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Preface

Overview

All essays that make up this dissertation formulate economic models where some
economic agents — either individuals or firms — may try to pay only part or even
nothing at all of their tax bill. Tax evasion and tax avoidance are phenomena
present in all societies that use taxes to finance government expenditures. Some-
times every possible effort is made to reduce the tax burden on the side of taxpayers.
Effort is also present on the side of the government and the (tax) law enforcement
agency: they try to deter evasion and avoidance or at least to detect and convict
tax evaders. Each activity, evasion, avoidance and deterrence, uses resources and
adds to the deadweight loss of a tax system.

Tax evasion, in particular, can take on different forms: non-declaration or under-
reporting of the tax base (which may be income, sales, wealth etc.), overreporting
of deductible expenses, moonlighting, smuggling and others. This dissertation ab-
stracts from the particular mode that is used to save on the tax bill — with the
exception of chapter 3 — and I have to disappoint the reader that tries to find hints
on how he could best reduce his own tax payments.! Rather the models discuss
especially how a benevolent government (the so-called social planner) could and
should react to the presence of tax evasion activities.

I present a short overview of research in the field in chapter 2. The remaining chap-
ters present new models and results. Chapters 3 and 4 investigate the impact of
tax evasion on firm behavior from a microeconomic perspective. Notably, I discuss
the relationship between the tax evasion and the production decision in a monop-
olistic and duopoly market and characterize optimal tax and enforcement policies.
In particular, I discuss the implications of profit tax evasion by a monopolist for
his production decision (chapter 3). I show that there are conditions under which
even a benevolent government should not deter evasion activities completely even
if deterrence does not entail any resource costs in a duopoly model with sales tax
evasion (chapter 4). Chapters 5 and 6 deal with macroeconomic issues of tax eva-

!The Economist reports some frequently used ways of tax evasion and tax avoidance in The
Economist (2001).
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sion with a special emphasis on the relationship between tax evasion and economic
growth. I show that under some conditions tax evasion has no consequences for
long-run economic growth if the government adjusts its tax policy appropriately
(chapter 5). Nevertheless, tax evasion is an important factor that determines eco-
nomic growth in the real world as an empirical investigation shows that I provide
(chapter 6).

Structure

In detail, the structure of this dissertation is as follows:

Chapter 1 introduces and discusses some main issues in the economic theory of tax
evasion.

Chapter 2 selectively summarizes existing results on positive and normative issues
in the economic theory of tax evasion. It can be viewed as a short — and by far not
complete — survey of the literature on tax evasion that is related to the issues of
the following chapters. Therefore, it also serves as a reference point for the mod-
els that are developed and used later in the text. Contrary to other surveys like
Cowell (1985a), Pyle (1991), Andreoni et al. (1998), Franzoni (2000), Slemrod &
Yitzhaki (2002), it includes an overview on the literature of tax evasion of firms. In
particular, it emphasizes the importance of the evasion or concealment technology
and possible government policies. It also includes an overview on macroeconomic
literature in the field. Additionally, it hints at the general direction that the litera-
ture on tax evasion takes. The chapter allows to compare and criticize some of the
results presented later in the text.

Chapters 3 and 4 discuss models of imperfect competition that allow for tax evasion
on the side of firms. Both chapters analyze the interdependency of the production
and the tax evasion decision and characterize optimal policy in the case that the
production decision may be influenced by the possibility to evade taxes.

In particular, chapter 3 discusses the relationship between the decision to evade
a profit tax and the production decision in a monopolistic market. It provides a
simple condition that generates a one-sided separability: the evasion decision is
separable from the production decision but not vice versa if the firm chooses to
overreport production costs and the concealment cost function is strictly convex.
This condition also implies that if the monopolist chooses to evade taxes, it has an
incentive to increase production beyond the monopoly output with full enforcement
of taxes. The normative analysis shows how the government designs its tax and tax
enforcement policy in the light of tax evasion. The optimality condition implies that
both instruments should be used to the extent that their marginal excess burden
per marginal revenue unit is equal.

vi



Chapter 4 puts forward a similar tax evasion model as chapter 3 but it covers sales
(and unit) tax evasion in a duopoly market. Additionally, compared to chapter 3,
this model allows for firm heterogeneity. Again, a one-sided separability of the
evasion and the production decision holds. In equilibrium, prices and market shares
are (in part) determined by the technology that each firm uses to produce and
to conceal its evasion activities. Stricter enforcement leads to higher tax costs
and is shifted into higher prices as are increases in production costs. If firms
differ in the concealment or the production technology, policy may also influence
market shares which are relevant for social welfare. The chapter characterizes the
socially optimal tax and tax enforcement policy. A central result is that it may
be optimal not to enforce taxes completely even if enforcement does not entail
any resource costs. The chapter also characterizes tax and enforcement policies
that are determined by a majority vote. In this respect, it provides a positive
theory of actual tax enforcement in a democracy. Earlier versions of this chapter
have been presented at the 2005 Public Economic Theory (PET) conference in
Marseille, France, and faculty seminars at the Universities of Baton Rouge, USA,
Pisa and Brescia, Italy, and Saarbriicken, Germany. The chapter has been accepted
for upcoming presentation at the 2006 Annual Congress of the Swiss Society for
Economics and Statistics (SGVS) in Lugano, Switzerland, and the 2006 Annual
Conference of the Scottish Economic Society.

Chapters 5 and 6 discuss implications of tax evasion from a macroeconomic per-
spective.

Chapter 5 studies the macroeconomic impact of tax evasion with a special emphasis
on the rate of growth. The impact of tax evasion on economic growth is examined
in an endogenous growth model which emphasizes the role of the government that
takes tax evasion into account when designing the tax structure. It is shown that
even if public goods are nonproductive, tax evasion does not lead to higher growth
rates (as claimed in the previous literature) if the government adjusts its tax rate
upwards to ensure the efficient provision of public goods. Earlier versions of this
chapter have been presented at a PhD-student conference at the Royal Institute of
Technology (KTH) in Stockholm, Sweden, in 2004, the 2005 Annual Meeting of the
Public Choice Society (PCS) in New Orleans, USA, the 2005 Annual Congress of
the Swiss Society for Economics and Statistics (SGVS) in Zurich, Switzerland, and
the 2005 Annual Conference of the Royal Economic Society (RES) in Nottingham,
UK.

Chapter 6 is devoted to the empirical relationship between tax evasion and economic
growth. In order to quantify the impact of tax evasion on growth, a tax evasion
measure based on estimates of the shadow economy is developed and discussed. It
is used to investigate the impact of tax evasion on economic growth empirically
in a cross-section data set of about 70 countries. It is found that tax evasion and
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growth are negatively related. This is true irrespectively of the development stage of
a country. The relationship is economically important: if a country could improve
tax compliance by one standard deviation, it may improve growth by about 0.8
percentage points.

Reading

All chapters are self-contained and may be read independently from another. How-
ever, as they are all concerned with issues in tax evasion the dissertation is presented
in the form of a monograph with a general introduction (chapter 1) and a sepa-
rate overview on related literature (chapter 2). Technical details are relegated to
appendices if reading would otherwise be disturbed.
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Chapter 1

Introduction

Tax evasion (and tax avoidance)! is a phenomenon present in all societies that use
taxes to finance government expenditures. It can take on different forms: non-
declaration or underreporting of the tax base (which may be income, sales, wealth
etc.), overreporting of deductible expenses, moonlighting, smuggling and others.?
Sometimes, every possible effort is made (and a substantial criminal resolve is being
shown) to reduce the tax burden, for example in the evasion of value-added taxes
(see U.K. Government. HM Customs & Excise (2004) and Caplan et al. (2003)
for a description of value-added tax (VAT) evasion with a particular emphasis on
the VAT missing trader fraud and its carousel variant). On the other hand, the
tax administration tries to identify possible evaders and a considerable amount of
resources is used during this detection process.?

!The distinction between tax evasion, which is illegal, and tax avoidance, which is not, may not
always be clear in practice. In particular, it is determined by the interpretation of the tax law
by the courts. In this respect, one may argue that the distinction is ambiguous only ex ante that
is before a court decision established the legal status. According to German tax law, there is
even a threefold distinction: additionally to tax evasion (Steuerhinterziehung) and tax avoidance
(Steuervermeidung) §42 AO defines activities that in general are not illegal but against the spirit
of the law: ”"Durch Missbrauch von Gestaltungsmoglichkeiten des Rechts kann das Steuergesetz
nicht umgangen werden.” (Steuerumgehung). Steuerumgehung is only illegal if the taxpayer did
not comply with his reporting duties (unehrliche Steuerumgehung). As this is a characteristic
of the German tax code — similar provisions exist in Israel, Sweden and Finland (see Tipke &
Kruse (2004, §42 AO Tz. 23))- and its implications have not been discussed in the literature,
the twofold distinction is used here throughout. Nevertheless, it is acknowledged that this is
a simplification. The important conceptual difference between tax evasion and tax avoidance
is considered to be the consequence that the first introduces uncertainty of future consumption
prospects whereas the latter does not (Cowell (1985a)). Both share the similarity to be motivated
by tax rate differentials and the desire to minimize tax payments.

2Tax avoidance typically involves the restructuring of a transaction to minimize its associated tax
liability. The Economist mentions several more peculiar ways by which taxes are avoided. For
example, people change their citizenship (The Economist (2000, 2001)) or get a divorce (The
Economist (1997b)).

3For estimates of administrative costs of taxation for a number of countries see Sandford et al.
(1989).
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To give an impression of its magnitude — empirical methods and results are discussed
in chapter 6 in more detail: the average size of the shadow economy — where no
taxes are paid by definition — in OECD countries is 17% of GDP with the highest
relative extent in Greece (28%) and the lowest in the U.S. and Switzerland (9%
each). In transition and developing countries it amounts to 38% respectively 41% of
GDP during the period 1999 — 2000 (Schneider (2005)).* In particular, the Internal
Revenue Service (IRS) estimates that about 17% of U.S. income tax liability is
not paid (U.S. Department of the Treasury. Internal Revenue Service (1996)).°
For 1998 the tax gap has been estimated at $280 billion (U.S. Department of the
Treasury. Internal Revenue Service (2002)). As far as the VAT is concerned, for
example, Nam et al. (2003) estimate that about 10% of it was not paid in Germany
in 2001. These numbers already illustrate why tax evasion and avoidance is not
only a topic in developing countries but also in high developed ones.°

Although tax evasion is illegal it arouses the interest of public finance economists
more than other criminal activities because of its practical relevance and its impli-
cations for the (optimal) tax system. It raises a number of positive and normative
questions which are dealt with in this dissertation:”

e Which factors determine the extent of tax evasion?

e How does and how should the tax and enforcement structure reflect the pres-
ence of tax evasion and how does tax evasion affect the optimal provision of
public goods?

e What are the implications of tax evasion for the economy as a whole?

The determining factors of tax evasion are varied and emphasis can be placed on
economic as well as sociological influences. In this economic discussion the latter

4Note that the size of the shadow economy gives only a first hint on the amount of tax evasion.
For example, the evasion of capital income taxes is not captured. Compared to other indices it
is a relatively broad indicator that includes the base of taxes (and social security contributions)
on the side of the firm and of individuals.

5More recent estimates of a Taxpayer Compliance Measurement Program are not available except
for compliance for the Earned Income Tax Credit; see U.S. Department of the Treasury. Internal
Revenue Service (2000b, 2002).

5Bird (1983) and Mansfield (1988) emphasize the importance of evasion activities especially in
countries of the former group. Issues of administration are of particular importance there. See
Busse (2000) for a description of tax evasion in Russia.

"According to Aigner et al. (1988, p.297), tax evasion has three consequences: it leads to a loss
in tax revenue, macroeconomic indicators like GDP or the rate of unemployment are unreliable,
the distribution of after-tax income cannot be inferred from the distribution of pre-tax income
and the tax schedule alone (and vice versa). Additionally, tax evasion may lead to efficiency
losses.



only play a minor role.®

Politicians (governments) are highly concerned with the effects of tax evasion and
underground economic activity in particular on tax receipts, fearing an erosion of
tax revenue. However, the impact of tax evasion on tax receipts is not clear because
of at least two reasons. First, the tax base itself may be sensitive to the effective
tax rate it is subjected to — including the possibility of tax evasion. The so called
tax gap, defined as the difference between the taxes actually paid and the taxes
due according to law, gives only a naive expression of the impact of tax evasion on
tax revenue (an upper bound if one emphasizes the discouraging effect of taxes: at
least part of the taxable activities would not have been undertaken under a stricter
system of tax enforcement).

Second, although the tax base may evade taxation on one occasion it is possible
that it is taxed in a different form. Taxes on capital income can be evaded easily in
many countries. If the additional net income is spent at least partly, value-added
tax revenues increase.

It is important for policy makers — also apart from concerns on tax revenue — to
consider that taxes are evaded and to interpret information and act accordingly.
The problem of distorted official statistics is most eminent if government policy is
based solely on these official figures, disregarding estimates of tax evasion or the
underground economy.’

Normative questions are of very high relevance in the context of tax evasion and
the underground economy. On the one hand, tax evasion and the shadow economy
might lead to the loss of public funds and a lower provision of public goods. On the
other hand, the underground economy is seen as an efficient entrepreneurial sector
that circumvents inefficiencies brought on by taxes and regulations.

There is also an issue of redistribution associated with tax evasion. Tax evasion
redistributes income from the honest to the dishonest. As such, studying tax evasion
is concerned with horizontal equity: people with similar incomes pay different taxes
because not everybody pays the amount due according to law and not every evader
is detected. Possibilities to evade may also vary across occupations (and across
different income structures even if total income is identical). Vertically, tax evasion
possibilities may vary across income brackets. Again, it is important for policy
makers to take into account that tax evasion may alter the redistributive pattern
of the statutory tax system.!®

8The sociological and psychological literature on tax evasion is enormous and economic and psy-
chological advances are compared and combined in many recent publications, see e.g. Elffers
et al. (1987), Porcano (1988), Falkinger (1995), Kim (2002), with a special focus on fairness.

9Feige (1989) goes even so far to argue that stagflation in the UK and elsewhere in the 1970s was
only a phenomenon of official statistics.

0Persson & Wissén (1984) formulate an economic model for this issue and Bishop et al. (1997)
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The established tax system can (and does)!'! reflect the fact that taxes are evaded.
If policy makers design the tax system with regard to the possibility of tax evasion,
statutory tax rates give only a blurred picture of the effective tax structure (and
intended tax revenue).

A question of central focus in the economic theory of tax evasion is how optimal
government policy can be characterized if tax evasion occurs. The general task is
how to strike the right balance between a strict enforcement system that hinders
economic activity or where some convictions may be incorrect and a lenient system
where public funds are scarce and tax morale deteriorates.

Tax evasion led economists to think more generally about optimal tax systems and
gave rise to a number of new instruments that the government may use to control
evasion and avoidance activities. Answers to the question of how an optimal tax
system looks are still an active field of research. So far, the answers are quite sensi-
tive to the model’s assumptions, in particular to the restrictions that are imposed
exogenously on available instruments. This issue also arises in this dissertation.

find empirical support for the redistributive effects of tax evasion for the U.S.

HFor example, Wallschutzky (1991) provides a detailed description of the changes in the Aus-
tralian tax system in the 1980s, which "have been designed, at least in part, to reduce evasion
of income tax” (Wallschutzky (1991, p.166)). He also quotes that compliance rates for capital
gains taxes in the U.S. increased by 27% from 1981 to 1987 due to the introduction of informa-
tion reporting (Wallschutzky (1991, p.166)). See also Kesselman (1993) for a related discussion
concerning the question of the optimal tax mix in Australia.



Chapter 2

A Short Overview on Related
Literature

This chapter provides a selective overview on positive and normative issues in the
economic theory of tax evasion. It is by far not complete.! Rather, in addition
to introducing the basic model of individual income tax evasion it presents and
discusses results that are closer related to the following chapters than by the general
topic of tax evasion.? In particular, it provides an overview on results if tax evasion
by firms instead of private individuals is considered. Although a number of reviews
of the tax evasion and avoidance literature exist (Cowell (1985a, 2004), Pyle (1991),
Andreoni et al. (1998), Franzoni (2000), Slemrod & Yitzhaki (2002)) they all
more or less neglect this strand of literature. Different implications (concerning
comparative statics or policy recommendations) may arise and may be traced back
to differences in the underlying evasion technology. Furthermore, results of some
macroeconomic papers on tax evasion are stated and discussed. These are especially
relevant for the models concerned with tax evasion and economic growth. On the
whole, the chapter allows to compare and criticize some of the results presented
later in the text.

2.1 The Basic Model

The basic model of tax evasion by Allingham & Sandmo (1972) assumes that an
individual is endowed with an amount of income, ¢, which is known to him but

1Some streams of economic literature are completely neglected. To read about amnesties the
reader is referred to Lerman (1986), Uchitelle (1989), Andreoni (1991a), Malik & Schwab (1991),
Stella (1991), Alm & Beck (1993), Hasseldine (1998), Christian et al. (2002). Apart from the
adverse long-run effects on compliance which counterbalance increased revenues in the short-run,
amnesties may be seen as an insurance instrument.

2If results are stated in a different form than in the original paper, the calculations are provided
in the Appendix.
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not to the tax collection agency and subjected to a tax.? By disregarding the

labor supply decision for the moment it is possible to focus on the decision of how
much of a given income to report to the tax authorities and how much to evade.
Theoretically, there is no conceptual difference between a household’s problem of
how much personal (labor, capital etc.) income, wealth or any other given tax base
to declare. All tax bases are subsumed as income (for the analysis of the evasion
and avoidance of particular taxes see, for example, Eller et al. (2001) (estate tax)
or Feinstein & Ho (2001) (gift tax)). Practically, different parameter values may
apply. For example, the chances of being detected underreporting labor income in
the U.S. or Germany (and many other countries) exceed the ones evading capital
income due to information reporting from the side of the employer. Additionally,
there is no conceptual difference between a firm’s decision of how much sales or
profits to report if the tax base already exists. However, it is less common to
consider only the evasion decision leaving the output decision aside within a theory
of the firm because the output decision is a central focus of firm market behavior.

Then, the following definition is appropriate.*

Definition 2.1 (Tax evasion). Taz evasion is the deliberate failure to disclose
all or part of one’s income to the tax authority. A

The decision of how much income to declare is a decision that involves uncertainty
if detection is assumed to be imperfect. Its description constitutes an application
of the theory of crime by Becker (1968) in this respect. A penalty is to be paid if
and only if the taxpayer has evaded taxes and is discovered by the tax authority.’
To be more precise, assume that there are only two states of the world: either the
tax authority investigates the taxpayer’s return, then it detects all evaded income
and the individual is fined (call it state 1), or it does not and the tax cheater gets
away with it (state 2). Clearly, this is a simplification. As far as the decision on
actual audits are concerned it is also unlikely that the enforcement agency audits
at random. In the U.S., for example, the Internal Revenue Service (IRS) employs a
range of methods to detect evaders. In particular, it uses the results of its program

3Note that the concept of fiscal income defined by legislative tax statutes is relevant here rather
than the broader concept of economic income; for a further discussion of this difference see Feige
(1989).

4The U.S. Department of the Treasury. Internal Revenue Service (2000a, p.3) distinguishes be-
tween payment compliance, filing compliance and reporting compliance. The present definition
only covers the last aspect. Payment and filing compliance have been addressed by Andreoni
(1992) respectively Lee (2001) among others.

®Usually, this fine depends on the amount of evaded income or the amount of evaded taxes (see,
for example, the German personal income tax code: §238(1) AO); details are provided below.
The problem of the administration to have sufficient evidence such that detected evasion also
leads to a court ruling is neglected. Andreoni (1991b) formalizes a model where a juror decides
on conviction; then the fine and the probability of conviction are not independent.



2.1 The Basic Model

of intensive audits: the Taxpayer Compliance Measurement Program (TCMP). On
the basis of its results it assigns to each tax report a likelihood that it is incorrect.
Andreoni et al. (1998) state that over 50% of audits are based on this score.
According to their calculations, the yield of a random audit is $289 compared to
$5.500 for non-random ones.°

A tradeoff arises if an individual can reduce the obligation to pay taxes by under-
reporting income but risks to be detected and fined. The solution to this tradeoff
for given enforcement parameters depends on the characteristics of the individual’s
preferences.

Assumption 2.1. Assume that preferences are represented by a twice differen-
tiable utility function defined on net income u : R — R, y — u(y) with u"(y) <
0 < ' (y). Assume, furthermore, that the von Neumann-Morgenstern axioms of
expected utility hold, i.e. individuals are expected utility maximizers. v

If the case of a linear tax schedule T'(y;) = Ty4, where y4 denotes declared income,
7, 0 < 7 < 1, a constant tax rate, and a fine schedule that is linear in evaded
income F'(y.) = (y., where y. denotes unreported income (and y = y4 + v.), (,
0 < ¢, a constant fine rate, net income in the two states is:”

y' =7 —TYq— (Ye, (2.1)
Y’ =9 —Tya

With net income in case of full tax payment of (1 — 7)y the individual can raise
his income in state of the world 2 by underreporting his income by an amount y,,
which leads to an increase of y? by 7y. (the tax savings); in case state 1 occurs
the individual’s evasion is detected and he is punished with the fine payment of
(Y leaving him with a change of income of (7 — ()y.. The slope of the budget
line that denotes the ratio at which one unit of income in case of detection can be

substituted for income in case of nondetection is therefore T%C < 0. It is assumed

6Nevertheless, the model uses random audits for simplicity. This simplification makes it possible
to illustrate the model in a two states of the world-diagram and build some intuition later. See
Slemrod & Yitzhaki (2002, section 4) or Yitzhaki (1987) for slight extensions of this assumption.

"Note that in this formulation repayment of evaded taxes in case of detection is included in the
fine function. An alternative formulation is to define y! = (1 — 7)y — (:“ye, for 0 < f . This does
not alter the problem as the fine rates are related by ( =1+ CA . The question of the appropriate
base for the fine rate is relegated to footnote 14. The assumption of a constant fine rate is a
simplification. Typically, civil or criminal penalties may apply. Andreoni et al. (1998) state
that in the U.S. ”...civil penalties are applied at a rate of 20 percent of the portion of the
underpayment of tax resulting from a specified misconduct [...]. However, in cases of fraud
[...] a civil penalty may be applied at a rate of 75 percent.” Serious evasion cases may even be
punished with criminal penalties (fines of not more than $100.000 or imprisonment of not more
than 5 years). Similar provisions exist for Germany.
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that the tax rate is strictly below the fine rate, 7 < (, which is satisfied if 1 < ¢
for any tax rate 0 < 7 < 1 because otherwise the tradeoff vanishes as tax evasion
is always profitable even in case of detection (regardless of the audit probability).
The maximum amount of y? that can be attained for 0 < y. is ¥ where no income
is declared. Then the individual risks to be left with (1 — {)y < 0 in case of an
audit. Although the budget line allows the individual to report no income at all,
the model does not specify how the possibly resulting large fine could be paid.
Formally, the utility function is not defined on negative values of income. It is
reasonable to consider only parameter constellations where the individual evades
income only to such an extent that he can pay the fine in case of audit or to assume
limpo ©(y) = +oo. In the latter case the individual does not find it optimal
to evade income to an extent that he may not be able to pay the fine in case of
detection. Alternatively, an additional source of income that is not evadable may
be assumed. If the individual may even claim deductible credits, he could even
increase his income beyond the pre-tax income (if he is not audited). This case is
neglected in the following.

In order to recognize the similarity of the tax evasion problem and the problem of
optimal portfolio choice, reformulate the respective incomes as first Christiansen
(1980) did as

Now, starting with certain income net of taxes (1 —7)y in case no taxes are evaded,
underreporting income is equivalent to investment in a security (or gambling) with
uncertain return of either 7 — ( or 7 per unit of evaded income. This equivalence
allows to apply a result from the theory of investment under uncertainty (Arrow

(1970)).

Remark 2.1. An individual engages in tax evasion if and only if its expected
return is positive: p(t —()+ (1 —p)T > 0, i.e. the tax rate must be larger than the
expected fine p( < T. A

The algebraic problem of expected utility maximization can be formulated as®

max_®(y.) := E[u(9)] = pu(y') + (1 - p)u(y?). (2.5)

0<ye <y

8 A “means that the associated variable is random and E denotes the expectation operator.
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The necessary condition for an interior maximum of problem (2.5) is

do

dy. (Ye) = PU'(yl)(T -+ (11— p)u/(yz)T —0
_ pu'(y') T
T T T ¢ (2.6)

Dy, (ye) =

which is also sufficient if the individual is risk-averse (u” < 0) because the second
derivative

By (1) = %‘f(ya )= O (L= A (27)

is strictly negative in this case. In an interior optimum the marginal rate of substi-
tution of income in state 1 for income in state 2 (left-hand side of equation (2.6))
and the respective relative price (right-hand side) coincide.’

The first-order condition (2.6) implicitly defines the optimum amount of evaded
income as a continuous function of the parameters g, p, 7 and ¢, y. = y.(7, p, 7, ¢),*°
with the following comparative statics results.

Proposition 2.1 (Allingham & Sandmo (1972)). The signs of the compara-
tive statics of the optimal amount of evaded income with respect to changes in the
parameters are as follows:

Gye aye
ZJe 2.

8p<0’ aC<0, (2.8)
9 >0, for ra(u,y') >ra(u,y?),
ay_e =0, for ra(u,y')=ralu,y?), (2.9)

Y1 <0, for ra(u,y') <ralu,y?),
8ye >

>, 2.10

or < 21

where r4(u,y) denotes the coefficient of absolute risk aversion for utility function
u at income level y as defined and discussed by Pratt (1964) and Arrow (1970). O

CALCULATIONS: See the Appendix. |

9To ensure an interior solution 0 < y, < § the parameters must be such that ®,_(7) <0 < ®,_(0)
holds. In particular, evaluating the first derivative of ® at the left boundary y. = 0 proves the
sufficiency of Arrow’s condition (Remark 2.1). Altogether, 7 (p +(1- p)%) <p¢<Tis
sufficient.

10This is assured by Berge’s theorem of the mazimum as an extremum of a continuous function
on a bounded and closed, i.e. compact, set is obtained. Differentiability is also implied by
Assumption 2.1 (u twice differentiable). Only interior solutions are discussed in the following.
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The amount of evaded income falls in the audit rate because the marginal rate of
substitution increases (in absolute value), i.e. the willingness to pay for an additional
unit of income in state 1 in terms of income in state 2 rises, therefore the individual
substitutes income in state 2 for income in state 1 and evades a lower amount.

The amount of evaded income also falls in the fine rate. This is the case because
an increase in the fine rate increases the relative price of income in state 1 in terms
of income in state 2. Therefore, the individual substitutes income in state 2 for
income in state 1, i.e. he evades less. The reaction of the individual is said to be
determined by a substitution effect.

If the amount of (pre tax) income changes, the change in the marginal rate of
substitution is determined by the behavior of the individual’s utility function — in
particular on his risk preference. If the individual exhibits decreasing absolute risk
aversion (DARA), he is more willing to take a given risk if he is richer and, therefore,
chooses to evade a larger amount of income. The reaction of the individual is said
to be determined by an income effect.t!+12

A change in the statutory tax rate changes the relative price and the individual’s
income. It therefore leads to a substitution and an income effect which may lead
into opposite directions. On the one hand, an increase in the tax rate leads to a
decrease in the relative price of income in state 1 in terms of income in state 2.
Therefore, the individual substitutes income in state 2 for income in state 1 and
evades more. On the other hand, an increase in the tax rate makes the individual
poorer and, therefore, if he has DARA preferences, he will increase his exposure to
risk and evade a larger amount of income.!3

There is an alternative for a linear fine schedule, which can be used to sign the
comparative static of the amount of evaded income with respect to the tax rate
unambiguously for DARA utility functions:'* a fine proportional to the amount of

"UHow the share of income that is not reported reacts to changes in income is determined by the
coefficient of relative risk aversion. It is increasing (constant, decreasing) if the coefficient of
relative risk aversion is decreasing (constant, increasing).

12 Allingham & Sandmo (1972) stated the ambiguity of %—"g. This does not contradict the present

formulation because %yg =1- aa—yg"’. See the Appendix for the precise calculations.
3Note that for CARA or TARA utility functions % > 0 unambiguously as the income effect

is absent or moves in the same direction as the substitution effect. Balassone & Jones (1998)
argue that the empirical literature failed to establish a positive relationship between tax rates
and the amount of evaded income and that IARA utility is not an assumption as strong as it is
considered to be because it merely says that demand for tax evasion is an inferior good.
1This alternative is also considered to be more realistic. Yitzhaki (1974) states that fines are
proportional to the amount of evaded tax under American and Israeli tax laws. Wallschutzky
(1991, p.171) quotes Section 223 of the Australian tax law which suggests this as well (with
¢ =2): ”...the taxpayer is liable to pay, by way of penalty, additional tax equal to double the
amount of the excess.” There is no specification on how the fine is to be determined in German
tax law besides the provision that interest is to be paid on the evaded taxes (§238(1) AO) and

10
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evaded tax. It was first introduced by Yitzhaki (1974).

Assume that the fine is linear in the amount of evaded tax, that is to say that if an
individual underreports true income by an amount of . and is detected he has to
pay a fine of (7y,.

In this case, the income in state of the world 1 changes to
v =7 —1ys— Crye = (1 =) g+ 7(1 — )y (2.11)

and the necessary condition for an interior maximum of the tax evasion problem is
given by

Dy, (ye) = pu'(y")T(1 = C) + (1 = p)u/(y*)7 =0

o) 1 (2.12)

(I=pu'(y? 1-¢

again defining implicitly the optimal amount of evaded income v,.> The compara-
tive statics of y. with respect to ¥, p, and ( are signed as in Allingham & Sandmo
(1972). Yet, now it is possible to sign unambiguously the comparative statics of .
with respect to changes in the tax rate for DARA utility functions.

Proposition 2.2 (Yitzhaki (1974)). If the fine to be paid in case of detection
is proportional to the amount of evaded tax, then

0Ye
or

<0 (2.13)

for DARA utility functions.

CALCULATIONS: See the Appendix.

The intuitive reason for this clear-cut result is the absence of the substitution effect:
a change in the tax rate does not change the relative price of income across the two
states of the world. The tax rate change encourages evasion by the same rate as it
deters it (the tax savings from evasion as well as the penalty increase proportionally
with an increase of the tax rate). The income effect for DARA utility functions is
negative, again.'6

that the fine should reflect the economic situation of the felon (§40 StGB) and the extent of
evasion. If Steuerumgehung is detected, it is taxed as if the activity in question were done in
the appropriate way (§42(2) AO).

15 Analogously to the Allingham/Sandmo-case, evaluating the first-order condition at y. = 0 and

Ye = ¥ respectively, p¢ <1 and — ((1{_@0@ <2 (11:p<) have to hold to obtain an interior solution.

16The comparative static of the amount of evaded income with respect to changes in the tax rate

11
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These comparative statics results can be illustrated diagrammatically and it is
useful to do so for some of them to build some further intuition. The diagrammatic
exposition uses a two states of the world diagram that is a diagram, where income
in case of detection is shown on the horizontal axis and income in case of no audit
is depicted on the vertical axis (see Figure 2.1).

First of all, note that the slope of the budget line (labelled as B) is ﬁ independent
of 7 in the Yitzhaki-case. Indifference curves for risk-averse individuals are convex
to the origin. They are indexed in increasing order of utility ug < @ < ...
(respectively iy < 4; < ...). At the certainty line (the diagonal where y! =
y?) the marginal rate of substitution of income between the two states is % (in
absolute value). An interior optimum is characterized by the tangency of the highest
achievable indifference curve for a given budget line. Such an optimum is depicted

by point A in Figure 2.1(a).

The tax payment of the individual with optimum at point A can be read from the
diagram as the distance from point C' to point D. Consequently, it evades taxes of
amount of distance from D to E. If the tax evader is audited (and evaded income
is detected and the evader is fined), the fine in excess of the regular tax can be read
from the distance of point F' to G.

Consider now the illustration of the impact of a change in the probability of audit
on the amount of evaded income. With an increase in the probability of detection
the indifference curves become steeper.!” The new indifference curve that passes
through point A is labelled ug. Optimally, this leads to an increase in the amount
of declared income (in the figure the new solution is depicted as point A’ with the
associated utility level u;). Behavior changes in the same direction for an increase
in the fine rate. Graphically, the budget line instead of the indifference curves

has been at the focus of these early contributions and stimulated subsequent research. One
reason might have been that experimental studies, for example, Baldry (1987), Friedland et al.
(1987) and econometric studies, for example, Clotfelter (1983), Crane & Nourzad (1990), Joul-
faian & Rider (1996, 1998) have found positive correlations (Dubin & Wilde (1988), Alm et al.
(1990) find negative Feinstein (1991) mixed correlations). For a theoretical model that implies
this positive relationship (at least under some circumstances), see, for example, Gordon (1989),
Yaniv (1999), Al-Nowaihi & Pyle (2000), Lee (2001) or Bernasconi & Zanardi (2004) (depending
on the reference income). However, none of their modifications (adding psychic or stigma costs
or using prospect theory) is necessary to obtain the presumably intuitive relationship between
the nominal tax rate and the amount of evaded income. According to Yaniv (1994), it is suf-
ficient to assume that the highest fine is the expropriation of all income and that relative risk
aversion is constant and bounded from above by the inverse of the penalty rate.

"Note that the indifference curve for utility level @ is algebraically given by the equation u =
dy?

pu(yt) + (1 — p)u(y?) with the slope, i.e. marginal rate of substitution, of mrs(#) := o

dua=0

1.1 -
—% < 0. The derivative of the marginal rate of substitution is strictly negative, dé—rgs =

omy
—% < 0, at any given point (y',3?). Thus, the slope of the indifference curve at any
given point strictly decreases (increases in absolute value) in the audit probability.

12
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(a) Optimal amount of evaded income. (b) Comparative statics of ye w.r.t. p.

Figure 2.1: Individual income tax evasion.

becomes steeper (see Figure 2.2). A change in the tax rate does not turn the
budget line, but only shifts it in a parallel manner (no substitution effect).!®

The comparative statics suggest first policy implications. For example, if tax eva-
sion is considered as socially harmful a priori and should be eliminated, it can
be reduced by either increasing the audit probability or increasing the fine rate.
The tax enforcement parameters are substitutes in the sense that both lead to
higher compliance. They are also substitutes in the sense that both raise addi-
tional net revenue if additional audits are not too costly.!® Kolm (1973) is the first
to model the comparative efficiency of increases in the probability of audit which
uses resources and in the fine rate which does not. The limit case suggests the use
of maximal penalties with a negligible audit probability to minimize enforcement
costs.??

Proposition 2.3 (Kolm (1973)). If the cost of detecting evasion uses resources
(audit costs) while subjecting an individual to a higher fine does not, then the

cost minimizing policy to raise a given revenue is to use low audit and high fine
rates.?1# O

18Several other graphical illustrations of the comparative static effects, including mean-preserving
spreads, are discussed in Cowell (1985a).

Yncreasing the fine rate is commonly assumed to be costless.

20Even if there are no direct resource costs associated with increasing the fine rate there may well
be other reasons why penalties should be limited, see, for example, Cowell (1989).

21 Although Kolm (1973) uses the Allingham & Sandmo (1972) specification of the fine schedule,
the result holds true for the Yitzhaki (1974) specification, too.

22Note that the result of Kolm (1973) is mathematically imprecise as the function that captures

13
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(1-C0)y (-t)y y

Figure 2.2: Comparative statics of y. w.r.t. .

CALCULATIONS: The result follows immediately from the comparative statics. Cal-
culations are unnecessary. |

Some other early papers are also concerned with the optimal design of the enforce-
ment system if the optimal policy is to deter all evasion activities. Singh (1973)
investigates the probability of detection that induces taxpayers to declare income
fully. Fishburn (1979) investigates analogously the prohibitive penalty.

Similarly, compliance could be increased by increasing the extent of complexity
or ambiguity of the tax code (Scotchmer (1989), Scotchmer & Slemrod (1989)).
However, it is counterintuitive that such a more ambiguous tax code is desirable
from a social point of view.

These policy conclusions already highlight a limitation of the basic model. It is only
a descriptive model and it does not answer, for example, the question to which ex-
tent taxes should be enforced from the perspective of social welfare. In particular,
if taxes cannot be enforced completely (because the costs of full enforcement are
prohibitively high), such a model must specify how to balance the ex post horizon-
tal inequity arising because only those evaders get punished that are caught and
convicted — especially if many evaders escape detection.?® Some normative issues
are discussed below in greater detail.

the total resource costs does not have a minimum. His result depicts an infimum.

23 Actually, the Bundesverfassungsgericht even declared a tax on realized profits from share hold-
ings void because evasion was so wide spread; see BVerfG, 2 BvL 17/02 as at 9.3.2004 — Bun-
desverfassungsgericht (2004).

14
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Additionally, there are other limitations.?* For example, only monetary punish-
ments are considered. In reality, a court might also — alternatively or additionally
— sentence a tax evader to prison. The model also lacks a form of intrinsic motiva-
tion to be honest or social interactions as, for example, the individual’s reputation
might be damaged if he is known to be a tax cheater.?> It is debatable whether
these other forms of punishment are equivalent to monetary penalties.?

Allingham & Sandmo (1972) assume that the taxpayers know precisely the prob-
ability of being caught and the penalties that they will receive so that they can
make the cost-benefit calculation. In reality, this information is kept confidential
by the tax administration.?”

2.2 Tax Evasion with an Endogenous Tax Base

If the labor supply decision is endogenous, there are two ways to evade taxes: the
first one is to underreport income obtained through legal work, the other is to divide
total labor time between work in the official and work in the informal sector, where
no taxes are paid in the latter by definition.?

24The influence of progressive taxation (Srinivasan (1973), Koskela (1983a,b), Witte & Woodbury
(1985)), an audit probability increasing in the amount of evasion (Yitzhaki (1987)) and other
portfolio decisions (Landskroner et al. (1990)) have been included in related extensions of the
basic model. A number of papers discusses implications if the basic model is extended to more
than a single mode of tax evasion (Klepper & Nagin (1989), Martinez-Vazquez & Rider (2005)).
Substitution effects among these modes of evasion arise. Overall, comparative statics become
ambiguous even if the fine rate is to be paid on the amount of evaded tax. These extensions
imply that increased enforcement may even decrease tax compliance. Empirical studies support
the existence of such effects (Feinstein (1991), Joulfaian & Rider (1998), Martinez-Vazquez &
Rider (2005)). Cross & Shaw (1982), Alm (1988), Cowell (1990) discuss combined evasion and
avoidance models.

25 Allingham & Sandmo (1972) already make this remark.

26Other non-monetary incentives to comply with the tax law have been included in subsequent
research (disutility to dishonesty: Skinner & Slemrod (1985); psychic or stigma costs: Benjamini
& Maital (1985), Gordon (1989), tax morale: Schmolders (1970), Feld & Frey (2002), Feld
& Tyran (2002); guilt and shame: Erard & Feinstein (1994); satisfaction of taxpayers with
government: Spicer & Lundstedt (1976); fairness and satisfaction with government: Bordignon
(1993), Pommerehne et al. (1994); trust in government: Kucher & Gotte (1998); political
involvement: Torgler et al. (2003)). Some of these issues have been found to be a predictor of
compliance (Spicer & Becker (1980), Erard & Feinstein (1994), Alm et al. (1992)).

2"This also implies that the government has an additional instrument at hand to influence com-
pliance: the degree of uncertainty about the actual tax payment; see Scotchmer & Slemrod
(1989).

281f occupations differ by the possibilities to evade taxes, this may influence the choice of occupa-
tion, see Pestieau & Possen (1991), Parker (2003) and for an empirical analysis Lemieux et al.
(1994). Empirical evidence on differences in the effective tax rate across sectors is provided by
Alm et al. (1991a,b) for Jamaica. It also bears some surprising implications for the impact of
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Models that include the labor supply decision into a tax evasion model, however, do
not yield clear-cut comparative statics results unless the utility function is restricted
to particular forms (Andersen (1977), Baldry (1979), Pencavel (1979), Isachsen &
Strom (1980), Cowell (1985b)).2? The reason is again an income effect. An increase
in tax enforcement for a given income leads to a decrease in the relative price of
income in state 1 in terms of income in state 2 and the individual substitutes to
greater honesty in the formulation of the fine due to Allingham & Sandmo (1972).
It may also increase the average tax rate of income and the individual may choose
to work additional hours if the labor supply curve is backward bending.?® The total
effect on compliance is therefore ambiguous. Similar explanations apply for other
parameter changes.

The analysis of tax evasion by firms differs in the objective function, different
applicable taxes and other ways of evading them. Firms may evade (sales, profit,
payroll) taxes by underreporting of revenue/sales or overreporting of costs.3! The
relation between the production and the evasion decision is an often addressed issue
in models with firm tax evasion.

So far, this literature has discussed implications of tax evasion for efficiency in a
market with perfect competition (Virmani (1989)), analyzed oligopolistic (Cournot)
competition with risk-averse firms (Marrelli & Martina (1988)) and characterized
optimal tax and audit policy in a Ramsey-type model with perfect competition
(Cremer & Gahvari (1992, 1993)). A series of articles has discussed the relationship
between the compliance and the production decision of a monopolist (Kreutzer &
Lee (1986), Wang & Conant (1988), Kreutzer & Lee (1988), Yaniv (1995, 1996), Lee
(1998), Panteghini (2000), Goerke & Runkel (2005)) with the particular emphasis
of providing sufficient conditions such that a profit tax is still neutral if it may
be evaded (and does not affect the production decision). An example for a non-
neutrality is provided in chapter 3. Most interestingly, this literature lacks the
discussion of normative implications.??

The previously discussed result that the amount of evaded income may be nega-
tively related to the tax rate may also change. In order to see this, assume that a

policies; see Das-Gupta (1994).

P Cowell (1981, 1985b) assumes a separability of the labor supply function. To derive stronger
results the utility function may be structured such that the decision about how much labor
to supply overall is separated from that of how to divide the labor between legal and evasion
activities. Sandmo (1981) characterizes optimal policy in such an environment.

30There is also a theory of labor supply in the presence of a tax avoidance, see Mayshar (1991),
Slemrod (1994), Feldstein (1995) or Agell & Persson (2000) for empirical results.

31The first model that investigates tax evasion of firms is Marrelli (1984), who discusses evasion
of sales taxes by underreporting revenue. Evasion of profit taxes by overreporting of production
costs is first discussed by Kreutzer & Lee (1986) and underreporting of wage payments to evade
payroll taxes is discussed by Yaniv (1996). VAT fraud is a growing concern.

32Cremer & Gahvari (1992, 1993) are notable exceptions.
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company is active in an industry that produces a homogenous good under perfect
competition. The firm uses a linear production technology and ¢, 0 < ¢, denotes
the constant average and marginal cost parameter. The output ¢ is subjected to
a unit tax at rate t, 0 < ¢t < 1. The firm takes the price of the good, p, as given
and maximizes its expected profit 7 by deciding on its tax declaration. To evade
a fraction e, 0 < e < 1, of its output the firm has to incur resource costs of g(e) per
unit of output concealed to shield its evasion activity from cursory examination.
It may nevertheless be detected. This is the case if and only if it is subjected to
a tax audit which happens with probability p, 0 < p < 1. Therefore, if the firm
is not audited (state of the world 1; this happens with probability 1 — p), it earns
profits of 7! = [p — ¢ — (1 — e) — g(e)e]q. If the firm is audited (state of the world
2; happens with probability p), it earns profits of 72 = 7! — t(eq, where the last
term denotes the fine the firm has to pay proportionally at rate ¢ to the amount of
evaded output (Yitzhaki (1974)). Expected profit, 7¢ = (1— p)7! 4 pr?, is therefore
given by

¢ =[p—(1—re)t—glee—dq, (2.14)
where 7 = (1 — p() denotes the marginal gain of evasion per unit of evaded tax.
In the optimum the firm evades taxes to the point where the marginal tax savings
equal the marginal concealment costs

rt = g(e) + ¢'(e)e. (2.15)
The zero profit condition then establishes the market equilibrium
p=c+gle)e+t° (2.16)

where t¢ := (1 — 7e)t denotes the effective tax rate that the firm pays (and e is
evaluated at the optimum).

Proposition 2.4 (Cremer & Gahvari (1993), comparative statics). The
comparative statics are signed as follows:

dp dp dp
— — >0, — 2.17
Oe Oe Oe
— — — . 2.1
8t>0’ 8p<0’ 8C<O (2.18)
O
CALCULATIONS: See the Appendix. |

An increase in the statutory tax rate increases the taz costs (the sum g(e)e + t°)
and therefore the equilibrium price. The same argument explains why stricter
enforcement leads to higher prices.
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The share of evaded output increases in the tax rate because the marginal tax
savings per unit of evaded output increase. On the contrary, if tax enforcement is
intensified the marginal gain of evasion decreases leading to a lower share of evaded
output.

2.3 Optimal Policy

The problem of characterizing optimal policy is at the center of public finance. It
has also been a major line of research in the economic theory of tax evasion. It
has even been hinted at already in the first formal treatment of tax evasion by
Allingham & Sandmo (1972, section 6). Even in this simple model tax evasion
gives rise to an additional welfare loss.

If income is given, the excess burden of a tax is the loss in (expected) utility beyond
that which would be incurred if a lump-sum tax of equal amount were collected. It
is a consequence of the induced uncertainty.?3

Definition 2.2 (Excess burden of tax evasion, Yitzhaki (1987)). The ez-
cess burden of tax evasion is the loss in expected utility due to uncertainty. A

Unlike a cursory argument might suggest Slemrod & Yitzhaki (1987) show that
the optimal extent of enforcement is characterized by the equality of the associated
marginal reduction in the excess burden of tax evasion and the marginal increase in
resource costs (administrative costs, for example, audit costs) and not the equality
of marginal (tax and fine) revenue and marginal resource costs because the latter
only represents a transfer from individuals to the government.*

If it is not optimal to enforce taxation fully (for example because there are adminis-
trative costs), the possibility of tax evasion always leads to horizontal inequity (ex
post) because even if two individuals have the same pre tax income and the same
risk preferences if only one of them is audited (and caught) their incomes available
for consumption are different. Therefore, the more the government is concerned
about this inequity the more the optimal policy relies on audits instead of fines
(Cowell (1989)).

Kaplow (1990), Cremer & Gahvari (1993) and Boadway et al. (1994) investigate
the question of optimal audit and taxation in a framework extending the model of
optimal commodity taxation by Ramsey (1927) to the case with tax evasion and

33In models with risk-neutral agents like firms, for example, a alternative welfare loss may be
introduced, see Virmani (1989), Cremer & Gahvari (1993).

34Gee also Scotchmer & Slemrod (1989). Nevertheless, a series of paper has discussed optimal
policy if the government maximizes revenue, see Reinganum & Wilde (1985) and the related
discussion below.
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costly administration and enforcement. The results provide modifications of the
Ramsey-formula for optimal commodity taxation in a model with perfect competi-
tion.3?

Proposition 2.5 (Cremer & Gahvari (1993), optimal policy). Optimal com-
modity tax rates satisfy

th?‘;f .
_Z <94 H %/% (2.19)

qk : 8‘ 8tk 8tk

Vk=1,...,n, wheren is the number of commodities, g5, denotes the (compensated)
demand for good k; t; = (1 — 7e)t denotes the effective tax rate in market k; X is
the Lagrange multiplier for the government budget constraint and p denotes the
marginal utility of income.?¢ O

PROOF: See Cremer & Gahvari (1993). |

Compared to equation (2.19) the original Ramsey-formula is®’

n

O,
Z tl 8p; n aqz

i=1 i M
—_— = ti— + . 2.20
Ak 22—1: dy A ( )
Therefore, the optimal tax rate of a commodity is higher the larger is g—i g%’:,

i.e. the smaller the distortion of taxation by evasion. This is intuitive because the
government tries to minimize the excess burden of taxation.

Falkinger (1991) discusses the problem of optimal public good supply in the pres-
ence of tax evasion. He shows that for general utility functions it is indeterminate
whether the optimal amount of a public good supplied is lower or larger if tax
evasion is allowed because the marginal rate of substitution and the marginal rate
of transformation change simultaneously.?®

35In another modification of the standard taxation problems, optimal income taxation, Cremer &
Gahvari (1994) show that the effect of tax evasion on the marginal tax rate cannot be determined
in general.

36Cremer & Gahvari (1992) also discuss the special case of the inverse elasticity rule where no
cross-price effects are present.

3TRamsey assumed quasi-linear utility; Samuelson (1986) allowed for income effects.

38The optimal amount of the public good remains unaltered if a public good exhibits zero income
effects, i.e. the utility function is of the form u(y, g) = f(y + v(g)), where f,v are twice contin-
uously differential functions with f”,v” < 0 < f’,v'. A modification including the objective to
redistribute income is provided by Balestrino & Galmarini (2003).
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A methodologically different strand of research has investigated more sophisti-
cated investigation schemes to maximize expected government receipts or to enforce
truthful reporting at low costs (Graetz et al. (1984), Graetz & Reinganum (1986),
Greenberg (1984), Reinganum & Wilde (1984, 1985), Scotchmer (1987), Mookher-
jee & P'ng (1989), Sanchez & Sobel (1993), Cremer & Gahvari (1996)). The results
critically depend on whether the tax enforcement agency can commit to an an-
nounced audit rule, or whether it cannot commit. Interestingly, in the former case,
some papers find that the optimal policy is characterized by an income threshold
below which each individual is subjected to an audit with a constant probability
and above which individuals are never audited. The details, however, are beyond
the scope of this survey.’

Even more importantly, the study of tax evasion initiated the enlargement of the
set of policy instruments available to the government beyond the determination of
enforcement policies. In this more general sense the theory of optimal tax systems
(Slemrod (1990)) explicitly acknowledges the fact that results may critically rely
on the restrictions imposed on the policy set and includes the choice of tax bases
(Stern (1982), Yitzhaki (1989)). For example, tax evasion is a possibility to explain
the simultaneous existence of direct and indirect taxes: Boadway et al. (1994).1°
Similarly, Barreto & Alm (2003) investigate the impact of corruption on the optimal
tax mix in a neoclassical growth model with consumptive and productive public
goods. They find that the optimal tax mix in a corrupt economy relies more heavily
on consumption taxes than on income taxes.**¥? Gordon & Nielsen (1997), Emran
& Stiglitz (2005) investigate the welfare effects of changes towards a higher reliance
on the VAT if an informal sector is present.

2.4 Further Extensions

The results presented so far have been generalized in several directions. For exam-
ple, there are other possible ways to evade taxes in a dynamic context: untimely
filing of the tax return or payment of amounts due. The previous definition there-

39Recent extensions include the optimal remuneration scheme of the tax inspectors; see Hindricks
et al. (1999).

40Tt is interesting to note that Allingham & Sandmo (1972, p.338) already speculated that in the
presence of an evadable income tax, employing solely an income tax might not be optimal.

4Kesselman (1993) reaches a contrary conclusion in a two-sector general equilibrium model. He
shows that increases in the commodity tax rate of the informal sector are shifted into prices of
goods in the formal sector.

42For discussions of economic issues of corruption, see Shleifer & Vishny (1993), Mauro (1995),
Bardhan (1997), Rose-Ackerman (1999), Tanzi & Davoodi (2000), Barreto & Alm (2003),
Méndez & Sepiilveda (2006). It is also frequently discussed in the popular press (The Economist
(2004a)).
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fore might be extended to include timely payments.

Definition 2.3 (Tax evasion). Tax evasion is the deliberate failure to disclose
all or part of one’s income on time to the tax authority or to delay payments
associated with taxation. A

Additionally, a time-lag between the filing of the tax report and possible inves-
tigations may arise. Andreoni (1992) shows that this time-lag might be used by
individuals to borrow funds from the tax administration in case the shadow value
of income is high because of low income realizations, for example, in bad overall
economic conditions.

On the other hand, the tax administration might also be able to investigate earlier
reports. Allingham & Sandmo (1972, section 5) also investigate an individual’s
problem of making a sequence of declaration decisions of a given (exogenous) in-
come stream. The decisions are interrelated because they assume that a detected
tax evader’s past tax reports are also investigated. They show that under some
circumstances an individual might increase its declarations over time.*?

The bulk of the literature on tax evasion is microeconomic and neglects macroe-
conomic questions. However, two different approaches describe the influence of
tax evasion on the macroeconomy — a short term approach that concentrates on
the aggregate demand effects of tax evasion in static Keynesian models and a long
term approach that emphasizes the implications of tax evasion for private sav-
ings/investment and economic growth.

The initial work of the first approach is Peacock & Shaw (1982). They recognize
that estimates of the revenue loss through tax evasion may not set national income
ceteris paribus, that is to say that if national income as the total tax base can be
decomposed into declared and evaded income Y = Y;+Y, = (1 —e)Y + €Y, where
e = %, revenue loss is not equal to 7eY due to the fact that consumption may
increase with evasion which increases national income and tax payments. Therefore,
they develop a Keynesian model of income determination in the presence of tax
evasion, later extended by Ricketts (1984), Lai & Chang (1988), von Zameck (1989),
Lai et al. (1995), Chang & Lai (1996). Counteracting factors may be also present
(for example government demand may decline) and the total effect of increased

evasion on national income depends on the specification of the model.

As an example of the second approach, Roubini & Sala-i-Martin (1995) develop a
macroeconomic model, where the government reacts to evasion: in countries with
tax evasion the government increases seignorage by repressing the financial sector
and increasing inflation rates. This government policy tends to reduce the amount

43Engel & Hines Jr. (1998) show how such retrospective audits may explain aggregate compliance
behavior in the U.S.
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of services that the financial sector provides to the economy, therefore the result is
lower growth.

Some other papers also discuss the relationship between tax evasion and growth.
Caballé & Panadés (1997) study in particular how tax compliance policy in the
form of auditing and fining affects the rate of economic growth in a (discrete time)
overlapping generations model, where tax financed public goods are productive.
They find that the effect of stricter enforcement on growth is in general ambiguous
and depends on the importance of public inputs in the production process because
(if compliance is not perfect) stricter enforcement increases compliance, leading to
two effects in opposite directions. On the one hand, private savings fall with falling
expected disposable income. On the other hand, the rise of public inputs leads to
higher investment because of the increased productivity of private capital.

Similar effects drive the results of Chen (2003). In his model the government opti-
mizes the tax rate, auditing probability and fine rate taking as given the consumer’s
evasion decision. In general, these policies have ambiguous effects, but for realistic
parameter constellations he finds that growth declines with tax evasion.

2.5 Conclusions

This chapter has summarized some main findings in the economic literature on
tax evasion. Some fundamental elements of the tax evasion model of Allingham &
Sandmo (1972) and its extension of Yitzhaki (1974) have been discussed as well as
the model of firm tax evasion by Cremer & Gahvari (1992, 1993). These models
are varied in the following chapters. The basic intuition for some implications
of these models has also been discussed. Some normative implications have been
highlighted.

One preliminary result from the literature review is that the results (for example
the comparative statics) are sensitive to the particular specification of the problem
as a problem of individual or firm tax evasion. These differences may arise because
of differing evasion technologies that are used — sometimes related to the objective
function at hand. Even if tax evasion is discussed from the perspective of firms the
particular specification of the evasion or concealment technology plays an impor-
tant role. This issue is discussed in the following chapter. A particular concealment
technology is assumed that implies that the government may influence the produc-
tion decision via the possibility to evade taxes. Its implications for optimal policy
are discussed.

Results from macroeconomic models are discussed again in chapters 5 and 6.
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2.A Appendix

Calculations for Proposition 2.1

CALCULATIONS: Applying the theorem for implicit functions on equation (2.6),
one obtains:

Oye _ Pyy _ pu"(y)T - QU —7)+ (1 —plu"(y*)T(1 —7) (A21)
ag ¢yeye ®yeye ’
1(,,1 _ _ 1(,,2
aye — (I)yep — _ u (y )(T C) pu (y T’ (A22)
dp Dy, ye Dy.y
"(, 1 _ o 1(,1
Oye Py pu(y) (T — Qye — ) + pu'(y) (A.23)
87— q)yeye ®yeye
(A= pu" ()7 (ye —§) + (1 = p)u'(y?)
(I)yeye 7
neol i . ()2
ay(i :_¢ye< — pu (y )(7— C)( ye) pu’ (y ) (A24)
ac (I)yeye (Pyeye

In order to sign these derivatives, remember that u”(y) < 0 < u/(y),Vy € R{,
T—-(¢(<0,0<7<1and ®,, < O0if the individual is risk-averse. Therefore,
unambiguously, %y;, %—yg < 0; an increase in the probability of detection or in the
fine rate decreases the optimal amount of evaded income.

%@g, the coefficient of absolute risk aversion is used.

In order to sign

Definition A.4 (Coefficient of absolute/relative risk aversion). The coeffi-
cient of absolute risk aversion, 7,4, is defined as:

ra(u,y) = —L(y), for u'(y) # 0. (A.25)

u'(y)

The higher this coefficient the more risk-averse is an individual in the sense that
his risk premium for a given lottery is larger.

The coefficient of relative risk aversion, rg, is defined as:

rr(U,y) :=7T4 Y. (A.26)
A

From equation (2.6) it follows that —pu/(y*) (1 — ¢) = (1 — p)u'(y*)7 (> 0).
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Therefore,**

Oye s _u'(y!) | w'(¥?) s

_ 1 2
1& TA(U, yl) > TA(u7 y2)7

= 0 ralu,yt) =ra(u,y?), (A.27)
-1 ’I“A(U, yl) < TA(U, y2)

The optimal amount of evaded income increases with income if the individual has
a DARA utility function.

%y: cannot be signed for DARA utility functions:
aye S 2 1 C
= — - A28
5y — ralu,y?) —ralu,y)]ya p (A.28)
For DARA utility the first term is negative (the second is always positive). |

Calculations for Proposition 2.2

CALCULATIONS: The application of the theorem for implicit functions on equa-
tion (2.12) yields

9Ye Sy pu" ()71 = O = CJye — ) + p' (¥ (1 = O

=% A2
87— (I)yeye (I)yeye ( 9)
A =" )Ty —9) + (1= p)'(y?)
(Pyeye
which using the first-order condition (2.12) implies
8ye s u//(yl) - u//(yZ) B
- 1- e — " WYe — Y). A.

For DARA utility function (in fact, non-increasing absolute risk aversion suffices) it
follows: 7a(u, y") > ra(u, y*) = ra(u, y")(ye—7) < ra(uw,y*)(ye—9) = ra(u,y")([1-
Clye — §) < 7a(u,y*)(ye — ). For utility functions of the DARA class the amount
of evaded income decreases unambiguously as the tax rate increases. |

4“The sign = has to be read is of the same sign as.
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Calculations for Proposition 2.4

CALCULATIONS: Differentiate the first-order condition for the optimal share of
evaded output, equation (2.15), to obtain

da(;: = —(2¢' + ¢")de + rdt — (¢dp + pd{)t = 0. (A.31)
It follows that
% = 57 & 50 (A.32)
g—z = 2gffg,, <0, (A.33)
g—z - Qfog,, <0, (A.34)

From the differentiation of the market equilibrium condition, equation (2.16) one
obtains (where equation (2.15) has been used to simplify)

dp = (1 — 7e)dt + (¢dp + pd()et. (A.35)

The comparative statics of the equilibrium price with respect to policy changes
therefore are

% =1—7re>0, (A.36)

dp

— =et( >0 A.37

= et >0, (A.37)

@ =etp >0 (A.38)

ac P ) :
This completes the calculations. |
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Chapter 3

The Non-neutrality of a Profit Tax
With Cost Overreporting*

This chapter discusses the relationship between the decision to evade a profit tax
and the production decision in a monopolistic market. It provides a simple condition
that generates a one-sided separability: the evasion decision is separable from the
production decision but not vice versa if the firm chooses to overreport production
costs and the concealment cost function is strictly convex. This condition also
implies that if the monopolist chooses to evade taxes it has an incentive to increase
production beyond the monopoly output with full payment of tax. The normative
analysis shows how the government designs its tax and tax enforcement policy in
the light of tax evasion. The optimality condition implies that both instruments
should be used to the extent that their marginal excess burden per marginal revenue
unit is equal.

3.1 Introduction

Profit tax evasion (and tax avoidance) is a problem that arouses public interest in
particular (see The Economist (1999, 2004b)). The present chapter discusses how
optimal policy can be characterized if profit tax evasion occurs in a monopolistic
market. A particular emphasis is laid on the case where the neutrality of taxation
is invalid. In this latter sense it stresses the importance of the particular technology
that is used for evasion or avoidance activities (Slemrod & Yitzhaki (2002)).

Suppose that a monopolist sells quantity ¢ of a good of which (inverse) market
demand is given by a strictly downward sloping (twice differentiable) function p(q).
The monopolist’s revenue for any quantity produced is therefore given by the prod-
uct pg.' Suppose, furthermore, that the monopolist can produce additional units at

“Helpful hints by and discussions with Felix Bierbrauer and Mark Wipprich are gratefully ac-
knowledged.
Function arguments are suppressed where no confusion can arise.
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constant marginal costs ¢ > 0 such that total costs amount to cq. The government
raises a profit tax at constant rate 7, 0 < 7 < 1, such that net profit after tax is
given by

m=(1-7)(p—c)g (3.1)
if no taxes may be evaded.

Taxation does not affect the production decision in such a setting in the sense that
the monopolist produces a quantity ¢™ (the standard monopoly quantity) that
equates marginal revenue to marginal costs, i.e. that satisfies

p@™) +p' (¢ =, (3.2)

irrespectively of the tax rate because it affects marginal revenue and marginal costs
at the same proportional rate.?

However, if the monopolist may choose to evade (some) taxes, this neutrality re-
sult is sensitive to the particular specification of the problem as the discussion of
Kreutzer & Lee (1986, 1988), Wang & Conant (1988), Wang (1990), Yaniv (1995,
1996), Lee (1998), Panteghini (2000) and Goerke & Runkel (2005) has shown. All
models that derive an independence of the production decision from the evasion
decision assume that apart from risk no other inefficiency arises. Additionally, risk
is only inefficient because these authors assume risk-averse firms.?

The subsequent discussion shows that the production decision is not independent
of the evasion decision if the monopolist evades taxes by overreporting his costs
(as in Kreutzer & Lee (1986, 1988), Wang & Conant (1988)) and if it has to cover
its tax evasion activities from cursory examination by spending resources (and the
associated concealment cost function is strictly convex as in Cremer & Gahvari
(1993)).

The chapter proceeds as follows. The model is developed in section 3.2. First,
the monopolist’s optimization problem is described in section 3.2.1. It includes
the derivation and interpretation of the optimality conditions and the analysis of
the non-neutrality property. A graphical illustration of the monopolist’s optimum
decision is also provided. Furthermore, section 3.2.1 includes the derivation of
some comparative statics results. The possibility of influencing the monopolist’s
production decision through tax and tax enforcement policy is investigated in sec-
tion 3.2.2. The welfare maximization problem for a benevolent government is set
out and solved. Among other results an intuitive equation that a welfare optimal
policy satisfies is derived. A summary and conclusion follow in section 3.3.

2Note that equation (3.2) necessarily holds only for an interior solution, but corner solutions for
production choice are not discussed. Assume therefore that p(0) > ¢ and lim, 4o p(g) < c
hold which is sufficient to guarantee the existence of such an interior solution for q.

3A detailed discussion of the appropriate risk attitude of firms follows below.
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3.2 The Model

3.2.1 Production and Evasion Decision

The model is developed in a standard two states of the world setup frequently used
in models of tax evasion and goes back to the seminal paper of Allingham & Sandmo
(1972).* Tt is adapted to the situation of a monopolistic firm along the lines of the
models in Kreutzer & Lee (1986, 1988), Cremer & Gahvari (1992, 1993).

If the monopolist evades taxes by overreporting a fraction § of its costs, he takes
a gamble with uncertain return. Suppose that the company is audited with some
constant probability p, 0 < p < 1.> The auditor detects any amount of evaded
tax in case of an audit if the firm did not report its true tax liability, and it has
to pay a fine proportional to the amount of evaded tax at rate ¢, 1 < ¢ (Yitzhaki
(1974)). The firm either earns profit 7' = (1 — 7)(p — ¢)q + (7 — g)dcq if it is not
audited or 72 = 7' — (7dcq in case of an audit. Here, gd denotes the concealment
costs of overreporting production costs of dcq, and g itself is assumed to be strictly
increasing in ¢ (in particular, assume ¢(0) = ¢’(0) = 0, ¢’ > 0, for § > 0) such
that the concealment technology is strictly convex.® Firms can be assumed to be
risk-neutral if well-diversified portfolios exist.”

4Early contributions also include Srinivasan (1973) and Kolm (1973). Cowell (1985a, 2004), Pyle
(1991), Andreoni et al. (1998), Franzoni (2000), Slemrod & Yitzhaki (2002) review the literature.
5Clearly, this is a simplification. As far as the decision on actual audits is concerned it is also
unlikely that the enforcement agency audits at random. In the U.S., for example, the IRS
employs a range of methods to detect evaders. In particular, it uses the results of its program of
intensive audits: the Taxpayer Compliance Measurement Program (TCMP). On the basis of its
results it assigns to each tax report a likelihood that it is incorrect. Andreoni et al. (1998) state
that over 50% of audits are based on this score. According to their calculations, the yield of
a random audit is $289 compared to $5.500 for non-random ones. Nevertheless, the model uses
random audits for simplicity. On theoretical grounds this may be defended by the assumption
of the concealment cost function. It is assumed that if an individual incurred the concealment
costs there is no hint left that he has evaded taxes. He can only be distinguished from an honest
taxpayer by audit.
6Several interpretations of this tax evasion model are possible. One neglected aspect that is
captured by it is that the cost of concealment function is a possibility to deal with an important
difference of tax evasion compared to other crimes. In many cases the taxpayer files a report to
the agency and the agency looks for hints on evasion that may lead it to start a more thorough
investigation. The cost of concealment function captures the costs that an agent incurs to
cover the tracks of his evasion activities. These costs may consist of payments to unscrupulous
tax advisers or taxpayer time. An alternative explanation may be costs of corrupting public
officials as in Hibbs & Piculescu (2005) where additionally to taxation the circumvention of
other government regulations is addressed. Niepelt (2005) develops a dynamic model where
convex concealment cost function arises endogenously.
"Some work on tax evasion by firms treats firms as risk-averse, see Wang & Conant (1988), Wang
(1990), Yaniv (1995, 1996), Lee (1998). The assumption of risk aversion of firms may only be
rationalized satisfactorily in two environments. First, where it is a manager that decides under
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The first result states that a profit tax is not neutral in this model.

Proposition 3.1 (Non-neutrality of a profit tax). If the economic environ-
ment is as specified above where a risk-neutral monopolist in particular incurs
convex resource costs to overreport a fraction of its production costs, then a profit
tax is not production neutral if it is optimal to evade taxes. The monopolist pro-
duces a larger quantity than with full tax enforcement if the marginal revenue is
strictly decreasing in the quantity sold. 0

PrOOF: The algebraic profit maximization problem of the monopolist is:

max 7t = (1 =7)(p(g) — c)g + ((1 = pQ)7 — g(6))dcq, (3.3)

st.0< g, 0<0.

The equation system

= L=+ s+ (1= p0)7 — g)oc =0

S (1-7)p+7pq + 1 —pl)Tdc=(1—7)c+ gdc, (3.4)
807; =[(1 = p{)T —g—g'0lcg=0

& (1=pQ)T=9g+4d04, (3.5)

implicitly describes an interior optimum (¢*, 6*) € (0,4+00) x (0,+00). A solution

to (3.4), (3.5) exists if p¢( < 1, g(0) = ¢’(0) = 0, 51im g(6) =1, (1 —7)p(0) > ¢,
liIJP p(q) < c¢. The first two conditions guarantee that some evasion is profitable.

q—+00

The second condition guarantees that the optimal production decision leads to a

positive finite quantity. The sufficient conditions for a maximum boil down to the

s : : s 9%re Il

one that both second derivatives are strictly negative, i.e. 55 = (1—7)(2p'+p"q) <

0, and a;gf = —(2¢'+¢"9) < 0 which is guaranteed if 2p'+p”q < 0 and ¢” = 0. The

latter assumption is not important. The first, however, rules out that quantities

are strategic complements (Bulow et al. (1985)). It is widely made and defended

by Hahn (1962), for example.

In order to see that the quantity produced in such an optimum exceeds the monopoly

some discretion of the owners. And second, when capital markets are imperfect. In both cases,
other important issues should be included in the analysis, either the agency problem between
management and owners (Chen & Chu (2002), Crocker & Slemrod (2005)) or the source of
the capital market imperfection and its implications (Andreoni (1992)). If both discussions are
absent, the assumption of risk aversion remains purely technical to guarantee an interior solution
of the evasion decision, see Marrelli & Martina (1988, eq. 2).
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quantity without tax evasion, substitute equation (3.5) into equation (3.4) to obtain
(1=7)(p+p'q—c)+gdc=0. (3.6)

Equation (3.6) cannot hold at ¢™ because 0 < ¢’62 for 0 < ¢ and the first term
(1—=7)(p+p'q—c) is zero at ¢". As the marginal revenue is assumed to be strictly
decreasing the optimal quantity ¢* is larger than the monopoly quantity without
the possibility of tax evasion ¢ < ¢*.8 |

The reason for this result is that the possibility to evade taxes operates like a
random production subsidy administered through tax evasion. The monopolist can
raise profit through official sales (the first term in equation (3.3)) and through tax
evasion (second term). The marginal profit of production through tax evasion is
positive at ¢ because the associated concealment costs enter on average which
is always below the marginal concealment costs for a convex concealment cost
function. Therefore, it is profitable for the monopolist to increase output beyond
the production optimum in case of full enforcement. The special mode by which tax
evasion occurs (and the convexity of the concealment technology) ensures that the
effective costs to produce additional units of output (1—7)c—((1—p¢)7—g)dc = (1—
7)c— g'6%c are lowered by the possibility to evade taxes ((1—7)c—g¢'d%c < (1—7)c).

The same result has been achieved by Kreutzer & Lee (1986, 1988). The reason
why it has been criticized in strong terms may be that their model lacks a thorough
microeconomic foundation. Especially the way they introduce risk by multiplying
profits by a strictly decreasing function ¢(9), with ¢(0) = 1 (Kreutzer & Lee (1988,
eq.1)) comes as an ad hoc assumption. Actually, there is no ¢ such that their model
is equivalent to the one developed above.”

In the following it is assumed that some evasion is profitable and the sufficient
conditions for an interior maximum hold. In this case, the relationship of production
and evasion decision is as follows.

Remark 3.1 (Separation result). The evasion decision is separable from the
production decision (but not vice versa,). A

The separation is only one-sided. The overreport of the costs is independent of the
production (¢ does not appear in equation (3.5)). It is only necessary to equate
the marginal expected return of one unit of evaded tax that is solely determined
by policy parameters to its marginal costs because they are both proportionally

80ptimal values are only indicated by an * if confusion arises otherwise.

9Equation (1) of Kreutzer & Lee (1988) reads in the notation of the present chapter 7¢ = ¢(8)[(p—
¢)qg—7(p— (14 9)c)q] which may be written as 7¢ = ¢(5)(1 — 7)(p — ¢)q + ¢(§)7deq which is not
equivalent to equation (3.3) for any choice of ¢.
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Figure 3.1: Profit maximum.

affected by the total costs.!'® The production decision depends on the marginal
return to production which consists of the marginal revenue from sales and from
tax evasion. The latter in turn is affected by the marginal costs of evasion and the
extent to which the monopolist overreports his costs. And whenever some evasion
is profitable, the marginal return to production at the standard monopoly quantity
q™ is positive.

This separation implies that changes in the government’s tax enforcement policy
influence the production decision only directly through their impact on the marginal
return to production and not through their impact on the marginal return to evasion
and the associated changes in tax evasion.

The solution of the profit maximization problem can be illustrated by Figure 3.1.
Figure 3.1(a) shows the determination of the optimal rate of cost overreport ¢* for
two possible scenarios, one where the expected marginal gain of one unit of evaded
tax, 7 := 1 — p(, is low, denoted by 7, and the other where it is high, 7. The
respective rates of cost overstatement are ordered 07 < 45.

Figure 3.1(b) depicts the marginal revenue curve (net of tax), MR = (1—7)(p+p'q),
as strictly falling (at a decreasing rate) as the sufficient conditions for a maximum
of (3.3) demand. The intersection of the marginal revenue and the marginal cost
curve (again net of tax) defines the optimum ¢ if no tax evasion exists. If costs are
overstated at rate 0 < 0, this shifts the marginal cost curve down by (77 —g¢*)d*c =
g*6*%c units. For 7; the relevant marginal cost curve is denoted by MC;, i € {1,2}.
Consequently, the intersections of the marginal revenue and the new marginal cost

10This separation generalizes to the case of a strictly convex production cost function.
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curves at points ¢ and ¢; are to the right of ¢" with ¢} < ¢;.

It must be noted that the result depends crucially on the mechanism through
which taxes are evaded, that is cost overreporting (and the associated form of the
concealment function). If evasion is done in such a way that the concealment costs
are of the form g(e)e(p — ¢)q, where e denotes the fraction of the tax base that
is evaded, i.e. the concealment costs are proportional to the amount of evaded
profit, the neutrality result prevails because evasion gains and concealment costs
are proportionally affected by quantity or profit changes. In effect, it is an empirical
question which form of the concealment technology is more appropriate and this
issue deserves further examination.

To investigate the impact of the policy and market parameters formally, consider the
following result concerning the comparative statics in an interior optimum (g*,0*).

Proposition 3.2 (Comparative statics). The comparative statics in the model
described above have the following signs:

dq dq dq Oq [ <oitr <<
9 >0 g, <0 5 <O ac{ SonrIr (3.7)
) 00 06 00
— >0, —<0, =<0, —=0 3.8
or - oy S o S e (D)
where 0 < 7¢ < 1.
PROOF: See the Appendix. |

The reason why the monopolist produces larger quantities at higher tax rates is
that an increase in the tax rate is equivalent to an increase in a production subsidy.
The same result has been obtained by Kreutzer & Lee (1986). The production and
the shifting decision have also been analyzed in other papers mentioned above. The
present result contrasts, for example, with the one by Marrelli & Martina (1988).
In their model a profit tax is not shifted (production decisions are not affected by
tax declarations). In particular, the shifting result in previous models seems to
depend on the audit strategy (Marrelli (1984)).

Increases in tax enforcement parameters increase the effective production costs
and, therefore, diminish the return to production at the margin. Higher tax rates
increase the marginal return to evasion and lead to higher overreporting (as in
Cremer & Gahvari (1992, 1993)). As in the basic model of individual income
taxation (Allingham & Sandmo (1972)) stronger enforcement reduces evasion. The
reason in the present model is that the expected gain of tax evasion, 7, decreases
in enforcement.

The monopolist produces smaller quantities if the marginal production cost rises
if the tax rate is relatively low. Vice versa it produces higher quantities if 7 is
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relatively large. The intuition is that for low 7 the negative production incentive
through the increase in the marginal production costs outweighs the positive in-
centive through the higher return to production by evasion and vice versa for high
7.1 A nonsymmetric response to increases in tax compared to production costs
has also been found by Slemrod (2001). In the present model even the sign of the
relationship between production and marginal costs is ambiguous.

The derived comparative statics imply that not only the fraction of costs that is
overreported increases in the tax rate but also the total amount of tax evasion is
positively related to 7.

Corollary 3.1 (Amount of evasion). The amount of evaded profit tax is strictly
increasing in the tax rate. U

PrOOF: The proof is obvious and is therefore left out. |

In addition to the direct effect of a tax increase on the amount of evaded taxes
(holding 6 and ¢ constant) the production quantity and the share of cost overreport
increase.

In the model studied so far, tax and tax enforcement policy have been assumed
to be arbitrary and unaware of the existence of tax evasion. This assumption is
abolished in the following where a particular form of optimal policy is discussed.

3.2.2 Optimal Tax and Audit Policy

Suppose that the government can choose the tax rate 7 and the audit probability p
to influence the monopolist’s production and evasion decision in a socially desirable
way. The monopolist’s first-order conditions determine the optimal production and
evasion decision (¢*, 6*) for a given tax and audit policy, ¢* = ¢*(7, p), 6* = §*(7, p),
and the government takes the monopolist’s production and evasion decision into
account when it sets its policy. Note that the set of possible tax rates is restricted to
constant ones between 0 and 1 and the set of possible audit strategies is restricted
to random policies where the firm is audited with a constant probability. The fine
rate is assumed to be fixed at rate . It is assumed that the commitment problem
is solved, that is to say that the government sets its policy and agents react to it
without the possibility that the policy is changed again. This is the approach also
followed by Cremer & Gahvari (1992, 1993, 1994).12

HTf 1 — ¢’6% < 7, the effective costs are negative and an increase in ¢ is equivalent to an increase
in the production (cost) subsidy.

12 A methodologically different strand of research has investigated more sophisticated investigation
schemes to maximize expected government receipts or to enforce truthful reporting at low costs
(Graetz et al. (1984), Graetz & Reinganum (1986), Greenberg (1984), Reinganum & Wilde

34



3.2 The Model

A particularly interesting question is whether it is possible for the government to
influence the production decision of the monopolist such that it sets price like in
the competitive environment equal to the marginal costs.

Remark 3.2 (Marginal cost pricing). If the government allows tax evasion, it
can use its tax policy to induce the monopolist to set price equal marginal cost,
ie.Vp,(:p(<13d7, 0<7<1:p=cisoptimal A

PROOF: Suppose that the audit and fine rates are such that the monopolist evades
taxes, i.e. p( < 1. If the monopolist has to find it optimal to set p = ¢, the corre-
sponding first-order condition has to hold for some 7, 0 < 7 < 1. Mathematically,
the question therefore is whether some 7 exists such that (combining equations (3.5)
and (3.4), again)

on®

q |,—,

h(r,p) = = (1 —7)pq+gd% (3.9)
is equal to zero. However, this is always guaranteed because h(0, p) = p'(0, p)q(0, p)
< 0, h(1,p) = ¢'(6(1,p))0%(1,p)c > 0 and h is continuous in 7. Thus, actually
0<7<L [

Note that an additional condition has to be satisfied such that an analogous result
holds for the audit rate.!?

Note also that this argument neglects the revenue effect of different tax rates so
far. Clearly, as the firm makes no actual profits at 7 and overreports its costs the
expected tax revenue is negative R°(7,p) = —r7dcqg < 0. The monopolist earns a
subsidy on production that is administered through the possibility to evade taxes.

An interesting question concerns the second-best policy where the government is
restricted to a balanced budget or some other predefined revenue goal R. After the
impact of different policies on the expected revenue is investigated this second-best
policy is characterized.

Analogously to taxation in a model with perfect tax compliance if tax evasion
occurs, i.e. if p( < 1 there may be a Laffer curve effect.

(1984, 1985), Scotchmer (1987), Mookherjee & P’ng (1989), Sédnchez & Sobel (1993), Cremer
& Gahvari (1996)). The results critically depend on whether the tax enforcement agency can
commit to an announced audit rule, or whether it cannot commit. Interestingly, in the former
case, some papers find that the optimal policy is characterized by an income threshold below
which each individual is subjected to an audit with a constant probability and above which
individuals are never audited.

13In particular, it has to be true that 83—7; e (7,0) = (1—7)p'(q(7,0))q(7,0)+¢'(6(7,0))5%(7,0)c <
0 which is satisfied if the concealment costs are low enough in the optimum.
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Lemma 3.1 (Laffer curve). The expected tax and fine revenue R® may be a non-
monotonous function of the nominal tax rate with an expected revenue maximizing
rate T, 0 < 7% < 1. It is increasing in T for low tax rates. ([l

PrOOF: The expected tax and fine revenue is given by

R =7[(p—c)q —7dcq] — x(p), (3.10)

where it is assumed that auditing is costly according to the increasing and strictly

convex audit cost function x : [0, 1] — Ry, p — x(p) with x(0) = 0 and if an interior

solution of the government’s optimization problem should be assured lin% x(p) =
p—

+00. An increase in the fine rate may be considered as costless.

Therefore, the derivative of R® with respect to 7 is given by

oRr® _ , dq _ (06 dq
5 = (p—c)g—Trdcq+ 7 {(pﬂoq C>aT re (8761+58¢)]
_ ,0q¢ 09
=(p—1+70)c) (L +ny-)q+ (pg —TCE) 7q, (3.11)

with 7, == g% denoting the elasticity of production with respect to the nominal
tax rate. The first term of equation (3.11) is of the same sign as the revenue

requirement and the second term is always negative.

Like in Cremer & Gahvari (1999) it can not be concluded that the marginal revenue
is lower in case that tax evasion is possible because the elasticity also changes. This
question is not investigated further here.

Using the comparative statics results equation (3.11) can be rewritten as
_ p+p’q—(1+F5)c)
—(1+70)c + T
=00 (o GG

N p+pa—(A+7de ,  ic .
(1 _ 7')(2]?' _|_p//q> p 2g/ + g//5 q:

oRr°®
or

(3.12)

It is not possible to read off immediately a sufficient condition for the marginal

expected revenue to be negative. However, this case is more likely if ¢” = 0.14
At small tax rates the marginal expected revenue is positive
OR° _
5 = [p(q(0, p)) = (1 +70(0, p))clq(0, p) > 0. (3.13)
T 7=0 B

14The Appendix provides an example where a Laffer curve arises.
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A similar result holds with respect to the tax enforcement parameters p and (.
However, the associated costs are decisive for the sign of the partial derivatives
of the expected revenue function. If additional audits are sufficiently costly, R® is
decreasing in p at the margin.

Lemma 3.2 (Laffer curve). The expected tax and fine revenue R® is increasing
in the tax enforcement parameters p respectively ( if the marginal audit costs are
negligible initially, i.e. x'(0) = 0. R° is decreasing in p at some point if the marginal
audit costs x' are sufficiently high. ]

PRroOF: The partial derivatives of R with respect to p and ( are given by

oOR® , dq _ (00 dq ,
_ _ e (L 59| 14
o T{(pﬂaq C)ap+5ccq TC(apanéap)} X (3.14)
OR* , Jq _ (06 dq
_ A — - _— . 1
o T[(p+pq c)aCJrépcq rc(a<q+6ag>} (3.15)

The term in the square brackets is positive. The marginal revenue is increasing
in p and ¢ due to the deterrent effect on production (which is subsidized at the
margin) and on tax evasion activities. Therefore, in particular, expected revenue is
increasing for low levels of auditing if x'(0) = 0.5

aa;;e T {(p(q(om)) +9'(¢(0,7))q(0,7) — c)g—/q)(o,f) (3.16)
+ 6Ceq(0,7) — e (g—im, )a(0,7) + 8(0, ﬂg_Z(o,T))} -0,
V71 >0.

The expected revenue is decreasing

OR¢ , dq _ (06 dq
= —¢)— + 0Ccq — —q+0— || —x' <0 3.17
o T (p+pq C)8p+ Ceq Tc(ap‘” 9 X (3.17)
if the marginal auditing costs are sufficiently high.
If the limit condition linr}C X'(p) = 400 holds, aa—lf)e is negative for some p < % (the
p—1

right-hand side denotes the value of p where tax evasion is deterred completely).l

Therefore, at least for a range of small values of tax and audit rate both instruments
may be used as substitutes in raising revenue.

15With a slight abuse of notation the arguments of ¢, § and their derivatives relate to the audit
probability and the tax rate. The fine rate is left out for simplicity.
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A welfare maximizing government could now try to maximize the total surplus S
in the market. This consists of consumer surplus

q

CS:= /p(x)d:c —pq (3.18)

0

and producer surplus
PS := =°. (3.19)

The total surplus — holding total expected revenue constant such that the utility
of public goods can be neglected!® — can therefore be calculated to be given by

q

S = /p(x)dx — (14 gd)cq. (3.20)

Equation (3.20) shows that besides the benefits that consumers derive from con-
sumption and the production costs the social planer takes the costs that are asso-
ciated with tax evasion into account.!”

Proposition 3.3 (Optimal tax and audit policy). The second-best (interior)
tax and audit policy in the environment described above satisties

ORe | ORe dg 06 dg 96
= p-(1 2 — —(1 2 err=q. (3.22
87/ o [p— (1 +gd)c]5~ —errr /[p ( +95)C]ap T, (3 D)

PROOF: A welfare maximizing government that maximizes total surplus

S = /p(a:)d:c — (1+gd)cq

16To be more precise, expected revenue has to be constant and it has to be equal to the actual
revenue. By the law of large numbers this is guaranteed if there is a large number of markets
like the one discussed here. Otherwise, individuals may be worse off even if expected revenue
is constant if the level of the public good provision is stochastic and individuals are risk-averse
with respect to consumption of the public good.

TTherefore, if tax evasion cannot be eliminated, the first-best optimal quantity satisfies

p(a) = (1 + gd)e. (3.21)

As it has been shown that even the standard monopoly quantity can be induced by the appro-
priate choice of a tax rate this also holds true for any smaller quantity like the one that satisfies
equation (3.21).

38



3.2 The Model

subject to the revenue constraint R¢ = 7[p — (1 4+ 76)c]q > R solves the problem

q

I{na>}< S = /p(a:)dx — (1 +gd)cq (3.24)
TP

st. R*>R, 0<7<1,0<p<

N =

A positive amount of revenue can only be collected if 0 < 7 and 0 < p. It is also
assumed that setting p = % is too costly such that it is sufficient only to include the
revenue constraint and the upper bound on the tax rate in the algebraic formulation
of the problem.

The associated Lagrangian that allows the optimal tax rate to be at the upper
bound (with A and p as Lagrange parameters) is given by

q

L= /p(x)da: —(1+gd)eqg— MR — R°) — u(r —1). (3.25)

The first-order Kuhn-Tucker-conditions are given by

g—f =0, (3.26)
g—i =0, (3.27)
g—f =0, (3.28)
g—ﬁ > 0, u(r —1) =0, (3.29)

and the partial derivatives of the Lagrangian can be calculated to be

% =[p—(1+ 95)0]% —(9+ 9’5)%&1 + Ag — 1, (3.30)
% =p—-0+ gé)C]g—Z —(g+ g’@g—icq + Aaa}:’ (3.31)
% _R-R (3.32)
% =1-r (3.33)

If one assumes that the solution entails an interior tax rate such that g = 0, one
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eliminates the Lagrange parameter A by combining equations (3.30) and (3.31) and
one takes the first-order condition of equation (3.5) into account, one obtains the
result. |

The right-hand side of equation (3.22) is the ratio at which both instruments can
be substituted for each other holding expected revenue constant. The left-hand
side denotes the ratio of the associated welfare effects.

The result can easily be interpreted if it is rearranged to
p—(1— gé)c]% — FT%CC] _ p—(1+ 95)0]2—3 — ng—icq

ORe ORe
or dp

(3.34)

It says that the marginal welfare loss of the last unit of revenue must be equal for
both instruments.

The result needs some further clarifications. Equation (3.22) only holds for an
interior solution. Nevertheless, it is also possible that it is optimal to set the
highest possible tax rate 7 = 1. In order to see this, the first-order condition for 7
needs to be investigated in greater detail.

By using the results on the comparative statics (and the first-order condition for
the evasion choice, equation (3.5)) equation (3.30) can be rewritten as

oc _
or

ptpqg—(1L+7)c  req
(I—=7)2p' +p") 29 +g"d
p+pqg—(1+ ch)cT
(1=7)(2p +p"q)

n p+pq—(1+7)c , 72 0
_ o
C-n@ +pa"  2+g98) " "

(p—(1+gd)c) (3.35)

—i—)\{(p—(l%—fé)c) q+

This equation is satisfied if no Laffer curve effect is present (and the marginal tax
revenue is even positive at 7 = 1) and the marginal welfare gain through higher
production (first term) is larger than the welfare loss through higher evasion (second
term).

Nevertheless, 7 < 1 is also a possible solution. In this case, an increase in the tax
rate leads to a welfare loss at the margin. This is particularly likely if the gain
from tax evasion 7 is relatively high (for example because enforcement is difficult
and costly).

This result qualifies the one by Slemrod & Yitzhaki (1987). They show for the
case of direct tax evasion that it is not optimal to set the audit rate at the revenue
maximizing rate if individual income taxes may be evaded.
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Intuitively, the model may also imply that the government should not enforce taxes
strictly because this has a detrimental effect on the production of the monopolist.

3.3 Conclusions

The model has shown that the production decision of a monopolist is not inde-
pendent of the evasion decision if the monopolist evades taxes by overreporting his
costs (as in Kreutzer & Lee (1986, 1988), Wang & Conant (1988)) and if he tries to
cover its tax evasion activities by spending resources (and the associated conceal-
ment cost function is strictly convex as in Cremer & Gahvari (1993)). The reason
for this is that the possibility to evade taxes operates like a random production
subsidy administered through tax evasion. The special mode by which tax evasion
occurs ensures that the effective costs to produce additional units of output are
decreased providing an additional production incentive.

This result shows, in particular, that the mode by which taxes are evaded is a
critical determinant in the discussion of the neutrality profit taxes if they may be
evaded. The model shows similarities with Slemrod (2001) in this respect. He
also emphasizes the role of the avoidance technology in a framework of individual
income tax avoidance with endogenous labor supply. He shows that for particular
forms of this avoidance technology, working is subsidized because the associated
higher income makes a given income tax avoidance more plausible (Slemrod (2001,
p.121) terms this the avoidance facilitating effect). This effect does not exist in the
present model. To include it the concealment technology could be altered to be of
the form g = ¢(d,q) with g—g < 0. In the end, the actual form of the evasion or
avoidance technology is an empirical question and the relevancy of the presented
mode of operation in practical examples is left open for future research.

The paper also derived an equation that characterizes the optimal tax and tax
enforcement policy assuming that the government can commit to its policy. In the
optimum the marginal welfare loss of the last unit of revenue must be equal for both
instruments, the tax and the audit rate. It may even imply that tax evasion may
be used deliberately to decrease input costs and, therefore, increase production.
This may even be welfare increasing if the total amount of government revenue can
be held constant (for example by an appropriate increase in the tax rate). In this
respect tax evasion could be seen as a regulatory instrument.

Apart from the empirical aspect of the particular tax evasion mode that has been
investigated in this paper the question arises under which circumstances the gov-
ernment should not subsidize production directly but use the possibility to evade
taxes. This question has to be left open in the present model. It might be argued
that the latter mode gives the government some possibilities to differentiate among
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firms and, therefore, to discriminate which might not necessarily be true for general
production subsidies. This issue is discussed further in the following chapter.
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3.A Appendix

Formal Proofs
Proof of Proposition 3.2

Proor: Total differentiation of equations (3.4) and (3.5) leads to the linear equa-
tion system:!'®

( (1 —T)(%p/+pHQ) _(29,0+ 5 ) ( j(qs )

J/

'

=:A
( (p+p'q—c—réc)dr + der(Cdp + pd¢) + (1 — 7 — (77 — g)d)dc
n —rd7 + 7({dp + pd()
where it was used that 77 = g 4+ ¢’d in an optimum.

From
Al = -1 —=7)20" +p"q)(2¢9' + ¢"0) >0 (A.36)

(if p” <0, ¢” > 0) one can conclude that!'?

a S / — / " S
a—j_z—(p—l—pq—c—réc)@g +4"0) =+1

because p+ p'qg — ¢ < 0 and p{ < 1 in an interior optimum. Furthermore,

g—z = —0er((29 + ¢"6) = —1,
94 = —bepT (29 +¢"6) = -1
ac pT 29 Tg 0)= —1,
oq <0, if 7<71°

B Z - (1—-7—FT—9)8)(2¢ +¢"0){ =0, if 7=7°

¢ >0, if 7>7°

The monopolist produces smaller quantities if the marginal production costs rise

if the tax rate is low enough. Then 1 — 7 is large and ¢'(9)d is low. Vice versa it

produces higher quantities if 7 is relatively large because then 1 —7 — ¢/(6)6*? < 0.
q

The critical tax rate where % switches sign is defined to be 7¢ (and 0 < 7¢ < 1).

18Because of the one-sided separation one could also start with the first-order condition for the
evasion decision and then calculate the comparative statics of the production decision subse-
quently.

9The sign = has to be read is of the same sign as.
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And for the cost overreporting decision the following comparative statics hold:

90 s

or

a0 s
8,0 N
a0 s
aC

: 95
Clearly, in addition 5 = 0. |

—(1=7)2 +p"qg)(1 = p¢) = +1
(1—7)(2p" +p"q)der¢ = —

(1—7)(20 + p"q)dcpr = —1.

Example

Suppose that the demand function is given by the linear function

p(a) =1-¢ (A.38)

Then a monopolist that cannot (or does not find it optimal to) evade taxes solves
the profit maximization problem

max 7= (1 —7)(1 —q—c)q (A.39)

and produces

q" = (A.40)

units of output.

If he may evade part of its profit tax liability by overreporting costs and the con-
cealment cost function is given by

o
g(6) == 7 (A.41)
it solves the optimization problem
)
m%XW:(l—T)(l—q—c)q—k ( T——) deq (A.42)
q7
and sets
21 —¢)(1 —7)+r*12c ririe
= =q¢"+ —- A.43
‘ =) Ty (A.43)
0" =TT (A.44)
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Figure A.2: Laffer curve.

The optimal price is therefore

21— )1 =7) + 7’ _ 2(1—7) +2(1 — )7 — 7%

*=1— = A.45
g 41—7) A1—7) (A.45)
The total expected revenue can be calculated to be
2(1 — 2(1 — . 2(1—¢)(1 — 2r2
R — 1 (1-7)+2(1 =01 rre (1—=0c)1—7)+4rrc
41 —1) 41 —71)
_ 72(1 —2¢) 4+ 2c7 + 7231 — D)1e2(1 — o) (1 —7) + 7’27'2c' (A.46)

41 —71) 41 —17)

The expected revenue function may be non-monotonous. For example, Figure A.2
depicts it for the parameter constellation ¢ = 0.5, r = 0.25.
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Chapter 4

Tax Evasion and Tax Enforcement in
a Duopoly Model”

This chapter discusses sales (and unit) tax evasion in a duopoly market. It allows
for firm heterogeneity and investigates the impact of tax and enforcement policy as
regulatory instruments on the market outcome. In equilibrium, prices and market
shares are (in part) determined by the technology that each firm uses to produce
and to conceal its evasion activities. Stricter enforcement leads to higher tax costs
and is shifted into higher prices as are increases in production costs. If firms differ
in the concealment or the production technology, policy may also influence market
shares which are relevant for social welfare. The chapter characterizes the socially
optimal tax and tax enforcement policy.

4.1 Introduction

Since the seminal paper by Allingham & Sandmo (1972) positive and normative
aspects of tax evasion have been discussed extensively (see Cowell (1985a, 2004),
Andreoni et al. (1998), Franzoni (2000), Slemrod & Yitzhaki (2002) for overviews
of the literature). The focus has mainly been on the evasion of individual income
taxes and its determinants. The model most widely used incorporates tax evasion
into a model of decision making under risk. The main objection to this model
concerns the empirical validity of its predictions. In particular, the model seems to

“Earlier versions of this chapter have been presented at the 2005 Public Economic Theory (PET)
conference in Marseille, France, and faculty seminars at the Universities of Baton Rouge, USA,
Pisa and Brescia, Italy, and Saarbriicken, Germany. Particularly helpful were hints by and dis-
cussions with Max Albert, Felix Bierbrauer, Paolo Panteghini, Marco Sahm, Carlo Scarpa and
Dieter Schmittchen. The chapter has been accepted for upcoming presentation at the 2006 An-
nual Congress of the Swiss Society for Economics and Statistics (SGVS) in Lugano, Switzerland,
and the 2006 Annual Conference of the Scottish Economic Society.
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predict a larger extent of evasion than actually observed.!

An obvious question in the theory of optimal (taz) law enforcement is why pun-
ishment is limited (Becker (1968)). If the punishment for a crime is only harsh
enough, people are deterred from violating the law and the punishment does not
even have to be carried out. Tax evasion provides a primary example for this line of
reasoning. Kolm (1973) has studied the comparative efficiency of costly increases
in the probability of audit and costless increases in the fine rate in a model with in-
come tax evasion. The limit case suggests the use of 'infinitely high’ penalties with
a 'negligible’ audit probability: hanging tax evaders with probability zero; thereby
deterring all evasion activities.?® Thus, some subsequent papers have assumed that
punishment is limited in order to investigate the optimal policy in the presence of
tax evasion, such that tax evasion occurs in equilibrium. They have focused on
optimal (random) audits (Cremer et al. (1990), Cremer & Gahvari (1992, 1993),
Richter & Boadway (2005)). An upper bound on punishment has been rationalized
by bankruptcy, equity and political considerations and possible imperfections in
the auditing process.*

However, it is not self-evident that complete compliance to the law is desirable under
all possible circumstances. The present chapter shows that optimal government
policy may accept some extent of tax evasion even if tax enforcement does not entail
any resource costs. The reason is that the possibility to evade taxes also provides
an incentive for firms to increase production. Thus, the efficiency gain from the
production side in a market with imperfect competition may be larger than the
efficiency loss from higher evasion activities.> Moreover, the chapter answers the

!Note that this argument typically neglects that the probability of detection may vary significantly
by income source due to information reporting and possible cross-controls. Bernasconi (1998)
provides an alternative theoretical explanation relying on a distinction between orders of risk
aversion applied to similar phenomena in financial and insurance markets.

2Note that the result of Kolm (1973) is mathematically imprecise as the function that captures
the total resource costs does not have a minimum. His result depicts an infimum.

3This has also been found to be the optimal policy if the government maximizes expected utility
of individuals (Cowell (1989)) or maximizes the rate of economic growth under the restriction of
complete honesty (Caballé & Panadés (1997)).

4See, among others, Border & Sobel (1987), Cowell (1989), Andreoni (1991b), Pestieau et al.
(1998), Boadway & Sato (2000), Pesticau et al. (2004). Additionally, Polinsky & Shavell (2000)
have argued that corrupt bureaucrats may abuse the entailed threat of harsh punishments to
collect bribes from someone who makes an honest mistake. A concern for equity may also underlie
the argument of Slemrod & Yitzhaki (2002) who argue that high fines mandate higher accuracy
in the detection process. Under special circumstances, tax evasion may also increase with higher
sanctions (Boadway et al. (2002), Borck (2004)).

SStiglitz (1982) provides a normative reason for stochastic taxation acting on the supply-side
with similar implications, as well. His paper argues for positive work incentives and is not
explicitly concerned with tax evasion. Weiss (1976) also suggests that the possibility to evade
may increase an individual’s labor supply and may mitigate the distortive effect of taxation on
the labor market. However, Yitzhaki (1987) shows that the examples he uses also imply that
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question to what degree taxes should be enforced if full enforcement is not optimal.

The chapter also makes contributions to the theory of tax evasion by firms. So
far, this literature has discussed implications of tax evasion for efficiency in a mar-
ket with perfect competition (Virmani (1989)), analyzed oligopolistic (Cournot)
competition with risk-averse firms (Marrelli & Martina (1988)) and characterized
optimal tax and audit policy in a Ramsey-type model with perfect competition
(Cremer & Gahvari (1992, 1993)). A series of articles has discussed the relation-
ship between the compliance and the production decision of a monopolist (Kreutzer
& Lee (1986), Wang & Conant (1988), Kreutzer & Lee (1988), Yaniv (1995, 1996),
Lee (1998), Panteghini (2000), Goerke & Runkel (2005)) with the particular em-
phasis of providing sufficient conditions such that a profit tax is still neutral if it
may be evaded (and does not affect the production decision).

The present chapter adds to this literature in two respects. First, it discusses the
implications of tax evasion for competition in a duopoly market with a horizontally
differentiated good and price-setting firms (Bertrand competition). It is shown that
tax evasion can be interpreted as a technology that increases expected (marginal)
profit for any level of output. It leads to stronger competition in the product market
and lower prices even if not all firms find it optimal to evade taxes.® As prices are
strategic complements even if only one firm can (or finds it optimal to) evade taxes
this puts competitive pressure on the competitor to lower his price, too.

Second, the chapter jointly characterizes both optimal tax and optimal enforcement
policy in such a market. An explicit model of social welfare is derived that allows to
examine the desirability of various combinations of the available policy instruments.
Welfare effects arise from the amount of resources spent to conceal tax evasion and
from the production structure on the side of firms. On the buyer side it is necessary
to include the impact that government policy has on market prices and the ensuing
purchasing decisions of consumers in the welfare analysis. The optimal tax and

the initial policy is on the declining side of the Laffer curve and that the welfare improvement
is therefore not caused by allowing evasion. Slemrod & Yitzhaki (2002, p.1451) conclude on
this issue that ”[...] neither the practical nor hypothetical relevance of this point has yet been
demonstrated.” The conclusion that complete honesty is not necessarily implied by an optimal
policy has also been obtained by Cowell (1989). His social welfare function is non-standard and
includes the government’s concern for inequality. For an expected utility maximizing government
and a fixed probability of audit his model also yields the result that full enforcement is optimal
if it is costless, see Cowell (1989, p.610). See Andreoni (1992) for an alternative second-best
argument.

6The chapter, in particular, discusses sales tax evasion. Recently, this has captured increasing
attention of economists (Matthews & Lloyd-Williams (2001)). Value-added tax (VAT) fraud is
a particular concern (Caplan et al. (2003), U.K. Government. HM Customs & Excise (2004)).
Nam et al. (2003) estimate that about 10% of VAT in Germany was not paid in 2001. Webley
et al. (2002) investigate the determinants of VAT compliance in the UK and find similar results
as for income tax compliance.
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enforcement policy takes these welfare effects into account at the margin. Note
again that the optimal enforcement policy implies, in particular, that it may be
below the full enforcement level even if it is costless.”

Lastly, the chapter discusses a political economy model of tax evasion. In this
respect, it provides a positive theory of actual tax enforcement in a democracy.
Consumers are aware of the impact that different policies have on the prices that
they pay and vote on the one that minimizes their expenditures. In the optimum
a marginal change in the tax rate per unit of marginal revenue has the same effect
on the price as a marginal change in enforcement per unit of marginal revenue.

The chapter is organized as follows: the model is presented in section 4.2. Sec-
tion 4.2.1 lays out the general assumptions of the model and derives and discusses
the demand side of the model. Section 4.2.2 discusses the firms’ objective functions,
calculates and interprets the first-order conditions for profit maximization. The ex-
istence of a Nash equilibrium in prices and evasion is established in section 4.2.3.
The comparative statics of the tax, tax enforcement and other parameters are de-
rived and interpreted. Optimal tax and optimal tax enforcement policy is then
characterized and discussed in section 4.2.4. Section 4.2.5 derives a condition that
holds if the electorate decides on tax and enforcement policy. Finally, section 4.3
concludes and scope for further research is discussed.

4.2 The Model

A duopoly model with price competition and a given degree of product differen-
tiation is considered such that it is possible for one firm to comply with the tax
laws even if the other firm does not, stay in the market and sustain competition in
equilibrium.® The implications of heterogeneity among firms is also investigated.
It is the first duopoly model that allows for tax evasion of firms and discusses its
impact on competition if these firms are risk-neutral and compete in prices.”

"The models that include tax evasion of firms so far have neglected normative policy issues;
Cremer & Gahvari (1992, 1993) are notable exceptions.

8Tt is not possible to have a compliant and an evading firm in Bertrand competition with a
homogenous good (except in the special case where one firm can exactly make up for a production
cost disadvantage by a concealment cost advantage) because an evading firm could undercut a
compliant firm and serve the whole market.

9The paper of Marrelli & Martina (1988) addresses similar positive questions as the present model
in the framework of Cournot competition but uses a rather special model of risk-averse firms
where the only inefficiency that arises is the risk to be detected by the tax enforcement agency
that firms bear if they are involved in tax evasion activities. Firms do not incur additional con-
cealment efforts or produce inefficiently (underground). The assumption of risk aversion of firms
may only be rationalized satisfactorily in two environments. First, where it is a manager that
decides under some discretion of the owners. And second, when capital markets are imperfect. In
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4.2 The Model

4.2.1 Market Demand and Profits

In order to allow for price competition with the possibility of heterogeneity among
firms and profits in equilibrium, a model of spatial competition is used: the linear
city. The city consists of a street of length 1. One firm is located at either end of
the street at ¢ = 0 (call it firm 0) and at ¢ = 1 (firm 1).!% They sell their output
on a single market and compete in prices (Bertrand competition).

Assume that the consumers are uniformly distributed along the street with mass 1.
They all buy one unit of the good or nothing at all if prices exceed their maximum
willingness to pay of © € R*. Individuals only differ in taste specified by the
spot, where the individual is situated which is labelled by ¢, 0 < ¢ < 1. They
are therefore identified by their location. Individual ¢ buys at store 0 if the total
costs he incurs are lower than if buying at store 1 and total expenses do not exceed
his valuation for the good. The individual that is just indifferent (the marginal
consumer) is denoted by ¢ = G(po,p1). He is located at a point where his total
costs that consist of the price and the transportation costs are equal irrespectively
of where he buys the good such that

OT(§) + po = 0T (1 — §) +pr (4.1)

holds, where T : [0,1] — R{, ¢ — T(q), T(0) =0, 0 < T" for ¢ # 0, 0 < T",
is the (common) transportation cost function; § denotes a positive parameter that
captures the extent of differentiation in the market and p; is the price to be paid for
the good at store j, j € {0,1}. The location of the marginal consumer is important
for the derivation of the demand for each firm: all consumers to the left of ¢ buy
at firm 0, all to the right buy at firm 1. These demands are labelled ¢y and ¢
respectively (qo := ¢, ¢1 :== 1 — ¢). It is assumed that the maximum willingness to
pay is high enough that every individual buys in equilibrium.

Figure 4.1 illustrates the demand side of the model. The interval [0, 1] represents the
city and ¢ is determined by the intersection of the total cost curves of ¢ depicted
at each end of the city for a given combination of prices (pg,p1) (note that the
transportation cost curves are drawn linearly in Figure 4.1 for simplicity).

both cases, other important issues should be included in the analysis, either the agency problem
between management and owners (Chen & Chu (2002), Crocker & Slemrod (2005)) or the source
of the capital market imperfection and its implications (Andreoni (1992)). If both discussions
are absent, the assumption of risk aversion remains purely technical to guarantee an interior
solution of the evasion decision, see Marrelli & Martina (1988, eq. 2). Additionally, Marrelli &
Martina (1988) do not discuss optimal policy.
190ne may consider this model as the second stage of a Hotelling model (Hotelling (1929)) with
endogenous product differentiation choice that leads to maximal differentiation, see, for example,
d’Aspremont et al. (1979). The first model of spatial competition is attributed to Launhardt
(1885).
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Figure 4.1: Marginal consumer and demand.

Total demand is fixed at one unit. The prices that firms set determine the respective
market shares. The following result shows that the model captures the idea that a
firm may increase its market share by lowering its own price.

Remark 4.1 (Shape of demand functions). If both companies serve some cus-
tomers, the demand functions are strictly decreasing in the own and strictly in-
creasing in the competitor’s price but nothing can be said a priori about the sign of
their second derivatives. It is determined by the second and third derivative of the
transportation cost function. For interesting implications of the model at hand it is
sufficient to restrict attention to linear and quadratic transportation cost functions.
Note that a linear or quadratic transportation cost function implies that the de-

mand functions are linearly decreasing (increasing) in the own (competitor’s) price
02q; _
OprOpy ’

and consequently the second derivatives of the demand functions vanish:

J.k, 1€ {0,1}.

PROOF: An increase in the own price leads to a lower market share (and vice versa
for a price increase of the competitor) if both firms serve some customers as the
partial derivatives of the demand functions may be calculated to be!!

3(10 -1 8q1

o = =—-— <0, 4.2

0 T (@) T Ta0)] 9o (4.2)
1

Ot _ __om (4.3)

ap 0T (q0) +T'(q)]  9;

HFunction arguments are suppressed where no confusion can arise in the following.
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The second derivatives follow from the differentiation of equation (4.2):

9 qo _ T"(q0) = T" (1) % (4.4)
op5  0[T"(q0) +T"(q1)]* Opo’ '
Pqo_ T"(@) —T"(¢1) 90 (4.5)
Ipodpr O[T (q0) +T"(q1)]* Opr’ .
which implies 822%(;[ =0, for k,l € {0,1} if T" is constant (which is the case if T is
linear or quadratic). The same holds for firm 1. |

The model that is developed below does not rely on the assumption that demand
functions are linear. However, some sufficient conditions naturally hold for this
case. Therefore, although the results may carry over to more general demand
forms, linear demands will be used frequently to prove the sufficiency of first-order
conditions under simple circumstances.

Two examples are used frequently to illustrate the model and prove the existence
of several results.

Example 4.1 (Quadratic T') Assume that the transportation cost function is
quadratic, T(q) = A+ Bq+ Cq?, with 0 < A, B, 0 < C. For given prices pg, p1 the
marginal consumer is located at

p1—po+0d

20d with d := B + C, (4.6)

q=

and, therefore, the demand of each firm is given by

p1—po+0d
= 4.
qo0 20d 3 ( 7)
respectively
po — p1 + 0d
= £ 4.
41 20d (4.8)
In this special case
8q0 1
L 4.9
Note that lim gﬂ = lim gﬂ = 0. *
f—o0 PO d—oo PO

Firms are assumed to be expected profit maximizers. Profits before tax are given by
the difference of sales revenue and production costs p;q; — v;¢(q;), where ¢ denotes
the convex production cost function (v, a positive parameter that allows variations
of the marginal production costs). A firm is subjected to a sales tax at constant rate
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7 and may evade some of its tax liability (for example by underreporting sales or
overreporting deductible expenses).1?3 If it does so, it has to shield its evasion from
immediate detection through costless cursory examination by spending resources
of B;9(e;)e;p;q;,** where g(e;) denotes the marginal concealment cost function, f;,
B; > 0, a parameter that allows variations of the marginal concealment costs and
ej, 0 < e; < 1, the share of the tax base, i.e. here of sales, that is not reported by
firm j. Therefore, e;p;q; denotes the amount of evaded sales. Here, g denotes the
concealment costs per unit and g itself is assumed to be strictly increasing in e.
Thus, the concealment cost function is assumed to be strictly convex. In case the
firm is not audited (state of the world 1), which happens with probability 1 — p,
it earns profits 7 = p;q; — v;¢(q;) — T(1 — €;)p;ja; — Big(e;)e;pjq;-*° If the firm
is audited (state of the world 2), which occurs with probability p, it earns profits
of 7 = 7} — 7Ce;p;q;, where the last term denotes the fine that the firm has to

j j
pay proportionally at rate ¢ to the amount of evaded sales (Yitzhaki (1974)).1°

12 A1l results stated here are also valid for the case of a unit tax if price-effects are not decisive,
see the Appendix.

13Geveral detailed descriptions and analyses of ways to evade sales taxes exist in the literature
(Caplan et al. (2003), U.K. Government. HM Customs & Excise (2004)). For example, Fedeli
& Forte (1999) discuss joint income-tax and VAT-chain evasion. The particular mode of tax
evasion is not at the focus of the discussion here.

14This evasion model is developed in Cremer & Gahvari (1993). Several interpretations of this
tax evasion model are possible. One neglected aspect that is captured by it is that the cost
of concealment function is a possibility to deal with an important difference of tax evasion
compared to other crimes. In many cases the taxpayer files a report to the agency and the
agency looks for hints on evasion that may lead it to start a more thorough investigation.
The cost of concealment function captures the costs that an agent incurs to cover the tracks
of his evasion activities. These costs may consist of payments to unscrupulous tax advisers
or taxpayer time. An alternative explanation may be costs of corrupting public officials as in
Hibbs & Piculescu (2005) where additionally to taxation the circumvention of other government
regulations is addressed. Niepelt (2005) develops a dynamic model where convex concealment
cost function arises endogenously.

15The probability of audit is assumed to be constant. Clearly, this is a simplification. As far as
the decision on actual audits is concerned it is also unlikely that the enforcement agency audits
at random. In the U.S., for example, the IRS employs a range of methods to detect evaders.
In particular, it uses the results of its program of intensive audits: the Taxpayer Compliance
Measurement Program (TCMP). On the basis of its results it assigns to each tax report a
likelihood that it is incorrect. Andreoni et al. (1998) state that over 50% of audits are based
on this score. According to their calculations, the yield of a random audit is $289 compared
to $5.500 for non-random ones. Nevertheless, the model uses random audits for simplicity. On
theoretical grounds this may be defended by the assumption of the concealment cost function.
It is assumed that if an individual incurred the concealment costs there is no hint left that he
has evaded taxes. He can only be distinguished from an honest taxpayer by audit.

16The model only considers monetary sanctions of law violations. Additionally, there may be
other non-monetary incentives to comply with the tax law, see, for example, Cowell & Gordon
(1988), Gordon (1989) and Myles & Naylor (1996).
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Expected profit, 7§ = (1 — p)7} + pr?, of firm j is therefore given by:'*
w5 = [ =71 = (1= pQ)e;) = Bigle;)e;lpia; — vicle;), J € {0, 1} (4.10)

The formulation implies that tax evasion leads to an effective tax rate per unit of
sales 77 1= 7(1 — (1 — p()e;) that is lower than the statutory rate whenever the
expected fine per unit of evaded tax p( is lower than 1 (the gain per unit of tax
concealed) which is a necessary condition for tax evasion to occur (see below).

Example 4.1 continued. Assume, furthermore, that the marginal concealment

cost function is linear g(e) = § and the production cost function quadratic c¢(q) = %.

Expected profit of firm 0 and firm 1 respectively then amounts to

2 _ _ 2
(1—7(1—7~e0)—ﬁ°2€0) popotbd, o (W) L (4.11)

o= 204 7 2 20d
B\ po—pi+0d v (po—pi+0d\°
e (1-+(1—- _ - | 4.12
M ( r(l=re) == 20d ' 2 20d 41y
where 7 :=1 — p(. *

4.2.2 Tax Evasion and Optimal Prices

The first-order Kuhn-Tucker-conditions for profit maximization that allow for eva-
sion optima at the full compliance boundary are
ons
—1 =0, (4.13)
Ip;
o ons

T <0, 6,20 ;29 —0, 4.14
86]' ’ ej 63 86]- ( )

and the partial derivatives of the expected profit function may be calculated to be

onj ; dy; . dg;

% = (L =77 = Big(e;)e;) (qj +pj8_1q9;) —;C (qj)a—Z;, (4.15)
ore

5_7; = [(1 = pQ)7 = Bi(g(e;) + g'(e)es)lpigs- (4.16)

I7A conceptual advantage of a tax evasion model with imperfect competition is that it does not
imply that actual profits are positive if and only if the firm is not audited. Models of perfect
competition do not specify how fines should be paid in case of an audit. This may still be
possible out of profits in the present model if the fines are not too high.
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In the optimum, prices are set such that the expected marginal revenue after tax is
equal to the marginal costs (consisting of production and concealment costs). Each
firm takes into account that raising its own price decreases its market share.

The evasion decision implies that the firm minimizes the expected tax payments net
of concealment costs. Firms evade taxes until the marginal expected tax saving is
equal to the marginal costs of tax evasion in an interior optimum. If the concealment
costs on the first unit exceed the marginal tax saving, the firm reports truthfully.

Note that the optimal choice of firm j only depends on the pricing decision of
its competitor and on the evasion decision only indirectly via its impact on its
competitor’s pricing decision and vice versa.

Remark 4.2 (Market power). Firms charge a price above marginal production
costs if 0 < 75 + (;g(e;)e; < 1. Sufficient conditions for this are that the marginal
concealment costs are sufficiently large and 7 < 1. A

ProoF: The first-order condition for p; is given as before

. dq; 9q;
(=77 = Batees) (4052 ) =) 2 (217
Therefore, the optimal price p; satisfies
e o e / an
(1 =77 = Bjglej)ej)g; = —[(1 — 77 — Big(ej)es)p; — ;¢ (qj)]% (4.18)
J

and if 0 < 75 + fg(ej)e; < 1 the left-hand side of equation (4.17) is positive.
Therefore, the right-hand side has to be positive, too, i.e. (1 — 75 — B;g(e;)e;)p; >
7v;¢'(g;) which implies p; > 7;c/(g;). 7 < 1 is sufficient to guarantee that 75 +
B;g(e;j)e; < 1 because the firm evades taxes to reduce its effective tax payment net of
concealment costs. Thus, 75 + ;g(e;)e; < 7 always holds. If ﬁ < B; the following

inequalities hold 7+ ;9(1) <1 = 7+ Big(ej)e; <1 =0<1—7°— B;g(e;j)e;. N

Note that the general formulation allows that the effective tax payment of a firm
(even net of concealment costs) may be negative, i.e. 7 +3;g(ej)e; < 0. A necessary
condition for this to be the case is that the firm may reduce its expected tax
payments to be negative 77 < 0. If firms differ in the evasion possibilities, this may
be the case even with positive tax revenue overall if not all firms can reduce their
expected tax payments in such a radical way. Nevertheless, a sufficient condition
to exclude 75 + B;g(ej)e; < 0 is that the concealment cost function is sufficiently
convex. The following discussion focuses on the latter case.

Note that the evasion decision is separable from the production decision (pg may
be cancelled from equation (4.16)) but not the other way round. It is sufficient
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to equate the marginal expected gain of one unit of evaded sales that is solely
determined by policy parameters to its marginal costs because they are both pro-
portionally affected by the amount of sales (note that concealment costs are linear
in the tax base). The production decision depends on the marginal return to pro-
duction which consists of the marginal revenue from sales and from tax evasion (or
put differently: the marginal revenue net of tax including the expected reduction of
the statutory tax rate due to evasion). The latter in turn is affected by the marginal
costs of concealment and the extent to which the firm incurs in tax evasion.

Example 4.1 continued. Because of the (one-sided) separability between evasion
and production choices each firm’s profit maximization problem can be solved in
succession starting with the tax evasion decision. The first-order condition for e;
equates the marginal return of tax evasion to its marginal costs

omé B — po + 0d
862 = (17 — ﬁoeo)%po =0, (4.19)
ors B —p1 +60d
(‘3(; = (77 — ﬁua)%pl =0, (4.20)

and can be solved for the shares of evaded sales in the optimum: if 7 > 0 and
appropriate lower bounds on 3; guarantee that e; < 1, then

T

‘=G (4.21)
e1 = ;—: (4.22)

If r <0or7=0or in the limit case 3; = +o00, then ¢; = 0.

Substituting these optimum evasion values into the profit functions (4.11) and (4.12)
respectively yields after some manipulation

(fT)Q pP1— Po + 0d Yo [ P1— Po+ 0d 2
e (1- _Jo(Przpotld 4.23
o ( 95 20d 0T 20d ! (4.23)
(FT)2\ po—pr +0d v [po—p1+0d\*
(1. _ 2 (Po—prt0d 4.24
M ( T+ 98 20d 1T 20d ! (4.24)

(77)2
28;
are higher than the average concealment costs (the concealment cost function is

assumed to be strictly convex) and is therefore the expected reduction in the statu-
tory tax rate due to evasion. It may also be interpreted as the marginal return
from increasing sales by one unit that results from evading part of its tax liability.

where the term

results from the fact that the marginal concealment costs

Although 0 < % it may well be assumed that the government collects a positive
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amount of taxes from any tax evading firm. This is the case if the marginal con-
! )2

cealment cost parameter is above the lower bound 3; > 7"277 =: 3 such that 7 — %
- J

is still positive.

The first-order conditions for optimal prices equate the marginal revenue from sales
with its marginal production costs:

(r7)2\ 2po — p1 — 0d p1— po + 0d
1-— =Ypy— 4.25
< ST 20d 14 0dE (4.25)
(fT)Z 2p1 — po — 0d po — p1 +0d
( Ty 20d " 6d) (4.26)
The concealment costs determine the effective tax costs of each firm. *

Example 4.2 (One evading firm) Assume that T, g and ¢ are given as in Ex-
ample 4.1. If it is assumed additionally that 3, = 400 such that firm 1 reports
truthfully, expected profit of firm 0 and firm 1 respectively then amount to (after
substituting the optimum evasion values)

(Fr)*\ pL—po+0d 0 (pL—po+0d)?
e (1= S [ 4.2
o ( Tt 95 20d T 20d ! (4.23)
po —p1+ 0d Y1 po — p1 + 0d 2
— (1 — Sl E Y N B 4.2
m= =TT T 20d ’ (4.27)
with interpretations as in Example 4.1.
The first-order conditions for optimal prices in this case are
(77)*\ 2po — p1 — 0d p1—pot+d
( ST 20d G (4.25)
2p1 — po — 0d po—p1+0d
l—-7)— =y 4.2
N TE N4 04)? ( 82

In order to build an intuition on the relationship between the evasion and the
production decision, the strategic interaction is neglected for the moment.

Remark 4.3 (Evasion and pricing). If tax evasion is profitable and firm j’s

2. e
d7r]-

marginal profit is decreasing in the own price (in particular o < 0 has
J lej=0
to hold), a firm’s optimal price is lower than in the case of full enforcement. A

on¢ . . . .
Proor: If 0 < e;, then Ké = 0 which using equation (4.16) can be rewritten as

(L= pO)7 = Bigle;) = Big (e))e;. (4.29)
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Substituting the right-hand side of equation (4.29) into equation (4.15) and setting
the resulting condition for the optimal price equal to zero, one obtains

0q; 0q;

/ 2 i\ j

(1 =7+ 559 (ej)e) (qj +pj@) = ;¢ (qj)a—pj7 (4.30)
which (if ¢ > 0) cannot hold at the same price that equates marginal revenue to
marginal costs in the case of full enforcement. Rearranging this equation to

g, 9q; 2 9q;

(1-7) (q‘ +p~—j) — ¢ (q5) 5L = =069 (e)es | 4 + pin> (4.31)
i Py, 1N gp, 9N\ G T P,

shows that the left-hand side which equals zero in the case of full enforcement now
is positive in the optimum. Therefore, if the marginal profit is falling in p; (a
sufficient condition is that ¢ is linear and 7" linear or quadratic), p; is lower than in
the case of full enforcement. |

Although the argument in the preceding remark neglects the strategic interaction
and is actually valid only for the monopolistic case, the result and its intuition carry
over to the duopoly case for marginal changes in enforcement policy (the proof is
formulated in section 4.2.3).

The reason for this result is that a firm can lower its effective tax payment net
of concealment costs if evasion is profitable and, therefore, increases the after-tax
marginal revenue. This advantage is translated into higher supply and lower prices.

Note that the possibility of tax evasion also leads to lower prices if the concealment
cost function is linear, i.e. g is constant. Then the firm either evades all of its tax
liability (e = 1) or nothing at all (e = 0). The evasion function which gives the op-
timal share of evaded sales depending on exogenous parameters has a discontinuity
where 1 = p(. Nevertheless, the optimal price in case of tax evasion (excluding the
knife-edge case where exactly 1 = p() is lower also in the case where ¢’ = 0 because
the effective tax rate is lower. To avoid the discontinuity of the evasion function in
the following ¢’ > 0, for e; > 0, is assumed throughout.

The solution of the profit maximization problem of a firm is illustrated by Fig-
ure 4.2. Figure 4.2(a) shows the determination of the optimal share of evaded sales
for firm j, e;, for two possible scenarios; one where the expected marginal gain of
one unit of evaded tax, 7 := 1 — p(, is low, denoted by 7!, and the other where it
is high, 7. The respective shares of evaded sales are ordered e} < e?.

Figure 4.2(b) depicts the marginal revenue curve (net of the full nominal tax pay-
ment), MR? =(1-7) (qj +p;j %), as strictly falling (in fact, linearly falling as in
the case of a linear or quadratic transportation cost function). The intersection of
the marginal revenue and the marginal cost curve (which is depicted constant as it
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(a) Evasion decision. (b) Production decision.

Figure 4.2: Profit maximum.

is for a linear production and linear or quadratic transportation cost function) de-
fines the optimal price p? if no tax evasion exists. If 0 < e, this shifts the marginal
revenue curve down by 3;¢'(e;)e3p;q; units."® For 7 the relevant marginal revenue
curve is denoted by MR;, i € {1,2}. Consequently, the intersections of the new
marginal revenue and cost curve at point p; and p? are to the left of p? with p? < p;.

Lemma 4.1 (Unique Optimum). Equations (4.13) and (4.14) are sufficient to
guarantee a unique solution p;, 0 < p;, e;, 0 < e; < 1, (for any given price of the
other firm), if
1. ¢(0) =0, lirr% d(q) = 400 and
q—>

2. the profit function «$ is strictly concave, i.e. if the Hessian matrix for m¢

J J
9°r§ ?ne
_2_<p07p17€') ,—J.<p0;p1;€')
Hj (p07p17 6]) = 8821;# ’ 8;%8}? ’ (432)

W@Jej(pmplaej) W?(po,pl,ej)

2, e
0 7;]-
ap].

is negative definite ¥(po, p1,€;) € (Rg)? x [0,1]. If (po, p1,€;) <0, this is

8Note that the price is the endogenous variable in this model. It may be reformulated in terms
of quantities such that as usual the marginal revenue (as well as the marginal cost) curve lies
in the positive quadrant of the analogous diagram and is shifted up.
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the case if and only if:
0*mé 0*ms e 2
0< 2 A A J ,
8]3? (p(),pl)e]) 863 (p07p17€]) {8;0](96] (vaplvej):|

; g, 0q; p 0g;\
(1 7j Big(ej)e;) (28]9]- + Dj 3p§ v | € (g5) ap,
2

+ d(%)%)] Bi(29'(ej) + g (ej)e;) < 0. (4.33)

J

=4

In particular, if g¢" > 0 the second bracket is positive and the first bracket has
to be negative. Sufficient conditions are that the transportation cost function
is linear or quadratic and ﬁ <Bj,T<landc" >0. O

Assume that for each firm the conditions for a unique interior optimum (given the
competitor’s choice) are satisfied. If the sufficient conditions for an optimum hold,
a higher production of one firm triggers a higher production of its competitor.

Lemma 4.2 (Increasing reaction function). The reaction correspondence of
firm 0, @ : Rj x [0,1] — Ry x [0, 1], (p1,e1) — Po(p1,e1), is a continuous function
that satisfies 0 < ®¢(0,-) and is increasing in p. O

PROOF: See the Appendix. |

The analogous result holds for firm 1. Note that this is the standard strategic
relationship in a Bertrand model.

Define the maximal optimum price of firm j by p; := ®;(v,). Now, it is possible
to proof the existence of a Nash equilibrium and derive some properties that every
Nash equilibrium satisfies.

4.2.3 Nash Equilibrium

The following result holds:

Proposition 4.1 (Existence of a pure strategy Nash equilibrium). If each

firm’s profit maximization problem has a unique solution and the marginal con-

cealment cost and production cost functions satisfy ¢'(0) = 0, liH} d(q) = 400,
q—)

lirr% g(e) = 1, there exists a Nash equilibrium in pure strategies (py,p1,€q,€1)
€ (RT)2 x [0,1)% O
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PrOOF: A Nash equilibrium has to satisfy: (pg,e9) = Po(p1,e1) and (p1,e1) =
(I)l(p(]a 60)7 Le.
(p1,e1) = @1(Po(p1, €1)). (4.34)

Brouwer’s fixed point theorem can be applied to the problem at hand as follows:
define D := [0,p] x [0,1] C R? where p := max {pg, p1}. Then D is compact and
convex. Define f: D — D, (p1,e1) — f(p1,e1) = P1(Po(p1, 1)) — (pr1,€1). [fisa
continuous function (for any eg). Therefore, f has a fixed point in D.

If the transportation cost function is linear or quadratic, every Nash equilibrium
is in pure strategies because it is a strong equilibrium (Harsanyi (1973)) (see Re-
mark 4.1).

There is no Nash equilibrium where py = 0 = p; because 0 < ®(0,-), P1(0,-) if
d(0) = 0. At every 0 < pg,p1: 0 < eg, 0 < e1 if 0 = ¢/(0). The limit conditions
guarantee that (p;, e;) are finite respectively strictly below 1. [

The Nash equilibrium is stable if the slope of the reaction functions is below one.

Example 4.1 continued. The equation system (4.25), (4.26) can be solved for
the following prices in the Nash equilibrium (sums and products are always over
j:()ala 7= (1_T))

(F2720d + oo + 27 5o0d) (372720d + 2511 + 673,64)

= , 4.35
PO Bririgd + 27 [15;(3>°; +670d) + 7272(>_ Bjy; + 670d Y 3)) (4.35)
B (TF2720d + Biy1 + 27 310d)(37720d + 28y + 67 500d) (4.36)
DL Srri0d + 27 [] B;(5 v, + 670d) + 7272(3. By, + 67045 3;) '
The resulting equilibrium quantity for firm 0 is
B (P27 + 27 5,) (377% + 211 + 67510d) (4.37)
O 2300+ 27 T1 B, (S s + 670d) + P (L By + 67042 5)
Note that gy = % if the firms are identical, i.e. Gy = (1 and vy = 7. *

Proposition 4.2 (Comparative statics). If the transportation cost function is
linear or quadratic, 0 < ¢”, 0 < ¢’ the comparative statics in a pure strategy Nash
equilibrium (pg, p1, €0, €1) With respect to the policy parameters are of the following
signs:

Ip; Op; Ip;

5r > 0, p > 0, o > 0, (4.38)
8ej 86j 8ej

— — — . 4.
(9r>0’ 8p<0’ 3C<0 (4.39)
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Under the same conditions the comparative statics with respect to market and firm
parameters are of the following signs:

Ip; Ip; Ip; Ip; Ip;

— > 0, > 0, >0, =— >0, > 0, 4.40

00 6@ 8ﬁ_]‘ 8%- 87_j ( )

de; oe; oe; oe; Oe;

—J — 07 J < O, J — 07 —J = 07 J — 07 4.41

00 6@ 86_]' 8%- 87_j ( )
where —j =1ifj=0and —j =0 if j = 1. O
PROOF: See the Appendix. [ |

Like in Cremer & Gahvari (1992, 1993), Anderson et al. (2001) taxes are shifted.
An increase in the statutory tax rate decreases the effective marginal revenue. The
firm increases its price to match its marginal costs.!® The same argument explains
why stricter enforcement leads to higher prices.

The share of evaded sales increases in the tax rate because the marginal tax savings
per unit of evaded sales increase. On the contrary, if tax enforcement is intensified
the marginal gain of evasion decreases leading to a lower share of evaded sales.

An increase in the differentiation parameter leads to higher prices. This is the case
because consumers are more reluctant to switch to the other producer and firms are
left with higher market power (the responsiveness of demand decreases). Increases
in the marginal production or concealment costs lead to higher effective production
costs. This cost increase is translated into higher prices.

The share of evaded sales falls in the marginal concealment costs because it is
increasingly difficult not to be an obvious evader. This effect also explains why this
increases the optimal price: the effective rate of taxation increases.?? Similarly to
an increase in the marginal production costs it leads to a fall in marginal profit
which is matched by a price increase.

The strategic relationship between prices (prices are strategic complements) ex-
plains why the same effects are present for changes on the side of the competitor.
An increase in the marginal (production or concealment) costs leads to higher prices
independently of the side of the market that is subject to this change (nevertheless,

19 A detailed discussion of the shifting decision in a market with imperfect competition and quan-
tity (Cournot) competition without tax evasion is contained in Katz & Rosen (1985), Myles
(1987), Stern (1987), Hamilton (1999). Policy incidence in models with product differentiation
is discussed by Gruenspecht (1984) for export subsidies and by Cremer & Thisse (1994) for com-
modity taxes. Empirical results are provided by Fershtman et al. (1999). The latter models
allow for endogenous determination of quality.

20This result on taz incidence is similar to the one obtained by Kesselman (1989) in a model with
two sectors — formal and informal — with two distinct goods.
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the change may affect both firms to a different degree).!

Changes in the parameters that do not affect the marginal return of evasion for a
firm do not change the share of evaded sales because of the one-sided separability
between production and evasion activity.

Note that a firm is subjected to additional competitive pressure if tax evasion is
possible and lowers its price even if it does not evade taxes itself in case enforcement
policies are relaxed. Even for e; = 0 (for example because §; = +00) aa%j, %%j >0
if e_; > 0. The underlying reason is again that prices are strategic complements in
the Bertrand (or Hotelling) model. A laxer enforcement policy allows the evading
firm to lower its price. This puts competitive pressure on its competitor to lower

its price, too.

The comparative statics of Proposition 4.2 do not imply that the total amount of
evaded sales falls in the enforcement parameters (or the tax rate). In fact, the total
amount of evaded sales may as well increase in enforcement.

Corollary 4.1 (Total amount of evasion). The total amount of evaded sales
may in- as well as decrease with stricter enforcement. 0

PrOOF: The total amount of evaded sales is given by

1

E= Z €jDj4j = qo(€opo — €1p1) + €1p1 (4.42)
j=0

with partial derivative with respect to increases in the probability of audit (analo-
gous results are obtained for increases in the fine rate)

OF <~ [Oe. op; dq;
5 =2 (G ren ) (445

Jj=0

The first term in the sum captures the reduction in evasion due to the effect that
the share of evaded sales decreases in the probability of audit. The next term
leads in the opposite direction. Increases in enforcement lead to higher prices. The
last term is indeterminate in sign and may therefore add to any of the previous
two effects depending on how stricter enforcement influences the market shares (a
detailed discussion of the influence of policy parameters on market shares follows

below).

2L An interesting special case occurs if the firms are identical. In this case, the comparative statics
of the equilibrium price with respect to a change in the marginal production costs takes the
form g—s = %c’ (%) Thus, % of the cost increase are shifted into prices the remaining % reduces

profits.
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Nevertheless, even for identical firms where there is no quantity effect, i.e. the
market shares are identical for any choice of policy, the increase in the price may
overweigh the decrease in the share of evaded sales.

The existence of this case is proved using Example 4.1.

Example 4.1 continued. Assume that the two firms are identical, i.e. assume
that v = 71 = v and Gy = 1 = B. Then, ¢; = ¢, p; = p, for j € {0,1}, and
the partial derivative of the total amount of evaded sales (in this case E = ep =
(0d[F?72+2(1—7)B]+yB)TT
(F27m2+42(1-7)B)B
OF  Oe dp
- = + e—
dp  Op p
2(0d[r* 1% + 2(1 — 1) 3] + 1B)F273¢

) can be calculated to be

4.44
(24 2(1 - 1)) Ay
20dr73¢ + (0d[r*m% + 2(1 — 7)8] + vB)¢T
(r2m2+2(1 —71)6)p3
which is zero for
~ 0d P22 —2(1 —
f =" = S —21-7)8) (4.45)
T AT PR (L )d] +
The denominator is always positive; the numerator switches sign at B 2(1 and
is positive for g < B Furthermore, % = —Tng < 0. Therefore, if 0 < 6 < 9 and

0<pB< B the total amount of evaded sales increases in the audit probability. This
case may occur even if firms face a positlve effective tax rate. A sufficient condition
for this case is that 1 5 < T because then 5" < 3 < 3 ) always holds. *

This proves finally Corollary 4.1. |

An analogous result for increases in the tax rate may also occur. FE has partial
derivative with respect to 7

OFE <~ [ Oe op dq
E:Z (a]paqj""eja q; + €;p Ja]) (4.46)

=0

Although the first two terms in the sum are positive the overall effect may in
principle be negative due to a reallocation of market shares (last term in the sum).
The existence of a case where %—f < 0 and the firms face a positive effective tax
rate could not be proved neither for the general case nor for the two examples. For

Example 4.2 6E > (0 always holds.
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The possibility to evade taxes has implications for competition in the market. A
competitive advantage can arise out of different production and evasion possibili-
ties. For example, if the production cost functions of both firms are identical, the
concealment cost function is decisive for relative prices and market shares.

Corollary 4.2 (Competitive advantage). If the production cost functions are
identical, i.e. yo = 1, and if one company (without loss of generality firm 0) has a
competitive advantage in the evasion of taxes in the sense that for a given share of
evaded sales its marginal concealment costs are always lower than the ones of its
competitor, i.e. By < (31, and the marginal concealment costs of the first unit are
lower than the expected tax savings, this firm evades a larger share of sales, sets a
lower price and serves a larger share of the market in equilibrium:

if vo =", Bo < (1 then eg > ey, pg < p1 and ¢; < % < qo- (4.47)

OJ

Proor: If §y < 31, then ey > e; follows from the comparative statics. The rest of
the proof is by contradiction. Suppose both firms set the same price py = p; = p.
Then they share the market equally, ¢ = % But if the first-order conditions for
firm 1 are satisfied at (p,e1), the marginal profit of firm 0 is positive because it
optimally evades a larger share of sales and pays a lower effective tax rate net of
concealment costs. In effect, firm 0 has an incentive to lower its price: py < p;.

This implies ¢; < % < qo- |

Better possibilities to evade taxes may be interpreted as a cost or technology advan-
tage. They allow to reduce the tax costs for any given policy. This cost reduction
is (partly) translated into lower prices to increase market share.

A related result has been derived by Trandel (1992) who shows that market power
declines if consumers have an incentive to shop across borders because they can
evade paying taxes there. Consumers benefit indirectly from tax evasion and find
it optimal to enforce taxes only laxly. A related empirical result is obtained by
Goolsbee (2000) who shows that different sales tax rates explains the propensity to
buy online where sales tax is difficult to enforce.

Also interesting for the normative implications is to note that if one firm has a
production cost advantage this may be (partly) compensated by the competitor if
he has an advantage in the tax concealment technology.

Example 4.1 continued. Market shares are equal (qo = %) if a firm can make
up for a concealment cost disadvantage by a superior production cost technology
and vice versa. This is the case if the production and concealment cost parameters
satisfy
Yo _ (P72 +2(1 — 7)60) s
7o (P2 421 - 7)3)6

(4.48)
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Note that this condition is independent of 6.
The following limit results hold elim Qo = dlim qQ = %, lim ¢; = 0. In the first
—00 —00 Y5 —00

case the firm’s technology is irrelevant for market shares, each firm serves its own
market. In the latter case company j does not even produce because of its bad
production technology. No concealment technology can make up for it.

Similarly, if 1 < v < 400, firm 0 can always make up for this production cost
disadvantage if its concealment technology is sufficiently good. Market shares are
equal if

BT’

60 B 2(1 — 7')("}/0 - ’yl)ﬁl + ")/07727'2‘ (449)

An analogous result is obtained in the example with a single evading company.

Example 4.2 continued. If only firm 0 evades taxes, market shares are equal if

Y _ PP 42(1=7)b

= , 4.50
g 21=1)po ( )
7272,
fo = 4.51
"= A0 ) oy
respectively. *

Of particular interest are the changes in the market shares with respect to policy
changes at the margin.

Corollary 4.3 (Market shares and policy). Ifthe transportation cost function
is linear or quadratic, the impact of a policy change on the equilibrium market
shares depends on the relative impact of this policy change on each firm’s optimal
price:??

dq0 s Op1 Opo

—=——-— fork € {r,p,(}. 4.52

e or On {r.p.¢} (4.52)

In particular,

1. if in addition ¢’ > 0 and 3y = 31, then

g0 s
S22 0=, for k€ {r.p,Ch (4.53)

22The sign = has to be read is of the same sign as.
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2. if in addition ¢" > 0, ¢ is linear and 0 < 3y < 31 = 400, then 3 41, 0 < 44
such that

<0ify <71,

=0ifyn =, (4.54)

>0 ify1 <,

940
or

3. if in addition ¢" > 0, g is linear and 0 = vy < 1 < 400, then 3 Bl, 0< Bl,
such that .
4o <01‘fﬁl<@1,
27 = 0 ifﬁ} = 0, (4.55)
>0 Ifﬁl < ﬁl'

4. if in addition ¢" > 0, ¢ is linear and 0 < 3y < (3 = 400, then

dqo
E < 0, forv e {,O,C}7 (456)

5. if in addition ¢ > 0, g is linear and 0 = vy < 1 < 400, then

% - 0. forv e {p,c). (4.57)

ov 0

PrOOF: The impact of a change in parameter x on ¢y can be reformulated as
990 — 990 9p0 4 9 Op1 _ _ 940 (% — %), for k € {7, p,(}, where the last step is

Ok~ Opg Ok dp1 Ok  Opo \ Ok Ok
9q0 _ %0
Op1

valid for linear and quadratic transportation cost functions because Ty =
holds in this case (see equations (4.2),(4.3) above). This proves equation (4.52).

From the comparative statics follows that

(9p1 apo VT

oq
R — 4.58
ov ov 1133 — @13031 {el (Ch m apl) <a11 * a13) ( )

0
—€g (CIO + po—aZZ) (as1 + a33)]
s 0 .
= ¢ (qo +p03_ZZ) (1 =77 — Brgl(er)er) (4.59)

0
— € (Ch +p18_j71> (1 — 75 — Bog(eo)eo).

For By = 1 =3 = eg =e; = e and 7§ = 77 = 7°. This term simplifies to

Opr Opo (1 —7e)vTe(l —7°— Bg(e)e) { dqo oq
o T A & Go+Pog—— @ — P15y —
Ov ov 11033 — 4130431 Ipo op

é’Yo—’Yl,
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for v € {p,¢} and v~ = (if v = p and v~ = p if v = (. The last = follows from
the first-order condition (4.15) for the case of a linear production cost function.

Analogously,
8p1 3]90 1 _ aQI
_ 28 1 — — 4.60
or or 11033 — 13031 ( re) (o +n Op1 (a1 + ars) ( )

0
—(1 —7ep) (QO +poa—;z> (as; + a33)1

= (1 —reo) (% +pog—zz> (1 =77 = Brg(er)er) (4.61)
— (1 —7ey) <Q1 +P1g—§1) (1 =175 — Bog(eo)eo)-

For By = 1 =: 8 = ey = €1 =: e and 7§ = 77 =: 7° this simplifies to

Op1 Opo (1 —7e)(1—171°—PBgle)e) [ dqo dq

. T . T QG +Pos— — ¢ —P1—

or or 11033 — 4130431 Opo op
=Y — -

This proves equation (4.53).
Items 2.-5. are proved using Example 4.1 and 4.2.

Example 4.1 continued. Assume that 0 = vy < 7; < +00. Then it follows that

Jqo 361710d(51 — 7727')

L . 4.62
or  (3r2720d 4+ 6(1 — 7)10d + P171)? (4.62)
Consequently, .
aqo <Olfﬁl <ﬁA1,
2 © 0if 5y = By,
> 0if ﬂl < 61,
where ﬁl = 727,
The behavior of % is qualitatively depicted in Figure 4.3(a) in this case (limg, %
= % > % for any finite 3; and limg, g % = 0 hold).
IfO:’yo<71 < 400,
9qo _ 30dB1y Ty~ 50 (4.64)

v (30d(P272 4 2(1 — 7)) + Bim)?

where v € {p,(} and v~ = (if v = pand v~ = pif v = (. It is qualitatively
depicted in Figure 4.3(b) (limg,—o 22 = 0 = limg, 0o 22 hold such that the
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g, g,

ot ov

\4

0 ~ > 0
\-/31 Bl Bl
(a) Case 3. (b) Case 5.
Figure 4.3: Market shares and policy if 0 = vy < 71 < +00.
existence of a ; where % = 0 is assured). *

Example 4.2 continued. If 3y < 5, = 400,

<0if vy <y,

0
% —0if v, = ), (4.65)
’ > 0if 3 <,
where
120d 1—17)2 — 72
9 = Boyo(L = 7)*(Bo — 7°7) (4.66)

12(1 — 7)2620d + 2(2 — 7) Boryor7 + 12(1 — 1) 5ofdi 72 + 30dirtT4

and it can be shown that 867-28(1'31 > ( at 41 such that to the left of 44 % is negative
and to the right of 4 % is positive.
The behavior of %if is qualitatively depicted in Figure 4.4(a) in this case <'y11H—>n0 % <
0, lim 2% =0 holds).

y1—oo 9T
Additionally,

990 _ drrv” (1 —7)(3(1 — 7)0d + 1) 5o <0

v (60d(1 — 7)(7272 4+ 260(1 — 7)) + 2(1 — 7) (0 + 71) B + 117272)?

(4.67)
. T2Fu— . .

and lim,, o % = —(39d72§2+6(1ff)633150%)2 < 0, lim, 0o aaiyo = 0. See Figure 4.4(b)
for a qualitative illustration of this case. *
This finishes the proof of Corollary 4.3. ]
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v
o)
l

v

YAI le Y1 Vi Y4

(a) Case 2. (b) Case 4.

Figure 4.4: Market shares and policy if 0 < Gy < 1 = +00.

If a change in the parameter k increases prices, equation (4.52) says that the mar-
ket share of firm 0 increases if and only if the parameter change increases the price
of firm 0 less than the price of firm 1. If both firms have identical marginal con-
cealment costs, the change in the equilibrium market share is solely determined
by differences in the marginal production costs. If both firms also have identical
marginal production costs, they always serve the same market share irrespectively
of policy.

However, an advantage in either aspect of technology can be made up by a disad-
vantage in the other (if 7; < 4+00) as has been shown above. The discussed cases

show that this is also the case for changes at the margin. Note that %, %—‘f and
%—qg are bounded in both examples.

4.2.4 Social Optimum

An interesting and important question now concerns optimal government policy. As
has been shown by the comparative statics results, the government may be able to
influence the market outcome by its tax and tax enforcement policy. The question
that is answered in this section is what tax, audit and fine rate the government
should choose in order to reach a social optimum. It is assumed that the government
does not have any other regulatory instruments available. Therefore, it might use
the available tax and enforcement instruments to influence the market outcome.?

23This analysis does neither suggest that there are no other instruments available for regulating a
duopoly nor that regulation should be down via the tax evasion channel. But it neglects these
instruments to show that tax and enforcement policy may also be used to some extent in this
respect if other instruments are imperfect. The broader question of the role of tax evasion in a
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From the outset the optimization problem has therefore a second-best character.
The possible tax schedules are restricted to linear ones, the possible audit rates
are restricted to constant ones such that any firm is audited with equal probability
independent of its tax report or some other (outside) information. Additionally,
the fine rate may only be constant.

It is assumed that the government chooses its policy and can commit to it. This
is the approach also followed by Cremer & Gahvari (1992, 1993, 1994).2* As the
government sets its policy it takes any reactions of the firms and the consumers
into account.

The government minimizes the welfare losses in the economy. These welfare losses
occur because

e tax evasion causes inefficiencies. If tax evasion is part of the optimum (for
example because full enforcement is infinitely costly), firms spend resources
to conceal their evasion activities;

e production might be inefficient. If the marginal production costs of the firms
differ in equilibrium, production should be carried out to a larger extent by
the more efficient firm, i.e. the firm with the lower marginal production costs;
and

e consumption leads to inefficiencies. Only consumers located at ¢ = 0 and
at ¢ = 1 obtain their preferred good. If the market is not equally split and
the transportation costs of the marginal consumer of buying from firm 0 are
lower (higher) than of buying from firm 1, the total transportation costs can
be reduced if firm 0 serves more (less) customers.

There may be even other welfare losses that are not investigated. Most prominently,
it is assumed that the government can raise sufficient funds to finance a predeter-
mined level of public services. Therefore, no welfare loss from underprovision of
public goods arises.

larger set of regulatory instruments is not investigated.

24 A methodologically different strand of research has analyzed more sophisticated investigation
schemes to maximize expected government receipts or to enforce truthful reporting at low costs
(Graetz et al. (1984), Graetz & Reinganum (1986), Greenberg (1984), Reinganum & Wilde
(1984, 1985), Scotchmer (1987), Mookherjee & P’ng (1989), Sanchez & Sobel (1993), Cremer
& Gahvari (1996)). The results critically depend on whether the tax enforcement agency can
commit to an announced audit rule, or whether it cannot commit. Interestingly, in the former
case, some papers find that the optimal policy is characterized by an income threshold below
which each individual is subjected to an audit with a constant probability and above which
individuals are never audited.
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All these social costs affect the sum of consumer and producer surplus.?> The
following discussion shows how these welfare losses are balanced at the margin in
the optimum.

The Government’s Objective Function

An exogenous revenue requirement is imposed later. Therefore, the following sur-
plus discussion neglects utility derived from consumption of public goods.

An individual that is situated at spot ¢ and buys at firm 0 obtains a consumer
surplus of v — 07(q) — po from consumption of the private good in question. The
consumer surplus of all customers of firm 0 from consumption of the good therefore

is given by
q0

CSo= (v —po)qo — H/T(x)dx. (4.68)

Analogously, a consumer at spot ¢ that buys from firm 1 obtains consumer surplus
of v—0T(1—q)—p1. Aggregation leads to the consumer surplus of consumers that
buy at firm 1 of

1

CSi= (v—p1)gn — Q/T(l — r)dx

g0
1

= (v—p1)(1—q)— 9/T(1 — x)dz. (4.69)

q0

Total consumer surplus is therefore given by

CS = CSy+CS,
q0 1
= U —pogo —p1(1 —qo) — 0 /T(Ji)dx + /T(l —z)dx| . (4.70)
0 9

Producer surplus is equal to the sum of expected profits net of tax as given by

25The approach adopted here to model the objective function is the standard one of total rent
(surplus) maximization. This approach neglects possible objectives concerned with horizontal
and vertical equity. See Cowell (1989) for an alternative.
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equation (4.10)

Z (1 = 7(1 —7ej) — Biglej)elpiq; — vicla;)) - (4.71)

The total surplus given by the sum of consumer and producer surplus S = CS + PS
therefore is given by

S =v—pogo—p1(1l —q) — / dx+/ (1 —x)dx

0 q0

1
+ Z 1 — 7' 1 — rej) ﬂjg(ej)ej]quj' - 'ch(%’»
7=0

q0 1 1
—o-0 | [T@de+ [T - 2| = Y (Ggleemia +welw) (@12
0 q0 7=0
1
— 7Y (1 —7e;)pjg;.
7=0

The maximization of S holding total expected tax and fine revenue constant?® is
equivalent to the minimization of L, the total costs associated with production and
consumption of a unit of output, where

q0 1

1

L= | [T@ist [70-2)de| + Y (Bioleema +uelw)).  (@473)
0 q0 j=0

Therefore, if the government has to finance a given expected revenue it does so

to minimize the welfare losses that are associated with the consumption of output

(the first term of equation (4.73)), the total concealment costs (first term in the

sum) and total production costs (second term in the sum).

The next section discusses the government’s budget constraint and derives the

26To be more precise, expected revenue has to be constant and it has to be equal to the actual
revenue. By the law of large numbers this is guaranteed if there is a large number of markets
like the one discussed here. Otherwise individuals may be worse off even if expected revenue
is constant if the level of the public good provision is stochastic and individuals are risk-averse
with respect to consumption of the public good.
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impact of the policy variables on expected revenue.

The Government’s Budget Constraint

The expected tax and fine revenue is given by

1

R =1Y (1-7e;)pja; — x(p), (4.74)

j=0

where it is assumed that auditing is costly according to the increasing and strictly

convex audit cost function x : [0, 1] — Ry, p — x(p) with x(0) = 0 and if an interior

solution of the government’s optimization problem should be assured lirq x(p) =
p—

+00. An increase in the fine rate may be considered costless.

Before the government’s problem is posed, the impact of tax and tax enforcement
instruments on expected revenue is discussed to determine under which conditions
they are substitutes in raising revenue.

Lemma 4.3 (Effect of tax and enforcement policy on revenue). In general,
total (expected) tax revenue (including fine payments) may be increasing as well
as decreasing in the policy parameters. It is increasing in the tax rate if firms are
identical and the share of evaded sales does not increase too dramatically if the tax
rate rises. It is increasing in enforcement (the audit or the fine rate) if firms are
identical and the marginal enforcement costs are not too high. 0

1

PRrROOF: The government’s expected tax and fine revenue, R® = 7Y (1 —re;)p;q; —
=0

X(p) has the first derivative with respect to 7

1

oRe i ) op; 0q; _Oe;
5= Z {(1 —Te;)piq; + T ((1 — Te;) <8_7-qu +pj3_7f> - Ta_;quj')l

§=0
1
_ _ . (Op, 9q;
= > [1—7e;(1+ne,-)]pjg; + 7((1 — Tey) <a_7_JQj +Pja—;) ) (4.75)
§=0
where 7, - := elj% denotes the elasticity of the evaded share of sales with respect

to the nominal tax rate.

The direct revenue effect of an increase in the tax rate (holding the tax base
constant) is always positive and the effect that higher tax rates are shifted into
higher prices adds to this effect. An opposing effect is also present: the term
-7 Z;:O €jNe; +Pjq; captures the loss in marginal revenue that is brought about by
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(a) Laffer curve with identical firms. (b) Laffer curve with heterogenous firms.

Figure 4.5: Laffer curves.

a higher share of evaded sales (holding prices constant). Additionally, there may be
a revenue effect from the reallocation of market shares. This effect is captured by
the term 7 Z;:o(l —7e;) pj%. As has been shown above some form of heterogeneity
is necessary for % to be nonzero (the effect is not present if the firms are identical:
Bo = P1 and vy = 71). This revenue effect is positive if the policy change increases
(decreases) the market share of firm 0 and firm 0 initially demands a higher (lower)

price than firm 1. In order to see this, rearrange po% +p1% = (po — pl)%.

The following conclusions arise.

1. If firms are identical, % is positive if and only if the loss in marginal revenue
due to increased evasion activities is not too large.

2. If firms are heterogenous, % may be positive as well as negative. The Laffer
curve may arise from a reallocation of market shares or from a large impact

on the share of evaded sales.

The proof of the existence of Laffer curves uses Examples 4.1 and 4.2.

Example 4.1 continued. For identical firms and the parameter constellation 3y =

01 =% = =1, 7 =0.9, the relationship of the tax rate and the total revenue is
illustrated by Figure 4.5(a). *

Example 4.2 continued. For heterogenous firms and the parameter constella-
tions By = 7 = v = 1, f1 = +oo, 7 = 0.99, the relationship of the tax rate and
the total revenue is illustrated by Figure 4.5(b). *
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Similar results hold for the first derivative of R® with respect to the enforcement
parameters:

1

aRe de, 9 0 ,
=7y |:<€jijj - fa—[jqug‘ + (1 —re ) (8]9 qj +pj 8%)] -X'(p) (4.76)

7=0

1

c‘)Re _Oe; _ Op; dq
=7y [pejquj - Ta—gquj + (1 —7¢;) < oc P ag)] (4.77)

7=0

Positive revenue effects result from the higher payments of detected tax evaders
and from the deterrent effect on evasion. Additionally, the price increases add to
the positive revenue effect. If the marginal enforcement costs are not too high and
in case the effect from possible reshuffling of market shares is negligible, aa—ie is
positive. The same applies for a(,%. It is positive at least in the case of identical
firms. |

The previous result has shown that, although expected government revenue may be
increasing as well as decreasing, there is a range of suitably small parameter values
where tax and tax enforcement policies are substitutes on the left side of the Laffer
curves. Let the government’s budget constraint be reflected by a desired tax and
fine revenue R. The government now tries to minimize the costs associated with
financing R. This minimization does not have a solution if it is possible to vary
all three policy parameters, especially both tax enforcement parameters p and (
simultaneously. In this latter case any gain from evasion 7, 0 < 7, should always
be obtained at least costs using a ’large’ fine rate and 'negligible” audit probability.
Mathematically, a minimum does not exist; the least-cost solution is given by an
infimum. To exclude this case the discussion is limited to the case where only the
tax and a single enforcement parameter may be varied simultaneously.

The government’s problem can therefore be formulated as follows?”

q0 1 1
in L= /T Mo+ [T —a)de| + 3 Baleslesm; +relw) (49
|

st. R°=R, pC < 1,

for v € {p, (}.

2"The restriction p¢ < 1 is due to the fact that any policy where p{ > 1 holds leads to full
compliance. For a fixed fine rate full compliance can therefore be reached at minimal costs for
p= % For a fixed audit probability all policies where p¢ > 1 can be substituted with a policy

where ¢ = % without loss of generality.
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The associated Lagrangian (with A, p as the Lagrange multipliers) is

L=10 /T(a:)dx + /T(l —z)dz | + Z(ﬁjg(ej)ejqu]' +7v5¢(g5)) (4.79)

+ MR~ R) + pulpC = 1)

with first-order Kuhn-Tucker conditions that allow for the case of an optimum at
the full enforcement level

oL

o =0 (4.80)
oL

— = .
oL oL

T 0= = - = .
o S 0=7% pw(l—p¢) =0, (4.82)

where the partial derivatives of the Lagrangian function can be calculated to be

0L~ 0l(a) ~ T(1 - ) %+Z 5 (t0te) + o e)e) G 2ms

+gle;)e; (aap; g + f?)q )> + 5 (q )gﬂ - Aaaff, (4.83)
g—f = 0[T(q0) — T(1 = qo)] % + Z [ﬁ] ( g9(ej) + g (e])ej)gijpj%

vatees (e + )5 )) )G A% . as)
g—f = R— R, (4.85)
gﬁ —pC—1. (4.86)

Note first, that the term for the minimization of the total transportation costs drops
out if the firms are identical. Policy cannot change the equilibrium market shares
and, therefore, cannot change the total transportation costs. In this case, the first-
order conditions for the tax and tax enforcement parameters, equations (4.83) and
(4.84) simplify to (equation (4.16) has been used to simplify and firm indices are
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finally dropped)

oL < , e, Op; OR®
5. = ;ﬁj [(g(ej) +9'(e5)e;) 5 ity + g(ej)eja—;qj} A
—__Oe 0, OR®
| rrEEp+ Byle)est —AGE if p¢ < 1,
= { SRSy it =1, (4.87)
- , de; Ip; OR®
5 = Zﬁj [(9(63') +y9 (ej)ej)a—yjquy' + g(ej)eja—quj} — A5,

<
Il
o

rTgcp+ Bgle)egs i p¢ <1, (4.88)
uv- if p¢ =1 |

—

Although the sum of the first two terms of the right-hand side of equation (4.87)
may be negative this case coincides with the case that the marginal revenue is
negative. Equation (4.87) shows that the optimal tax rate is on the increasing side
of the Laffer curve if evasion occurs in equilibrium. The audit rate may in principle
be on either side of the Laffer curve because increases in the audit rate may have an
ambiguous effect on welfare (because it is not clear whether the total concealment
costs increase or decrease). Note that tax evasion leads to social costs as far as it is
associated with concealment costs. These concealment costs may in principle de- as
well as increase in the audit rate. They decrease if the impact of an increase in the
audit rate on the extent of evasion is larger than the associated price effect.?® Both
terms together determine the impact of additional audits on the total concealment
costs at the margin.

It shows that % is positive in the optimum, i.e. in particular optimal auditing is
below the point at which marginal revenue from auditing is equal to marginal costs.
This corresponds to the result of Slemrod & Yitzhaki (1987) for optimal auditing
in a model of individual income tax evasion.

If firms are not identical, the sign of the first term depends on the market shares
in the initial Nash equilibrium. It is positive if and only if ¢y > % If stricter
enforcement increases ¢, it leads to a welfare loss at the margin due to a more
inefficient allocation of customers. Note that comparative statics are difficult at
this level of generality and cannot be deduced immediately from the first-order

conditions.

Proposition 4.3 (Optimal taxation and enforcement). The optimal tax and

280bviously, a price effect does not occur in the case of a unit tax. In this case, the audit rate is
also on the increasing side of the Laffer curve.
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enforcement policy to finance expected revenue of R® in an interior optimum obeys:

OR® | OR® aqo !
57 / 5 T(q0) — T(1 — qo)]=— + JZO [TT qu] (4.89)
1B590es)e; ( Lig; 49,28 4 () 2%
FI\C;j or 45 TP or V€ )
aQO
T(q0) —T(1 — qo)]=— o+ Z 7'7' p]q]
+B9(e;)e; | g, +p q’ +7 ’(q')%
J J a J ]a J J ay )
for v e {p,(}. O

PRroOF: The result follows from eliminating the Lagrange parameter from equa-
tions (4.83), (4.84) and using equation (4.16). [

Proposition 4.3 has an intuitive interpretation. The left-hand side is the ratio at
which both instruments can be substituted for each other such that the expected
revenue stays unchanged. The right-hand side is the ratio of the associated marginal
welfare effects. In the optimum both have to be equal. If, for example, the left-hand
side were larger than the right-hand side then the tax rate could be reduced, tax
enforcement raised and welfare would increase without effects on total expected tax
revenue (see also Cremer & Gahvari (1993)).

An important implication of equation (4.89) is that if firms are heterogenous full
enforcement may not be optimal even if it does not entail any resource costs.

Corollary 4.4 (Full enforcement). If firms differ in marginal production and
concealment costs such that one firm has a comparative advantage in either ac-
tivity (one firm has a comparative advantage in production having lower marginal
production costs, the other firm has a comparative advantage in evasion having
lower marginal concealment costs) tax enforcement below the full compliance level
may be optimal even if it does not entail any resource costs. 0

PROOF: The proof uses Example 4.2.

Example 4.2 continued. Suppose that the government wants to finance a rev-
enue of 0.126 units. In order to do this in the case without tax evasion, where the
government, for example, sets the fine rate such that ¥ =1 — p{ = 0, it needs to set
a tax rate of 10%. Now, assume that it does not enforce taxes strictly but allows for
tax evasion and sets 7 = 0.4. Leaving the tax rate at 10% is not sufficient to finance
the desired revenue: it falls to 0.117 units. In order to make up for this decrease
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Figure 4.6: Welfare improvement through
reallocation of market shares.

in revenue, it is necessary to increase the statutory tax rate to 11%. Although in
the latter case the equilibrium entails tax evasion the total surplus is higher than
in the equilibrium without tax evasion (S = .126 compared to S = 0.141). *

This proofs Corollary 4.4. |

The intuition for the result is as follows: the government can use its enforcement
policy to influence competition and may allow for tax evasion if the efficiency loss
that it induces is lower than the efficiency loss otherwise arising out of (highly)
different market shares.?? It is illustrated in Figure 4.6. The welfare gain of a
reallocation of the market shares due to a decrease in the total transportation costs
is depicted by AT. Although other inefficiencies arise (in the example provided
above the firm with lower marginal concealment costs is also less efficient and,
additionally, tax evasion occurs which implies welfare loss in terms of concealment
costs) these welfare losses may be outweighed by the welfare gain of consumers.

That avoidance behavior may be the result of conscious tax policy, has also been
noted by Stiglitz (1985) in the context of individual retirement accounts (IRAs).
The goal here is to induce individuals to increase savings. Boadway & Keen (1998)
also provide an argument for lax tax enforcement. The role of tax evasion in their
model is that it is used to lower the tax burden in case the tax rate itself is set too
high because the government cannot commit to the optimal lower rate. A similar
result is also obtained by Polinsky & Shavell (1979). They show that a penalty

29Note that some form of heterogeneity is necessary to obtain this result. Otherwise, if firms are
identical ¢ = q1 = % and R¢ = 27(1 —7e)pg. In order to obtain the same revenue as in the case
with full enforcement R = 27pq, the government has to increase its tax rate to 7 = ﬁ.
As this even increases the evasion costs and does not entail any benefits, full enforcement is
optimal if it is costless.
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below the maximal penalty is optimal if there are crimes in which the private
benefit to the criminal exceed the social cost of the criminal activity.

An important question is why firms should differ in their concealment costs if they
operate in the same market. There are several possibilities that explain these dif-
ferences that are in line with the present model. For example, different marginal
concealment costs may arise from different reporting requirements. Information
reporting is extensive in the U.S. (see U.S. Department of the Treasury. Internal
Revenue Service (1990)), however, different requirements apply conditional on the
legal status of the firm leaving larger possibilities to evade for sources where infor-
mation requirements are low like for sole proprietorships. Hibbs & Piculescu (2005)
argue for firm-specific thresholds of tax toleration determined by firm-specific in-
stitutional benefits available when producing officially and the costs of corruption
required to produce unofficially. Their model may also explain the variation of tax
evasion (and underground production) across firms in the same institutional and
regulatory environment.

In a sense the presented model also explains and provides a normative reason for
differences in reporting requirements. If one argues that the concealment cost
function also captures compliance costs even in case of truthful reporting and that
the marginal concealment costs are an instrument of the government because it
may set reporting requirements, it may explain the optimal degree of information
reporting that is imposed on firms.?° In order to explain this in more detail, assume
that G(e, w)pq denotes the compliance cost function. Here, w denotes the degree of
information reporting that the government imposes (with higher w being associated
with higher reporting requirements). With respect to evasion this function may be
assumed to behave like the strictly convex concealment cost function ge discussed
above except that G(0,w) should now be assumed to be positive to capture the idea
that even honest firms have to bear compliance costs in addition to the statutory
tax payment. Additionally, 0 < % should hold to capture the welfare loss that
is implied by the additional administrative effort involved with higher reporting
requirements. Analogously to the discussion above, in the optimum firms should be
subjected to information reporting, for example, required to keep business records,
to an extent that the marginal compliance costs of the last unit of revenue are equal
to the marginal reduction in concealment costs per unit of revenue.

390n a more abstract level, the economic theory of tax evasion has lead to a broader discussion of
instruments available to the government; see Slemrod (1990, 2001), Slemrod & Yitzhaki (2002).

82



4.2 The Model

4.2.5 Determination of Tax and Enforcement Policy by Majority
Vote

Another question — especially if one regards the social planner as an idealization
not existing in the real world — concerns how the actual policy can be characterized
if a majority decides on the tax enforcement level. It is not surprising that it
votes for lax tax enforcement if it evades taxes itself. However, this seems not to
be the case — at least for the U.S.3! Nevertheless, the present model where the
majority does not evade taxes (in fact, individuals do not evade taxes at all, only
companies may evade sales taxes) may be suitable to answer this question. The
benefit of reduced tax payment by tax evasion not only accrues to shareholders of a
tax evading company (in this case one might consider the firm as an instrument or
an intermediary to evade taxes) but to all its customers through higher competition
in the product market.??

It is assumed in this section that tax enforcement is determined by a majority
vote. There are only a few models of tax evasion and voting. Fuest & Huber
(2001) explain the difficulty of tax coordination in a model of tax competition
with tax evasion and Borck (2004) establishes a positive relationship between the
fine rate and tax evasion in a median voter model. An empirical contribution is
Hunter & Nelson (1995) who investigate the determinants of tax enforcement levels
among different states and find that enforcement is lower in states represented by
legislators with oversight responsibility for the tax agency. The following discussion
constitutes the first political economy model of tax enforcement, where enforcement
and taxation are determined simultaneously by majority voting. It is a very special
model of spatial voting and further research is obviously necessary.

First of all, the set of policies that individuals may vote on is restricted. As in the
preceding section it is assumed that the government has to finance an exogenous
amount of revenue, R. The voters are not allowed to vote on R, but only on the
way that it is financed. Therefore, they may only vote on budget-neutral (joint)
changes of tax and tax enforcement policy.

As proved before certain revenues can be financed by different combinations of tax

31The IRS’s Taxpayer Compliance Measurement Program (TCMP), a program for intensive audits
on a stratified random sample of tax returns, has revealed that about 40% of U.S. households
have evaded taxes in 1988 (among which some may even have underpaid their taxes uninten-
tionally as the TCMP revealed that 7% have overpaid their tax obligations).

321t should be easy to show that shareholders of a company that evades taxes favor a weak tax
enforcement policy because it lowers the effective tax payment and raises profits available for
distribution as dividends or higher profits increase the value of their share holdings. However,
this is not convincing in a majority voting model (at least for Germany) because only a small
percentage of Germans actually own shares: in 2004 about 7% of the total German population
owned shares, 17% owned shares and mutual funds, Deutsches Aktieninstitut (DAI) (2004).
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rates and enforcement effort. The purpose of majority voting in this context is to
determine the individually preferred pair of enforcement effort and tax rate that
leads to the same predetermined revenue. Each individual determines his optimum
by maximizing the (indirect) utility function. An individual situated at spot ¢ that
buys at firm j solves®?

max U — p; — 07(q;) + w(R), (4.90)
P
_ 1
st. R* > R, 0<7<1, 0<p<z,
where
_— q if j=0,
q]_{l—q it oj=1. (4.91)

Here, w denotes the utility derived from a public good. All revenue is assumed to
be spent on this public good. As it is assumed that the individual may only vote on
budget-neutral policies the utility of the public good as well as the fixed reservation
value can be dropped from the maximization and problem (4.90) is equivalent to
the minimization of the total costs associated with the purchasing decision and may
therefore be written as

min Py + QT((L), (492)
TP

st. R*=R, 0<7<1,0<p<

N =

Especially for individuals away from the ends of the Hotelling street it is not clear a
priori at which firm they buy and different policies may lead to different decisions.
Therefore, on the whole each individual solves

min {min p; + 07(q;)}, (4.93)

Jj€{0,1} = Tp

st. =R, 0<7<1,0<p<

T

Nevertheless, under the condition that the decisive consumer at ¢ does not change
the decision of where to buy the following conclusion can be drawn.3*

Proposition 4.4 (Policy determined by majority). The optimal tax and tax

33Contrary to the preceding section it is assumed that individuals vote on the tax rate and
the extent to which firms are audited for concreteness. The fine rate is assumed to be fixed
exogenously.

34A sufficient condition for this to be the case is that one firm has a competitive advantage in
concealment and its production cost disadvantage is not too large (see Corollary 4.3).
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enforcement policy that is determined via a majority vote and leads to expected
revenue R satisfies

OR® [ OR®  Op; / Op;
o / T % a%' (4.94D)
PRrOOF: The associated Lagrangian of problem (4.92) is given by
L =p;+0T(g)+ A\R— R (4.95)
with the first-order conditions:
g_f _ aa% - Aaalf o, (4.97)
) (4.98)

Eliminating the Lagrange parameter from equations (4.96),(4.97) leads to the re-
sult. |

Equation (4.94) has again an intuitive interpretation along the same lines as before.
The left-hand side denotes the rate at which the two tax instruments may be
substituted for each other such that the expected tax revenue is held constant. The
right-hand side denotes the ratio of marginal changes of the price at the store where
the consumer buys which are induced by these policy changes. In the optimum both
sides have to be equal. If, for example, the left-hand side where (in absolute value)
larger than the right-hand side the tax rate could be increased and simultaneously
the audit rate decreased in a way that expected revenue can be held constant and
the price that the consumer pays is smaller than before. The case of an inequality
of equation (4.94) can therefore not denote an optimum.

Tanzi (2000, p.172) provides a nice example that might be explained by the model.
He quotes a case where salaried workers have demonstrated in large numbers in
the streets to call for reduction in tax evasion by independent professionals and
other groups.?® The model sketched above implies that these workers may have
been concerned of paying too high prices in addition to other — more obvious —
disadvantages associated with tax evasion.

35The Economist (1997a) also reports that corruption has become an important issue in elections
in Argentina.
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4.3 Conclusions

The model integrates the possibility of tax evasion into a duopoly model with a
horizontally differentiated product (Hotelling model) and price setting firms. It has
been shown that a Nash equilibrium exists and that allowing higher tax evasion
increases competition and leads to lower prices at the margin.

The competitive advantage of a firm with a superior concealment technology sug-
gests that different tax evasion opportunities (or differential tax treatments) may
be a source of a competitive advantage — presumably wunfair competition. This
competitive advantage is present even if there is no advantage on the side of the
production technology. Nevertheless, it has been shown that the government may
intentionally allow such competition to improve the efficiency of the market equi-
librium. It is clear from that the restriction of the available policy instruments is a
critical input of the model and the result has a second-best character.

The assumption that the concealment technology takes the given form is crucial for
the results. A more thorough investigation of its determinants seems mandatory.
Across industry sectors it may vary according to the nature of a good (for example
its visibility) or the size of the firms (Cowell (2004)). In particular, if the evasion
advantage stems from some learning activity in the market it might be a significant
barrier to entry because the established firms can sustain low prices even if they do
not have any cost advantage or own superior production technologies through R&D
or experience. Nevertheless, differences in production and evasion possibilities do
not have to be identical even in the same market. For example, different legal
organizations may entail different reporting duties — to the tax administration as
well as to other stake holders. This is true in particular for partnerships versus
joint-stock companies (or a C corporation compared to an S corporation in the
U.S.). In this sense, the reporting duties might be associated different evasion
possibilities (different 5’s). Empirical evidence on tax compliance of firms is very
limited. Using micro data of U.S. corporations, Rice (1992) finds that firms evade
less if they are publicly traded or belong to a highly regulated industry.®® Thus,
the differences that the present chapter discussed could arise from a different legal
organization of the firm with a concealment cost disadvantage for a publicly traded
corporation. One could also allow the extent of information reporting required by
the tax agency to be a choice variable of the government and some intuition on this
extension has been discussed above.

Similar results should be obtained for other forms of competition, for example, for
the case of quantity competition (Cournot) or monopolistic competition. The only
difference is that the welfare function takes total quantity effects rather than how
a given quantity is allocated among consumers into account.

36He also finds that tax evasion arises if a firm earns lower profits relative to the industry median.
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Naturally, the results are not limited to tax evasion but carry over to other situa-
tions with possible law violations (for example environmental pollution).
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4.A Appendix

Formal Proofs
Reaction Function of Firm 0

Proor: Totally differentiate the first-order condition (4.15) for firm 0 to obtain:

on§ dqo d%qo dqo *qo
d@po (1 =75 = Bogeo) {( Opo + 1o opd dpo + op1 + o OpoOpr dp:

dqo 2 Pqo dq0 qo qo
— c” (—) +d—=|dpy+ ("=—=— +=—— | dp:| =0
* K o) g ) T\ Gpeam T opgop )
The result of Lemma 4.2 follows from rearranging to
2 2 2
(1 =75 — Bogeo) (2% +p0%pqg°> — % (C" (2—;2) + C’%-%)

0
8£0 T e Oq0 92qo 11990 990 /_02q0 (4.99)
(1= 75— fogeo) (32 + pogees ) =0 (73252 + ¢ )

which is positive if the transportation cost function is linear or quadratic and 0 <
c//‘ .

Proof of the Comparative Statics

The first-order conditions for profit maximization lead to the following (4 x 4)
equation system that is satisfied in any (interior) Nash equilibrium (pg, p1, €9, €1):

o . 0q; 0q;
0pj (po, P15 €5) = (1 — 75 — Biglej)e;) (CIj +Pja—é> - %‘C}(C]j)gi =0, (4.15)
ons
50, o p1 ;) = (1= pQ)7 = Bi(g(e;) + g'(e5)e;))psa; = 0, (4.16)
j
for j € {0,1}.
In order to derive the comparative statics, totally differentiate (4.15),(4.16) and
remember that 8;(16;[ =0, for j,k,1 € {0,1} for a linear or quadratic transportation
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cost function. One obtains (all endogenous variables take optimum values):

205 — (21— 7% — Shgten)en) — 10 ()52 ) S+ (1 =75 — gleakeo
- ’YOC”(QO)%> g—]q)od p1 — [(1 = Feg)dT + (Cdp + pd()Teo] (QO + Po g]q)(;)
— g(eo)eo <QO + Do gp()) dBy —¢ (QO)g—Od’Vo
(1 =75 — Bogleo)eo) (po — Y0¢ (qo ))d9 _0
02(T"(qo) +T"(qu))
dgzs = — ((2¢'(e0) + ¢"(e0)eo)deg + 7dT — 7(¢dp + pd()
— (g(eo) + g'(e0)e0)dBy =0
g;f = (1 — 11 — Bigler)er — 716”(611)2—;1) S—Z(I)dpo + (2(1 — 71 — Big(er)er)
e ) g ) gl = [ re)dr + (cdp+ pa0yre] (a4 prg )
—gler)e <q1 +plg ) dp — ¢ (ql)g—d’h
(1 =177 = Bigler)ed)(pr — nd(q)) ,,
TR ey
ST~ B2 () + o (er)erder + 7 = 7(Gdp -+ pid)

—(g(e1) + ¢'(e1)er)dBr =0

or in Matrix form (to abbreviate set (2¢'(e;) + ¢”(ej)e;) := g;):
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"18p < |%€p| pue €Ip < || osneooq oAIIsOd SI ULID) pojaydRIq o1} Se

Aooﬁ{wv ‘0 < AHMGmHG _ mm@ﬂ@vﬁu@mm@ = Q\vumﬁ
s
Ygp(ta(12),6 + (12)6) + (Opd + dp))L + Lpd—
((*5) ,L+(%D) uL) 26 iplde 1 1dg | | [TgpTa(12)6 + T d +d T op
OP () oL —1d) (Ta(To)b Ty —T—1) Aw:mmﬁvwv\u.m. ﬁﬁm@% &A.w u ﬁwﬂwvﬂ 2)0 + To£(5pd + dp)) + +p(To4 — 1)] _ | wp y
oguomow\ + (02 + (Opd +dpH)+ + Lpua— 09p
@ /i @ /
O (o ok ey — PG (*0)2 + | g0 4 00| [99p02(09)6 + 09.4(3p0 + 0p3) + 4p(094 — T)] 0dp
“HT“HﬂH,ﬁwAES
15— 0 0 0
0 E\mﬁs\m;\ — (Ta(10)B1g — Lo — 5& 0 Mo E\mﬁs\\; ~ To(10)6Tg — L — L
0 0 06— 0

do [ od odp [ od
0 w@‘m ﬁ&?@v:ug\ — 09(09)60g/ — 01 — L 0 %m ﬁﬂmﬁo@vtwg\ — (09(02)60g — 91 — Hi
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Consequently,?”

(1 —rep) (QO +po§—gg> 0 a3

% 2 det =T az 0
or ¢ 1—7 dq1 0
(1 —re1) (@1 +pigh as3
—r 0 0 g4
_ 0 B 0
= Q2044 [(1 — Tep) (QO +Pog—go) ass — (1 —req) <C]1 +p1a—gl) a13]
0 1
= +1, (A.101)
vV Teq <QO +po§—§g> 0 a3 0
% s det VT a99 0 0
ov vV Tep (q1 +plg—§1> 0 ass 0
VT 0 0 ay
_ - 940 I
= Q22044V T |€0 | Qo+ Pos— |33 —€1 | 1 + P15— | Q13
dpo Op
= +1, (A.102)

where v € {p,(} and v~ =(if v=pandv™ =pifv =(.

Symmetrically,
an 0 (1 —rep) (qO +pog—§g>
a s —r
oD s det 0 ax " 5
or a1 O (1 —7:61) (q1 +p16—§1> 0
0 0 —-r 44
0 0
= (22044 {(1 —Tey) (Q1 +p1(3_;:) a;; — (1 — reo) (CIO +poa—;i2) a31:|
= +1, (A.103)

3TThe sign = has to be read is of the same sign as.
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an 0 v Teg (CJO + po SZg)

apl s 0 929 VT
—— =det 5
v az; 0 vTe ( G+ 621) 0
0 0 VT 44
_ - Oq dqo
= g0V T |€1 | 1 +P18— a1 — €| qo+Pos— | as1
P1 dpo
= +1, (A.104)

where, again, v € {p,(} and v~ =(ifvr=pandv- =pif v = (.
Additionally,

g(eo)eo (qo + Pogy ) 0 a3 0
9po 2 det g(eo) + ¢'(eo)eo axp 0 0
850 0 0 ass 0
0 0 0 Q44
aq0 s
= g(eo)eo (QO +poa—) aga33a44 = +1. (A.105)
Po
0 0 ais 0
Ipo s 0 axp 0 0
_— = det Oq1
b gler)er <Q1 +m 6—> 0 as; O
gler) +g (61)61 0 0 aw
glerer | ¢ + Pig - ) 13022040 = +1, (A.106)
QO)ai 0 a3z O
Ipo s 0 a 0 0 dqo
—— = det > — = 41, A.107
9 e 0 0 am 0 d(qo) P 0a22a33a44 =+ ( )
0 0 0 Q44
0 0 a13
Ipo s 0 ap 0 0 oq
—— = det = — = +1. (A.108
oy | @) 0 a0 @), ;1302200 = 1 (A108)
0 0 0 au

With respect to the differentiation parameter the comparative statics can be cal-
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culated to be given as follows:

(1—75—Bog(eo)eo) (po—oc’ (q0))
T R ) T (@) 0 as 0
a7 = (A—7f—P1rg(er)e1)(pr—1¢'(q1))
99 T R @) T ) 0 a0
—7 0 0 ay
_ |+ 77— Buglea)en)(pr — ’YlC/(fh))alg

0*(T'(q0) + T"(q1))

1 § — — ! s
(L + 75 — Bog(eo)eo) (o — Yoc (CIO))a33 (pptigs = +1,

02(T"(q0) + T"(a1))

(1—7§—Bog(eo)eo)(pPo—0c (90))
an 0 =ty () 0
W1 s gor | O 022 -
- = (1475 —Brgler)en) (p1—m (1))
o0 a0 =) O
O 0 —r Q44

_ (1 —7¢ — Bog(eo)eo)(po — 'YOCI(QO))G31

0*(T"(q0) +T"(q1))

1 F— —mc 5
B (1 + 77 = Bigler)er)(m %C(ql))an} gty = +1.

0*(T'(q0) + T"(q1))

Furthermore,

a;p (1 —reg) (% +Pog—g> a3 0

Oe —7 0

vto A det 0 - r 8

(97' asy (1 — 7’60) (ql +p18—21> ass 0
0 —F 0 au

= Taq(ai3a3; — apjass) = +1,

ap; Vo Tey (CJO +po§—f,g) a3

Oe - 0

“9 2 et 0 v a

v asy v Tep <Q1 +p13—gi> a33

0 VT 0 ay

_ S
=V Ta44(a11a33 - a13a31) = -1,

(A.109)

(A.110)

(A.111)

(A.112)
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air g(eo)eo (C]o+pog—f)§))> ais 0
aeO s

— = det 0 g(eo) + g'(eo)eo 0 0
5’50 asi 0 ass 0

0 0 0 Q44
= (g(eo) + g'(e0)eo)asa(arrazs — arzas) =1, (A.113)

where v € {p,(} and v~ =(ifv=pand v- =pif v =_.

The symmetric comparative statics are obtained for firm 1:

ain 0 a3 (1 —7ep) (QO +Pog—gﬁ>

a61 s 0 92 0 —r
— =det B 5
or azi 0 aszs (1—T7eg) (CI1 +m T;ﬁ)
0O 0 0 —7
= Fag(ar3as — anass) = +1, (A.114)
a;; 0 a3 v Teg (QO + pog—zg)
der s -
ﬁ 2 Jet 0 ayp O vV T ,
7 azr 0 azz v Te (Ch + pla_gi>
0 0 0 VT
= V_Ta22(a11a33 - CL136L31) = —1, (A115)

ain 0 a3 g(eo)eo <QO +pog—§g>

9 s g | 0 am 0 gleo) +g(eo)eo
96 a1 0 ass 0
0 0 0 0
= (g(eo) + g'(e0)eo)asa(ariazs — arzaz) = —1, (A.116)

where, again, v € {p,(} and v~ =(ifvr=pand v™ =pif v = (.
This finishes the proof of Proposition 4.2.
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The Case of a Unit Tax

If the firms are subjected to a unit tax at rate ¢, 0 < t < 1, the expected profits
are given by

e

T = (p; — (1 —7e;)t — Bigles)es)q; — vielgy), for j € {0, 1}, (A.117)

and the first-order conditions for interior solutions may be calculated to be

on 0q; dq;

9TV 1 — e — BealeNe U o 10,9

p; q; + (pj — (1 —Teg)t 529<€J>€J>apj Vi€ (%)apj 0, (A.118)

ons

_86]- = [rt — B;(g(e;) + g'(ej)e;)lg; = 0. (A.119)
J

The production decision is separable from the tax evasion decision (but not vice
versa).

This separation implies that changes in the government’s tax enforcement policy
influence the production decision only directly through their impact on the marginal
return to production and not through their impact on the marginal return to evasion
and the associated changes in tax evasion.

With the analogous reasoning as in the case of a sales tax it can be concluded that
tax evasion leads to lower prices if the marginal revenue is strictly decreasing.

Comparative Statics

A Nash equilibrium exists and the comparative statics can be derived to be signed
as follows:

Opj Op; Ip;

— — — A12
T > 0, 8,o>0’ ac>0, ( 0)
an 86]' 66]' 86]'

— — — — . A.121
8t>0’ 8p<0’ 8C<O’ 8ﬁj<0 ( )

PROOF: The production decision is separable from the evasion decision. Therefore,
the comparative statics of the latter decision can be derived first. The results are
the same as in the case of sales tax evasion because gains and costs are linear in
the tax base.

Differentiate the first-order condition for optimal evasion

on¢

S =t Bi(g(es) + g (e)es) =0 (A122)
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to obtain
37r§ , ) _
A = = B;(29/(e) + 9" (e;)e;)de; + Fdt — (pdC +Cdp)t
J
— (g(ej) +g'(ej)e;)dB; = 0.

Therefore,

% B T

ot B;(29'(e;) + g"(ej)e;)’

0

Op  B;(29'(e;) + g"(ej)e;)’

0y

¢ B(29'(e;) + g"(e5)e;)

de; _ —(g(e;) + g'(ej)e;)

06;  B;(29'(e;) + 9" (e)e;)’

with the given signs if ¢” > 0.

(A.123)
(A.124)
(A.125)

(A.126)

The comparative statics for the optimal prices are obtained from the differentiation
of equation (A.118) for j = 0,1 (for simplicity it is assumed that 7T is linear or

quadratic such that Bizqa;z =0, for j,k,1 € {0,1})

one dqo < Oqo ) 2
d 0 — 9210 _ " —4Y
Ipo [ dpo 70¢” (4o) Opo

. 0qo dqo
— (1 = Feg)=2dt — (pd¢ + Cdp) egt—= = 0,
(1 —Teg) 0 (pd¢ + ¢dp) e p

Op

dq0 " dqo Oqo
d Z10 210 740
Po [ Yoc” (q0) Opo O

] dp,

on§ oq 0q1 O oq oq ?
d=—t = | == — (1) =—=—| dpy + |2=— — 1" — d
op1 [apo " ((h)apl Ipo bo Ip1 " <q1> Ip1 b
o Oq1
— (1 —re;)=——dt — (pd¢ + (dp) e1t— = 0.
(1= Fex) i = (pdC +Cdp) ent
Arrange this equation system into a matrix form
2— 70" (q0) 32 ) 52 (1 — 70" (q0) 52 ) 52 ( dpo >
1 _'ch//(%)g_;ﬁ g_;]); 2—’716//(611)2—21 g_ztﬁ dp

J

v~

B=:

[ (1= 7eq)52dt + (pd¢ + (dp)eg
S\ (- Fel)g—gidt + (pd¢ + C(dp)est
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It follows that

dq dq dg0 \
o N 1" Y40 N 1" Y41 40
det(B) = (2 Yoc (qo)8p0> (2 Vi€ (Ch)&pl) (8190)
9qo aql) <8CI0>
— — /! — 1-— /! 0. (A.127
<1 YoC (QO) 8p0) < Y1€ (ql) 8 apl > ( )

Therefore,
(1 —Fer) (1 — 70" (q0) ap()) g;? g]qﬂ >0, (A.128)
—(1 — 7e) (1 — " (q1) ggi) SZZ g}zﬂ >0, (A.129)
5 = a1 (2= (5r)
—ertC (1 — (g )gz(;) g;? g;ﬂ >0, (A.130)
% [ (o) (51)
—eotC (1 — (g )g‘h) g;z gg; =0, (A.131)
s o) (3
—ertp (1 — 70c"(qo0) apo) g;? g}qﬂ >0, (A.132)
2 o) (2)

0 gy O
—eotp (1—%6 (1) QI) o 9

> 0. A.133
op1 ) Opo Opo ( )
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This completes the proof. |

Social Welfare

As in the case of sales tax evasion a suitable welfare measure is total surplus,

q0 1

1
S =0+ w(R) 6 /T<x>dx+ / (1 —a)de| = 5" (Biglesesss +vie(a)
0 q0 3=0
1
-7 (1—"7ej)q; (A.134)

=0
the maximization of which holding total (expected) revenue constant is equivalent
to the minimization of

q0 1

L= | [T@iet [T0-2)de| + Y (Bigleen + ). (4139

0 q0 j=0

Writing down the associated Lagrangian (with A, u as the Lagrange multipliers)

q0 1

£=0 /T(x)dx+ /T(l—az)dx + S Bialeess; +yela)  (A136)

qo J=0

+ AR~ R) + plp¢ = 1)

one obtains the first-order conditions

oL 8(] Oe;
- = 0[T(q0) — T(1 — o) _O"‘Z{ < g9(ej) +d'(ej)e)) atqu'

ot
q; 8Re
+g(ej)ej—= oy > + ;¢ E} 0, (A.137)
oL g  — de;
9, =T ~T0 - w3+ 3 5, ( oles) + 9/ (es)e) g,
aRe
+g(ej)e;—== 5 ) + 7, 8—q] +uv- =0 (A.138)
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oL _

Z_R_R= Al
= -R=0, (A.139)
oL

o —1= A.14

where v € {p,(} and v~ =(ifv=pand v =pifv = (.

Using the first-order condition for the evasion decision and eliminating the La-
grange multiplier yields the equation that any optimal tax and enforcement policy
to finance expected revenue of R obeys:

OR¢ | OR® g0 [ Oe;
o / o= [T(a) —T(1- qo)]a_to +) {rta—tﬂqj (A.141)
j:
J ] i at ] J at
dqo L de;
Tlan =70 - w50+ 3
dq; 04
+5j9(€j)€ja—yj + 75¢ (Qj)a_yj} :
for v € {p,(}.

Also in the case of a unit tax it is possible that in the optimum 7 > 0 is chosen even
if enforcement is not associated with resource costs. The proof uses Example 4.2.

PROOF: Suppose that the government wants to finance a revenue of 0.2 units. To
do this in the case without tax evasion, where the government, for example, sets the
fine rate such that 7 = 1 — p{ = 0 it needs to set a tax rate of 20%. Now, assume
that it does not enforce taxes strictly but allows for tax evasion and sets 7 = 0.5.
Leaving the tax rate at 20% is not sufficient to finance the desired revenue: it falls
to 0.18 units. To make up for this decrease in revenue it is necessary to increase the
statutory tax rate to 23.5%. Although in the latter case the equilibrium entails tax
evasion the total surplus is higher than in the equilibrium without tax evasion. W
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Chapter 5

The Implications of Tax Evasion for
Economic Growth™

Although growth theory is a very active field of economic research, models that
explicitly take the possibility of tax evasion into account are rare. The notable
exceptions are discussed below in greater detail. It is quite surprising that the
literature does not provide an unambiguous prediction on the relationship between
tax evasion and economic growth. One purpose of this chapter is to stress the role
of a benevolent government in such models and to show that under the standard
assumption of a welfare maximizing government tax evasion cannot be beneficial
for growth (or welfare) even in the case of a purely consumptive public good.

5.1 Introduction

Tax evasion may affect the allocation of productive factors in several ways. On the
one hand, all effort to evade taxation on the side of taxpayers and equally all effort
to detect evaders on the side of the tax authority is a deadweight loss. On the
other hand, the after-tax return of production in the shadow economy — where no
taxes are paid by definition — is higher than in the official sector and some factors
may be employed underground. Tax evasion may also affect the incentives to invest
and, therefore, long-run economic growth. This is also true for the redistribution
associated with tax evasion. Tax evasion redistributes income from the honest to
the dishonest and from the evaders caught to the ones not detected. If the marginal
propensity to save and invest are different for both groups (maybe because both

“Earlier versions of this chapter have been presented at a PhD-student conference at the Royal
Institute of Technology (KTH) in Stockholm, Sweden, in 2004, the 2005 Annual Meeting of the
Public Choice Society (PCS) in New Orleans, USA, the 2005 Annual Congress of the Swiss Soci-
ety for Economics and Statistics (SGVS) in Zurich, Switzerland, and the 2005 Annual Conference
of the Royal Economic Society (RES) in Nottingham, UK. Particularly helpful were comments
by Cecilia Garcia-Penalosa, Marco Sahm and Ulrich Woitek.
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are determined by an underlying difference in the propensity to take risk), this
redistribution likely affects the overall amount of investment.

Some papers that deal with one or the other aspect are discussed shortly in the
following.

Wrede (1995) formulates a (discrete time) overlapping generations model of en-
dogenous growth with a completely rival productive public good, where saving and
tax evasion (of interest income) decisions are endogenous. With individuals hav-
ing logarithmic preferences and a production function with increasing returns to
scale he shows that tax evasion has a negative impact on growth because the loss
in tax revenue leads to lower levels of the public good and income (and savings)
falls. With respect to the tax enforcement parameters his results are ambiguous
and depend on the intertemporal elasticity of substitution.

Roubini & Sala-i-Martin (1995) develop a model, where the government reacts
to evasion: in countries with tax evasion the government increases seignorage by
repressing the financial sector and increasing inflation rates. This government policy
tends to reduce the amount of services that the financial sector provides to the
economy, therefore the result is lower growth.

Caballé & Panadés (1997) study in particular how tax compliance policy in the
form of auditing and fine rate affects the rate of economic growth in a (discrete
time) overlapping generations model with identical individuals with logarithmic
utility, where tax financed public goods are productive. They find that this effect
is in general ambiguous, and depends on the importance of public inputs in the
production process because (if compliance is not perfect) stricter enforcement in-
creases compliance, leading to two effects in opposite directions. On the one hand,
private savings fall with falling disposable income. On the other hand, the rise of
public inputs leads to higher investment because of the increased productivity of
private capital.

Lin & Yang (2001) adapt part of the growth model of Barro (1990) in a continuous
time endogenous growth model with tax evasion. If public goods have consumptive
character only, Barro (1990) finds that the growth rate is strictly decreasing in the
tax rate. Lin & Yang (2001) show that for individuals with logarithmic preferences
economic growth is increasing in tax evasion because resources are diverted from
the unproductive government sector to the productive private sector.

Chen (2003) investigates an endogenous growth model in continuous time with a
Cobb-Douglas production function with public capital financed by an income tax
which can be evaded. He investigates the optimum decision of saving and evasion
in an environment without uncertainty assuming that individuals hold assets of
enough firms so that auditing for a fraction of income is certain by the law or large
numbers. The government optimizes the tax rate, the auditing probability and
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the fine rate given the consumer’s evasion decision. In general, these policies have
ambiguous effects, but for realistic parameter constellations he finds that growth
declines with tax evasion.

A main result that is challenged in the following chapter is the presumption that tax
evasion is growth enhancing if the productivity of the public good that is provided
is sufficiently low.

The structure of this chapter is as follows. A dynamic tax evasion model is devel-
oped along the lines of the model of Lin & Yang (2001) in section 5.2. The structure
of the economy, household preferences, production possibilities, and the role of the
government are defined subsequently in section 5.2.1. Closed-form solutions for
the household’s intertemporal optimization problem are derived (section 5.2.2). In
Section 5.2.3 it is shown that if public goods are purely consumptive and utility is
separable in the private and the public good tax evasion spurs growth because it
leads to higher (expected) income and, therefore, higher savings (and investment).
If the interaction between taxpayers and government is modelled explicitly, this
conclusion need not hold because a welfare maximizing government adjusts its tax
rate upwards to ensure the efficient provision of a public good (section 5.2.4). In
case evasion involves no other costs than risk a neutrality result is derived: tax
evasion has no impact on the growth rate.! Section 5.3 concludes.

5.2 The Model

5.2.1 Assumptions

Consider a continuum of identical individuals of mass 1 with no population growth.
Each individual is identified by a utility function defined on a private good ¢ (con-
sumption) and a pure public consumption good g, both considered as flows.

Assumption 5.1 (Utility). Assume that for each point in time the utility func-
tion u, u: Rf x Rf — R, (¢, 9) — u(c, g), exhibits a constant coefficient of relative
risk aversion in the private good and is separable in ¢ and g, i.e. u is of the form

(- 6)%, +0uv(g) for « #1,
ule,g) = { (1—0)In(c) +0v(g) for a=1, (5.1)

where o denotes the coefficient of relative risk aversion with respect to consump-
tion defined and discussed by Pratt (1964) and Arrow (1970); 6 denotes the weight
attached to consumption of the public good; v : Rf — Ry, g — v(g), is a strictly

!Clearly, this is a knife-edge case and if tax evasion involves resource costs or other inefficiencies,
this does not hold and tax evasion goes along with lower growth rates.

103



Chapter 5 The Implications of Tax Evasion for Economic Growth

increasing, strictly concave and continuously differentiable function.? Assume, fur-
thermore, that the von Neumann-Morgenstern axioms hold, i.e. individuals are
expected-utility maximizers. Intertemporally, assume that utility is additive sep-
arable and state and time independent. Individuals discount future utility at a
constant rate k, 0 < k < 1. v

Note that « also denotes the inverse of the elasticity of substitution of consumption
between two points in time that is to say for high levels of a an individual is less
willing to depart from a smooth consumption path.

Consumers optimize their consumption and evasion stream over an infinite planning
horizon T" := [0,400), where time is continuous, taking as given the restrictions
imposed by the production possibility set and the tax and penalty system.?

In order to derive closed-form solutions with ongoing growth, a model of endogenous
growth is used assuming that the production function is of the AK-type, i.e. exhibits
constant returns to capital.?

Assumption 5.2 (Production possibilities). Let output per capita, y, be pro-
duced by the constant returns to capital production function:

y = Ak, (5.2)

where k denotes the per capita capital stock net of depreciation and A, 0 < A, a
technological parameter. Across time, the production function is assumed to be
stationary. v

Taxes are levied on income and tax revenues are used to finance the provision of
the public good. For simplicity, a linear tax and penalty framework is considered.

2The CRRA specification of utility (a # 1) is, for example, used by Barro (1990). It is widely
argued that CRRA-utility is a reasonable assumption, see, for example, Pratt (1964) and Arrow
(1970, Chapter 3). It is assumed that utility is separable in the private and the public good.
A more general form of u could take account of complementarity or substitutability but makes
the problem more difficult because the individual would have to form a believe on ¢ (taking
possible tax evasion of others into account). The logarithmic specification was used by Lin &
Yang (2001).

3This modifies the first growth models with consumer optimization of Ramsey (1928), Cass (1965)
and Koopmans (1965).

4According to Barro & Sala-i-Martin (1995, p.39), this production function was first used by
von Neumann (1937). Possible explanations for constant returns to capital are technological
progress and a broad interpretation of capital including human capital, see e.g. Romer (1986),
Rebelo (1991). Note that, technically, this assumption is crucial for the continuous-time model
because only then drift and shocks in the stochastic differential equation (5.9) are proportional
to the current state.
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Assumption 5.3 (Tax and penalty system). The tax system is fully specified
by a constant income tax rate T for positive declarations of income, 0 < 7 < 1.
The penalty system is described by a constant fine rate ¢, 1 < (, to be paid on
the amount of evaded tax.” To be more precise, the tax schedule is given by the
function T : R — R, yg — T (ya):

O)yd < 07

5.3
Tydvo < Yd, ( )

() = {

where yq denotes declared income. The fine schedule (including tax repayment) is
given by the random function ¢ : R x Q — R, (ye,w) — ((ye,w):

3 CTYe, 0 < Ye Nw = ¥,
C(l/e;w) = —TYe, Ye < 0N w = ye, (54)
0, w=0,

where (2, F, ) is the probability space with event set Q := {y.,0}, o-algebra
F = P(R2) and probability measure u(y.) = p, p1(0) := 1 — p, for some detection
probability p, 0 < p < 1. v

Remark 5.1. As there is no loss offset and overpayment of taxes is only repaid in
case of an audit, this specification of the tax and penalty structure ensures that a
risk-averse individual always chooses yq € [0, y]. A

With identical individuals this setup leads to a representative consumer-producer
economy. Per capita output accrues to the consumer as income. At each point in
time ¢, an individual with given income y(t) has to decide simultaneously how much
income to declare y4(t), 0 < y4(t) < y(t), and, respectively, how much to evade,
Ye(t), where y4(t) + y.(t) = y(t) always holds. Tax evasion is therefore possible
by underreporting income. This approach is common in the tax evasion literature
since the seminal paper by Allingham & Sandmo (1972).

The government does not know initial capital per capita kg (therefore cannot infer
the true income stream), investigates a fraction p of all individuals and detects
evasion if and only if the tax cheater is subjected to such a random audit.® The

5This specification of the fine follows Yitzhaki (1974) and is the more realistic alternative to the
one proposed first by Allingham & Sandmo (1972), where the penalty is imposed on evaded
income.

6Clearly, this is a simplification. As far as the decision on actual audits is concerned it is also
unlikely that the enforcement agency audits at random. In the U.S.; for example, the IRS
employs a range of methods to detect evaders. In particular, it uses the results of its program of
intensive audits: the Taxpayer Compliance Measurement Program (TCMP). On the basis of its
results it assigns to each tax report a likelihood that it is incorrect. Andreoni et al. (1998) state
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government’s actions are exogenous for the moment, i.e. 7,p and ¢ are given.”

Individuals are assumed to be fully informed about the penalty and audit rate.
Thus, from an individual’s point of view, auditing is random and disposable income
after taxes and fines is a binary random variable:

it w) = y(t,ye) = (1 —7)y(t)+ (1 —{)7ye(t) with probability p,
yihe)= y(t,0) = (1—7)y(t) + Tye(t) with probability 1 — p.

(5.5)
At each point in time the individual trades off a lower tax payment by evading
income with the risk of a fine in case of an audit.

Tax evasion resembles the portfolio decision with a safe and a risky asset (evaded
income). Denote by 7 := 1 — p( the expected return of one unit of evaded tax.
Then a well-known result due to Arrow (1970) can be applied.

Remark 5.2. In a static setup a risk-averse individual takes risk, i.e. in the present
context evades taxes if and only if the expected return on the first unit is positive,
re. 0 <. A

Tax evasion implies that the effective tax rate differs from the statutory rate.

Lemma 5.1 (Expected tax rate). For given income y, statutory tax rate T and
enforcement parameters p and ¢, and (endogenously determined) share of evaded
income e := y—;, the expected tax rate is:

7¢ = (1 —7e)T. (5.6)
O

Proor: Fix t, y, 7, p, ¢, e and remember 7 = 1 — p{. Then the expected tax and
penalty payment is:

E[T(ya) + ((Ye,w)] = (1 = p)7(1 — e)y + p((1 — )Ty + (Tey)
=7(1 —Te)y. (5.7)

Therefore, income is taxed at the expected rate 7(1 — 7e) =: 7°. |

that over 50% of audits are based on this score. According to their calculations, the yield of
a random audit is $289 compared to $5.500 for non-random ones. Nevertheless, the model uses
random audits for simplicity.

"Technically, the probability space is endowed with a constant filtration (especially, the possibility
that the probability of audit may depend on the results of prior audits is excluded). To keep
notation as simple as possible the probability space on T is identified with the probability space
(Q,F, ).
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As a continuum of individuals is assumed this expected rate is equal to the effective
rate of taxation in the whole economy by the law of large numbers.

It is assumed that all revenue is spent for a public good.

Assumption 5.4 (Balanced government budget). Contemporaneous tax re-
venues and penalties are used to finance the public good. Thus,

g(t) =7(t)y(t), Vt € T. (5.8)
v

5.2.2 Individual Optimum

The first step of the analysis is the optimal allocation of capital across time in
an uncertain environment from an individual’s perspective. As disposable income
is random, consumption and savings depend on whether an individual has been
audited or not. Savings, s, equal investment in this closed economy and augment
the capital stock. They are therefore the driving force of growth.

Taking the uncertainty of an audit into account, the capital stock per capita follows
a linear stochastic Ito differential equation®

dk(t) = [(1 —7(t) + 7(t)7(t)e(t)y(t) — 0k(t) — c(t)] dt + (o(t)e(t)y(t))*dz, (5.9)

where §, 0 < 4, is a constant depreciation rate, o := p(1 — p)(¢7)? is the in-
stantaneous variance of the process and {z(¢),t € T} is assumed to follow a one-
dimensional standard Wiener process on the probability space (£2, F, p).

Thus, the state of the economy is described by a stochastic differential equation
involving variables, which can be adjusted by the individual so that his objective
of maximal (expected discounted) utility is achieved. (1 — 7 + rFre)Ak — 0k — ¢
denotes the average drift of the capital process, which is perturbed by a noisy term
depending on whether an audit has occurred or not.

At any instant t the individual chooses ¥(t) := (c(t),e(t)) in order to control
(the moments of) the process. To ensure that the individual’s objective functional
is well-defined (t) must at least be measurable. In the following, only Markov
controls are considered.”

8See Dixit & Pindyck (1994) for an introduction to stochastic processes and its applications and
Lin & Yang (2001) for the application to tax evasion. The derivation of this process is shown in
Lin & Yang (2001) and the present formulation takes the correction first hinted at by Caballé &
Panadés (2001) into account, that is the fact that the instantaneous variance is quadratic in the
tax rate.

9Tf the value function of problem (5.10) below is maximized using some other control, there is also
a Markov control that does not perform worse under certain mild extra conditions (Oksendal
(1998, Theorem 11.2.3, p.232)).
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Assumption 5.5 (Markov controls). Assume that the individual chooses a plan
among feasible Markov controls, i.e. controls that only depend on the current
state. v

Consider the decision of the taxpayer of how much to consume and save respectively
and how much to evade. The individual’s problem is'°

max o / [(1_@%%@(9@)) exp(—rt)dt b (5.10)

11—«

c(t) <wy(t), 0 <e(t) <1,

k(t), all t € T, k(0) = ko > 0,

where E.{-} := E{:|k(¢)} states that in choosing the plan v, the individual takes
the available information about the state of the system at time ¢ into account. The
utility derived from the public good may be dropped from the optimization problem

because every individual takes its provision as given. As @ is a constant it may also
be dropped from the maximization.

The solution of problem (5.10) can be found using the approach of stochastic dy-
namic programming. The Bellman equation for problem (5.10) is'?

kI (k) = max {Cll_a—_alJrI’(k) ({1—7’4—?7’6—%1 Ak—c> (5.11)
+%I”(k)(aeAk)2} |

where I(k) := max Eq { i M exp(— mf)dt} denotes the value function and
0

the right-hand side yields the necessary conditions for an interior optimum:
I'(k)
I'(k)rr Ak + I”(k)( y)le =

0, (5.12)
0, (5.13)

such that the marginal value of capital equals the marginal utility of an additional
unit of consumption and the marginal utility of an additional unit of income evaded
equals the marginal disutility of increased risk.

10The solutions are continuous in «, therefore, results for the case of logarithmic utility can be
obtained from the solution to the general CRRA utility case.
" Time indices are suppressed in the following calculations.
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It follows:

c(t) = [I'(k(t)] (5.14)

o I'(k@)r(t)7(1)
S TR TATE (5.15)

Substituting equations (5.14) and (5.15) into equation (5.11) one obtains

oI L B S (1—7——) g LB

l-—a I"(k)o?
J I'(k)rr)?

+ I'(k) <1 - Z) Ak — [N(W (5.16)

W) L [

= TR -

l—« l—«

an implicit nonlinear differential equation of order 2, of which the solution can be

written as I(k) = C:(ll . )1 where C'is a constant to be determined as follows:

l1—«

C 11—« 1 _T 20 1—a
—k [?] —K (5.07)

Gk _a (%) R (= nA 4]

1—a

11—« 11—«

ec=a(9)  ra-a-na-aSe it [0)E
& n=aC st 4+ (1-a)(1 )4~ g+ - [%T]Q
@Cz/{(%—l;a((l—T)A 5+%[T—T]2>)a. (5.18)

Now the optimal consumption and evasion plans can be determined.

Proposition 5.1 (Individual optimum for CRRA utility). The optimal con-
sumption and evasion plan are given by:

c(t) = Dk(t), (5.19)
() = — (1), (5.20)

where D ;= £ — =2 ((1—7’)14—5—1-L [F—Tf).

At each point in time it is optimal to consume a constant share of the current
capital stock per capita. Furthermore, evaded income is a constant share of the
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current capital stock per capita. In analogy to the static model:
0<ye&=0<T. (5.21)

A risk-averse expected utility maximizer evades taxes if and only if the expected
return of doing so is positive. O

The result of separability of the optimal tax evasion decision from the intertempo-
ral consumption decision is analogous to the one found by Samuelson (1969) and
Merton (1969, 1971) for the consumption-based capital asset pricing model.

In order to ensure that the restrictions of problem (5.10) are satisfied, the following
inequalities have to hold:

(1—a)((1—T)A—5)+12_aO‘ {gr@

<OAA+((1—T)A—5)+1_Q [ﬁ—

2
— . (.22
2a o ] ( )
The time preference rate may not be too small, otherwise the future would matter
too little and may not be too large, otherwise the individual would like to postpone

all consumption into the future.

For the evasion decision
0<7<ap(l—p)C°A (5.23)

has to hold.

It is now interesting to investigate the comparative dynamics.

Proposition 5.2 (Comparative Dynamics). For the optimal consumption plan
the following comparative dynamics hold (time arguments are left out for simplic-
ity):

oc 1

— =k ) .24
i > 0 (5.24)

For an increase of the instantaneous rate of time preference, the individual becomes
less patient and it is optimal to substitute future for present consumption.
Joec 1—a«

5o =——Ak 0. (5.25)

The effect of an increase in the tax rate on consumption is ambiguous in general.
Income and substitution effects may go in opposite directions depending on the
value of a.'? For oo = 1, g—j = 0 because income and substitution effects exactly

12Gjalm (2006) discusses a general equilibrium model of portfolio choice where asset prices also
adjust to tax changes.
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cancel in this case.

@:i<(1—7)A—5+2_0‘[Tr—m>k

AV

0. (5.26)

Ja  o? 200 o

On the one hand, an increase in « means an increase in risk aversion and, therefore,
leads to higher savings (lower consumption); on the other hand, —i, the instan-
taneous elasticity of substitution of consumption over time, falls leading to higher
consumption. A priori, it is unclear which effect dominates.

The comparative dynamics for the amount of evaded income are the following:

Ye T
or ~ pa-pee < (5:27)

OYe 1

o 1= ,O)CQTk > 0, (5.28)
Tax evasion decreases in the tax rate. There is no substitution effect of higher
tax rates (see Yitzhaki (1974)). However, the variance increases in the tax rate.
In continuous time all individuals behave locally according to the i — o criterion.
Therefore, a risk-averse individual evades a smaller amount of his income. An
increase in the expected return clearly makes tax evasion more attractive, leading
to higher evasion. A mean-preserving spread decreases evasion — again in analogy
to portfolio models, see, for example, Rothschild & Stiglitz (1970, 1971).

Additionally:

Y. 7

9o~ oZp(l— p)Cr
An increase in the coefficient of relative risk aversion leads to a reduction in the
amount of evaded income reflecting the lower willingness to take risk. O

0. (5.29)

5.2.3 The Impact on Growth
The growth rate in the whole economy is certain because of the law of large numbers.

Proposition 5.3 (Growth Rate). The expected growth rate of capital per capita

is given by:
_ 1 1+arry?
Ye=—(1-7)A+ [—] — K. (5.30)
« 20 Lo 0

PROOF: According to equation (5.9), it follows that the expected value of an in-
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cremental change in k is given by

E[dk] = ((1 - % + m) Ak — c) dt. (5.31)

It follows with the optimal plans given by equations (5.19) and (5.20) and the
definition E [$¥] = E[k], that the growth rate IE,[c—k] = 7, can be written as

rT

o= (1—7)A - 5+1[0] -D
~-na o[22 (e- 0 wia-na-a - 2 )
:é((l—T)A 5+12+Of‘ [%T] —n) (5-32.)

Although the calculations are not provided there are intuitive relationships between
the underlying parameters and the growth rate. For example, a higher rate of
technological progress increases growth, a higher rate of depreciation as well as a
higher discount factor decreases it. A higher gain of tax evasion leads to increased
evasion therefore to higher expected income after taxes and higher savings overall
spurring to growth. The impact of changes in a and 7 are ambiguous because
of the ambiguous impact on consumption respectively on countervailing effects on
consumption and evasion.

Now the growth rate of the above economy is compared with an otherwise identical
economy without tax evasion. This is a special case of the model above if one
assumes that 7 = 0 such that the individual does not find it optimal to evade
taxes. The only relevant decision to investigate is therefore the savings-consumption
decision. Mathematically, the problem may be formed as'?

maxu —/C — exp(—nt)dt (5.33)

13 Again, the utility from the consumption of the public good is dropped immediately as it is
independent of any individual’s decision.
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In terms of the present value Hamiltonian H := - exp(—rt) — AN)[(1 —

-«
T)Ak(t) — dk(t) — c(t)] the necessary conditions for an interior optimum are

88—7: = c(t) % exp(—kt) + A(t) = 0, (5.34)
At) = —%—Z = - \O((1—=7)A-0), (5.35)

a system of first-order differential equations and the transversality condition. The
solution of the second equation is given by:

At) =FE -exp(—((1 —17)A—=)t) (5.36)
for some constant E. Inserting this into equation (5.34) one obtains:

c(t)y*=FEexp([k — (1 =7)A—9)]t)
1

S ct) = T oXP (é[(l —T)A—6— /{]t) . (5.37)

Therefore, the growth rate of consumption is ~[(1—7)A— 0 — «]. The capital stock

grows at the same rate: 7 (t) = £[(1 —7)A — 0 — K.

If no evasion is possible (or optimal), the growth rate of the capital stock per capita
is given by'*
1
w=—(1-7)A—0—K). (5.38)
Q@
Immediately on obtains:

Proposition 5.4 (Growth comparison). An economy where tax evasion is pos-
sible grows at a larger rate than if enforcement is strict. In the limit for a — oo
both grow at the same rate of zero.

Vi > Vis (5.39)
a—-+00 0

An economy with tax evasion grows at a higher rate because the increased expected
income is partly saved and contributes to the accumulation of productive capital
while it is used as a pure consumption good in government spending. Note that
the assumption that the government does not change its tax rate (or more general:
its policy) is crucial for this result. The next section shows that this result must
be qualified if the government adjusts its policy as a reaction to tax evasion. In

4 Note that one obtains this growth rate by setting 7 = 0 in equation (5.32).
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particular, it is investigated how the government should adjust its tax rate to ensure
the efficient provision of a public good.

5.2.4 A Welfare Maximizing Government
Assume that the government maximizes welfare W in the economy without tax

evasion. As all individuals are equal, welfare maximization is equivalent to maxi-
mization of the utility of a representative individual, i.e. the government solves

max W(r u(c, g) exp(—~t)dt, (5.41)

0\8

taking the effect of taxation on the individual’s consumption and evasion decision
given by (5.19), (5.20) respectively (and the growth rate) into account. All tax
revenues are spent for a public good, therefore g(t) = Ty(t) = TAk(t).

This problem is solved in the following for the special case discussed above assuming
that w is additively separable, i.e. may be written as u = f(c¢) + v(g) and that f
and v are logarithmic.

By choosing the optimal tax rate, the government trades off a higher tax revenue
from given income with a lower growth rate because of reduced savings. For the
logarithmic utility function, in particular, the government’s maximization problem

18
o0

max W(7r) = /[(1 —0)In(kk(t)) + 0 In(T Ak(t))] exp(—rt)dt, (5.42)

T
0

where capital per capita follows the differential equation
k=(1—-71)A—6—k)k, (5.43)
with initial condition k(0) = k.
At time t € T it is therefore given by
k(t) = koexp([(1 —7)A — 3 — K]t). (5.44)

The optimization problem becomes
max W(r) :/[(1 —0) In(kkoexp([(1 = 7)A — § — k]t)) (5.45)
+ 0In(TAkgexp([(1 — 7)A — 6 — kt))] exp(—~t)dt
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The maximization of W can be equivalently be formulated as the maximization of

W / (1—7)A—6— k)t +01In(7)] exp(—~t)dt

0

=((1—-71)A— 5—m/texp —rt)dt + 601n(r)
0

:(1—T)A—5—

+ 0 1n(7), (5.46)

where constant terms have been dropped with first-order condition

aw A 0
42 5.47
dr K * T ( )
so in the optimum:
K0
* = _. .4
T T (5.48)

The comparative statics of this optimal tax rate are straightforward: if the weight
attached to consumption of the public good increases, the tax rate should be higher
because consumption of the public good is more important to individuals; if the
rate of time preference increases, future consumption (and, therefore, the growth
rate) is less important and taxation should be higher to supply a larger quantity
of the public good immediately; if the return of capital increases, it allows the
government to lower the tax rate to obtain a sufficient level of public goods today
and even achieve a higher growth rate.

The corresponding growth rate is:

Y = (1—7’)14—(5—%&:(1—%?)14—5

= A—5—r(1+0). (5.49)

Consider now again the economy with tax evasion. If the government sets a tax
rate of
; L (5.50)
T=7"4+ , .
p(1—p)2A

it can induce the same growth rate. But 7 might not be optimal because also
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current income is taxed at this higher rate. The optimization in this case is'®
/ 0)In(kk(t)) + 01n(T(1 — 7e(t)) Ak(t))] exp(—rt)dt  (5.51)
0
st 0< 7 <1, k(t) =[(1—7+7re(t)A — c(t)]k(t),Vt € T, k(0) = ko,
where c(t) = Kk(t), ye(t) = 75k (t) from individual optimization. The problem
max W(r / ) In(kkoexp([(1 — 7 + 7re)A — 0 — Kt))] exp(—rt)dt
0
+ [6ln (T——) exp([(1 =7+ 71e)A — 6 — c|t)) exp(—~t)dt
{ ) el ) 1) exp(—t)

is equivalent to the maximization of

3 o0 /’72 oo
W =[(1—7+7TTe A—5—n/texp —rt)dt + 6 1n (T——) /exp —kt)dt
( ) | [texp(-nt) ) [ el
0 0
: S A v (- )
= {({l-7+——]A-60—k|+0In|7T— ——— 5.52
H{( p(1— p)¢? p(1—p)C2A (5:52)
with first-order conditions:
A 0
— 1+ = =0
T p(1—p)(2A
2
et T (5.53)

A p(l—p)2A°

15Tt has been debated whether the government should take the utility of an individual that evades
taxes (Cowell (1989)) into account. In the present model it is difficult to take the risk preferences
of the individuals into account because — as time passes — individuals become heterogenous as
a consequence of different individual audit histories. It is not clear which probability measure
should be used to capture an objective of expected welfare. Therefore, the risk attitude is left
out of the analysis by the social planner.
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and growth rate

Y i=(1—7+77e)A—6—k

Ok 72 72
— _ A—6—
(1 A pl=p) @A 1= p)<2A) :
=A-6—r(1+6)=n;. (5.54)

Thus, the following result:

Proposition 5.5 (Neutrality). If a welfare maximizing government takes the
consumption and evasion decision of individuals into account, it raises the tax
rate to ensure the efficient provision of public goods. Overall, tax evasion has no
impact on the growth rate of the economy. 0

Note that in order to establish optimal tax policy, it is not necessary for the gov-
ernment to possess any information on the capital stock.

5.3 Conclusions

Ceteris paribus, tax evasion increases private savings and is therefore growth en-
hancing if government revenues are used for a good that is unproductive. The
assumption that policy is not changed if taxes are evaded is crucial for this result.
If the benevolent government adjusts its tax policy to meet an efficiency objective,
it raises statutory tax rates and at best tax evasion does not affect the growth rate
(if enforcement costs are negligible).

Note that a crucial assumption for the growth effect is, that the possibility that
the public good is productive has been excluded; see, for example, Barro (1990)
or Turnovsky (1997). Therefore, there is no trade-off between the disincentiving
role of taxation on private saving and public spending raising the private return to
capital and, therefore, encouraging saving. It is justified by a tractability argument
and the objective of the present chapter to show that evasion does not lead to
higher growth even if the public good has low productivity. Nevertheless, a more
complete model of the effects of tax evasion on growth should incorporate more
realistic values for this productivity. Additionally, it may include an underground
economy that captures activity that would otherwise not be undertaken and not
only underreporting of existing income.

The auditing strategy of the government is particularly restrictive in this dynamic
setup. It is unlikely that the given policy of random audits at every point in time is
optimal. First of all, the tax authority may choose to audit only at discrete times.
Second, as the only risk comes from auditing a single audit is sufficient to learn
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ko and to infer the income of the agent for the whole future. Another source of
asymmetric information should be added to make the audit strategy more plausible.

Another issue of the model is that one cannot separate effects of risk and time
preferences in expected-utility models; see Epstein & Zin (1989) for an alternative.
Chatterjee et al. (2004) showed that the effects of tax changes on the equilibrium
growth rate, its volatility, and welfare are sensitive to independent variations of
the rate of time preference and the coefficient of risk aversion using a numerical
analysis with recursive preferences. It is therefore of interest to investigate how the
results change when such preferences are used.!

16The methodology employed above cannot be used because the stochastic Bellman equation
cannot be solved in closed-form for these preferences. Nevertheless, Campbell & Viceira (2002)
show how to obtain an approximate a solution.
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The Discrete-time Problem

In discrete time T := {to,t1,...} the capital process follows a random difference
equation:

k(tj) = (1= 0)k(t;) + 5 (t,w), (A.55)

where
St w) = (1 =7+ 71e(t))y(t;) —c(t;), for w=0,
DL (L =1 = Cre(ty)y(ty) — c(t;) for w=ye..
Here, 5(¢;) denotes the savings in period ¢;. It is random because it may be paid
after an audit which may reveal some evasion.

For 0 < a, @ # 1 and discrete time the individual’s problem is

max Eo {; {(1 — H)ij]_# + Qv(g(t ))] exp(— mfj)} (A.57)
5.t k‘( a+1) 0)k(t;) + 3(t5)

=(1-
( )< ( ) 0<6( )él,Oék(tj),alltjET, k<0)2k0>0,

as he takes the level of the public good as given.

As the solution to (A.57) is very tedious it is only shown for the special case of
logarithmic utility (« = 1). Then the problem is (where constant parameters have
been dropped)

max By {Z(l — 0)In(c(t;)) exp(—/itj)} . (A.58)

The Bellman principle states that the value function satisfies the functional equation
(fOI' ] € N0)17

T0h(13)) = manc { (1= ) elt;) + Gy [1(R (1)}

= max (1= ) Ine(t;) + AlpI[(1 - k(L) (A.59)

+ (1 =7+ (1= Qre(t;)) Ak(t;) — c(t;)]
+ (L= p) (1 = 0)k(t)) + [1 = 7+ 7e(t;)]Ak(L;) — c(t;))]},

1"With equidistant points in time of interval length At (¢; := jAt, j € Np), define the one-period
discount factor 8 := exp(—At;).

119



Chapter 5 Appendix

with first-order conditions of the right-hand side (for an interior maximum):

10(;)6 + ﬁ[P]/(k(th”W =)+ (1 — p)[’(k(tjﬂ)’w =0)](=1) =0
o L B bt = ) + (1= TG = 0L (A60)
pI'(k(tjs1)|w = ye) (1 — Q)7 + (1 = p)I'(k(t;41)|w = 0)7 = 0
Pl (k(tj1)|w = ye) 1

— = : (A.61)
L= (ko =0)  1—¢

At the optimum, the marginal utility of present consumption is equal to the dis-

counted expected value of capital and the marginal rate of substitution between

income in the state of the world where evasion is detected and the state where no

audit takes place is equal to the price ratio.

The value function takes the form I(k(t;)) = CyIn(k(t;)) + C2, where C, Cy are
constants to be determined below, so equations (A.60) and (A.61) become (with
n(t;) = (1 =30+ (1 —7)A)k(t;)):*®

1—4 p 1—0p

pu— A. 2
c bty n+(1—C)TeAk—c+n+TeAk—c ’ (4.62)
p(1 = QT (1—p)7

n+(1—-_)reAk —c¢ n+r1elAk —c (A.63)

The (2 x 2)-system (A.62), (A.63) yields the solutions:

n(l—6) (1-0)(1-6+(1—-1)A)
“T1-0+s0 L—0+5C ’ Ao
. nBCLT _1=6+(1—-7)A)BCT (A.65)

(1—0+pC)1 1Ak (1—0+pC)(1—-)TA

The constants C7 and Cy are determined such that the Bellman equation (A.59) is

8Time indices are suppressed in the following calculations.

120



satisfied. Substituting equations (A.64) and (A.65) into equation (A.59) yields

Ciln(k) +Cy = (1 —60)In (<1 —Hu-o+ _T)A)k:)

1—0+pC
1—0+ pCiT
1—60+pC

+ﬁ[p011n ((1—5+(1—7)A) {1_

BCYT
(1—=0+pC1)(1 =)

+(1—=p)Ci1n <(1—5+(1—7)A) {14—

1-0

_m}> + 601 Ink + 502

Collecting terms:

[(1—B)Cy — (1—60)]In(k)+ (1—B)Cy = (1—0)In <(1 — 9)§1_—95++ﬁ(é1— T)A))

+ {01 In(1 — 6 + (1 — 7)A) + pC; In <%>
BCH((A =) +7) )}
(1—0+8CH(1—20)

+(1=p)CiIn (

which can only be satisfied if

©C=1—3 (A.66)
and
(1=5)C:=In((1 =B =+ (1 —-7)A4) +7 fﬁ {111(1 — 64+ (1—1)A)
Fotn((1 - )+ (1 -t (2=
&0y = % <1n(1 —8) + 11__59 In(1 -6+ (1—7)A) (A.67)
+(1— 9)% (ln(ﬁ) +pn(1-7)+(1—p)ln (1 + 1%_C))) .
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Thus, optimal plans are given by

c(t;) = (1=B)(1 =0+ (1 —71)A)k(t,), (A.68)
L (=d+(Q-nA)pF,
ye(t;) = T—or k(t;). (A.69)

As in continuous time the optimal amount consumed and evaded each period is
proportional to the capital stock.

The expected rate of growth of per capita capital can be derived using equation
(A.55):
Elk(tj41)] = pl(1 = 0)k(t;) + (1 =7+ (1 = ¢)e) Ak(t;) — c(t;)]
(1= p)I(1 = D)k(ty) + (1 = 7+ 7elt;)) Ak(t;) — clt;)]

=(1—-0)k(t))+(1—7)Ak(t;) + (1 -0+ (1—1)A)B

—(1=B)A =0+ (1 -7)A)k(t;)
1—g+#_J
1—¢ ’

1=¢

= Y%(t;) =01 -0+ (1—-7)A)

independent of time.

One obtains an analogous result as in continuous time:

¢+ 7

0<7= 5 =01-5+(1—7)A) > B(1-6+(1—1)A) = (AT1)

However, some of the comparative dynamics differ from the case of continuous time,
in particular, because consumption is affected by taxation in the present case even
for = 1.
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Chapter 6

Tax Evasion and Economic Growth -
. . . . *
An Empirical Investigation

6.1 Introduction

Economic growth is an important welfare indicator because it determines available
consumption opportunities of a country in the long run. A central issue in economics
is to identify determinants of growth. The question is of particular importance
because growth rates differ widely across countries. For example, during the period
1980 to 2000, South Africa’s income per capita decreased by about 0.7% annually
(on average), a decline of 13% over the whole 20 years period. On the other hand,
Botswana’s income per capita grew at an annual rate of 4.6% during the same time
period, which amounts to a total increase of GDP per capita of about 146% (see
Figure 6.1).

Figure 6.1 also shows how the absolute GDP per head differs in those two countries.
In 1980 Botswana’s GDP per head was 1,538 USD, while South Africa’s amounted
to 4,620 USD — about 3 times as much as Botswana’s. By the year 2000, this gap
has nearly vanished.

There is a huge body of economic literature which tries to identify decisive factors
for economic growth. Neoclassical growth models dating back to Solow (1956) and
Swan (1956) imply that growth is solely determined by population growth in the
long run (steady state). At a per capita base, these models imply the absence of
growth except for exogenous technological progress. In the short run, differences
in growth rates are explained by differences in the currently accumulated capital
per capita and in saving and depreciation rates. This view has been extended
to include externalities from learning by doing (Romer (1986)), human capital
formation (Lucas (1988), Rebelo (1991)), government expenditure (Barro (1990)),
or endogenous technological development (Grossman & Helpman (1991), Aghion

“Earlier versions of this chapter have been presented at seminars at the University of Munich.
Particularly helpful were hints by and discussions with Frank Westermann and Ulrich Woitek.
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Figure 6.1: Comparison of the development of GDP per
capita of South Africa and Botswana.
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& Howitt (1992)) which allow ongoing growth even in the absence of exogenous
technological progress. Levine & Renelt (1992), Quah & Durlauf (1999) provide a
broad overview on the results of the empirical literature.

The present chapter discusses whether the extent of tax evasion helps to explain
differences in growth rates across countries. To the best of the author’s knowledge
no paper so far exists that links tax evasion to economic growth. The goal of the
present chapter is to provide a discussion of this relationship and to complement
the analysis of Schneider (2005) on the relationship between the shadow economy
and economic growth.

Theoretically, the implications of tax evasion for the development of a country are
ambiguous. As Caballé & Panadés (1997) pointed out the increase in (expected)
private income after tax increases private savings at the expense of government
savings. Although tax evasion leads to an erosion of tax revenue and a lower
provision of public goods, the overall effect of tax evasion on capital formation and
economic growth depends on the relative productivity of public and private capital
goods (and the magnitude of auditing costs).! As the preceding chapter argued,
even in the case of purely consumptive public goods this may not be the case if the
government adjusts its tax policy optimally. Even if the arguments for a negative
relationship between tax evasion and growth are more convincing, the question
remains to what extent growth is affected by evasion activities.

In order to answer this question, a tax evasion measure is developed and discussed.
It is used to investigate the impact of tax evasion on economic growth empirically
in a cross-section data set. The main finding is that tax evasion and growth are
indeed negatively related. This is true irrespectively of the development stage of
a country. The relationship is economically important: a country which could
improve tax compliance by one standard deviation may improve growth by about
0.8 percentage points. The chapter also discusses possible underlying determinants
of this relationship.

The chapter is organized as follows: section 6.2 contains the empirical analysis.
Section 6.2.1 provides an overview on the concept of the shadow economy and the
methods that have been employed to estimate its extent. The size of the shadow
economy is used to create an indicator of tax evasion. Its construction is discussed
in section 6.2.2 and section 6.2.3 describes the data set under analysis. The results
of the estimation are presented and discussed in section 6.2.4. Scope for further
research is discussed in section 6.3.

!The same result is implied by Lin & Yang (2001). Such an effect may also be generated using a
model with credit constraints; see Andreoni (1992).
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6.2 Concepts, Data and Estimations

6.2.1 Size Estimates of the Shadow Economy

An important part of the literature is devoted to the problem of estimating the
extent of the shadow economy in different countries and over time.? This section
provides a short overview on the methods employed and the results obtained.?
The growth implications of the size of the underground economy have not been
investigated until very recently.*

There is no consensus among economists about how to define the shadow economy.
The following definition is widely used.?

Definition 6.1 (Shadow Economy). The shadow economy comprises all eco-
nomic activities that escape detection in the official estimates of GDP and that
would be taxed if it were known. A

All illegal activities are excluded by this definition.

For the purpose at hand it is important to note that the underground economy and
tax evasion cannot be separated. In particular, no taxes are paid in the underground
economy by definition.

Empirical research of the shadow economy or tax evasion naturally has to deal with
measurement, problems. The hidden economy does not appear in official statistics
and is difficult to quantify. Potential approaches may rely on direct estimates or
trace its hints indirectly. Tax evasion of individuals and firms is estimated based on
official reports, where a sample of taxpayers is audited and the result is extrapolated
for the entire population. An example for this method is the American Taxpayer
Compliance Measurement Program (TCMP) of the Internal Revenue Service (IRS)
in the U.S.; another approach uses self-reports in interviews (see Mork (1975)).6
Indirect methods rely on (presumed) effects that the shadow economy has on ob-
servable variables, for example, on the amount of large denomination bank notes
(similarly: Gutmann (1977)), the cash/deposit ratio or the ratio of high denomina-

2To the best of the author’s knowledge estimates for the extent of tax evasion do not exist for a
large number of countries.

3See Schneider & Enste (2000), Schneider (2003, 2004, 2005), Chaudhuri et al. (2006) for details.

4Schneider (2005) estimates the relationship between the shadow economy and economic growth
in a panel data set for the time 1990-2000. No similar study exists for tax evasion.

A broader definition is provided by Smith (1985, p.18): "Market based production of goods and
services, whether legal or illegal, that escape detection in the official estimates of GDP.” For a
discussion of the controversy, see Schneider & Enste (2000, p.78).

6See, for example, Song (1978), Isachsen et al. (1982), Isachsen & Strom (1985). A related
alternative are experimental studies, see Friedland et al. (1987), Spicer & Becker (1980), Baldry
(1987), Becker et al. (1987).
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tion to low denomination notes, the average life of paper currency or the difference
between income and expenditure based gross domestic product data.”®

6.2.2 A Proxy of Tax Evasion

Estimating the amount of evaded taxes is a difficult task because people try to
conceal it from authorities. A first proxy may be the size of the shadow economy.
As this chapter is mainly concerned with the revenue effect associated with the
existence of the underground sector this proxy neglects that the shadow economy
is only the tax base that is not declared. Across countries tax rates differ widely
and the loss in government revenue can therefore not be proxied by the extent
of the shadow economy alone. In order to obtain a (crude) measure of evaded
tax payments one has to include the tax rate that this tax base would have been
subjected to if it were known. For example, the (estimated) size of the shadow
economy in India in 1999/2000 was 23% of GDP, in Ecuador it was estimated at
34.5% of GDP. These numbers suggest at first sight that the revenue loss as a
fraction of GDP in Ecuador is much higher than in India. If one also notes that,
for example, the corporate tax rate in India was at 41% and in Ecuador only at
25% each unit of evaded GDP in India amounted to a larger revenue loss compared
to the full compliance case than in Ecuador (if it is assumed that it would have
been taxed at the corporate tax rate). In effect, if the whole activity in the shadow
economy were taxed (at the corporate tax rate), the tax gap per unit of GDP
in both countries does not differ to the extent that the estimates of the shadow
economy suggest, their relative extent is even reversed — in India it amounts to
9.5%, in Ecuador to about 9% of GDP. Therefore, the estimates of the size of the
shadow economy are only used as a starting point.

A measure of the extent of tax evasion does not exist for a large number of countries.
However, estimates exist for the shadow economy. Denote this measure by s; for
the (relative) size of the underground sector in country j. The activities in the
shadow economy would be subject to tax and social security payments if they
were known. For example, if a construction work remains undeclared, the payment
to the company escapes sales taxation. There may be even more tax payments
involved. The company itself pays its employees a salary subject to a wage tax and

"See Cagan (1958), MacAfee (1980), Contini (1981), Del Boca (1981), Petersen (1982), Smith
(1985), O’Higgins (1989), Thomas (1992), Williams & Windebank (1995), Johnson et al. (1994),
Giles (1999a,b), Bajada & Schneider (2003).

8Tt should be clear from the outset that different empirical procedures measure different com-
ponents of underground activity and results cannot be directly compared across methods. The
methodology determines the aspect of the shadow economy that is measured. The currency
demand approach described above does not detect transactions where bartering is used and,
therefore, only describes the cash economy part of the shadow economy.
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social security contributions. Finally, a profit tax may apply. Denote by m the
number of taxes that the shadow economy were subjected to if it were known. If §;
denotes the part of the underground activities s; that is subject to the tax (or social
security) rate 7;;, the total amount of tax that were collected in the underground
sector amounts to

T = Z&jﬂj, (61)
=1

m
where ) §; = s;, for all countries j.
=1

This assumes that the elasticity of the activities in the underground sector with
respect to taxation is zero.

Practically, it is difficult to assess the structure of the underground economy and
to apply a weighted average tax rate to its overall extent. The present chapter
therefore makes the simplifying assumption that either all activities in the shadow
economy are subject to the corporate tax rate (specification 1) or the individual
income tax rate (specification 2).

6.2.3 Description of Data

The data set includes countries from all over the world (except the former socialist
countries in Eastern Europe for which the appropriate tax data is not available).
Table A.5 of the appendix lists all investigated countries. The actual number of
countries analyzed depends in particular on whether all variables are available and
may differ across the estimations.

Table A.5 also shows the respective size of the underground sector as a percentage of
official GDP as estimated by Schneider (2005). This size ranges from 8.7% (USA),
8.8% (Switzerland) to 64.1% (Panama) and 67.1% (Bolivia) in the 1999/2000 av-
erage. The average size of the shadow economy relative to GDP in the OECD
countries of his sample is 16.9%. In the rest of the sample it amounts to 35.9%. A
detailed description of the distribution of the used sample can be found in Table 6.1.
The size of the underground sector multiplied either by the corporate (specification
1) or an individual income tax rate (specification 2) is used as an estimate of the
extent of tax evasion in a country. The tax rates are also listed in Table A.5.
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Table 6.1: Descriptive statistics of regression variables.

Variable Mean Stand.dev. Minimum Maximum
Growth Rate [%] 1.34 1.94 22,64 7.95
Initial GDP per capita [USD] 8,624 11,313 145 45,951
Schooling [%] 60.0 30.6 6.6 119.5
Government share [% of GDP] 15.5 6.6 4.2 43.5
Inflation rate [%)] 10.6 12.5 0.6 71.4
Life expectancy [years] 64.4 9.7 42.5 76.9
Population growth rate [%)] 1.8 1.1 0 3.7
Openness [index] .23 2.04 -6.12 15.67
Shadow economy [% of GDP] 31.0 144 8.7 67.1
Tax evasion (spec. 1) [% of GDP] 104 4.9 1.2 23.8
Tax evasion (spec. 2) [% of GDP] 11.3 5.5 1.1 29.1
Notes:

Data from Devereux et al. (2002), Tornell et al. (2005), World Bank (2003);
see also Table A.6.

Figure 6.2(a) shows a scatter diagram suggesting a negative relationship between
tax evasion (specification 1) and economic growth. This relationship remains
present even if the residuals of a standard cross-section growth regression that
corrects for (the logarithm of) initial income per capita, educational attainment
and life expectancy are plotted against the estimated extent of tax evasion (Fig-
ure 6.2(b)).? The same is true for the analogous scatter diagrams for specification
2 (Figures 6.3(a) and 6.3(b)). It is not clear from the visual inspection of a scat-
ter plot, whether this relationship also holds in high-income countries only (see
Figure 6.4).

The next section investigates whether the hypothesis that such a negative link does
not exist can be rejected on the basis of results from standard statistical procedures.

9The regression output is displayed in Table A.8 of the appendix.
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Figure 6.2: Scatter diagrams for specification 1.

130



6.2 Concepts, Data and Estimations

10,00

8,00 * CHN

6,00 + KOR

*SGP +IRL *BWA o THA
£ 400 +UGA
Ys
,%; DN SAW
= «PRT
] * NQRsgRN, s Esp ¢ PAR EQYp
H o oM
2 200 @ USA S RUT, DA B!
S St A EER ¢ SR NKEERA
ONZL 4R
* CHE « RNEX * MOR «PAN
* JAMg BRA o Gl * SEN
0,00 A $KEN +AND e
0o 5,00 Egmoo o+ 2aF 1500 290% 25,00 30,00 35,00
* VEN « NGA
2,00 oNIC *2M8
4,00

Tax evasion [% of GDP]

(a) Scatter diagram: tax evasion vs. growth (specification 2).

800

6,00

Residuals
»
8

200

4,00

vom
IR
+BOL
+SR
PR =3
+ IPNND
e AT
VKR
+NC
e voe +DoM
oPAK
Sav e PN
oKEN
%R Nt
N +IND
b0 i 00 T 2000 2
+oN +NDBEL, v SR
oz 8 Ve e oW +ND
vO2A .
+ K N
«TR
+MOR
Tax evasion [%of GOP]

(b) Scatter diagram: tax evasion vs. residuals of cross-section
growth regression with (logarithm of) initial income, education
and life expectancy as explaining variables (specification 2).

Figure 6.3: Scatter diagrams for specification 2.
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6.2.4 Regression Analysis

The impact of tax evasion on growth is estimated in a standard cross-section growth
regression. The estimated model is given by the following linear growth equation

Ayi = Moio + Aisi + Aol + 77 X; + Bes + e, (6.2)

where Ay; is the average growth rate of per-capita GDP of country i; y,q is the initial
level of per capita GDP, s; an education variable that proxies for the amount of
human capital of a country together with the life expectancy variable [;. X; is a
vector of other control variables that have been found important in the literature
and e; denotes the share of taxes relative to GDP per capita that is not collected
due to tax evasion.!?

In the OLS regressions 1980 is the initial year, the average growth rate is computed
over the period 1981 — 2000. The size estimate of the shadow economy reflects the
average over the years 1999/2000. Table 6.2 reports the regression results.

Column (1) seems to imply that there is little evidence on absolute convergence
(a feature also present in Barro & Sala-i-Martin (1995)). The parameters for the
usual proxies for physical and human capital are not statistically different from
zero. This also holds for several alternative functional forms and interaction terms
(like using the logarithm of the life or schooling variable and interaction terms; not
shown); it is also robust to the inclusion of current investment (not shown). Note
that the possibility of endogeneity exists and the parameters may be biased (see
below).

The parameter of the tax evasion variable is nonzero across all estimations for
usual significance measures except in the last one. In estimation (5) it is only
weakly significantly different from zero. If other parameters are estimated to be
statistically different from zero, they have the usual signs.

As growth may also affect the extent of tax evasion the estimated coefficients may
be biased. An instrumental variable (IV) regression is used to overcome the problem
of endogeneity. Lagged values of the included variables are used as instruments.
The hypothesis behind this is that the lagged variables do not have any influence
on the mean growth rate except for the one that is given by the current right-hand
side variables. The results of the instrumental variable estimation are reported in
Table 6.3.

The IV estimates show in particular that there is some evidence on convergence in
the sample. Also the life expectancy variable is significantly different from zero and

OMauro (1995), Méndez & Septilveda (2006) use a similar specification to investigate the impact
of corruption on economic growth.
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Table 6.2: OLS regressions (specification 1).

Dependent variable: Mean growth rate

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

Constant 3.475  4.687** 2.472 2.542** 2.608**
(2.830) (1.929) (2.782) (1.081) (1.062)
In(yo) -554%  -.139
(.363) (.180)
Secondary schooling ~ .008 -.005
(.016) (.014)
Life expectancy .060 .016
(.054) (.046)
Tax evasion =193 -.205%*  -.1727*  -.085* -.078*
(.060) (.060) (.059) (.050) (.050)
Inflation -.032** -.033**
(.016) (.015)
Investment .052* .055*
(.032) (.032)
Government share -.072** -.073**
(.029) (.029)
Population growth 9.163
(17.173)
Openness .096
(.088)
# of observations 66 66 66 64 64
R? 228 205 199 317 297
F-statistic 4.516™  8.101"* 5.133"™* 4.416*** 6.235*
Notes:

Regression results of standard OLS regressions of variables commonly asso-
ciated with economic growth and a tax evasion variable (specification 1) on
the average growth rate in the period 1981-2000.

The variables are taken from World Bank (2003); see Table A.6 for details.
Standard errors are reported in parentheses. * denotes significance at fifteen,
* ten, ** five, ™ one percent.
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has a positive sign. This may show that human capital is one positive determinant
of growth — in line with the literature. Although the size of the effects varies across
equations, the sign does not: the estimates show that tax evasion has a negative
impact on growth. For example, the results in column (5) show that an increase in
compliance by one standard deviation would lead to an increase in the growth rate
of 5 x 0.155 = 0.8 percentage points.!!

The following regressions test the robustness of the results to the presence of outliers
and the occurrence of wars. As statistical outliers have been excluded the three
countries with the lowest and highest residuals in the IV (5) regression (China,
Ecuador, Jordan, Korea, Nicaragua, Thailand). The following countries have been
excluded because of the occurrence of wars: Guatemala, Iran, Nicaragua, Peru,
Philippines, South Africa, Uganda.!?

The reasons for the negative relationship cannot be identified by the regressions.
The reasons may stem from different institutional efficiency or underlying attitudes
towards taxation or the government in general.

6.3 Conclusions

The empirical analysis establishes a significant negative relationship between tax
evasion and economic growth. If a country with could improve tax compliance by
one standard deviation, it may improve growth by about 0.8 percentage points.

Further research is clearly necessary and could address several questions. First,
further examination should be undertaken to answer the question whether the em-
ployed proxy for tax evasion is appropriate. If data on the actual structure of the
shadow economy across countries is available, one could weigh parts of it with the
appropriate tax rate and thereby capture the revenue loss in a more appropriate
way.

HSchneider (2005) has a similar goal to the one in the present chapter. As in the economic
literature of tax evasion and growth the relation between the shadow economy and economic
growth is ambiguous (Loayza (1996)). Even the underlying reason for this result is similar to
the result discussed previously. A reduction in the shadow economy leads to an increase in tax
revenues and greater quantity or quality of public goods which might enhance growth in the
official sector (see also Adam & Ginsburgh (1985) for estimates for Belgium). Schneider (2005)
therefore tries to sign the correlation and finds that ”[i]f the shadow economy in industrialized
countries increases by 1 percentage point of GDP, official growth increases by 7.7%; in contrast,
for developing countries, an increase in the shadow economy by 1 percentage point of official
GDP is associated with a decrease in the official growth rate by 4.9%.”

12The results are not as robust for specification 2 where the individual income tax is used. The
regression results for this case are shown in Table A.9 in the appendix. The present estimates
are preferred because of their higher R2.
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Table 6.3: Cross section IV regressions (specification 1).

Dependent variable: Mean growth rate

O NG ) (5)
Constant 4.204 79727 2430  3.603*** 2.577
(3.203)  (2.280) (3.229) (1.106)  (2.625)
In(yo) -1.457*  -.444* -.952**
(0.407) (.206) (.408)
Secondary schooling 011 -.015
(.020) (.017)
Life expectancy 170 .033 134**
(.060) (.055) (.061)
Tax evasion =263 27T 206" -.096* -.155™
(.072) (.072) (.071) (.053) (.072)
Inflation -.055* -.048*
(.028) (.025)
Government share -.056
(.051)
Population growth 15.591
(22.539)
Openness 087
(.200)
# of observations 60 60 60 57 o7
R? .266 227 .229 242 184
F-statistic 7.540**  8.080*** 5.083***  3.154** 4.449*

Notes:

Regression results of instrumental variable regressions of variables com-
monly associated with economic growth and a tax evasion variable (specifi-
cation 1) on the average growth rate in the period 1981-2000.

The variables are taken from World Bank (2003); see also Table A.6 for
details.

Standard errors are reported in parentheses. * denotes significance at fifteen,
* ten, ** five, ™ one percent.
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Table 6.4: Outliers.

Dependent variable: Mean growth rate

Statistical outliers War cases

Constant 2.310 2.704

(2.195) (2.356)
In(yo) -1.051** -.683*

(.340) (.383)
Life expectancy .150*** .094*

(.052) (.058)
Tax evasion -.164*** -.140**

(.057) (.068)
Inflation -.044** -.032*

(.021) (.019)
# of observations 51 48
R? .348 191
F-statistic 6.675*** 3.236**
Notes:

Regression results of instrumental variable regressions

(specification 1).
Standard errors are reported in parentheses.

* denotes significance at fifteen, * ten, ** five, *** one percent.
War cases: Algeria, Guatemala, Iran, Nicaragua, Peru,

Philippines, South Africa, Uganda

Outliers: China, Ecuador, Jordan, Korea, Nicaragua,
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It is also interesting to investigate whether the results are robust to panel estima-
tions.

Another interesting point might be to investigate the relationship between corrup-
tion and tax evasion and to include variables for both in a cross-section estimation.
This may clarify whether and how close both phenomena are related and whether
one of both has a greater impact on growth.
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6.A Appendix

Data Set

Table A.5 provides a list of the investigated countries and their respective average
growth rate and size of the shadow economy. It also includes the corporate and
individual income tax rates that are used to calculate the estimate of tax evasion
in a given country.
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Table A.6: Definitions and sources of variables.

Variable

Definition

Source

GDP per capita

GDP per capita growth

Initial GDP per capita

Education (Schooling)

Government share

CPI

Inflation rate
Life expectancy (Life)
Shadow economy

Corporate tax rate

Ratio of total GDP to
total population. GDP
is in 1985 PPP-adjusted
USD

Log difference of real
GDP per capita

Initial value of ratio of to-
tal GDP to total popu-
lation. GDP is in 1985
PPP-adjusted USD
Ratio of total secondary
enrollment, regardless of
age, to the population of
the age group that offi-
cially corresponds to that
level of education.

Ratio of government con-
sumption to GDP
Consumer price index at
the end of year (1995 =
100)

Annual % change in CPI
Life expectancy at birth
GDP produced in the
shadow economy in % of
officially measured GDP.
The estimates have been
made using the currency
demand approach of Ca-
gan (1958), Tanzi (1983)
and the dynamic multi-
ple indicators multiple
causes method by Frey
& Weck-Hannemann
(1984).

Statutory profit tax rate
(inclusive of local taxes)

World Development Indi-
cators (WDI) of World
Bank (2003)

WDI of World Bank
(2003)
WDI of World Bank
(2003)

WDI of World Bank
(2003)

WDI of World Bank
(2003)
Tornell et al. (2005)

Tornell et al. (2005)
World Bank (2003)
Schneider (2005), Ta-
bles 3.4, 3.5, 3.6, 3.8.

Devereux et al. (2002)
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Variable

Table A.6: (continued)

Definition

Source

Individual income tax rate

Top marginal tax rate on
earned income at the fed-
eral or national level

OECD statistical com-
pendium 2003
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Regression Results

148

Table A.8: Cross section OLS regression.

Dependent variable: Mean growth rate

Constant -2.955
(2.240)
In(yo) -.032
(.369)
Schooling .009
(.017)
Life expectancy 097"
(.054)
# of observations 71
R? 144
F-statistic 3.747
Notes:

Regression result of ordinary least squares re-
gression of variables that proxy for physical
and human capital endowment on the av-
erage growth rate in the period 1981-2000.
The variables are taken from World Bank
(2003); see also Table A.6 for details.

Standard errors are reported in parentheses.

* denotes significance at ten, ** five, one
percent.




Table A.9: Cross section IV regressions (specification 2).

Dependent variable: Mean growth rate

(1) (2) (3) (4)

Constant 2.430 7.297*  2.028  3.360***
(3.871)  (2.629) (3.744) (1.030)
In(yo) 1314 -.358*
(.486) (.235)
Secondary schooling .014 -.012
(.025) (.020)
Life expectancy 017 .035
(.075) (.063)
Tax evasion - 199%  -.249*% 177 -.063
(.081) (.0r7)  (.079) (.052)
Inflation -.084**
(.032)
Government share -.056
(.043)
Population growth 36.737
(26.207)
Openness .044
(.110)
# of observations 56 56 56 54
R? .060 .009 .095 147
F-statistic 4.705™  5.706™*  3.556™  3.048**
Notes:

Regression results of instrumental variable regressions of vari-
ables commonly associated with economic growth and a tax
evasion variable (specification 2) on the average growth rate
in the period 1981-2000.

The variables are taken from World Bank (2003); see also
Table A.6 for details.

Standard errors are reported in parentheses. * denotes signif-
icance at fifteen, * ten, ** five, *** one percent.
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