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An Empirical Investigation in a Transitional Economy 

 

Abstract:  This work analyzes the complete sequence of inspections and compliance of 

environmental regulations, impositions of fines, payment of fines, and delay of payment in 

the context of a transitional economy. The analysis is conducted for the case of 6,790 

facilities that belong to different economic sectors between the years 2013 and 2019 in Chile. 

This work demonstrates that inspections and compliance are conducted differently across 

sectors, and both are related to some specific facilities’ characteristics. This paper also 

displays that the impositions of fines increase the probability of compliance, and that is 

transmitted as a spillover effect to facilities sharing the same firm owner and in facilities that 

belong to the same sector located in the same commune. Furthermore, this work shows that 

presenting a compliance program is less likely on the small size facilities, the severity of the 

violation correlates positively with the size of the fine, and finally, the fine’s payment 

positively correlates with the size of the facility.  This work concludes that monitoring efforts 

carried out by the regulator in Chile are effective, but relatively low. The main findings of 

this work may be used the design of enforcement strategies, especially at context that face 

limited budget and resources.  
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What Drives Monitoring, Enforcement, and Environmental Compliance? 

An Empirical Investigation in a Transitional Economy 

 

1 Introduction 

Monitoring and enforcement are critical components of environmental regulatory 

compliance.  The existing literature supports the idea that enforcement actions, such as 

inspections and sanctions, affects positively the environmental performance of regulated 

entities (Gray and Shimshack, 2011; Laplante and Rilstone, 1996; Nadeau, 1997; Shimshack, 

2014; Shimshack and Ward, 2005). Most of these studies have been carried out in the 

developed world. Unfortunately, in the case of low- and middle-income countries, empirical 

literature that has addressed monitoring, enforcement, and compliance with environmental 

regulations is scarce. In the context of developing countries, Blackman et al., (2018) points 

out that regulatory monitoring and enforcement are affected by weak institutions, 

inconsistency in the written legislation, a high number of informal firms, and lack of access 

to abatement alternatives to decrease emissions.  For example, the related literature in Latin 

America presents a few empirical studies conducted in Colombia, Uruguay, and Mexico 

(Briceño and Chávez, 2010; Caffera, 2004; Chakraborti, 2022; Dasgupta et al., 2000; Escobar 

and Chávez, 2013). These works support the idea that as well as in developing countries 

enforcement has a significant impact to explain compliance behavior among industrial firms. 

However, the empirical studies face the challenge of obtaining credible data that is barely 

verified by the regulator.  

In this paper, we analyze empirically the drivers of inspections, compliance, and 

imposition of sanctions in the context of environmental regulations in Chile. We start our 

analysis by identifying drivers of inspections carried out by the Chilean Superintendence of 
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Environment (SMA by its Spanish acronym) over the regulated facilities; then, we study 

drivers of environmental compliance behavior of the regulated facilities; and finally, we 

identify drivers of imposition of sanctions carried out by SMA and explore the payment over 

the regulated sanctioned facilities. The analysis is conducted for the case of facilities that 

belong to different economic sectors that are regulated by the SMA. The facilities must 

comply with different environmental regulations in addition to what is established in each 

environmental operating permit. Our work includes several sectors such as Agroindustry, 

Fishing, Aquaculture, Mining, Energy, Industrial Factories, Environmental Sanitation, 

Housing, and Construction. We consider a total of 6,790 facilities belonging to all the 

geographical areas of continental Chile between the years 2013 and 2019. The SMA carries 

out a monitoring plan yearly and must prioritize which facilities to visit, given the fact that 

the number of resources is limited. From the total sample considered in our study, each year 

the SMA has inspected less than 3% of the total facilities. 

Our work is an empirical analysis of the complete sequence of enforcement and 

compliance in Chile, including inspections, compliance, submission of compliance 

programs, size of fines, payment of fines, and delay in payment of fines. In conducting our 

analysis, we recognize that the inspection decisions of the SMA (who to inspect) are not 

independent of the compliance decisions of the facilities (comply or not comply). Because 

non-compliance facilities can either face a fine or submit a compliance program to fulfill the 

environmental regulations during the first stage of the sanctioning procedure, we also analyze 

what determines to present a compliance program as an intermediate alternative to fulfill the 

regulations for the facilities found in violation. 
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Our work contributes to producing new empirical evidence on environmental 

monitoring, enforcement, and compliance in the context of a transitional economy.1  We first 

estimate together both decision of inspection and compliance and then we link that to the 

imposition of fines, for the same data set. We explore the drivers of fines being imposed on 

non-compliant facilities and related payments, which have received little attention in the 

existing empirical literature. We also add to the literature that has explored spillover effects 

of monitoring and enforcement within sectors and locations. We do so by considering also 

the possibility of spillover effects on facilities that belong to the same firm. To that purpose, 

we use the information on the ownership structure of facilities included in our sample.  

Our research has produced several new and important results. We find that 

inspections are carried out differently across sectors and are related to some specific 

facilities’ characteristics. Facilities from Agroindustry, Energy, and Mining sectors are more 

likely to be inspected than facilities from the sectors of Fishing-Aquaculture and Housing-

Construction. Small and large facilities are less likely to be inspected than middle-size. Also, 

inspections correlate negatively with the age of the facility. The enforcement actions of SMA, 

as past monitoring and fine imposed, have a positive correlation with developing a new 

inspection.  

Regarding compliance, we found that facilities that belong to Agroindustry, Energy, 

and Industrial sectors have a higher probability of compliance compared with facilities in the 

Fishing-Aquaculture and Housing-Construction sectors. We also find that the SMA 

 
1 World Bank classifies Chile in the group of High-Income Economies. GDP per capita PPP rose from 10,438 

in 1992 to 22,767 in 2017 (Figures in 2011 international Dollars. Data from the World Development Indicators 

https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups).  

However, we consider Chile as a country still in transition in many aspects, especially in the implementation of 

the institutional environmental framework that is the topic of this study. 
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monitoring activities increase the probability of compliance. Another driver of compliance 

is having received a fine in the past, which also impacts the compliance behavior of facilities 

sharing the same firm’s owner and facilities sharing the same sector and location, as a 

spillover effect. 

We also find that once detected in violation, presenting a compliance program is less 

likely for small-size facilities than middle and large-size facilities.  The severity of the 

violation correlates positively with using the option of presenting a compliance program. 

With respect to the impositions of fines, we show that the severity of the violation correlates 

positively with the size of the fine, and the fine payment positively correlates with the size 

of the facility.  

This paper proceeds as follows: Section 2 briefly discusses the key literature and 

describes monitoring and enforcement activities to induce environmental compliance carried 

out by the SMA in Chile. Section 3 presents the details of our methodology and data. Section 

4 presents the results. In section 5 we discuss the results and conclude.  

 

2 Key Literature on Monitoring and SMA’s Monitoring and Enforcement 

In this section, by following the existing literature, we present key aspects of the relationship 

between an enforcement agency’s actions and regulated firms’ compliance behavior. Then 

we describe the monitoring and enforcement activities carried out by SMA in Chile. 

 

2.1 Key Aspects of the Relation Between the Enforcement Actions and Regulated 

Firms’ Compliance 

Monitoring and enforcement strategies are key components of environmental regulations. 

The enforcement agency has limited resources, inspections and sanctioning procedures are 
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costly, then in practice, it must select which facilities and firms to inspect. The existing 

empirical literature suggests that inspections are related to the compliance history of the 

facilities, the action of citizen complaints, and the facilities’ characteristics (Earnhart, 2004; 

Eckert and Eckert, 2010; Helland, 1998b; Shimshack, 2014). 

The facilities’ compliance is affected by the expected actions of the regulator (Cohen, 

1987; Dasgupta et al., 2000; Dasgupta et al., 2001). Firms deal with private costs to comply 

with the regulations and face the probability of being inspected and detected as non-complier. 

The conventional economic analysis suggests that an individual firm has the incentive to not 

comply as long as the marginal savings (marginal gains from non-compliance) are larger than 

the marginal expected cost (fines) of being caught as non-complier (Blackman, 2010). This 

hypothesis has been evaluated by the empirical literature that has suggested that firms adjust 

environmental behavior by reacting to inspections, sanctions, or motivated by the fear of 

being in the sights of the regulator (Shimshack, 2014). Therefore, for a given level of 

monitoring and enforcement from the regulator, facilities with higher abatement costs have 

higher incentives to violate regulations, and consequently are likely to exhibit lower 

environmental compliance (Stranlund, 2013).  

The regulator might impose sanctions after detecting violations of environmental 

regulations. The sanctioning procedures vary according to specific administrative law and 

regulations. For example, from the experience documented in The United States and by the 

EPA guidelines, penalties need to be severe enough in order to serve as a deterrent but also 

need  to treat violators fairly and equitably (US Agency Environmental Protection, 2020). In 

support of the EPA’s actions, light sanctions such as warning letters, phone calls, and notices 

of violation are developed by lower-level authorities. Instead, more severe sanctions can be 

carried out by courts at the regional, state, or federal level (Shimshack, 2014). The 
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impositions of sanctions depend on factors such as facility characteristics, the damage caused 

by the violations, and the economic benefits obtained from that (Earnhart, 2009; Shimshack, 

2014). Rousseau (2019) also shows that fines are higher for relapsed violators as well as for 

intentional offenses.  To the best of our knowledge, there is a gap in the existing literature 

regarding what determines the payment of fines from sanctioned facilities. 

 

2.2 Description of the Enforcement Activities Carried out by SMA in Chile 

The SMA is responsible for executing, organizing, and coordinating the monitoring 

of environmental regulation in Chile. The SMA began its activities in 2010 but its sanctioning 

activities started at the end of 2012 (SMA, 2018). The SMA carries out environmental 

inspections on facilities, promotes environmental compliance, and imposes sanctions if the 

entities fail to comply with environmental regulations. Figure 1 shows a simplified diagram 

that represents the SMA’s procedure for environmental enforcement in the Chilean context. 

As shown in Figure 1, if a facility violates a regulation and is detected, it has the possibility 

to submit a compliance program to the SMA to fulfill the environmental regulations during 

the first stage of the sanctioning procedure. If this program is successful, the facility obtains 

environmental compliance.2  

 

 

 
2 Article 42 of Law Num. 20,417 that regulates the SMA, establishes that once a sanctioning procedure has 

been initiated, the facility has the option to present a compliance program within a 10-day period. A compliance 

program is a plan of action and goals to comply with environmental regulations in a period set by the SMA. In 

case of non-compliance with this program, the sanctioning procedure will continue with a potential fine of up 

to twice the amount corresponding to the original infraction. If the facility does not accept the sanctioning 

process, it has the possibility to prosecute claims against the SMA in the Environmental Courts (SMA, 2018).  
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Figure 1. Monitoring and Enforcement Process of Environmental Regulations in Chile 
 

 

Source: Own elaboration. 

 

According to the existing environmental law, Chilean facilities must typically have 

to comply with a set of different existing specific environmental regulations. Most of these 

are related to command-and-control (CAC) instruments such as emission standards, ambient 

quality standards where facilities are located, prevention and/or decontamination plans; and 

economic incentives-instruments such as emissions taxes. However, the SMA must also 

monitor the environmental permits3, and these represent more than 16,000 different 

instruments (SMA, 2018).4   

 
3 Resoluciones de Calificación Ambiental or just RCA for its acronym in Spanish for environmental permits. 
4 The SMA must monitor compliance of each RCA held by a given facility. Facilities may have more than 1 

environmental permit. Among facilities with RCA, 83% have only 1 RCA, 15% have between 2 RCAs and 5 

RCAs; and 2% have more than 6 RCAs (SMA, 2018). 
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The SMA has indicated that its monitoring actions consider the environmental risk, 

the territory, and the specific characteristics of the facilities and their processes (SMA, 2018).  

The level of complexity of the facilities is related to the number of environmental instruments 

that the project faces and to the number of environmental permits that the project has 

obtained.5 Non-compliant facilities may be sanctioned at the end of a sanctioning procedure. 

Available sanctions include three categories. i) written warnings, ii) fines, and iii) temporary 

or definitive closure. The Law Num. 20,417 that regulates the SMA, establishes that sanctions 

must be set according to the characteristics of the infractions.6 Moreover, the Law also 

indicates that the number of people affected (or potentially affected) by the violation, the 

compliance history of the facility involved, and the economic impact of the penalty on the 

violator could also be considered to determine the level of the penalty being imposed.7  

 

3. Methodology and Data 

In this section, we present econometric models to identify drivers of SMA’s inspection and 

facilities’ compliance, the determinants of fines, their payment by sanctioned facilities, and 

the delay of fines payments. We also analyze the intermediate decision of a facility detected 

in violation that presents a compliance program. At the end of this section, we describe our 

unique set of data used in this work. 

 
5 Details about the SMA description about environmental monitoring are available in: 

 https://portal.sma.gob.cl/wp-content/uploads/2018/11/Estrategia-de-Fiscalizacion-Ambiental-2018-2023.pdf  
6 From Law Num. 20,417 that regulates the SMA, the article 36 establishes that infractions are classified into 

three categories: i) minor; ii) serious; and iii) very serious.  
7 The SMA guidelines establish that the imposition of sanctions by the SMA is proportional to the nature of the 

infraction. Details in https://portal.sma.gob.cl/index.php/download/bases-metodologicas-para-la-

determinacion-de-sanciones-ambientales-2017  
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3.1 Specification for Inspections and Compliance: A Simultaneous Estimation 

Our aim is to identify drivers of inspections from the SMA and drivers of individual 

facility compliance. The problem of asymmetric information between the regulator and the 

facilities regarding compliance behavior motivates the SMA to conduct inspections. The 

SMA only knows the compliance status of a facility after it is inspected. We addressed this 

in our empirical model as a sample selectivity problem. For that, we explore a bivariate probit 

model with sample selection, which is also called a censored probit or model with partial 

observability.  

Restrictions on observability applied to bivariate probit models are described by 

Poirier (1980), Meng and Schmidt (1985), and Helland (1998). For our empirical analysis, we 

estimate, by maximum-likelihood, probit models with sample selection using the heckprobit 

model from Stata.8 We analyze jointly both decisions about the inspection (SMA’s decision) 

and the compliance (facility’s decision) due to the selectivity problem between monitoring 

and compliance. Equation 1 shows the specification for the inspection carried out by the 

SMA and equation 2 shows the specification for the facility’s compliance. We first estimate 

both equations separately and then simultaneously address the selection problem. 

𝐼𝑁𝑆𝑃𝑖𝑡𝑟    =  {
1, 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑖𝑠 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑒𝑑 𝑖𝑓  𝐼𝑁𝑆𝑃𝑖𝑡𝑟

∗ ≥ 0

0, 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑖𝑠 𝑛𝑜𝑡 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑒𝑑 𝑖𝑓  𝐼𝑁𝑆𝑃𝑖𝑡𝑟
∗ < 0

 (1) 

where: 

 
8 Details on https://www.stata.com/manuals/rheckprobit.pdf 
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𝐼𝑁𝑆𝑃𝑖𝑡𝑟
∗  =  ∑ 𝛼𝑗

1𝑆𝐸𝐶𝑇𝑂𝑅𝑖𝑗𝑡

6

𝑗=1

+ ∑ 𝛾𝑘
1𝑆𝐼𝑍𝐸𝑖𝑘𝑡

2

𝑘=1

+ ∑ 𝛿𝑙
1𝑍𝑂𝑁𝐸𝑙𝑖𝑡

4

𝑙=1

+ ∑ 𝜃𝑚
1 𝑌𝐸𝐴𝑅𝑖𝑚𝑡

6

𝑚=1

+ 𝛽1
1𝐴𝐺𝐸𝑖𝑡

+ 𝛽2
1𝐼𝑁𝑆𝑃𝑖𝑡−1 + 𝛽3

1𝑅𝐸𝑃𝑂𝑅𝑇𝑖𝑡−1 + 𝛽4
1𝑁𝑂𝑁_𝐶𝑂𝑀𝑃𝐿_3𝑌𝐸𝐴𝑅𝑖𝑡  

+ 𝛽5
1𝐹𝐼𝑁𝐸𝐷_𝐿3𝑌𝐸𝐴𝑅𝑖𝑡  + 𝛽6

1𝐶𝑂𝑀𝑃𝐿_𝑃𝑅𝑂𝐺𝑀𝑖𝑡 + 𝛽7
1𝐿𝑂𝐺_𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑖𝑡

+ 𝛽8
1𝐿𝑂𝐺_𝑃𝑂𝑉𝐸𝑅𝑇𝑌𝑖𝑡 + 𝛽9

1𝑃𝑅𝐼𝑂𝑅_𝑍𝑂𝑁𝐸𝑖𝑡  + 𝛽10
1 𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖𝑡

+ 𝛽11
1 𝛽𝐿𝑂𝐺_𝐵𝑈𝐷𝐺𝐸𝑇_𝑆𝑀𝐴𝑖𝑡𝑟 + 𝛽12

1   𝐿𝑂𝐺_𝑁𝑈𝑀_𝐹𝐴𝐶𝐼𝐿𝐼𝑇𝐼𝐸𝑆_𝑅𝐸𝐺𝑖𝑡𝑟 + 𝜀𝑖𝑡𝑟
1  

𝐶𝑂𝑀𝑃𝑖𝑡    =  {
1, 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑚𝑝𝑙𝑖𝑒𝑠 𝑖𝑓  𝐶𝑂𝑀𝑃𝑖𝑡

∗ ≥ 0

0, 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦  𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑐𝑜𝑚𝑝𝑙𝑖𝑒𝑠 𝑖𝑓  𝐶𝑂𝑀𝑃𝑖𝑡
∗ < 0

 (2) 

where: 

𝐶𝑂𝑀𝑃𝑖𝑡
∗  = ∑ 𝛼𝑗

2𝑆𝐸𝐶𝑇𝑂𝑅𝑖𝑗𝑡

6

𝑗=1

+ ∑ 𝛾𝑘
2𝑆𝐼𝑍𝐸𝑖𝑘𝑡

2

𝑘=1

+ ∑ 𝛿𝑙
2𝑍𝑂𝑁𝐸𝑙𝑖𝑡

4

𝑙=1

+ ∑ 𝜃𝑚
2 𝑌𝐸𝐴𝑅𝑚𝑖𝑡

6

𝑡=𝑚

+  𝛽1
2𝐴𝐺𝐸𝑖𝑡

+ 𝛽2
2𝐼𝑁𝑆𝑃𝑖𝑡−1 + 𝛽3

2𝑅𝐸𝑃𝑂𝑅𝑇𝑖𝑡−1 + 𝛽4
2𝑁𝑂𝑁_𝐶𝑂𝑀𝑃𝐿_3𝑌𝐸𝐴𝑅𝑖𝑡  

+ 𝛽5
2𝐹𝐼𝑁𝐸𝐷_𝐿3𝑌𝐸𝐴𝑅𝑖𝑡  + 𝛽6

2𝐿𝑂𝐺_𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑖𝑡 + 𝛽7
2𝐿𝑂𝐺_𝑃𝑂𝑉𝐸𝑅𝑇𝑌𝑖𝑡

+ 𝛽8
2𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖  + 𝛽9

2𝑆𝑃𝐼𝐿𝐿𝑂𝑉𝐸𝑅𝑖𝑡 + 𝜀𝑖𝑡
2  

 

𝐼𝑁𝑆𝑃𝑖𝑡𝑟
∗  and 𝐶𝑂𝑀𝑃𝑖𝑡

∗  are latent variables related to inspection and compliance, 

respectively; where i denotes the facility, t denotes the year and r denotes the region where 

the facility is located 𝑆𝐸𝐶𝑇𝑂𝑅𝑗𝑖𝑡 is a set of seven dichotomous indicators according to the 

following classification: i) Fishing-Aquaculture, as an omitted category; ii) Environmental 

Sanitation; iii) Housing-Construction; iv) Energy; v) Agroindustry; vi) Mining; and vii) 

Industrial Factories. 𝑆𝐼𝑍𝐸𝑘𝑖𝑡 indicates the size of the facility according to the information 

provided by “Servicio de Impuestos Internos”. It denotes a set of three dichotomous 

indicators following the categories: i) Small and Micro, ii) Middle, as an omitted category; 

and iii) Large. 𝑍𝑂𝑁𝐸𝑙𝑖𝑡  denotes a set of the 5 macrozones in which we have divided the 



11 

 

continental territory of Chile: i) Norte Grande (NG); ii) Norte Chico (NCH); iii) Chile Central 

(CEN); iv) Centro Sur (CES); and iv) Sur (SUR), as omitted category. 𝑌𝐸𝐴𝑅𝑚𝑖𝑡 a set of 

seven dichotomous indicators following the 7 years of our analysis from 2013 to 2019. The 

variable 𝐴𝐺𝐸𝑖𝑡 is a proxy for the age of the facility, calculated from the date that the 

environmental permit (RCA) was obtained up to the year that this analysis was done. The 

variable 𝐼𝑁𝑆𝑃𝑖𝑡−1 is a dichotomous indicator with 𝐼𝑁𝑆𝑃𝑖𝑡−1 = 1 to denote if the facility was 

inspected the period before, and 𝐼𝑁𝑆𝑃𝑖𝑡−1 = 0 otherwise. The variable 𝑅𝐸𝑃𝑂𝑅𝑇𝑖𝑡−1 is a 

dichotomous indicator with 𝑅𝐸𝑃𝑂𝑅𝑇𝑖𝑡−1 = 1 if the facility has self-reported information to 

the SMA concerning environmental regulation (Examen de Información) during the last past 

period, and 𝑅𝐸𝑃𝑂𝑅𝑇𝑖𝑡−1 = 0 otherwise. The variable 𝑁𝑂𝑁_𝐶𝑂𝑀𝑃𝐿_3𝑌𝐸𝐴𝑅𝑖𝑡  is a 

dichotomous indicator with 𝑁𝑂𝑁_𝐶𝑂𝑀𝑃𝐿_3𝑌𝐸𝐴𝑅𝑖𝑡 = 1 to denote if the facility was found 

in environmental non-compliance in the last 3 years, and 𝑁𝑂𝑁_𝐶𝑂𝑀𝑃𝐿_3𝑌𝐸𝐴𝑅𝑖𝑡 = 0 

otherwise.  The variable 𝐹𝐼𝑁𝐸𝐷_𝐿3𝑌𝐸𝐴𝑅𝑖𝑡 is a dichotomous indicator with 

𝐹𝐼𝑁𝐸𝐷_𝐿3𝑌𝐸𝐴𝑅𝑖𝑡 = 1 to denote if the facility received a fine in the last 3 years, and 

𝐹𝐼𝑁𝐸𝐷_𝐿3𝑌𝐸𝐴𝑅𝑖𝑡 = 0 otherwise. The variable 𝐶𝑂𝑀𝑃𝐿_𝑃𝑅𝑂𝐺𝑀𝑖𝑡 is a dichotomous 

indicator with 𝐶𝑂𝑀𝑃𝐿_𝑃𝑅𝑂𝐺𝑀𝑖𝑡 = 1 to denote if the facility is operating under a 

compliance program during the current period, and 𝐶𝑂𝑀𝑃𝐿_𝑃𝑅𝑂𝐺𝑀𝑖𝑡 = 0. The variable 

𝐿𝑂𝐺_𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑖𝑡 is the population (log) of the commune where the facility is located. 

The variable 𝐿𝑂𝐺_𝑃𝑂𝑉𝐸𝑅𝑇𝑌𝑖𝑡 is the percentage of poverty (log) at the commune where the 

facility is located. The variable 𝑃𝑅𝐼𝑂𝑅_𝑍𝑂𝑁𝐸𝑖𝑡 is a dichotomous indicator with 

𝑃𝑅𝐼𝑂𝑅_𝑍𝑂𝑁𝐸𝑖 = 1 to denote if the facility is located in an area that is prioritized by the 

SMA. The variable 𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖𝑡 indicated the number of environmental instruments that the 

facility must fulfill. The variable 𝐿𝑂𝐺_𝐵𝑈𝐷𝐺𝐸𝑇_𝑆𝑀𝐴𝑖𝑡𝑟 is the national budget (log) that the 
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SMA has each year to implement its environmental regional control strategy. The variable 

𝐿𝑂𝐺_𝑁𝑈𝑀_𝐹𝐴𝐶𝐼𝐿𝐼𝑇𝐼𝐸𝑆_𝑅𝐸𝐺𝑖𝑡𝑟 is the number of facilities (log) in each region that the 

SMA potentially may inspect. The variable 𝑆𝑃𝐼𝐿𝐿𝑂𝑉𝐸𝑅𝑖𝑡 is a set of three dichotomous 

indicators denoting the enforcement action of the SMA over related facilities that share firm 

owners, facilities that belong to the same economic sector, and facilities located nearby.  

 

3.2 Sanctioning Procedure and the Alternative to Present a Compliance Program 

According to the procedures of the SMA, detected non-compliant facilities have the 

possibility to present a compliance program to avoid a sanction. We are interested in 

exploring the drivers of that decision. Because only non-compliant facilities must decide 

whether to present a compliance program, our sample is not random, and is biased toward 

noncompliance facilities. A natural alternative to deal with the sample selection is by 

performing a Heckman-style correction, but this strategy requires that the outcome of interest 

is a continuous variable.9 Another alternative is controlling for a variable related to non-

compliance, for example, the predicted probability of non-compliance that can be calculated 

from the output of the previous estimations (equation 1 and equation 2). We present in this 

section a generic specification to obtain the determinants of presenting a compliance 

program, that considers one ad-hoc control variable to deal with this bias. Despite its 

limitations, we explore the Inverse Mills Ratio (𝐼𝑀𝑅𝑖) and the probability of non-compliance 

(equal to 1 − 𝑃𝑟 (𝐶𝑂𝑀𝑃𝑖 = 1)) as regressors.  Equation 3 presents the empirical model to 

 
9  Heckman (1979) discusses the bias that results from using nonrandomly selected samples to estimate 

behavioral relationships as an ordinary specification error or omitted variables bias. Heckman selection models 

implement firstly, a selection equation that is binary, and secondly, an unbiased estimation for a continuous 

outcome of interest. In our case, the selection equation (being non-compliance facility) is a binary variable; 

however, our outcome of interest (presenting a compliance program) also is a binary variable. Alternatively, 

we may explore as outcome variable the cost of the program, that is a continues variable, but it changes our 

original question of what determine to present a compliance program. 
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explore what determines that a facility presents a compliance program after being found in 

violation.  

 

𝐶𝑂𝑀𝑃_𝑃𝑅𝑂𝐺𝑖    =  {
1,   𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑖𝑓  𝐶𝑂𝑀𝑃_𝑃𝑅𝑂𝐺𝑖

∗ ≥ 0

0,   𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦  𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑖𝑓  𝐶𝑂𝑀𝑃_𝑃𝑅𝑂𝐺𝑖
∗ < 0

 (3) 

where: 

𝐶𝑂𝑀𝑃_𝑃𝑅𝑂𝐺𝑖
∗  = ∑ 𝛼𝑗

3𝑆𝐸𝐶𝑇𝑂𝑅𝑖𝑗

6

𝑗=1

+ ∑ 𝛾𝑘
3𝑆𝐼𝑍𝐸𝑖𝑘

2

𝑘=1

+ ∑ 𝛿𝑙
3𝑍𝑂𝑁𝐸𝑖𝑙

4

𝑖=1

+ ∑ 𝜃𝑖
3𝑌𝐸𝐴𝑅𝑚𝑖

6

𝑚=1

+  𝛽1
3𝐴𝐺𝐸𝑖 + 𝛽2

3𝐿𝑂𝐺_𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑖 + 𝛽3
3𝐿𝑂𝐺_𝑃𝑂𝑉𝐸𝑅𝑇𝑌𝑖

+ 𝛽4
3𝑁𝑈𝑀_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 + 𝛽5

3𝐿𝑂𝑊_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑖

+ 𝛽6
3𝑀𝐼𝐷𝐷𝐿𝐸_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 + 𝛽7

3𝐻𝐼𝐺𝐻_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 + 𝛽8
3𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖

+ 𝛽9
3𝐶𝑂𝑀𝑃𝐿𝐴𝐼𝑁𝑇𝑖 + 𝛽10

3 𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖  + 𝛽11
3 𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐼𝑂𝑁𝑖 + 𝜀𝑖

3 

 

 

𝐶𝑂𝑀𝑃_𝑃𝑅𝑂𝐺𝑖
∗  is the latent variable of presenting a compliance program. From this 

level, we model as cross-section estimates. The variables 𝑆𝐸𝐶𝑇𝑂𝑅𝑖, 𝑆𝐼𝑍𝐸𝑖, 𝑍𝑂𝑁𝐸𝑖, 𝑌𝐸𝐴𝑅𝑡, 

𝐴𝐺𝐸𝑖, 𝐿𝑂𝐺_𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑖, 𝐿𝑂𝐺_𝑃𝑂𝑉𝐸𝑅𝑇𝑌𝑖, and 𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖 come from previous 

equations. We add four new variables regarding the severity of the impact caused by the 

violation. The variable  𝑁𝑈𝑀_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 denotes the number of infractions established 

in the sanctioning process.10 𝐿𝑂𝑊_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 is a dichotomous indicator with 

𝐿𝑂𝑊_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 = 1 to denote that at least one of the infractions is classified as low 

impact infraction, and 𝐿𝑂𝑊_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 = 0 otherwise. 𝑀𝐼𝐷𝐷𝐿𝐸_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 is 

a dichotomous indicator with 𝑀𝐼𝐷𝐷𝐿𝐸_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 = 1 to denote that at least one of 

 
10 During the sanctioning procedure is established with detail the number of infractions incurred by the facility. 

Each infraction may be classified according to the level of damage or impact on the environment.   



14 

 

the infractions is classified as middle impact infraction, and 𝑀𝐼𝐷𝐷𝐿𝐸_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 = 0 

otherwise. 𝐻𝐼𝐺𝐻_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 is a dichotomous indicator with 

𝐻𝐼𝐺𝐻_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 = 1 to denote that at least one of the infractions is classified as high 

impact infraction, and 𝐻𝐼𝐺𝐻_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 = 0 otherwise.11 We also add the variable 

𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖  that is a dichotomous indicator with 𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖 = 1 to denote that the  facility 

faced a sanctioning procedure before the submission of the compliance program, and 

𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖 = 0 otherwise. In this level, we know if the sanction procedure has been related 

to a complaint from the community near the facility. We include the dichotomous indicator 

𝐶𝑂𝑀𝑃𝐿𝐴𝐼𝑁𝑇𝑖 as an explanatory variable to denote if the inspection that uncovered the 

sanctioned violation was motivated by a community complaint.12 The variable 

𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐼𝑂𝑁𝑖 is included to deal with the selection problem.13  

 

3.3 Imposition of Sanctions: Level of Fines and Payment 

According to the procedures of the SMA, non-compliant facilities may be sanctioned 

at the end of a sanctioning procedure. Our purpose is to analyze what determines the size of 

the fines defined by the SMA. We focus on fines since, during the study period, more than 

95% of the sanctions imposed on non-compliant facilities correspond to fines.14 In this part 

 
11 We explore a continuous variable to capture environmental damage. Specifically, we construct the variable 

Impact Index for the environmental damage, which is defined as:  

Impact Index = 1*(Num. of Low Infractions) + 2*(Num. of Middle Infractions) + 3* (Num. of High Infractions). 
12 Unfortunately, we do not at the beginning of our analysis if the inspection that uncover the sanctioned 

violation was motivated by a community complaint. We only know that if the facility has a sanction process. 
13 As mentioned before, to correct for selection bias we use the predicted probability that a facility is non-

compliant and also the IMR. 
14 The normative framework of the Law Num. 20,417 that regulates SMA, establishes that one fine related to 

one infraction can range from 0 to 10,000 U.T.A. (7 million USD). However, one facility may have several 

infractions at the same time in the same sanction procedure. 
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of the sequence, we have first the condition of being detected in violation, and then the 

imposition of a fine.15  Equation 4 presents our model for the sizes of the fine. 

𝐹𝐼𝑁𝐸𝑖  = ∑ 𝛼𝑗
4𝑆𝐸𝐶𝑇𝑂𝑅𝑖𝑗

6

𝑗=1

+ ∑ 𝛾𝑘
4𝑆𝐼𝑍𝐸𝑖𝑘

2

𝑘=1

+ ∑ 𝛿𝑙
4𝑍𝑂𝑁𝐸𝑖𝑙

4

𝑙=1

+ ∑ 𝜃𝑚
4 𝑌𝐸𝐴𝑅𝑖𝑚

6

𝑚=1

+  𝛽1
4𝐴𝐺𝐸𝑖

+ 𝛽2
4𝐿𝑂𝐺_𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑖 + 𝛽3

4𝐿𝑂𝐺_𝑃𝑂𝑉𝐸𝑅𝑇𝑌𝑖

+ 𝛽4
4𝑁𝑈𝑀_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 + 𝛽5

4𝐿𝑂𝑊_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑖

+ 𝛽6
4𝑀𝐼𝐷𝐷𝐿𝐸_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖 + 𝛽7

4𝐻𝐼𝐺𝐻_𝐼𝑁𝐹𝑅𝐴𝐶𝑇𝐼𝑂𝑁𝑆𝑖

+ 𝛽8
4𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖 + 𝛽9

4𝐶𝑂𝑀𝑃𝐿𝐴𝐼𝑁𝑇𝑖 +  𝛽10
4 𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖  + 𝛽11

4 𝐶𝑂𝑀𝑃_𝑃𝑅𝑂𝐺𝑖

+ 𝛽12
4 𝑃𝑅𝐼𝑂𝑅_𝑍𝑂𝑁𝐸𝑖 + 𝛽13

4 𝐼𝑀𝑅𝑖 + 𝜀𝑖
4 

(4) 

 

where: 

             𝐹𝐼𝑁𝐸𝑖  ≥ 0 

𝐹𝐼𝑁𝐸𝑖  is a left-censored dependent variable indicating the size of the fine imposed on 

the facility i (in thousand USD, starting from 0).16 The explanatory variables have been 

previously described. The variable  𝐼𝑀𝑅𝑖  is included to deal with the selection problem from 

the previous stage of inspection. To estimate 𝐹𝐼𝑁𝐸𝑖 we propose a tobit model to deal with the 

left censoring. Once the fine is set by the SMA, the facility must pay to continue with their 

operation (facility’s decision). Considering this, we also explore two additional specifications 

to analyze the probability that the fine is paid and how long it takes for the facility to pay the 

fine. We estimate equation 5 as a probit model and equation 6 as a double-censored tobit 

model for the amount of the fine and the number of days for the facility to pay the fines, 

respectively.   

 
15  In this case, the outcome of interest is a continuous variable therefore we use Heckman selection model. 
16 Fines are set in the Annual Tax Unit (UTA by its Spanish acronym) in real terms for each year.  In this 

study we use the conversion that 1 UTA is equal to 705 USD.  
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𝑃𝐴𝐼𝐷𝑖    =  {
1,   𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑝𝑎𝑦𝑠 𝑡ℎ𝑒 𝑓𝑖𝑛𝑒 𝑖𝑓  𝑃𝐴𝐼𝐷𝑖

∗ ≥ 0

0,   𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦  𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑝𝑎𝑦 𝑡ℎ𝑒 𝑓𝑖𝑛𝑒 𝑖𝑓  𝑃𝐴𝐼𝐷𝑖
∗ < 0

 (5) 

where: 

𝑃𝐴𝐼𝐷𝑖
∗  = ∑ 𝛼𝑗

5𝑆𝐸𝐶𝑇𝑂𝑅𝑖𝑗

6

𝑗=1

+ ∑ 𝛾𝑘
5𝑆𝐼𝑍𝐸𝑖𝑘

2

𝑘=1

+ ∑ 𝛿𝑙
5𝑍𝑂𝑁𝐸𝑖𝑙

4

𝑙=1

+ ∑ 𝜃𝑚
5 𝑌𝐸𝐴𝑅𝑖𝑚

6

𝑚=1

+  𝛽1
5𝐴𝐺𝐸𝑖

+ 𝛽2
5𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖 + 𝛽3

5𝐶𝑂𝑀𝑃𝐿𝐴𝐼𝑁𝑇𝑖 +  𝛽4
5𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖  + 𝛽5

5𝑃𝑅𝐼𝑂𝑅_𝑍𝑂𝑁𝐸𝑖  

+ 𝛽6
5𝐹𝐼𝑁𝐸𝑖 + 𝛽7

5𝐼𝑀𝑅𝑖 + 𝜀𝑖
5 

𝑃𝐴𝑌_𝐷𝐸𝐿𝐴𝑌𝑖  = ∑ 𝛼𝑗
6𝑆𝐸𝐶𝑇𝑂𝑅𝑖𝑗

6

𝑗=1

+ ∑ 𝛾𝑘
6𝑆𝐼𝑍𝐸𝑖𝑘

2

𝑘=1

+ ∑ 𝛿𝑙
6𝑍𝑂𝑁𝐸𝑖𝑙

4

𝑖=1

+ ∑ 𝜃𝑚
6 𝑌𝐸𝐴𝑅𝑖𝑚

6

𝑚=1

 

                              + 𝛽1
6𝐴𝐺𝐸𝑖 + 𝛽2

6𝑅𝐸𝐿𝐴𝑃𝑆𝐸𝑖 + 𝛽3
6𝐶𝑂𝑀𝑃𝐿𝐴𝐼𝑁𝑇𝑖 +  𝛽4

6𝑁𝑈𝑀_𝐼𝑁𝑆𝑇𝑖       

+ 𝛽5
6𝑃𝑅𝐼𝑂𝑅_𝑍𝑂𝑁𝐸𝑖 + 𝛽6

6𝐹𝐼𝑁𝐸𝑖 + 𝛽7
6𝐼𝑀𝑅𝑖 + 𝜀𝑖

6 

(6) 

 

where: 

             𝑀 >  𝑃𝐴𝑌_𝐷𝐸𝐿𝐴𝑌𝑖  ≥ 0. 

The variable 𝑃𝐴𝐼𝐷𝑖
∗ is the latent variable for the payment of the fine. The variable 

𝑃𝐴𝑌_𝐷𝐸𝐿𝐴𝑌𝑖 is a double-censored dependent variable indicating the days taken for the 

facilities before the payment. We consider two values of M, equal to 365 days and 730 days. 

The variable 𝐼𝑀𝑅𝑖 is included in both equations using the same procedure as before with the 

same limitations. 

 

3.4 Data Set 

The main source of our data is the National Environmental Inspection Information 

System (SNIFA by its Spanish acronym).17 The SNIFA presents a detailed description in 

 
17 The SNIFA is an open-access portal available at https://snifa.sma.gob.cl/  
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terms of “Unidad Fiscalizable” (UF) which is equivalent to facilities in our study. An UF is 

a “physical unit in which actions and processes are regulated by one or more instruments of 

SMA competence” (SMA, 2018). We include in our analysis facilities that meet at least one 

of the following three conditions18: i) belong to Agroindustry, Fishing, Aquaculture, Mining 

Energy, Industrial Factories, Environmental Sanitation, Housing and Construction, ii) have 

at least one environmental permit for operation19; and iii) are subject to compliance with 

water emissions.20 Following these criteria, our study considers a total of 6,670 facilities 

operating during the period 2013-2019.21   

Figure 2 shows the total number of facilities and the distribution by sector of activity 

through the study period. New facilities enter operation yearly. We consider the first year of 

a facility’s operation as the year in which it obtained the environmental permit. We assume 

that the facility will continue in operation until the end of our analysis. Moreover, we also 

assume that, during the studied period, there is no change in individual characteristics such 

as size, property, or geographic location. At the end of the year 2019, the distribution of 

facilities in our sample by sector is the following: Fishing and Aquaculture (37%), 

Environmental and Sanitation (13%), Housing and Construction (12%), Energy (11%), 

Agroindustry (11%), Mining (10%), and Industrial Factories (6%).  

 

 
18 These criteria exclude facilities with significate lower environmental impact as supermarkets, restaurants, 

schools, or churches that may have been connected with any environmental instrument as the standard for noise 

or for being inside the zone of an air quality plan. 
19 Resolución de Calificación Ambiental (RCA). In our data, 97% of the facilities in our sample have at least 1 

RCA. 
20 Supreme Decree 460/2002 and Supreme Decree 90/2000 for wastewater discharges. 
21 We built a unique set of data for our study. Even though any part of the information used in this work is 

public, we obtain the data by web-scraping the SNIFA portal using a suitable software such as MATLAB. 

Details for scraping data from the web on: https://blogs.mathworks.com/loren/2017/07/10/web-scraping-and-

mining-unstructured-data-with-matlab/#0b4dd3c5-8737-47ca-b0b0-0cf5c43ed2da 
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Figure 2. Number of Facilities by Sector per Year, from 2013 to 2019 

  
Source: Own elaboration. 

 

 

Table 1 shows the number of facilities in each sector and the subset that has been 

inspected at least once for each year, during the period 2013 -2019.22 The total number of 

facilities inspected each year represents between 2.2% and 2.9% of the total facilities 

regulated by the SMA during this period, with a minimum of 140 facilities inspected in 2015 

up to a maximum of 187 facilities inspected in 2019.  In the last year of the period under 

analysis, the Mining sector had 44 facilities inspected and presents the highest proportion of 

facilities inspected that year (6.4%). The sector Housing-Construction had only 3 facilities 

inspected during 2019, representing the lowest proportion of inspected facilities during that 

period (0.2%). The sector Fishing-Aquaculture had 31 facilities inspected in 2019, but it is a 

low proportion (1.3%) considering the total number of facilities that belong to that sector.  

 

 

 
22 We do not classify it as an inspection activity such as self-reporting emissions. Nor do we classify as 

inspection the remote pollutants measurements or the study of satellite images, which we know the SMA has 

begun to implement in recent years. 
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Table 1. Number of Facilities and Proportion that are Inspected by Sector per Year 

Sectors and Years   2013 2014 2015 2016 2017 2018 2019 

Agroindustry Num. Facilities a 657 672 683 692 702 712 716 

 Inspected Facilities b 25 38 21 31 44 24 44 

  Proportion c 3.8% 5.7% 3.1% 4.5% 6.3% 3.4% 6.1% 

Energy Num. Facilities 446 506 569 612 646 684 706 

 Inspected Facilities 21 15 23 22 29 36 23 

  Proportion 4.7% 3.0% 4.0% 3.6% 4.5% 5.3% 3.3% 

Environmental Sanitation Num. Facilities 833 846 860 872 880 890 893 

 Inspected Facilities 30 24 21 25 22 27 24 

  Proportion 3.6% 2.8% 2.4% 2.9% 2.5% 3.0% 2.7% 

Fishing-Aquaculture Num. Facilities 2,322 2,386 2,420 2,439 2,449 2,454 2,459 

 Inspected Facilities 37 36 28 16 21 23 31 

  Proportion 1.6% 1.5% 1.2% 0.7% 0.9% 0.9% 1.3% 

Housing-Construction Num. Facilities 604 623 646 681 728 781 806 

 Inspected Facilities 0 2 1 1 4 6 2 

  Proportion 0.0% 0.3% 0.2% 0.1% 0.5% 0.8% 0.2% 

Industrial Factories Num. Facilities 364 384 391 393 399 406 407 

 Inspected Facilities 23 18 11 15 20 17 19 

  Proportion 6.3% 4.7% 2.8% 3.8% 5.0% 4.2% 4.7% 

Mining Num. Facilities 566 613 640 652 661 679 683 

 Inspected Facilities 31 36 35 30 25 40 44 

  Proportion 5.5% 5.9% 5.5% 4.6% 3.8% 5.9% 6.4% 

Total Num. Facilities 5,792 6,030 6,209 6,341 6,465 6,606 6,670 

 Inspected Facilities 167 169 140 140 165 173 187 

  Proportion 2.9% 2.8% 2.3% 2.2% 2.6% 2.6% 2.8% 

 

Source: Own elaboration based on information from SNIFA.  

Note:  
a Num. Facilities shows the number of facilities per sector included in our study for each year. 
b Inspected Facilities shows the number of different facilities inspected each year. If a facility is inspected more than once 

during the same year, it is counted only once in that year.  
c Proportion is the product from (Inspected Facilities) *100 / (Num. Facilities).  

 

 

Table 2 shows the aggregate figures regarding inspected facilities and their outcomes 

by sector during the period of our study. From the 754 facilities that were inspected during 

the period 2013-2019, 538 were compliant while the other 216 were found in violation. This 

suggests that the rate of compliance during the studied period is about 71%, while 29% of 

the inspected facilities were found in violation during the same period. We notice that the 

sectors that show higher compliance are Industrial Factories, Energy, and Agroindustry, and 

sectors with more violations are Housing-Construction, Environmental Sanitation, and 

Fishing-Aquaculture.  
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Table 2. Inspected Facilities and Compliance Outcomes by Sector During 2013-2019 

 

Sectors 

Inspected Facilities a 

(1) 

    Compliance b              Non-Compliance c 

                 (2)                                     (3) 

Agroindustry   156 114 (73%)   42 (27%) 

Energy   109   86 (79%)   23 (21%) 

Environmental Sanitation   114   74 (65%)   40 (35%) 

Fishing-Aquaculture   152 102 (67%)   50 (33%) 

Housing-Construction     14     5 (36%)     9 (64%) 

Industrial Factories     75   61 (81%)   14 (19%) 

Mining   134   96 (72%)   38 (28%) 

Total   754 538 (71%) 216 (29%) 

 
Source: Own elaboration based on information from SNIFA.  

Note:  
a Inspected Facilities shows the total number of facilities in each sector inspected at least once during the 2013-2019 period.  
b Compliance shows the number of facilities found in compliance always.  
c Non-Compliance shows the number of facilities found in non-compliance at least once. In parentheses are the proportions 

in each status, with base the column 1. In this table Inspected Facilities = Compliance + Non-Compliance.  

 

Table 3 shows figures regarding inspected non-compliance facilities, compliance 

programs, and facilities fined during the period of our study.  From the 216 facilities found 

in violation, 191 facilities presented a compliance program and 68 were fined during the same 

period. These figures also include the results of sanctioning procedures that were started 

before 2013 and some that were not finished at the end of our analysis; therefore, we are not 

able to compare the proportion among columns of this table. Sectors of Fishing-Aquaculture, 

Agroindustry, and Environmental Sanitation present a higher number of non-compliance 

facilities and a higher number of compliance programs submitted. Sectors of Mining and 

Agroindustry show more facilities being fined. 
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Table 3. From Non-Compliance to Facilities Fined During 2013-2019 

 

Sectors 

Non-Compliance a 

(1) 

Compliance Programs Submitted b 

(2)  

Facilities Fined c 

               (3) 

Agroindustry 42 38 13 

Energy 23 19 7 

Environmental Sanitation 40 37 12 

Fishing-Aquaculture 50 46 7 

Housing-Construction 9 6 1 

Industrial Factories 14 11 12 

Mining 38 34 16 

Total 216 191 68 

 

Source: Own elaboration based on information from SNIFA.  

Note:  
a Non-Compliance shows the number of facilities found in non-compliance at least once during the 2013-2019 period. For 

some facilities of this group, the sanctioning procedure is still ongoing up to the last year of our sample period.  
b Compliance Programs Submitted shows the number of facilities that had submitted a compliance program after being 

found in violation in the period of our study. A subset of this group has a compliance program that was still in progress at 

the end of our study period. 
c Facilities Fined shows the number of facilities that had been fined in this period. This group includes facilities that had not 

presented a compliance program and facilities that failed in the implementation of the compliance program. The balance 

among columns does not hold, since some processes started before 2013 or finished after 2019, outside our period of 

analysis.  

In the table Non-Compliance ≠ Compliance Program Submitted + Facilities Fined. 

 

 

A special characteristic of the observed units in our analysis is that one facility may 

be controlled by more than one firm and one firm may own more than one facility. In our 

data, 12% of the units (772 facilities) have multiple firms as their owner. We also identify a 

total of 4,191 different firms controlling the total sample of facilities.  To explore potential 

spillover effects among these facilities we link facilities that have the same owner firm. 

Consequently, we create 481 networks joining the facilities that have connections with others 

(3,561 facilities).23 In this way, each facility belongs to only one network.  We also add 

facilities without connection with others (3,109) as networks of one unique node, then we 

obtain in total of 3,590 networks. The construction of these networks has two direct 

 
23 In Chile, one firm is identified by its Unique Tax Identification number (RUT from its Spanish acronym). It 

could be the case that a firm has operations with different RUTs. Unfortunately, we are not able to identify 

these relationships in our sample. 
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implications in our analysis. First, we can cluster robust standard errors using the network as 

a cluster, under the assumption that there is correlation in the error of our estimations among 

facilities that are members of the same network. Second, we can analyze spillover effects 

among facilities that belong to the same network. In Appendices 1 to 8 we show more details 

about our data and what these networks look like. There we present two specific examples in 

detail for the Mining and Fishing-Aquaculture sectors to give a better understanding of these 

relationships.  

 

4 Results 

In this section, we present the main results of our study. First, we show the results of the joint 

model for inspections and compliance. Second, we present the estimation incorporating the 

spillover effect in the compliance of facilities with the same owner firm and in facilities that 

belong to the same sector located in the same location. Third, we show the results regarding 

drivers of the submission of a compliance program. Fourth, we present the results of our 

analysis for the size, payment, and delay of payment of imposed fines. 

 

4.1 Results for Simultaneous Estimation of Inspections and Compliance 

Table 4 shows the results for the joint model of inspections and compliance. Column 

1 and column 2 present the estimation coefficients. Appendix 9 presents in detail the marginal 

effects for each explanatory variable. The results suggest that consistent with the number of 

inspections previously analyzed, the probabilities of inspection faced by facilities are very 

low and vary across sectors. Using the sector Fishing-Aquaculture as the base of comparison, 

5 sectors present a higher probability of inspection (the increase in probabilities for each 

sector are: Agroindustry 0.0233, Industrial Factories 0.0164, Mining 0.0161, Energy 0.0155, 
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Environmental Sanitation 0.0151). Regarding the location of the facilities, our results suggest 

that facilities in the northern part of the country face a higher probability of inspection, with 

the macrozone south as the base (being located in Norte Grande, increases the probability of 

inspection by 0.0122). Smaller facilities and larger facilities face a lower probability of 

inspection than middle-size facilities as a base, but low in magnitude. Analyzing the variables 

related to history for enforcement and compliance, we find that facilities fined in the past are 

more likely to face an inspection (increase in a probability of 0.021), and facilities having a 

compliance program in operation, that also means found in non-compliance in the past, show 

a higher probability of facing an inspection (increase in a probability of 0.031). Similarly, 

being located in a prioritized area increases the probability of inspection, but is low in 

magnitude. The variable related to SMA resources, such as regional budget, or the number 

of potential facilities to inspect in the region, correlates positively to the facility’s probability 

of facing an inspection, but both have no significant estimates. Finally, the variable age shows 

that older facilities face a lower probability of being inspected. The social variables related 

to poverty and density correlate positively with the probability of inspection but are not 

significant. We also find that the variable number of the instrument correlates positively to 

inspections but is low in magnitude. 

We also estimate the drivers of compliance. Our results suggest that conditioned on 

the decision of inspection, the expected probability of compliance is low and varies across 

sectors. Using as the base of comparison the sector Fishing-Aquaculture, 5 sectors present a 

higher probability of compliance (the increase in probabilities for each sector are: 

Agroindustry 0.0151, Energy 0.0122, Industrial Factories 0.0116, Mining 0.0106, 

Environmental Sanitation 0.0067). With respect to the geographical zone, facilities located 

in the north of Chile present a higher probability of compliance (increase in a probability of 
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0.014) than facilities in the south. The relation between size and compliance shows no 

significant effect in our estimates. The variable age shows that older facilities comply with 

less probability but is very low in magnitude. This result could be explained because older 

facilities may face higher benefits from violations (for example, higher abatement costs), or 

different awareness/culture on their environmental responsibility. The social variables related 

to poverty and density are not significant. We find that enforcement actions of the SMA, such 

as the imposition of fines and the self-reporting requirement, have a positive effect on 

compliance (both actions present an increase in the probability of about 0.013). We also find 

that the variable number of the instruments correlates positively to compliance but is low in 

magnitude.   

Table 4 also shows the significance of parameter related to the correlation between 

the error terms between equation 1 (inspections) and equation 2 (compliance), therefore our 

results confirm that the selectivity problem biases the estimation if it is done separately. 
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Table 4. Coefficient Estimates for the Joint Estimation of Inspection and Compliance 

VARIABLES (1) Inspection (2) Comply 

Predicted probability 0.025 0.014 

Sectors (base: Fishing-Aquaculture)   

   Agroindustry 0.465*** 0.449*** 

 (0.0842) (0.0952) 

   Energy 0.347*** 0.404*** 

 (0.0879) (0.106) 

   Environmental Sanitation 0.340*** 0.242*** 

 (0.0857) (0.0864) 

   Housing-Construction -0.278** -0.485*** 

 (0.119) (0.155) 

   Mining 0.357*** 0.356*** 

 (0.0949) (0.0940) 

   Industrial Factories 0.363*** 0.381*** 

 (0.0977) (0.0999) 

Age -0.0149*** -0.0112** 

 (0.00418) (0.00502) 

Size (base: Medium): Micro and Small -0.132** -0.0882 

 (0.0552) (0.0694) 

   Large -0.162*** -0.0843 

 (0.0498) (0.0613) 

LogPoverty 0.0664 0.0594 

 (0.0444) (0.0490) 

LogDensity 0.00426 0.0219 

 (0.0124) (0.0139) 

Inspection_lastyear 0.393*** 0.459*** 

 (0.0744) (0.0778) 

Report_lastyear 0.257*** 0.457*** 

 (0.0614) (0.0800) 

AnyViolation_3y 0.350*** -0.118 

 (0.0720) (0.0782) 

Fined_3y 0.438*** 0.420** 

 (0.163) (0.176) 

Compliance Program 0.634***  

 (0.0666)  

Prioritized Area 0.0780***  

 (0.0298)  

Macrozone (base: SUR)   

   NGR 0.223* 0.405*** 

 (0.123) (0.100) 

   NCH 0.138 0.182* 

 (0.103) (0.0937) 

   CEN -0.0105 -0.0738 

 (0.0852) (0.105) 

   CES 0.0353 0.0391 

 (0.0746) (0.0893) 

Num. Instruments 0.0698*** 0.0460*** 

 (0.0136) (0.0101) 

LogSMABudgetperFacility 0.0365  

 (0.0655)  

logNumFacilitiesRegion 0.000329  

 (0.0598)  

Constant -2.196*** -2.563*** 

 (0.366) (0.160) 

Athrho  3.419*** 

 (0.985) 

Controlled per Year YES YES 

Observations 37,425 37,425 

 

Source: Own elaboration based on information from SNIFA. 

Note: Standard errors clustered by networks of facilities with common owners; *** p<0.01, ** p<0.05, * p<0.1 
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4.2 Spillover Effect on Compliance  

We estimate again our model for inspection and compliance as in the previous section, 

adding spillover explanatory variables in the compliance equation.24 We consider three 

dichotomous variables to explore the potential effect on a facility’s compliance from a fine 

that was imposed to another connected facility. The first dichotomous variable accounts for 

facilities with at least one Unique Tax Identification number in common (RUT from its 

Spanish acronym). The second dichotomous indicator accounts for the network of facilities 

connected to different RUTS that own one facility (In Appendices 1 to 8, we show more 

details about our data and what these networks look like). Finally, we repeat the same 

procedure, but for facilities that belong to the same sector and same location (commune).  In 

our data, these indicators had the value of one when the SMA imposed a sanction within the 

last three years to the connected facilities.25   

Table 5 shows the coefficient estimates for the variables related to imposition of fines 

on individual compliance. Average marginal effects are reported in Appendix 10. We keep 

the variable fined_3y in all the models because it denotes specific deterrence, that is, the 

improvement in compliance due to a fine imposed at the same facility.  Model 1 shows the 

improvement in compliance due to fines imposed in the same firms (estimates indicates that 

it is about 0.013).26  Adding the spillover effect variables, model 2 shows a positive and 

significant but small effect on compliance due to the imposition of fines on a facility related 

to the same RUT (the estimated increase in the probability to comply is 0.006).  We do not 

find any spillover effect for facilities in the same network (model 3). Also, we do not detect 

 
24 We are analyzing potential effects of actions by the SMA on facilities’ compliance; therefore, we do not show the estimates 

for inspections. However, the estimation considers both equations, in the same way as we did in the previous section. 
25 The sanctioning process over facilities demands several months, in most cases more than 1 year. Therefore, we think 3 

years behind is a reasonable period to analyze the potential spillover effects. 
26 The model 1 used as reference in Table 5 is the same model shown in the last section (Table 4 and Appendix 9). 
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an effect for the imposition of fines on facilities in the same location or sector (model 4 and 

model 5). However, model 6 shows a positive and significant but small effect on compliance 

due to the imposition of fines on a facility from the same economic sector and location at the 

same commune (the increase in the probability to comply is estimated to be 0.003). In 

Appendix 11, we show marginal effects for the rest of the variables for both the inspection 

and compliance equations. The sign and magnitude of these effects do not change with the 

inclusion of the spillover variables. 

In summary, we find that fines have a specific deterrence effect on average greater 

(twice in magnitude) than the general deterrence effect.  Furthermore, sharing the same owner 

is more relevant than sharing the same economic sector and location regarding the spillover 

effects on compliance. 

 

Table 5. Spillover Variable Coefficient Estimates of Fines on Comply 

VARIABLES a (1) (2) (3) (4) (5) (6) 

       

Fined_3y 0.0134** 0.0131** 0.0134** 0.0133** 0.0135** 0.0136** 

 (0.00551) (0.00551) (0.00551) (0.00553) (0.00549) (0.00552) 

AnyFine_SameOwner3y  0.00585***     

  (0.00219)     

AnyFine_SameNet3y   -1.05e-05    

   (0.00147)    

AnyFine_Sector3y    0.00223  0.00219 

    (0.00208)  (0.00215) 

AnyFine_Comune3y     -0.000600 -0.00173 

     (0.000854) (0.00106) 

AnyFine_SectorComune3y      0.00335** 

      (0.00153) 

Other Controls YES YES YES YES YES YES 

Observations 37,425 37,425 37,425 37,425 37,425 37,425 

 

Source: Own elaboration based on information from SNIFA.  

Note:  

Standard errors clustered by networks of facilities with common owners; *** p<0.01, ** p<0.05, * p<0.1 
a Inspection not presented in this table.  
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4.3 Drivers of Presenting a Compliance Program  

Table 6 shows the results regarding the decision to present a compliance program 

once the facility has been found in violation. We present coefficient estimates for six models. 

Average marginal effects are presented in Appendix 12. The first three models differ in how 

the severity of the violation is measured. The last three models consider all the variables 

related to the violation. Model 1 and model 4 do not consider bias correction for sample 

selection. Model 2 and model 5 use the IMR correction, and model 3 and model 6 consider 

the probability of noncompliance. All the models show the same subset of variables relevant 

to present a compliance program.  

Using the sector Fishing-Aquaculture as the basis, our results show no significance 

of the variable sector for the decision to present a compliance program. We find that smaller 

facilities face a lower probability of presenting this program than middle-size facilities as a 

base (decrease in the probability of -0.335 in model 2 and -0.324 in model 5). Facilities 

located in central south (CES) show a lower probability (decrease in the probability of -0.217 

in model 2 and -0.229 in model 5) to present a compliance program than facilities located in 

the south, as a base of comparison. The social variable poverty shows a positive effect on the 

decision of presenting the program (increase in the probability of 0.908 in model 2 and 0.108 

in model 5), but with a significance of 10%. Our results show a positive relation between the 

severity of the violation and the probability to present this program. Facilities with violations 

that include a serious infraction (category high infraction) are more likely to present the 

compliance program (increase in the probability of 0.220 in model 5).  
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Table 6. Coefficient Estimates for Probability of submitting a Compliance Program 

VARIABLES (1) (2) (3) (4) (5) (6) 

Predicted probability 0.7789 0.7791 0.7726 0.7792 0.7804 0.7733 

Sectors (base: Fishing-Aqua.)       

   Agroindustry -0.365 0.138 -0.137 -0.370 0.185 -0.103 

 (0.393) (0.461) (0.413) (0.390) (0.473) (0.414) 

   Energy 0.502 0.414 0.756 0.486 0.328 0.728 

 (0.614) (0.640) (0.660) (0.612) (0.660) (0.653) 

   Environmental Sanitation 0.496 0.535 0.863 0.519 0.497 1.042* 

 (0.483) (0.580) (0.585) (0.473) (0.568) (0.602) 

   Mining -0.334 -0.609 -0.247 -0.280 -0.401 -0.102 

 (0.459) (0.476) (0.484) (0.473) (0.515) (0.512) 

   Industrial Factories -0.464 -0.222 -0.232 -0.414 -0.0753 -0.0794 

 (0.444) (0.504) (0.455) (0.441) (0.526) (0.460) 

Size (base: Medium)       

   Micro and Small -1.293*** -1.329*** -1.249*** -1.234*** -1.343*** -1.198*** 

 (0.375) (0.401) (0.386) (0.376) (0.411) (0.396) 

   Large -0.0427 0.316 0.0450 -0.0443 0.324 0.0774 

 (0.264) (0.277) (0.273) (0.274) (0.290) (0.298) 

Macrozone (base: SUR)       

   NGR 0.00893 0.786 0.534 -0.108 0.721 0.483 

 (0.480) (0.504) (0.505) (0.486) (0.508) (0.515) 

   NCH 0.360 0.807 0.685 0.390 0.764 0.876 

 (0.556) (0.529) (0.550) (0.574) (0.556) (0.569) 

   CEN -0.607 -0.621 -0.581 -0.679 -0.733 -0.643 

 (0.524) (0.560) (0.534) (0.539) (0.595) (0.568) 

   CES -1.198** -1.028* -1.106** -1.260** -1.146* -1.274** 

 (0.508) (0.566) (0.538) (0.511) (0.604) (0.570) 

Age -0.00710 -0.0158 -0.00838 0.000727 -0.0148 -0.000208 

 (0.0265) (0.0304) (0.0277) (0.0286) (0.0326) (0.0290) 

LogPoverty 0.477* 0.515* 0.441 0.532* 0.583* 0.557* 

 (0.272) (0.304) (0.291) (0.285) (0.320) (0.318) 

LogDensity 0.0706 0.129 0.0647 0.0674 0.122 0.0505 

 (0.0782) (0.0836) (0.0801) (0.0761) (0.0839) (0.0774) 

ImpactIndex 0.0112 0.0147 0.0169    

 (0.0210) (0.0221) (0.0207)    

Num_Infractions    0.0236 0.0141 0.0207 

    (0.0321) (0.0326) (0.0301) 

LowInfraction    -0.191 0.0755 -0.0222 

    (0.456) (0.500) (0.507) 

MiddleInfraction    -0.215 -0.246 -0.209 

    (0.295) (0.373) (0.315) 

HighInfraction    0.669* 1.187*** 1.587*** 

    (0.401) (0.448) (0.553) 

Relapse -1.027*** -0.664* -0.962*** -1.048*** -0.625* -1.055*** 

 (0.315) (0.368) (0.328) (0.311) (0.375) (0.335) 

Complaint -0.165 -0.0542 -0.0947 -0.204 -0.0357 -0.141 

 (0.271) (0.293) (0.279) (0.281) (0.311) (0.299) 

Num. Instruments -0.0275 -0.00619 -0.00528 -0.0291 -0.00647 -0.0139 

 (0.0350) (0.0406) (0.0427) (0.0353) (0.0419) (0.0441) 

IMR  -14.49***   -15.66***  

  (3.063)   (3.261)  

PNONCOMP   -4.575   -5.115* 

   (2.891)   (3.047) 

Constant 0.400 5.782*** 0.377 0.372 6.145*** 0.119 

 (0.834) (1.505) (0.871) (0.866) (1.484) (0.906) 

Year Fixed Effect YES YES YES YES YES YES 

Observations 193 192 184 193 192 184 

 

Source: Own elaboration based on information from SNIFA. 

Note: Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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In our first three models, we do not find a relation using the impact index for the 

environmental damage.  We find that facilities that have a relapse on detected violations have 

a lower probability to present a compliance program (decrease in the probability of -0.127 in 

model 2 and -0.116 in model 5), but only with a significance of 10%. Finally, the variables 

that account for the selection problem are relevant to our analysis according to the 

significance of IMR and PNONCOMP. 

We carried out an alternative analysis using the logarithm of the compliance program 

cost as dependent variable. Table 7 shows the results. We present coefficient estimates for 

four models. The first two models differ in how the severity of the violation is measured. The 

last two models consider all the variables related to the violation. Model 1 and model 3 do 

not consider bias correction for sample selection. Model 2 and model 4 use the IMR 

correction. All the models show the same subset of variables relevant to present a compliance 

program. 

Using the sector Fishing-Aquaculture as the basis, our results show that the sector of 

Environmental Sanitation, Energy and Mining present compliance program with higher 

costs. As before, we find differences in size. Those smaller facilities present programs with 

lower cost. Our results show a positive relation between the severity of the violation and the 

cost of the compliance programs though the variable Impact Index for model 1 and 2, and 

though the variable Number of Infractions for model 3 and 4. Finally, our analysis shows that 

the compliance program has higher cost when the sanction procedure is motivated by a 

community complaint. 
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Table 7. Determinants of the Compliance Program Cost (logCost) 
 (1) (2) (3) (4) 

VARIABLES LogCost LogCost LogCost LogCost 

Sectors (base: Fishing-Aqua.)     

   Agroindustry 0.936 0.984 0.941 0.978 

 (0.726) (0.725) (0.729) (0.742) 

   Energy 1.736** 1.702** 1.612** 1.596** 

 (0.670) (0.680) (0.650) (0.659) 

   Environmental Sanitation 1.924*** 1.896*** 1.925*** 1.905*** 

 (0.636) (0.638) (0.678) (0.683) 

   Housing-Construction 0.422 0.363 0.274 0.236 

 (0.730) (0.797) (0.961) (0.974) 

   Mining 1.653** 1.574** 1.544** 1.498** 

 (0.653) (0.681) (0.680) (0.702) 

   Industrial Factories 0.698 0.696 0.660 0.659 

 (0.721) (0.716) (0.726) (0.724) 

Size (base: Medium)     

   Micro and Small -1.692*** -1.706*** -1.531** -1.543** 

 (0.646) (0.645) (0.681) (0.684) 

   Large 0.628* 0.610 0.629* 0.620 

 (0.362) (0.370) (0.374) (0.378) 

Macrozone (base: SUR)     

   NGR -0.546 -0.504 -0.632 -0.601 

 (0.632) (0.658) (0.645) (0.676) 

   NCH -0.918 -0.896 -0.862 -0.843 

 (0.711) (0.728) (0.741) (0.753) 

   CEN -0.656 -0.710 -0.749 -0.773 

 (0.695) (0.725) (0.698) (0.726) 

   CES -0.877 -0.896 -1.006 -1.012 

 (0.702) (0.707) (0.721) (0.725) 

Age 0.0190 0.0233 0.0340 0.0361 

 (0.0374) (0.0382) (0.0430) (0.0433) 

LogPoverty -0.265 -0.255 -0.223 -0.217 

 (0.293) (0.295) (0.295) (0.298) 

LogDensity 0.0458 0.0582 0.0523 0.0604 

 (0.0989) (0.107) (0.106) (0.115) 

ImpactIndex 0.0987*** 0.0998***   

 (0.0328) (0.0329)   

Num_Infractions   0.106** 0.106** 

   (0.0494) (0.0490) 

LowInfraction   -0.351 -0.323 

   (0.712) (0.723) 

MiddleInfraction   0.133 0.147 

   (0.362) (0.374) 

HighInfraction   0.770 0.763 

   (0.555) (0.575) 

Relapse -0.0403 0.0164 -0.112 -0.0709 

 (0.692) (0.711) (0.681) (0.709) 

Complaint 1.218*** 1.184*** 1.211*** 1.192*** 

 (0.332) (0.346) (0.350) (0.362) 

Num. Instruments 0.0673 0.0699 0.0748 0.0769 

 (0.0622) (0.0627) (0.0629) (0.0636) 

IMR  -1.157  -0.916 

  (4.268)  (4.422) 

Constant 1.770 2.116 1.725 1.994 

 (1.087) (1.977) (1.256) (2.023) 

Year Fixed Effect YES YES YES YES 

Observations 170 169 170 169 

R-squared 0.378 0.378 0.374 0.373 

 

Source: Own elaboration based on information from SNIFA. 

Note: Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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4.4 Results for Estimation of Fines 

Table 8 shows the results for the estimation of drivers for the fine size. We present 

coefficient estimates for a tobit model that incorporates the IMR variable created from the 

joint estimation of inspections and compliance. Similar to the previous section, we present 

two models that differ in how the severity of the violation is considered. The results of our 

first model suggest, using the sector Fishing-Aquaculture as the basis, that the Mining sector 

receives fines on average 1,083 thousand USD higher, with a significance of 5%. In our 

second model, this figure is similar in sign and magnitude but decreases in significance. 

However, the second model also shows that sector Industrial Factories receive fines on 

average 908 thousand USD lower than Fishing-Aquaculture, with a significance of 10%. 

Regarding zone, both models show that Norte Chico presents higher fines on average at 

around 1,406 (significance of 1%) and 1,122 (significance of 5%) in thousand USD. Both 

models show that older facilities receive lower fines. That is a decrease of -67.9 thousand 

USD per year in the first model (significance of 5%) and a decrease of -91.39 thousand USD 

per year in the second model (significance of 1%). An important result is for both models the 

severity of the violation correlates positively with the fine. The total number of infractions 

and having at least one high-level of infraction increases the fine an average of 153,2 and 

1,558 thousand USD respectively. Using our index, we find that one additional low-level 

infraction increases the fine an average of 119,6 thousand USD; increasing 1 middle-level 

infraction (that counts as 2 low-level infractions) the fine increases an average of 239,2 

thousand USD; and increasing 1 high-level infraction (that counts as 3 low-level infractions) 

the fine increases an average of 358,8 thousand USD. Surprisingly, we also find that 

complaints from the community decrease the fine by an average of -689,7 and -750.0 

thousand USD for model 1 and model 2 respectively. We speculate that the community 
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complains as soon as the environmental violations are perceived, which would prevent 

further impacts. The variable Number of the Instruments is a proxy of the complexity of the 

facilities and also, we understand it as the number of dimensions that the facility may 

potentially do damage to the environment. This variable correlates positively in both models 

with the fines increasing an average of 60.6 and 58.6 thousand USD respectively. Finally, 

the variable IMR that accounts for the selection problem is relevant to our analysis.  
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Table 8. Coefficient Estimates for the Size of Fines 
VARIABLES  (1) Fines in 1000 USD (2) Fines in 1000 USD 

Sectors     Agroindustry -610.2 -561.6 

(base: Fishing & Aqua.)  (377.7) (368.0) 

    Energy 470.1 504.7 

  (550.5) (561.2) 

    Environmental Sanitation -529.2 -224.9 

  (447.2) (434.3) 

    Housing and Construction -272.0 -2,132 

  (1,374) (1,462) 

    Mining 973.5* 1,083** 

  (531.5) (519.9) 

    Industrial Factories -908.0* -756.5 

  (459.7) (460.0) 

Size     Micro and Small -66.10 129.3 

(base: Medium)  (355.0) (355.0) 

    Large -123.1 28.30 

  (294.4) (293.1) 

    

Macrozone     NGR 575.8 -83.51 

(base: SUR)  (501.1) (531.7) 

    NCH 1,122** 1,406*** 

  (478.6) (480.8) 

    NCH 867.8* 606.3 

  (443.6) (433.1) 

    CEN 733.0* 608.6 

  (436.3) (435.8) 

Age  -91.39*** -67.90** 

  (29.49) (29.67) 

LogPoverty  -486.0* -288.7 

  (286.6) (292.2) 

LogDensity  29.76 15.53 

  (62.01) (61.99) 

Compliance Program  7.375 -83.48 

  (247.1) (242.1) 

Num_Infractions   153.2*** 

   (28.31) 

LowInfraction   -928.6* 

   (475.7) 

MiddleInfraction   -471.9 

   (338.1) 

HighInfraction   1,558*** 

   (519.3) 

ImpactIndex  119.6***  

  (18.15)  

Relapse  -29.88 -163.8 

  (263.3) (257.6) 

Complaint  -750.0*** -689.7** 

  (254.0) (269.2) 

Num. instruments  58.58* 60.56* 

  (32.37) (31.51) 

PrioritizedArea  413.1 316.0 

  (303.6) (292.0) 

IMR  6,419** 6,114** 

  (2,979) (3,008) 

Constant  -735.2 -483.0 

  (1,630) (1,653) 

Year Fixed Effect  YES YES 

Observations  79 79 

Source: Own elaboration based on information from SNIFA.   

Note: Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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4.5 Results for Drivers of Payment and Delay in Payment 

We now turn our attention to the analysis regarding determinants of fine payments 

and the delay in payment. We present coefficient estimates for three models in Table 9. The 

first model analyzes fines paid in less than one year since the fine was notified to the facility. 

Model 2 analyzes fines paid in less than two years, and model 3 analyzes fines paid in less 

than three years. In all models, we incorporate the IMR variable.  Marginal effects are 

presented in Appendix 13. Our models do not show differences among sectors regarding the 

payment of fines. We identify that the category large (as dichotomous indicators for size) 

increases the probability of payment in comparison with the facilities that are not large. This 

result is expected since these categories have been defined from the information about sales. 

Large facilities increase the probability of payment (increase in a probability of 0.307 in 

model 1, 0.220 in model 2, and 0.248 in model 3). Being located in the central south decreases 

the probability of the facility’s payment (decrease in a probability of -0.283 in model 1, -

0.356 in model 2, and -0.316 in model 3). Our results show that an increase of 1 year in the 

variable age decreases the probability of payment (decrease in a probability of -0.024 in 

model 1, a significance of 10%).  Finally, the variable IMR is not significant may be due to 

the lower sample of units in this level (n=77).  

For the delay in payment in days, Table 10 shows results for three estimated models. 

The first model analyzes delays in payment for fines paid in less than one year since the fine 

was notified. Model 2 and model 3 consider the delay in payment for fines paid in less than 

two years and three years respectively. We found that the size of the fine correlates with the 

delay but in a small magnitude. An additional 100 thousand USD in the level of the fine 

increases by 1.4 days the delay (significance at 5%) in model 1. We also find a significant 

correlation in the variable sector. Using the sector Fishing-Aquaculture as the basis, we find 
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that sector Agroindustry delays in addition 83 days more than this base in model 1 and 280 

days for model 3; and the sector Energy has an additional 129 days more than the sector 

Fishing-Aquaculture. Finally, the variable IMR is not significant maybe due to the lower 

sample of units in this level (n=58).  

 

Table 9. Coefficient Estimates and Average Marginal Effects for Payment of Fines 

 (1) (3) (5) 

VARIABLES Fine paid in  

1 year or less 

Fine paid in  

2 year or less 

Fine paid in  

3 year or less 

    

Predicted probability 0.627 0.652 0.690 

Fine_1000USD -2.22e-06 3.63e-05 0.000138 

 (0.000109) (0.000148) (0.000234) 

Sectors (base: Fishing & Aqu.)    

   Agroindustry -0.167 0.00338 0.626 

 (0.576) (0.612) (0.665) 

   Energy 0.354 0.0537  

 (0.908) (0.964)  

   Environmental Sanitation -0.583 -0.659 -0.877 

 (0.630) (0.666) (0.691) 

   Housing and Construction - - - 

    

   Mining -0.235 -0.0485 -0.311 

 (0.714) (0.793) (0.933) 

   Industrial Factories 1.161 0.837 0.420 

 (0.772) (0.832) (0.909) 

Large 1.144** 0.832* 1.071* 

 (0.456) (0.505) (0.625) 

Macrozone (base: SUR)    

   NGR -0.747 -1.384 -1.766* 

 (0.806) (0.899) (1.046) 

   NCH -0.143   

 (0.637)   

   CEN -0.176 -0.947 -1.198 

 (0.574) (0.626) (0.764) 

   CES -1.025* -1.394** -1.510** 

 (0.563) (0.623) (0.729) 

Age -0.0904* -0.0268 0.0253 

 (0.0496) (0.0510) (0.0517) 

Relapse 0.0270 0.281 0.131 

 (0.413) (0.462) (0.581) 

Complaint 0.241 0.372 0.904 

 (0.414) (0.434) (0.609) 

Num. Instruments 0.0420 0.0880 0.197** 

 (0.0437) (0.0583) (0.0952) 

IMR 2.532 -0.357 0.744 

 (2.699) (3.132) (3.325) 

Constant 0.475 0.988 -0.761 

 (1.309) (1.606) (1.612) 

Year Fixed Effect YES YES YES 

Observations 77 69 65 

 

Source: Own elaboration based on information from SNIFA. 

Note: Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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Table 10. Coefficient Estimates Payment Delay of Fines 

 (1) (2) (3) 

VARIABLES Payment delay 

fines paid in 

1 year or less 

Payment delay fines 

paid in 

2 years or less 

Payment delay 

fines paid in 

3 years or less 

    

Fine_1000USD 0.0136** 0.0163 0.0125 

 (0.00651) (0.0154) (0.0246) 

Sectors (base: Fishing & Aqua.)    

   Agroindustry 85.78** 119.1 280.4** 

 (37.55) (88.32) (135.9) 

   Energy 128.7** 80.92 286.5* 

 (49.21) (114.0) (163.4) 

   Environmental Sanitation -20.57 6.382 33.22 

 (42.26) (86.24) (140.2) 

   Housing and Construction -102.8 -57.68 241.7 

 (95.83) (237.3) (379.0) 

   Mining -46.18 10.55 107.8 

 (48.06) (96.31) (154.9) 

   Industrial Factories -9.219 18.73 -48.87 

 (39.40) (90.91) (144.6) 

Large (dichotomous indicator) 30.60 -53.20 -141.3 

 (23.98) (56.73) (85.24) 

Macrozone (base: SUR)    

   NGR -19.57 -99.88 -310.6 

 (53.29) (126.5) (200.0) 

   NCH -44.83 -103.5 -226.8 

 (45.00) (86.97) (138.2) 

   CEN -28.49 -147.8* -135.6 

 (34.02) (73.11) (118.3) 

   CES -27.40 -95.39 -75.09 

 (33.93) (80.80) (125.4) 

Age 0.994 5.804 14.88 

 (2.942) (6.738) (10.32) 

Relapse -31.72 -24.29 -76.02 

 (21.86) (49.96) (74.47) 

Complaint 13.15 25.55 46.72 

 (20.79) (49.57) (74.38) 

Num. Instruments 3.023 6.942 9.521 

 (2.948) (7.055) (11.22) 

Year 2014 -0.690 -76.97 -61.13 

 (28.47) (68.08) (108.9) 

Year 2015 -53.10 -11.94 -39.08 

 (33.58) (75.62) (122.9) 

Year 2016 -30.90 -132.7 152.7 

 (34.05) (79.79) (104.7) 

Year 2017 241.5*** 171.6 344.8 

 (72.44) (176.0) (281.5) 

Year 2018 -53.91 57.05 24.97 

 (65.51) (156.9) (251.7) 

Year 2019 98.37 116.5 -41.13 

 (74.48) (180.7) (291.4) 

IMR -357.9 -1,227** -175.7 

 (251.8) (560.4) (862.4) 

Constant 161.3 564.9** -33.64 

 (116.3) (271.4) (408.8) 

Observations 49 54 58 

 

Source: Own elaboration based on information from SNIFA. 

Note: Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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5 Discussions and Conclusions 

This work presents several new results regarding monitoring, enforcement, and 

environmental compliance in Chile. We find that the monitoring effort from SMA is 

relatively low and that inspections are driven differently across sectors and are related to 

some specific characteristics of the facilities. Facilities from sectors of Agroindustry, Energy, 

and Mining are more likely to be inspected than facilities from sectors of Fishing-

Aquaculture and Housing-Construction.  Facilities in the north of Chile face inspections with 

a higher probability than facilities in the south. Small and large facilities are less likely to be 

inspected than middle-size. Inspections correlate negatively with the age of the facility. The 

enforcement action of SMA has a positive correlation with conducting a new inspection. 

Facilities fined in the past and the fact of having a compliance program in operation increase 

the probability of being inspected. We also find that the focus of the inspections is higher on 

facilities regulated with a higher number of instruments (as several environmental permits) 

and located in prioritized areas.  

As for compliance behavior, the results indicate that sectors of Agroindustry, Energy, 

and Industrial Factories have a higher probability of compliance compared with Fishing-

Aquaculture and Housing-Construction. Again, facilities located in the north of Chile have 

higher compliance.  We also find that SMA monitoring increases the probability of 

compliance. Another driver of compliance is having received a fine in the past. That also 

impacts the compliance of facilities sharing the same firm owner and sharing the same sector 

and location, as a spillover effect. Our results also find that complex facilities with several 

environmental instruments have a higher propensity to comply.  

Our study also shows that presenting a compliance program is less likely for small-

size facilities than for middle and large size facilities. Compliance programs carry several 
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activities such as planning, submission in a limited time, and future internal follow-up of this 

plan. These may bring relatively high costs for a small facility. On the contrary, for larger 

facilities, these costs may be relatively low since large facilities may have already the 

capacity (as administrative personnel, engineers, layers, etc.) and the experience to deal with 

these programs. We find that facilities located in the south use more of that option than 

facilities in the central south. This may be due to the possibility that facilities located in south 

of the country perceive a low probability of being inspected and for them it is cheaper to 

fulfill the regulation using the compliance program after being caught in non-compliance, 

instead of doing it from the beginning of its operations. The severity of the violation 

correlates positively with presenting a compliance program.  We do not know in detail the 

social costs, or the private benefits generated from the violations, but we can speculate that 

greater environmental damage generates also greater profits, then the facilities could have 

the incentive of not complying, and then implement a compliance program at a relatively low 

cost in comparison with the private benefits obtained. We understand that the compliance 

programs are an opportunity for violators to invest in environmental control and fulfill the 

regulations, as the SMA also stands. However, we speculate that some facilities could be 

playing the game “investing only after being caught” and that situation may have a large 

opportunity cost in terms of the annual SMA budget.  

Imposed fines appear to be higher for detected non-compliant facilities in the Mining 

sector as compared with facilities in Fishing-Aquaculture. Also, imposed fines appear to be 

higher on facilities located in the north of the country. We also find that the severity of the 

violation correlates positively with the size of the fine, and the fine payment positively 

correlates with the size of the facility. Regarding the delay in the payment, we find that the 
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sectors Agroindustry and Energy delayed more days in payment than the sector Fishing-

Aquaculture.  

The SMA must prioritize what enforcement actions they carry out, given the fact that 

the number of resources is limited. These resources compete with carrying out new 

inspections in facilities where there is no information on their compliance (for instance, 

several facilities in the sector of Fishing-Aquaculture). An alternative to this current strategy 

may be to impose sanctions immediately once the violations have been found since our 

findings also show that receiving fines has a positive impact on the compliance of the 

violators and, we found spillover impacts on related facilities. With the same criteria, we can 

also speculate that for these fined facilities the investment for environmental compliance was 

done since we found a higher probability of compliance after the sanction.  

Our study contains a description of the monitoring and enforcement actions of the 

SMA during its first years of operation and links all stages from inspection to payment of 

fines, adjusting for the selection bias of the inspection. However, we acknowledge that it 

does not provide causal estimates therefore our results should be interpreted as correlations. 

Our study may be extended in several ways. First, instead of focusing on sectors, we could 

extend the comparison of environmental compliance among different environmental 

instruments, beyond environmental permits. Second, is worth evaluating the deterrence effect 

of the SMA’s monitoring and enforcement actions on the level of emissions (in air or water), 

instead of the analysis considering only a binary variable for compliance. This type of 

analysis may provide a better measure of the environmental damage avoided by the actions 

of the SMA. Finally, another interesting analysis to pursue could focus on a specific sector 

adding information about the production processes (such as production cycles in aquaculture) 

or about the abatement costs (such as the investments in filters or in electrostatic precipitators 
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for power plants). By including such detailed information on the analysis of the SMA, the 

regulator might improve the decision about which facilities to inspect and when that needs 

to be done. This type of information could be useful for the design of enforcement strategies 

under limited budget and resources.  
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APPENDICES 

Appendix 1. Different Networks Connecting Facilities with Same Owner 

 
     

Source: Own elaboration based on information from SNIFA.  

 

 

 

Appendix 2. Cluster (N465) Belonging to Fishing-Aquaculture Sector 

 
 Source: Own elaboration based on information from SNIFA.  
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Appendix 3. Cluster (N56) Belonging to Mining Sector 

 

Source: Own elaboration based on information from SNIFA.  

 

Appendix 4. Number of Facilities by Size from 2013 to 2019 

 

   Source: Own elaboration based on information from SNIFA.  
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Appendix 5. Number of Facilities by Macrozone from 2013 to 2019 

 

Source: Own elaboration based on information from SNIFA.  

 

Appendix 6. Number of Facilities Inspected per Year 

 
 

Source: Own elaboration based on information from SNIFA.  

Note: We count the number of facilities that faced at least 1 inspection by sector in time from 2013 to 2019 
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Appendix 7. Number of Inspectors and Workers at SMA from 2013 to 2019 

 
   

  Source: Own elaboration based on information from SNIFA.  

 

 

Appendix 8. Budget SMA in Millions of Nominal Pesos ($Ch) 

 
     Source: Own elaboration based on information from SNIFA.  
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Appendix 9. Average Marginal Effects for Inspection and Comply 

 Average Marginal Effects.         Average Marginal Effects.         

VARIABLES (Pr(Insp.=1) Pr(Comp.=1, Insp.=1) 

Sectors (base: Fishing-Aqu.)   

   Agroindustry 0.0233*** 0.0151*** 

 (0.00469) (0.00365) 

   Energy 0.0155*** 0.0122*** 

 (0.00442) (0.00364) 

   Environmental Sanitation 0.0151*** 0.00667*** 

 (0.00416) (0.00242) 

   Housing-Construction -0.00677*** -0.00561*** 

 (0.00262) (0.00141) 

   Mining 0.0161*** 0.0106*** 

 (0.00476) (0.00318) 

   Industrial Factories 0.0164*** 0.0116*** 

 (0.00505) (0.00353) 

Age -0.00072*** -0.000374** 

 (0.000199) (0.000151) 

Size (base: Medium)   

   Micro and Small -0.00717** -0.00316 

 (0.00312) (0.00231) 

   Large -0.00861*** -0.00321 

 (0.00290) (0.00214) 

LogPoverty 0.00320 0.00192 

 (0.00211) (0.00148) 

LogDensity 0.000205 0.000599 

 (0.000595) (0.000412) 

Inspection_lastyear 0.0189*** 0.0142*** 

 (0.00361) (0.00248) 

Report_lastyear 0.0124*** 0.0134*** 

 (0.00297) (0.00223) 

AnyViolation_last3years 0.0168*** -0.00128 

 (0.00348) (0.00241) 

Fined_last3years 0.0211*** 0.0134** 

 (0.00795) (0.00551) 

Compliance Program 0.0305*** 0.00333 

 (0.00332) (0.00206) 

Prioritized Area 0.00375*** 0.000410 

 (0.00145) (0.000344) 

Macrozone (base: SUR)   

   NGR 0.0122* 0.0141*** 

 (0.00722) (0.00498) 

   NCH 0.00698 0.00593* 

 (0.00533) (0.00329) 

   CEN -0.000466 -0.00177 

 (0.00378) (0.00262) 

   CES 0.00163 0.00114 

 (0.00344) (0.00252) 

Num. Instruments 0.00336*** 0.00158*** 

 (0.000657) (0.000342) 

logSMABudgetperFacility 0.00176 0.000192 

 (0.00316) (0.000406) 

logNumFacilitiesRegion 1.59e-05 1.73e-06 

 (0.00288) (0.000314) 

 

           Standard errors clustered by networks of facilities with common owners; *** p<0.01, ** p<0.05, * p<0.1 
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Appendix 10. Spillover Average Marginal Effect on Compliance 

 Spillover  

RUT 

Spillover  

Network 

Spillover  

Sector 

Spillover  

Comunne 

Spillover  

SectorComunne 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

VARIABLES Comp Insp Comp Insp Comp Insp Comp Insp Comp Insp 

           

   Agroindustry 0.455*** 0.466*** 0.449*** 0.465*** 0.448*** 0.464*** 0.451*** 0.465*** 0.453*** 0.465*** 
 (0.0950) (0.0839) (0.0975) (0.0839) (0.0954) (0.0845) (0.0953) (0.0838) (0.0968) (0.0835) 

   Energy 0.403*** 0.347*** 0.404*** 0.347*** 0.406*** 0.346*** 0.404*** 0.346*** 0.415*** 0.345*** 

 (0.106) (0.0875) (0.107) (0.0877) (0.107) (0.0882) (0.105) (0.0876) (0.108) (0.0871) 
   Env.Sanitation 0.246*** 0.341*** 0.242*** 0.340*** 0.242*** 0.339*** 0.242*** 0.340*** 0.256*** 0.338*** 

 (0.0862) (0.0855) (0.0887) (0.0855) (0.0867) (0.0860) (0.0865) (0.0855) (0.0870) (0.0851) 
   Housing-Construction -0.478*** -0.277** -0.485*** -0.278** -0.401** -0.279** -0.484*** -0.279** -0.391** -0.279** 

 (0.155) (0.119) (0.156) (0.119) (0.173) (0.119) (0.155) (0.119) (0.175) (0.118) 

   Mining 0.354*** 0.358*** 0.356*** 0.357*** 0.367*** 0.356*** 0.358*** 0.356*** 0.380*** 0.355*** 

 (0.0940) (0.0947) (0.0969) (0.0945) (0.0951) (0.0953) (0.0933) (0.0947) (0.0933) (0.0941) 

   Industrial Factories 0.380*** 0.363*** 0.381*** 0.363*** 0.378*** 0.362*** 0.381*** 0.362*** 0.393*** 0.361*** 

 (0.100) (0.0975) (0.101) (0.0973) (0.100) (0.0977) (0.100) (0.0976) (0.101) (0.0971) 
Age -0.0111** -0.0149*** -0.0112** -0.0149*** -0.0113** -0.0149*** -0.0112** -0.0149*** -0.0118** -0.0149*** 

 (0.00502) (0.00418) (0.00502) (0.00418) (0.00505) (0.00418) (0.00501) (0.00417) (0.00503) (0.00417) 

   Micro and Small -0.0844 -0.132** -0.0882 -0.132** -0.0875 -0.132** -0.0898 -0.132** -0.0827 -0.133** 
 (0.0716) (0.0551) (0.0694) (0.0552) (0.0696) (0.0552) (0.0695) (0.0552) (0.0685) (0.0553) 

   Large -0.0775 -0.162*** -0.0843 -0.162*** -0.0848 -0.162*** -0.0861 -0.162*** -0.0807 -0.164*** 

 (0.0618) (0.0497) (0.0611) (0.0499) (0.0614) (0.0499) (0.0615) (0.0498) (0.0619) (0.0497) 
logPercentagePovertyCity 0.0582 0.0667 0.0594 0.0664 0.0574 0.0666 0.0595 0.0664 0.0557 0.0670 

 (0.0490) (0.0445) (0.0485) (0.0442) (0.0515) (0.0442) (0.0482) (0.0444) (0.0490) (0.0443) 

LogDensity 0.0218 0.00416 0.0219 0.00426 0.0221 0.00451 0.0217 0.00427 0.0211 0.00435 
 (0.0138) (0.0124) (0.0139) (0.0124) (0.0143) (0.0124) (0.0138) (0.0124) (0.0144) (0.0125) 

Inspection_lastyear 0.458*** 0.393*** 0.459*** 0.393*** 0.464*** 0.392*** 0.459*** 0.393*** 0.456*** 0.394*** 

 (0.0780) (0.0743) (0.0772) (0.0745) (0.0791) (0.0745) (0.0776) (0.0744) (0.0801) (0.0742) 
Report_lastyear 0.455*** 0.258*** 0.457*** 0.257*** 0.454*** 0.257*** 0.458*** 0.256*** 0.461*** 0.254*** 

 (0.0792) (0.0613) (0.0801) (0.0615) (0.0825) (0.0615) (0.0779) (0.0614) (0.0762) (0.0613) 

AnyViolation_last3years -0.123 0.351*** -0.118 0.350*** -0.122 0.350*** -0.118 0.350*** -0.118 0.351*** 
 (0.0787) (0.0718) (0.0784) (0.0720) (0.0802) (0.0721) (0.0772) (0.0720) (0.0765) (0.0719) 

Fined_3y 0.408** 0.434*** 0.420** 0.438*** 0.417** 0.437*** 0.425** 0.437*** 0.429** 0.433*** 

 (0.176) (0.162) (0.177) (0.163) (0.178) (0.164) (0.175) (0.163) (0.176) (0.163) 
PDCactiv  0.633***  0.634***  0.634***  0.633***  0.632*** 

  (0.0664)  (0.0666)  (0.0667)  (0.0666)  (0.0665) 

PrioritizedArea  0.0750**  0.0780***  0.0784**  0.0762***  0.0799*** 
  (0.0300)  (0.0303)  (0.0307)  (0.0291)  (0.0286) 

logSMABudgetperFacilit

yRE 

 0.0343  0.0365  0.0424  0.0390  0.0582 

  (0.0640)  (0.0667)  (0.0687)  (0.0648)  (0.0620) 

logNumFacilitiesRegion  0.000639  0.000381  0.00359  0.00366  0.0214 

  (0.0595)  (0.0604)  (0.0602)  (0.0595)  (0.0609) 
o.logBudgetRE  -  -  -  -  - 

           

Nins 0.0454*** 0.0698*** 0.0460*** 0.0698*** 0.0463*** 0.0697*** 0.0458*** 0.0699*** 0.0459*** 0.0699*** 
 (0.0101) (0.0136) (0.0102) (0.0136) (0.0102) (0.0136) (0.0101) (0.0136) (0.0101) (0.0136) 

AnyFine_SameOwner3y 0.222**          

 (0.0896)          
AnyFine_SameNet3y   -0.000400        

   (0.0559)        

AnyFine_Sector3y     0.0855    0.0834  
     (0.0813)    (0.0816)  

AnyFine_Comune3y       -0.0226  -0.0658  

       (0.0326)  (0.0410)  
AnyFine_SectorCom3y         0.128**  

         (0.0559)  

Constant -2.565*** -2.203*** -2.563*** -2.196*** -2.632*** -2.203*** -2.558*** -2.211*** -2.618*** -2.282*** 
 (0.160) (0.364) (0.162) (0.358) (0.178) (0.364) (0.160) (0.360) (0.180) (0.369) 

Year Fixed Effect YES YES YES YES YES YES YES YES YES YES 
Macrozone Fixed Effect YES YES YES YES YES YES YES YES YES YES 

Observations 37,425 37,425 37,425 37,425 37,425 37,425 37,425 37,425 37,425 37,425 

 

Note: Standard errors clustered by Networks of facilities with common owners. *** p<0.01, ** p<0.05, * p<0.1 
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Appendix 11. Comparison Among Coefficient Estimates with Spillover Effects   
 Original model Model with RUT spillover   Model with Network spillover   

VARIABLES (1) Inspection (2) Comply (3) Inspection (4) Comply (5) Inspection (6) Comply 

   Agroindustry 0.465*** 0.449*** 0.467*** 0.454*** 0.466*** 0.447*** 

 (0.0842) (0.0952) (0.0850) (0.0938) (0.0857) (0.0967) 
   Energy 0.347*** 0.404*** 0.348*** 0.402*** 0.348*** 0.398*** 

 (0.0879) (0.106) (0.0881) (0.106) (0.0888) (0.109) 

   Env. Sanitation 0.340*** 0.242*** 0.342*** 0.243*** 0.341*** 0.237*** 
 (0.0857) (0.0864) (0.0861) (0.0862) (0.0865) (0.0885) 

   Housing-Construction -0.278** -0.485*** -0.277** -0.477*** -0.277** -0.481*** 

 (0.119) (0.155) (0.119) (0.157) (0.119) (0.161) 
   Mining 0.357*** 0.356*** 0.359*** 0.351*** 0.359*** 0.350*** 

 (0.0949) (0.0940) (0.0958) (0.0938) (0.0958) (0.0988) 
   Industrial Factories 0.363*** 0.381*** 0.364*** 0.378*** 0.363*** 0.379*** 

 (0.0977) (0.0999) (0.0978) (0.100) (0.0975) (0.101) 

Age -0.0149*** -0.0112** -0.0149*** -0.0109** -0.0149*** -0.0111** 
 (0.00418) (0.00502) (0.00419) (0.00498) (0.00419) (0.00505) 

   Micro and Small -0.132** -0.0882 -0.131** -0.0862 -0.131** -0.0922 

 (0.0552) (0.0694) (0.0549) (0.0759) (0.0551) (0.0748) 
   Large -0.162*** -0.0843 -0.162*** -0.0774 -0.162*** -0.0858 

 (0.0498) (0.0613) (0.0497) (0.0627) (0.0499) (0.0619) 

LogPoverty 0.0664 0.0594 0.0666 0.0602 0.0661 0.0633 
 (0.0444) (0.0490) (0.0442) (0.0537) (0.0442) (0.0547) 

LogDensity 0.00426 0.0219 0.00387 0.0215 0.00395 0.0211 

 (0.0124) (0.0139) (0.0124) (0.0137) (0.0124) (0.0143) 
Inspection_lastyear 0.393*** 0.459*** 0.392*** 0.459*** 0.393*** 0.458*** 

 (0.0744) (0.0778) (0.0745) (0.0769) (0.0745) (0.0767) 

Report_lastyear 0.257*** 0.457*** 0.259*** 0.454*** 0.258*** 0.453*** 
 (0.0614) (0.0800) (0.0615) (0.0823) (0.0618) (0.0856) 

AnyViolation_last3years 0.350*** -0.118 0.351*** -0.122 0.350*** -0.116 

 (0.0720) (0.0782) (0.0718) (0.0800) (0.0720) (0.0789) 
Fined_last3years 0.438*** 0.420** 0.433*** 0.404** 0.440*** 0.413** 

 (0.163) (0.176) (0.162) (0.174) (0.164) (0.177) 

Compliance Program 0.634***  0.634***  0.634***  

 (0.0666)  (0.0664)  (0.0666)  

Prioritized Area 0.0780***  0.0759**  0.0778**  

 (0.0298)  (0.0318)  (0.0331)  
   NGR 0.223* 0.405*** 0.230* 0.398*** 0.227* 0.400*** 

 (0.123) (0.100) (0.126) (0.100) (0.130) (0.102) 

   NCH 0.138 0.182* 0.143 0.183* 0.141 0.184* 
 (0.103) (0.0937) (0.105) (0.0950) (0.108) (0.0965) 

   CEN -0.0105 -0.0738 -0.00965 -0.0751 -0.00880 -0.0690 

 (0.0852) (0.105) (0.0850) (0.107) (0.0854) (0.111) 
   CES 0.0353 0.0391 0.0374 0.0388 0.0374 0.0417 

 (0.0746) (0.0893) (0.0753) (0.0900) (0.0762) (0.0937) 

logSMABudgetperFacility 0.0365  0.0357  0.0352  
 (0.0655)  (0.0647)  (0.0670)  

logNumFacilitiesRegion 0.000329  0.00398  0.00225  

 (0.0598)  (0.0598)  (0.0627)  
Num. Instruments 0.0698*** 0.0460*** 0.0698*** 0.0454*** 0.0698*** 0.0461*** 

 (0.0136) (0.0101) (0.0136) (0.0101) (0.0136) (0.0103) 

Athrho 3.419*** 3.419*** 3.569** 3.569** 3.569* 3.569* 
 (0.985) (0.985) (1.447) (1.447) (1.838) (1.838) 

Inspection_l3years_S_RUT       0.0210   

    (0.0459)   
AnyViolation_l3years_S_RUT    -0.0356   

    (0.0449)   

Fined_l3years_RUT    0.232**   
    (0.101)   

Inspection_l3years_S_Network         0.0319 

      (0.0549) 
AnyViolation_l3years_S_Network      -0.0390 

      (0.0561) 
Fined_l3years_S_Network      0.00523 

      (0.0582) 

Constant -2.196*** -2.563*** -2.221*** -2.572*** -2.211*** -2.568*** 
 (0.366) (0.160) (0.377) (0.168) (0.391) (0.174) 

Observations 37,425 37,425 37,425 37,425 37,425 37,425 

   Standard errors clustered by Networks of facilities with common owners. *** p<0.01, ** p<0.05, * p<0.1 



49 

 

Appendix 12. Average Marginal Effects for Compliance Program  

VARIABLES (1) (2) (3) (4) (5) (6) 

Sectors (base: Fishing-Aqua.)       

   Agroindustry -0.0876 0.0255 -0.0335 -0.0883 0.0339 -0.0249 

 (0.0921) (0.0857) (0.100) (0.0916) (0.0869) (0.0991) 

   Energy 0.0857 0.0710 0.133 0.0841 0.0580 0.133 

 (0.0931) (0.105) (0.101) (0.0938) (0.112) (0.104) 

   Environmental Sanitation 0.0848 0.0886 0.146 0.0886 0.0840 0.169** 

 (0.0790) (0.0902) (0.0911) (0.0759) (0.0909) (0.0860) 

   Mining -0.0794 -0.134 -0.0627 -0.0650 -0.0839 -0.0246 

 (0.111) (0.106) (0.124) (0.113) (0.110) (0.124) 

   Industrial Factories -0.115 -0.0451 -0.0586 -0.100 -0.0147 -0.0190 

 (0.112) (0.103) (0.115) (0.109) (0.103) (0.110) 

Size (base: Medium)       

   Micro and Small -0.372*** -0.335*** -0.357*** -0.346*** -0.324*** -0.322*** 

 (0.112) (0.101) (0.113) (0.112) (0.0986) (0.110) 

   Large -0.00908 0.0577 0.00962 -0.00934 0.0569 0.0160 

 (0.0560) (0.0518) (0.0585) (0.0577) (0.0519) (0.0618) 

Macrozone (base: SUR)       

   NGR 0.00140 0.0923 0.0734 -0.0171 0.0810 0.0640 

 (0.0754) (0.0612) (0.0679) (0.0781) (0.0582) (0.0677) 

   NCH 0.0483 0.0941 0.0881 0.0494 0.0845 0.0979 

 (0.0707) (0.0627) (0.0676) (0.0677) (0.0609) (0.0605) 

   CEN -0.122 -0.118 -0.124 -0.134 -0.133 -0.131 

 (0.104) (0.103) (0.111) (0.104) (0.102) (0.110) 

   CES -0.289*** -0.217** -0.274** -0.295*** -0.229** -0.301*** 

 (0.109) (0.110) (0.119) (0.106) (0.110) (0.116) 

Age -0.00161 -0.00301 -0.00190 0.000163 -0.00275 -4.54e-05 

 (0.00601) (0.00579) (0.00625) (0.00641) (0.00605) (0.00632) 

LogPoverty 0.109* 0.0984* 0.100 0.119* 0.108* 0.121* 

 (0.0595) (0.0565) (0.0638) (0.0614) (0.0571) (0.0668) 

LogDensity 0.0161 0.0247 0.0147 0.0151 0.0225 0.0110 

 (0.0177) (0.0159) (0.0181) (0.0170) (0.0154) (0.0169) 

ImpactIndex 0.00255 0.00281 0.00383    

 (0.00479) (0.00422) (0.00472)    

Num_Infractions    0.00529 0.00260 0.00451 

    (0.00715) (0.00605) (0.00655) 

LowInfraction    -0.0428 0.0140 -0.00483 

    (0.101) (0.0927) (0.110) 

MiddleInfraction    -0.0482 -0.0456 -0.0455 

    (0.0648) (0.0684) (0.0675) 

HighInfraction    0.150* 0.220*** 0.346*** 

    (0.0897) (0.0797) (0.121) 

Relapse -0.233*** -0.127* -0.218*** -0.235*** -0.116* -0.230*** 

 (0.0686) (0.0688) (0.0717) (0.0661) (0.0677) (0.0696) 

Complaint -0.0376 -0.0104 -0.0215 -0.0457 -0.00662 -0.0307 

 (0.0618) (0.0560) (0.0636) (0.0633) (0.0577) (0.0654) 

Num. instruments -0.00627 -0.00118 -0.00120 -0.00651 -0.00120 -0.00303 

 (0.00796) (0.00777) (0.00968) (0.00791) (0.00777) (0.00963) 

IMR  -2.769***   -2.902***  

  (0.533)   (0.537)  

PNONCOMP   -1.038   -1.114* 

   (0.649)   (0.655) 

Observations 193 192 184 193 192 184 

 

Source: Own elaboration based on information from SNIFA. 

Note: Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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Appendix 13. Estimates and Average Marginal Effects for Payment of Fines 

 (1) (2) (3) (4) (5) (6) 

VARIABLES Fine paid in  

1 year or less 

Average 

marginal effect 

 

Fine paid in  

2 year or less 

Average 

marginal effect 

 

Fine paid in  

3 year or less 

Average 

marginal effect 

 

       

Fine_1000USD -2.22e-06 -5.96e-07 3.63e-05 9.58e-06 0.000138 3.21e-05 

 (0.000109) (2.91e-05) (0.000148) (3.92e-05) (0.000234) (5.38e-05) 

Sectors (base: Fishing & Aqu.)       

   Agroindustry -0.167 -0.0507 0.00338 0.000947 0.626 0.138 

 (0.576) (0.174) (0.612) (0.171) (0.665) (0.147) 

   Energy 0.354 0.0995 0.0537 0.0149   

 (0.908) (0.247) (0.964) (0.267)   

   Environmental Sanitation -0.583 -0.180 -0.659 -0.193 -0.877 -0.206 

 (0.630) (0.191) (0.666) (0.193) (0.691) (0.160) 

   Housing and Construction - - - - - - 

       

   Mining -0.235 -0.0717 -0.0485 -0.0137 -0.311 -0.0745 

 (0.714) (0.214) (0.793) (0.223) (0.933) (0.220) 

   Industrial Factories 1.161 0.265 0.837 0.198 0.420 0.0956 

 (0.772) (0.171) (0.832) (0.191) (0.909) (0.205) 

Large 1.144** 0.307*** 0.832* 0.220* 1.071* 0.248* 

 (0.456) (0.102) (0.505) (0.120) (0.625) (0.127) 

Macrozone (base: SUR)       

   NGR -0.747 -0.203 -1.384 -0.354 -1.766* -0.381 

 (0.806) (0.226) (0.899) (0.248) (1.046) (0.233) 

   NCH -0.143 -0.0359     

 (0.637) (0.160)     

   CEN -0.176 -0.0445 -0.947 -0.226* -1.198 -0.237* 

 (0.574) (0.142) (0.626) (0.131) (0.764) (0.123) 

   CES -1.025* -0.283** -1.394** -0.356*** -1.510** -0.316*** 

 (0.563) (0.135) (0.623) (0.127) (0.729) (0.113) 

Age -0.0904* -0.0243* -0.0268 -0.00707 0.0253 0.00586 

 (0.0496) (0.0126) (0.0510) (0.0133) (0.0517) (0.0120) 

Relapse 0.0270 0.00725 0.281 0.0742 0.131 0.0303 

 (0.413) (0.111) (0.462) (0.122) (0.581) (0.135) 

Complaint 0.241 0.0646 0.372 0.0982 0.904 0.210 

 (0.414) (0.110) (0.434) (0.112) (0.609) (0.129) 

Num. Instruments 0.0420 0.0113 0.0880 0.0232 0.197** 0.0458** 

 (0.0437) (0.0117) (0.0583) (0.0156) (0.0952) (0.0219) 

IMR 2.532 0.680 -0.357 -0.0942 0.744 0.172 

 (2.699) (0.725) (3.132) (0.826) (3.325) (0.775) 

       

Constant 0.475  0.988  -0.761  

 (1.309)  (1.606)  (1.612)  

       

Observations 77 77 69 69 65 65 

Standard errors clustered by facilities ownership in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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