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Abstract
We relate tax avoidance behaviour to a substantial literature on self and social comparison in
judgements. Taxpayers engage in tax avoidance (which is both risky and costly) as way to
potentially boost their present consumption relative to others in their “local” social network,
and relative to the past. The unique Nash equilibrium of the model relates optimal avoidance
to a (Bonacich) measure of network centrality: more central taxpayers avoid more. We provide
formal comparative statics results for optimal avoidance and, using simulation, address policy
questions. We …nd evidence in favour of targeting tax authority interventions at highly central
taxpayers (celebrities) in social networks, and document a role for self comparison in explaining
persistent post-intervention behavioural e¤ects. Our approach helps to marry analytical and
agent-based approaches to tax avoidance.
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Introduction

Individuals take a variety of actions to reduce their tax liabilities. The UK tax authority,
for instance, distinguishes three distinct types of action (H.M. Treasury and H.M. Revenue
and Customs, 2011): those that breach tax law (tax evasion); those that use the tax law
to get a tax advantage that lawmakers never intended (tax avoidance); and those that use
tax allowances for the purposes intended by lawmakers (tax planning). By these de…nitions,
both tax evasion and tax avoidance are responsible for signi…cant losses in public revenue:
estimates provided by the UK tax authority put the value of tax avoidance at £ 1.7 bn. and
the value of tax evasion at £ 5.2 bn. (H.M. Revenue and Customs, 2016). Given the …rst
order signi…cance of tax avoidance, it is of note that the …rst economic studies relating to tax
compliance (e.g., Allingham and Sandmo, 1972; Srinivasan, 1973; Yitzhaki, 1974) neglect
the possibility of tax avoidance altogether, and the economic literature that followed has
largely retained this bias.
In this paper we link avoidance behaviour to a mass of evidence that people continually
engage in comparisons –with others (social comparison) and with themselves in the recent
past (self comparison – or “habit”). Utility, evidence for developed economies suggests,
is in large part derived from consumption relative to these comparators, rather than from
its absolute level (e.g., Ferrer-i-Carbonell, 2005; Luttmer, 2005; Clark and Senik, 2010;
Mujcic and Frijters, 2013). The evolutionary processes that might explain this phenomenon
are explored in Postlewaite (1998), Rayo and Becker (2007) and Samuelson (2004), among
others. Researchers have proposed that self and social comparison can explain economic
phenomena including the Easterlin paradox (Clark et al., 2008; Rablen, 2008), the equitypremium puzzle (Constantinides, 1990; Galí, 1994); stable labour supply in the face of
rising incomes (Neumark and Postlewaite, 1998); upward rather than downward sloping
wage pro…les (Loewenstein and Sicherman, 1991; Frank and Hutchens, 1993); the feeling
of poverty (Sen, 1983); the demand for risky activities (Becker et al., 2005); and migration
choices (Stark and Taylor, 1991). There are important consequences for consumption and
saving behaviour (Dybvig, 1995; Chapman, 1998; Carroll et al., 2000), for the desirability
of economic growth (Layard, 1980, 2005), for monetary policy (Fuhrer, 2000), and for tax
policy (Boskin and Sheshinki, 1978; Ljungqvist and Uhlig 2000; Koehne and Kuhn, 2015).
Despite the overwhelming evidence of a concern for self and social comparison, neither has
ever been formally explored in the context of the tax avoidance decision. Here, therefore,
1

we provide a network model of the tax avoidance decision in which taxpayers are assumed
to have an intrinsic concern for income relative to a benchmark that can re‡ect both self
and social comparison.1 Taxpayers observe the consumption of a subset of other taxpayers
(the “reference group”) with whom they are linked on a social network. In this context,
taxpayers may seek to avoid tax so as to consume more relative to those they compare
against. Taxpayers also benchmark their current consumption in part against its lagged
values. The model exhibits strategic complementaries in avoidance choices, so that more
avoidance by one taxpayer reinforces other taxpayers’ decisions to avoid also. Following
the lead of Ballester et al. (2006), we utilise linear-quadratic utility functions to provide a
characterisation of Nash equilibrium. We show that there is a unique Nash equilibrium in
which avoidance is a weighted network centrality measure of the form proposed by Bonacich
(1987). Network centrality is a concept developed in sociology to quantify the in‡uence or
power of actors in a social network: it counts the number of all paths (not just shortest
paths) that emanate from a given node, weighted by a decay factor that decreases with the
length of these paths. In this sense, our contribution combines sociological and economic
insights in seeking to understand tax avoidance behaviour.
Although the model is simple enough to admit an analytic solution, it is also su¢ ciently rich
that it may be used to address a range of questions of interest to academics and practitioners
in tax authorities. Here we focus on three such questions: …rst, we investigate how changes
in the exogenous parameters a¤ect avoidance; second, we explore how the marginal revenue
e¤ects that arise from performing one extra intervention vary across taxpayers with di¤erent
levels of network centrality; and last we consider the dynamic pro…le of behavioural responses
to an successful anti-avoidance intervention by the tax authority.
An important feature of our model is that it addresses explicitly the role of local comparisons
on a social network. By contrast, the existing analytical literature on the related study of
tax evasion allows only global (aggregate) social information to enter preferences: the global
statistic that taxpayers are assumed to both have a concern for, and to be able to observe,
is modelled as either (i) the proportion of taxpayers who report honestly (Gordon, 1989;
Myles and Naylor, 1996; Davis et al., 2003; Kim, 2003; Traxler, 2010); (ii) the average posttax consumption level (Goerke, 2013); (iii) the level of non-compliance as a share of GDP
(Dell’Anno, 2009); or (iii) the average tax payment (Mittone and Patelli, 2000; Panadés,
1

The economics of networks is a growing …eld. For recent overviews, see Ioannides (2012), Jackson and
Zenou (2015), and Jackson et al. (2017).
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2004). While reducing social information to a single statistic known to all taxpayers has a
bene…t in terms of analytical tractability, it is problematic in a number of respects. First,
from the perspective of modelling with explicit social networks, assuming that taxpayer’s
observe aggregate-level information is implicitly the assumption that the social network is
the complete network (in which every taxpayer is directly linked to all other taxpayers). Yet
there are reasons to think that relative consumption externalities are, in fact, heterogeneous
across individuals. In particular, we know that people’s reference group is typically composed
of “local”comparators such as neighbours, colleagues, and friends (Luttmer, 2005; Clark and
Senik, 2010).2 Moreover, implicitly assuming a complete network implies that all taxpayers
are equally connected socially, thereby ruling out, in particular, the existence of highlyconnected “stars”or “celebrities”. Yet, such features of social networks may matter for the
targeting of tax audits (Andrei et al., 2014).
The only literature that has enriched the introduction of social information (again in the tax
evasion context) is that which uses agent-based simulation techniques as an alternative to
analytical methods. Even here, however, the majority of studies allow for this feature in only
a limited way that, in particular, does not allow fully for heterogeneity in connectedness:
authors often impose symmetry on the network of links, as in, e.g., Davis et al. (2003) and
Hashimzade et al. (2014, 2016) and/or assume the size of the reference group to be equal
across taxpayers (e.g., Korobow et al., 2007; Hokamp and Pickhardt, 2010; Bloomquist,
2011; Hokamp, 2014).3 We o¤er a model that is both analytically tractable and that allows
for local comparisons on an arbitrary social network. In this sense, our approach lies in
the cleavage between existing analytical and agent-based approaches, and is complementary
to each. Extending analytical understanding of network e¤ects upon tax avoidance – in
particular being able to prove formal comparative statics properties of the model –aids the
interpretation of simulation output from related agent-based models.
To our knowledge, no previous contribution has allowed simultaneously for both self and
social comparison in the tax compliance decision. Goerke (2013), however, allows for social
comparison by assuming an intrinsic concern for relative consumption by taxpayers. The
2

More generally, relative consumption externalities may be viewed as a form of peer e¤ ect. In other
contexts, generative models of peer e¤ects predict heterogeneous exposure. For instance, when job information ‡ows through friendship links, employment outcomes vary across otherwise identical agents with their
location in the network of such links (Calvó-Armengol and Jackson, 2004).
3
Zaklan et al. (2008) and Andrei et al. (2014) are among exceptions that do explore more general network
structures.
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primary focus of his contribution is, however, the derived impact on tax compliance from
endogenous changes in labour supply, whereas we treat income as an exogenous parameter.
In the remaining literature that considers a social dimension to the tax compliance decision,
taxpayers are assumed to derive utility solely from absolute consumption, but nonetheless
react to social information because they experience social stigma – the extent of which
depends on the compliance behaviour of other taxpayers – if revealed to be noncompliant.
The focus of much of this literature is on the potential for multiple equilibria, whereas our
model yields a unique equilibrium. While a concern for relative utility is compatible with
the simultaneous existence of social stigma towards non-compliers, the two approaches di¤er
in emphasis. Underlying the idea of social stigma is the concept of social conformity, in
which agents seek to belong to the crowd, whereas the presumption of relative consumption
theories is that individuals seek to stand out from the crowd. A small literature relating
to this point in the context of tax compliance supports the notion that social information
impacts compliance behaviour (Alm et al., 2017; Alm and Yunus, 2009), but rejects social
conformity as the underlying mechanism (Fortin et al., 2007).4
A recent contribution that allows explicitly for self comparison in the tax compliance decision is Bernasconi et al. (2016). There are, however, important di¤erences in approach
and results. In our model taxpayers are myopic, and habit re‡ects only recent consumption
outcomes, whereas these authors consider far-sighted taxpayers and assume habit to re‡ect
the full history of consumption. Stronger habit is associated with higher avoidance in our
model, for it generates a negative internality on myopic taxpayers: higher past consumption outcomes reduce present utility. To overcome this internality, taxpayers must gamble
(avoid) more. Conversely, Bernasconi et al. …nd that stronger self comparison improves tax
compliance.
This article adds to the small, but growing, economic literature that models the tax avoidance
choice (Alm, 1988; Alm and McCallin, 1990; Alm et al., 1990; Cowell, 1990; Slemrod, 2001;
Neck et al., 2012; Gamannossi degl’Innocenti and Rablen, 2016). Like us, Alm and McCallin
(1990) describe avoidance as a risky asset owing to the possibility of e¤ective anti-avoidance
measures by the tax authority, whereas the remaining papers characterise avoidance as a
riskless, albeit costly, asset. None of these papers consider avoidance in a social network
4

We also note that acts of tax avoidance appear often to attract less social stigma than acts of tax evasion
(see, e.g., Kirchler et al., 2003).
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setting, however. Much of the remaining literature on tax avoidance is concerned with
whether income tax has “real”e¤ects upon labour supply or simply leads to changes in the
“form”of compensation (e.g., Gruber and Saez, 2002; Slemrod and Kopczuk, 2002; Slemrod
1995; Piketty et al., 2014).5 We also connect to a broader literature that applies network
theory to the analysis of crime (e.g., Glaeser et al., 1996; Ballester et al., 2006).
The plan of the article is as follows: section 2 develops a formal model of tax avoidance
on a social network. Section 3 analyses –using both formal and simulation methods –the
predictions of the model for optimal avoidance, and for understanding the e¤ects of tax
authority interventions. Section 4 concludes. All proofs are in the Appendix.

2

Model

Let N be a set of taxpayers of size N . A taxpayer i 2 N has an income Wi drawn from an
income distribution de…ned on the interval [W ; W ], where 0 < W < W . If a taxpayer were
to pay income tax on their full income, Wi , they would receive a net disposable income Xi
Xi (Wi ). Taxpayers can, however, choose to avoid paying an amount of tax Ait 2 [0; Wi

Xi ].

Avoidance technology is, though, costly, for devising avoidance schemes that reduce a tax
liability without ostensibly violating tax law invariably requires a detailed understanding
of tax law, coupled with a degree of ingenuity, that few taxpayers possess.6 Satisfying this
demand for tax avoidance is, therefore, a substantial industry dedicated to the development
and marketing of avoidance schemes (see, e.g., Sikka, 2012; Committee of Public Accounts,
2013; Addison and Mueller, 2015).
As in Gamannossi degl’Innocenti and Rablen (2016), we assume that the avoidance scheme
available to taxpayer i o¤ers a reduction of Ait in theoretical tax liability at a cost Ait , where
2 (0; 1). In this way,

may be interpreted as measuring the degree of competition in the

market for tax avoidance schemes, with lower values of

indicating the presence of stronger

competitive forces. We emphasise here, however, that the theoretical tax reduction of Ait ,
on which the fee for avoidance technology is based, is not necessarily the tax reduction
that is ultimately achieved: should the tax authority successfully intervene legally against
5

In these studies, the term “tax avoidance” typically refers to all form-changing actions that reduce a
tax liability. This de…nition overlaps with ours but is broader in that it includes actions that fall in to our
notion of tax planning.
6
People not only have di¢ culties in understanding tax law, but also show poor knowledge of tax rates
(Blaufus et al., 2015; Gideon, 2017) and basic concepts of taxation.
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the avoidance scheme we assume it obtains the right to reclaim the avoided tax Ait (but
cannot levy a …ne). Accordingly, all monetary risks associated with the possible detection
and termination of the tax avoidance scheme are borne by the taxpayer.7
The probability that taxpayer i’s attempt to avoid tax is unsuccessful in a given period is
pi 2 (0; 1). This parameter captures the joint likelihood that the tax authority learns of

the avoidance activity, that it chooses to mount a legal intervention (it may not have the
resources to challenge all schemes), and that the legal intervention is successful. Allowing
for taxpayer heterogeneity in pi implies that the tax authority may condition its enforcement
upon observable features of the taxpayer.
Taxpayers are assumed to derive utility from their level of consumption (income) relative to
a reference level Ri (the determination of which we shall come to later). As is standard in
agent-based modelling, although taxpayers live for multiple periods, each makes a succession
of single-period decisions and so is “myopic”.8 In each period, taxpayers behave as if they
maximise expected utility, where utility is denoted by U (z) = [b
0

az=2] z. We restrict

00

utility to satisfy the standard conditions U > 0 and U < 0 for all taxpayers, su¢ cient
b
and b > 0.
conditions for which are that a 2 0; maxi2N
Wi
The expected utility of taxpayer i is therefore given by
E (Uit )

[1

pi ] U (Cits

Rit ) + pi U (Citu

Rit ) ;

(1)

where consumption in the successful avoidance state (Cits ) and in the unsuccessful state (Citu )
is given by:

Cits

Xi + [1

Citu

Cits

Ait :

] Ait ;

(2)
(3)

An obvious objection to this formulation is that it neglects entirely the possibility of absolute
utility. Although an absolute component to utility surely exists, we omit it here for simplicity
7

Although systematic information regarding the precise contractual terms upon which avoidance schemes
are typically sold is scarce, we understand from a detailed investigation in the UK that, for the majority
of mass-marketed schemes, enforcement risk is indeed borne by the taxpayer as described (Committee of
Public Accounts 2013, 11).
8
For a small theoretical literature that does not assume myopic taxpayers see, e.g., Levaggi and Menoncin
(2012, 2013). Note, however, that Manski (1991) and McFadden (2006) argue that individuals faced with
dynamic stochastic decision problems that pose immense computational challenges may look to other individuals to infer satisfactory policies, consistent with our modelling of the role of social networks.
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and emphasis.9 Optimal avoidance in period t is the solution to the problem maxAi E (Uit )
subject to the Cournot constraint that reference consumption, Rit , is taken as given. The
…rst order condition for optimal avoidance is given by
[1

pi U 0 (Citu ) = 0;

] U 0 (Cits )

pi ] [1

which can be solved to give optimal avoidance at an interior solution satisfying Ait 2
Xi ) as

(0; Wi

Ait =
where

i

[1

pi

]2 + pi [1

1

pi
a i

fb

a [Xi

(4)

Rit ]g ;

pi ] > 0. Given that marginal utility, b

a [Xi

Rit ], is

positive by the assumed restrictions on a, the expression for optimal avoidance in (4) will
indeed satisfy Ait 2 (0; Wi Xi ) for all i if
0<1

maxi2N fpi g

a i [Wi Xi ]
b a [Xi Rit ]

< mini2N

:

(5)

In what follows we shall take the inequalities in (5) to hold. The left-side inequality is
equivalent to the condition that expected consumption,
qit

E (Cit ) = Xi + [1

pi

] Ait ;

(6)

is increasing in avoided tax Ait (so the avoidance gamble has a positive expected return).

2.1

Reference consumption

Reference consumption, Rit , is a function of self and social comparison. To formalise the
notion of social comparison, we assume that a taxpayer’s realised consumption is observed
by a subset of other taxpayers belonging to N , a set we term the reference group.
We represent the observability of consumption in the form of a bidirectional network, where
a link from taxpayer i to taxpayer j indicates that i observes j’s consumption. Links are
permitted to be subjectively weighted, for some members of the reference group may be
more focal comparators than are others. We focus on (strongly) connected networks – a
9
In international studies, measures of subjective wellbeing measures typically become uncorrelated with
average national income above a threshold estimated at $5,000 (in 1995, PPP) by Frey and Stutzer (2002).
Since most citizens of developed countries lie above this threshold, our model may be a reasonable approximation in such cases.
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network is connected when there is a path (though not necessarily a direct link) between
every pair of taxpayers.10 The network, which may also update over time, can be represented
as an N N matrix Gt of subjective weights 1
gijt
0, where giit = 0 (the adjacency
matrix). Hence, the reference group of taxpayer i is the set of taxpayers for whom gijt > 0,
P
and j gijt measures the total psychological weight a taxpayer places on members of the
reference group.

People predominantly compare with others who are similar to them on prescribed dimensions
(McPherson et al., 2001), perhaps because these comparisons are the most informative (Clark
and Senik, 2010). It follows that changes in the psychological weight attached to di¤erent
comparator taxpayers in the network may arise, for instance, as a response to recent changes
in consumption. To capture this e¤ect in a simple way, we suppose the gijt can evolve as
lagged functions of absolute consumption di¤erences, jCi;t
negatively related to jCi;t

1

i and j the closer are Ci;t

1

1

Cj;t 1 j. In particular, gijt is

Cj;t 1 j so that comparison is more intensive between taxpayers

and Cj;t 1 .

With the social network de…ned, we then write reference consumption as
Ri;t (q
where

P

j6=i

i;t )

h Ci;t 1

+

s

X

j6=i

gijt qjt > 0;

(7)

gijt qjt is the weighted mean over the reference group of expected consumption

(re‡ecting social comparison) and Ci;t

1

is the “habit” level of consumption (re‡ecting self

comparison), which, as is common, we equate with realised consumption in the previous
period.11 The parameters h > 0 and s > 0 are the psychological weights taxpayers place
on, respectively, self and social comparison. In this sense, the total psychological weight
P
placed on social comparison, s j6=i gijt qjt , contains a component common across taxpayers,
P
given by s , and an idiosyncratic component given by j6=i gijt qjt . We use the shorthand
q

i;t

to refer to the set of all qjt excluding qit .

10

This restriction does not play any explicit role except to simplify our discussion of comparative statics
e¤ects. In an unconnected or weakly connected network taxpayers whom nobody observes generate no
consumption externality on others, and taxpayers who do not observe any other taxpayer are not subject to
a consumption externality, in which case our strict comparative statics …ndings in general become weak.
11
For examples of this approach see, e.g., Muellbauer (1988), Carroll and Weil (1994) and Guariglia and
Rossi (2002).
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2.2

Nash Equilibrium

Using (7) in the …rst order condition (4), we now solve for the unique Nash equilibrium of
the model. To do this, we …rst de…ne a notion of network centrality due to Bonacich (1987),
which computes the (weighted) discounted sum of paths originating from a taxpayer in the
network:
De…nition 1 For a network with (weighted) adjacency matrix G, diagonal matrix
weight vector

, the weighted Bonacich centrality vector is given by b(G; ; ) = [I

provided that [I

G ]

1

and

G ]

1

is well-de…ned and non-negative.

In De…nition 1, the matrix

speci…es discount factors that scale down (geometrically) the

relative weight of longer paths, while the vector is a set of weights. Ballester et al. (2006)
show that [I G ] 1 will be well-de…ned, as required by De…nition 1, when I > (G) ,
where (G) is the largest absolute value of the eigenvalues of G. Intuitively, this condition
is that the magnitude of the local externality that a taxpayer’s avoidance imparts upon other
taxpayers cannot be too large. If local externality e¤ects are too strong then the set of linear
equations that de…ne an interior Nash equilibrium of the model have no solution. In this
case, multiple corner equilibria can instead arise (see, e.g., Bramoullé and Kranton, 2007).
Focusing on the case when local externality e¤ects are not too large, we have the following
Proposition:
Proposition 1 If p < I

,

t

< [I

Ht ] [W

X], and I > (Ht )

there is a unique

interior Nash equilibrium, at which the optimal amount of tax avoided is given by
At = b(Ht ; ;

t );

where
hijt =

[1

pi

][1

pj

]

gijt ;

i
ii

=

i1t

=

s;

1

pi
a i

fb

a [Xi

Rit (X

i;t )]g :

According to Proposition 1, a taxpayer’s optimal avoidance corresponds to a Bonacich centrality on the social network Ht , weighted to re‡ect a taxpayers marginal utility of consumption. By this measure, taxpayers that are more central in the social network avoid
9

more.12 The three conditions under which this result holds are comprised of the two interior
conditions in (5), now written in matrix form as functions of the exogenous variables, and
the condition that local externality e¤ects are not too strong. The uniqueness of equilibrium
avoidance follows intuitively from the observation that, under linear-quadratic utility, each
taxpayer’s best response function is linear in the avoidance of every other taxpayer. The
social network Ht transforms the underlying comparison intensity weights, gijt , by a factor
[1 pi
][1 pj
] i 1 in order to re‡ect potential di¤erences in the probability of successful avoidance across taxpayers. It follows that, in the special case that all taxpayers face a
common success probability, no adjustment to the underlying comparison intensity weights
is warranted. In this case, therefore, optimal avoidance is a weighted Bonacich centrality
measure on the untransformed network Gt :
Corollary 1 If

< [I

Gt ] [W

X], I > (Gt )

and pi = p < 1

interior Nash equilibrium for avoidance is given by At = b(Gt ; ;
Gijt = gijt ;
s [1
ii =
i1t

3

=

1

p
a

p

]2

t ),

for all i the unique
where

;

fb

a [Xi

Rit (X

i;t )]g :

Analysis

The model of the previous section is su¢ ciently rich that it may be used to address a wide
range of questions of interest to academics and practitioners in tax authorities. Here we
limit ourselves to a focus on three such questions: …rst, we investigate how changes in the
exogenous parameters a¤ect optimal avoidance; second, we explore how the various direct
and indirect marginal revenue e¤ects that arise from performing one extra intervention vary
across taxpayers with di¤erent levels of network centrality; and last we consider the dynamic
pro…le of behavioural responses to a legal intervention by the tax authority.
12

Our interpretation of the matrix of weights, t , follows from noting that marginal utility in the linearquadratic speci…cation is given by U 0 (z) = b az. Accordingly, the term in braces in the expression for i1t
is the marginal utility from ones own legal consumption, Xi , relative to a reference level of consumption.
The latter utilises the weighted average of legal consumption of the members of the reference group.
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3.1

Comparative statics

An advantage of the existence of an analytical solution to the model is that we may formally derive general comparative statics results. We therefore characterise the way in which
equilibrium responds to changes in the underlying exogenous parameters for an arbitrary
social network. Because the e¤ects of habit and network updating are not contemporaneous, but rather occur at the …rst lag, it is necessary in the context of comparative statics
to distinguish between the short-run (contemporaneous) e¤ect and the long-run e¤ect (allowing for lagged adjustments). Accordingly, for an arbitrary exogenous variable, z, we
analyse the “short-run” comparative static, @Ait =@z and the “long-run” comparative static
E (@Ai;t+1 =@z).
As precise computation of the short-run derivatives for an arbitrary N is burdensome, we instead utilise the supermodularity of the taxpayer’s objective function in avoidance choices to
deduce the signs of the comparative statics e¤ects from the theory of monotone comparative
statics (Edlin and Shannon, 1998; Quah, 2007).13 We then reason the long-run comparative
static properties of the model from the …ndings for the short-run.
Proposition 2 At an interior Nash equilibrium the comparative statics of optimal avoidance
are given by
Variable
b, Ci;t 1 ,
a, pi , pj

h,

s , Xj

Short-run Long-run
+
+
=+

Xi

=+
=+

The …rst results in Proposition 2 we consider are for the pair of parameters fa; bg belonging

to the utility function. Noting that the coe¢ cient of absolute risk aversion is given by A (z) =
a [b az] 1 > 0, increases in a associate with increased risk aversion, while increases in b

associate with decreased risk aversion. Consistent with this observation, increases in a cause
optimal avoidance to decrease, while b increases optimal avoidance. Long-run adjustments
reinforce these e¤ects: taking a as an example, an increase in a at time t causes a shortrun fall in avoidance; as avoidance has positive expected returns, this lowers the expected
realisation of Ct . The lower expected realisation of Ct implies that, in expectation, the
taxpayer will, at time t + 1, shift their comparison intensity weights towards taxpayers
with lower expected consumption, implying that the expectation (as of time t) of the term
13

See Tremblay and Tremblay (2010) for an excellent introduction to these methods.
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P

j6=i gij;t+1 qj;t+1 falls. As both Ct and

P

j6=i

gij;t+1 qj;t+1 enter Ri;t+1 positively, the expected

value of reference consumption at time t + 1 unambiguously falls. It is straightforward to
observe from (4) that Ait is contemporaneously increasing in Rit , hence a fall in the expected
value of Ri;t+1 causes the expected value of Ai;t+1 to fall also. Hence, E (@Ai;t+1 =@a) < 0.
An increase in one’s own probability of successful avoidance raises optimal avoidance, but
so also does an increase in the success probability of another taxpayer in the social network. When another taxpayer’s success probability increases they increase their avoidance,
thereby increasing the need for other taxpayers to do likewise to maintain a given level of
relative consumption. Long-run adjustments reinforce these e¤ects. There is no clear relationship between optimal avoidance and the competitiveness of the market for avoidance, as
measured by . Increases in induce a substitution away from avoidance, but this makes
the taxpayer poorer, and therefore less risk averse, which induces more avoidance. These
competing income and substitution e¤ects also make unclear the e¤ect of the associated
long-run adjustments. In the event that the substitution e¤ect empirically dominates the
income e¤ect, however, a negative relationship is predicted in both the short- and long-run.
The parameter,

s,

which measures the extent to which taxpayers care about social compar-

ison, is positively associated with avoidance. Taxpayers impose a negative externality upon
other taxpayers when their expected consumption increases, and the size of this externality is
directly regulated by

s.

The greater the externality, the more avoidance is pushed upwards

in the struggle among taxpayers to maintain relative consumption. The parameters Ci;t

1

and h , which both re‡ect the role of self comparison, are also positively associated with
avoidance, but the economic intuition (relative to social comparison) di¤ers. Whereas social
comparison generates negative externalities, self comparison generates negative internalities: past consumption outcomes a¤ect negatively the evaluation of current consumption.
To overcome this internality, taxpayers must seek a present consumption level that beats
Ci;t 1 ,which entails avoiding more. The e¤ects of self and social comparison therefore interact positively: the desire to out-consume one’s reference group induces avoidance, which
then pushes up past consumption (in expectation), causing a further increase in avoidance
on account of the concern for self comparison.
3.1.1

Avoidance and Income

The …nal set of results in Proposition 2 deal with the comparative static e¤ects of the level of
income. Although an increase in the income of other taxpayers in the social network has the
12

unambiguous e¤ect of raising own avoidance, the e¤ect of movements in own income exhibit
potentially important di¤erences in the short- and long-run e¤ects, so we consider this case in
more detail. Noting that (i) income Wi enters optimal avoidance only through Xi (Wi ); and
(ii) that Wi enters Xi (Wi ) positively, the sign of @Ait =@Wi is the sign of @Ait =@Xi . In our
model we obtain in the short-run that @Ait =@Xi < 0, so also @Ait =@Wi < 0. Interestingly,
however, the negative relationship between income and avoidance in the short-run may
readily be overturned in the long-run. The key to this …nding is that, although Wi lowers
Ait in the short-run, it may nonetheless increase expected consumption. To see this, observe
that the full short-run equilibrium e¤ect of Wi on qi (accounting for equilibrium adjustments
in Ait ) is given by
dqit
= 1 + [1
dXi

pi

]

@Ait
;
@Xi

so dqit =dXi is positive so long as @Ait =@Xi is not too large (in absolute value), i.e., dqit =dXi >
0 , j@Ait =@Xi j < [1

pi

] 1 . When increases in Xi raise short-run expected consump-

tion, the long-run e¤ects on avoidance act against the short-run e¤ect. Speci…cally, the
P
increase in qit increases the expectation of Ct and of j6=i gij;t+1 qj;t+1 , which implies that the
expectation of Ri;t+1 increases, thereby driving up optimal avoidance in t + 1.
In Figure 1 we demonstrate the potential for di¤ering short- and long-run e¤ects.14 To
introduce homophily in income, comparison intensity weights at time t are given by
gijt = & 1

maxi2N

& 2 jCi;t 1 Cj;t 1 j
.
fCi;t 1 g mini2N fCi;t 1 g

where & 1 2 (& 2 ; 1) and & 2 2 [0; 1) are constants that must be chosen to respect the non-

negativity of the gijt . In particular, & 2 regulates the degree of homophily in income, with
no homophily arising if & 2 = 0. As is seen in the Figure (drawn for & 1 = 1, & 2 = 0:8), the
short-run e¤ect of an increase in Wi is to lower avoidance; moreover this e¤ect is observed
to be linear in Wi . Once all sources of dynamic adjustment are allowed for, however, we
observe in Figure 1 a positive long-run relationship between avoidance and income. While
detailed empirical evidence is limited, this long-run …nding is consistent with a widely held
14

The parameters required to replicate all …gures in this paper are a = 1, b = 50, s = 4, h = 1, = 0:35,
pi = p = 0:625, N = 750, Xi (Wi ) = 0:55Wi . Our qualitative results are, however, robust to a range of
parameter speci…cations. Figures are produced in R using RStudio random seed no. 14082017; our codes
are available upon request. We report the average result of 200 replications to wash-out the random e¤ects
caused by the contingent realisation of tax authority interventions. To eliminate start-up e¤ects, the results
we report omit the …rst 20 periods of each simulation.
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presumption that tax avoidance is more prevalent among the wealthy.15 In sum, our …ndings
point to an important role for self and social comparison in mediating the relationship
between income and avoidance. Speci…cally, a positive long-run relationship between these
variables arises when increases in income induce taxpayers to, in turn, compare to richer
taxpayers, and thereby acquire a higher level of habit consumption.

3.2

Intervention strategy

In this section we investigate the implications of the model for the design of intervention rules
by tax authorities. Conventionally, the literature on optimal auditing assumes that a tax
authority can condition its intervention decisions solely on the income declaration contained
within a taxpayer’s tax return. If, however, a tax authority can (at least partially) observe
the network of links between taxpayers, it is of interest to examine the di¤ering implications
of targeting taxpayers with di¤erent degrees of centrality in the social network.
Can tax authorities observe links in social networks? Although surely the full gamut of links
cannot be observed, importantly, there exist some individuals –celebrities –for whom it is
common knowledge that many people are linked to them. Also, even for non-celebrities, the
idea that tax authorities know at least something about people’s associations is becoming
more credible with the advent of “big data”. The UK tax authority, for instance, uses a
system known as “Connect”, operational details of which are in the public domain (see,
e.g., Baldwin and McKenna, 2014; Rigney, 2016; Suter, 2017). Connect cross-checks public
sector and third-party information, seeking to detect relationships among actors. According
to Baldwin and McKenna (2014), the system produces “spider diagrams”linking individuals
to other individuals and to other legal entities such as “property addresses, companies,
partnerships and trusts.”
The revenue e¤ects of an intervention are commonly broken down three ways (e.g., DeBacker
et al., 2015): the direct e¤ect is the contemporaneous recovery of tax that would otherwise
have been avoided; the own indirect e¤ect refers to the expected additional revenue arising
from future changes in avoidance behaviour by the a¤ected taxpayer, while the other indirect
e¤ect refers to the expected additional revenue arising from spillover e¤ects in avoidance
15

We see from Proposition 2 that, unlike the e¤ect of own income, the cross e¤ect from one taxpayer
becoming richer on the avoidance of other taxpayers is unambiguous and positive. This e¤ect arises as
one taxpayer becoming richer requires other taxpayers to avoid more to preserve their level of relative
consumption.
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behaviour by the una¤ected taxpayers. The relative magnitudes of these three e¤ects is
investigated empirically in DeBacker et al. (2015, 2017). Di¤erent from these studies, we
do not seek to examine the magnitude of these three e¤ects – instead we exploit the local
reference group heterogeneity allowed for by our approach to examine how the magnitude of
each e¤ect varies across taxpayers who are more or less central in the social network.
As in Andrei et al. (2014), we analyse these three revenue e¤ects in “scale-free” networks,
generated using the algorithm of Barabási and Albert (1999).16 As well as closely approximating the structure of real-world social networks, scale-free networks generate considerable
variation in connectedness (centrality): there exist celebrity taxpayers, who are highly connected in the network, alongside other taxpayers who are very weakly connected within the
network. Here, to focus on the role of connectedness in the network, we eliminate all other
sources of taxpayer heterogeneity, so wi = w and pi = p for all i 2 N and the social network

is taken to be …xed, i.e., gijt = gij for all t 2 T . We consider the marginal revenue e¤ects
from conducting one additional intervention against a taxpayer with a given Bonacich centrality, b(Gt ; ;

t ),

which, by Corollary 1, is identical to the taxpayer’s avoidance. To the

extent that these e¤ects persist for several periods following an intervention, the measured
e¤ects are aggregated over the full lifetime of the e¤ect (we discuss the dynamic pro…le of
these e¤ects in the next section). For each of the three e¤ects, we normalise the results so
that the largest value of each e¤ect across taxpayers (which turns out always to be for the
most central taxpayer) is assigned the value unity.
The results of this exercise are presented in Figure 2, which shows the raw simulation data,
accompanied by lines of best …t.17 The own direct e¤ect is entirely mechanical: by intervening, the taxpayer is required to pay Ait in tax; the amount that they would otherwise have
succeeded in avoiding. Hence, given the equivalence of centrality and avoidance, centrality
and the own direct e¤ect are related one-for-one. The own indirect e¤ect is mathematically
non-linear, but we …nd that the extent of non-linearity is so negligible that the e¤ect cannot
be visually distinguished from linear. After normalisation, therefore, the line for the own
indirect e¤ect lies essentially “on top of” the line for the own indirect e¤ect in Figure 2.
16

We adjust as necessary the outcome of the Barabasi-Albert algorithm to ensure strong connectedness of
the resulting graph. We do this by reciprocating the edges for any node with an in- or out-degree equal to
one.
17
Taxpayers with the same optimal avoidance, as given by the Bonacich centrality measure b(Gt ; ; t ),
may nevertheless respond di¤erently to changes in Xi owing to heterogeneity in the underlying parameters
making up b(Gt ; ; t ). Nonetheless, as can be seen in Figure 2, the amount of noise in the relationship
between Xi and b(Gt ; ; t ) across taxpayers is minimal.
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In contrast, the indirect e¤ect on the avoidance of others is highly non-linear (elastic) in
centrality: the taxpayer with the lowest centrality in the network has around 35% of the
centrality of the most central taxpayer, yet commands an indirect e¤ect on other taxpayers
of just 0.44% of that of the most central taxpayer. Ceteris paribus, it is desirable to intervene
against those taxpayers with the highest Bonacich centrality, as measured by b(Gt ; ;

t ),

for these taxpayers (i) engage in the most avoidance themselves; (ii) decrease their avoidance
the most following an intervention; and (iii) have the most impact on the avoidance of other
taxpayers following an intervention.

3.3

Dynamic responses to intervention

There is growing interest in understanding behavioural responses to tax authority interventions. In the tax evasion context, for instance, behavioural responses to being audited have
recently been analysed from both theoretical (Bernasconi et al., 2014) and empirical (Gemmell and Ratto, 2012; DeBacker et al., 2015, 2017; Advani et al., 2016; Mazzolini et al., 2017)
standpoints. These studies …nd that audits have persistent e¤ects on subsequent compliance
behaviour, with an e¤ect still discernible four or more years after the initiation of an audit.
Typically, these studies emphasise the role of taxpayer learning (about the probability of
audit and the e¤ectiveness of the audit process in detecting noncompliance) in accounting
for this phenomenon, while Dubin (2007) notes that it could be due to the delayed audit
cycle (the audit itself may not conclude for several years, and taxpayers might rationally
alter their reporting behaviour while an audit is in progress).
The analogous phenomenon to audit-response in the context of tax avoidance is the behavioural response to a successful legal intervention. In our model the objective probability that
an intervention is successful is known (ruling out learning) and we disregard time lags in
the legal process (ruling out intervention cycle e¤ects). In this context it is interesting that,
under empirically plausible assumptions concerning the evolution of habit consumption, our
model predicts a persistent behavioural e¤ect from an intervention, albeit the e¤ect does
disappear eventually (i.e., there is no permanent e¤ect). In this sense, we highlight the role
of self comparison as an additional explanatory factor (to those so far considered in the
literature) in accounting for post-intervention compliance behaviour.
The best empirical evidence on habit e¤ects is from the (behavioural) literature on the determinants of wellbeing, where Di Tella et al. (2010) report adaptation e¤ects to income
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changes persisting for four years. For this part of the analysis, therefore, periods are interpreted explicitly as years. Accordingly, we here generalise habit consumption from being
just the …rst lag of consumption to being an autoregressive function of the …rst four lags of
realised consumption, with decreasing psychological weights, wt

1

> : : : > wt 4 , attached

to each lag. Figure 3 reports the temporal pro…le of the change in avoidance (own e¤ect)
following an intervention relative to a baseline simulation in which the intervention does not
take place. The weights used to draw Figure 3 exhibit exponential decay for longer lags
(speci…cally, we set wt

k

= 0:5k , k = 0; : : : ; 4). Avoidance is seen to fall sharply in the year

immediately after an intervention by the tax authority, as would be expected, but then to
return to approximately its baseline level in the …fth year post intervention. The indirect
e¤ect on the avoidance behaviour of other taxpayers has a very similar dynamic pro…le, so
is omitted from the Figure for visual clarity.

4

Conclusion

Tax avoidance is estimated to cost, e.g., the German government, up to 34 percent of income
taxes paid (Lang et al., 1997). We link the tax avoidance decision with a large literature
on the role in individual decision-making of self and social comparison. In our model, taxpayers compare their consumption with others in their social network, and also to their own
consumption in the recent past. Unlike earlier models that allow only for social comparisons at the aggregate level, each taxpayer makes “local” comparisons on their part of the
social network. Engaging in tax avoidance is a tool by which taxpayers can seek to raise
their consumption relative to others, and to their own prior consumption. In this setting,
we show that a linear-quadratic speci…cation of utility yields a unique solution for optimal
avoidance corresponding to a weighted Bonacich centrality measure on a social network: by
this measure, taxpayers that are more central in the social network avoid more.
Our model provides a rich framework for understanding how a variety of variables, some
under the control of the tax authority, will in‡uence avoidance behaviour. Although optimal
avoidance depends in quite a complex way on the underlying parameters, we are able in
many cases to sign unambiguously its comparative statics. We also simulated the model
to investigate its implications for intervention policy and for the dynamics of behavioural
responses to tax authority interventions. Our results show that there are objective grounds
for tax authorities to target taxpayers who are central in the network. In particular, the
revenue raised from other taxpayers following an intervention displays increasing returns
17

as a function of network centrality. We also show how the lagged adjustment of habit
consumption can lead tax authority interventions to have a relatively persistent e¤ect on
avoidance behaviour, which does not return to baseline until around …ve years after the
intervention has taken place.
We …nish with some possible avenues for future research. First, the comparative statics
exercises we have performed are by no means exhaustive: it would, for instance, also be of
interest to investigate systematically the e¤ects of adding or removing links within the social
network. Second, while we have focused on tax avoidance, it seems straightforward to extend
the model to consider tax evasion behaviour, or indeed criminal activity more generally.
While these extensions must await a dedicated treatment, we hope our contribution at least
clari…es the role of self and social comparison in driving tax avoidance behaviour.
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Appendix
Proof of Proposition 1. Using (6) and (7), optimal avoidance in (4) is written in full as
Ait =

1

n

pi
a i

h
a Xi

b

h Ci;t

s

1

X

j6=i

gijt [Xj + [1

pj

] Ajt ]

io

(A.1)

:

Then the set of N equations de…ned by (A.1) for taxpayers i 2 N can be written in matrix
form as At = t + Ht At where the elements of f t ; ; Ht g are as in Proposition 1. It
follows that [I Ht ] At = t , so At = [I Ht ] 1 t b(Ht ; ; t ).
Proof of Proposition 2. First observe that Ait and Ajt (j 6= i) are complementary. We
have
@ 2 E (Uit )
= 0 if gijt = 0;
= agijt s [1 pi
][1 pj
]
> 0 otherwise.
@Ait @Ajt
With this result we are able to utilise the theory of monotone comparative statics. In particular, we establish globally the sign of the derivative @ 2 E (Uit ) = [@Ait @z] for each exogenous
variable z. It then follows, given our restriction to strongly connected networks, that if
@ 2 E (Uit ) = [@Ait @z] 0 for all i, with @ 2 E (Uit ) = [@Ait @z] > 0 for at least one such i, then
@Ait =@z > 0, and if @ 2 E (Uit ) = [@Ait @z]
0 for all i, with @ 2 E (Uit ) = [@Ait @z] < 0 for at
least one such i, then @Ait =@z < 0. Di¤erentiating in (1) we obtain
@ 2 E (Uit )
@Ait @b
@ 2 E (Uit )
@Ait @
@ 2 E (Uit )
@Ait @pi
@ 2 E (Uit )
@Ait @pj
@ 2 E (Uit )
@Ait @Xi
@ 2 E (Uit )
@Ait @Xj
@ 2 E (Uit )
@Ait @ s
@ 2 E (Uit )
@Ait @ h
@ 2 E (Uit )
@Ait @Ci;t 1

= 1

pi

> 0;

= a fXi + 2Ait [1

pi

= a fXi + Ait [1

2 ]

=

aAi gijt s [1

=

a[1

pi

= agijt s [1

pi

pi

]

s

b < 0;

X

j6=i

gijt fXi + 2Ajt [1

pi

]g

b ? 0;

= 0 if gijt = 0;
< 0 otherwise;

= 0 if gijt = 0;
> 0 otherwise;

]
X

pi

]

= a[1

pi

]Ci;t
pi

Rit g

a

] < 0;

= a[1

= a h [1

hg

]

j6=i
1

gijt qjt > 0;

> 0;

] > 0:

The exception is the exogenous variable a, for which we show that @ 2 E (Uit ) = [@Ait @a] is
signed locally to an interior equilibrium. Under a set of regularity conditions –that utility
27

is C 2 and concave, U (:) > 0 for positive values of the argument, and that the problem has a
unique solution that obeys the …rst order conditions and varies smoothly with the variable
of interest (a here) – Quah (2007, p. 420) shows that signing @ 2 E (Uit ) = [@Ait @a] local to
the (unique) interior maximum is su¢ cient to determine the equilibrium sign of @Ait =@a. As
these regularity conditions hold in the current context, we utilise this approach to establish
the equilibrium sign of @Ait =@a. We obtain
@ 2 E (Uit )
@Ait @a

=
@EUit =@Ait =0

[1

pi
a

]b

< 0:

We prove the ambiguity in sign of @E (@Ai;t+1 ) =@Xi ? 0 by example within the main text.
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Figure 1: Short- and long-run comparative statics e¤ects of an increase in taxpayer wealth.
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Figure 2: Marginal revenue e¤ects of one additional intervention for taxpayers at each level
of network centrality (avoidance)
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Figure 3: Temporal pro…le of the change in avoidance behaviour following an intervention.
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