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This research aims to present and analyze a small and highly stylized system dynamics (SD) model 
of corruption in Brazil and its potential impacts on fraud in public procurement. It focuses on two 
key feedback loops: i) the impact of corruption on the level of economic investments in the country, 
impacting anti-corruption economic pressure and consequently the effectiveness of the judicial 
system; and ii) the impact of corruption on income concentration and consequently on the level of 
active political participation of the population. The SD model was calibrated based on the Brazilian 
Corruption Perception Index (Índice de Percepção da Corrupção – IPC). A scenario analysis was carried 
out to study the impact of these variables on corruption. Policy implications are discussed. Despite 
having low internal validity, the model reflects key determinants of the dynamics of corruption as 
suggested by the literature and might also be useful as an education tool for policymakers.
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UM MODELO PEQUENO E ALTAMENTE ESTILIZADO DA CORRUPÇÃO NO 
SETOR PÚBLICO NO BRASIL

Esta pesquisa tem como objetivo apresentar e analisar um modelo pequeno e altamente estilizado 
de dinâmica de sistemas (system dynamics – SD) da corrupção no Brasil e seus possíveis impactos 
sobre a fraude em contratos públicos. Ela se concentra em dois ciclos principais de feedback:  
i) o impacto da corrupção sobre o nível de investimentos econômicos no país, impactando a pressão 
econômica anticorrupção e, consequentemente, a eficácia do sistema judicial; e ii) o impacto da corrupção 
sobre a concentração de renda e, consequentemente, sobre o nível de participação política ativa da 
população. O modelo SD foi calibrado com base no Índice de Percepção da Corrupção (IPC) no Brasil. 
Foi realizada uma análise de cenário para estudar o impacto dessas variáveis sobre a corrupção. As 
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implicações políticas são discutidas. Apesar de ter baixa validade interna, o modelo reflete os principais 
determinantes da dinâmica da corrupção, conforme sugerido pela literatura, e também pode ser útil 
como uma ferramenta educacional para os formuladores de políticas.

Palavras-chave: Brasil; corrupção; políticas públicas; compras públicas; dinâmica de sistemas.

UN PEQUEÑO MODELO MUY ESTILIZADO DE LA CORRUPCIÓN EN EL SECTOR 
PÚBLICO DE BRASIL

Esta investigación pretende presentar y analizar un modelo de dinámica de sistemas (system 
dynamics – SD) pequeño y muy estilizado de la corrupción en Brasil y sus posibles repercusiones 
en el fraude en la contratación pública. Se centra en dos circuitos de retroalimentación clave:  
i) el impacto de la corrupción en el nivel de inversiones económicas en el país, impactando en 
la presión económica anticorrupción y consecuentemente en la efectividad del sistema judicial; 
y ii) el impacto de la corrupción en la concentración del ingreso y consecuentemente en el nivel 
de participación política activa de la población. El modelo SD fue calibrado en base al Índice de 
Percepción de la Corrupción (IPC) de Brasil. Se realizó un análisis de escenarios para estudiar 
el impacto de estas variables en la corrupción. Se discuten las implicaciones políticas. A pesar 
de tener una baja validez interna, el modelo refleja los determinantes clave de la dinámica de 
la corrupción sugeridos por la literatura y también podría ser útil como herramienta educativa 
para los responsables políticos.

Palabras clave: Brasil; contratación pública; corrupción; dinâmica de sistemas; políticas públicas.

JEL: D73; L38; H57; C54; C60.

1 INTRODUCTION

In its procurement guidelines, the World Bank defines a “corrupt practice” as offering, 
giving, receiving, or soliciting, directly or indirectly, anything of value to influence 
the action of a public official in the procurement or contract process (Lengwiler 
and Wolfstetter, 2006). Entrenched corruption deteriorates countries – and the 
population suffers from disservice. Corruption jeopardizes the social contract on 
which moral behavior and the rule of law are based (Lee et al., 2019).

There is evidence of the importance of the problem of corruption in the 
Brazilian context, and of its dynamic, systemic nature. Batista, Rocha and Santos 
(2020) indicate that the effort towards a more transparent management in the 
public sector has not yet generated the expected results. The authors argue that 
the creation of the Access to Information Act (Lei de Acesso à Informação) can 
help reduce the cost of access to public information and the control of rulers over 
it, but adherence to the new law is still very limited. Very few, if any studies have 
focused on the dynamics of such a problem in the Brazilian context. Our study is 
an attempt to fill this void.

Brazil is one of the few countries that has a specially articulated system for 
the protection of competition in public procurement. Brazil’s competition policy 
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is governed by Law No. 8,884 of June 11, 1994, amended in 2000 and 2007, the 
Competition Law. For the purposes of this research, in the context of bids, corrup-
tion will include practices of fraud, bribery, collusion, or self-competition of bidders.

There is a gap in the literature focusing on the dynamics of corruption; as 
is argued in the literature review session, a few authors created dynamic models 
that capture a larger portion of the complexity of the phenomenon of corruption; 
however, these models have not been published in peer-reviewed journals. This 
finding is based on an exhaustive search in databases such as Science Direct, Web 
of Science and Google Scholar, showing that in high-impact indexed journals there 
are no such publications. Studies based especially on econometric or game theory 
models that focus on a single specific aspect behind the dynamics of corruption, have 
been published. There are a few published system dynamics (SD) models focusing 
on more than one driving force behind the phenomenon of corruption, but these 
are not macro-level (national economy) studies. Therefore, this study aims to find 
a “middle ground”, presenting an SD model with four loops (with only two key 
loops), therefore adding more layers of complexity in comparison to the existing 
“single driver” studies. It thus focuses on few but important key determinants of 
corruption, without having the ambition to obtain high internal validity, but still 
aiming at generating potentially useful insights, especially for policy makers. 

This research presents a small and highly stylized SD model of corruption in 
Brazil and its potential impacts on fraud in public procurement. The objective is to 
analyze the dynamics of the phenomenon, in the public sector in Brazil, and evaluate 
policies. The model focuses on two major feedback loops based on the literature: 
i) the impact of corruption on the level of economic investments in the country, 
impacting anti-corruption economic pressure and consequently the effectiveness 
of the judicial system; and ii) the impact of corruption on income concentration 
and consequently on the level of active political participation of the population. 

The model was calibrated based on the Brazilian Corruption Perception Index 
(Índice de Percepção da Corrupção – IPC). A scenario analysis was carried out to 
determine the behavior of the corruption curve and the number of corrupt com-
panies for different configurations, and to study the impact of these variables on 
corruption. Based on the results of simulations, policy implications are discussed. 
Despite having low internal validity, the model reflects key determinants of the 
dynamics of corruption as suggested by the literature and expands theoretical 
knowledge on the dynamics of corruption, and important phenomenon for theory, 
for policy makers, and for managerial practice.
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2 LITERATURE REVIEW

Nobel laureate Gunnar Myrdal once said that “corruption seems to be almost a 
taboo subject” in academic studies (Lee et al., 2019; Myrdal, 1970). This posture 
has been changing over time. A few authors created dynamic models that capture 
a larger portion of the true complexity of the phenomenon of corruption (Dudley, 
2000; Queiroz, 2015; Scholl and Luna-Reyes, 2011; Ullah and Arthanari, 2011; 
Ullah, 2012). However, these models have not been published in peer-reviewed 
journals, perhaps because of the great difficulty in running simulations with a 
calibrated model and formally validating the models in face of the interdependence 
of corruption with extremely complex factors, such as macroeconomic, cultural, 
legal, behavioral, and political factors (Husted, 1999). A wide range of other fac-
tors, in turn, influences these factors. The interdependence of corruption to this 
whole range of factors makes it an “insoluble” problem, if a high level of internal 
validity is aimed for. For instance, it is known that the Forrester “National Model 
of System Dynamics” (of the American economy) was a work of decades and was 
never fully completed (Forrester, 2013).

Studies based especially on econometric or game theory models that focus 
on a single specific aspect of the dynamics of corruption, deliberately freeing 
themselves from the objective of reflecting all of its complexity, have been pub-
lished (Bicchieri and Duffy, 1997; Feichtinger and Wirl, 1994; Lee et al., 2019; 
Rinaldi, Feichtinger and Wirl, 1998; Tyburski, Egan and Schneider, 2020). 
There are a few published SD models focusing on more than one driving force 
behind the phenomenon of corruption, but these are not macro-level (national 
economy) studies. For instance, Owusu, Chan and Wang (2021) focused on urban 
infrastructure procurement, and Cosenz and Noto (2014) focused on firm-level 
corruption. Other papers, such as Zausinová et al. (2020) studied corruption 
on a macro-level, but used agent-based modeling, with a remarkably different 
perspective than the one used here.

Given the magnitude of the social, economic, and political factors involved 
in the dynamics of corruption, SD authors such as Dudley (2000), Queiroz 
(2015), Scholl and Luna-Reyes (2011), Ullah and Arthanari (2011) and Ullah 
(2012) have developed complex and comprehensive, macro-level models about 
corruption. However, these SD models have a major limitation: they have not 
taken a quantitative approach to the dynamics of the corruption phenomenon. 
No simulations were run and the models have not been published in academic, 
peer-reviewed journals. As was mentioned, models that focus on a single aspect of 
the dynamics of corruption (at the macro level) have been published, deliberately 
disregarding the objective of reflecting more of its complexity. 
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Tyburski, Egan and Schneider (2020) study how the impact of natural resource 
extraction on corruption outcomes is state-dependent. That is, in environments 
where corruption is high, natural resource windfalls allow the political actors and 
economic elites to take advantage of state brokerage, further increasing corruption. 
Bicchieri and Rovelli (1995) model the exchange of bribes in a system. The authors 
show how, assuming that corruption generates small but cumulative social costs, 
and that the population has a small number of irreducibly honest citizens, a stable 
equilibrium of corruption can become unstable, triggering a sudden transition to 
honest behavior. Finally, Bicchieri and Duffy (1997) demonstrate how corruption 
can become cyclical under the assumption that politicians, in order to be reelected, 
have to compensate voters by means of material incentives. Feichtinger and Wirl 
(1994) and Rinaldi, Feichtinger and Wirl (1998) show how cycles happen by means 
of an interplay of the popularity of politicians and their hidden assets. 

3 MODEL DEVELOPMENT AND METHODOLOGY

Small SD models (with up to six loops) are especially suitable for learning and 
designing effective policies because of several advantages. First, the feedback ap-
proach and emphasis on endogenous explanations of behavior, second, the aggre-
gate approach, the simulation approach, and the fact that the models are “small” 
enough so that the structure is clear and the link between structure and behavior 
can be easily discovered by means of experimentation (Ghaffarzadegan, Lyneis 
and Richardson, 2015). In addition, a simple and small model allows exhaustive 
experimentation. Thus, important leverage points in the system can be more easily 
identified. A simple model ensures that policy makers can fully and easily under-
stand the results of experiments (Ghaffarzadegan, Lyneis and Richardson, 2015). 
A brief presentation of a simple model facilitates the demonstration of lessons to 
others and helps bring dynamic lessons to stakeholder meetings. This emphasis 
on a small model resembles that of Repenning (2003), who argues that small 
models are also needed in the academic context to build the intuition of readers 
who are not used to a dynamic or holistic view of systems. These are the reasons 
for the choice of a small model in this study. This article is mainly targeted at the 
aforementioned populations.

The SD mathematical modeling technique was used to analyze the relation-
ship between key components and variables of the phenomenon of corruption 
in the public sector, and its effects on the electronic public procurement system, 
through the development and calibration of a mathematical model. Simulations 
and scenario analysis were performed in order to study the impact of different 
boundary conditions on corruption, and potentially propose actions to mitigate 
the risk of occurrence of corruption, aiming to reduce corruption in the broad 
“macro” level of the public sector, and anti-competitive and fraudulent practices 
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in the “micro” public procurement environment. The focus on anti-competitive, 
fraudulent practices in the “micro” sector is justified by the choice of the electronic 
public procurement environment as the focus of this sector of the model, since 
these are well known types of corrupt practices during electronic trading.6

The full list of equations and model were built with Vensim DSS and can be 
obtained from the authors by request. 

This study intends to investigate what actions may be enforced to mitigate the 
occurrence of corruption at the national level and at the level of electronic trading 
in public procurement, based on a scenario analysis performed on a parsimonious 
and stylized SD model. Such model focuses on two explanatory factors of corrup-
tion, reflected in two major feedback loops: i) the impact of corruption on the 
level of economic investments, which impacts on anti-corruption economic pres-
sure and consequently on the effectiveness of the legal system; and ii) the impact 
of corruption on income concentration and consequently on the level of active 
political participation of the population. 

Lee et al. (2019), in their study based on game theory, study the oscillatory 
aspect of corruption, represented in the balance loop of the model presented here. 
According to the authors, “corruption displays a stunning diversity. Our approach 
has focused on one part only. It is, however, a core part” (Lee et al., 2019, p. 13280).

These remarks are also valid for the parsimonious model presented here. Its 
two key loops are described next.

3.1 Reinforcing loop: inefficient allocation of public resources

According to Gupta, Davoodi and Alonso-Terme (2002), corruption can increase 
income inequality and poverty through a variety of channels, including general 
growth, biased tax systems, and poor targeting of social programs as well as their 
impact on asset ownership, human capital formation, and education inequalities. 
Asset owners pressure the government to influence policies and legislation, including 
tax treatment for their assets, trade policies, exchange rates, and spending programs. 
As a result, government policies will benefit the returns on assets belonging to 
the rich and decrease returns on assets belonging to the poor, increasing income 
inequality and poverty (Gupta, Davoodi and Alonso-Terme, 1998).

The significant impact of corruption on income inequality and the negative 
effect of corruption on income growth for the poorest 20% of a country have been 
demonstrated to be empirically significant (Gupta, Davoodi and Alonso-Terme, 
2002). An important implication of these findings is that policies that reduce cor-
ruption are likely to reduce income inequality and poverty as well. Other studies 

6. Available at: https://portal.tcu.gov.br/transparencia/relatorios/relatorios-de-atividades. Accessed on: Oct. 15, 2023.
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reinforce the presence of the relationship between inequality and poverty (Adams 
Junior, 2004; Goudie and Ladd, 1999; Khan et al., 2014).

Also, corruption is perceived by the citizens in elections, party financing 
and when access to basic public services is denied due to corruption. As a result, 
citizens might retreat from active political participation due to poverty, reinforc-
ing the cycles of political underrepresentation and perpetuating the mechanisms 
that favor corruption. To illustrate this effect the Brazilian presidential elections 
of 2014 had a record of 29% of voters who did not attend the pools or voted 
void or null – a high percentage considering that, in Brazil, voting is mandatory 
(Abstenção […], 2014). There is consensus and vast evidence in favor of this view. 
Many classic and more recent studies show evidence of the impact of income on 
political participation (Acock and Scott, 1980; Barnes et al., 1979; Conway, 1991; 
Dalton, 1988; Kenny, 1992; Klesner, 2009; Leighley, 1990, 1995; Nie et al., 1988; 
Salisbury, 1980; Verba, Nie and Kim, 1978; Brady, Verba and Schlozman, 1995).

In summary, the lack of active participation of the population, especially the 
poorest, is linked to corruption and consequently to the concentration of asset 
ownership, leading to more poverty. In addition, as assets are used as collateral in 
investments and loans, the concentration of assets decreases the ability of the poor 
to borrow and make investments (Gupta, Davoodi and Alonso-Terme, 2002). The 
impact of social programs and public investments decreases when government-funded 
programs are used to extend benefits to wealthy population groups rather than to 
citizens who are really needed. Access to basic public services, such as education 
and health care, is denied to low-income population groups, perpetuating cycles of 
poverty and social exclusion (Gupta, Davoodi and Alonso-Terme, 2002).

In the model, higher levels of corruption impact on more concentration of 
assets at each moment in time, increasing poverty (measured as an auxiliary vari-
able and not as a stock) and, with a delay, reducing active political participation 
of the population (equation 1). The information delay is defined as a third order 
exponential smoothing function, because it is assumed that abrupt variations are 
smoothed and some of the delayed information can be forgotten if the delay varies 
(Kirkwood, 1998). This generates even more corruption, in a reinforcing loop.

 	 (1)

To conclude this argument, two related issues must be explored. First, there 
is relative consensus in the empirical literature that education positively correlates 
with political participation (Kam and Palmer, 2008). This relationship is confirmed 
by other authors, such as Kuenzi (2006), who found evidence that the level of 
formal education is related to political participation in Senegal. Armingeon and 
Schädel (2015) found that in their electoral choices, citizens with fewer resources, 
in terms of education, rely more heavily on cues and social control of the social 
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groups to which they belong. Once the ties to these groups loosen, these cues 
and mobilizing norms are no longer as strong as they once were, resulting in an 
increasing abstention of the lower classes on Election Day. Mayer (2011) also 
found similar results. 

Second, political participation depends on the information that is given to 
the population. There is evidence that free media, especially press, has an important 
role in the control of corruption. Brunetti and Weder (2003) found that free press 
may be a powerful control on corruption. Lessmann and Markwardt (2010) found 
that free press is a necessary pre-condition for successful decentralization programs, 
which, in turn, are a feasible instrument for use in keeping corruption at bay. Char-
ron (2009) found empirical evidence that suggests that while political and social 
openness have a significant impact in combating corruption given a free press, the 
impact of such international forces is negligible in cases where press freedoms are 
low. Therefore, the conclusions of the aforementioned studies suggest that freedom 
of press may have a moderating effect on political participation of citizens, which 
in turn has the potential to reduce corruption. Such assumption is made here and 
is materialized in the variable sensitivity of political participation to poverty level.

The relationships between pairs of the aforementioned endogenous variables 
in this loop are defined, in the model, as linear. All equations can be obtained from 
the corresponding author. It is important to point out that the mere fact that these 
variables have similar, sometimes equal values over time, does not mean that they 
measure the same concept, since most of the model was anchored on literature. 

3.2 Balancing loop: economic pressure against corruption

The balancing loop present in the model is derived from the study of evolutionary 
game theory applied to corruption, by Lee et al. (2019). The authors explain the 
logic behind one phenomenon related to systemic corruption, focusing on the effect 
of judiciary corruption upon economic investment.

If institutions are viewed as “guardians” of the community, then it is up to the com-
munity to “guard the guardians”. This is usually a costly endeavor. Whenever it is 
neglected, corruption can spread. In response, cooperation breaks down. Such a crisis 
reinvigorates efforts by would-be cooperators to closely watch the rule-enforcing 
institution and only invest when they can trust that the judicial system is reliable. 
Eventually, this curbs corruption and bolsters economic activity. But when coopera-
tion and honesty prevail again, the efforts to watch the integrity of the institution 
become superfluous, and therefore slacken. And, thus, another cycle starts. This 
recurrence of corruption reflects what, in the jargon of social science, is termed a 
“wicked” problem – one that cannot be solved for good (Lee et al., 2019, p. 13276).

Thus, the participation of individual agents in the social situation leads to 
sustained or damped oscillations that reflect the increase and decrease of institu-
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tional corruption in response to the decline and decrease of cooperation within 
society (Lee et al., 2019). Authors such as Dzhumashev (2014), North (1990) 
and Rose-Ackerman (1996) support this view, stating that corruption of judicial 
institutions diminishes investments and therefore economic growth. The nega-
tive feedback will occur when high levels of corruption impact negatively on 
competitiveness, reducing economic investments in the country. After a period, 
this will result in efforts and investments in the legal system, aiming to increase 
the effectiveness of the judicial system (equation 2) and increase the rate of con-
viction of corrupt actors. This will in turn reduce corruption, closing the loop 
(Dzhumashev, 2014; North, 1990). A simple first order information delay was 
used, since in this case it is not assumed that the delayed information will be 
forgotten if the delay varies (Kirkwood, 1998).

 	 (2)

The relationships between pairs of the aforementioned endogenous variables 
in this loop are defined, in the model, as linear. All equations can be obtained 
from the corresponding author. Again, the fact that some of these variables have 
similar or equal values over time does not mean that they measure the same con-
cept. Equation 3 shows the calculation for the reference mode of the model, the 
Corruption variable.

 	 (3)

3.3 The public procurement sector of the model

This sector of the model is very simple; it contains a single double-edged flow 
between fraudulent and regular companies operating in the public procurement 
system of the Brazilian government. A regular company can turn into a fraudu-
lent one and a fraudulent one can become regular, and these flows depend on the 
perceived national level of corruption and on the sensitivity of these companies 
to the level of corruption. It seems reasonable to assume a direct, linear relation-
ship between corruption on a “macro” level and corruption in a specific setting. 
For instance, Sadaf et al. (2018) found that an increase in the level of “control of 
corruption” could reduce the level of cases of accounting fraud in many countries. 
The impact of the variable controlled corruption is robust and has a statistically 
significant value. In other words, more control and prevention of corruption is 
associated with a smaller number of frauds. The equation governing the variables 
of this sector is shown on equation 4.

	 (4)
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3.4 Summary of the model

The model can be seen in figure 1 and its main relations on table 1. 

FIGURE 1
The model

Authors’ elaboration.
Note: Illustration reproduced as in the original (Editorial note).

TABLE 1
Main variables and relations

Variable Impact on Polarity of impact Loop

Corruption Income concentration +

Reinforcing loop
Income concentration Poverty level +

Poverty level Level lack of active political participation +, with a delay

Level lack of active political participation Corruption +

Corruption Investment rate -

Balancing loop

Investment rate Economic anticorruption pressure -

Economic anticorruption pressure Effectiveness of the judicial system +, with a delay

Effectiveness of the judicial system Corruption -

Regular Companies Conversion rate to fraudulent +

Conversion rate to fraudulent Regular companies -

Fraudulent companies Conversion rate to fraudulent -

Conversion rate to fraudulent Fraudulent companies +

Authors’ elaboration.
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3.5 Simplifying assumptions of the model

For a better visualization of the SD model, the most important simplifying as-
sumptions are detailed on table 2. It is important to mention that this is not an 
exhaustive list, and it is focused on the most important assumptions only.

TABLE 2
Simplifying assumptions of the model

Assumptions of the model

Major assumption Specific assumptions Description

Other factors, not accounted for in 
the model, influencing its economic, 
political, social variables remain 
stable during the simulation period

Assumption 1 The total population of bidding companies is fixed.

Assumption 2
No account is taken of the effect of changes in public administration 
due to elections every four years. The level of corruption and frauds 
is not affected by elections. There is continuity.

Assumption 3
Legal, punitive actions and public pressure via political participation 
are the only factors affecting the level of corruption.

Assumption 4
The sensitivities of “perception about corruption” by participants in 
the bidding environment depends on the transparency and disclosu-
re of the actions taken against corruption.

Assumption 5

The “judicial effectiveness” depends only on the social/economic 
pressure affecting the investments in the public sector. It is assumed 
that the level of effectiveness in the legal sector depends only on 
social/economic pressure, and that factors such as the overload due 
to the accumulation of lawsuits is constant.

Assumption 6
The legal sector's sensitivity to pressures depends on improvements 
in its processes and legislation.

Assumption 7
The level of incidence of Anti-Competitive Practices/Frauds in  
Electronic Auctions is directly linked to the perception of bidders 
regarding corruption at the national level.

Assumption 8
The effects of corruption are only endogenous to “corruption”. The 
actual world (companies) is detached from corruption and is only 
impacted by it, with no feedback to it.

Authors’ elaboration.

3.6 Calibration and model validation

Senge and Forrester (1980) suggest three types of tests of SD models: i) structural 
similarity to the actual system; ii) reasonable behavior over a wide range of input 
values; and iii) behavior similarity to actual systems. The model was tested under 
extreme conditions and a wide range of input values ware used in the simulations. 
Model behavior remained reasonable through these tests, as long as extreme values 
for the key constants were not chosen. By basing the model on the literature on 
corruption, focusing on two of its key drivers, the model’s structural similarity to 
systemic corruption is improved. 

Due to the stylized nature of the model, no empirical data were used for a 
comparison, that is, the performance of the model, and especially the coefficients 
for the relations between endogenous variables, were not calibrated in relation to 
the time series for each of the constructs of interest. Instead, a reasonable range 



planejamento e políticas públicas | ppp | n. 72 | jan.-abr. 2025 [2026]284

of input parameters was selected, and the evolution of the complete model was 
explored in a systematic way, using the IPC as the reference mode.7 The objec-
tives of this exploration are that the model should work consistently in relation to  
the theoretical foundations. Although it is beyond the scope of the study to capture the  
full complexity of the dynamics behind the corruption phenomenon, the model 
was therefore tested on the basis of the Brazilian IPC between 2012 and 2019. 
This period corresponds to the initial period of the simulations, which ran for an 
extended period of 200 months, since the objective was to study the behavior of 
the variables and policies in the long run, that is, for a longer period than the one 
covered by the IPC, allowing the model to potentially reach dynamic equilibrium. 
The calibration was performed with the automated function of Vensim DSS. Initial 
values for the variables were chosen in a way that the initial value of corruption would 
coincide with the value found in the IPC. Changes were made, by the software, 
to the two delays and to three coefficients iteratively, until a good fit was achieved. 
The coefficients were as follows. 

1)	 The relative weight of judicial effectiveness: its relative level of impact on 
the variable Corruption compared to the impact of the lack of political 
participation. This level can potentially change depending on the country 
being modeled.

2)	 The sensitivity of effectiveness to pressure: the degree of the impact of Eco-
nomic anticorruption pressure on the effectiveness of the judicial system. 
This sensitivity depends on the government that is being studied; some 
would be more sensitive than others, also depending on legislative and 
judiciary systems. The legal sector’s sensitivity to pressure is assumed to 
depend on improvements in its processes and legislation. 

3)	 The sensitivity of participation to poverty level: the degree of the impact of 
the poverty level on the Political Participation, which as was explained, 
is assumed to depend on freedom of press.

Statistics show good fit between the curve generated by the model and the 
corruption curve taken from the IPC, as shown in figure 2 and table 3. It is no-
ticeable that the two calibrated delays had large values, especially the delay of the 
impact of anti-corruption economic pressure on the effectiveness of the judicial 
system – 98 months (table 5). This indicates that responses to changes in key vari-
ables of the calibrated model take a lot of time to have an impact on Corruption, 
making it difficult – without a model – to understand the causes of such changes 
and to generate effective policies to mitigate the problem.

7. Available at: https://www.transparency.org/en/cpi/2024. Accessed on: Feb. 9th, 2026.
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FIGURE 2
Calibration (2012-2019)
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Authors’ elaboration.

TABLE 3
Calibration accuracy statistics

R2 0,8711

Mean absolute percent error (%) 1.51171

Root Mean Square Error (%) 1.903

Theil’s inequality coefficient

(U1) 0,01702

(U2) 0.03443

Authors’ elaboration.

A sensitivity analysis was performed in Vensim DSS to increase confidence 
in the model and verify the occurrence of ceiling levels for the variable Corrup-
tion. Five constants were manipulated and varied simultaneously in multivariate 
mode, with random uniform distributions: Relative weight of judicial effectiveness, 
sensitivity of effectiveness to pressure, sensitivity of participation to poverty, delay 
of impact on poverty and delay of impact on pressure. As long as the variation is 
not extreme (≤ 95%), corruption remained within reasonable values, not reaching 
the ceiling value of 1, as seen in figure 3. Ranges for the sensitivity analysis can 
be found on table 4.
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FIGURE 3
Sensitivity analysis
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Authors’ elaboration.

TABLE 4 
Variable ranges used in sensitivity analysis

Variable Range

Relative weight of judicial effectiveness 0.3-0.7

Sensitivity of effectiveness to pressure 0-1.5

Sensitivity of participation to poverty 0-1.5

Delay of impact on poverty (months) 10-200

Delay of impact on pressure (months) 10-200

Authors’ elaboration.
Note: 200 simulations were run.

4 RESULTS AND DISCUSSION

The results of the simulations that were run for different scenarios are presented on 
table 5. Other base case values can be found on table 6. When the judicial sensitivity 
is high (the economic pressure affecting judicial pressure more effectively), corruption 
levels and the number of fraudulent companies decrease. This might be achieved by 
means of improvements in the judicial system. New or improved laws and improved 
processes could be used for that purpose (Fazekas, Cingolani and Tóth, 2016; Fiesp, 
2018; Silva, 2015). In the scenario of high sensitivity for lack of political participa-
tion (poverty affecting lack of political participation more intensely), the levels of 
corruption and fraudulent companies increase. The result also suggests that higher 
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transparency levels, more disclosure, and more information about corruption for 
citizens8 (Fazekas, Cingolani and Tóth, 2016) may help reduce corruption levels, 
reducing this sensitivity. This might also be attained by specific investments in edu-
cation, which may prevent poorer people from becoming detached from political 
participation, according to the vast evidence provided in the literature review (for 
example, Armingeon and Schädel, 2015; Mayer, 2011; Kam and Palmer, 2008; 
Kuenzi, 2006). Moreover, there is evidence that pre-adult experiences and influences 
in place during the senior year of high school play a significant role in explaining 
political participation, even more than higher education (Kam and Palmer, 2008). 

The results presented here suggest that long-term public policies should 
consider these issues. Furthermore, political participation depends on informa-
tion. Freedom of press seems to be a very important pre-condition, having an 
important potential effect on the sensitivity (Brunetti and Weder, 2003; Charron, 
2009; Lessmann and Markwardt, 2010). It is therefore necessary that the presence 
of freedom of press in the country be ensured at all costs. 

In both scenarios where the delays are low, levels of corruption and fraudu-
lent companies change very little, however the dynamic behavior of corruption is 
drastically affected by lower delays for the impact of poverty on political partici-
pation. This is shown on figure 4. If the population reacts more quickly, damped 
oscillation occurs. Oscillatory behavior is also present on the level of fraudulent 
companies in the public procurement system. These results are not show here for 
brevity. When the delay is very low (six months), the oscillation becomes even 
more pronounced. This result suggests that abrupt changes in the levels of pov-
erty among the population might be undesirable in terms of their final effect on 
the dynamics of corruption. Oscillatory behavior was found in the model-based 
analyses by Bicchieri and Duffy (1997), Feichtinger and Wirl (1994), Lee et al. 
(2019) and Rinaldi, Feichtinger and Wirl (1998), however the cyclicality found 
in our model has the same origin as in the study by Lee et al. (2019) only. 

In the scenario of high sensitivity of fraudulent companies to corruption, 
results are as expected. A high sensitivity for the fraudulent companies increases 
their number. These results suggest that the disclosure of preventive actions against 
corruption9 may help improve the salience of these actions and consequently, the 
sensitivity of participants in the public procurement system, leading to reduced 
corruption or fraud levels in the procurement system. It is asumed that the sensitivi-
ties of “perception about corruption” by participants in the bidding environment 
depends on the transparency and disclosure of the actions taken against corruption.

8. Available at: https://www.oecd.org/gov/ethics/integrity-recommendation-brazilian-portuguese.pdf. Accessed on: 
June 11th, 2024.
9. Available at: https://www.oecd.org/gov/ethics/integrity-recommendation-brazilian-portuguese.pdf. Accessed on: 
June 11th, 2024.
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It is also important to point out that our model is different, compared to 
other models, in its formulation of the Corruption variable. For instance, Dudley 
(2000), Ullah and Arthanari (2011) and Ullah (2012), define corruption as a 
stock, that is, these authors focus on tracking a pool of corrupt agents. The as-
sumption here is that, on a macro level, corrupt acts in the population will increase  
or decrease, depending on two main factors, and that agents might act corruptly or  
stop acting corruptly in a given moment. On a micro level, however, the model 
presented here tracks populations of fraudulent and “regular” companies.

TABLE 5
Scenario analysis

Scenarios
Sensitivity 

regular
Sensitivity 
fraudulent

Delay 
poverty

Delay 
pressure

Sensitivity 
effectiveness

Sensitivity 
participation

Corruption at 
time (t = 200)

Fraudulent
companies at 
time (t = 200)

Base case
(calibrated)

0.2 0.9 40.35 98.40 1.1 1.33 0.65 5,938

High sensitivity 
effectiveness to 
pressure

0.2 0.9 40.35 98.40 1.5 1.33 0.52 3,924

High sensitivity 
participation to 
poverty

0.2 0.9 40.35 98.40 1.1 1.5 0.79 9,220

Low delay 
impact poverty

0.2 0.9 12 98.40 1.1 1.33 0.61 5,252

Low delay im-
pact pressure

0.2 0.9 40.35 50 1.1 1.33 0.62 5,398

High sensitivity 
fraudulent

0.2 0.96 40.35 98.40 1.1 1.33 0.65 5,670

Authors’ elaboration.
Notes: 1. Time unit is months, simulations run for 200 months. 

2. Total number of bidding companies is 20,000.

TABLE 6
Other base case calibrated values

Base case values

Relative weight judicial effectiveness 0.40574

Initial effectiveness value 0.43

Initial participation value 0.57

Fraudulent convertion time 5 months

Initial number of fraudulent companies 1000

Initial number of regular companies 19000

Authors’ elaboration.
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FIGURE 4
Scenario analysis: damped oscillation with low and very low delays for the impact 
of poverty
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Notes: 1. Low delay condition: twelve months; and very low delay condition: six months.

2. DMNL – Dimensionless.

5 CONCLUSIONS

The objective of this study was to analyze the dynamics of corruption in the public 
sector in Brazil, using a highly stylized model and evaluate policies through scenario 
analysis. The results of the analysis indicate that the level of corruption depends on 
the sensitivity of the actors and the delays in the system. A brief discussion is made 
on how to mitigate the problem of corruption based on the analyzed scenarios. 
It is hoped that this model will serve as a tool to contribute to the advancement 
of studies on corruption in the public sector, since, as was mentioned, many of 
the studies that were published are even more limited in their analysis, tending to 
focus on a single determining factor and not embracing the complex dynamics of 
this systemic phenomenon, in a macro, national level.

The main limitation of this study is having low internal validity. In terms 
of future studies, one of the possible improvements is to add additional layers of 
complexity to the model. It is known, however, that the interdependence of the cor-
ruption phenomenon with macroeconomic, cultural, political, and social factors is 
an impediment to the creation of a model that encompasses and incorporates the 
magnitude of such complexity in a comprehensive manner. The use of time series 
for corruption levels in different countries, provided by the World Bank, would 
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allow increasing the scalability and external validity of the model, since it could be 
calibrated based on the reality of different countries. Different groups of simula-
tions could be run. Another possible extension of this work could be the creation 
of a flight simulator or game based on the model, aiming to teach students, public 
sector decision makers and other interested parties, in an interactive way, about  
the insights presented here. In addition, a new version of the model could focus on the  
effect of elections, that is, alternation of power, on the level of corruption and fraud, 
potentially contributing to the research dedicated to Political Cycles and their effects. 
Moreover, a more complex version of the model could include the effects of judicial 
activism on systemic corruption (Simioni and Pinto, 2019). These two extensions 
could bring the model closer to the Brazilian context. Other studies, not necessarily 
extensions to our model, could focus on other determinants of corruption both in 
the public and private sector, on the relative efficacy of different measures to mitigate 
corruption, on the effects of the new Bidding Law (Law No. 14,133/2021), and on 
behavioral aspects related to corruption. In terms of methods, experimental designs 
could be used, not only empirical and analytical ones. 

The analysis that was carried out here does not allow characterizing or clas-
sifying the incidence of the various forms of corruption and treats corruption as an 
aggregate variable. However, it helps to add evidence, albeit limited, in favor of two 
key loops linked to the economic pressure against corruption and to the inefficient 
allocation of public resources having an influence on corruption at the national level 
and on corruption in the public procurement system. In addition, the behavior of 
the system according to these two key loops is explored and analyzed.

Considering the magnitude of financial resources involved in public bid-
ding processes, this type of study can be important and serve as a tool for the 
learning process of public administrators. This goes in line with the objectives 
of combating corruption (Brasil, 2018; UN, 2015) and for projecting effective 
policies for mitigating the problem of corruption at the national level and at the 
level of public procurement. It is also expected that this research contributes to 
help validate the two key loops studied and proposed here, based on the literature.
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