on regulation in a developing country context are limited. The only other
study that looks at determinants of monitoring and fines is Escobar and Chávez (2013)
for conventional air emissions in Mexico City. However, they do not consider actual
emissions reported bymajor polluters. Past evidence on voluntary environmental initia-
tives indicates that environmental certificates are limited to short-term improvements
in environmental performance (Blackman et al., 2010). Hence, the effectiveness of reg-
ulatory activities such as inspections, and enforcement actions such as monetary fines,
remains an open question.

We make three main contributions to the environmental regulation literature in a
large developing country. First, we find evidence that inspections and fines are con-
sistent with the compliance history of the individual facility. Second, we find evidence
that the regulation implemented through priority violations detected and fines imposed
result in a significant reduction in toxic pollution. This result is economically mean-
ingful as it provides evidence on the deterrence effect of regulatory activities such as
priority violations and fines. Third, we show that regulator fines against others in the
same jurisdiction lead polluters to reduce their toxic pollutant discharges.1 We infer that
regulatory pressure directed at individual polluters and against all other polluters in the
samemunicipality are both effective in improving environmental performance of major
toxics polluters.

To explore our questions, we created comprehensive panel data on 3,436 major
toxics-generating facilities from 2004 to 2015 by matching annual pollution reports on
seven toxics with the inspections and fines data from the federal regulatory agency. We
estimate panel data models for inspections, fines, amount of fines, and toxic pollution
levels. We address potential sample selection bias, as the reporting of toxics releases
might be influenced by regulatory pressure.We include socioeconomic controls and dif-
ferent specifications to account for plant-specific fixed effects and time-varying factors
at state level. Environmental regulation in Mexico focuses on improving annual mea-
surement and reporting. Major facilities that are subject to mandatory reporting face
fines upon detection of priority violations. Alternatively, they might reach an agree-
ment to improve environmental management practices through voluntary initiatives
and certificates.

Results show that an additional priority violation under the toxics program increases
the probability of receiving an inspection visit by seven percentage points. Similarly, an

1Blackman (2012) shows that plants that faced fines were more likely to adopt voluntary environmental
management practices to avoid the burden of inspections and sanctions by regulators.
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additional fine imposed under the toxics monitoring program increases the probability
of receiving an inspection visit by three percentage points. An additional priority vio-
lation under the toxics inspection program also increases the probability of monetary
fines by five percentage points and of a higher fine amount by as much as 18 per cent.
General regulatory activities not specifically directed at the plant yield less significant
results upon inclusion of plant fixed effects.

We find strong evidence of a deterrence effect of the regulation. An additional prior-
ity violation followed by fines leads to a decline in annual toxics releases bymore than 50
per cent. Previous studies find that inspectors target larger plants and those belonging
to high-risk industrial sectors. Essentially, inspectors do not utilize self-reported tox-
ics pollution as discussed in the data section. In the absence of the typical incentives
to underreport pollution, we capture environmental deterrence with the outcome of a
reduction in toxics releases. We find some general regulator reputation effects as higher
fines against other major polluters in the same municipality induce a small reduction
in plant-level annual toxics releases by 0.1 per cent. The reporting results show that
plants facing higher inspections under the toxics program, higher inspections under all
other programs, and higher fines are more likely to report toxics releases.2 Increased fre-
quency of general municipal inspections also increases the likelihood of plants reporting
pollution.

Put differently, we provide novel evidence that formal regulatory actions such as
inspections and fines are imposed onpolluterswith recent violations.We find that signif-
icant non-compliance followed by fines, results in plants reducing their toxic pollutant
releases. Given that the regulation focuses on annual measurement and accurate report-
ing, we infer that concern for a bad public image due to considerable media attention
when fined provides the incentive to reduce pollution levels (La Verdad, 2018; Montoya,
2018; Perla, 2018).3 Economic incentives also exist. Facilities with priority violations can
negotiate voluntary environmental certificates to avoid paying fines. Obtaining these
voluntary environmental programs also provides immunity from regulatory scrutiny
and a reputation of environmental stewards. We find some evidence that higher fines
for other major facilities in the same municipality result in a general deterrence impact.

2. Backgroundmonitoring and enforcement
Monitoring and enforcement actions can be quite time-consuming and costly proce-
dures for both developed and developing countries. Environmental inspections in the
US range from low-intensity activities such as visual confirmation of abatement equip-
ment tomaintenance, sampling and reporting procedures, and even sampling emissions
at the plant. Subsequently, enforcement actions depend on the severity of the violation
and the compliance history of the facility. Usually, they begin with administrative orders
andmight end in financial penalties and closure of the plant, following civil and criminal
litigation. Regulators target polluters based on local marginal benefits and the costs of
monitoring and enforcement (Helland, 1998; Gray and Shadbegian, 2004). Inspectors
target larger plants that are major polluters and those that have a high environmental
impact and risk to human health, such as chemical manufacturing plants. Regulators

2This result is not surprising as plants are likely to be inspected under toxics and other programs
simultaneously.

3Saha andMohr (2013) find that media attention has a deterrent effect on pollution from toxics releasing
facilities in the US.
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also target frequent violators with a previous history of non-compliance (Shimshack,
2014).

Regulatory interventions such as inspections and enforcement actions improve envi-
ronmental performance in developed countries such as the US. In terms of deterrence,
both specific actions against individual polluters as well as general regulatory actions
against all other plants under the same legal jurisdiction improve compliance by reduc-
ing violations (Shimshack and Ward, 2005) or improve over-compliance (Shimshack
andWard, 2008). Shimshack andWard (2005) highlight the mechanism whereby plants
revise their beliefs by observing regulatory actions such as increased sanctions on all
other plants in the same jurisdiction in the US. The authors also mention that the mone-
tary fines imposed on the plantmight underestimate the true economic costs of sanctions
resulting from bad publicity or a damaged reputation with the regulators.4

Recent evidence from large emerging economies suggests that weak institutions and
limited budgets result in environmental regulatory actions that are somewhat limited.
Gupta et al. (2019) find evidence that large air- and water-polluting plants in one state
in India improved compliance when faced with more inspections and violation notices.
Regulators targeted plants based on their compliance history and those classified as dirty
industries, but implemented less stringent enforcement actions if they were more prof-
itable or listed in stock exchangemarkets. Similarly, China’s pollution levy system shows
that inspections verify plants’ self-reported pollution but do not improve performance
by reducing their pollution (Lin, 2013).

In Latin America, Caffera and Lagomarsino (2014) find that polluters adjust conven-
tional water pollution discharges upwards in the presence of municipal inspectors in
Uruguay. Regarding deterrence, they report the limited effectiveness of specific deter-
rence in contrast to general deterrence measures such as increased plant closures. Fines
against others that are less visible events did not have significant general deterrence
impacts. In Colombia, Briceño and Chávez (2010) find that enforcement and control
actions (such as sampling inspections) taken by the local corporation of Corpochivor
lead to lower self-reported levels of conventional water pollutants. However, enforce-
ment and monitoring activities do not influence the final payment of the discharge
fees.

Industrial pollution regulation in Mexico is still at a nascent stage. A two-fold
approach has been implemented: the first is through command-and-control regulations
based on mandatory reporting thresholds, and the second is through voluntary initia-
tives by manufacturers that invest in pollution abatement to comply with third-party
environmental audits (Blackman, 2010). The focus of the environmental law in Mexico
is to ascertain that major polluters of toxic substances into water regularly sample and
measure emissions. Inspection visits to check on emission sampling and measurement
records and imposing fines on those that have failed to adhere to pollutionmeasurement
protocols are the mechanisms used to promote regular measurement and reporting of
pollution emissions. There are no limits on how much each plant can pollute. On the
other hand, reporting abnormally high levels of emissions compared to the entire indus-
try or sector, or even at national scale, results in reports being flagged as inconsistent
and separated from the main emissions registry (Ministry of Environment in Mexico
(SEMARNAT), personal communication, 2015).

4For a comprehensive review of the environmental deterrence literature focused on the US, see Gray and
Shimshack (2011).
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Escobar and Chávez (2013) show that larger industries in Mexico City that are heav-
ier polluters under the air emissions program face greater regulatory efforts. However,
their analysis fails to consider plant-specific pollution levels. Using a small sample of
34 manufacturing facilities under federal jurisdiction and inspection visits during 2011,
Camacho (2016) reports that inspectors target larger plants (based on production value),
plants with higher environmental impacts, and high-risk sectors, e.g., petrochemicals,
chemicals, and metal processing.

There is no prior evidence on the impact of monitoring and enforcement in improv-
ing the environmental performance of major polluters by reducing their self-reported
pollutant emissions. Dasgupta et al. (2000) use survey data from 1995 from 236 major
facilities in Mexico to provide some of the first evidence on self-assessed environmental
compliance. Blackman et al. (2010) find that voluntary mechanisms such as obtaining
Clean Industry Certificates have limited effectiveness in improving long-term environ-
mental compliance. The authors point out that plants seek out audits to obtain these
environmental certificates primarily to access the benefits of two years of inspection
relief and a reputation as environmental stewards in Mexican manufacturing. We inter-
pret this as evidence of the burden of fines imposed and that polluters in Mexico largely
operate under cost-minimizing principles. Anecdotal evidence mentions that one of the
other advantages of obtaining a clean industry certificate is that fines imposed by the
agency can be partially reduced or avoided completely if the plant commits to fulfilling
its environmental management obligations under the audited program.5

Community characteristics are significant determinants of compliance behavior for
major polluters, even in developed country settings (Earnhart, 2004). On the other hand,
community characteristics are generally not significant determinants of inspections and
enforcement actions (Shimshack andWard, 2005). Gray and Shadbegian (2004) include
the environmental preferences of state-level constituents in their inspection and enforce-
ment models and plant-level pollution models. Palacios and Chávez (2005) find that
areas in Santiago, Chile with higher population density have a lower probability of com-
pliance, while areas with higher income witness higher compliance. Escobar and Chávez
(2013) find greater inspection efforts in poorer and densermunicipalities inMexicoCity.
Recent evidence on plants polluting more in more marginalized communities across
Mexico comes fromChakraborti and Shimshack (2022). The authors use detailed socioe-
conomic data to show that plant-level pollution increases by 15–40 per cent as 1 km areas
surrounding each plant become more marginalized. For our present purposes, we uti-
lize aggregate municipality-level census data in the regulatory activities and pollution
reporting models.

3. Data
We obtained data on inspections and fines for all industries and businesses in Mexico
from 2000 onwards. To include variables on formal regulatory actions, such as inspec-
tions and fines, we had to manually match the plants in the annual inspections and fines
database with the plants in the annual pollution database. Based on industry names,

5Anecdotal evidence of payment of fines condoned by PROFEPA by signing up for the voluntary envi-
ronmental management program is available online (in Spanish) at https://www.gob.mx/profepa/prensa/
firma-profepa-convenio-con-empresas-que-conmutaron-multa-de-casi-200-mil-pesos-a-inversiones-
ambientales-de-mas-de-un-millon-de-pesos .
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addresses, and other locational information, only about a third of our plants with pol-
lution reports faced any formal inspections or fines over the entire period. We assume
that toxics-reporting plants not appearing in the inspections and fines database did not
face any inspections or fines by the regulators.

3.1 PROFEPA data
In June 2004,Mexico adoptedmandatory reporting, under federal jurisdiction, formajor
polluters that discharge toxics into the nation’s waters. Major polluters are those that
discharge more than a certain level of toxic pollutants. PROFEPA (Procuraduría Fed-
eral de Protección al Ambiente) is the agency responsible for the inspection of all major
facilities subject to Mexico’s General Law of Ecological Equilibrium and Environmental
Protection (Ley General de Equilibrio Ecológico y Protección al Ambiente). Regulatory
capacity is weak due to a lack of coordination between semi-autonomous agencies such
as PROFEPA and the Ministry of the Environment (Challenger et al., 2018).

Unlike the monitoring protocol of environmental protection agencies in developed
countries, the role of inspection and enforcement in Mexico is much more limited.
Rather than taking samples of actual emissions, inspections are ‘limited to surveillance
of the aspects that are regulated’ (Alvarez-Larrauri and Fogel, 2008: 5). Inspectors check
the documentation on permits (whether they are current, and paymentsmade) andmea-
surement records dating back three years (whether samples were sent to accredited labs
for measurement and recorded). State regulators conduct monitoring and enforcement
activities under federal oversight and supervision (PROFEPA, 2016).

Inspection protocols for manufacturing facilities fall under six programs: high-risk
activities; toxic waste management; environmental impact; land; air (fixed sources); and
water pollution. Each plant is subject to specific regulations, depending on its activ-
ity. During the visit to the plant, the inspector checks records that support the plant’s
compliance with all the applicable environmental norms. For water and other polluting
activities, inspectors usually verify that an accredited lab has measured the discharges
and permits are valid. For air emissions, inspectors also engage in visual inspection of
equipment and perhaps operation (PROFEPA, 2013). The outcome of the visit can be:
no irregularities; minor irregularities; urgent measures to be taken; priority attention;
or temporary (partial or total) closure of the plant. For the empirical models, we define
significant non-compliance status as any of the last three outcomes above. The various
actions under final resolution are the closure of administrative records with nomeasures
required, agreement to undertake measures to achieve compliance, and fines.

Regulators focus on all polluters under federal jurisdiction based on environmental
impacts, prior record of compliance with the environmental legislation, and toxic resid-
uals. Typically, inspectors target larger manufacturing facilities in the high-risk sectors
for annual visits, but a facility may be visited more than once in the same year. Initial
visits can be for regular monitoring or due to an emergency or citizen complaints. Initial
visits are followed up by verification visits, after the completion of which firms are obli-
gated by law to take measures to achieve compliance; or sanctions in the form of fines
are imposed as a resolution to administrative actions. Camacho (2016) finds that veri-
fication visits are for priority violations that were outcomes from the previous or initial
visit.

We obtained detailed data on plant name, address, type of facility, inspections pro-
gram, type of inspection, the visit outcome, final resolution, and fines imposed through
a Transparency request. We examined inspections and data on fines from 2000 to 2016.
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The toxic waste or residuals program registered the most inspection activities, with 51
per cent of the visits between 2000 and 2016.High-risk activities comprised 10 per cent of
all visits, land contamination and air emissions 9 per cent each, biological residuals 8 per
cent, and environmental impact 5 per cent were the other major industrial inspections
programs.

On average, PROFEPA conducted about 7,000 annual visits: 57 per cent were for
regular monitoring; the remaining initial visits were 7 per cent due to citizen complaints,
and 4 per cent emergencies; and 32 per cent were follow-up verification visits.6 Of the
total inspection visits, plants were fined about 30 per cent of the time every year. From
the data, plants can be fined more than once within a year for violations under different
inspection programs, and the amount of fines might be identical under all programs.
The fines data exhibit extreme skewness; only a few plants faced significant penalties.

3.2 RETC data
The self-reported pollution database on toxic pollution, called the Pollutant Release and
Transfer Registry (Registro de Emisiones y Transferencias de Contaminantes, or RETC), is
available from the Ministry of Environment in Mexico (Secretaria de Medio Ambiente y
Recursos Naturales, or SEMARNAT). The database is updated annually with a couple of
years lag. It contains information on all polluters that are under federal jurisdiction and
pollute into national waters. Based on the frequency of different pollutants and media
reports, we focused on seven toxic materials discharged into water. This covers major
toxic polluters under eleven industrial sectors. Major polluters are defined as plants dis-
charging 1 kg of arsenic, cadmium, chromium, lead, mercury, and nickel, annually (and
more than 100 kg of cyanide).

Since mandatory reporting began, the sample of plants reporting toxic pollution has
varied remarkably from one year to the next. We accessed the database in 2017, with
data up to 2015. We included direct discharges and indirect discharges through sewage,
as this enters water bodies without treatment or recycling (CEC, 2011).

We undertook manual consolidation of the annual databases to create a facility-level
panel. Each physical plant or business that changed names, ownership, or sector, was
assigned a new identifier in theRETCdatabase. The physical location of each plant had to
be verified using geo-location tools. Table 1 shows that most of these polluters belonged
to the chemicals industry (27 per cent), followed by metal processing (16 per cent) and
the automotive sectors (10 per cent). As expected, these plants aremostly located in states
with large industrial hubs, such as the State of Mexico (17 per cent), Tamaulipas (11 per
cent), Nuevo Leon (10 per cent), Mexico City (8 per cent), and Jalisco (7 per cent).

3.3 Sociodemographic controls
The socioeconomic and demographic variables are from two censuses (2000 and 2010)
and one conteo (2005)7 since our pollution data are from 2004 to 2015. We chose 11
census variables to incorporate indicators of education, health, and housing conditions
(see table 2). We also include population density as a control for the population exposed

6Most of the inspection visits were categorized as minor irregularities (51.5 per cent) followed by 36 per
cent in the no irregularities category, and the remaining 12.5 per cent under either one of the urgent or
priority actions.

7This count (conteo) 2005 census included fewer questions but sampled the entire population.
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Table 1. Top ten industries and states included in the RETC sample

Variables Frequency % Cum.

Industry

Automotive 351 10.22 10.22

Chemicals 932 27.12 37.34

Electronics 194 5.65 42.99

Energy 84 2.44 45.43

Food 243 7.07 52.50

Metals 552 16.07 68.57

Other 645 18.77 85.34

Petroleum 196 5.70 93.04

Concrete 125 3.64 96.68

Wood 114 3.32 100.00

State

Guanajuato 104 3.03 3.03

Jalisco 231 6.72 9.75

Mexico City 291 8.47 18.22

Nuevo Leon 347 10.10 28.32

Other 1, 128 32.83 61.15

Puebla 105 3.06 64.20

Queretaro 160 4.66 68.86

State of Mexico 569 16.56 85.42

Tamaulipas 365 10.62 96.04

Veracruz 136 3.96 100.00

Notes: The sample comprises 3,436 facilities that report at least one of the seven toxic pollutants over 2004–2015. The
share of polluters from different industrial sectors and across the various states are reported.

to local pollution.We assignedmunicipality-level socioeconomic data to each plant. We
include lagged rather than contemporaneous values for socioeconomic features to avoid
reverse causality of pollution influencing taste-based residential sorting. We created
three bins of four years of pollution to divide up the 12 years of data evenly.

3.4 Summary statistics
Our final sample was a panel of 3,436 toxic-releasing plants, over 2004–2015, with data
on inspections at each plant under variousmonitoring programs, the outcome of the visit
(i.e., priority violations detected, initial or follow-up visit), and the amount of fines. We
present all descriptive statistics for regulatory actions based on toxics-inspection pro-
grams and all other programs grouped as non-toxics.8 Table 2 presents the plant-level
summary statistics on regulatory actions for the toxics-inspections program. On aver-
age, a plant was inspected 0.04 times annually. Priority violations were detected only

8Further descriptive statistics and graphs are presented in the online appendix.
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Table 2. Summary statistics

Variables Obs. Mean Std. Dev. Max.

Inspections, Toxics

Annual inspections of plant (#) 41, 232 0.04 0.18 1.00

Past 2 yr. inspections of plant (#) 41, 232 0.07 0.28 2.00

Past 2 yr. inspections of others (#) 41, 232 4.32 11.96 81.00

Violations, Toxics

Annual violations (#) 41, 232 0.01 0.09 1.00

Past 2 yr. violations by plant (#) 41, 232 0.02 0.14 2.00

Past 2 yr. violations by others (#) 41, 232 0.98 3.92 54.5

Fines imposed, Toxics

Annual fines for plant (#) 41, 232 0.01 0.11 1.00

Past 2 yr. fines for plant (#) 41, 232 0.03 0.17 2.00

Past 2 yr. fines for others (#) 41, 232 1.94 5.95 40.00

Fines amount, Toxics

Annual fines for plant (2010 US$) 41, 232 1.61 144.41 22789.46

Annual fines for plant, given fines> 0 558 118.64 1236.86 22789.46

Past 2 yr. fines for plant (2010 US$) 41, 232 3.19 204.22 22789.46

Past 2 yr. fines for plant, given fines> 0 1, 059 124.00 1269.00 22789.46

Past 2 yr. fines for others (2010 US$) 41, 232 126.44 1496.76 23236.48

Past 2 yr. fines for others, given fines> 0 13, 712 380.22 2576.90 23236.48

Annual pollution

Number of plants reporting 11, 900 1075.64 232.44 1388.00

Total pollution reported 11, 900 121.17 717.70 16483.11

Socio-demographics

Population over 15, illiterate (%) 41, 228 4.81 3.53 45.94

6 to 14-year-olds not attending school (%) 41, 228 4.67 2.12 24.68

Over 15 primary education incomplete (%) 41, 228 39.60 11.69 90.32

Population without health services (%) 41, 228 38.00 13.58 97.62

Households with mud floor (%) 41, 228 5.14 6.08 79.86

Households without sewage connection (%) 41, 228 6.70 6.35 78.77

Households without piped water (%) 41, 228 7.76 9.50 91.84

Households without adequate drainage (%) 41, 228 8.00 11.01 92.24

Households without electricity (%) 41, 228 3.25 4.20 71.54

Households without washing machine (%) 41, 228 31.68 15.33 99.05

Households without refrigerator (%) 41, 228 16.96 12.77 96.73

Population density, thousands/sq.km. 41, 228 2.71 4.23 19.49

Notes: The summary statistics are for 3,436 facilities across Mexico. Total pollution is the sum of arsenic, cadmium,
chromium, cyanide, lead, mercury and nickel releases into water.
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0.01 times, on average. A plant faced a financial penalty 0.01 times per year, on average.
As regards the amount of fines, on average, a plant faced fines of US$119 in real terms,
annually.

Table 2 also presents the relevant statistics for the other regulatory activities used in
the estimations, namely lagged inspections, lagged fines counts, and lagged amount of
fines, for the plant itself and others in the same municipality. We consider a lag length
of two years, as regulatory processes often spilled across years. On average, over the past
two years, a plant was inspected 0.07 times, priority violations were detected 0.02 times,
and fines imposed 0.03 times, with an average fine of US$124. For general deterrence
measures, the average number of inspections of all other plants in the same municipal-
ity was 4.32, the average number of priority violations detected was 0.98, the average
number of fines was 1.94, and the average amount of fines was US$380.

Next, we present the summary statistics for annual toxic pollution. On average, the
number of plants reporting water pollution for at least one of the seven toxic pollutants
was around 1,075 facilities per year. However, the panel was unbalanced, exhibiting con-
siderable variation over the years covered. The number of facilities reporting peaked at
1,388 facilities with water pollution reports in 2006.We consider pollution summed over
the seven pollutants to calculate total water releases (considered in Helland and Whit-
ford (2003)). We preprocessed the data with 0.5 per cent trimming (adopted widely in
studies with toxics pollution data, e.g., in Chakraborti and Shimshack (2022)). In the raw
data, the maximum value for each of the seven pollutants was 40 to 80 standard devia-
tions greater than the mean. The bottom panel of table 2 summarizes the average toxic
water pollution discharges across facilities. Among facilities reporting discharges, mean
total discharges of arsenic, cadmium, chromium, cyanide, lead, mercury, and nickel was
121 kg per year. The pollution data exhibit considerable variability across facilities with
maximum total pollution reported at 16,483 kg per year.

Finally, we report the summary statistics for the socioeconomic controls. The average
plant is in a community with a low share of population over 15 who are illiterate (5
per cent), a low proportion of 6 to 14-year-olds not attending school (5 per cent), a much
higher share of over 15 year-olds with incomplete primary education (40 per cent), a
high share of population without health services (38 per cent), a low share of households
with mud floors (5 per cent), a low share of households without a sewage connection
(7 per cent), a low share of households without piped water (8 per cent), a low share of
households without adequate drainage (8 per cent), a much smaller share of households
without electricity (3 per cent), a much higher share of households without a washing
machine (32 per cent), a modest share of households without a refrigerator (17 per cent),
and an average population density of 2,712 people per square km. Since our sample is
from urban municipalities, the average population density is closer to the population
density for metropolitan areas rather than the entire country.

4. Empirical strategy
In this section, we test some hypotheses on environmental regulation in Mexico. Our
conclusions derive from the results of the regulatory actionmodels and the self-reported
pollution models. First, we empirically model the determinants of inspections and
enforcement actions such as fines implemented by the regulatory agency, PROFEPA.
Second, we model the impact of regulatory activities on annual reporting of seven toxic
substances by major polluters in Mexico. To address sample selection, we first estimate
reporting models that explain what factors induce polluters to file annual toxics reports.
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Conditional on reporting, the pollution models explain the factors that induce polluters
to change their toxics pollution levels. For deterrence effects of the regulation, factors
that induce polluters to reduce toxics reported are of particular interest.

4.1 PROFEPA inspections and fines
From prior evidence, we know that inspectors typically target high risk, toxics-
generating industries, e.g., the chemical industry and those that have potential environ-
ment (health) impacts on the population.We estimate linear probabilitymodels for both
inspections and fines under the toxics monitoring program. Plant fixed effects allow us
to control for idiosyncratic targeting of plants by inspectors based on the type of manu-
facturing activity or size of the operation, i.e., larger plants are inspectedmore frequently.
Equation (1) presents the empirical specification for the regulatory activity models,

DepVarit = αi + BRit′ + �R−it′ + �Xit + μyt + εit . (1)

We estimate three separate models: annual inspections, annual fines, and annual
amount of fines. For the inspections model, the dependent variable, Inspit , is toxic
inspections at plant i and year t, a 0/1 binary variable. It takes a value of 1 if the plant is
inspected under the toxics program during a year and 0 if the plant did not witness any
toxics inspection visit in that year. For the fines model, the dependent variable Fineit is a
0/1 binary outcome that takes the value 1 if plant i receives a fine following an inspection
under the toxics monitoring program in year t and 0 if plant i does not receive a fine in
year t. For the amount finesmodel, the dependent variable is the log of themonetary fine
imposed under the toxics monitoring program for plant i and year t with Fineit > 0.

Lagged inspections and fines faced by the plant are captured by Rit′ in equation (1).
We control plant-specific targeting that may vary over time by including regulatory
actions faced by the plant over the past two years, t′ = {t − 1, t − 2}, such as the total
number of inspections, total number of priority violations as the outcome of inspections,
sum of total fines imposed. We consider both priority violations and fines as some pri-
ority violations detected could be resolved with polluters and regulators agreeing on a
more stringent environmental management program. Rit′ includes lagged inspections
conducted at plant i, lagged priority violations as an outcome of the inspection visit at
plant i, and log of lagged amount of fines at plant i. We then sum over the past two years.
Consequently, identification comes from time variation in plant-specific targeting.

We consider regulatory actions under the toxics-inspection program and all other
non-toxics inspection programs separately. In our sample, 30 per cent of the plants
were inspected for toxics and non-toxics programs simultaneously. Of these, 30 per
cent were fined for both toxics and non-toxics in the same year. Of these, close to 50
per cent were fined identical amounts for toxics and non-toxics during the same year.

To control municipality-level variations due to changes in budget or political situa-
tion, we include the total number of inspections and fines imposed on all other plants
reporting to the RETC in the samemunicipality. In equation (1),R−it′ includes the num-
ber of toxics inspections for all other major polluters in the same municipality and the
log of the amount of fines under the toxics program for all other plants in the same
municipality. We then sum over the past two years to calculate our measures of general
regulatory activities. We focus on toxics inspections to capture general regulatory pres-
sure to avoid multicollinearity problems, as an increased budget is likely to increase all
types of inspections.
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In equation (1), Xit is the vector of 12 lagged socioeconomic, demographic variables,
including population density of the municipality for plant i, and is drawn from the cen-
sus years 2000 and 2010, and conteo year 2005. We include year fixed effects to control
for all annual changes in regulatory activities that are not specific to the plant or the
municipality.9 Finally, we cluster standard errors at the state level to control for arbitrary
correlation across plants in the same state.

First, we model annual visits by PROFEPA inspectors under the toxic-residuals
inspection program at each plant in our sample. Panel A of table 3 presents the results of
the linear probability inspection models and panel B shows probit estimations exclud-
ing controls for plant-specific effects.10 The coefficients presented in panel B are the
marginal effects calculated at mean values. In general, we find that an additional prior-
ity violation or an additional fine increases the probability of being inspected. For the
linear probability models, results show that an additional priority violation, under the
toxics program, increases the probability of receiving an inspection visit in the current
year by around seven percentage points (last column of table 3, panel A). An addi-
tional fine imposed under the toxics program increases the probability of receiving an
inspection visit in the current year by three percentage points. We interpret this result as
evidence of targeting by regulators based on significant violations detected or actual fines
imposed. Similar conclusions emerge from the random effects probit results, although
the coefficients are smaller in magnitude (table 3, panel B).

In terms of general regulatory activities aimed at all other facilities in the samemunic-
ipality, the total number of past inspections for others is significant in determining
current inspections, but only in the absence of plant fixed effects (panel B). Increased
inspections for the plant under both toxics and non-toxics programs (panel B of table 3)
switches sign to negative upon including plant fixed effects (panel A). Hence, we only
find robust evidence for plant-specific targeting based on past non-compliance status
(priority violations) and fines imposed under the toxic inspection program.

For the fines models (0/1), we present linear probability results in panel A of table 4
andmarginal effects calculated at mean values in panel B. Like the inspectionmodels, an
additional significant violation for toxics inspections increases the probability of current
monetary fines imposed by five percentage points (panel A of table 4). Again, the ran-
dom effects probit coefficients in panel B are smaller inmagnitude. Unlike the inspection
results, past fines under the toxics program are not significant predictors of current fines,
upon including plant fixed effects (panel A of table 4). Similarly, past inspections under
either toxics or non-toxics programs switch signs upon including plant fixed effects (last
two columns of panel A in table 4). Regarding the general regulatory measures, like the
inspectionmodels, increased toxics inspections for all other facilities in the samemunic-
ipality increase the probability of being fined in the models without plant fixed effects
(comparing the last two columns of panel A in table 4 with the results in panel B). Hence,
we find robust evidence of past significant violations being followed up with current
fines.

In table 5, we present the results of the amount of finesmodels. In panel A, we present
linear estimation results with plant fixed effects and in panel Bwe present random effects
tobit models censored at zero fines. Like the binary fines models, past significant vio-
lations under the toxics program increase the amount of fines. An additional priority

9We tried political cycles based on presidential and midterm elections and these coefficients were not
significant either using turnout data at the municipality level.

10We cannot include plant fixed effects in a probit estimation due to the incidental parameters problem.
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Table 3. Inspections results

Panel A: Linear probability models

DEP.VAR: Inspections
(0/1)

Specific
deterrence

only

General
deterrence
added

Violation
and census
vars. added

Plant+ Year
fixed effects
added

Plant+ State
by year

fixed effects

PAST TOXICS

Inspections 0.100*** 0.092*** 0.085*** −0.083*** −0.084***
(0.018) (0.019) (0.016) (0.020) (0.020)

Fines 0.028*** 0.028*** 0.026*** 0.034*** 0.034***

(0.008) (0.008) (0.008) (0.009) (0.009)

Violations 0.064** 0.069*** 0.070***

(0.025) (0.019) (0.019)

Inspections for others 0.001*** 0.001*** 0.000 0.000

(0.000) (0.000) (0.000) (0.000)

Fines for others 0.002** 0.002** 0.000 −0.001
(0.001) (0.001) (0.001) (0.002)

PAST NON-TOXICS

Inspections 0.054*** 0.050*** 0.042*** −0.006 −0.006
(0.009) (0.008) (0.009) (0.010) (0.010)

Fines 0.003 0.004 0.002 0.006 0.006

(0.006) (0.006) (0.006) (0.008) (0.008)

Observations 41,232 41,232 41,228 41,228 41,228

Panel B: Random effects probit models

DEP.VAR:
Inspections
(0/1)

Specific
deterrence
only

General
deterrence
added

Violation and
census vars.
added

State+ Year
fixed effects
added

State by year
fixed effects

PAST TOXICS

Inspections 0.007 0.011* 0.008 0.005 0.006

(0.005) (0.006) (0.006) (0.004) (0.004)

Fines 0.007*** 0.007*** 0.006*** 0.005*** 0.005***

(0.002) (0.002) (0.002) (0.001) (0.001)

Violations 0.015*** 0.012*** 0.011***

(0.005) (0.003) (0.003)

Inspections for others 0.001*** 0.000*** 0.001*** 0.001***

(0.000) (0.000) (0.000) (0.000)

Fines for others 0.003*** 0.003*** −0.000 0.000

(0.001) (0.001) (0.001) (0.001)

(continued)
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Table 3. Continued

Panel A: Linear probability models

DEP.VAR: Inspections
(0/1)

Specific
deterrence

only

General
deterrence
added

Violation
and census
vars. added

Plant+ Year
fixed effects
added

Plant+ State
by year

fixed effects

PAST NON-TOXICS

Inspections 0.017*** 0.018*** 0.015*** 0.011*** 0.011***

(0.003) (0.003) (0.003) (0.002) (0.003)

Fines 0.002 0.002 0.001 0.002 0.002

(0.002) (0.002) (0.002) (0.002) (0.002)

Observations 41,232 41,232 41,228 40,784 36,419

Notes: Standard errors in parentheses; *** p< 0.01, ** p< 0.05, * p< 0.1. The number of observations vary in the probit
estimations due to lack of variation in toxic inspections within states or within state-by-year combinations.

violation results in a higher amount of fines by almost 18 per cent (panel A of table 5).
The coefficients in the tobit estimations are higher in magnitude by more than 10 times
(panel B of table 5), indicating that the plant fixed effects models might yield conserva-
tive estimates. Like the binary finesmodels, the coefficients for past toxics and non-toxics
inspections and fines switch sign to negative upon including plant fixed effects (compare
panel A of table 5 to panel B results). Similarly, the coefficient on toxics inspections for
all other plants in the samemunicipality are no longer significant upon inclusion of plant
fixed effects (see last two columns of panel A of table 5).

Overall, we infer that environmental regulation in Mexico is broadly consistent with
the compliance history of the individual polluter, as an additional priority violation
under the toxics monitoring program results in a higher probability of current inspec-
tions, fines, and amount of fines. Enforcement actions such as past monetary fines under
the toxics monitoring program only predict increased targeting through higher current
inspections.11

4.2 Environmental deterrence of monitoring and enforcement
In this section, we investigate whether regulatory actions, as captured by PROFEPA’s
monitoring and enforcement activities such as fines imposed, have any environmental
deterrence impact.We test the impact of monetary sanctions and inspections conducted
on the plant itself and others in the samemunicipality on self-reported levels of toxic pol-
lution. We estimate a Heckman selection model to incorporate the regulatory pressure
of increased fines and violations due to non-compliance with reporting protocols such
as maintaining annual records of pollution. We hypothesize that regulatory pressure
incentivizes polluters to report toxic water releases.

Following the literature, we include measures of specific and general deterrence, i.e.,
regulatory activities directed specifically at a plant as well as regulatory activities directed

11Regarding the socioeconomic controls, we observe mixed evidence from the regulatory activity results.
Overall, in the plant fixed effects models, socioeconomic controls are not a significant influence on toxics
inspections. In the fines and amount of fines models, a higher proportion of households without a refrig-
erator is associated with lower incidence of fines and lower amount of fines. Only the proportion of the
population aged between 6 and 14 years not attending school is linked to higher amount of fines.
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Table 4. Fines results

Panel A: Linear probability models

DEP.VAR: Fines (0/1)

Specific
deterrence

only

General
deterrence
added

Violation
and census
vars. added

Plant+ Year
fixed effects
added

Plant+ State
by year

fixed effects

PAST TOXICS

Inspections 0.025*** 0.021*** 0.017*** −0.027*** −0.027***
(0.004) (0.004) (0.003) (0.010) (0.010)

Fines 0.019*** 0.019*** 0.017*** −0.005 −0.005
(0.003) (0.003) (0.003) (0.004) (0.004)

Violations 0.043*** 0.052*** 0.052***

(0.011) (0.014) (0.013)

Inspections for others 0.001*** 0.001*** 0.000 0.000

(0.000) (0.000) (0.000) (0.000)

Fines for others 0.002** 0.001* 0.001 0.000

(0.001) (0.001) (0.001) (0.001)

PAST NON-TOXICS

Inspections 0.019*** 0.017*** 0.011*** −0.003 −0.003
(0.004) (0.004) (0.004) (0.006) (0.005)

Fines 0.002 0.002 0.001 0.001 0.001

(0.004) (0.004) (0.004) (0.004) (0.004)

Observations 41,232 41,232 41,228 41,228 41,228

Panel B: Random effects probit models

DEP.VAR:
Fines (0/1)

Specific
deterrence
only

General
deterrence
added

Violation and
census vars.
added

State+ Year
fixed effects
added

State by year
fixed effects

PAST TOXICS

Inspections 0.009*** 0.007*** 0.006*** 0.004*** 0.006***

(0.001) (0.001) (0.001) (0.001) (0.001)

Fines 0.002*** 0.002*** 0.002*** 0.002*** 0.002***

(0.001) (0.001) (0.001) (0.001) (0.001)

Violations 0.008*** 0.007*** 0.009***

(0.002) (0.002) (0.002)

Inspections for others 0.000*** 0.000*** 0.000*** 0.001***

(0.000) (0.000) (0.000) (0.000)

Fines for others 0.002*** 0.001*** 0.000 0.001

(0.001) (0.000) (0.000) (0.000)

(continued)
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Table 4. Continued

Panel A: Linear probability models

DEP.VAR: Fines (0/1)

Specific
deterrence

only

General
deterrence
added

Violation
and census
vars. added

Plant+ Year
fixed effects
added

Plant+ State
by year

fixed effects

PAST NON-TOXICS

Inspections 0.009*** 0.008*** 0.006*** 0.004*** 0.005***

(0.002) (0.001) (0.001) (0.001) (0.002)

Fines 0.000 0.000 0.000 0.000 0.000

(0.001) (0.001) (0.001) (0.001) (0.001)

Observations 41,232 41,232 41,228 38,900 28,430

Notes: Standard errors in parentheses; ***p< 0.01, ** p< 0.05, * p< 0.1. The number of observations vary in the probit
estimations due to lack of variation in toxic fines within states or within state-by-year combinations.

at all other major polluters in the same municipality. Past studies on developing coun-
tries find stronger evidence of a deterrence impact from general regulatory activities, e.g.,
visible actions such as plant closure, in contrast to specific activities taken against a plant.
In the Mexican context, we are particularly interested in enforcement spillovers such as
higher incidence of fines imposed on all other major polluters in the same municipality.
We investigatewhether general regulator reputation effects induce plants to adopt proac-
tive environmental actions that lead to reductions in their toxic emissions. By contrast,
the incidence of fines imposed against a specific plant is scarce in the sample.

Equation (2) below presents the panel data model for toxics releases. We sum the
seven toxic substances released into water for each year. For facility i in year t, we
regress the log of toxic pollutants discharged into the water on a set of regulatory activ-
ity variables and socioeconomic and other controls that can influence pollution levels.
In equation (2), Rit′ includes the total number of inspections of the plant, total number
of violations as an outcome of inspections at the plant, the log of the sum of monetary
fines imposed on the plant, and an interaction of violations and fines imposed; R−it′
includes the total number of inspections for other plants in the same municipality and
the log of the total amount of fines for the other plants in the same municipality. As in
the inspections and fines models, we consider a lag length of the past two years for the
variables capturing regulatory activities. Plant fixed effects αi capture all time-invariant
plant-specific (e.g., size, age, type of industrial facility) and location-specific factors (e.g.,
political jurisdiction, state, distance to large metropolitan cities). Lagged socioeconomic
variables Xit capture any differences in plant-level pollution based on community char-
acteristics. Year fixed effects control for annual changes in toxics releases not specific to
a plant.

ln(tox)it = αi + BRit′ + �R−it′ + �Xit + μyt + εit (2)

εit ∼ N(0, σ),

where toxic releases are observed, i.e., toxit > 0 if

ARit′ + �R−it′ + �Xit + ωyt + ηstatei + νit > 0 (3)
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Table 5. Fines amount results

Panel A: Linear probability models

DEP.VAR: log of fine
amount

Specific
Deterrence

only

General
Deterrence
added

Violation
and Census
vars. added

Plant+ Year
fixed effects
added

Plant+ State
by Year

fixed effects

PAST TOXICS

Inspections 0.052*** 0.040*** 0.027** −0.062** −0.062**
(0.014) (0.014) (0.013) (0.024) (0.024)

Fines 0.063*** 0.063*** 0.058*** −0.027* −0.027*
(0.012) (0.012) (0.012) (0.015) (0.015)

Violations 0.160*** 0.179*** 0.176***

(0.045) (0.051) (0.051)

Inspections for others 0.002*** 0.002** 0.001 0.001

(0.001) (0.001) (0.001) (0.001)

Fines for others 0.001 0.001 −0.000 −0.002
(0.002) (0.002) (0.002) (0.002)

PAST NON-TOXICS

Inspections 0.049*** 0.044*** 0.022* −0.016 −0.017
(0.014) (0.014) (0.012) (0.018) (0.018)

Fines 0.017 0.018 0.013 0.008 0.006

(0.012) (0.012) (0.012) (0.016) (0.017)

Observations 41,232 41,232 41,228 41,228 41,228

Panel B: Random effects tobit models

DEP.VAR:
log of fine
amount

Specific
Deterrence
only

General
Deterrence
added

Violation and
Census vars.
added

State+ Year
fixed effects
added

State by Year
fixed effects

PAST TOXICS

Inspections 2.033*** 1.859*** 1.531*** 1.249*** 1.316***

(0.348) (0.331) (0.333) (0.330) (0.327)

Fines 0.476*** 0.642*** 0.508*** 0.524*** 0.579***

(0.171) (0.168) (0.169) (0.166) (0.166)

Violations 2.401*** 2.376*** 2.227***

(0.478) (0.474) (0.472)

Inspections for others 0.066*** 0.055*** 0.099*** 0.121***

(0.006) (0.006) (0.014) (0.019)

Fines for others 0.387*** 0.323*** 0.022 0.061

(0.055) (0.057) (0.070) (0.081)

(continued)
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Table 5. Continued

Panel A: Linear probability models

DEP.VAR: log of fine
amount

Specific
Deterrence

only

General
Deterrence
added

Violation
and Census
vars. added

Plant+ Year
fixed effects
added

Plant+ State
by Year

fixed effects

PAST NON-TOXICS

Inspections 1.952*** 1.882*** 1.522*** 1.263*** 1.300***

(0.340) (0.330) (0.341) (0.338) (0.339)

Fines 0.133 0.141 0.089 0.108 0.038

(0.170) (0.166) (0.167) (0.167) (0.165)

Observations 41,232 41,232 41,228 41,228 28,430

Notes: Standard errors in parentheses; *** p< 0.01, ** p< 0.05, * p< 0.1. The number of observations vary in the probit
estimations due to lack of variation in toxic fines within states or within state-by-year combinations.

νit ∼ N(0, 1)

corr(εit , νit) = ρ.

Equation (3) presents the selection model. Our hypothesis is that a facility’s decision
to report toxics releases is non-random as it might be influenced by regulatory pressure
such as past monitoring and enforcement actions of the plant and for others in the same
municipality. If ρ �= 0, then linear toxics release models yield biased estimates of the
impact of specific and general regulatory activities on toxics releases by plants in our
sample. We are unable to include plant fixed effects in the selection models as these are
probit estimations of the probability that a plant reports the release of toxic pollutants.
However, we include state and year fixed effects to control for state-level differences in
reporting and trends in reporting over time.

As a robustness check, we estimate an alternate specification, with state-by-year inter-
actions, in both the pollution and selection models. In these models, we control for
time-varying factors at the state level such as changes in budget, changes in regulatory
stringency, environmental attitudes, or changes in the economy.

Table 6, panel A presents the second-stage estimations of the log of toxic pollutant
releases into water for each plant in our sample. Panel B presents the selection models.
Plants are more likely to report pollution if they are either inspected or fined more in
the past. Increased municipal inspections not targeted at the specific plant also induce
self-reporting of pollution. We conclude effectiveness of toxics reporting regulation and
regulator reputation effects.

Conditional on reporting, the pollution models highlight the deterrence effect of tar-
geting through violations detected and fines imposed on the plant itself. This is seen in
the negative coefficient on the interaction between violations and fines imposed. Overall,
we find direct statistical evidence on the deterrence effect of regulations through vio-
lations detected and fines imposed. We hypothesize that the interaction term between
violations and fines imposed on each plant is the primary mechanism for establishing
evidence on the deterrence effect of the regulation. Coefficients reported in panel A of
table 6 show that the effect of fines imposed on polluters with priority violations detected
is to reduce toxic pollution by as much as 52 per cent (last column). The result remains
valid through various specifications. We find evidence that the regulation implemented
through priority violations detected and fine imposed result in a significant reduction in
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Table 6. Toxics pollution releases results

Panel A: Second-stage estimations

DEP.VAR: log of toxic
release

Specific and
General
deterrence

only

Violation
and Fines
interaction
added

Census
variables
added

Plant+ Year
fixed effects
added

Plant+ State
by year

fixed effects

PAST TOXICS

Inspections −0.232 −0.264 −0.186 0.140 −0.187
(0.168) (0.172) (0.166) (0.442) (0.266)

Fines −0.112 0.027 0.047 0.342 0.096

(0.092) (0.106) (0.102) (0.258) (0.215)

Violations −0.063 0.041 0.120 −0.003
(0.316) (0.306) (0.444) (0.224)

Viol× Fines −0.402** −0.312* −0.594*** −0.516*
(0.158) (0.160) (0.192) (0.306)

Inspections for others −0.016*** −0.016*** −0.012*** 0.017 0.004

(0.003) (0.003) (0.003) (0.014) (0.007)

Fines for others −0.0857*** −0.0840*** −0.091*** −0.051 −0.046*
(0.022) (0.022) (0.023) (0.040) (0.026)

PAST NON-TOXICS

Inspections 0.400** 0.371** −0.167* 1.433 0.141

(0.177) (0.183) (0.088) (1.277) (0.791)

Fines −0.251*** −0.197** −0.165 −0.059 −0.012
(0.089) (0.091) (0.144) (0.077) (0.080)

Observations 41,232 41,232 41,228 41,228 41,228

Panel B: Selection models

DEP.VAR:
log of toxic
release

Specific
and General
deterrence
only

Violation
added

Census
variables
added

State+ Year
fixed effect
added

State by year
fixed effects

PAST TOXICS

Inspections 0.103*** 0.100*** 0.097*** 0.071** 0.075**

(0.028) (0.029) (0.029) (0.029) (0.030)

Fines 0.048*** 0.047*** 0.043** 0.044** 0.076***

(0.017) (0.017) (0.017) (0.017) (0.020)

Violations 0.048 0.038 0.022 0.019

(0.052) (0.052) (0.052) (0.053)

Inspections for others 0.002*** 0.002*** 0.001** 0.002*** 0.002***

(0.001) (0.001) (0.001) (0.001) (0.001)

Fines for others 0.023*** 0.023*** 0.027*** −0.001 0.001

(0.004) (0.004) (0.004) (0.005) (0.005)

(continued)
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Table 6. Continued

Panel A: Second-stage estimations

DEP.VAR: log of toxic
release

Specific and
General
deterrence

only

Violation
and Fines
interaction
added

Census
variables
added

Plant+ Year
fixed effects
added

Plant+ State
by year

fixed effects

PAST NON-TOXICS

Inspections 0.200*** 0.193*** 0.206*** 0.249*** 0.251***

(0.028) (0.029) (0.030) (0.030) (0.031)

Fines 0.014 0.012 0.009 −0.002 0.039**

(0.016) (0.016) (0.016) (0.017) (0.017)

Observations 41,232 41,232 41,228 41,228 41,228

Notes: Standard errors in parentheses; *** p< 0.01, ** p< 0.05, * p< 0.1.

toxic pollution by the plant. This result is economically meaningful as evidence on the
deterrence effect of regulatory activities in particular recorded violations and fines.

The general regulator reputation effect is found in the negative coefficient on higher
fines imposed on all other major plants in the same municipality. The coefficient in the
last columnof panel A of table 6 shows that a 1 per cent increase in the amount of fines for
other major facilities in the same municipality leads to a reduction in toxics discharges
by almost 0.05 per cent per year. The magnitudes are consistent with our expectations
as these actions are not targeted at specific plants.12

For the selection models, past fines induce plants to report releases of toxics (panel B
of table 6). Similarly, past inspections under both non-toxics and toxics programs induce
plants to report positive toxics releases. Increased inspections for others also induce
plants to report positive toxics releases. We conclude positive evidence for the effective-
ness of the regulatory actions in promoting self-reporting of toxic pollution. This means
that more plants are induced to comply with their reporting protocols, such as annual
measurement frequency, by taking samples and sending them to the authorized labs.

5. Discussion and conclusion
In this paper, we find specific mechanisms through which environmental regulation in
Mexico is effective despite being limited in scope and function. We provide long-term
evidence on toxics releases into water using a large sample of 3,436 major facilities in
Mexico.

We find positive evidence of regulators targeting those with a prior history of sig-
nificant non-compliance. An additional priority violation under the toxic inspection
program increases the probability of being inspected by seven percentage points.We find
similar evidence for fines imposed under the toxic inspection program. An additional
fine raises the probability of current inspections by three percentage points. An addi-
tional priority violation under the toxic inspection program increases the probability of
being fined by five percentage points. The amount of fines also increases upon detection

12Among the socioeconomic controls, plants pollute more in areas with a higher share of households
without electricity, inmore densely populated areas, or in areas with a higher share of the population over 15
yearswho are illiterate, or in areaswith a higher share of householdswithout sewage connection. By contrast,
plants report lower pollution levels in areas with a higher share of households without a refrigerator.
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of a priority violation under the toxic inspection program. An additional priority vio-
lation results in an increase in the amount of fines by 18 per cent. By contrast, general
deterrence variables are less significant in inspections and fines models.

We find robust evidence of the deterrence effect of the regulation. We address
potential sample selection bias arising due to non-randomness in pollution reporting
decisions. A plant with a priority violation detected and fined, induces a decline in toxics
releases by as much as 52 per cent. We find some evidence of the general regulator repu-
tation effect. The plant fixed effects results show that a 1 per cent increase in the amount
other facilities are fined in the same municipality results in a reduction in annual dis-
charges of toxics by 0.1 per cent, on average. We conclude that both general and specific
regulatory pressure might be effective in inducing improvements in environmental per-
formance by reducing toxics releases into water. Similarly, we find that self-reporting is
more likely when there are more inspections and fines imposed on the facility and when
there are more inspections on other major polluters in the same municipality.

We provide comprehensive evidence of the effectiveness of regulatory actions in
Mexico despite widespread concerns about regulatory capture. We speculate the follow-
ing channels through which regulatory pressure leads to reductions in environmental
releases of toxics. In a developing country context, mechanisms such as public image
and voluntary environmental initiatives might be important in determining reductions
in toxics releases. For example, in Mexico, the imposition of fines by PROFEPA is
widely publicized in the news media. The other channel is regulator reputation effects
when plants respond to increased sanctions on other polluters in the same jurisdiction.
Our findings are parallel to evidence from other developing countries that more visible
deterrence effects such as widely publicized fines are crucial drivers of improving toxics
releases of major polluters.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X22000055
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