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Abstract

:

Political and bureaucratic corruption is a societal threat in every country. It allows organised crime to flourish, slows economic growth, increases income inequality, reduces government effectiveness, and threatens citizens’ confidence in the rule of law. This study uses a “System Dynamics model” from a framework based on econometric analysis wherein the causal relationships between the economic and governance institutions were established. The calibrated model uses the data on institutional quality from 1996 to 2020 from “the World Bank and the World Economic Forum” to project institutional quality and control corruption in the future. The control of corruption was trending downward in the nations studied. The model shows that improving institutional quality can reverse this downward trend. However, improving institutional quality and controlling corruption requires a country-specific approach. This model suggests the most efficient ways that national leaders and policymakers can improve institutional quality and thereby control corruption in their country.
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1. Introduction


Government corruption affects many aspects of everyday life for citizens in many countries. It affects political stability [1] and the amount of violence faced by a population [2], and leads to organised crime [3] or a refugee crisis [4]. It can also affect the economic growth in a country [5] and the associated socio-economic well-being of its citizens [6]. World Migration Report 2020 [7] estimates 281 million economic migrants have left their homes searching for a better life in developed countries, and government corruption is seen as a societal threat of serious proportions in these countries as per the Corruption Perception Index [8]. Barbier suggests that improving institutional quality can alleviate many societal threats [9], particularly the SDG16, which considers peace, justice, and powerful institutions under the “United Nations Sustainable Development Goals” [10].



The history of corruption is as old as pre-historic times [11]. According to Nye [12], “corruption is a behaviour which deviates from the normal duties of a public role because of private-regarding (personal, close family, private clique) pecuniary or status gains; or violates rules against certain types of private-regarding influence”. This definition by Nye has been adopted by several agencies, including the World Bank, Transparency International, OECD, the EU, and the UN [12]. Transparency International [13] states that corruption:




	
Happens anywhere: in government, in business, the courts, the media, civil society, and all sectors they touch, such as from health and education to infrastructure and athletics [13].



	
Involves anyone: politicians, government officials, public servants, business people or members of the public. Moreover, it happens in the shadows, often with the help of professional enablers such as bankers, lawyers, accountants and real estate agents, opaque financial systems and anonymous shell companies that allow corruption schemes to flourish and the corrupt to hide their illicit wealth [13,14].








This paper hypothesises that improving institutional quality can help control corruption. However, the authors consider that an approach to improving institutional quality needs to be country-specific. This paper aims to develop a System Dynamics model [15,16,17] with a constrained optimisation feature [18] that national leaders and policymakers can use to develop efficient policies to improve institutional quality and control corruption. However, there has never been a generic system dynamics model calibrated to replicate the institutional quality behaviour over time for any specified nation and institutional project quality into the future. Furthermore, a System Dynamics model has never been available to support country-specific decision-making on the most efficient allocation of resources to improve overall institutional quality and control corruption.



This paper examines qualitative national panel data and quantitative economic indicators to identify interrelated institutions and the effect of institutional quality on the control of corruption by applying a System Dynamics model [15,16,17]. We first examine the available political economy and econometric studies of corruption to inform the selection of institutions (factors) for the proposed System Dynamics model structure. Before describing the System Dynamics model, we also briefly look at the recent literature on System Dynamics models and corruption. From this background, we describe our approach, which involves a comprehensive qualitative model that is simplified and then converted to a quantitative model. Next, we describe our data sources and the conversion of the data into consistent scales of institutional quality. The model thus developed shall be calibrated for three example countries: a developing country, a BRICS nation (“Brazil, Russia, India, China, and South Africa”) [19], and a developed country. Next, we make projections for the near future with the calibrated model, assuming there are no significant changes to the system. Then, assuming the government of the day wants to improve institutional quality, we develop a constrained optimisation method [18] to prioritise investments in various institutions to obtain the most overall institutional quality. We show how this investment improves all institutions, but we mainly focus on improving the control of corruption. We discuss the policy implications and generalisation of the approach to institutions other than control of corruption. Finally, we discuss the limitations of this work and the future directions this work may take.




2. Literature Review


2.1. The Political Economy of Corruption


In modern times, political analysts use ‘corruption’ as a moral category to describe unacceptable traits [20], but economists find themselves uneasy making such moral judgments [21]. However, over the last few decades, the study of the political economy of corruption has generated valuable research that focuses on how public officials may act corruptly if their economic yields soar [20,21].



Lambsdorff, the creator of “Transparency International’s Corruption Perceptions Index” [5] developed several governance indicators, including control of corruption. Knowledgeable observers distinguish legal institutions, electoral rules, and judicial independence as different entities, and the disparities between “the law on the books” and “the law as it functions” can capture the different levels of corruption based on perception-based indices [22]. Additionally, Kaufmann et al. [6], at the World Bank, observed the associations between governance indicators and economic outcomes. In addition to corruption control, they constructed five other indices “voice and accountability, political instability and absence of violence, government effectiveness, regulatory quality, and the rule of law”. They argued that the perception-based data on governance does well at capturing reality and demonstrated significant variations in the indices across countries with a modest change over time. These studies suggest that perception-based time-series data will help analyse the causes and consequences of corruption in a country.



Kaufmann et al. [23] claims that the predominant cause of corruption is weak governance. With theoretical and empirical support, the recommendations of economists who urge “countries to get their macroeconomic incentives right will not work unless the state has institutions capable of putting such policies into effect”. Mauro [24] states that slow economic growth cannot be proven to be caused by “corruption alone, rather than the institutional weaknesses that are closely associated with it”. This emphasises the importance of governance institutions in enhancing economic growth.



Moreover, “a feedback mechanism from low growth to high corruption and high growth to low corruption means the growth process cannot begin unless well-functioning institutions are in place” [5,6,23]. Khan [25] reviews the typical economic analysis of corruption in developing countries, arguing that policies from countries with robust regulations and institutions are unsuitable for developing countries involved in high-level of corruption. This implies that a high level of regulatory quality is a precursor for economic growth.



While the cross-country outcomes using perception indices raise awareness, they do not suggest tangible responses. Instead, there is a requirement to examine the “benefits and costs of particular policies” to solve particular problems in particular countries. For example, Meagher et al. [26] study the incentives for corruption in the Bulgarian pharmaceutical system and highlight the consequences of regulatory quality and accountability in designing policies. Similarly, consideration of accountability to fight corruption must be embedded while delivering public services in Uganda [27]. This supports our inference that policies to control corruption need to be country specific.



Numerous studies on the “causes and consequences” of corruption consider plausible reasons, such as “the size of the public sector, quality of regulation, degree of economic competition, the structure of government, amount of decentralisation, impact of culture, values and gender, and invariant features such as geography and history” [28]. Nevertheless, findings reveal corruption linked with damaging results, thus supporting the importance of institutions. Although there are many potential causes of corruption, our approach focuses on the transient behaviour of control of corruption. Therefore, we need to establish the potential causes of corruption that vary over time.



Lambsdorff [5] claims the “consequences of corruption are difficult to distinguish from the causes”. While “inequality” is associated with raised levels of corruption, the “econometric evidence on causation is mixed”. Additionally, a vagueness arises in the relationship between “poverty and corruption” [29,30]. The results indicate advances in civil liberties, and the rule of law leads to “higher productivity and encourage capital inflows”. As such, regulatory quality raises productivity, and the rule of law is the key to attracting foreign capital [31].



Rose-Ackerman [20,21] studied concepts related to corruption, namely “poor governance, institutional structure, the transition from socialism, and anti-corruption policies”. Rousso and Steves [32] examine corruption trends in Central and Eastern Europe and emphasise “integrated anti-corruption efforts to strengthen institutions of governance and accountability”. With more countries becoming democracies, Kunicová [28] links “constitutional structures and voting rules to the perceptions of corruption”. In the same vein, Bardhan and Mookherjee [29,30] analysed links between corruption and government accountability and recommended that people monitor government officials. Although monitoring reduces corruption, it hardly eradicates it. However, this suggests that more accountability will lead to more control of corruption. Given the prominence of the judiciary both in constraining the state and enforcing private contracts, corruption undermining the rule of law may be damaging. This suggests that increased levels of corruption can negatively impact the perceptions of the quality of the rule of law.



Furthermore, Hunt and Laszlo [33] provide a solid basis for reform and argue for initiatives targeting judicial and police corruption. However, reformers must understand that the fundamental “political dynamics“ can disrupt proposals otherwise in harmony with the “principles of good public administration”. In short, corruption problems are not “technical but political” [26]. This emphasises the importance of political stability, voice, and accountability in reducing corruption.



Mauro [24], supported by Rose-Ackerman [34], Treisman [35] and Myint [36], states that institutional “weaknesses are intrinsically linked.” Furthermore, Mauro suggests that “getting rid of corruption helps a country overcome other institutional weaknesses, just as reducing other institutional weaknesses helps to curb corruption” [24]. However, with no clear way to distinguish the causes from the consequences of corruption, our assumptions must be made explicit in the modelling because System Dynamics is based on cause and effect relationships.




2.2. Econometric Studies of Corruption


We have looked at many seminal political economy studies in Section 2.1 [20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36] that developed measures and emphasised the importance of institutions in fighting corruption. This section looks at recent econometric studies to identify the interrelated institutional factors controlling corruption. For this, a Systematic Literature Review (SLR) methodology is adopted to ensure proper transparency and depth in the review process [37]. Moreover, it was chosen over other methods as it is a systematic, scientific and reproducible approach accepted worldwide [38]. Therefore, an SLR [39] process was considered for obtaining data from primary data sources, including Google Scholar, Mendeley, WoS and JSTOR, for ten years from 2011 to 2021. First, an initial search was made from major databases using select keywords “Econometrics AND Corruption”. Next, sampling using inclusion and exclusion criteria was performed to identify the interrelated institutional factors. Inclusion: keywords anywhere in the article, period 2011 to 2021, language as English, yielding 1220 articles from peer-reviewed journals and sorted by relevance. Exclusion: Duplications, book chapters, and conference papers were included exclusively with higher relevance; abstract reading and selection for content analysis; and finally, backwards-and-forward search selection yielded 18 relevant articles. The selected 18 articles are analysed to identify various institutions to be used to inform the System Dynamics model. Table 1 lists the sources and the identified institutions in no particular order.



Research on the causes of corruption identified several factors under the economic, political, cultural, and institutional aspects. Among the 18 selected articles, we identified the institutional impact based on variables (dependent and independent) ([40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57]). Table 1 provides a total of thirteen unique factors for informing the System Dynamics model as institutions (model boundaries) that emerged through a systematic literature review and include, in no particular order: Control of Corruption (1); Voice and Accountability (2); Government Effectiveness (3); GDP Growth (4); Control of Income Inequality (5); Control of Inflation (6); GDP per Capita (7); Political Stability and Absence of Violence (8); Organised Crime (9); Regulatory Quality (10); Economic Openness (11); The Rule of Law (12); and Government Expenditure (13).



Section 2.3 attempts to identify if any of these thirteen institutions are available in the specific literature on System Dynamics models related to corruption.




2.3. System Dynamics Models of Corruption


Corruption, a widely spread phenomenon, has been modelled by various researchers adopting specifically the tools of System Dynamics methodology [15,16,17]. However, the exploratory and validated models are domain-specific. They include: the implications of corruption on firm performance [58]; collective organizational corruption [59]; white-collar crime [60]; corruption among village officials [61]; corruption in urban infrastructure procurement [62]; corruption’s impact on the performance of a construction project [63]; bribery of law enforcers [64]; drug trafficking in Colombia [65]; corruption in New Zealand’s dairy industry [66]; Iran’s oil industry [67]; China’s construction industry [68]; Icelandic fisheries, Romanian forestry, and Ukrainian arable soils [69]; green buildings in Qatar [70]; smart building management systems [71]; informal payments to physicians in Hungary [72]; the US financial market [73]; Kenya’s telecom markets [74]; and a transportation service [75].



While these domain-specific studies of corruption are available, none exist at the national government level. For example, a systems thinking model of “perceptions of corruption” in Pakistan suggested that “social aspects, inflation, government size, and political norms” were crucial factors [76]. We build on this systems thinking model and three econometrics models to develop a calibrated, quantitative System Dynamics model. Our approach is the first to use a System Dynamics model that includes time-series data on governance and economic institutions to support national decision-making on the most efficient allocation of resources to improve overall institutional quality and control corruption.





3. Materials and Methods


3.1. Econometric Equations


The System Dynamics model builds on the following three equations obtained using econometric methods [77,78,79]. Equation (1) attempts to determine the effect of corruption on long-run economic growth.


   y  i t   =  β 0  +  ∑ j   β j   X  i t j   +  ∑ k   δ k   X  i t k   + γ  y  i , t − 1   + α   K  i t    L  i t    +  ϵ  1 i t    



(1)







  β j  ’s are the coefficients of the conditioning variables,   δ k  ’s are the coefficients of corruption and institutional quality,  γ  is the coefficient of lag of GDP per worker,  α  is the coefficient of capital–labour ratio, and  ϵ  is the random error. These conditioning variables are government expenditure, external competitiveness, population growth rate, primary and secondary school enrolment, foreign direct investment, the risk to investment ratio, corruption, bureaucratic efficiency, political stability, and institutional efficiency [77].



The relationship between red tape and corruption observed in all societies is probably the most ancient problem with bureaucracy. Corruption and red tape in bureaucracy interact. The red tape creates opportunities for corruption, and bribes may be required to overcome high levels of red tape.


   C  i t   =  α 0  +  α 1   B  i t   +  α 2   D  i t   +  α 3   S  i t   +  α 4   P  i t   +  α 5   E  i t   +  α 6   G  i t   +  α 7   C  i , t − 1   +  ϵ  2 i t    



(2)







The above Equation (2) includes the variables:   C =   corruption,   B =   bureaucratic quality,   D =   democratic accountability,   S =   secondary school enrollment,   P =   population,   E =   external competitiveness,   G =   government expenditure, lag of corruption, and the error term.  α ’s are the regression coefficients, and i and t represent the country and time, respectively [78].



The impact of corruption   ( C )   on income inequality   ( I )   can be examined, with controlling variables to minimise the omitted variable bias (see Equation (3)). These variables are per capita income   ( y )  , trade openness   ( O )  , population growth rate   ( P )  , education   ( S )  , government expenditure   ( G )  , capital per worker   (  K L  )  , and the past inequality.  β ’s are the regression parameters,  ϵ  is the random error term. i and t represent the country and the time, respectively [79].


   I  i t   =  β 1  +  β 2   C  i t   +  β 3   y  i t   +  β 4   O  i t   +  β 5   P  i t   +  β 6   S  i t   +  β 7   G  i t   +  β 8  ln   K  i t    L  i t    +  β 9   I  i , t − 1   +  ϵ  3 i t    



(3)







These three econometric models (Equations (1)–(3)) suggest a system of simultaneous equations where corruption is endogenous and affects both economic growth and income inequality, among other institutions. Whereas econometric models use correlations and linear regression, System Dynamics is a modelling approach based on cause-and-effect relationships. It includes essential ideas about dimensional consistency and conservation of matter, such as those used in physics modelling [15,16,17].




3.2. A Systems Thinking Model


System Dynamics and Systems Thinking go hand-in-hand [16,17,80]. Systems Thinking provides a holistic view of the interactions contributing to an outcome expressed as a Causal Loop Diagram (CLD). The CLD developed using Systems Thinking shows the full complexity of the problem at hand, and then simplifications are necessary to create a working quantitative System Dynamics simulation. Figure 1 was developed in [76] based on 43 in-depth interviews and 155 survey interviews with government officials, aid agencies, civil society organizations, business people, lawyers, and the general public in Pakistan. It shows the complete set of relationships considered to represent the problem of corruption in a nation. In the CLD, connections with directed arrows imply that a change in the tail variable leads to a change in the variable at the head of the arrow. An arrow labelled with polarity ‘+’ means changes in the same direction. Increasing the tail variable increases the head variable, and decreasing the tail variable decreases the head variable.



On the other hand, ‘−’ implies changes in the opposite direction. For example, increasing the tail variable decreases the head variable, and decreasing the tail variable increases the head variable. These connections create highly non-linear behaviour because feedback loops develop where a change in one variable in the model will ripple through the cause-and-effect structure to return to its source and either reinforce or inhibit the change. The reinforcing feedback loop is labelled with an ‘R’ and inhibiting or balancing feedback loops with a ‘B’. Connecting these loops often leads to emergent and unexpected behaviours in the system.



Figure 2 is a simplification of the part of Figure 1 that focuses on economic factors related to corruption. Because the literature review indicated the difficulty distinguishing the causes from the consequences of corruption, this model uses the interviews and surveys conducted by Ullah et al. [76]. Figure 2 shows how five reinforcing loops can explain how corruption impacts various economic factors in a country and how these economic factors, in turn, impact corruption. First, examining the reinforcing loop,   R 1  , we suggest that inflation increases the cost of living in a country, causing its citizens to turn to illicit means to augment their income. The loop,   R 2  , suggests that increasing levels of misbehaviour by public servants could negatively impact the effective use of government expenditure. This could result in less money devoted to social services, which will negatively impact the citizens’ socioeconomic conditions, increasing the levels of poverty and inequality, resulting in higher levels of corruption in the nation as a whole. Loop   R 3   suggests a close synergistic relationship between poverty, income inequality, and corruption. Loop   R 4   brings organised crime into the model in a way that results from moral values. Finally, loop   R 5   suggests that although higher levels of imports and exports can support growth in GDP, it may also result in higher levels of inflation which encourages higher levels of corruption as described above. As such, the five loops reinforce each other on how economic factors in a country impact corruption.



Figure 3 is a simplification of the part of the CLD in Figure 1 that focuses on governance factors related to corruption which is similarly based on the literature review and the qualitative research by Ullah et al. [76]. Loop   R 6   suggests that increasing levels of corruption can result in perceptions of lower levels of law and order, which could lead to lower government stability and political accountability, leading to more corruption. Loop   R 7   brings into the model the impact of the military in politics, how it is affected by reductions in law and order, and its adverse effect on democratic accountability, resulting in increasing levels of corruption. Loop   R 8   shows the close relationship between corruption’s negative impact on law and order and how reduced law and order increases the potential for higher levels of organised crime leading back to higher levels of corruption. Finally, there is a balancing loop,   B 1  , where citizens may not tolerate high levels of corruption and demand higher levels of law and order, government stability, and democratic accountability, and lower levels of the military in politics and organised crime.




3.3. The System Dynamics Model


In the System Dynamics model of institutional quality, Figure 2 and Figure 3 were combined and further simplified into the model shown in Figure 4. The World Bank [81,82] and the World Economic Forum [83] provide qualitative and quantitative time-series data for all of these institutions for almost any country. This was considered critical for developing a generic, calibrated System Dynamics model to represent the behaviour over time of the institutions and how they impact the control of corruption in any particular country desired. Based on the literature review, the econometric equations, and the CLDs above, the institutions were connected as shown in Figure 4 with governance institutions, shown in ‘yellow’, and economic institutions, shown in ‘blue’. Between two institutions, the linking arrow implies an improvement in the institution’s quality at the arrow’s tail will likely improve the institution’s quality at the head of the arrow. Similarly, a decrease in the institution’s quality at the tail of the arrow will decrease the institution’s quality at the head of the arrow.



Notice in Figure 4 that we have reversed the negative terminology in many places. We use the terms control of corruption, control of inflation, control of income inequality, and control of organised crime instead of the alternative negative terminology in Figure 2 and Figure 3 corruption, inflation, income inequality, and organised crime. We do this for two reasons. First, most of the economic and governance measures we represented in our System Dynamics model use the reference that higher values imply better governance or economic development quality. Second, when we develop our policy priorities, we will use effort factors in which additional effort greater than in the status quo scenario is applied to improve the institutional quality.



When comparing Figure 4 with Figure 2, qualitative panel data from the World Governance Indicators [81] has been used to measure control of corruption instead of corruption directly. The values from the World Development Indicators [82] has been used for: the GINI index as the basis of a measurement of the control of income inequality; a relative value for GDP per capita to represent socio-economic conditions; a relative measure of government expenditure; and imports and exports to GDP as a proxy for economic openness. The International Country Risk Guide [84] method to categorise GDP growth from the World Development Indicators as a substitute for the level of GDP, and the same guide’s categorisation of inflation from the World Development Indicators was used. Additionally, the qualitative panel data on government effectiveness and regulatory quality from the World Governance Indicators [81] as a substitute for service delivery was applied. As there were no suitable moral values and social exclusion measures, we organised crime as part of the governance factors (and hence was not counted twice).



Moreover, when comparing Figure 4 with Figure 3, qualitative panel data from the World Governance Indicators [81] has been used. Instead of law and order, authors use the rule of law, instead of democratic accountability, voice and accountability, instead of government stability, political stability and absence of violence. This is due to the fact that no adequate measure of the military in politics was available. So, the rule of law was connected to voice and accountability directly. Furthermore, the people’s attitude against corruption could not be adequately measured; hence, this factor has not been included in the System Dynamics model.



System Dynamics modelling often utilises special-purpose software to conduct the calculations in the simulation. In this study, the Vensim software package [85] is used for developing and analysing the dynamic feedback models. System Dynamics models mimic a fluid flow movement of materials and information through a series of containers. The number of material units in the containers represents the system’s state. These containers, referred to as ‘stocks’, are shown in the software interface as labelled boxes (see Figure 5). These stocks change based on ‘inflows’ and ‘outflows’ shown in the interface by pipes with valves (see Figure 5). Information about the stocks helps to adjust the rate of the flows based on various policies entered into the software as equations for the endogenous variables shown in Figure 5 as small letter names. There are also exogenous variables shown as names in all capitals in Figure 5.



In Figure 5, a stock variable represents the institution of control of corruption. This stock changes based on a flow that can take on positive or negative values. Although shown as an inflow, it becomes an outflow when the value is negative. The flow, called the change in control of corruption, tries to close the gap between the current control of corruption and the modified target control of corruption over a particular time. The modified target control of corruption uses the target control of corruption set by the government of the day and the progress of the affiliated institutions, which are the institutions in Figure 4 with a directed arrow into the control of corruption. The progress in control of corruption was calculated as the current control of corruption divided by the initial control of corruption. This progress can represent an increase or a decline. Notice that there is an initial target control of corruption and a new target control of corruption that comes into effect at the implementation time. This new target control of corruption is calculated by multiplying the initial target control and an effort factor. This multiplier is being used as a proxy for the effort expended by the government of the day to improve the control of corruption. All thirteen institutions are represented in the System Dynamics model as stocks with similar flows, targets, times, multipliers, and progressive values.



The System Dynamics model employs a highly interconnected system of integral equations solved using numerical methods. It can employ both quantitative and qualitative measures. By calibrating a System Dynamics model [86], one can see the causes of the behaviour of changes in essential parts of the system in the past. Then with confidence in the model, the analyst can project the behaviour into the future, assuming nothing changes in the system structure [87]. Then, if the behaviour projected in the future is not desirable, the analyst can experiment with the model as if it is a digital twin of the system to determine ways to achieve a more favourable future behaviour. One of the crucial things discovered by employing a System Dynamics model is that the unintended negative consequences of a policy change often have more impact than the intended consequences. The goal of analysing a System Dynamics model is to find the powerful leverage points that can move the system in a positive direction and do not have these unintended negative consequences.



With 13 institutions considered in the model, the “quality of the institution i” at time t is expressed as    Q i   ( t )    where   i = 1 , 2 , … , 13   (see Equation (4)). As such, there are a series of 13 interrelated integral equations. Being primarily interested in controlling corruption, we have defined    Q 1   ( t )    as the quality of the control of corruption at time t.


   Q i   ( t )  =  ∫ 0 t   C i   ( t )  d x +  Q i   ( 0 )  , w h e r e  i = 1 , … , 13 .  



(4)







   C i   ( t )    represents the change in the quality of institution i at time t and is calculated as shown in Equation (5).


   C i   ( t )  =   (  M i   ( t )  −  Q i   ( t − d t )  )    Y i   ( t )     



(5)







Equation (5) shows the classic System Dynamics goal–gap paradigm with the goal shown as    M i   ( t )    the modified target quality of institution i and    Y i   ( t )    the time required to close the gap.    M i   ( t )    is calculated in Equation (6) using a   M I N   function to ensure the value of the modified target is less than or equal to 1 or   100 %   quality. In Equation (6),    G i   ( t )    is the target control of corruption set by the government of the day. However, the progress in the interrelated institutions    P j   ( t )    (see Equation (7)) enhances or inhibits the ability of the government to achieve its goal, where   R  i j    represents the interrelationships between the institutions.    R  i j   = 1   if there is a causal arrow in Figure 4 and    R  i j   = 0   if there is not. At the time t, if the quality of institution j is higher than its initial quality, then    P j   ( t )  > 1  , and if    R  i j   = 1  , this enhances the modified target quality for institution i,    M i   ( t )   ; supporting the government of the day in improving the institutional quality.    R  i j   = 1   and    P j   ( t )  < 1   represents a decline in the quality of the interrelated institution j, hindering the ability of the government of the day to improve the quality of institution i.


   M i   ( t )  = M I N  ( 1 ,  G i   ( t )   ∏  j = 1 , … , 13    R  i j     P j   ( t )   )   



(6)






   P j   ( t )  =    Q j   ( t )     Q j   ( 0 )    , w h e r e  j = 1 , … , 13 .  



(7)







We solve this system of integral equations (Equation (4)) using the Euler numerical approximation method [88] with a step-size of   0.25   years. The model is designed in the special-purpose System Dynamics software Vensim [85] and then converted to a Microsoft Excel workbook [89,90] with specially written macros in Visual Basic for Applications [91].




3.4. Data Conversion


Three sources (“World Governance Indicators [81], World Development Indicators [82], and World Economic Forum [83]”) provided data for testing the model. The time-series data are denoted as    X i   ( t )  , i = 1 … 13   to distinguish the actual institutional quality measures from the model estimates.



We converted the raw data to a 0 to 100 scale where higher values represented better governance and economic development quality. For example, the World Bank provides the World Governance Indicators [81] (control of corruption, government effectiveness, political stability and absence of violence, regulatory quality, the rule of law, and voice and accountability) on a   − 2.5   to   2.5   scale. Higher values represent improved governance. These values can be converted to a 0 to 100 scale by adding   2.5  , dividing by 5, and multiplying by 100.



The World Bank provides the World Development Indicators [82] in many economic units. First, GDP Growth, GDP per capita, and control of inflation were converted to a 0 to 10 scale using the methodologies provided in the International Country Risk Guide [84]. Then, multiplied these values by 10 to obtain values between 0 and 100. Next, the values for economic openness given by the World Bank and represented as the sum of imports and exports as a fraction of GDP were used and multiplied by 100. Finally, the values for government expenditure as a fraction of GDP,    x 4   ( t )   , needed to be scaled to obtain reasonable values between 0 and 100.    X 4   ( t )   , is shown in Equation (8), where   M a x (  x 4   ( t )  )   is the maximum government expenditure as a fraction of GDP in the database.


   X 4   ( t )  =    x 4   ( t )    M a x (  x 4   ( t )  )   ∗ 100  



(8)







The control of income inequality,    X 5   ( t )   , uses the Gini index at time t, representing the level of inequality in a country as a value between 0 and 1 where a higher value implies more income inequality. The control of income inequality    X 5   ( t )    is estimated as shown in Equation (9).


   X 5   ( t )  =  ( 1 − G i n i  ( t )  )  ∗ 100  



(9)







We built the model to extract and convert the data from these sources [81,82,83] for any country and chose data from three countries: a developing country (Pakistan), a BRICS country (India), and a developed country (Canada) for case studies.





4. Results


4.1. Model Calibration


After importing the time-series data into the model, we conducted a calibration process to estimate the model’s parameters. First, we estimated the dates when there was a change in the government, then found the values of the exogenous variables (the target values for the quality of the institutions and the times to change the quality each time there was a change in the government). We minimised the squared error between the data and the model results. To do this, we used the Excel non-linear optimisation add-on called Solver [92]. This sum of squared error was for all of the institutions simultaneously (see Equation (10)).


   min   G  i d   ,  Y  i d      ∑ i   ∑ t    (  Q i   ( t )  −  X i   ( t )  )  2   



(10)







Here,   G  i d    represents the target quality from Equation (5) and   Y  i d    represents the time to change the quality from Equation (6) for each institution i and each government of the day d.    Q i   ( t )    is the model estimate of institutional quality at time t and    X i   ( t )    is the converted data on the quality of the institution for each year from 1996 to 2020.



Figure 6, Figure 7 and Figure 8 provide the time-series data for the control of corruption (actual) and the model results for control of corruption (model) after calibration for the developing country (Pakistan), the BRICS country (India), and the developed country (Canada).




4.2. Projected Institutional Quality


Table 2, Table 3 and Table 4 show the numeric values of the quality of the institutions at the initial time (1996), the last available data point (2020), and the projected value (2026) for the developing country (Pakistan), BRICS country (India), and developed country (Canada), respectively. Here, the projected values utilise the values of   G  i d    and   Y  i d    for the government of the day in 2020 found in the calibration (Equation (10)).



The Table 2, Table 3 and Table 4 fail to show the variability in the institutional quality, especially in the economic indices. Figure 9 shows the transient behaviour of the calibrated results for the 13 institutions in an example developing country (Pakistan) between 1996 and 2020 and the projected values to 2026 if there are no policy changes in 2021. GDP growth and inflation control suffered a drastic decline starting around 2014, with a decline to continue into the near future. To a lesser degree, GDP per capita and control of income inequality trended downwards in the recent data, projecting further decline. Interestingly, political stability, the absence of violence, and the control of organised crime trended downward in the early years. However, as the trend reversed, it foresees a continuous upward trend but at a slower rate. Of particular interest in this study is the projection of the control of corruption to decline slightly in the future.



Figure 10 shows the institutional quality estimates for a typical BRICS country (India) from 1996 to 2020 and then the projected values out to 2026 with no change in policy. Notice that inflation control started a drastic decline from 2017 to 2020, continuing until 2026. On the other hand, the control of organised crime changed its drastic decline around the same time and then grew rapidly until 2020. This growth will not continue after 2020 and will remain around the 2020 level until 2026. With significant improvements in government expenditure, government effectiveness, and regulatory quality by 2026, there are modest improvements in GDP per capita and control of income inequality. Again, control of corruption peaked in 2020 and will decline slightly in the future.



Figure 11 shows the calibrated institutional quality for the 13 institutions in the developed country (Canada) from 1996 to 2020, along with projections for 2026. Again, there have been drastic declines in the quality of many institutions. GDP growth started to decline in 2013 and continued to decline until 2020, and again continues to decline until 2026. Control of income inequality, regulatory quality, and economic openness declined in 2016 and continued to decline until 2020, with further decline until 2026. On the other hand, inflation control and GDP per capita started to decline in 2020 and 2021. Political stability and absence of violence trended downward heading until 2020; however, the trend will slow. Government expenditure seems to be growing slowly and steadily. Like the other developing country (Pakistan) and BRICS nations (India), the developed country (Canada) saw the downward trend in organised crime from 1996 to 2016 reverse until 2020 and should continue to improve. Control of corruption saw a severe decline from 2016 until 2020 and will decline until 2026 if there are no policy changes.




4.3. Projected Results if Effort Expended to Improve Institutional Quality


We used the Excel Solver [92] to conduct a constrained optimisation [18] in which the average institutional quality projected for 2026 (Equation (11)) is maximised subject to an effort constraint (see Equation (12)). The sum of the values of the multipliers   E i   are used as the constraint. These multipliers affect the target institutional quality   G i   for the government in 2020 as described in Figure 5 (see Equation (12)). The assumption is that the government of the day applies this effort   E i   from 2021 to 2026. Note that effort of 1 represents the current effort and values greater than 1 represents additional effort (see Equation (13)).


   max  E i      ∑ i   Q i   ( 2026 )   13   



(11)






  s u b j e c t  t o   ∑ i   E i  ≤ 14  



(12)






   E i  ≥ 1  f o r  i = 1 … 13  



(13)







The optimal policy for the developing country (Pakistan) involves investing in the control of inflation, economic openness, and the rule of law (see Table 5). This resulted in an improvement in the projected average institutional quality in 2026 from 45% to 50%, which reversed the downward trend seen in Table 2. As a result, there is a drastic increase in inflation control and modest improvements in economic openness and the rule of law. In Figure 12, the control of inflation grew rapidly after 2021 but could not be sustained and started declining by 2026, which shows some policy resistance. On the other hand, a slight increase in GDP growth, voice and accountability, and control of organised crime are noticeable. Most importantly, the downward trend in control of corruption reversed.



Figure 13 highlights the improvement in control of corruption obtained with the optimal investments in institutional quality compared to the status quo situation. The control of the corruption index should improve from a projected value of 36% if there is no change in policy to a projected value of 46% if there is an investment to improve institutional quality.



Figure 14 shows the impact of an investment to improve institutional quality for a BRICS country (India). In this case, the government of the day should concentrate investments in political stability and the absence of violence and the rule of law. The model projects this to result in an improvement of average institutional quality from 62% to 73% (see Table 6). We see drastic improvements in these institutions. There appear to be positive synergistic effects on voice and accountability and control of organised crime, with the downward trend in the former reversed. In the latter, the levelling off in the status quo situation changes to growth to a new level. These institutions improve drastically without direct investment made in them. Again, this shows the interconnected nature of the institutional systems. Most importantly, the downward trend in control of corruption reverses.



Figure 15 shows the impact of investments in institutional quality on controlling corruption for a typical BRICS country (India). There appears to be a steady increase in the control of corruption, with these investments improving the index from an earlier projected value of 44% when there is no change in policy to a growing projected value of 54% in 2026. One can see that the downward trend has reversed, and the future improvements in control of corruption should grow at an increasing rate if these investments in the rule of law and political stability and absence of violence are maintained.



For the developed country (Canada), when investments are made in 2021 to improve institutional quality optimally, they should be spread over five institutions: GDP per capita, control of income inequality, political stability and absence of violence, regulatory quality, and the rule of law (see Table 7). There is a drastic improvement in these institutions (see Figure 16) and synergistic positive changes in two other institutions: voice and accountability and control of organised crime (see Table 7). The downward trend in control of corruption has been reversed (see Figure 17).



We found that the control of corruption declined in the developing, BRICS, and developed countries considered in this study. Furthermore, the System Dynamics model projects that this decline will continue into the near future. However, the model suggests ways to reverse these trends through wise investment in improving the country’s institutional quality. Since each country has their own particular institutional quality trends, each country needs its unique strategy of investments to improve institutional quality and thereby improve its control of corruption. National leaders and policymakers who would like to do so may consider this approach.



These results significantly depart from the econometric results that inspired them because they employ cause and effect concepts and techniques from calculus and physics rather than statistics. Furthermore, implementing a technique to apply effort to improve institutional quality has been shown to positively influence the future trajectory of control of corruption, making the technique prescriptive rather than simply descriptive.





5. Discussion


This study observed that even in a developed country like Canada, government corruption can be a severe issue, and in less developed countries like India and Pakistan, even more so. Recent protests in many countries against government corruption indicate that citizens seek more political accountability and a voice in government. The subsequent political instability and the violence that has resulted in maintaining the status quo indicate that change is not happening fast enough. It has led to a much poorer quality of life than necessary for large parts of the world. A methodology proposed here could help change the downward trend in control of corruption for reform-minded or potential leaders. In particular, our model suggests that the appropriate allocation of resources could have the most significant impact on reversing the trend in the shortest amount of time. Such a tool could be a highly valued asset for a political candidate or an incumbent leader in a democratic country. In many countries, the political agenda is not favourable for this approach. Many leaders and bureaucrats benefit from corruption on a personal level. Our approach focuses explicitly on institutional improvement, not individuals. By taking the individual leaders and bureaucrats out of focus, control of corruption may not trigger regime change and, therefore, might be done peacefully. We see a highly synergistic relationship between institutions in a country where improving one enhances another. The control of corruption is central in the system. Therefore, the emphasis on improving this particular institution will improve the quality of life for many citizens. It could resolve significant problems in many countries, such as economic disadvantages, organised crime, civil unrest, and civil wars that create the international refugee and economic migration problems.




6. Conclusions


The World Bank [81,82] and the World Economic Forum [83] provide the time-series data to apply our model to almost any country in the World. This System Dynamics model extracts the data from these databases and calibrates the model for a particular country. We chose a typical developing, BRICS, and developed country (Pakistan, India, and Canada, respectively) to demonstrate that the model does not depend on the country’s level of development. Additionally, while institutional quality may be declining all over the world, this model might be helpful for government officials and national leaders who need an efficient and effective strategy to restore their institutional quality.



We focused on the institution of control of corruption and showed that investments that improve institutional quality would particularly impact it. However, control of corruption touches on so many other institutions that it is a central policy issue for all countries. From the case studies examined, control of corruption is trending downward in all three. However, the model projected the possibility of reversing these trends through wise investment in improving certain institutions. As each country exhibited a different pattern in its institutional quality, each country required a unique investment approach to reverse the downward trend in control of corruption.



We can generalise this model to consider any of the thirteen identified institutions as all these institutions affect the well-being of a nation’s citizens. For example, institutional quality impacts economic growth. In the same way, this model can examine the impact of institutional quality on control of income inequality, government effectiveness, and control of organised crime, which are also crucial for the well-being of citizens.



This model needs to be updated every year as new data becomes available. Because of this re-calibration, very different projections than those shown in this paper might result. On the other hand, governments often produce annual policy updates and, therefore, adjustments to the effort expended could react to recent events and further improve institutional quality.



Another limitation of this model results from the assumption that all institutions have equal weight in supporting the well-being of the citizens. Furthermore, the ability to change each institution involves equal weights. The ability to change some institutions involves more complicated procedures than others and perhaps more under the control of the government of the day. Another limitation of the abstract nature of this improvement effort is that the government of the day still needs to determine the actual policy changes and programs that are needed to improve institutional quality. Significant improvements to this model might result from developing action plans such as those found in the development targets in the “United Nations Sustainable Development Goals” [10].



We recognise that our transition from the Systems Thinking Causal Loop Diagram to the quantitative System Dynamics model required us to make several modelling choices concerning the relative importance of the connections between the institutions. Future work should determine the impact of alternative modelling choices.



Additionally, many more aspects of a society influence the control of corruption other than the thirteen institutions considered in this study (recall Table 1 and Figure 1). As of now, this work is limited to specific thirteen institutions (shown in Figure 4). For this representative, time-series data for almost any country showing how the quality of these institutions changed over time [81,82,83] could be collected. Future work should attempt to find data sources on how the other aspects of society like culture, social capital, ethnolinguistic fractionalisation, and religion have changed in various countries over time and how these changes might have impacted control of corruption.
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Figure 1. A Systems Thinking model of corruption. 
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Figure 2. A simplified Systems Thinking model of the economic factors associated with corruption. 
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Figure 3. A simplified Systems Thinking model of governance factors associated with corruption. 
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Figure 4. Interrelationships of the institutions in the corruption model. 
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Figure 5. A stock and flow diagram for the institution of control of corruption. 
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Figure 6. Model calibration developing country (Pakistan). 
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Figure 7. Model calibration BRICS country (India). 
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Figure 8. Model calibration developed country (Canada). 
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Figure 9. Institutional quality projections for a developing country (Pakistan). 
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Figure 10. Institutional quality projections for a BRICS country (India). 
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Figure 11. Institutional quality projections for a developed country (Canada). 
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Figure 12. Institutional quality projections for a developing country (Pakistan) with effort expended to improve control of inflation, economic openness, and the rule of law. 
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Figure 13. Increased control of corruption in a developing country (Pakistan). 
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Figure 14. Institutional quality projections for a BRICS country (India) with effort expended to improve political stability and absence of violence and the rule of law. 
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Figure 15. Increased control of corruption in a BRICS country (India). 
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Figure 16. Institutional quality projections for a developed country (Canada) with effort expended to improve GDP per capita, control of income inequality, political stability and absence of violence, regulatory quality, and the rule of law. 
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Figure 17. Increased control of corruption in a developed country (Canada). 
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Table 1. Literature on institutional connections to corruption.
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	Source
	Variables
	Related Institutions





	[40,41,42,43]
	Independent Variables:

	
Size of the firm



	
International Experience



	
Competition



	
Market Size



	
Market openness



	
Legal restrictions



	
Governance quality





Dependent Variable:Corruption Perception Index
	Control of Corruption (1)

Voice and Accountability (2)

Government Effectiveness (3)



	[42]

[44,45]
	Independent Variables:

	
GDP



	
GDP Growth Rate



	
Inflation



	
Economic Freedom



	
GINI coefficient





Dependent Variable:Corruption Perception Index
	Control of Corruption (1)

GDP Growth (4)

Control of Income Inequality (5)

Control of Inflation (6)



	[41,42]

[46,47,48,49]
	Independent Variables:

	
Spatial Lag of Corruption



	
GDP per capita



	
Urban Share



	
Developing Countries



	
Natural Resources Dependence (export fuel)



	
Political Stability and Governance (oil prices)



	
French Legal Origin



	
Socialist Legal Origin



	
Voice and Accountability



	
Slavery



	
Privatization



	
Deregulation



	
Tax Cuts



	
Gun Ownership





Dependent Variable:Corruption Perception Index
	Control of Corruption (1)

Voice and Accountability (2)

GDP per Capita (7)

Political Stability and Absence of Violence (8)

Organised Crime (9)



	[42]

[50,51,52]
	Independent Variables:

	
Human Development Index



	
Trade (ratio of total trade to total GDP)



	
Natural Resources (share of the total export of mining and oil production to total GDP)



	
Environmental factor





Dependent Variable: Corruption Perception Index
	Control of Corruption (1)

Control of Income Inequality (5)

Regulatory Quality (10)

Economic Openness (11)



	[42]

[53,54,55]
	Independent Variables:

	
GDP



	
Population Growth,



	
Imports



	
FDI



	
Secondary School Enrollment



	
Inflation





Dependent Variable: GDP per Capita
	Control of Corruption (1)

Control of Inflation (6)

GDP per Capita (7)



	[56,57]
	Independent Variables:

	
Trade Openness



	
Per Capita Income



	
Economic Freedom



	
The Rule of Law



	
Government Expenditure



	
Democracy



	
Government Stability,



	
Military in Politics





Dependent Variable: GDP per Capita
	Control of Corruption (1)

GDP per Capita (7)

Political Stability and Absence of Violence (8)

Economic Openness (11)

The Rule of Law (12)

Corruption Government Expenditure (13)
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Table 2. Numeric values of institutional quality for a developing country (Pakistan).
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	Institution
	1996 Value
	2020 Value
	Projected 2026 Value





	Control of Corruption
	30
	36
	36



	GDP Growth
	90
	64
	46



	GDP per capita
	70
	69
	59



	Government Expenditure
	41
	40
	43



	Control of Income Inequality
	71
	68
	66



	Control of Inflation
	70
	71
	51



	Economic Openness
	39
	34
	35



	Government Effectiveness
	40
	40
	44



	Political Stability and Absence of Violence
	31
	16
	23



	Regulatory Quality
	41
	39
	41



	The Rule of Law
	40
	40
	41



	Voice and Accountability
	40
	36
	42



	Control of Organised Crime
	73
	48
	62



	Average Institutional Quality
	52
	46
	45
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Table 3. Numeric values of institutional quality for a BRICS country (India).
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	Institution
	1996 Value
	2020 Value
	Projected 2026 Value





	Control of Corruption
	44
	46
	44



	GDP Growth
	100
	100
	100



	GDP per capita
	60
	70
	76



	Government Expenditure
	34
	40
	55



	Control of Income Inequality
	65
	65
	68



	Control of Inflation
	75
	82
	64



	Economic Openness
	20
	40
	39



	Government Effectiveness
	48
	56
	81



	Political Stability and Absence of Violence
	34
	37
	37



	Regulatory Quality
	41
	48
	65



	The Rule of Law
	55
	49
	49



	Voice and Accountability
	58
	52
	48



	Control of Organised Crime
	98
	75
	83



	Average Institutional Quality
	56
	59
	62
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Table 4. Numeric values of institutional quality for a developed country (Canada).
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	Institution
	1996 Value
	2020 Value
	Projected 2026 Value





	Control of Corruption
	84
	77
	70



	GDP Growth
	55
	43
	25



	GDP per capita
	96
	100
	73



	Government Expenditure
	68
	70
	72



	Control of Income Inequality
	67
	66
	52



	Control of Inflation
	100
	100
	89



	Economic Openness
	67
	64
	60



	Government Effectiveness
	79
	78
	76



	Political Stability and Absence of Violence
	71
	67
	67



	Regulatory Quality
	75
	78
	76



	The Rule of Law
	77
	79
	79



	Voice and Accountability
	76
	74
	73



	Control of Organised Crime
	92
	79
	85



	Average Institutional Quality
	77
	75
	69










[image: Table] 





Table 5. Institutional quality for a developing country (Pakistan) with effort expended.






Table 5. Institutional quality for a developing country (Pakistan) with effort expended.











	Institution
	Status Quo 2026
	Effort
	Improved 2026





	Control of Corruption
	36
	1
	46



	GDP Growth
	46
	1
	47



	GDP per capita
	59
	1
	59



	Government Expenditure
	43
	1
	43



	Control of Income Inequality
	66
	1
	66



	Control of Inflation
	51
	1.83
	93



	Economic Openness
	35
	1.09
	38



	Government Effectiveness
	44
	1
	44



	Political Stability and Absence of Violence
	23
	1
	23



	Regulatory Quality
	41
	1
	41



	The Rule of Law
	41
	1.08
	43



	Voice and Accountability
	42
	1
	43



	Control of Organised Crime
	62
	1
	63



	Average Institutional Quality
	45
	
	50
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Table 6. Institutional quality for a BRICS country (India) with effort expended.






Table 6. Institutional quality for a BRICS country (India) with effort expended.











	Institution
	Status Quo 2026
	Effort
	Improved 2026





	Control of Corruption
	44
	1
	54



	GDP Growth
	100
	1
	100



	GDP per capita
	76
	1
	76



	Government Expenditure
	55
	1
	55



	Control of Income Inequality
	68
	1
	68



	Control of Inflation
	64
	1
	64



	Economic Openness
	39
	1
	39



	Government Effectiveness
	81
	1
	81



	Political Stability and Absence of Violence
	37
	1.30
	78



	Regulatory Quality
	65
	1
	65



	The Rule of Law
	49
	1.70
	81



	Voice and Accountability
	48
	1
	83



	Control of Organised Crime
	83
	1
	100



	Average Institutional Quality
	62
	
	73
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Table 7. Institutional quality for a developed country (Canada) with effort expended.
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	Institution
	Status Quo 2026
	Effort
	Improved 2026





	Control of Corruption
	70
	1
	82



	GDP Growth
	25
	1
	26



	GDP per capita
	73
	1.01
	92



	Government Expenditure
	72
	1
	72



	Control of Income Inequality
	52
	1.24
	79



	Control of Inflation
	89
	1
	80



	Economic Openness
	60
	1
	60



	Government Effectiveness
	76
	1
	76



	Political Stability and Absence of Violence
	67
	1.17
	98



	Regulatory Quality
	76
	1.31
	100



	The Rule of Law
	79
	1.27
	100



	Voice and Accountability
	73
	1
	91



	Control of Organised Crime
	85
	1
	88



	Average Institutional Quality
	69
	
	80
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