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Abstract

The return of large Federal budget deficits has generated renewed interest in finding ways to shrink the “tax gap” – the amount of taxes owed but not paid – recently estimated to be $311 billion for tax year (TY) 2001 [Bloomquist, Plumley and Toder, 2004]. However, despite significant progress in our understanding of the economic and behavioral motivations for income tax evasion, relatively little is known about how specific enforcement measures, such as taxpayer audits, influence individuals’ compliance behavior. Apart from the usual difficulty in social science of isolating cause and effect, it is especially costly and burdensome on taxpayers to collect data on tax noncompliance. This paper describes the development of an multi-agent simulation (MAS) model that represents taxpayer reporting behavior by combining rational choice theory (e.g., rank dependent expected utility) and empirical observation (e.g., near 100 percent reporting of “visible” income). The Tax Compliance Simulator (TCS) is calibrated to reproduce known mathematical solutions to theoretical evasion models. However, its “predictions” should be considered qualitative, rather than quantitative, in nature because our understanding of taxpayer behavior remains quite speculative. Nevertheless, TCS illustrates how MAS models may aid in the selection of enforcement measures to reduce income tax noncompliance.
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How much tax revenue is lost to increased evasion if the audit rate falls from two percent of taxpayers to one percent? What combination(s) of audit and penalty rates can produce a 90 percent voluntary compliance rate (VCR)? How much additional tax is voluntarily reported if taxpayers are less prone to evade for 1, 5 or 10 years following an audit? If every person audited indirectly causes the subjective audit probability of ten other people to be raised by an average of five percentage points, what is the impact on compliance? With the Federal government again running large annual deficits, finding answers to such questions has taken on greater urgency. However, despite considerable progress in our theoretical understanding of tax noncompliance since the seminal article by [Allingham and Sandmo, 1972]; little is known about how individual taxpayers actually respond to changes in audit rates, penalties and other enforcement measures. An obstacle to further progress is the costly and politically sensitive task of obtaining reliable data on a subject, income tax evasion, most people are reluctant to discuss. Therefore, a MAS model may offer an alternative approach to evaluate the effectiveness of tax enforcement programs when direct measures either are unavailable, untimely or otherwise infeasible to collect.

Model Design Considerations

The design of the prototype version of TCS emphasizes process validity or close adherence to the real-world phenomenon – tax noncompliance – we are interested in modeling [Tabor and Timpone, 1996]. Earlier MAS models of income tax evasion ([Mittone & Patelli, 2000], [Davis, Hecht & Perkins, 2003]) were developed primarily as pedagogical tools with no attempt at calibration. In TCS, the source of taxpayer income may be either visible or invisible to the tax authority (e.g., wages and salaries versus capital gains). Visible income is assumed to be reported 100 percent (similar to real-world reporting behavior). Reporting of invisible income is based on rational choice theory. Users may choose among two theoretical models: expected utility or rank dependent expected utility. The latter approach introduces overweighting of low probability events that appears to represent how people tend to view their odds of being audited [Bernasconi, 1998].

Users may create two distinct taxpayer groups each characterized by their own unique set of behavioral, income and enforcement-related characteristics. This feature improves realism by allowing groups of taxpayer to behave differently depending on the opportunities they have to evade. For example, observed compliance among wage earners tends to be much higher than among owners of small businesses because most wage income is reported to the Internal Revenue Service (IRS) on Form W-2. TCS allows the user to separate direct, indirect and induced effects of taxpayer audits. The direct effect is the recommended increase in tax as the result of an audit. The induced effect is the change in tax revenue reported voluntarily due to knowledge of a change in the overall audit rate. Indirect effects stem from a change in subjective assessment of audit probability due to a prior audit experience (so-called subsequent period effects) or knowledge of someone else being audited (social network effects).
 Finally, the program interface emphasizes flexibility to accommodate extensive hypothesis testing. Users may easily change key model parameters through the use of sliders, switches and choice buttons. The model is written in NetLogo 2.0 [Wilensky, 1999]. NetLogo was selected as the platform for developing the prototype based on the following reasons: One, ease of programming. Although based on Java (version 1.4.1), NetLogo offers many “primitives” and “point-and-click” menu options for creating sliders, plots and other tools that greatly simplify the task of programming and permit the analyst to devote more time on modeling issues. Two, NetLogo is freely-distributed software in the public domain and is supported by Center for Connected Learning and Computer-Based Modeling. Northwestern University.
 Finally, NetLogo 2.0 provides an option called BehaviorSpace which can be used to process multiple simulations in “batch” mode with the results saved in an output file for later analysis. This feature is useful for parameter “sweeping” or stepping through different values for parameters to determine their impact on individual tax reporting compliance.
Figure 1 displays the TCS user interface.
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Figure 1:  TCS User Interface Screen

Model Validation and Sample Application

TCS has been internally validated by replicating known mathematical solutions to theoretical models of individual tax evasion [Bernasconi, 1998]. The paper describes the calibration process and provides an example illustrating how the model may be used to simulate taxpayer compliance behavior for different audit rates, penalty rates and income visibility.
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� See the NetLogo homepage at � HYPERLINK "http://ccl.northwestern.edu/netlogo/" ��http://ccl.northwestern.edu/netlogo/�.





