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Abstract 
 

In recent years, tax administrations around the globe have leveraged 
digital transformation to enhance processes and services to improve tax 
compliance. Massive self-regularization platforms, which identify 
noncompliant taxpayers, notify them about the detected inconsistencies, 
and allow them to amend the situation with the tax authority, are 
prominent examples of the digital transformation of tax administrations. 
This study presents the results of the randomized controlled trial 
evaluating the effectiveness of such a self-regularization platform in the 
Brazilian State of Para. The results show that the platform increased the 
amount of the taxes paid by 12.78 times and the probability of tax 
compliance by 236 percent. Overall, the effectiveness of self-regularization 
in recovering the evaded tax is 60 percent higher than that of the 
traditional audit–based approach. The amount of the correction in the 
declared tax increased by 2.33 times, and the probability of correction by 
300 percent. Given the low marginal cost of self-regularization, the results 
suggest that these platforms are a remarkable opportunity for tax 
administrations to leverage digital transformation effectively and 
efficiently, improving tax compliance and increasing tax revenue. 
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1. Introduction 

Strengthening state capacity to collect taxes effectively and fairly is a key priority of 
governments around the world (Pomeranz and Vila-Bleda, 2019). Still, inefficient tax 
collection and high tax evasion remain daunting challenges of fiscal management in 
Latin America and Caribbean (LAC) countries. While progress has been made in recent 
years, tax evasion in LAC remains high, amounting to US$325 billion in 2018 and 
representing 6.1 percent of GDP (Cristia and Vlaicu, 2022).  

While strengthening tax collection by promoting voluntary tax compliance is a high 
priority (Bando et al., 2021) of modern tax administrations, some important contributing 
factors to the high levels of tax evasion in LAC are deficiencies in the facilitation of 
compliance and inefficient administration of taxation (Jenkins et al., 2023). Regarding 
the cost of compliance, LAC countries are above the world average. Firms devote 325 
hours per year to paying taxes, versus 234 hours per year for the world average 
(PricewaterhouseCoopers, 2020). In Brazil, there is no official estimate for the 
aggregated tax gap. Still, studies show that the country loses up to R$417 billion a year 
due to tax evasion,1 and the cost of tax compliance remains high, reaching 1,492 hours 
per year in 2019.2 

Digitalization and the use of information by tax administrations (TAs) have emerged as 
powerful tools that can help improve the institutional capacity of TAs and encourage 
taxpayer compliance (Lee, 2016). The transformative force of digitalization is also driving 
a transition to “Tax Administration 3.0.” a more advanced stage of digitalization that 
includes using data and automation to improve processes and services (Calijuri, 2023). 
Altogether, these transformations prompted TAs to implement new techniques and 
tools that exploit large volumes of the data that TA receives in almost real time to 
expand their capacity, shifting the focus from a punitive to a preventive approach and 
facilitating tax compliance (Lopez-Luzuriaga, unpublished).  

Massive self-regularization platforms are prominent examples of TAs’ digital 
transformation and of the change in focus from punitive to preventive. In Brazil, the 
implementation of self-regularization platforms is being consolidated at the federal and 
subnational levels in recent years. The federal government has initiated the CONFIA 
program3, which has inspired other countries in LAC to initiate similar programs (Calijuri, 
2023; Calijuri and Oliveira, 2023; Tostes Neto and Calijuri, 2023). Currently, 22 states in 
Brazil are implementing compliance facilitation programs, 14 of which are based on self-
regularization platforms (Biderman, 2023). Self-regularization platforms use massive 
data-crossing techniques to identify inconsistencies in tax documents (for example, tax 
returns), notify taxpayers about these inconsistencies, and allow them to amend the 
inconsistency and/or pay the tax. The main advantages of the self-regularization 
platforms, in comparison to a standard audit-focused approach, are lower inspection 

 
1 The Brazilian Institute of Planning and Taxation. 
2 According to the World Bank Doing Business Report 2021. 
3 https://www.gov.br/receitafederal/pt-br/acesso-a-informacao/acoes-e-programas/confia  

https://subnational.doingbusiness.org/content/dam/doingBusiness/media/Subnational/DB2021_SNDB_Brazil_Full-report_Portuguese.pdf
https://www.gov.br/receitafederal/pt-br/acesso-a-informacao/acoes-e-programas/confia
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and administrative costs to tax administrations, lower compliance costs to taxpayers, 
and prevention of litigation. 

This paper presents the results form an experimental evaluation of a self-regularization 
system implemented by a subnational tax administration—the Secretariat of Finance of 
the State of Para (Secretaria da Fazenda do Estado do Para, SEFAZ/PA). The study 
included firms from 1,030 business clusters4 for which SEFAZ/PA identified 8,529 tax 
returns that under-reported their Tax on the Circulation of Goods and Services (ICMS).5 
Half of the clusters with firms that under-reported their ICMS were assigned to receive 
the self-regularization system treatment, which consisted of notifying firms about 
detected discrepancies in tax returns and encouraging them to self-regularize through 
the self-regularization platform. The other half were assigned to the control group and 
did not receive any self-regularization intervention.  

The data was collected three months after the intervention started and was used to 
analyze whether the self-regularization system affected tax compliance. The main study 
outcomes are the amount of tax paid and the probability of payment. In addition, the 
study analyzes the effect of the intervention on the correction of tax returns, as a 
mediating pathway for tax payment. For estimation of the intervention effects, we use 
the ordinary least square (OLS) model for binary and normally distributed variables (e.g., 
the probability of tax payment), and the Poisson model6 for the outcomes skewed at 
zero (e.g., the amount of tax paid).  

The study results show a very large effect of the self-regularization system on tax 
payment. Specifically, in the main estimations of the Poisson model, we find that the 
amount of tax paid by firms in the treatment group was 12.78 times higher than the 
amount paid by firms in the control group. The average recovered tax represents 8 
percent of the evaded amount, which is 60 percent more than the yield of the 
alternative audit-based approach. The intervention increased the probability of paying 
the tax by 236 percent, from 0.011 percentage points (pp) in the control group to 0.037 
pp in the treatment group. Coupled with the abovementioned results for the amount 
of tax paid, these findings show that the intervention was more effective at the intensive 
margin than the extensive margin.7 The analysis of the heterogeneous effects indicates 
that the effect of the intervention was stronger for firms with higher detected evasion 
registered in smaller regional delegations of SEFAZ/PA. 

 
4 In this study, a business cluster is an intervention assignment cluster. A business cluster consists of the 
matrix firm and its subsidiaries. In the study sample, business clusters include from one to three firms.  
5 The ICMS is the most important tax collected by states and accounts for almost 85 percent of revenue at 
this level of government (data for 2022, from the State Tax Collection Bulletin - CONFAZ). It is similar to a 
value-added tax (VAT), and it is imposed on the circulation of goods, electricity, interstate and 
intermunicipal transportation services, and communications. 
6 See, for example, Wooldridge (2010). Poisson distribution characterizes rare occurrences, in which a large 
share of values are zero, like in our setting. When the underlying data is distributed in this way, it is more 
accurate to estimate expected marginal change using the Poisson regression. 
7 The intensive margin refers to the decision of whether to amend or to pay the tax, and the extensive 
margin refers to the decision of how much to amend or to pay. 
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The effect on corrections in returns was also substantial: in the main specification, the 
amount of the tax correction (increase in the declared tax) was 2.33 times higher in the 
treatment group than in the control group, and the probability of correcting the 
declared tax increased by 300 percent, from 0.033 pp in the control group to 0.12 pp in 
the treatment group. Compliance with the treatment was not perfect: only 85.9 percent 
of the treatment group firms received the message, and only 36.69 percent of them read 
it. On the other hand, 0.8 percent of the control group firms also received the 
notification. The imperfect compliance with the treatment limited the results of the 
intervention, which could have been larger had the treatment compliance and message 
reading rate been higher.  

This study contributes to several strands of literature. First, it contributes to the growing 
evidence on using third-party information to improve tax compliance. Almunia and 
López Rodríguez (2016) find that the availability of information works as a complement 
to the audit of companies. Similarly, Allingham and Sandmo (1972) and Kuchumova 
(2017) suggest that the amount of information available to the government is essential 
for the effectiveness of tax enforcement. High-quality and timely third-party information 
increases the cost of tax evasion by bolstering the effectiveness of monitoring actions 
like audits. It can also reduce the indirect cost of taxation by enabling the tax authority 
to provide prepopulated tax returns. In general, an electronic billing system can be a 
powerful tool to promote tax compliance, and there is an increase in compliance when 
higher-quality third-party information is received (Lopez-Luzuriaga, unpublished). 
Electronic transactions, as distinct from cash transactions, involve a third-party 
intermediary, creating a traceable trail accessible to governments for tax enforcement. 
This trail, when coupled with an effective tax audit system, deters taxpayers from 
underreporting taxable transactions (Brockmeyer and Saenz Somarriba, 2022; Kleven et 
al., 2011; Naritomi, 2019; Pomeranz, 2015). Notably, evasion rates on taxable income 
subject to third-party reporting, such as wages and capital income, are negligible. This 
contrasts with higher evasion observed for taxes that rely on self-reported liabilities, 
where third-party reporting is absent (Kleven et al., 2011; Okunogbe and Santoro, 2023). 
Self-regularization platforms are a notable example of using third-party information in 
massive data crossings to detect tax evasion and noncompliance.  

Second, the study contributes to the literature on the cost of tax compliance. The cost 
of tax filing and the complexity of tax codes have been increasing in recent years, and 
taxpayers perceive them as encouraging evasion (Benzarti and Wallossek, 2024). Other 
than that, smaller taxpayers bear compliance costs disproportionately (Okunogbe and 
Santoro, 2023). At the same time, traditional collection methods are sometimes costly, 
time-consuming, and inefficient to administer. In Brazil,8 in particular, the volume of tax 
litigation due to tax complexity is very high. It is estimated, with figures from 2018, that 
national administrative and judicial tax litigation pending resolution amounted to 50.4 
percent of Brazilian GDP. Integrating electronic invoicing and prefilling systems is 
emerging as a pivotal strategy in mitigating the costs of tax compliance and 
administration, as highlighted in recent research (Hesami, Jenkins, and Jenkins, 2023; 

 
8 IDB Blog: Oito desafios relacionados ao contencioso tributário brasileiro e possíveis soluções. 

https://blogs.iadb.org/gestion-fiscal/pt-br/estudo-oito-desafios-relacionados-ao-contencioso-tributario-brasileiro/
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Okunogbe and Santoro, 2023). Self-regularization platforms that facilitate the 
amendment of tax returns aim to reduce tax compliance costs. These technologies not 
only alleviate burdens associated with tax compliance but also cater to the evolving 
needs of businesses, fostering economic development.  

Third, the study contributes to the large body of literature that analyzes effective 
communication for tax compliance. Using the data available to the tax authorities, it is 
possible to experiment with different means of communication, message content, 
rewards, and incentives. Studies by Brockmeyer, Kettle, and Smith (2018) and Kettle et 
al. (2016) underscore the importance of tailored messaging and contextual factors in 
enhancing tax compliance efforts.9 Brockmeyer, Kettle, and Smith (2018) emphasize the 
effectiveness of tax authority messages that provide specific details about tax 
inconsistencies, enhancing the credibility of the tax authorities and fostering a 
perception of increased scrutiny. Similarly, Kettle et al. (2016) highlight the significant 
impact of message design on taxpayer behavior, influenced by contextual factors such 
as trust in institutions and social norms. Further, Ortega and Scartascini (2015a, 2015b) 
show that reinforcing messaging with personal visits and telephone calls can yield 
higher compliance. Experiments conducted in Argentina (Castro and Scartascini, 2013) 
and Peru (Castro et al., 2020) reveal that deterrence messages significantly influence 
taxpayer compliance and emphasize the importance of distinguishing between 
willingness to pay and actual payment behavior. Additionally, Pomeranz's (2015) study 
with Chilean VAT taxpayers and Bando et al.'s (2021) study of a response of the simplified 
tax regime taxpayers to messages provide further evidence of the importance of 
providing detailed information on inconsistencies detected to achieve better 
compliance outcomes. These findings jointly highlight the critical role of tailored 
messaging and contextual factors in shaping taxpayer behavior and improving tax 
compliance outcomes. The design of messages sent by the tax authority in this study 
considered the recommendation from the literature and included detailed information 
on the identified tax discrepancy with clear step-by-step instructions on how to self-
regularize, and informed about the fines and penalties for taxpayers if they do not 
regularize.  

More broadly, this study is also related to the literature analyzing the impact of tax 
administrations' digitalization, in particular, to the literature focused on massive 
auditing and regularization and its relationship with the state capacity (Antinyan and 
Asatryan, 2019; Bando et al., 2021; Cafe, Yarygina, and Escalante, 2024; Coolidge and 
Yilmaz, 2016; Dom et al., 2022; Pomeranz and Vila-Belda, 2019). By leveraging 
digitalization interventions, tax administrations can integrate compliance processes 
seamlessly into daily business, ultimately making compliance more frictionless for 
taxpayers. Two recent studies closely related to ours are Bando et al. (2021) and Cafe, 
Yarygina, and Escalante (2024), evaluating self-regularization systems for simplified tax 
regime taxpayers in the Brazilian States of Piaui and Bahia. Our study adds to this 
literature by providing the first rigorous evidence on the effectiveness of self-

 
9 Mascagni et al. (2017) and Mogollon, Ortega, and Scartascini (2019) also explore different methods of 
message delivery, such as e-mails, text messages, phone calls, and letters.  
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regularization systems for regular regime taxpayers in Brazil and by looking at tax 
payment outcomes. 

Finally, this study also relates to the literature on the estimation methodology for the 
outcomes skewed to zero. Estimating the impact on the outcome variables with a large 
proportion of zero values is a methodological challenge. As recent literature documents 
(Chen and Roth, 2022; Mullahy and Norton, 2024; Norton, 2022), the traditional 
strategies to estimate impacts for censored distributions have important shortcomings, 
showing high sensitivity of estimation results to the units of measurement, both in 
logarithm transformation and Inverse Hyperbolic Sine Transformations. Unlike OLS, the 
Poisson model employs the logarithm for the difference in expectations, so it is robust 
to the units of measurement. This study contributes to this literature by implementing 
the Poisson model for the highly skewed at zero tax compliance outcomes.  

2. Study Background  

In Brazil, the most important tax collected by State Tax Administrations (SEFAZ) is the 
ICMS, which accounts for almost 85 percent of the revenue of Brazilian States.10 In 2023, 
the state of Para had more than 300,000 active11 ICMS taxpayers, with this tax 
accounting for 87 percent of the state's tax revenue and more than 54 percent of the 
total state’s budget revenue. Of the ICMS revenue, 98 percent comes from taxpayers 
registered in the regular tax regime, with the remaining 2 percent corresponding to the 
simplified tax regime Simples Nacional.12  

The State of Para has around 20,000 regular tax regime taxpayers. Figure 1 shows the 
amount of the ICMS tax declared by regular regime taxpayers and calculated by the tax 
administration based on third-party information. It shows that the amount of the tax 
declared by taxpayers is, on average, lower than the tax calculated by the tax 
administration, with the average tax gap between the declared and calculated tax of 
R$36,446.78 (more than US$7,000) per one monthly ICMS tax return. 

 

 

 

 

 

 

 
10 Data for 2022, from the State Tax Collection Bulletin – CONFAZ. Brazilian states are also responsible for 
the Tax on the Ownership of Motor Vehicles (IPVA) and the Tax on Causa Mortis Transmissions and 
Donations (ITCMD). 
11 By way of comparison, the state's population is around 8 million. 
12 The Simples Nacional simplified tax regime was established by Federal Complementary Law No. 123 on 
December 14, 2006. It is targeted to small and micro firms with gross revenue of R$3.6 million or less per 
year. 

https://app.powerbi.com/view?r=eyJrIjoiYjE1ZDQzNTAtNTUxMC00MTc2LWEyMTEtZjdkZjRlZjk4YzUyIiwidCI6IjNlYzkyOTY5LTVhNTEtNGYxOC04YWM5LWVmOThmYmFmYTk3OCJ9
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Figure 1. ICMS Tax Gap in Returns of Regular Tax Regime Taxpayers in 2021 

 

Note: The figure shows the evolution of the tax gap expressed as a divergence between the declared and 
calculated amount of ICMS in the study analysis sample. Calculated ICMS is the value of tax obtained by 
the tax administration based on third-party information (credit card transactions, accounting records, 
digital tax accounting, and electronic documents). The declared ICMS corresponds to the values in 
taxpayers’ tax returns.  

Self-regularization platforms have the potential to improve tax compliance and increase 
tax collection by closing the revenue gap. The self-regularization platforms include (i) 
massive data crossings for detection of inconsistencies in tax returns, (ii) notification of 
taxpayers about detected inconsistencies, and (iii) the interface to amend the identified 
inconsistency and pay the tax. The alternative to self-regularization platforms are 
traditional audits, which are costly and time-consuming. In SEFAZ/PA, an in-depth tax 
audit can last between 180 and 240 days depending on the taxpayer type and the case 
difficulty. The effectiveness of the traditional approach is also low, with only 5 percent of 
the detected tax evaded being paid.  Relying on self-regularization platforms can 
potentially save resources to SEFAZ and reach results improving compliance, which is 
important in the context of the limited capacity which SEFAZ/PA faces: in 2022, the 
state had approximately 269 auditors who perform other tasks and duties besides 
implementing audits. In contrast to the traditional audits, self-regularization does not 
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impose penalties or fines to taxpayers.13 However, failing to self-regularize during the 
self-regularization period can trigger penalties and fines.  

SEFAZ/PA continually improves its self-regularization systems by including more data 
crossings and expanding the scope to include more tax obligations and taxpayers. Each 
expansion of the self-regularization system is usually supported by the pilot stage in 
which the new data crossings are tested and verified, and the limited number of 
taxpayers, whose behavior is closely monitored, receive notifications. In collaboration 
with SEFAZ/PA, we evaluated one such pilot, in which the regular regime taxpayers 
registered in the State of Para were notified about the discrepancies between the 
declared and calculated ICMS tax. The taxpayers in the treated group received the 
notification from SEFAZ/PA on their electronic tax mailboxes (Domicílio Tributário 
Eletrônico, DT-e) and were given 30 days to self-regularize. The notification included 
detailed information on the detected inconsistency in the tax return, the instructions to 
self-regularize, and the information on penalties if they did not self-regularize. The 
notifications were focused on the tax returns filed in 2018 and 202114 and were sent by 
regional agencies of SEFAZ/PA between July 29 and October 19, 2022. SEFAZ/PA closely 
monitored the responses of taxpayers who participated in the study. It was expected 
that the intervention would increase tax payments and the declared ICMS amount on 
tax returns.  

 

3.  Methodology  

3.1. Study Design  

The study adopted an experimental evaluation method (randomized controlled trial, or 
RCT15), which evaluated the effectiveness of the self-regularization platform 
implemented by SEFAZ/PA. The firms were assigned to treatment and control groups 
by business clusters, each cluster corresponding to a Grupo Empresarial.16 This clustered 
design was implemented to prevent some tax evading firms of the same cluster from 
receiving the notification while other firms from the same cluster did not.  

The information crossings were performed on June 1, 2022. The study focused on 1,392 
firms from 1,030 business clusters with the amount of ICMS in tax returns smaller than 
the amount calculated by SEFAZ/PA, with the discrepancy between declared and 
calculated amount of R$20,00017 or more. Table 1 presents some key information on the 

 
13 Cafe, Yarygina, and Escalante (2024) discuss the implications of the absence of penalties for self-
regularization, in particular, on taxpayer risk perception and future tax compliance behavior.  
14 The evaluation design decisions were taken in early 2022. It was decided to work with the tax returns 
presented in 2021 because of the recency of the tax filing. It was also decided to include the tax returns 
presented in 2018 because SEFAZ/PA was still in the legal period to act upon the inconsistencies detected 
in these returns. An example notification is presented in the Annex A.  
15 The key feature of an RCT is that the units that receive the treatment are otherwise identical to those 
that do not. Therefore, the difference in their average performance is credited to the treatment.   
16 A business cluster comprises a matrix firm and its subsidiaries. 
17 About US$ 4,000 (exchange rate September 23, 2023). The threshold was defined based on the 
SEFAZ/PA capacity restrictions and study sample size requirements.   
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universe of the firms subject to information crossings by the self-regularization system, 
and the firms in the study sample. 

Table 1. Comparison of the Universe and the Study Sample 

 Universe Study Sample  

Groups  4,378 1,030 
Firms  5,767 1,392 
Number of Tax Returns   52,073 8,529 
Discrepancy R$ 4,039.88 R$ 32,627.24 
Declared tax  R$ 71,896.05 R$ 59,649.78 

Notes: This table shows some key statistics for the 2021 ICMS tax returns for the universe of firms subject to 
self-regularization system data crossings, and the firms in the study sample. Discrepancy denotes the 
average difference between the declared tax and the amount computed by SEFAZ/PA based on third-party 
information.     

Because the notifications received by firms were specific on the discrepancies in each 
tax return, and the amendments were to be done for each specific tax return, the impact 
estimations were performed at the tax return level. In total, the study sample comprised 
8,529 tax returns. The firms were assigned to the treatment and control groups at the 
business cluster level. The random assignment, which was performed on June 24, 2022 
using Stata 15 software, resulted in 515 clusters assigned to the treatment and 515 to the 
control group.   

On July 22, 2022, the regional delegations of the SEFAZ/PA were provided with the list 
of treatment group firms to notify them about the inconsistencies detected. The first 
notification was sent on July 29, 2022, and the last on October 19, 2022. The estimations 
of the intervention impact were performed with the data collected on October 25, 2022. 
Figure 2 presents the timeline of the intervention and evaluation.     
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Figure 2: The Study Timeline 

 

Note: The figure shows the study timeline.  

 

3.2 Empirical Model 

This study employs two empirical models to estimate the effect of the self-regularization 
system on tax compliance outcomes because the variables of interest have different 
distributions. To study the impact on binary variables, such as if the tax was paid, the 
Ordinary Least Squares (OLS) model—a linear probability model—is employed. The 
baseline specification does not include control variables. The control variables are 
progressively included to control for whether the year of tax return is 2018, the regional 
section of SEFAZ/PA where the taxpayer is registered, and the year in which the firm 
started its economic activity. 18 The equation (1) describes the basic model: 

𝑌!"# = 𝛼 + 	𝛽𝑇# + 𝑋!"#$ 𝛿 + 𝜀!"# (1) 

where Y is the outcome of interest of return i, taxpayer j, and cluster g denotes a business 
cluster. Tg denotes whether the business cluster was treated, 𝑋!"# is the vector of control 
variables and 𝜀!"% is the error term. The standard errors are clustered at the business 
cluster level. The coefficient of interest is β, estimating the change in the conditional 
expectation of the variables of interest for the treated firms.  

 
18 Throughout the main analysis we include three control variables. The first one is whether the return year 
is 2018. We do this to account for any time-variant effects, affecting the treated and untreated units similarly. 
The second one is the regional section of SEFAZ/PA. We do this to account for any regional dynamics 
affecting treated and untreated units within each region similarly. The third one is the year in which the 
firm was established. We do this to account for any cohort dynamics affecting treated and untreated units 
similarly. 
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Unlike OLS estimators, the Poisson model employs the logarithm for the difference in 
expectations, so it is robust to the units of measurement.19 Particularly in the Poisson 
model, for a binary treatment variable, the coefficient estimate denotes the difference 
in logarithms of the amount in two groups:  ln(𝐸[𝑌(1)]) −	 ln(𝐸[𝑌(0)]) (Wooldridge, 2010). 
In this study, the Poisson model is applied for impact estimations for outcome variables 
with distributions skewed to zero, such as the tax payment, given the large proportion 
of cases with zero values of tax paid.20 The interpretation of the Poisson model 
coefficient estimate is that, in the treatment group, the outcome variable is 𝑒𝑥𝑝& higher 
than in the control group, where β is the coefficient estimate. The baseline specification 
does not include control variables, but the control variables are progressively included 
to control for whether the year of tax return is 2018, the regional section of SEFAZ/PA 
where the taxpayer is registered, and the year in which the firm started its economic 
activity. Equation (2) describes the model: 

𝑙𝑜𝑔;𝜇!"#= = 𝛼 + 	𝛽𝑥!"# (2) 

where 𝜇 = 𝐸(𝑌), and 𝑥 denotes the independent variable(s). It is worth noting that the 
log of expected value of 𝑌 (i.e., log (𝜇)) is a linear function of the independent variables	𝑥, 
and 𝜇 is a multiplicative function of 𝑥. That said,  

𝜇!"# = exp;𝛼 + 	𝛽𝑥!"#= 

= 𝑒'𝑒&( (3) 

3.3 Data  

The firms were randomly assigned into treatment and control groups on June 1, 2022, 
and the first notification was sent on 29th of July 2022. Because some time elapsed 
between assignment to treatment and treatment implementation, ten firms corrected 
some returns before the start of the intervention. These firms were removed from the 
study sample.21 The final study sample consisted of 512 business clusters, with 669 
taxpayers in the treatment group and 515 business clusters with 713 taxpayers in the 
control group, totaling 8,429 analyzed returns (4,224 from treated firms and 4,255 from 
control firms).  

SEFAZ/PA monitored the treatment and control group firms during the study period. 
The impact estimations were performed using the data collected on October 25, 2022. 
Some of the variables collected include the amount of the tax declared, the divergence 
between the declared and calculated amount of the tax, the tax paid, and firm 
attributes, such as social capital, the economic activity code, the date of firm 

 
19 As the recent literature documents (Chen and Roth, 2022.; Mullahy and Norton, 2024; Norton, 2022), the 
traditional strategies to estimate impacts for censored distributions have important shortcomings, showing 
high sensitivity of estimation results for the units of measurement, both in logarithm transformation and 
Inverse Hyperbolic Sine Transformations. 
20 The proportion of nonzero values in the outcome variable “value of tax paid” is 1.12 percent in the control 
group and 3.74 percent in the treatment group.  
21 These firms would not have been eligible for the intervention or included in the pool of firms subject to 
the random assignment. 
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constitution, and accountant identification. All variables are from the SEFAZ/PA 
administrative data. 

 
4.  Results  

4.1. Balance  

The random assignment to the treatment and control groups guarantees that, on 
average, there is no significant difference between the treatment and control groups, 
except for the treatment allocation. To check that the groups are balanced, the formal 
tests of the equality of means of the variables measuring firms’ characteristics at 
baseline were performed. The results are shown in Table 2: Panel 1 shows the results for 
the characteristics defined at the cluster level, Panel 2 for the characteristics defined at 
the firm level, and Panel 3 for the characteristics defined at the tax return level.  

The results confirm that, on average, the treatment and control groups are balanced, 
with no statistically significant differences in characteristics observed at baseline. Table 
2 also shows descriptive statistics of some key variables. For example, it can be seen that 
the amount of evaded tax (the difference between the tax calculated by SEFAZ/PA 
based on third-party information and the tax declared by a taxpayer) at the baseline 
was about 30,000-35,000 reais per return (US$5,700-6,700), resulting in a total tax 
evasion per business cluster of about 270,000 reais (more than US$50,000). Half of the 
returns declared zero ICMS. Table B.1 in Annex B shows more descriptive statistics. 

 

4.2. Program Compliance   

The results of the assessment of whether the intervention administration followed the 
random assignment into treatment and control groups are presented in Table 3. As can 
be seen, compliance with the intervention was not perfect: 86 percent of the treatment 
group firms were notified, while some of the control group firms (0.8 percent) also 
received the notification. This occurred because the SEFAZ/PA central office did not 
make the decision to notify any given firm – this task was delegated to the SEFAZ/PA 
regional agencies. While all regional agencies received the list of treatment and control 
firms, it was at their discretion to decide whether to notify any given firm. Before sending 
notifications to the treatment group firms, regional agencies evaluated whether 
notifying a firm was appropriate and could choose not to notify if the firm was already 
under audit or investigation for the same tax delinquency. On the other hand, regional 
agencies could notify some control group firms if they considered that the firm’s 
delinquency, supported by the information provided by SEFAZ/PA, warranted the 
investigation. These decisions of regional agencies resulted in imperfect compliance 
with the intervention, with the coefficient estimate for the binary indicator of the 
notification sent at 85 pp.  

Another informative indicator is the rate of message reading. As seen in Table 3, only 37 
percent of the firms in the treatment group read the notification (no one in the control 
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group did). The share of the firms that read the message is not large, which limited the 
impact of the intervention. However, this result is in line with the amount found in the 
recent studies by Bando et al. (2021) and Cafe, Yarygina, and Escalante (2024) on self-
regularization interventions, which focused on simplified tax regime taxpayers.22  

 

 

 
22 In this study, the proportion of the firms who read the message is 37 percent, similar to the findings in 
Cafe, Yarygina, and Escalante (2024), who find a similar value of this indicator for the firms in the 
“message” treatment. In this study, the ratio of message read/firm notified is 37%/85%=0.44, similar to the 
results reported in Bando et al. (2021), where all firms were notified and 47 percent read the message. 
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Table 2: Balance at Baseline 

Variable description Treatment 
mean 

Control mean 
Difference 

treatment – 
control  

Standard error P- 
value 

Treatment 
sample 

Control 
sample 

 (1) (2) (3) (4) (5) (6) (7) 
Panel 1: Business cluster 
level 

       

Amount of ICMS tax 
declared at baseline 

572,161.79 407,458.64 164,703.145 (140,562.435) 0.241 512 515 

Amount of ICMS tax 
evaded at baseline1 

285,143.51 251,118.78 34,024.729 (33,300.907) 0.307 512 515 

Number of firms per 
business cluster  

1.31 1.38 -0.078 (0.087) 0.369 512 515 

Number of returns per 
business cluster  

8.25 8.17 0.085 (0.502) 0.865 512 515 

Panel 2: Firm level         

Has accountant (yes =1) 0.77 0.78 -0.010 (0.032) 0.760 669 713 
Years firm operates  12.21 13.19 -0.977 (0.980) 0.318 669 713 
Year in which firm begins 
operating  

2010.11 2009.15 0.960 (0.982) 0.328 669 713 

Firm is a limited company 
(yes=1) 

0.61 0.63 -0.017 (0.041) 0.680 669 713 

Firm is an individual 
entrepreneur (yes=1) 

0.24 0.22 0.013 (0.031) 0.674 669 713 

Firm’s Social Capital 50,173,320 44,680,787 5,492,532 (45,439,401) 0.903 669 713 
Firm is registered in the 
State capital (Regional 
Section Belem)  

0.19 0.20 -0.017 (0.032) 0.604 669 713 

Number of returns 
presented by the firm  6.31 5.90 0.416 (0.366) 0.255 669 713 

Panel 3: Return level        

Return month 6.89 6.85 0.044 (0.106) 0.682 4,224 4,205 
Amount of ICMS tax 
declared at baseline 69,352.94 49,902.78 19,450.162 (16,890.802) 0.249 4,224 4,205 

Amount of ICMS tax 
evaded at baseline1 34,562.85 30,755.33 3,807.517 (38,40.497) 0.321 4,224 4,205 

Amount of declared ICMS 
at baseline is zero (yes=1) 0.57 0.54 0.028 (0.037) 0.459 4,224 4,205 

Return is in 2021 (yes=1) 0.64 0.68 -0.038 (0.027) 0.163 4,224 4,205 
Return is in 2018 (yes=1) 0.36 0.32 0.038 (0.027) 0.163 4,224 4,205 

Notes: 1: The evaded tax is calculated as a difference between the amount calculated by the tax 
administration, based on third-party information, and the amount declared by the firm. This table presents 
the statistics and estimates of the differences between the treated group and the control group at the level 
of business cluster (Panel 1), firm (Panel 2), and tax return (Panel 3). Columns (1) and (2) show the means for 
the treated and control groups, respectively. Column (3) shows the difference between these amounts 
estimated by regressing the variable indicated in the “variable description” column of the table on the random 
assignment indicator. Column (4) shows the standard error. The standard errors are clustered at the business 
cluster level in the regressions in panels 2 and 3. Column (5) shows the P-values of the test of equality of means 
in columns (1) and (2). Columns (6) and (7) show the number of observations in the treatment control group 
samples, respectively. Statistical significance: * 10%, ** 5%, *** 1%. 
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Table 3. Treatment Compliance  
 (1) (2) (3) (4) (5) (6) 

Variables description Difference Standard 
error 

P-value Sample Treatment 
mean 

Control 
mean 

Received notification (yes=1) 0.851*** (0.017) 0.0000 1382 0.859 0.008 

Read notification (yes = 1) 0.369*** (0.026) 0.0000 1382 0.369 0.000 

Notes: This table presents statistics and estimated differences between the treatment and control groups 
at the firm level. Column (1) presents estimated coefficients, column (2) presents standard errors, clustered 
at the business cluster level, column (3) shows the P-value of the statistical test of equality of the parameter 
in column (1) to zero, column (4) shows the number of observations, columns (5) and (6) present the means 
of the treated and control groups, respectively. The regressions do not include control variables. Statistical 
significance * 10%, ** 5%, *** 1%.  
 

4.3. Main Results: Tax Payment     

Table 4 presents the results for the main outcome of interest of this study—tax payment. 
The program effect coefficients, estimated in the OLS model, are reported in Panel 1 of 
Table 4. They are very large, showing the difference in the tax paid between the 
treatment and control group means of about 2500 reais (approximately US$500) per 
return. However, the estimates in the basic specification without controls and in the 
specification with additional control variables are imprecise. Since the distribution of 
the right-hand side variable deviates from the normal variable distribution and presents 
a large proportion of zeros, a more appropriate model for the effect estimation is a 
Poisson model. Panel 2 of Table 4 presents the results of the Poisson model estimations. 
Compared to the OLS, all coefficient estimates in the Poisson model are precise and 
statistically significant at 5 percent statistical significance.  

The size of the effect estimated in the Poisson model ranges between 2.5 and 1.7 
demonstrating a large program effect. The results of the basic specification show that, 
on average, the tax paid by firms in the treatment group is 𝑒𝑥𝑝(2.548) = 12.78 times 
greater than the tax paid by the firms in the control group (treatment mean = 2,796.1, 
and control group mean =218.7). The inclusion of the control variables results in a 
variation in the effect from 6.01 to 13.38. Taking a difference between the control and 
treatment mean of about 2,500 reais, this intervention, at almost zero marginal cost to 
tax administration, has the potential to increase tax revenue by about US$500 (2,500/ 
5) per tax return, or US$3,150 (500 x 6.3 returns) per firm. Given the average amount of 
the tax evaded per return of about 32,000 Brazilian reais,23 the intervention is able to 
recover about 8 percent (2,500/32,000) of the evaded tax, which is 60 percent higher 
than the average yield of the audits in SEFAZ/PA.  

In addition to being more effective, the self-regularization system is also more efficient 
than traditional audits. While the cost of auditing is challenging to estimate, it is 
arguably higher than the cost of self-regularization, given that auditing involves hours of 
work of tax auditors who investigate, process, reach the firms, and attempt to recover 
the tax due. Taking as a reference the per firm cost of the self-regularization system 

 
23 The average values of the treatment and control group means are reported in Table 2.  
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reported in Bando et al. (2021), of US$28 per firm, the self-regularization evaluated in this 
study costs less than one U.S. cent (US$0.0089 = 28/3,150) for every U.S. dollar of ICMS 
payment recovered.  

Table 4: Intervention Effect on Tax Payment  
 

No controls Controls: return year 
2018 

Controls: return year 2018, 
regional delegation, year 

of firm establishment   
Effect 

estimate 
Standard 
error & p-

value 

Effect 
estimate 

Standard 
error & p-

value 

Effect 
estimate 

Standard 
error & p-

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

Panel 1: OLS model estimates  
2577.397 (2084.365) 2649.582 (2145.965) 2436.109 (1907.859) 

  0.217  0.217  0.202 

Control mean 218.7 
 

218.7 
 

218.7 
 

Control sample 4205 
 

4205 
 

4205 
 

Treatment mean 2796.1 
 

2796.1 
 

2796.1 
 

Treatment sample 4224 
 

4224 
 

4224 
 

Panel 2: Poisson model estimates  
2.548** (1.078) 2.594** (1.078) 1.794** (0.822)   

0.018 
 

0.016 
 

0.029 

Control mean 218.7 
 

218.7 
 

276.9 
 

Control sample 4205 
 

4205 
 

3321 
 

Treatment mean 2796.1 
 

2796.1 
 

3494.3 
 

Treatment sample 4224 
 

4224 
 

3380 
 

Notes: This table presents statistics and treatment effect estimates for the amount of the tax paid. Panel 1 
shows the results for the OLS model, and Panel 2 shows the results for the Poisson model. The interpretation 
of the coefficient in Panel 1 is that the average amounts of the treatment group, conditional on the controls, 
are β higher than the control group. The interpretation of the coefficient in Panel 2 is that on average the 
amounts of the treatment group, conditional on the controls, are equivalent to exp(β) in relation to the 
control group. Columns (1), (3), and (5) show the coefficient estimates, control and treatment groups means 
and sample sizes, columns (2), (4), and (6) show the standard errors and the p-values of the test of equality 
to zero of the coefficient estimate. The estimation results in columns (3) and (4) are from the models that 
include the indicator of the year of return = 2018. The estimation results in columns (5) and (6) are from the 
models that include the year of return = 2018 indicator, the regional section and the firm establishment year 
fixed effects. Statistical significance: * 10\%, ** 5\%, *** 1\%. 
 
In addition to the amount of the tax paid, we also explore the results for the tax payment 
rate (that is, the probability of paying the tax). These results are reported in Table 5. On 
average, the probability of paying the tax in the treatment group is about 0.025–0.027 
pp larger than in the control group. While the effect represents 240 percent of the 
control group mean (0.0112), it is also worth noting that the proportion of delinquent 
firms that pay the tax in both the treatment and the control groups is very small, and 
the program effect of more than doubling the proportion of those who pay results in a 
proportion of 0.0374 of compliant taxpayers in the treatment group. In this regard, the 
intervention results are driven mainly by the effects at the intensive margin rather than 
the extensive margin.       

Table 5: Intervention Effect on Tax Payment Rate  
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No controls Controls: return year 

2018 
Controls: return year 2018, 
regional delegation, year 

of firm establishment   
Effect 

estimate 
Standard 
error & p-

value 

Effect 
estimate 

Standard 
error & p-

value 

Effect 
estimate 

Standard 
error & p-

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

0.026** (0.010) 0.027*** (0.010) 0.025*** (0.009) 
  0.010  0.008  0.008 

Control mean 0.0112 
 

0.0112 
 

0.0112 
 

Control sample 4205 
 

4205 
 

4205 
 

Treatment mean 0.0374 
 

0.0374 
 

0.0374 
 

Treatment sample 4224 
 

4224 
 

4224 
 

Notes: This table presents statistics and treatment effect estimates on the rate of tax payment (the 
probability of paying tax). The interpretation of the coefficient estimate is that the average amount in the 
treatment group, conditional on the controls, is β percentage points higher than the control group. Columns 
(1), (3), and (5) show the coefficient estimates, control and treatment groups means and sample sizes, 
columns (2), (4), and (6) show the standard errors and the p-values of the test of equality to zero of the 
coefficient estimate. The estimations result in columns (3) and (4) are from the models that include the 
indicator of year of return = 2018. The estimation results in columns (5) and (6) are from the models that 
include the year of return = 2018 indicator, the regional delegation and the firm establishment year fixed 
effects. Statistical significance: * 10\%, ** 5\%, *** 1\%. 

 

The coefficient estimates presented in Tables 4 and 5 correspond to the “intention-to-
treat” (ITT) parameter for participation in the intervention. To estimate a parameter that 
represents the full effect of the intervention, it is necessary to account for imperfect 
compliance.24 For OLS models, we can approximate the local average treatment effect 
(LATE) of the intervention on the sample of compliers by dividing the coefficient 
estimates in Tables 4 and 5 by the compliance rate reported in Table 3. The LATE effect 
for the rate of tax payment is thus about 1.17 larger for taxpayers who received the 
message (1/0.85) and 2.7 times larger for taxpayers who read the message (1/0.37). For 
the Poisson model, we present the instrumental variables (LATE) estimates in Annex 
Table B.2. According to these results, in the basic specification, the LATE coefficient for 
the tax paid among compliers who received the message is 2.83, and 3.52 for compliers 
who read the message.  

Finally, in Table 6, we report the results for the tax paid and the rate of tax payment in 
different subsamples. According to the results obtained, firms tend to respond more 
intensively on messages for older returns (tax return filed in 2018); however, the same 
cannot be said for the amount of the tax paid.25 The amount of the tax paid and the tax 
payment rate tend to be higher in a subsample of taxpayers with a large amount of tax 
evasion at baseline.26 Finally, there does not seem to be any statistically significant 
program effect in the subsample of tax returns presented in large regional agencies of 

 
24 Imperfect compliance arises when not all units assigned to receive the treatment get it and (or) when 
some units assigned not to receive the treatment end up getting it. 
25 The Poisson estimation for the amount of tax paid is not reported for a subsample of returns presented 
in 2018 because the algorithm did not converge. 
26 The tax returns with a high amount of tax evasion at baseline are those with a divergence between the 
calculated and declared tax amount higher than the median. 
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SEFAZ/PA, namely, Belem and Martuba. On the contrary, the effect is high and 
statistically significant in all other regional agencies. These results suggest that in the 
context of capacity restrictions, tax administrations may be interested in targeting 
specific groups of taxpayers to achieve better results. In the case of this intervention, it 
appears that the program had a higher effect in smaller regional sections among 
taxpayers who evaded more.  

Table 6: Heterogeneous Effects on the Amount of Taxes Paid and Payment Rate 

Variable name 
Full 

Sample 

Tax 
return in 

2018 

Tax 
return in 

2021 

Low tax 
evasion at 
baseline 

High tax 
evasion at 
baseline 

Belem 
and  

Martuba 

Not 
Belem 

and 
Martuba 

  (1) (2) (3) (4) (5) (6) (7) 
Amount of tax 
paid (Poisson)  

2.548** NA 2.518** 1.180 2.672** -0.055 3.759*** 

Rate of tax 
payment (OLS) 0.026** 0.035*** 0.022 0.021** 0.032** 0.010 0.034*** 

Notes: This table shows the estimated impact parameters and statistical significance for the Poisson model 
estimates for the amount of tax paid and the OLS model estimates for the tax payment rate. Each cell in 
the table corresponds to one regression. Column (1) shows the estimated parameters for the whole sample, 
while columns (2) - (7) show the estimated parameters in a model without covariates for the different sub-
samples, as indicated in the column names. The Poisson model estimation for the amount of tax paid (line 
one in column two) is not reported because the algorithm did not converge. Statistical significance * 10%, 
** 5%, *** 1%. 
 

4.4. Mediating Pathways: Tax Return Correction 

As previously explained, taxpayers received a message specifying the discrepancy 
between the declared and calculated amount of the ICMS tax for each tax return with 
this inconsistency and invited taxpayers to amend the declared amount, which would 
result in a higher amount of tax due. This section explores how the intervention affected 
taxpayers’ behavior regarding tax corrections. In Table 7, we present the results for the 
amount of declared tax correction, and in Table 8 for the correction rate (that is, the 
probability of correcting the tax on a tax return). Table 7 shows the results for the 
amount of corrected tax. The declared tax amount is also a truncated variable exhibiting 
bunching of values at zero, however, the concentration of values at zero is less 
pronounced than for the amount of tax paid variable.27 Table 7 presents the results for 
the OLS model (Panel 1) and the Poisson model (Panel 2).  

The intervention, on average, resulted in a larger correction of the declared tax in the 
treatment group firms (mean amount of 6,280 reais) than in the control group (mean 
amount 2,700.8 reais), with the effect estimate ranging from 3,500 reais (about US$700) 
to 4,200 reais (about US$800). The effect estimates are statistically significant at 10 
percent in the basic specification and in the specification with the year of the tax return 
control variable. The statistical significance of the estimates improves and reaches the 5 

 
27 The probability of correcting the return after the intervention is 3 percent in the control group and 12 
percent in the treatment group, compared to the probability of paying the tax of about 1 percent in the 
control group and 4 percent in the treatment group. 
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percent level in the specification with additional controls for the firm’s geographical 
location and years of operation. The estimation results for the Poisson model show that 
the amount of the correction in the treatment group firms, in the basic specification 
without control variables, is 𝑒𝑥𝑝(0.844) = 2.33 times larger than in the control group (at 
10 percent level of statistical significance). In the specifications with control variables, 
the effect estimate increases up to 𝑒𝑥𝑝(1.23) = 3.42, and becomes statistically significant 
at the 5 percent level of statistical significance. 

 

Table 7: Intervention Effect on the Amount of Tax Correction 
 

No controls Controls: return year 
2018 

Controls: return year 2018, 
regional delegation, year 

of firm establishment   
Effect 

estimate 
p-value Effect 

estimate 
p-value Effect 

estimate 
p-value 

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

Panel 1: OLS model estimates  
3,579.840* 0.091 3,753.597* 0.079 4,257.929** 0.039 

 (2,113.849)  (2,135.848)  (2,058.253)  

Control mean 2,700.8 
 

2,700.8 
 

2,700.8 
 

Control sample 4205 
 

4,205 
 

4,205 
 

Treatment mean 6,280.7 
 

6,280.7 
 

6,280.7 
 

Treatment sample 4,224 
 

4,224 
 

4,224 
 

Panel 2: Poisson model estimates  
0.844* 0.058 0.882** 0.046 1.230** 0.015 

 
(0.445) 

 
(0.443) 

 
(0.504) 

 

Control mean 2,700.8 
 

2,700.8 
 

2,789.7 
 

Control sample 4205 
 

4205 
 

4071 
 

Treatment mean 6,280.7 
 

6,280.7 
 

6,451.8 
 

Treatment sample 4224 
 

4224 
 

4112 
 

Notes: This table presents statistics and treatment effect estimates for the amount of the correction on tax 
returns in an OLS model (Panel 1) and Poisson Model (Panel 2). The interpretation of the coefficient in Panel 
1 is that the average values of the treatment group, conditional on the controls, are β higher than the control 
group. The interpretation of the coefficient in Panel 2 is that on average the values of the treatment group, 
conditional on the controls, are equivalent to exp(β) in relation to the control group. Columns (1), (3), and (5) 
show the coefficient estimates, standard errors, control and treatment groups means, and sample sizes, 
columns (2), (4), and (6) show the p-values of the test of equality to zero of the coefficient estimate. The 
estimations result in columns (3) and (4) are from the models that include the indicator of year of return = 
2018. The estimation results in columns (5) and (6) are from the models that include the year of return = 
2018 indicator, the regional section and firm establishment year fixed effects. Statistical significance: * 10\%, 
** 5\%, *** 1\%. 
 

Table 8 presents the results for the declared tax correction rate (the probability of 
correcting the declared tax). The results show that, on average, the correction rate was 
higher in the treatment group by 0.086-0.09 pp. 

Table 8: Intervention Effect on the Tax Correction Rate 
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No controls Controls: return year 

2018 
Controls: return year 2018, 
regional delegation, year 

of firm establishment   
Effect 

estimate 
p-value Effect 

estimate 
p-value Effect 

estimate 
p-value 

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

0.086*** 0.000 0.089*** 0.000 0.090*** 0.000 
 (0.018)  (0.017)  (0.017)  

Control mean 0.0328 
 

0.0328 
 

0.0328 
 

Control sample 4205 
 

4205 
 

4205 
 

Treatment mean 0.119 
 

0.119 
 

0.119 
 

Treatment sample 4224 
 

4224 
 

4224 
 

Notes: This table presents the statistics and treatment effect estimates for the tax return correction rate 
(probability that the tax return will be corrected). The interpretation of the coefficient estimate is that the 
average amount in the treatment group, conditional on the controls, is β percentage points higher than the 
control group. Columns (1), (3), and (5) show the coefficient estimates, standard errors, control and treatment 
groups means and sample sizes; columns (2), (4), and (6) show the p-values of the test of equality to zero of 
the coefficient estimate. The estimation results in columns (3) and (4) are from the models that include the 
indicator of year of the return = 2018. The estimation results in columns (5) and (6) are from the models that 
include the year of the return = 2018 indicator, the regional delegation, and firm establishment year fixed 
effects. Statistical significance: * 10\%, ** 5\%, *** 1\%. 
 

5. Conclusions  

The government’s ability to collect taxes efficiently is critical to ensuring the 
sustainability of state finances and provide fiscal space for productive investment and 
social spending, leading to economic growth and development.  Promoting tax 
compliance and strengthening tax collection are, therefore, priority goals of modern tax 
administration. To achieve these goals, tax administrations can leverage digitalization 
and use administrative information to detect evasion and effectively lower taxpayer 
compliance costs. Moreover, a more efficient tax administration increases state capacity 
and the availability of resources for financing government and finalistic policies, as well 
as delivering more productive investment and services to citizens. If supported by a 
focus on taxpayers and the search for an improved relationship between public 
administration and citizens, this approach can bolster government legitimacy and trust 
in institutions.  

This study evaluates the effectiveness of a self-regularization system, which leverages 
the new technological capabilities of the tax administration to perform massive data 
crossings, inform taxpayers about inconsistencies detected, and facilitate self-
regularization through a dedicated platform. The implementation of the self-
regularization platform for a group of delinquent firms who under-declared the tax 
amount owed on their tax returns shows that the self-regularization system has 
substantial effects on the payment of taxes and corrections of tax returns. Specifically, 
the effectiveness of the self-regularization system is 60 percent higher than the that of 
the traditional approach based on personalized audits. This study presents the results 
three months after the intervention began and finds that that the amount of tax paid 
by firms in the treatment group was 12.78 times higher than that paid by firms in the 
control group. The intervention increased the probability of paying the tax by 236 
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percent (from 0.011 pp in the control group to 0.037 pp in the treatment group). Its long-
run impacts depend on the dynamics of the taxpayer's behavior. 

The results presented in this study complement the discussion in recent research in 
Brazil (Cafe, Yarygina, and Escalante, 2024) on whether the expected change in 
compliance regarding future tax obligations can depend on the perceived risk and 
penalty. Given the low marginal cost of self-regularization compared to auditing, the 
self-regularization intervention is arguably more cost-efficient than the traditional audit-
based approach. It is also considerably less demanding to taxpayers, decreasing the cost 
of compliance. The design and content of self-regularization messages sent to 
delinquent taxpayers were based on the lessons learned from the literature and 
included detailed information on the detected inconsistencies, clear step-by-step 
instructions on how to amend the tax return, and information on penalties and fines for 
not doing so. 

The results of this study highlight the potential of self-regularization systems to improve 
tax compliance and increase revenue at low cost, which is in line with the results 
reported in recent studies in Brazil for simplified tax regime taxpayers (Bando et al., 2021; 
Cafe, Yarygina, and Escalante, 2024). In addition, this study provides new evidence for 
the effects of self-regularization systems in Brazil on the payment of taxes for regular tax 
regime taxpayers. These results are particularly important in Brazil, where, in recent 
years, sub-national jurisdictions have been implementing self-regularization systems. 
Tax administration in other countries and regions interested in substituting or 
complementing the traditional audit-based approach with self-regularization platforms 
may also benefit from the results of this study, given that the intervention is scalable and 
customizable to different contexts.   
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Annexes 

A. Notifications  

The notifications sent to taxpayers were prepared based on the knowledge generated 
by previous studies. In terms of content, SEFAZ/PA decided to choose a dissuasive 
message, informing taxpayers that the failure to comply will result in actions by the tax 
administration, fine, and interests for late payment (Castro et al., 2022) Another study 
that informed the message design is the one carried out by the São Paulo Secretaria 
de Fazenda (SEFAZ/SP), for collection of the Vehicle Tax. The study divided taxpayers 
into a control group and five other groups that received different types of messages. 
The best results were obtained for the dissuasive messages (DICAR, 2022) In addition, 
the message design also considered the experience of the study in Piaui Brazilian 
State (Bando et al., 2021), which found that giving detailed information to taxpayers on 
the delinquency in the notification improves the message’s effect.  

In this study, delinquent taxpayers received the notification on their fiscal electronic 
address in pdf format, along with the online spreadsheet detailing the calculations of 
the tax due. In addition, the taxpayers could download all electronic documents used 
to compute the tax due by SEFA/PA from the SEFAZ/PA Service Portal. The objective of 
giving taxpayers the information was to prove that SEFAZ/PA is aware of the 
delinquency and to convince taxpayers to correct their returns and pay the taxes owed.    
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B. Additional Results  

Table B1: Descriptive Statistics of the Key Tax Variables  

Variable 
description 

Mean Standard 
Deviation 

Median Min Max Sample 
size 

% 
zeros 

  (1) (2) (3) (4) (5) (6) (7) 

Amount of 
ICMS tax 

declared at 
baseline 

59,649.78 354,476.81 0.00 0.00 2,211,9595.88 8429 55.72 

Amount of 
ICMS tax 

evaded at 
baseline1 

32,663.38 84,248.17 11157.84 1000.51 3,192,400.00 8429 0.00 

Amount of 
ICMS 

correction at 
follow-up 

4,390.83 48,818.36 0.00 -869,371.66 2,548,606.27 8429 92.40 

Tax paid at 
follow-up 

1,510.28 32,242.56 0.00 0.00 1,592,312.88 8429 97.57 

Notes: The evaded tax is calculated as the difference between the amount calculated by the tax 
administration, based on third party information, and the amount declared by the firm. All statistics are 
measured at the level of the tax return. Sample size corresponds to the total number of returns in the study, 
filed in 2018 and 2021. 
 

 

Table B2: LATE Effect Estimates for the Amount of Tax Paid  
 

ITT LATE: received 
notification 

LATE: read 
message 

notification 
 (1) (2) (3) 

Coefficient estimate 2.548** 2.832** 3.518** 
Standard error (1.078) (1.163) (1.133) 

p-value 0.018 0.015 0.002 

Notes: This table presents statistics and effect estimates for the local average treatment effect (LATE) for the 
amount of tax paid in the Poisson model. The first column shows the results of the Intent-to-treat (ITT) effect 
estimate in the basic specification without covariates and is equivalent to the results presented in Table 4 
Panel 2 column (1). The results in column (2) are for the LATE estimation, where the endogenous indicator 
of receiving the notification is instrumented with the assignment to treatment, while the results in column 
(3) are for the LATE estimation, where the endogenous indicator of having read the message is instrumented 
with the assignment to treatment. All regressions correspond to a basic specification without covariates. 
Statistical significance: * 10%, ** 5%, *** 1%. 
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