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This article assesses the impact of the Municipal Basic Sanitation Plan (PMSB) and the Municipal Basic Sanitation 
Policy (PolMSB) on the efficiency of basic sanitation service providers in the municipalities of Santa Catarina. In 
the first stage, the Data Envelopment Analysis (DEA) method is used to obtain sanitation companies’ efficiency 
scores for the period from 2012 to 2020. In the second stage, the Tobit model is combined with the Differences in 
Differences (DiD) method to verify the effect of environmental variables, including PMSB and PolMSB, on the 
efficiency of signed contracts. The results show that regulation did not promote efficiency concerning maximizing 
the sector’s production – within the observed period – which showed a decline over the years. Another finding 
is that sanitation companies operated by municipal public authorities, with the exception of local authorities, 
demonstrate greater efficiency than private operators. Proof of economies of scale and scope in water and sewage 
services is also relevant.
Keywords: sanitation; data envelopment analysis; regulation.

Impacto de instrumentos regulatórios prévios na eficiência dos prestadores de serviço de saneamento 
básico

Avaliação do impacto do Plano Municipal de Saneamento Básico (PMSB) e da Política Municipal de Saneamento 
Básico (PolMSB) na eficiência das prestadoras de serviço de saneamento básico dos municípios de Santa Catarina. 
No primeiro estágio, emprega-se o método de Análise Envoltória de Dados (DEA) para obter os escores de 
eficiência das empresas de saneamento relativos ao período de 2012 a 2020. No segundo estágio, combina-se o 
modelo Tobit com o método de Diferenças em Diferenças (DiD) para verificar o efeito das variáveis ambientais, 
incluindo o PMSB e a PolMSB, na eficiência dos contratos firmados. Os resultados deste estudo mostram que a 
regulação não contribuiu para fomentar a eficiência em relação à maximização da produção do setor – dentro 
do período observado –, que apresentou declínio ao longo dos anos. Outro achado diz respeito ao fato de que 
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as companhias de saneamento operado pelo poder público municipal, com exceção de autarquias, demonstram 
possuir mais eficiência que operadoras privadas. Também é relevante a comprovação de ganhos de escala e escopo 
nos serviços de água e esgoto.
Palavras-chave: saneamento; análise envoltória de dados; regulação.

Impacto de instrumentos regulatorios anteriores en la eficiencia de los proveedores de servicios de 
saneamiento básico

Evaluación del impacto del Plan Municipal de Saneamiento Básico (PMSB) y de la Política Municipal de Saneamiento 
Básico (PolMSB) en la eficiencia de los prestadores de servicios de saneamiento básico en los municipios de 
Santa Catarina. En una primera etapa se utiliza el método de análisis envolvente de datos (DEA) para obtener los 
puntajes de eficiencia de las empresas sanitarias para el periodo 2012 a 2020. En una segunda etapa se combina el 
modelo tobit con el método de diferencias en diferencias (DiD) para verificar el efecto de las variables ambientales, 
incluidas PMSB y PolMSB, sobre la eficiencia de los contratos firmados. Los resultados de este estudio muestran 
que la regulación no contribuyó a promover la eficiencia en relación con la maximización de la producción del 
sector –en el período observado–, que mostró una caída con el paso de los años. Otro hallazgo se refiere al hecho 
de que las empresas de saneamiento operadas por el poder público municipal, con excepción de las entidades 
autárquicas, demuestran una mayor eficiencia que los operadores privados. También es relevante la comprobación 
de ventajas de escala y alcance en los servicios de agua y alcantarillado.
Palabras clave: saneamiento; análisis envolvente de datos; regulación.

1. INTRODUCTION

Before the New Legal Framework for Water and Sanitation Services in Brazil, the main regulation of 
the sector only took place in 2007, with Law No. 11,445/2007. Although research has been carried 
out on this subject (Ponciano et al., 2019; Pontes, 2019; Saiani, 2012), there is a gap due to the lack 
of analysis on prior planning and legal instruments. 

Considering the extent to which prior aspects of the service contract, such as the Municipal 
Basic Sanitation Plan (PMSB) and the Municipal Basic Sanitation Policy (PolMSB), are capable of 
encouraging better provision of the sanitation service, this study asked the following question: How 
do prior regulatory aspects, especially the PMSB and PolMSB, impact on variations in the efficiency 
of basic sanitation service providers in Santa Catarina? 

The aim is to assess the impact of these regulations on the efficiency of basic sanitation service 
providers in the municipalities of Santa Catarina. To this end, the hypotheses described below were 
developed.

I.	 The companies providing water and sewage services in the municipalities of Santa Catarina 
recorded an increase in the efficiency index over the period analyzed.

II.	 The municipalities in Santa Catarina that have approved the PolMSB and the PMSB have 
achieved efficiency gains compared to the period prior to the implementation of these 
regulations.

III.	Social participation, through the local establishment of municipal sanitation councils, under 
the terms of Law No. 11,445/2007, contributes to increased efficiency.

IV.	 The legal nature of sanitation service providers influences the efficiency of the sector, so that 
private operators tend to have better results than public ones.

V.	 In Santa Catarina’s sanitation sector, there are economies of scale and scope, indicating that 
increasing production and the variety of services offered by companies can generate a reduction 
in unit costs and greater efficiency in the management of resources.
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The five hypotheses addressed in this study were based on previous research on the subject. With 
regard to hypotheses I, II and IV, it is important to highlight the contributions of Heinig (2021), 
Pontes (2019), Saiani (2012), and Salazar-Adams (2021). Hypothesis III was based on the research 
carried out by Lisboa et al.  (2013). With regard to hypothesis V, the analyses by Liduares (2022) and 
Medeiros and Rodrigues (2019) are worth highlighting.

2. METHODOLOGICAL PROCEDURES

The following models were used in this research: data envelopment analysis (DEA), panel data, 
Tobit regression model, Differences in Differences (DiD). The DEA technique with variable returns 
to scale, output-oriented, was chosen considering the importance of expanding sanitation for the 
population. The DEA model is widespread in efficiency analysis work due to its flexibility of use, 
which does not require a specific production function and works with multiple inputs and outputs. 
The disadvantage of this model is that its statistical inference is not parametric and it is sensitive to 
outliers (Goh & See, 2021).

The DEA model variables shown in Box 1 are used in absolute terms, following the methodology 
proposed by Cruz et al. (2019b), Heinig (2021), and Medeiros and Rodrigues (2019). In the second 
stage, the possible variables that could influence the model are analyzed individually.

Box 1   Variables used in the DEA methodology

Type Variable Variable at source

Output

Y1 (water) AG003 – number of active water savings

Y2 (water) AG005 – water network extension

Y3 (sewage) ES003 – number of active sewage savings

Y4 (sewage) ES004 – sewage system extension

Y5 (sewage) ES006 – annual volume of treated sewage

Input

X1 (operational costs) FN015 – operating expenses

X2 (investments in water) FN023 – investment in water supply

X3(investments in water) FN024 – investment made in the sewage system

X4 (water loss) IN049 – distribution loss índex

Source: Research data.

The sample was collected non-randomly, and the 86 sanitation service providers located in 
83 municipalities in Santa Catarina that had complete information in the National Sanitation 
Information System (Sistema Nacional de Informações sobre Saneamento [SNIS]) during the period 
of analysis (2012 and 2020) were selected as Decision Making Units (DMUs). Initially, there were  
139 municipalities with information available on SNIS for this period. However, 56 of them were 
discarded because they did not have information covering a minimum period of three years. 
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Documentary data was obtained from four sources: Casan, the state sanitation company; the 
website of the state regulatory agencies, in particular the Intermunicipal Sanitation Regulatory Agency 
(Aris) and the Santa Catarina Public Services Regulatory Agency (Aresc); the Municipal Laws website, 
for the collection of the PMSB and PolMSB; and the municipalities’ websites. All the municipalities in 
the sample have PMSBs and PolMSBs, as required by Law No. 11,445/2007. The years of enactment 
of these instruments, a variable used in the model, along with the treatment and control groups, are 
presented in a separate document (Rodrigues, 2023). The following information was extracted from 
the database of the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia 
e Estatística [IBGE]): population estimate; proportion of citizens in urban areas, by municipality: 
regional classification.

The legal nature of the service providers is available on SNIS. During the period analyzed, in Santa 
Catarina there were 49 direct public administration companies, 40 autarchies, 10 private companies 
and 4 public companies or mixed-capital companies. Box 2 shows a brief distinction between the 
legal types mentioned.

Box 2    A brief description of the legal nature of sanitation companies

Legal Nature Description

Direct public 
administration

The state acts directly, there is no creation of autonomous entities. It is managed by a municipal 
secretariat.

Autarchy
An autonomous entity created by a specific law to carry out typical public administration 
activities. They are usually called the Autonomous Municipal Water and Sewage Service (SAMAE).

Private company
An entity set up and managed by private individuals with the aim of making a profit. There is an 
established contract governing the service provided.

Public company
Created by the state, with its own legal personality, its shareholding control is state-owned. It can 
be used for direct management of sanitation services.

Mixed-capital company
Its share capital is held by both the public and private sectors. It combines public and private 
interests in the management of sanitation services.

Source: Adapted from Araújo and Zveibil (2009).

The application of the second-stage models took into account the efficiency result of the DEA 
analysis as the dependent variable. The variables collected in the contracts were used as independent 
variables, together with covariates, to control for other effects that may influence efficiency. In order 
to give robustness to the results obtained, different techniques widely used in DEA analysis were 
used. Although it was possible to use other models, we opted for those that allowed us to control for 
unobserved variables in measuring efficiency over time. In the case of the Tobit model, it was chosen 
because it is suitable for dealing with a dependent variable truncated between 0 and 1, a characteristic 
that makes it appropriate for circumventing the limitations inherent in the nature of the data. The DiD 
method was used to measure the possible causality between municipal sanitation rules (PMSB and 
PolMSB) and efficiency gains. The environmental variables selected to verify their effect on sanitation 
DMUs are shown in Box 3, and brief descriptive statistics are presented in Box 4.
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Box 3   Environmental variables used in the second stage

Environmental Variable Model Name Details

Proportion of urban 
population

Prop_Urb Index that estimates the proportion of urban population in the 
municipality analyzed.

Private company Dummy_Priv_Com A dichotomous variable whose value is 1 if the service provider is a 
private company, and 0 otherwise.

Municipal autarchy Dummy_Autarchy Dichotomous variable whose assigned value is 1 if the service 
provider is a municipal authority, and 0 otherwise.

Sewerage service Dummy_Sewage Dichotomous variable whose assigned value is 1 if there is only a 
sewage service, and 0 if there is not.

Water and sewage 
services

Dummy_Water_Sewage Dichotomous variable whose assigned value is 1 if water and sewage 
services are provided jointly, and 0 otherwise.

Municipal Basic 
Sanitation Policy

Dummy_Pol_SB_Treat A dichotomous variable whose value is 1 if the municipality has such 
a regulation in force that year, and 0 if it does not.

Municipal Basic 
Sanitation Plan

Dummy_Plan_SB A dichotomous variable whose value is 1 if the municipality has such 
a regulation in force that year, and 0 if it does not.

Year of analysis Dummy_Time Variable whose values range from 1 to 5, increasing according to the 
year in which the efficiency analysis took place.

Number of articles or 
clauses

Articles Variable with the number of clauses or articles in the instrument 
governing the provision of the municipal basic sanitation service.

Social control in basic 
sanitation

Dummy_Part_Social_Cont A dichotomous variable whose value is 1 if there are social control 
instruments in the municipal sanitation system, and 0 if there are not.

Source: Research data.

Box 4   Descriptive statistics for the variables used in the second stage

Proportion of urban population

Average 0,67

Year of Analysis (dummy)

Average 3,05

Standard 
deviation

0,25
Standard 
deviation

1,40

Municipal Autarchy (dummy)

Average 0,44

Municipal Basic Sanitation Policy 
(dummy)

Average 0,74

Standard 
deviation

0,50
Standard 
deviation

0,44

Counting 182 Counting 309

Private companies (dummy)

Average 0,08

Municipal Basic Sanitation Plan 
(dummy)

Average 0,71

Standard 
deviation

0,27
Standard 
deviation

0,46

Counting 32 Counting 294

(Continue)
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Sewage service (dummy)

Average 0,05

Social Control in Basic Sanitation 
(dummy)

Average 0,53

Standard 
deviation

0,22
Standard 
deviation

0,50

Counting 21 Counting 221

Water and sewage services 
(dummy)

Average 0,29

Number of articles or clauses

Average 41,66Standard 
deviation

0,45

Counting 120
Standard 
deviation

42,42

Source: Research data.

3. RESULTS AND DISCUSSIONS

3.1. First stage of the DEA model

Table 1 gives an initial overview of the results.

Table 1    Results of the main DEA model, with variable returns to scale

 2012 2014 2016 2018 2020 Variation 2012-2020

1st Quartile 0,43 0,45 0,37 0,36 0,34 -21,75%

2nd Quartile (median) 0,60 0,61 0,47 0,46 0,43 -29,41%

3rd Quartile 0,81 0,91 0,83 0,73 0,64 -21,74%

Average 0,61 0,64 0,58 0,53 0,50 -17,78%

Standard Deviation 0,24 0,25 0,27 0,25 0,24 0,46%

Source: Research data.

Despite the small rise in the overall efficiency level in 2014, there was a constant reduction in the 
values obtained for the DEA over the period. Cruz et al. (2019a) and Heinig (2021) observed similar 
behavior in their studies.
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Figure 1    DEA index considering the legal nature of the service provider

Source: Based on data from SNIS (2022).

In terms of the legal nature of the service provider (Figure 1), public companies and mixed-capital 
companies show greater efficiency. This result is controversial in the literature, since there are studies 
that point to greater efficiency in both the public and private sectors. Further comments on this result 
are made in subsection 3.3.

Figure 2   DEA score obtained over the period, considering the type of service provided

Source: Based on SNIS data (2022).
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Regarding the efficiency obtained by segmentation of the type of service provided (Figure 2), the 
analysis shows that sewage service providers are the most efficient, followed by those offering water 
and sewage. Similar results were presented by Cruz et al. (2019b) and Medeiros and Rodrigues (2019). 
As for the efficiency of sewage service provision, one of the reasons for this scenario is the low level 
of universalization in Santa Catarina’s cities, so that the service is provided in the most productive 
regions, which are the urban centers.

3.2 Second stage of the DEA model

Table 2 shows the results of the Tobit model using cross-sectional data.

Table 2    Second-stage results (Tobit) using cross-sectional data

Variables
Input: Expenses + Investments and Losses

2012 2014 2016 2018 2020

Prop_Urb 0.137 0.293** 0.520*** 0.495*** 0.466***

 (0.170) (0.147) (0.171) (0.128) (0.131)

Dummy_Priv_Comp 1.576 -0.245 -0.154 -0.164 -0.283***

 -270.176 (0.205) (0.138) (0.105) (0.091)

Dummy_Autarchy 0.104 -0.104 -0.093 -0.108* -0.142**

 (0.081) (0.071) (0.082) (0.061) (0.060)

Dummy_Sewage 1.835 1.813 0.316* 0.394*** 0.304**

 -219.972 -173.564 (0.170) (0.151) (0.131)

Dummy_Water_Sewage 0.283*** 0.325*** 0.284*** 0.095 0.109*

 (0.095) (0.082) (0.086) (0.060) (0.058)

Dummy_Pol_SB -0.081 0.015 -0.112 0.018 -0.013

 (0.100) (0.084) (0.101) (0.083) (0.088)

Dummy_Plan_SB -0.200* -0.096 -0.068 0.047 -0.079

 (0.107) (0.084) (0.094) (0.089) (0.088)

Articles 0.0003 -0.001 -0.001 -0.001* -0.001**

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

Dummy_Part_Social_Cont -0.037 -0.056 0.026 0.076 0.035

 (0.077) (0.068) (0.072) (0.055) (0.057)

LogSigma -1.238*** -1.314*** -1.218*** -1.492*** -1.498***

 (0.107) (0.098) (0.096) (0.089) (0.089)

Constant 0.675*** 0.653*** 0.535*** 0.344*** 0.500***

 (0.116) (0.102) (0.120) (0.098) (0.106)

(Continue)
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Variables
Input: Expenses + Investments and Losses

2012 2014 2016 2018 2020

Log Likelihood -26.131 -25.901 -32.421 -9.805 -10.467

Akaike Inf. Crit. 74.263 73.802 86.841 41.610 42.933

Bayesian Inf. Crit. 99.755 100.800 113.839 68.479 69.802

Pseudo R2 0.4051 0.4143 0.3463 0.6758 0.6032

Note: *pvalue<0.1; **pvalue<0.05; ***pvalue<0.01. 
Pseudo R2 can take on values greater than 1, as the likelihood function is continuous

Source: Based on data from IBGE (2021) and SNIS (2021).

The expected effects are confirmed, namely: greater efficiency in municipalities with a higher 
proportion of urban population (Prop_Urb). This demonstrates the existence of economies of scale 
in the sector and the presence of economies of scope (Dummy_Sewage, Dummy_Water_Sewage), 
given that sanitation service providers that offer both water and sewage are more efficient. Cruz  
et al. (2019b) also found evidence of greater efficiency in the group of providers that supply services jointly.

In terms of the legal nature of the providers (Dummy_Priv_Comp, Dummy_Autarchy), despite 
not being statistically significant in all the cross-sectional models, there is an indication that, at least 
recently, private companies and public authorities have been less efficient. The result was different 
from that observed by Cruz et al. (2019b), Itaboraí (2021), and Saiani (2012): both the PMSB and the 
PolMSB were not relevant, which may indicate that these regulations had no effect on the provider’s 
efficiency.

The combination of the Tobit and Panel Data models makes it possible to assess the influence of 
individual and time factors on the dependent variable. Table 3 shows the results of the longitudinal 
analysis.

Table 3   Second-stage results (Tobit), by different combinations of input

Variables

Dependent Variable: DEA scores 

Input: Expenses + Investments Input: Expenses and Losses
Input: Expenses + Investments 

and Losses

Prop_Urb 0.383*** 0.319*** 0.344***

 (0.050) (0.060) (0.058)

Dummy_Priv_Com -0.158*** -0.025 -0.162***

 (0.045) (0.054) (0.051)

Dummy_Autarchy -0.087*** -0.052* -0.090***

 (0.024) (0.029) (0.028)

Dummy_Sewage 0.279*** 0.280*** 0.272***

 (0.051) (0.062) (0.059)

(Continue)
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Variables

Dependent Variable: DEA scores 

Input: Expenses + Investments Input: Expenses and Losses
Input: Expenses + Investments 

and Losses

 (0.025) (0.030) (0.029)

Dummy_Pol_SB 0.037 -0.031 -0.017

 (0.030) (0.036) (0.035)

Dummy_Plan_SB -0.067** -0.040 -0.053

 (0.030) (0.036) (0.035)

Articles -0.001** -0.0003 -0.001**

 (0.0003) (0.0003) (0.0003)

Dummy_Social_
Cont_Part -0.003 0.032 0.016

 (0.022) (0.027) (0.026)

Time -0.022*** -0.026*** -0.023**

 (0.008) (0.010) (0.009)

logSigma -1.558*** -1.386*** -1.423***

 (0.037) (0.038) (0.038)

Constant 0.383*** 0.484*** 0.485***

 (0.040) (0.047) (0.046)

Observations 417 417 417

Log Likelihood 17.049 -67.827 -51.567

Akaike Inf. Crit. -10.097 159.655 127.134

Bayesian Inf. Crit. 38.300 208.052 175.531

Pseudo R2 1,2735 0,4438 0,5481

Note: *pvalue<0.1; **pvalue<0.05; ***pvalue<0.01.
Pseudo R2 can take on values greater than one because the likelihood function is continuous.  
Source: Based on data from IBGE (2021) and SNIS (2021).

It can be seen that some of the significant variables are consistent with the findings of the cross-
sectional model. Economies of scale and scope are present, with positive and significant results for the 
urban proportion and the joint provision of water and sewage services. Greater efficiency was found 
in the direct municipal management companies and in the public company. As for the regulatory 
instruments, the PMSB and PolMSB variables had no effect. In addition, the value of Matthews’ 
correlation coefficient was 0.47, indicating a moderate correlation.

Two DiD models were drawn up: one to assess the influence of the PMSB on the DEA efficiency 
indices and the other to observe the same effect with the PolMSB. Table 4 shows the results considering 
municipalities that have implemented the PMSB as the treatment group. To test the robustness of 
the model, the DEA index was measured using different sets of inputs. As can be seen, there is little 
variation in the results for the different inputs considered in the DEA model.
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Table 4    Results of the Tobit model by differences and differences evaluating the PMSBs

Variables

Dependent Variablr: DEA 

Input: Expenses + 

Investments

Input: Expenses and 

Losses

Input: Expenses + Investments 

and Losses

Prop_Urb 0.324*** 0.284*** 0.314***

 (0.095) (0.099) (0.102)

Dummy_Priv_Comp -0.168** 0.006 -0.178*

 (0.086) (0.092) (0.093)

Dummy_Autarchy -0.082* -0.019 -0.082*

 (0.045) (0.047) (0.049)

Dummy_Sewage 0.353*** 0.436*** 0.327***

 (0.103) (0.119) (0.112)

Dummy_Water_Sewage 0.211*** 0.117** 0.172***

 (0.047) (0.049) (0.051)

Dummy_Plan_SB_Treat 0.187** 0.211** 0.162

 (0.094) (0.100) (0.103)

Dummy_Pol_SB -0.079 -0.198*** -0.128*

 (0.061) (0.064) (0.066)

Dummy_Time -0.006 -0.047 -0.041

 (0.117) (0.123) (0.126)

DD -0.073 0.008 -0.012

 (0.127) (0.134) (0.137)

Articles -0.0002 0.0004 -0.0003

 (0.0005) (0.001) (0.001)

Dummy_Part_Social_Cont -0.029 -0.004 -0.025

 (0.045) (0.047) (0.048)

LogSigma -1.444*** -1.398*** -1.369***

 (0.065) (0.066) (0.066)

Constant 0.289*** 0.349*** 0.386***

 (0.092) (0.097) (0.100)

Observations 148 148 148

Log Likelihood -18.986 -26.478 -32.220

Akaike Inf. Crit. 63.973 78.956 90.440

Bayesian Inf. Crit. 102.937 117.920 129.404

Pseudo R2 0.5893 0.4865 0.4103

Nota: *pvalue<0.1; **pvalue<0.05; ***pvalue<0.01

Source: Based on data from IBGE (2021) and SNIS (2021).
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Some of the model’s results were similar to the previous ones, in particular confirming  
the existence of economies of scale and scope (Prop_Urb and Dummy_Water_Sewage). In turn, the  
treatment variable (DD), which verifies the causality between the implementation of the PMSB over 
the period and the level of efficiency of the providers, was not statistically significant, i.e. the regulatory 
instrument did not contribute to increasing the efficiency of the sector in Santa Catarina. On the 
contrary, there was a decrease in efficiency during the period analyzed, both in the treatment group 
and in the control group. Figure 3 illustrates the results obtained by applying this.

Figure 3   Average time trends after the implementation of the PMSB, according to the 
difference-in-differences method

Source: Based on data from IBGE (2021) and SNIS (2021).

However, there is significant evidence (Dummy_Plan_SB_Treat) that the existence of a PMSB prior 
to the period under analysis positively influences the efficiency of the providers in these municipalities. 
This result, combined with the reduction in efficiency over time, reinforces the possibility that the 
provisions of Law No. 11,445/2007 have not been enough to guarantee continuous efficiency gains. 

Table 5 shows the last statistical analysis, which used as the treatment group the municipalities 
that enacted the PolMSB during the research period and as the control group those that had already 
sanctioned it previously.
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Table 5    Results of the Tobit model by differences and differences evaluating the PolMSB

Variables

Dependent Variable: DEA scores 

Input: Expenses + Investments Input: Expenses and Losses
Input: Expenses + 

Investments and Losses

Prop_Urb 0.306*** 0.275*** 0.294***

 (0.095) (0.101) (0.103)

Dummy_Priv_Comp -0.162* 0.001 -0.171*

 (0.086) (0.092) (0.092)

Dummy_Autarchy -0.072 -0.006 -0.069

 (0.045) (0.048) (0.049)

Dummy_Sewage 0.336*** 0.416*** 0.307***

 (0.104) (0.120) (0.113)

Dummy_Water_Sewage 0.226*** 0.140*** 0.192***

 (0.047) (0.050) (0.051)

Dummy_Pol_SB_Treat 0.141 0.098 0.088

 (0.088) (0.094) (0.095)

Dummy_Plan_SB -0.096* -0.144*** -0.132*

 (0.052) (0.055) (0.056)

Dummy_Time 0.037 0.021 0.019

 (0.119) (0.127) (0.128)

DD -0.101 -0.071 -0.060

 (0.123) (0.132) (0.134)

Articles -0.0004 0.0001 -0.0005

 (0.0005) (0.001) (0.001)

Dummy_Part_Social_Cont -0.017 0.014 -0.008

 (0.045) (0.048) (0.049)

LogSigma -1.450*** -1.390*** -1.375***

 (0.065) (0.066) (0.066)

Constant 0.328*** 0.402*** 0.439***

 (0.095) (0.101) (0.103)

Observations 148 148 148

Log Likelihood -18.986 -27.699 -31.288

Akaike Inf. Crit. 63.973 81.398 88.577

Bayesian Inf. Crit. 102.937 120.362 127.540

Pseudo R2 0.6078 0.4628 0.4274

Nota: *pvalue<0.1; **pvalue<0.05; ***pvalue<0.01

Source: Prepared with data from IBGE (2021) and SNIS (2021).
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The results presented in Table 5 reaffirm the existence of economies of scale and scope in the 
sanitation sector. The causality test indicated that there was no impact of implementing a PolMSB 
on the efficiency of the sanitation company.  

3.3 Discussions

This research revealed that public companies, mixed-capital companies or direct administration 
demonstrate greater efficiency in service provision. Results favorable to public companies were 
also presented by Carvalho and Sampaio (2015), Marques and Simoes (2020), and Salazar-Adams 
(2021). In contrast, Cetrulo et al. (2019) and Cruz et al. (2019b) identified greater efficiency in private 
management.

The existence of economies of scale and scope was confirmed, which was also found in the 
studies by Cetrulo et al. (2019), Cruz et al. (2019b), Heinig (2021), Liduares (2022), and Medeiros 
and Rodrigues (2019).

In this study, the methodology of segmenting the different forms of public management, a 
distinguishing feature of the research, made it possible to identify which of them is most efficient. 
In addition, unlike the private companies operating in Santa Catarina, public entities tend to jointly 
provide water and sewage services, which may favor their performance. The DEA technique was 
output-oriented and, considering the greater access of public entities to financing, it is suggested 
that the expansion of sanitation in the state is encouraged by this management structure. Another 
finding is the null impact of the PMSB and PolMSB on the efficiency of sanitation service providers, 
although there is favorable evidence that the existence of a PMSB prior to the period analyzed has a 
positive influence on the efficiency of the providers in these municipalities. Similar results were found 
by Heinig (2021) and Medeiros and Rodrigues (2019). Box 5 summarizes the results.

Box 5    Summary of results based on the proposed hypotheses

Hypotheses Results

I
The efficiency scores of the DMUs showed a reduction both in the separation by quartiles and in 
the average of the efficiency indices. In addition, the distance between the most efficient DMUs 
(benchmarks) and the least efficient DMUs increased.

II
The statistical model used showed that the introduction of regulations during the period analyzed did 
not contribute to improving the efficiency of the DMUs.

III
There was no indication that the formal establishment of municipal sanitation councils has a positive 
influence on the efficiency of service providers.

IV
Sanitation companies operated by the municipal government, with the exception of local authorities, 
were more efficient than private operators.

V
Economies of scale and scope were found to be present. Providers that execute water and sewage 
services jointly proved to be more efficient.

Source: Elaborated by the authors.
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4. CONCLUSIONS

The aim of the article was to evaluate the results of the implementation of the PMSB and PolMSB in 
terms of efficiency on the part of the basic sanitation service providers in the municipalities of Santa 
Catarina. There was a systematic drop in efficiency rates over the period. This may indicate that the 
progress made under Law No. 11,445/2007 has been exhausted, making it necessary to adopt a new 
paradigm for the sanitation sector in order to reduce the chronic deficit that persists in Santa Catarina.

Municipalities that had previously instituted such regulations – before the period of analysis – 
achieved greater efficiency. These results suggest that the implementation of sanitation policies and 
regulations can lead to improvements in the efficiency of service providers, but the time required for 
their implementation is a factor to be considered.

The better performance in these localities demonstrates how the formality of a law is not enough 
to improve the service. It is possible that the municipalities that instituted it late only did so in order to  
comply with the law. There was therefore a lack of interest groups, as well as a lack of adequate technical 
staff to improve this public policy. Future research could analyze the content of these regulations and 
their drafting process.  

It is also suggested that different methodologies be adopted, with models that take into account 
time as an influencing factor of previous regulatory instruments on efficiency, such as the staggered 
difference-in-difference method, as well as the inclusion of other variables, such as the assessment of 
water sources in each region and verification of the role of regulatory agencies.

Considering the drop in efficiency found in the survey, the institution of the New Legal Framework 
for Water and Sanitation Services is seen as positive, as it brings changes that boost investments in the 
area. The setting of universalization targets and the removal of barriers to the participation of private 
companies have boosted the expansion of the sector, which must be combined with efficiency gains 
to ensure affordable tariffs for users.
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