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Abstract

We construct and simulate a behavioural model of tax evasion where
agents� characteristics di¤er in several dimensions. Incorporated within
the model is an analysis of how the structure of the tax collection and
monitoring systems a¤ects the occupational choice and earnings decision
of a taxpayer. This captures the observation that the source of income
matters for the opportunity to evade. We also analyze how the individual
tax compliance decision is a¤ected by a taxpayer�s social environment,
since an important conclusion of behavioural economics is that beliefs
can be subjective and in�uenced by the social environment in which the
taxpayer is located. We further discuss how this framework can be used
to analyse the e¢ cient risk-taking in a competitive economy.

Keywords : tax evasion, subjective probability, social network, agent-
based modelling.

JEL classi�cation: H26, D85.

1 Introduction

Tax evasion is the illegal concealment of a taxable activity. Measuring how much
economic activity is concealed will always be di¢ cult since those who engage in
evasion have every motivation to hide their activities. Even so, the estimates
that are available from o¢ cial sources and from academic researchers are in
agreement that evasion is an economically signi�cant activity. This emphasizes
the importance of the understanding the decision process of a taxpayer when
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choosing whether to comply with tax law or to engage in evasion. A good theory
of the compliance decision is essential for designing a tax structure that deters
evasion.
The economic analysis of an individual taxpayer�s compliance decision can

be traced back to the pioneering work of Allingham and Sandmo (1972). They
modelled the taxpayer as facing a decision under risk with the extent of evasion
chosen to maximize expected utility. The risk arises from the possibility that
a random audit will be conducted by the tax authorities that uncovers the
evasion. Yitzhaki (1974) changed the model by using a di¤erent speci�cation of
the punishment for evasion that was more in line with practice, and this has since
become the �standard� formulation of the compliance decision. The strength
of the standard model is the clarity of its comparative statics predictions. The
model predicts that the chosen level of evasion falls when either the penalty
rate or the probability of being caught evading are increased. It also predicts
that evasion increases with income when absolute risk aversion is decreasing.
These results are in agreement with intuitive expectations and with empirical
evidence.
Unfortunately, not all the predictions of the model accord with data or in-

tuition. In particular, when confronted with values of the audit probability
and the �ne rate close to those observed in practice the model predicts that
all taxpayers should engage in evasion. This is a consequence of the su¢ cient
condition for evasion that obtains in the expected utility framework. For exam-
ple, the estimated Arrow-Pratt measure of relative risk aversion for the United
States is between one and two, but only a value of thirty would explain the ob-
served compliance rate (Graetz and Wilde, 1985, Alm, McClelland, and Schulze,
1992).1 This, and some other results have caused the validity of the model to
be questioned and have lead to an extensive search for a better model. The aim
of this search is to construct a model of the compliance decision that remains
grounded in economic theory while simultaneously correcting the imperfect pre-
dictions. There have been numerous extensions of the standard model, such as
making labour supply endogenous, including a choice between employment in a
formal and informal sectors, and increasing the complexity of the income tax.
Details can be found in the surveys of Pyle (1991) and Sandmo (2005). These
extensions lead to interesting results but do not provide an answer to the failure
of the standard model within the context it addresses.
The standard model, and its extensions noted above, are based on two key

assumptions. First, the risk involved in the evasion decision is addressed through
use of the expected utility theory of von Neumann and Morgenstern (1947).
Second, the choice problem of the taxpayer is represented as being entirely
individualistic: the evasion decision is made without reference to what other
taxpayers are doing.
The identi�cation of a range of �anomalies� (observed choices that do not

1 It is worth observing that the model assumes income is unobserved by the tax authority.
If a withholding or pay-as-you-earn system is in operation then the analysis only applies to
income that falls outside that system. This is important when contrasting the predicted level
of evasion with the estimated level of evasion.
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match the predictions of standard theory, see Thaler, 1994) has inspired the
development of behavioural economics. Behavioural economics is a broad school
that has come to encompass many non-standard approaches to choice. In the
context of this paper we take it to mean approaches to choice with risk that
depart from the axioms of expected utility theory and the location of the evasion
decision within a social context. The idea that the social environment a¤ects
the choices made by individuals has been an important theme of behavioural
economics.
The analysis of the current range of non-expected utility model and the

models of social interaction reveals that for reasonable parameter values these
models can predict the correct level of evasion. This occurs because the models
permit the subjective probability of audit (or �weighting�on the payo¤ when
audited) to be greater than the objective probability. Another possibility we
brie�y discuss in the paper is to make the probability of detection depend upon
the level of income declared. Non-expected utility and social interaction are not
mutually exclusive and applications have frequently combined elements from
both. In our work we refer to the branch of behavioural economics that has
constructed models for choice with risk, or with uncertainty, that modify the
axioms of expected utility theory and the branch that addresses other anomalies
by incorporating social interaction into the individual decision process.
This paper is structured as follows. Section 2 introduces the individual com-

pliance decision, describes the notation used throughout the paper, outlines
the standard version of the Allingham-Sandmo model, and summarizes its pre-
dictions. Section 3 describes the behavioural approach to the tax compliance
decision. The e¤ect of introducing occupational choice and social interaction is
analyzed in Section 4. Section 5 o¤ers some extensions, and Section 6 concludes.

2 The Standard Model

This section sets out the basic analytical framework for the compliance decision
that is used throughout the paper. The standard form of the Allingham-Sandmo
model is then analyzed. The shortcomings in the predictions of the model are
identi�ed and used to motivate the development of alternative models. The
model and its predictions are described brie�y; detailed developments can be
found in Myles (1995), Pyle (1991), and Sandmo (2005).
The standard model of the compliance decision considers an individual tax-

payer within a single-period setting. The taxpayer has a given amount of income
that is not directly observed by the tax authority (including an observed com-
ponent of income is straightforward) and must choose how much of this income
to declare. The taxpayer is assumed to know the objective probability of an
income declaration being audited. If the declaration is audited then the true
level of income is revealed with certainty. The discovery of undeclared income
results in the payment of tax on the undeclared income plus an additional �ne.
The notation that is used throughout the paper is as follows. The actual

level of income (unobserved) is Y , the level of income declared to the revenue
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service is X, and the amount of undeclared income is E = Y �X. The amount
of tax paid on an income level x (x = fX;Y g) is T = T (x) and the �ne is
F = F (E). The �ne for evasion may be dependent upon the tax structure.
In the particular case of a linear tax and �ne, T (x) = tx, and F (E) = ftE,
where the tax rate, t, and the �ne rate, f , satisfy f > 0; t > 0. The decision
problem of the taxpayer is to choose the amount of evasion, E (or, equivalently,
the declaration X).
After the evasion decision is made one out of two potential states of the

world is realized. In the state of the world in which evasion is successful the
taxpayer is left with disposable income Y n, where

Y n = Y � T (X): (1)

The level of disposable income in the state of the world in which evasion is
detected is denoted Y c. This is given by

Y c = Y � T (Y )� F (E): (2)

These two states of the world occur with objective probabilities 1 � p and p,
respectively. These probabilities are determined by the audit activities of the
revenue service. The non-expected utility models derive the subjective proba-
bilities from the objective probabilities in a variety of ways .
Further, it is assumed that the tax and �ne are linear and that the taxpayer

maximizes the expected value of utility from disposable income. The expecta-
tion is formed using the objective probabilities. Therefore, the outcomes are the
income levels Y c and Y n, and the payo¤ function v(�) is a utility function U(�)
satisfying the standard assumptions U > 0 and U 00 < 0. The decision problem
can be written as

max
E2[0;Y ]

V = pU ((1� t)Y � ftE) + (1� p)U ((1� t)Y + tE) : (3)

The �rst- and second-order conditions for an interior optimum are

�pfU 0 (Y c) + (1� p)U 0 (Y n) = 0; (4)

and
S � pf2U 00 (Y c) + (1� p)U 00 (Y n) < 0:

Here Y c = (1� t)Y � ftE and Y n = (1� t)Y + tE. A su¢ cient condition for
tax evasion to take place is obtained by evaluating (4) at E = 0. Doing this
shows that it is optimal to choose E > 0 if

z � fp

1� p < 1: (5)

It is important to observe that this su¢ cient condition is independent of prefer-
ences, so if one taxpayer chooses to evade then all should evade. Moreover, with
the value of f = 1 (which is fairly representative of international tax systems)
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the model predicts all taxpayers should evade if p < 0:5. Hence, a value of audit
probability far in excess of what is observed is necessary to avoid all taxpayers
choosing to conceal at least part of their incomes. The fact that the data on
evasion (Andreoni et al., 1998, Slemrod and Yitzhaki, 2002) shows that a large
proportion actually choose to declare all income presents a serious challenge to
the model.
We now turn to the comparative statics of an interior optimum. The ob-

jective function is strictly concave so if there is an interior optimum it must
be unique. The level of evasion, E, enters the objective function in (3) only

through terms involving tE so the solution for E in (3) involves the term
1

t
.

This is a feature shared by many models. Let E� be the solution of (4). To �nd
the e¤ect of the tax rate on the evasion di¤erentiate (4) w.r.t to t:

pf

�
Y + f

@tE�

@t

�
U 00 (Y c) + (1� p)

�
�Y + @tE

�

@t

�
U 00 (Y n) = 0;

@tE�

@t
=

Y

S
[(1� p)U 00 (Y n)� pfU 00 (Y c)]

=
Y

S
(1� p)U 0 (Y n) (rc � rn) ; (6)

and
@E�

@t
=
Y

S
(1� p)U 0 (Y n) (rc � rn)� E� (7)

where r = �U 00=U 0 is the Arrow-Pratt coe¢ cient of absolute risk aversion. If r
decreases as income increases, then rc � rn > 0 and, therefore, both the evaded
tax and the level of evasion fall.
To provide a concrete example consider the case of logarithmic utility, U(y) �

ln(y). The �rst-order condition can be solved to give the level of evasion

E� =
1� t
t

1� p (1 + f)
f

Y; (8)

and
dE�

dt
= � 1

t2
Y [1� p [1 + f ]]

f
< 0:

In assessing the result in (6) and (2) it should be stressed that the assump-
tion of absolute risk aversion decreasing with income cannot be regarded as
universally acceptable. This leaves a degree of uncertainty over the conclusion
that higher tax rates and higher income lead to greater tax evasion. In addition,
the result is also sensitive to the precise form of the punishment for evasion. If
the �ne is determined as in Allingham and Sandmo (1972) by fE, f > t, rather
than ftE, then the e¤ect of the tax rate cannot be unambiguously signed even
with decreasing absolute risk aversion. However, even though empirical evidence
tends to suggest the converse (Andreoni et al., 1998, Clotfelter, 1983), much of
the literature on tax evasion has been developed on the presumption that the
tax rate e¤ect is negative.
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3 Behavioural Approach

Behavioural approach to the tax evasion can be seen as a modi�cation of mod-
elling assumptions, that enables to address the di¢ culties faced by the standard
model. Two di¤erent directions can be taken: (i) use an alternative to expected
utility theory; (ii) reconsider the context in which decisions are taken.
The non-expected utility models have the general form

V (x) = w1 (p; 1� p) v (Y c) + w2 (p; 1� p) v (Y n) ;

where w1 (p; 1� p) and w2 (p; 1� p) are translations of p and 1� p (probability
weighting functions), and v (�) is some translation of U(�). Di¤erent represen-
tations are special cases of this general form. One variant of the non-expected
utility models used in the tax evasion literature is the prospect theory.
Prospect theory does three things: (i) translates the probabilities; (ii) as-

sumes payo¤ is convex in losses and concave in gains; (iii) measures payo¤s
relative to a reference point, R. Two issues arise in applying prospect theory.
First, since there is no natural reference point or functional form for the payo¤,
there is considerable �exibility within prospect theory for the representation of
the choice problem. This �exibility explains why the applications of prospect
theory to the compliance decision by Yaniv (1999), Bernasconi and Zanardi
(2004), and al-Nowaihi and Dhami (2007) di¤er markedly in structure. Second,
using a payo¤ function that is convex in losses but concave in gains may have
support in psychological evidence but when used in models with optimizing be-
haviour it can create substantial analytical di¢ culties. The basic problem is that
the objective function of the taxpayer will not be globally concave. Therefore,
there is no guarantee of a unique maximum nor need a solution to the �rst-order
condition for choice be a global maximum (it can be a local maximum with the
global maximum in a corner, or even a minimum). It is this feature of prospect
theory that gave rise to the �bang-bang�solution described in al-Nowaihi and
Dhami: in some cases, a small change in underlying parameters can cause the
taxpayer to leap from a corner solution with perfect compliance to a corner
solution with no compliance.
These analytical issues can be illustrated by reviewing the model of Yaniv

(1999) who analyzed the e¤ect of an advance tax payment. With expected
utility an advance will have no e¤ect upon the compliance decision. If, instead,
prospect theory is employed the advance tax payment will have an e¤ect if it
determines the reference point from which gains and losses in di¤erent states
of the world are measured. Denote the advance tax payment by D. Referring
to El¤ers and Hessing (1997), the income level Y � D is suggested by Yaniv
(1999) to be a natural reference point. From this reference point D� tX is the
gain if evasion is not detected, and D � tX � ft [Y �X] is the loss if evasion
is detected. This choice of a reference point results in the gain occurring with
certainty, but part of the loss is random.
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The objective function studied by Yaniv is2

V = v(D � tX) + pv([D � tX � ft[Y �X]]� [D � tX])
= v(D � tX) + pv(�ft[Y �X]): (9)

This speci�cation is justi�ed by the assumption that when evaluating their
prospects, the taxpayer segregates the certain outcome from the risk in the
following way

V = v(Y C) + [1� p]v(Y G) + pv(Y L); (10)

where Y C is the outcome received in both prospects with certainty, Y G � 0
is the gain over the certain outcome in one of the prospects, that occurs with
probability 1� p, and Y L � 0 is the loss from the certain outcome in the other
prospect, that occurs with probability p. In this model, Y C = D� tX, Y G = 0,
and Y L = �ft[Y � X] � 0 (so Y L = 0 if the income is declared truthfully).
To make the analysis concrete we consider the commonly used power function
form for the payo¤ (Tversky and Kahneman, 1992):

v (y) =

�
y� ; y � 0;

� (�y)� ; y < 0:
(11)

We treat the cases of the advance payment D set above, and below, the true
tax liability, tY , separately.
Consider the case D > tY . Figure 1 illustrates the �standard�parameter-

ization of the value function (� = 0:88 and  = 2:25), and Figure 2 a �more
curved� parameterization (� = 0:5 and  = 4). For both �gures we employ
the parameter values Y = 1, t = 0:2, p = 0:1, f = 2, and D = 0:3. The
�gures graph the value function (9) (solid line), as well as its two components,
v(D�tX) (dotted line) and pv(�ft[Y �X]) (dashed line). It can be seen imme-
diately that because the value function is not globally concave, the �rst-order
and the second-order conditions do not necessarily describe the solution of the
maximization problem. In Figure 1 there is no point in the interior that satis�es
the �rst-order condition, whereas in Figure 2 the �rst-order condition is only
satis�ed at an interior minimum, but the maximum is at the X

Y = 1 corner.
In neither case will an analysis of the �rst-order condition provide a correct
description of compliance behaviour.

2 In the Kahneman and Tversky (1979) framework the value of the taxpayer�s prospect
should be V = v (D � tX) + p [v (D � tX � ft [Y �X])� v (D � tX)]. There is a di¤erence
between this formulation and (9) because Yaniv (1999) applies the probability weight to the
value of the di¤erence instead of to the di¤erence in values. We choose to follow the Yaniv
formulation to make our points.
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Fig. 1: D > tY; � = 0:88;  = 2:25 Fig. 2: D > tY; � = 0:4;  = 4

We now turn to the case D < tY . Figures 3 and 4 correspond to the same
two parameters of the value function as for Figure 2 but use D = 0:1 to ensure
D < tY and higher values of p and f . In Figure 3 the local maximum at
X
Y = 0:33 is also the global maximum, whereas in Figure 4 the local maximum
is at XY = 0:47, but the global maximum is at the corner with X

Y = 1. One can
also see that in both cases the �rst-order condition has another solution which
is the interior minimum.

Figure 3: D > tY; p = 0:25, f = 4 Figure 4: D > tY; p = 0:25, f = 20

The examples in Figures 1 �4 show that the assumptions prospect theory
makes about the payo¤ function, �notably, convexity in losses and concavity
in gains, � result in the need to exercise care when analyzing the compliance
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decision. In particular, the �rst-order condition cannot be simply used as a
basis for a comparative statics analysis: the model can have corner solutions,
local and global interior maxima, and outcomes where the only solution to the
�rst-order condition is an interior minimum. For the power function we can
prove that if there is an interior solution to the �rst-order condition it must be
a minimum. The same comments (and result) apply to other functional forms.
Tversky and Kahneman (1992) emphasize the role of gains and losses relative

to a reference point. Prospect theory does not detail how this reference point
should be chosen which leaves a degree of freedom in modelling. The choice of
reference point can be justi�ed in di¤erent ways. For example, Yaniv (1999)
argued for income after advance tax payment to be the reference point. Here
the sequence of events being modelled is used to �x the reference point. An
alternative justi�cation for a di¤erent choice of reference point is used by al-
Nowaihi and Dhami (2007) for the compliance decision without an advance.
Their argument is that if the taxpayer evades and is not caught they should
always be in the �gain� region while if they are caught they should always be
in the �loss�region. The only reference point that guarantees this for any level
of evasion is true income after tax, Y (1� t). Hence, the reference point is �xed
by appealing to a natural interpretation of gain and loss.
One way to make progress is to assume the probability of detection depends

on declared income. An appropriate form of p (X) can make the objective
strictly concave. Consider the Yaniv model combined with linear probability:

p (X) = �

�
1� (1� p0)

X

Y

�

0 0.2 0.4 0.6 0.8 1

0.6

0.4

0.2

0

0.2

X/W

Fig. 5: Yaniv�s model with varying
probability, D > tY:

0 0.2 0.4 0.6 0.8 1
1

0.8

0.6

0.4

0.2

0

X/W

Fig. 6: Yaniv�s model with varying
probability, D < tY:

For both �gures we used � = 0:9 and p0 = 0:01. In the situation depicted in
Figure 5 the advance payment is set above the true tax liability (D=Y = 0:35).
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The objective function is concave on [0; Y ]. The taxpayer declares about 87% of
their true taxable income and believes that they will be audited with probability
0:12 for the tax rate equal to 0:2 (solid line) When the tax rate increases to 0:3
(dash line) the declared amount falls to 85% and the perceived probability of
audit increases to 0:137. For the situation illustrated in Figure 6 the advance
payment is set below the true tax liability (D=Y = 0:15), so that the objective
function is concave to the left and convex to the right from X. When tax rate
is 0:2 (solid line), about 74% of the true taxable income is declared, and the
perceived probability of audit is 0:236. Now an increase in the tax rate to 0:3
(dash line) results in the sharp decline in the declared income: the maximum
is at the kink point (50% is declared), and the perceived probability of audit is
0:45.
In fact, the standard model with an additional assumption of the subjective

probability of detection increasing as the declared income falls generates similar
results with regards to the degree of compliance. It is, therefore, crucial to
model the formation of the subjective probability, or the belief, of the evasion
being detected. Empirical evidence demonstrates that a wide range of factors,
including social groupings and network e¤ects, may impact upon the individual
compliance decision. One possibility, explored in this paper, is the formation of
individual beliefs via social interaction.

4 Social Interaction in Networks

In this section we model the formation of attitudes and beliefs as the outcome
of social interaction, and opportunities as the outcome of occupational choice.
This is achieved by applying the theory of network formation to track the links
between taxpayers and the transmission of attitudes and beliefs, and combining
this with agent-based modelling which employs behavioural approach to describe
individual choices.
We construct and simulate a theoretical model of tax compliance that in-

corporates agents with a range of distinguishing characteristics and preferences
based on the principles of behavioural economics. Several dimensions of tax-
payer heterogeneity provide a rich environment into which tax compliance can
be embedded. Incorporated within the model is an analysis of how the structure
of the tax collection and monitoring systems a¤ects the occupational choice and
earnings decision of a taxpayer. This captures the observation that the source of
income matters for the opportunity to evade. We also analyze how the individ-
ual tax compliance decision is a¤ected by a taxpayer�s social environment. This
addresses an important conclusion of behavioural economics that beliefs can be
subjective and in�uenced by the social environment in which the taxpayer is
located. Non-expected utility theory highlights the fact that individual taxpay-
ers do not make choices based on knowledge of objective probabilities. This is
a fact exploited by revenue services in the design of their strategies, which aim
at conveying the impression that the probability of audit is signi�cant and that
punishment is harsh. Social interaction stresses that taxpayers do not operate

10



in a private isolation but act within a social environment. It is within this en-
vionment that they develop their beliefs and attitudes. This suggests that the
two strands could be usefuly combined to model how social interaction leads to
the formation of the beliefs and attititudes that enter into individual decision.
Agent-based modelling could be the tool to deliver this especially if combined
with the literature on social networks to provide a structure on interaction.
Social interaction allows information to be transmitted through a network.

This information a¤ects evasion behaviour by changing beliefs. The exchange
of information is determined endogenously through choices that are made. An
individual makes a decision between employment and self-employment. Tax
evasion is not possible in employment (as, for example, under the pay-as-you-
earn system in the UK), but may or may not be possible in self-employment.
We assume the each individual is characterized by a wage in employment

(productivity), w 2 [wmin; wmax], and by a risk aversion parameter, � 2 [�min; �max].
Individuals are also described by a �project�. This is what will happen if they
choose self-employment; one can think of it as the business they will pursue.
A project involves a probability of success, q 2 [0; 1], and a pay-o¤ of �s, if
successful, otherwise the pay-o¤ is �u, such that �s > �u > 0. The evasion pos-
sibility arises when self-employment is chosen. In this case there is a probability
(or a subjective belief), p, that evasion is detected, and a probability 1� p that
evasion is succesfull. Hence, an individual is characterized by fw; q; �; �s; �u; pg.
We further assume that �s and �u are the same for all, because of the limited
liability, or, perhaps, assuming the same cost for each project.

4.1 Occupational Choice

For analytical tractability we assume a CRRA utility,

U (Y ) =
Y 1�� � 1
1� � :

Consider �rst the occupational choice when tax evasion is not possible for either
occupation. If self-employment is chosen the expected payo¤ is

EU (�) =
1

1� �

h
q [(1� t)�s]1�� + (1� q) [(1� t)�u]1�� � 1

i
If employment is chosen the payo¤ is

U (w) =
[(1� t)w]1�� � 1

1� �

This separates the population (in three dimensions, according to fw; q; �g)
through the equality

U (w) = EU (�)

which gives

w =
�
q�1��s + (1� q)�1��u

�1=(1��)
:
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For q constant this generates a downward sloping locus between w and �,

dw

d�
= �q�

1��
s ln (�s) + (1� q)�1��u ln (�u)� w1�� ln (w)

(1� �)w��
< 0;

so that the low wage and less risk averse choose self-employment. On the other
hand, for � constant

dw

dq
=
�1��s � �1��u

(1� �)w��
> 0:

Thus, a higher probability of success in the project encourages self-employment.
These conclusions are all as expected. What is now interesting is how this
changes if there is a possiblity of tax evasion in self-employment only, and if
this possibility is taken into account when an occupation is chosen.

4.2 Evasion

With the possibility of tax evasion the self-employment choice becomes a com-
pound lottery. The expected payo¤ in self-employment, when the project is
successful, is given by

EUs = p
[(1� t)�s � ftEs]

1� �

1��
+ (1� p) [(1� t)�s + tEs]

1� �

1��
� 1

1� � :

The level of evasion Es is chosen to maximize EUs. Hence we have

Es = min

�
�s;max

�
1� t
t
�s
z�1=� � 1
1 + fz�1=�

; 0

��
;

where, as before, z � p
1�pf , and (5) must hold for evasion to take place. In the

interior
@Es
@�

=
1� t
t
�s
z�1=� (f + 1)�
1 + fz�1=�

�2 ln (z) < 0:
So, raising � (increasing risk aversion) reduces the level of evasion.
The value function after choosing evasion when the project is successful is

V s =
[(1� t)�s]1��

1� �

�
1 + f

1 + fz�1=�

�1�� h
p+ (1� p) z�(1��)=�

i
� 1

1� � :

(Note this is for an interior solution only.) Similarly,

Eu = min

�
�u;max

�
1� t
t
�u

z�1=� � 1
1 + fz�1=�

; 0

��
;

and, in the interior,

V u =
[(1� t)�u]1��

1� �

�
1 + f

1 + fz�1=�

�1�� h
p+ (1� p) z�(1��)=�

i
� 1

1� � :
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The expected payo¤ from the compound lottery is then

V e = qV s + (1� q)V u:

The locus of indi¤erence between the two occupations is described by

[(1� t)w]1��

1� � = qV s + (1� q)V u; (12)

or

w =
�
q�1��s + (1� q)�1��u

�1=(1��) h
p+ (1� p) z�(1��)=�

i 1 + f

1 + fz�1=�
: (13)

So self-employment is chosen when

wmin � w � min fw;wmaxg :

Below is the plot of the indi¤erence relation for w against �, with (f = 1) and
without (f = 0:75) evasion: The parameter values are q = 0:5; �s = 3; �u = 1:5;
q = 0:5. Note the jump at � = 0 (risk-neutrality).

Fig. 7: Cut-o¤ wage with (solid line) and without (dash line) evasion.

4.3 Formation of Beliefs

A network is modelled as a set of bi-directional links, described by a symmetric
matrix of zeros and ones. For example, the network shown in the diagramme
below is described by matrix A:
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1

2

3

4

A =

2664
0 1 0 0
1 0 1 0
0 1 0 1
0 0 1 0

3775

There are n individuals interacting repeatedly; time is discrete. The network
is determined by an n � n symmetric matrix of zeros and ones. Each period
an action is chosen.3 Individual characteristics fw; q; �; �s; �u; p0g are randomly
drawn at the outset and remain constant except for p. A choice is made between
employment and self-employment. If self-employment is chosen the outcome �s
or �u is randomly realised, with probability q and 1 � q, respectively. Given
the outcome, the evasion decision is made, as described above. Those in self-
employment are then randomly audited, with an exogenously �xed probability
a. If audited, an individual�s subjective probability, p, switches to 1, otherwise
p decays,

pt = dpt�1; d 2 [0; 1] ; t = 1; 2; : : : .

In other words, the detected evaders believe they have been black-listed and will
be audited with certainty in the next period, whereas those not detected believe
they are less likely to be audited in the next period. Next, a random selection of
meetings occur; this is described by a random matrix C of zeros and ones. The
set of permissible meetings is determined by the network; that is, individuals i
and j meet if AijCij = 1. At a meeting of i and j information is exchanged,
and beliefs are updated, i¤ i and j belong to the same occupational group. If
this is the case, then

pit+1 = �p
i
t + (1� �) p

j
t :

Thus, probability of evasion being audited is determined by the individual�s
own past experience and by the subjective belief of a randomly met member of
that individual�s social network, provided they belong to the same occupational
group. Given this new belief, an individual makes occupational choice for the
next period.
Figures 8 and 9 illustrate the outcome of the model simulated for CRRA

utility, for n = 1000 and t = 200 (�rst 100 periods are not shown). We assumed
the uniform distribution for � on [0; 10], true audit probability a = 0:05, tax
rate t = 0:25, �ne f = 1:5. The average belief about audit probability gradually
increases and remains high even when the decay is strong.

3Here the network is �xed. Another possibility would be to have the network revised as a
consequence of chosen actions, i.e. employed and self-employed belonging to di¤erent social
networks.

14



0 20 40 60 80 100
0.48

0.5

0.52

0.54

0.56

0.58

0.6

0.62

t

p

Fig. 8: Average subjective probability of
detection: d = 0:95, � = 0:75.
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Fig. 9: Average subjective probability of
detection: d = 0:25, � = 0:75.

The distribution of �, or the risk aversion, is uniform at the outset; how-
ever, occupational choice results in more risk averse individuals, ceteris paribus,
choosing employment. This is illustrated in Figures 10 and 11; one can see that
the average risk aversion across the self-employed gradually tends to a smaller
value than that across the employed individuals.

0 20 40 60 80 100
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Fig. 10: Average risk aversion:
self-employed individuals.
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Fig. 11: Average risk aversion: employed
individuals.

5 Aggregate Risk-Taking

The idea now is to use this model to address the question in the Kanbur (1979)
and Black and de Meza (1997) literature about the aggregate degree of risk-
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taking. Is it socially e¢ cient? It has been argued, in particular, that in a
competitive economy with costly state veri�cation an ine¢ ciently low proportion
of individuals enter risky occupations. Therefore, a direct or indirect sibsidy to
risky occupation, balanced by a tax on riskless occupation, may increase welfare
for everyone. The argument to make here is that if there is too little risk-taking
without tax evasion then the possibility of evading encourages risk-taking. In
this case setting policy to reduce evasion will drive risk-taking further from the
social optimum. At the same time, a more relaxed tax enforcement would serve
as an indirect subsidy and may, therefore, improve the welfare.
The converse of this argument is that taxation has a variance-reducing ef-

fect on earnings from self-employment (government engages in risk-sharing),
and, therefore, encourages self-employment. Evasion has the opposite e¤ect
and raises the variance again. So, from this argument, policy should try to
reduce evasion.
Which of these two arguments is correct? We show how this can be addressed

within the framework developed in the previous section.

5.1 Compliance policy in the standard model

Consider �rst the individual e¤ect of a relaxed compliance policy in the standard
model of tax evasion, described in Section 2. The value function in the optimum
is

V � = pU ((1� t)Y � ftE�) + (1� p)U ((1� t)Y + tE�)
and the government revenue is

G� = tY � (1� p� pf) tE� (14)

The amount of evasion rises as the �ne is lowered. To see this di¤erentiate (4)
w.r.t to f :

�pU 0 (Y c) + pfU
00
(Y c)

�
tE� + f

@tE�

@f

�
+ [1� p]U 00 (Y n) @tE

�

@f
= 0;

@tE�

@f
=
p

S

h
U 0 (Y c)� U

00
(Y c) ftE�

i
:

Evaluate this at the cut-o¤ value, f = [(1� p) =p:

@tE

@f
=

p2

1� p
U 0 ((1� t)Y )
U 00 ((1� t)Y ) :

The value function also rises with a decrease in f :

@V �

@f
= �ptE�U 0 ((1� t)Y � ftE�) ; (15)

The e¤ect on the government revenue is found by di¤erentiating (14):

@G�

@f
= ptE� � (1� p� pf) @tE

�

@f
:
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Thus, the individual welfare rises and the government revenue falls as the �ne
is lowered, as long as the optimal evasion is strictly positive. However, at the
cut-o¤ value of f both derivatives are zero. That is, when the �ne is lowered
just enough to trigger evasion, the welfare and the government revenue do not
change.
The e¤ect of the tax rate on the evaded tax is given by (6), and the e¤ect

on the government revenue is

@G�

@t
= Y � (1� p� pf) @tE

�

@t

= Y

�
1� 1� p� pf

S
(1� p)U 0 (Y n) (rc � rn)

�
:

Therefore, under the assumption of the absolute risk aversion falling with in-
come, the evaded tax falls and the government revenue rises as tax rate increases.
Consider a policy of a marginal decrease in �ne and a simultaneous marginal

increase in the tax rate, so that the government revenue remains unchanged,

�G� � @G�

@f
�f +

@G�

@t
�t = 0; where �f < 0; �t > 0:

What will be the net e¤ect of such a policy on the individual welfare?

�V � � @V �

@f
�f +

@V �

@t
�t = �f

�
@V �

@f
� @V

�

@t

@R�=@f

@R�=@t

�
:

Thus, the policy is welfare-improving if

@V �

@f
� @V

�

@t

@G�=@f

@G�=@t
< 0:

Here, the �rst term is given by (15), and in the second term

@V �

@t
= �Y [pU 0 (Y c) + (1� p)U 0 (Y n)] = �Y p (1 + f)U 0 (Y c) :

We need to determine the sign of

@V �

@f
� @V

�

@t

@G�=@f

@G�=@t

= ptE�U 0 (Y c)

24�1 + p (1 + f) 1 + 1�p�pf
�S fU 0 (Y c)

�
rc + 1

ftE�

�
1 + 1�p�pf

�S pfU 0 (Y c) (rc � rn)

35 :
One can see that the sign is ambiguous: p (1 + f) < 1 for the evasion to occur,
but the fraction it multiplies is greater than one. In the logarithmic case

V � = ln [(1� t)Y ] + p ln p+ (1� p) ln (1� p) + p ln (1 + f)� (1� p) ln f;
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and
@V �

@f
� @V

�

@t

@G�=@f

@G�=@t
=
p (1� p) (1 + f) (1� p� pf)

f
h
f + (1� p� pf)2

i > 0:

Therefore, with logarithmic utility a decrease in the evasion �ne compensated
by an increase in the tax rate reduces the individual welfare, and, conversely,
decreasing the tax rate and simultaneously increasing the �ne improves the
welfare.
Another possibility would be to consider a policy of changing the probability

of being detected (and caught evading), which can be interpreted as lowering
the monitoring e¤ort. This, however, raises the question of the cost of moni-
toring or detection. To proceed along this route one would have to include the
cost of detection in the government revenue, and consider the optimal choice
of monitoring e¤ort by the government. However, if this and other govern-
ment variables (evasion �ne and the tax rate) are chosen so as to maximize the
individual welfare, then no change in these variables can be welfare-improving.
Including occupational choice makes the situation more interesting. The

policy alters the payo¤s and, therefore, will alter the occupational choice for the
marginal individuals. If the evasion �ne is lowered self-employment becomes
more attractive, and the average pre-tax income increases in both occupations.
Thus, the tax base expands. It may be possible that the compensating increase
in the tax rate is su¢ ciently small, so that the fall in the aggregate welfare
because of the increased tax is outweighed by the rise due to the reduced evasion
�ne. The policy would then improve the aggregate welfare.

5.2 Aggregate e¤ect

The next step is to look at the extent of evasion from an aggregate perspec-
tive. Assume that the distribution of the characteristics is described by a joint
probability density function g (�; q; w), and de�ned on [�min; �max] � [0; 1] �
[wmin; wmax] : Let

w� � max fwmin;min fw;wmaxgg :
Let the con�guration of parameters be such that w� = w on [�min; �max]� [0; 1].
(Other cases can be analysed in the same way.) The aggregate welfare is given
by

W =

Z �max

�min

d�

Z 1

0

dq

Z wmax

w

dw V (w) g (�; q; w)

+

Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw [qV s + (1� q)V u] g (�; q; w)

Consider the e¤ect upon the aggregate welfare of a marginal change (decrease)
in �ne that is just enough to trigger evasion,

�W � @W

@f

����
z=1

�f:
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The derivative is given by

@W

@f
=

Z �max

�min

d�

Z 1

0

dq [�V (w) + qV s + (1� q)V u] g (�; q; w) @w
@f

+

Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw

�
q
@V s

@f
+ (1� q) @V

u

@f

�
g (�; q; w) :

The �rst term is the marginal change in the aggregate welfare caused by the
occupational shift: a small reduction in the evasion �ne induces more individuals
to choose self-employment; this term equals zero by de�nition of w (because the
occupation was chosen optimally). The second term re�ects the change in the
welfare of self-employed individuals, �since employed individuals cannot evade
tax, a change in the evasion �ne does not a¤ect their welfare.
In the second term,

@V s

@f
= p

@Us ((1� t)�s � ftE�s )
@f

+ (1� p)@U
s ((1� t)�s + tE�s )

@f

= [�pfU 0 ((1� t)�s � ftE�s ) + (1� p)U 0 ((1� t)�s + tE�s )]
@ (tE�s )

@f

�pf (tE�s )U 0 ((1� t)�s � ftE�s )
= �pf (tE�s )U 0 ((1� t)�s � ftE�s ) :

The last equality follows from the �rst-order condition for E�s . One can see
that for f = (1� p) =p, implying E�s = 0, this derivative is equal to zero.

Similar result holds for
@V u

@f
. Hence, the aggregate welfare is not a¤ected by

a marginal decrease in the evasion �ne that triggers evasion. When evasion is
strictly positive,

@W

@f
= �pft

Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw g (�; q; w)

� [qE�sU 0 ((1� t)�s � ftE�s ) + (1� q)E�uU 0 ((1� t)�n � ftE�u)]
< 0;

since the integrand is strictly positive. Therefore, the aggregate welfare rises
when the evasion �ne falls. It is straightforward to show that the aggregate
welfare falls when the tax rate rises:

@W

@t
= �

Z �max

�min

d�

Z 1

0

dq

Z wmax

w

dw g (�; q; w)wU 0 ((1� t)w)

�p (1 + f)
Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw g (�; q; w)

� [q�sU 0 ((1� t)�s � ftE�s ) + (1� q)�uU 0 ((1� t)�u � ftE�u)]
< 0:
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The next step would be to consider the welfare e¤ect of the policy whereby a
small decrease in the evasion �ne is complemented by an increase in the tax rate
so that the government revenue remains constant.
The government revenue is given by the following expression:

G� = t

Z �max

�min

d�

Z 1

0

dq

Z wmax

w

dw g (�; q; w)w +

Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw g (�; q; w)

� [q (t�s � (1� p� pf) tE�s ) + (1� q) (t�u � (1� p� pf) tE�u)] :

Proceeding as in the previous section, we obtain

@G�

@f
= t

Z �max

�min

d�

Z 1

0

dq g (�; q; w)
@w

@f
[�w + q�s + (1� q)�u]

+

Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw g (�; q; w)

�
�
� (1� p� pf)

�
q
@ (tE�s )

@f
+ (1� q) @ (tE

�
u)

@f

�
+ p (qtE�s + (1� q) tE�u)

�
:

Here, the �rst term re�ects the change in the tax revenue caused by the switch
of the marginal individuals from employment to self-employment as the �ne rate
falls, and the second term is related to the change in the tax and �ne collected
from the self-employed. Similarly, when w does not depend on t (as is the case
of the CRRA utility, see (13)), we obtain

@G�

@t
=

Z �max

�min

d�

Z 1

0

dq

Z wmax

w

dw g (�; q; w)w +

Z �max

�min

d�

Z 1

0

dq

Z w

wmin

dw g (�; q; w)

�
�
q�s + (1� q)�u � (1� p� pf)

�
q
@ (tE�s )

@t
+ (1� q) @ (tE

�
u)

@t

��
:

Here, the �rst two terms correspond to the marginal increase in tax collected
from employed and self-employed, and the last term re�ects the change in the
evaded tax and �ne collected from the self-employed individuals. The e¤ect
upon the evaded tax of the change in the evasion �ne and in the tax rate is
given by the expressions analogous to those in the previous section:

@
�
tE�s;u

�
@f

=
pftE�s;u
Ss;u

U 0
�
(1� t)�s;u � ftE�s;u

� �
rcs;u +

1

ftE�s;u

�
< 0;

@
�
tE�s;u

�
@t

=
pf�s;u
Ss;u

U 0
�
(1� t)�s;u � ftE�s;u

� �
rcs;u � rns;u

�
< 0

(again, assuming the coe¢ cient of the absolute risk aversion falls with income).
One can see, therefore, that

@G�

@f
> 0;

@G�

@t
> 0:
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The net e¤ect on the aggregate welfare of the proposed policy is positive i¤

�W

�f
� @W

@f
� @W
@t

@G�=@f

@G�=@t
< 0:

Whether or not this condition holds depends on the joint distribution of the
parameters. Intuitively, on the one hand, a decrease in the evasion �ne makes
self-employment more attractive. However, on the other hand, an increase in the
tax rate reduces disposable income for both occupations. It may be the case that
the resulting decrease in the (expected) utility is larger for the self-employed.
Then the proportion of individuals in employment will rise. A converse situation
is also possible.
In Figure 12 we show how the sign of the e¤ect changes with tax for var-

ious con�guration of parameters. For simplicity we assume that q is constant
across individuals and consider three scenarios. For all three scenarios w and �
distributed uniformly and independently, with p = 0:5, �min = 0:01, �max = 2,
wmin = 1:5, wmax = 3. The solid line corresponds to fq; �s; �ug = f0:5; 3; 1:5g;
the dash line is for f0:7; 3; 0:5g and the dot line is for f0:3; 4; 1:5g. Thus, in
all three cases the expected value of the project is the same and equals the
expected wage in employment, but in comparison with the �rst case, the second
case has lower value for unsuccessful project with higher probability of success,
whereas the third case has higher value for the successful project, with lower
probability of success. One can see that the proposed policy is more likely to be
welfare-improving for higher tax rates, and, given the tax rate, it is more likely
to be welfare-improving when the value of the unsuccessful project is lower.
Note that, unlike Black and de Meza (1997), this result refers to the change in
the aggregate welfare, rather than Pareto-improvement.
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Fig. 12: Change in the aggregate welfare.

An important issue to consider here is the potential e¤ect of the change in
the proportions of employed and self-employed on the probability of detection,
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p. In our framework p is assumed to be exogenously �xed. A more realistic
approach would be assuming that the probability of detection is a decreasing
function of the proportion of self-employed. That is, if the monitoring e¤ort does
not change, the more individuals are in self-employment, the smaller proportion
of them can be audited. Alternatively, one could assume that monitoring is
costly, in which case the probability of detection is derived endogenously so as
to maximize the government revenue net of monitoring cost.

5.3 Borrowing

Another possible extension is to incorporate borrowing into this framework.
This will link evasion to the interest rate and to the availability of credit, and
will provide another channel for the wage rate to a¤ect the outcome. The
following simple example illustrates the idea.
Assume that it costs c > 0 units of income to �nance a project. Individuals

do not have this sum available but must borrow to �nance the project. The
capital market (meaning small �rm �nancing by the banks) is imperfect. The
way that this imperfection is realised is that the interest rate is dependent on
the observable wage rate:

i = i0 + b(w);

where b0(w) < 0 and b(wmax) = 0: So, the higher is the wage in employment
the lower is the interest rate that must be paid. The payo¤s from the project
become

Ys = �s � c(1 + i) = �s � c (1 + i0 + b(w)) ;
Yu = �u:

The payo¤ in the bad state, �u, does not depend on i under the assumption that
no interest payment is made should the project fail; Y could represent income
less payment of collateral.
For the simulation we assume

i = i0 + b

�
1� w

wmax

�
:

The locus of indi¤erence between two occupations is described by (12), where
now w solves

w =

"
q

�
�s � c

�
1 + i0 + b

�
1� w

wmax

���1��
+ (1� q)�1��u

#1=(1��)
�
h
p+ (1� p) z�(1��)=�

i 1 + f

1 + fz�1=�
:

Figure 13 illustrates the borrowing scenario with (solid line) and without (dash
line) evasion, with no-borrowing scenario shown for the comparison. The same
parameter values were used as before, with c = 0:1, i0 = 0:05, b = 0:02, and
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wmax = 3. Clearly, the cost of borrowing makes self-employment less attractive.
This is not a surprising result. Perhaps, one interesting extension to consider
would be a situation where no tax is paid on interest.

no borrowing

borrowing

Fig. 13: Cut-o¤ wage with and without borrowing, with (solid line) and
without (dash line) evasion.

6 Conclusions

An understanding of the individual tax compliance decision is important for
revenue services. Their aim is to design policy instruments to reduce the tax
gap (the di¤erence between anticipated and actual tax revenue). Empirical
evidence demonstrates that a wide range of factors, including social groupings
and network e¤ects, may impact upon the individual compliance decision.
The research we report in this paper uses some ideas from behavioural eco-

nomics to study occupational choice and tax compliance in an integrated frame-
work. The analysis is centred upon the e¤ect of taxpayers possessing individual
attributes and social connections that in�uence the compliance decision. Our
model accommodates di¤erences in preferences, in productivities, and in op-
portunities for evasion. Occupational choice selects those who will evade into
situations where evasion is possible. Social interaction can lead the subjective
probability to di¤er from the objective probability. This allows to generate the
observed high levels of compliance. The framework can be used to investigate
the most e¤ective way for a tax administration to encourage compliance, as well
as the welfare implications of the enforcement policies.
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