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Abstract
This paper investigates the relation between market competition and firms’ tax eva-
sion in a duopoly with differentiated products under both Bertrand and Cournot con-
jectures. The previous literature has shown that competition can lead to higher or 
lower tax evasion. Our paper can help to conciliate these different results by showing 
that a negative or a positive relation depends on what causes competitive pressure 
(i.e. an increase of the marginal cost, a higher product substitutability or a change of 
the mode of competition) and the pre-existing level of competition.
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JEL Classification  H20 · H21

1  Introduction

The level of indirect tax evasion by firms is a relevant concern in many countries. 
For instance, “the Member States in Europe are collecting around one half of the 
VAT revenue available to them” (European Commission 2013, p.8).1 On the other 
hand, despite its relevance for policy-makers, the literature dealing with the issue of 
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firms compliance is rather scanty in contrast to that studying personal tax compli-
ance: in the recent words of Bayer and Cowell (2009, p. 1131) “the behaviour of 
firms is sometimes glossed over in the economic analysis of tax policy. In the analy-
sis of tax compliance it is often omitted altogether.”

The knowledge of the relationship between the firms’ market environment and 
their compliance behaviours represents a key question to enable policy-makers to 
evaluate qualitatively as well quantitatively the firms’ tax evasion, and to develop 
properly an effective tax-design. Few papers have investigated this subject, assum-
ing prevalently a perfect competition environment (e.g. Virmani 1989; Cremer and 
Gahvari 1992, 1993, 1999; Panteghini 2000; and Hashimzade et al. 2010); however, 
Marrelli and Martina (1988), Goerke and Runkel (2006, 2011), Bayer and Cowell 
(2009) and Besfamille et  al. (2009a, b) have studied imperfect competition. More 
specifically, few scholars have investigated the relation between the degree of market 
competitive pressure and firms’ tax evasion, despite intensifying competition and 
effort against evasion are high on the agenda of policy-makers.

This paper considers the effects of greater competitive pressure on (absolute and 
relative2) tax evasion in a duopoly market. First, we consider a general functional 
form for demand under Cournot competition with homogeneous products to provide 
a better intuition what is generally going on in the model with regard to the effects 
of marginal costs’ changes on tax evasion. It is shown that decreasing marginal costs 
reduce the competition level under a sufficiently low slope elasticity. In such a case, 
more competition may imply either more or less tax evasion, depending on whether 
the demand is elastic or inelastic, respectively.

Second, while the previous literature focuses on firms acting in a homogenous 
goods industry, we consider the most used framework with product differentiation 
(i.e. Dixit 1979; Singh and Vives 1984) in which firms face constant marginal costs 
and linear demand functions. In particular, the degree of product substitutability 
and marginal production costs are considered as the competition parameters, and 
we analyse the effects of a change in these two parameters on absolute and relative 
evasion.

Third, the cases in which the two firms compete on prices and on quantity are 
considered, checking whether and how the competition mode affects the results.

To the best of our knowledge, this paper fills a gap in the literature because tax 
evasion in a differentiated product duopoly has not been so far explored. The main 
findings are as follows: (1) under Bertrand competition, the effect of increasing com-
petition on tax evasion depends on what triggers more competition (either a higher 
degree of product substitutability—denoted as “product market competition”—or a 
lower marginal production cost—denoted as “cost competition”). In particular, (1.1) 
the degree of differentiation may show an inverted U-shaped relationship with tax 
evasion, depending on the marginal cost (i.e. a higher degree of product substitut-
ability is more likely to decrease (resp. to increase) tax evasion the higher (resp. the 
lower) both the marginal production cost and the pre-existing competitive pressure); 

2  The relative tax evasion is the ratio between the total evasion in the market and the amount of tax rev-
enues that would arise without evasion.
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and (1.2) a higher marginal production cost is more likely to decrease tax evasion 
the lower the initial level of the marginal cost and the higher the degree of product 
substitutability; (2) comparing the cases of output and price competition, it is shown 
that the absolute tax evasion and the relationship between relative evasion and mar-
ginal costs are (quantitatively and qualitatively, respectively) the same in both cases. 
By contrast, an increase in the degree of product substitutability has an univocal 
effect in the Cournot case (i.e. the higher the degree of product substitutability, the 
higher the relative evasion); (3) comparing relative evasion in the two competition 
modes, it is shown that relative tax evasion is larger under Bertrand (resp. Cournot) 
if the degree of product substitutability is sufficiently high (resp. low) and the mar-
ginal production cost is sufficiently low (resp. high). This implies that tax evasion 
may be higher when the competitive pressure is stronger.

Public policy may affect – directly or, more often, indirectly—competition focus-
ing on the production costs as well as on the competition mode (as widely recog-
nized, price competition is fiercer than output competition) and the degree of prod-
uct differentiation. As to the latter, the concerns for a public regulation of product 
differentiation have been noted since Chamberlin (1950) (e.g. Dixit and Stiglitz 
1977; Salop, 1979). As regards the former, policy can affect competition through 
changes in production costs, for instance, “by liberalizing input markets, slashing 
the bureaucratic burden imposed on firms or by simplifying international trade in 
inputs” (Goerke and Runkel, 2011, p. 723). The scant literature on this theme has 
initially pointed out that the economics of tax compliance has “no a priori argument 
for holding that a more collusive market (as opposed to a more competitive one) 
should lead to a higher tax declaration, or vice versa.” (Marrelli and Martina 1988, 
p. 56).

The papers dealing with the theme of the tax evasion/competitive pressure rela-
tionship—and thus closest to the present one—are those of Marrelli and Martina 
(1988) and Goerke and Runkel (2011). Both papers assume a homogeneous product 
and quantity competition. Noteworthy, those papers show opposite results as regards 
the sign of the link between competition and tax evasion. In fact, Marrelli and Mar-
tina (1988) find that the more competitive the market is, the lower is the tax evaded; 
moreover, this result holds not only for a symmetric duopoly but also for an asym-
metric duopoly with (not too great) differences in production costs.3 Goerke and 
Runkel (2011) find ambiguous effects of market competition on tax evasion. The 
relationship is positive (negative) if demand is inelastic (elastic): in fact, a higher 
degree of competition always raises tax evasion if the demand is linear or concave. 
Thus, Goerke and Runkel (2011) have the result of Marrelli and Martina (1988) as a 
special case.

According to Goerke and Runkel (2011, p. 714), two main reasons can explain 
the appearance in some cases of a sharp difference between their findings and those 
of Marrelli and Martina (1988): “First, Marrelli and Martina (1988) focus on a 

3  Marrelli and Martina (1988, p. 68) conclude that “if market shares are not ‘too far apart’, an increase in 
collusion gives rise unambiguously to an increase in tax evasion irrespective of the type of tax in exist-
ence.”
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conjectural variation parameter to model a change in competition, whereas we look 
at the impact of deep competition parameters. Second, Marrelli and Martina (1988) 
assume decreasing absolute risk aversion. The less collusive the market, the smaller 
are the profits and the higher the risk aversion. This provides firms with the incen-
tive to evade less when competition becomes more intensive. To rule out such risk-
driven tax evasion, we suppose firms to be risk neutral.” Another difference between 
the two papers is that Marrelli and Martina (1988) assume that firms decide the eva-
sion in terms of unpaid taxes and will incur a fine (including the tax) represented 
by the evaded tax multiplied for a penalty rate larger than one, while Goerke and 
Runkel (2011) assume that firms decide the evasion in terms of undeclared sales 
and the penalty is a function increasing and convex in evaded revenues. However, 
none of these authors considers such assumptions crucial for the results achieved 
and, thus, their diversity cannot be ascribed to the difference in the definitions of 
the evasion4 and of the penalty. Finally, Marrelli and Martina (1988) (resp. Goerke 
and Runkel 2011) derive their results under the assumption of linear demand and 
zero costs (resp. weakly concave—e.g. linear—and iso-elastic demand and constant 
marginal costs).

Unfortunately for the policy-makers, the policy implications of the two above 
mentioned papers are in sharp contrast: while Marrelli and Martina (1988) suggest 
that governments should encourage competition, and a larger competition (either 
induced by the government itself or by external factors like globalization) allows 
reducing the effort in the fight against evasion, Goerke and Runkel (2011) argue that 
policy-makers should be careful in encouraging competition, unless a stronger fight 
to reduce evasion accompanies it.

Thus, the sharp contrast between the signs of the relationship between competi-
tion and evasion emerged in the preceding literature (due to an analysis conducted 
with homogeneous goods) is a stimulus to reassess the issue, developing a frame-
work with differentiated products (with the degree of product differentiation as a 
“deep” competition parameter), and firms competing either in prices or output. The 
aim of the paper is thus to shed further light on the nexus between competitive pres-
sure and tax evasion, a requisite for a fruitful tax policy analysis of the corporate 
sector.

Moreover, Goerke and Runkel (2011) have already analyzed marginal costs as 
deep competition parameter. In their model, however, the scale of the marginal costs 
exerts either a positive or negative effect on tax evasion, but never an U-shaped 
effect as we detect. On the other hand, those authors treat the number of firms as 
endogenous, so focusing on the entry effects of tax evasion, while the present paper 
considers a fixed number of firms. Therefore, the novelty of this paper is to consider 
the competitive role of products differentiation and, thus, whether and how the com-
petition on the product variety affects tax evasion outcomes and modifies the estab-
lished results.

4  Needless to say, the choices of unpaid taxes and undeclared sales are equivalent when tax rates are 
constant.



389

1 3

Journal of Industrial and Business Economics (2021) 48:385–411	

Developing a duopoly model with differentiated product under price as well as 
output competition,5 this paper proposes a twofold contribution. On the one hand, 
it obtains that, in essence, the first (second) suggestion above mentioned about the 
relation between tax evasion and competitive pressure holds true when the existing 
level of competition is relatively low (high). On the other hand, it argues that the 
expected effect of competition changes on firms’ tax evasion depends on its source 
(i.e. changes in the degree of product differentiation, in production costs, in the 
competition modes, i.e. on quantities or prices). In fact, the firms’ main strategies 
to cope with the competitive pressure are cost-reducing interventions or changing 
the characteristics of their products to reduce their substitutability (e.g. Scherer and 
Ross 1990). The present paper shows that the choice of which strategy matters for 
the relationship between competition and tax evasion.

Our results can be also read in the light of Schleifer (2004, p. 414), who recently 
shows “how competitive pressures lead to the spread of the censured behaviour”, 
and he investigates five examples of such behaviours: employment of children, cor-
ruption, excessive executive pay, corporate earnings manipulation, and involvement 
of universities in commercial activities. However, he abstracts from the firms’ tax 
compliance which would be an adequate case of censured activity and a further good 
candidate for testing his findings. In this respect, the paper’s suggestion as regards 
the possibility that competition favours unethical behaviours is mixed: for instance 
such a finding holds true only if the pre-existing competitive pressure is relatively 
high.

The paper is organised as follows. Section 2 presents the model first under a gen-
eral demand form with homogenous goods and quantity competition, investigating 
the effects of marginal costs as a measure of competitive pressure on tax evasion; 
then, the market equilibrium under price and quantity competition with differen-
tiated products is characterized, showing the link between various competition 
changes and tax evasion and discussing policy implications. Section 3 summarizes 
the findings.

2 � The model

Preliminary, to understand the basic mechanism behind the relationship between 
competitive pressure and tax evasion we propose a general functional demand 
form. For simplicity, we assume homogeneous goods and we focus on the relation-
ship between relative tax evasion and marginal cost in the Cournot case. Here, we 
assume a constant marginal cost (rather than a general cost function form) as well 
as Cournot competition to follow Marrelli and Martina (1988) and Goerke and Run-
kel (2011). Moreover, as regards firms’ risk-neutrality, the evasion variable and the 
type of penalty function, this paper follows the assumptions of Goerke and Run-
kel (2011). Because Marrelli and Martina (1988) measure the degree of competition 

5  For simplicity we consider the case of a duopoly, although the model and the results can be easily 
extended to the case of more than two firms.
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through the conjectural variation parameter and Goerke and Runkel (2011) through 
the Lerner index (in particular the level of marginal costs), then we also consider 
both those aspects by analyzing the two polar cases of price and quantity competi-
tion with differentiated products as well as the role that marginal costs play.

2.1 � Cournot competition with homogenous product and a general form 
for demand

We assume a general (inverse) demand function P(Q) with standard properties: (i) 
P �(⋅) < 0 and (ii) P �(⋅) + qiP

�� < 0 , where Q = (qi + qj) with qi and qj denoting firm 
i and j’s outputs ( i, j = 1, 2 , i ≠ j ), respectively, and the apex denoting the order of 
the partial derivative with respect to quantity. Property (ii) implies that the market 
game is played in strategic substitutes (e.g. Bulow et al. 1985).

Firms have to pay an ad valorem sales tax6; however, they may evade part of this 
tax.

The tax rate of the sales tax is denoted by t ∈ (0, 1). The true tax base of firm i 
reads Pqi . Firms may understate their sales volume to evade taxes: firm i declares 
ai ∈ [0,Pqi] as its tax base to the tax authority. Thus firm i’s unreported revenues 
are given by Pqi − ai . The firm i’s tax bill amounts to t ai . With a given probability 
y ∈ (0, 1) , tax evasion is detected. If detected, firm i has to pay taxes on full sales 
revenues, Pqi , and, in addition, a penalty function T(Pqi − ai) which depends on 
evaded turnover. Alternatively, the penalty may be assumed to be a function of taxes 
evaded instead of undeclared revenues, but the equilibrium results, since the level of 
the tax rate is assumed constant, are qualitatively the same.

The expected penalty is yT(⋅) and can represent a measure of the expected cost 
of tax evasion. In the following, we suppose that the detection probability, y , is a 
constant parameter while the penalty function, T, is strictly increasing and convex in 
evaded revenues. Then, given a convex T and a constant y , the expected penalty (or 
the cost of tax evasion), yT  , increases and is convex in evaded sales.

Broadly, there are four forms of penalty: automatic financial, automatic nonfinan-
cial, criminal financial, and criminal nonfinancial (Tait 1988). Goerke and Runkel 
(2011, p. 716) justify the form of the penalty function T (F in their terminology) 
as follows: “The penalties generally increase with the severity and extent of insuf-
ficient tax payments, supporting our assumption that F is increasing in evaded rev-
enues. Moreover, many penalty schemes involve prison sentences for severe tax eva-
sion activities. If F reflects not only monetary but also non-monetary penalties, such 
prison sentences suggest that F will be convex.” Indeed, in several countries, the 
properties of the penalty function here proposed are empirically in line with actual 
penalties. Moreover, countries such as Denmark and Spain (and Ireland with regard 

6  In the words of Colombo and Labrecciosa (2013, p. 196) “an ad valorem tax refers to a tax with a rate 
given as a proportion of the price. It is more common than a specific tax, which is a tax based on the 
quantity of an item, regardless of price”. Because of its larger diffusion we have used a sales tax, but also 
the case of specific tax may be of interest and is left to the future research.
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to interests to be paid for late tax payments) have the financial penalty increasing in 
the amount of the tax evaded (see OECD 2009, 2011, 2013).7

The cost function of firm i is given by ciqi where ci is the constant marginal cost, 
assumed to be uniform across firms (i.e. ci = cj = c ). Firm i ’s expected net profit is

The simultaneous maximisation of (1) with respect to q and a leads to the follow-
ing couple of first-order conditions (FOCs):

After algebraic passages (see the Appendix), one obtains the following 
expressions:

(i)	

where the elasticity of the slope of inverse demand (or the slope elasticity for short) 
� =

2qP ��

P �
 may be negative or positive depending on whether the demand function 

is convex or concave.8 Moreover, note that the case in which the industry marginal 
revenue is declining occurs when 𝜀 > −2 (e.g. Dixit 1986, p. 114) which is also the 
condition for output competition in strategic substitutes.9 Furthermore, since it is 
standard in oligopoly models to assume stability, we recall that the most general sta-
bility condition in duopoly requires 3 + 𝜀 > 0 (Seade 1980a, b),10 while a stronger 
stability condition is that each firm’s perceived marginal revenue should be decreas-
ing in the other firms’ total output, that is 2 + 𝜀 > 0 (Hahn 1962). Finally, we note 
that when the stability condition holds also the second-order condition—which 
requires 4 + 𝜀 > 0—also automatically holds. Therefore, the stability of the Nash 

(1)
�i = y

{
(1 − t)P(qi + qj)qi − cqi − T

[
P(qi + qj)qi − ai

]}
+ (1 − y)

[
P(qi + qj)qi − cqi − tai

]

(2)Ui ∶=
��i

�ai
= yT �(⋅) − (1 − y)t = 0

(3)Vi ∶=
��i

�qi
=
[
P(⋅) + qiP

�(⋅)
][
1 − y(t + T �(⋅))

]
− c = 0.

(4)
(3P � + 2qP ��) = P �

(
3 +

2qP ��

P �

)
= P �(3 + 𝜀) < 0 ⇔ 𝜀 > −3

7  From a theoretical prospect, in a similar framework, Hashimzade et  al. (2010) propose the penalty 
function Φ = 𝜙E𝛾 , 𝛾 > 0 , where � is a positive, constant scale parameter and � a choice parameter for 
the government: when � ≥ 1 , the punishment is convex. The authors show that “If the objective of the 
government is to control fraud it therefore has to choose a convex penalty with 𝛾 > 1”.
8  Indeed ε is the relative curvature of inverse demand and is a standard measure of demand concavity: 
it is constant for iso-concave (or iso-convex) demand functions and thus also for linear and iso-elastic 
demand, while it is variable, for instance, for quadratic demand.
9  It follows that (4) may still hold even for convex demand as well as increasing industry marginal rev-
enue, although the latter case would not be relevant under the assumption of Cournot competition in 
strategic substitutes.
10  For the sake of precision, we recall that Schlee (1993) proves that this condition also implies both 
uniqueness and symmetry of the Cournot equilibrium.
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equilibrium in the product market and the second-order condition require that the 
inequality (4) must be satisfied.

	 (ii)	
 
where � =

2qP �

P
 is the industry (inverse) price elasticity.11 We assume that the ine-

quality (4) holds. It follows that

1	

2.	

3.	

Once we have the effects of c on declared revenue and output (a and q), we can 
easily calculate those on price and firm’s revenue ( P and Pq ), as follows:

4.	

5.	
From (6)–(9) the following remark follows.

Remark 1  The higher the marginal costs are, the lower the output is, and the higher 
the price is, while firm’s revenue and declared revenue are larger (resp. smaller) 
depending on whether the demand is elastic (resp. inelastic).

As known, the degree of competition is inversely related to the firms’ market 
power which, in turn, can be measured by the Lerner index, that is, the difference 
between the (after-tax) output price and marginal production costs, relative to the 
(after-tax) output price (e.g. Martin 2001).

The Lerner index12 is given by L =
[(1−t)P−c]

(1−t)P
 . Now, we demonstrate the conditions 

under which an increase in marginal production costs reduces the Lerner index.

Lemma 1  A sufficient condition in order that a higher c implies a higher level of 
competition is that 𝜀 > −1.

(P + 2qP �) = P(1 + �),

(5)Δ > 0;

(6)
𝜕a

𝜕c
=

P(1 + 𝜂)

(1 − t)P �(3 + 𝜀)

>

<
0 ⇔ 𝜂

<

>
− 1

(7)
𝜕q

𝜕c
=

1

(1 − t)P �(3 + 𝜀)
< 0)

(8)𝜕P

𝜕c
= 2P�(2q)

𝜕q

𝜕c
> 0

(9)
𝜕(Pq)

𝜕c
=

𝜕P

𝜕c
q + P

𝜕q

𝜕c
=

𝜕q

𝜕c
(2P�q + P) =

𝜕q

𝜕c
P(1 + 𝜂)

>

<
0 ⇔ 𝜂

<

>
− 1

11  This implies that the demand is elastic (resp. inelastic) when 𝜂 > −1 (resp. 𝜂 < −1 ) and the higher � , 
the higher demand elasticity.
12  Following Goerke and Runkel (2011), note that the Lerner index abstracts from tax evasion activities.
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Proof  See the Appendix.

It follows that with a linear demand (where � = 0 ) the Lerner index is always 
increasing with decreasing marginal costs (as will be also shown later in the case of 
Bertrand competition and differentiated product by Lemma 2).

The effect of an increase of marginal cost c on the Lerner index is twofold: on the 
one hand a direct negative effect, on the other hand an indirect positive effect through 
an increase of prices. Whether the second effect may be prevalent depends crucially 
on the curvature of the demand function: the negative effect always prevails if the 
demand is concave or not too convex. Therefore, although the effect of c on competi-
tion is ambiguous for a convex demand function, Lemma 1 provides a sufficient con-
dition for a clear-cut effect in terms of the curvature of the convex demand function.13

Now, let us define the indicators of tax evasion. Following the established litera-
ture—e.g. Marrelli and Martina (1988), Virmani (1989), Cremer and Gahvari (1992, 
1993, 1999), Goerke and Runkel (2011)—the indicators of tax evasion considered are:

(i) the absolute tax evasion (i.e., the absolute amount of tax evaded) per firm (E):

(ii) the relative aggregate tax evasion, e, which represents the fraction of aggre-
gate tax revenues evaded successfully. This is given by the ratio between the total 
evasion in the entire market, 2E , and the hypothetical tax revenues ( h ), i.e. the 
amount of tax revenues that would arise without evasion (i.e. h = 2tPq):

Now, it is possible to evaluate the effects of c on relative and absolute evasion14: 

(10)E = (1 − y)t(Pq − a)

(11)e = (1 − y)

(
1 −

a

Pq

)

(12)

𝜕e

𝜕c
=

⎧
⎪⎨⎪⎩
−(1 − y)

𝜕a

𝜕c
Pq − a(P

𝜕q

𝜕c
+ q

𝜕P

𝜕2q

2𝜕q

𝜕c
)

(Pq)2
= −(1 − y)

𝜕a

𝜕c
Pq − a

�
𝜕q

𝜕c
(P + 2qP �)

�

(Pq)2

⎫
⎪⎬⎪⎭
>

<
0

⇔ −
P(1 − �𝜂�)(Pq − a)

(1 − t)P �(3 − �𝜀�)
>

<
0 ⇔ 𝜂

>

<
− 1

13  An example with a typical convex demand function, i.e., the iso-elastic P = Q𝛼 , 𝛼 < 0 , is in order 
here: since the (inverse) price elasticity is �—implying that demand is elastic (resp. inelastic) for 
� ∈ [−1, 0) (resp. � ∈ (−∞,−1))—and the slope elasticity is � = −(1 + �) , it is easy to show that the 
more likely an increase in marginal costs reduces the Lerner index the lower is � , that is, the higher is the 
price elasticity. For the sake of precision, the iso-elastic demand can never satisfy the sufficient condition 
in Lemma 1, because 𝜀 < −1.
14  Since in this paper we focus on the effect of competition on tax evasion, we do not present the effect 
of c on public revenue. However, it can be shown that it crucially depends, as those on tax evasion, on 
the price elasticity of demand (the proof is available on request).
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Therefore, the following Result holds.
Result 1: (i) a higher level of competition (i.e. a higher c) may increase (resp. 

decrease) the relative tax evasion depending on whether demand is inelastic (resp. 
elastic); (ii) the absolute tax evasion is independent of marginal cost’s changes.

Proof  See the Appendix.

Result 1 (part (i)) provides a general result about the possibility of an inverted 
U-shaped relation between the degree of competition and tax evasion when demand 
passes from being inelastic to be elastic.15 Result 1 is also in line with Goerke and 
Runkel’s (2011, p. 727) Proposition 3 with regard to the relative tax evasion.16 How-
ever, while those authors obtain this result assuming a specific iso-elastic demand 
function, we note that its validity holds irrespective of the demand’s convexity or 
concavity, given a sufficiently low slope elasticity.

Therefore, we may draw a rather general observation: the competitive pressure 
raises tax evasion when price elasticity tends to be sufficiently high, irrespective of 
the functional form of demand. This result offers another example of the Schleifer’s 
findings: a fiercer competition may favour censured behaviours, extending the list of 
the latter with the activity of tax compliance by firms.

Moreover, Result 1 also offers a policy implication: if to reduce the relative tax 
evasion is a policy objective, then policy-makers should be cautious to implement 
pro-competitive policies favouring a reduction in marginal costs,17 because they 
risk, for instance in the case of a low slope elasticity � and inelastic demand, to raise 
firms’ market power together with an increase in relative tax evasion.

However, the relationship between competitive pressure and firms’ tax compli-
ance may be better investigated by considering two important aspects: (1) the com-
petition mode—i.e. Cournot and Bertrand, where the latter is notoriously more com-
petitive than the former one (e.g. Singh and Vives, 1984); (2) the degree of product 
differentiation when products are heterogeneous. To investigate these issues, in the 
next sections we resort to the most used framework of differentiated oligopoly pro-
posed by Dixit (1979) and Singh and Vives (1984).

(13)

�E

�c
=

⎧⎪⎨⎪⎩

(1 − y)t

��
P
�q

�c
+ q

�P

�2q

2�q

�c

�
−

�a

�c

�
= (1 − y)t

��
�q

�c

�
(P + 2qP �) −

�a

�c

�
=

= (1 − y)t
P(1 − ���) − P(1 − ���)

(1 − t)P �(3 − ���)

⎫⎪⎬⎪⎭
= 0

15  This remarkable result will be also confirmed in the cases with product differentiation under Bertrand 
and Cournot in the frame of Singh and Vives (1984), analysed in next sections (see Corollary 1).
16  Goerke and Runkel (2011) show that also the absolute tax evasion changes with marginal cost’s 
changes, but that is due to their assumption of a variable number of firms, while the present paper 
assumes a duopoly.
17  For instance, Goerke and Runkel (2011, p. 723) list some cases in which Governments can affect mar-
ginal costs: by liberalizing input markets, slashing the bureaucratic burden imposed on firms or by sim-
plifying international trade in inputs.
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2.2 � Price competition

To begin with, we consider a standard Bertrand duopoly product game in which 
firms have to pay an ad valorem sales tax. Preferences of the representative con-
sumer are:

where qi and qj denote outputs by firm i and j (i, j = 1, 2, i ≠ j), respectively, z > 0 , 
and � ∈ (0, 1) denotes the extent of product differentiation, with goods assumed to 
be imperfect substitutes. In particular, notice that if � = 1 , the products of the two 
firms would be undifferentiated, hence firms compete in the same market. At the 
other extreme, if � = 0 , each firm becomes a monopolist in its market. Hence, the 
higher γ, the higher the degree of product market competition. The derived linear 
inverse market demand for firm i is (e.g. Singh and Vives 1984):

From (15) and its counterpart for firm j, we can write product demand for the 
firm i as:

With differentiated products the true tax base of firm i reads piqi , the firm i’s 
unreported sales revenues are given by piqi − ai , and ai ∈ [0, piqi].

In particular, strictly following Goerke and Runkel (2011, p. 732), to ensure ana-
lytical tractability we assume a quadratic penalty function:

Firm i’s expected net profit is given by

where the first bracketed term in (18) represents firm i’s profit in the case that 
tax evasion is detected, while the second term represents profit if such an eva-
sion remains undetected. Inserting (16) in (18), one gets from firm i’s FOCS (see 

(14)U(qi, qj) = z(qi + qj) −
(q2

i
+ 2�qiqj + q2

j
)

2

(15)pi(qi, qj) = z − �qj − qi

(16)qi(pi, pj) =
z(1 − �) − pi + �pj

(1 − �2)

(17)Ti(.) =
(piqi − ai)

2

2

(18)�i = y

{
(1 − t)piqi − cqi −

(
piqi − ai

)2
2

}
+ (1 − y)

{
piqi − cqi − tai

}
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Appendix), simultaneously18 choosing price pi and declared revenues ai , the follow-
ing equilibrium values

Then output at equilibrium is

The condition ensuring a positive output is the standard one, that is

The conditions ensuring that at equilibrium an interior solution19 for a (that is, 
a ∈ (0, pq) do exist and are

and

Note that, while (24) is always satisfied by definition, both (22) and (23) are 
always satisfied when z is sufficiently high, that is when the market “size” is suffi-
ciently large (as usual in the oligopoly literature with linear demand).

(19)pi = pj = p =
z(1 − t)(1 − �) + c

(2 − �)(1 − t)

(20)

ai = aj = a

= −
y
[
z2(1 − t)2(� − 1) − c�z(1 − t) + c2 − t(1 − t)2(1 + �)(2 − �)2

]
+ t(2 − �)2(1 − t)2(1 + �)

y(2 − �)2(1 − t)2(1 + �)

(21)qi = qj = q =
z(1 − t) − c

(1 + �)(2 − �)(1 − t)

(22)z >
c

(1 − t)

(23)

a > 0 ⇔ y > y◦ =
t(4 + 𝛾3 − 3𝛾2)(1 − t)2

z2(1 − t)2(1 − 𝛾) + c𝛾z(1 − t) − c2 − t(1 − t)2(4 + 𝛾3 − 3𝛾2)

(24)a < pq ⇔

t(1 − y)

y
> 0

18  The results would be unchanged in the case of sequential choice in which at first stage declared sales 
and then at the second stage output are chosen.
19  By passing, note that the effect of a variation in c on market power, as measured by the Lerner index, 
L, would be ambiguous for a strictly convex demand function (as discussed in previous section for the 
case of Cournot with homogeneous product). Moreover, although the value of L may be used as a crite-
rion by a policy-maker in the sense that lower production costs are indisputably “bad” according to such 
an index, as an indicator for the policy evaluation purpose should be used the loss of efficiency in the 
presence of market power rather than the value of L. Thus, the use of c as a main competition parameter 
in this framework could be criticised. However, on the one hand we use the degree of product differentia-
tion as main competition parameter, and, on the other hand, we also analyse the role of c for comparison 
purposes with the results of Goerke and Runkel (2011), who use c as a main competition parameter.
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It follows that the equilibrium profit (i.e. �i = �j = � ) is:

In this frame, the Lerner index is

Then the following Lemma holds:

Lemma 2  The higher γ, t and c and the lower z, the higher is the degree of 
competition.

Proof  See the Appendix.

The economic intuition behind Lemma 2 is simple. For instance, focusing only on 
the parameter c, we can see from (38) that the total effect of marginal cost changes 
on the Lerner index can be decomposed in a twofold effect: on the one hand, an 
increase in the marginal cost, c, reduces output and raises the equilibrium price, p 
(see (33) and (31), respectively); on the other hand, an increase in c has a direct 
negative effect on the Lerner index, L. For a linear demand, the direct negative effect 
is stronger than the fall in the market price, p, so that an increase in c unambigu-
ously reduces L.20

In the following, we particularly focus on the relationship between e21 and the 
competition parameters (i.e. c, γ). As regards the absolute tax evasion per firm it is 
easy to see that it depends only on tax policy parameters:

As expected, an increasing tax rate (detection probability) increases (decreases) 
the absolute tax evasion per firm:

(25)

� =

⎧
⎪⎨⎪⎩

(ty)2(2 − �)2(1 − t)(1 + �)

+2y
�
z2(1 − t)2(1 − �) − 2cz(1 − t)(1 − �) + c2(1 − �) − t2(1 − t)(1 + �)(2 − �)2

�
+

+t2(2 − �)2(1 − t)(1 + �)

⎫
⎪⎬⎪⎭

2y(2 − �)2(1 − t)(1 + �)

(26)L =
(1 − �)[z(1 − t) − c]

z(1 − t)(1 − �) + c

(27)E =
t2(1 − y)2

y

(28)𝜕E

𝜕t
=

2t(1 − y)2

y
> 0,

𝜕E

𝜕y
< 0.

20  As Goerke and Runkel (2011, p. 720) note “The advantage of the tax evasion ratio as an indicator of 
evasion behaviour is that it describes tax evasion relative to the size of the market” and also captures the 
effects of the policies which cause changes in the firms’ activities.
21  The proof of the Corollary is straightforward and omitted here for brevity (available on request).
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By contrast the relative tax evasion depends also on the competition parameters 
(c, �):

Then, the following Propositions hold:

Proposition 1  The relationship between relative tax evasion and marginal cost is 
U-shaped. Moreover, the lower (higher) the marginal cost (degree of product differ-
entiation), the more likely evasion will be reduced by an increase of marginal cost.

Proof  See the Appendix.

Recalling (12), from Proposition 1 the next Corollary holds.

Corollary 1  Also in the case of Bertrand competition with product differentiation and 
linear demand Result 1, part (i), holds because Proposition 1 implies that a higher 
competition stimulates tax evasion only if demand is elastic (and vice versa).22

Proposition 2  The relationship between relative tax evasion and degree of product 
differentiation is inverted U-shaped. Moreover, the higher both the marginal cost 
and the degree of product differentiation, the more likely evasion will be reduced by 
an increase in product substitutability.

Proof:  See the Appendix.

The next Corollary focuses on the role played by the product differentiation: more 
“product” market competition increases tax evasion until a sufficiently high level 
of such a competition is reached; however, beyond this threshold, the relationship 
between “product” market competition and tax evasion becomes negative.

Corollary 2  The relationship between relative tax evasion and degree of product dif-
ferentiation is increasing (resp. decreasing) when.

The content of Propositions 1 and 2 and Corollary 2 can be illustrated through 
numerical examples. Only for illustrative purposes we fix the following paramet-
ric set: z = 5, t = 0.3, y = 0.4, for which in the range of marginal cost values 
c ∈ (0, 3.5), conditions (22) and (23) hold. Figure 1 shows that evasion is strongly 

(29)e(c, �) =
t(2 − �)2(1 − t)2(1 + �)(1 − y)2

y[z(1 − t)(1 − �) + c][z(1 − t) − c]

𝛾
<

>
𝛾◦ =

2z(1 − t) + 3c −
√
−12tz(c + tz) + 24tz2 + 9c + 12cz − 12z2

z(1 − t)

22  Formally this derives from the following derivative:
  𝜕(pq)

𝜕c
=

𝛾z(1−t)−2c

(2−𝛾)2(1−t)2(1+𝛾)

>

<
0 ⇔ c

<

>

𝛾z(1−t)

2
.
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decreasing with the marginal cost when product substitutability is very high and 
marginal cost is adequately low, while it becomes increasing with the marginal cost 
when either the product substitutability is sufficiently low or the marginal cost is 
appropriately high. Figure 2 shows that evasion decreases with the degree of prod-
uct substitutability when both the latter and the marginal cost are sufficiently high; 
conversely, if the marginal cost is sufficiently low then it increases with the product 
substitutability.

Now, given Lemma 2, we can state the following Remarks about the relation-
ship between tax evasion and competition. First, we distinguish between the changes 
in the competitive pressure due to changes in the different competition parameters: 
a larger competition induced by higher marginal costs (namely, defined as “cost” 
market competition) and a larger competition induced by less product differentia-
tion (namely, defined as “product” market competition). Second, we consider the 
pre-existing level of the relative tax evasion for different levels and changes of the 
competition parameters.

Remark 2  If the market competition in terms of the product substitutability is high, 
while in terms of the marginal cost is low, increasing competition due to higher mar-
ginal costs reduces tax evasion; if the pre-existing market competition is rather high 
in terms of both “cost” and “product” market competition (i.e. both γ and c suffi-
ciently high) increasing competition through a further rise in the degree of product 
substitutability reduces tax evasion.

Therefore, a rather high degree of product substitutability (i.e. a sufficiently high 
“product “ market competition) is always associated with a possible reduction of tax 
evasion (or, conversely, if the competition is low because of very differentiated prod-
ucts, increasing competition through either a larger product substitutability or larger 
marginal costs always tends to raise tax evasion).

Remark 3  Although it has been established above that higher marginal costs always 
increase tax evasion when the product substitutability is high, it is possible that the 
level of relative tax evasion is higher, for a given sufficiently high level of product 
substitutability, when the marginal cost is lower. In Fig. 2, for example, it is shown 
that, for γ > 0.85 tax evasion is larger when c = 0.5 than when c = 2.5. Alternatively, 
it is possible that the level of relative tax evasion is higher, for a given sufficiently 
high marginal cost, when the product is more differentiated: for instance, Fig.  1 
shows that, for given values of c > 2.5, the level of relative tax evasion is higher 
when γ = 0.80 than when γ = 0.99.

2.3 � Discussion of the main findings

The intuition behind the key results (i.e. Propositions 1 and 2) is based on the fol-
lowing points: (1) sales revenue may be a non-linear function of the two competition 
parameters, in particular a humped function of the marginal cost and a U-shaped 
function of the degree of product differentiation; (2) the difference between sales 
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Fig. 1   Relative tax evasion (e) as function of the marginal cost (c ∈ (0, 3.5)), for different degrees 
of product substitutability: with γ = 0.99 (blue solid line), with γ = 0.80 (black dotted line), and with 
γ = 0.20 (red dashed line). (Note that for all the figures shown in the paper, declared sales and output are 
always positive and thus not displayed for economy of space.) (color figure online)

Fig. 2   Relative tax evasion (e) as function of the degree of product substitutability (γ ∈ (0, 1)), for dif-
ferent marginal cost values: with c = 3 (red solid line), with c = 2.5 (black dotted line), and with c = 0.50 
(blue dashed line) (color figure online)
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and declared sales (i.e. the undeclared absolute tax base) remains constant for vary-
ing competition parameters.

As regards point 1), by observing the numerator of the equilibrium sales revenue

it can be easily seen that for sufficiently low (high) values of c sales are increas-
ing (decreasing) with increasing c (and the higher γ, the more increasing or the less 
decreasing sales are).23

As regards point (2), it can be easily seen that the difference between sales and 
declared sales, (pq − a) , does not depend on such competition parameters (see (39)): 
thus, the relative evasion—given by (11) and rewritten as (1 − y)

pq−a

pq
—evidently 

decreases (increases) with increasing c for existing low (high) values of c (as stated 
in Proposition 1). Moreover, as regards the role of γ, from the next derivative

we can see that if c tends to be small, sales revenue is always decreasing in γ, while 
if both c and γ tend to be large, sales revenue may be increasing in γ. Therefore, in 
the latter case, the relationship between sales revenue and γ becomes U-shaped and, 
thus, the relative tax evasion may be an inverted U-shaped function of γ (as stated in 
Proposition 2).

2.4 � Output competition

Under Cournot competition, firm i maximizes �i —given by (18) after substitution 
of (15)—simultaneously choosing output, qi, and declared revenues, ai , taking the 
rival firm’s output as given. From the FOCs (see the Appendix), we get, respec-
tively, the next equilibrium output and declared sales revenue (the apex C denotes 
Cournot)

(30)pq =
z2(1 − t)2(1 − �) + c�z(1 − t) − c2

(2 − �)2(1 − t)2(1 + �)

(31)
�(pq)

��
=

2z2(1 − t)2(−�2 − 1 + �) + cz(1 − t)(2�2 + 2 + �) − 3c2�

(2 − �)3(1 − t)2(1 + �)2

(32)qC =
z(1 − t) − c

(2 + �)(1 − t)

(33)

aC =
y
[
z2(1 − t)2 + c�z(1 − t) + t(1 − t)2(�2 + 4� + 4) − c2(1 + �)

]
− t(1 − t)2(2 + �)2

y(1 − t)2(2 + �)2

23  The results in Proposition 3 follow the same logic applied to the Bertrand case in the previous section.
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Also under Cournot Lemma 2 holds true: the higher γ, t and c and the lower z are, 
the higher is the degree of competition.

The absolute and the relative tax evasion per firm are respectively.

 

Thus, the next Proposition holds.

Proposition 3  (1) The absolute tax evasion is identical under Cournot and Bertrand 
competition; (2) the relationship between relative tax evasion and marginal cost is 
qualitatively the same of Bertrand (i.e. Prop. 1 also holds true under Cournot); (3) 
differently from the Bertrand case (i.e. Prop. 2), the relationship between relative tax 
evasion and product differentiation is unambiguous: the higher the product market 
competition is, the higher the relative tax evasion is.

Proof  See the Appendix.

After the concise derivation of the results in the Cournot case,24 we are in a posi-
tion to compare, in next sub-section, the two competition modes with respect to the 
main aim of the paper, i.e. the nexus between competition changes and tax evasion.

2.5 � Modes of competition and tax evasion

As known, competition is fiercer under Bertrand than under Cournot. Then, it is 
worth to study under which competition mode the unethical evasion behaviour is 
larger. The relative tax evasion differential is:

Although (36) looks cumbersome, one can exhaustively depict the effects of 
the competition parameters via numerical simulations, as Figs. 3 and 4 (based on 

(34)EC =
t2(1 − y)2

y

(35)eC(c, �) =
t(2 + �)2(1 − t)2(1 − y)2

y[z(1 − t) + c(1 + �)]
2
[z(1 − t) − c]2

(36)

D ∶= eC − e =
𝛾2t(1 − t)2(1 − y)2

[
2𝛾z(1 − t) − c(4 − 𝛾2 + 2𝛾)

]
y[z(1 − t)(1 − 𝛾) + c][z(1 − t) − c][−z(1 − t) − c(1 + 𝛾)]

> 0

24  Moreover, our findings as regards the relation competition-tax evasion qualitatively hold 
true also in different tax policy contexts: for instance, by assuming 1) a linear penalty function 
P(.) = 𝜙

(
pqi − ai

)
, 𝜙 > 0 and a concealment cost strictly increasing, convex with the undeclared sales 

(i.e. a quadratic function of the undeclared sales, as, for example, in Besfamille et  al. (2009b)); (2) a 
linear penalty function like that at the above point and a detection probability which is a linear function 
of the undeclared sales, i.e. yi(.) = y

(
pqi − ai

)
, y > 0 . This means that the paper’s message is robust to 

the introduction of endogenous concealment costs and an endogenous detection probability, and does not 
depend on the convex form assumed for the penalty function. These cases are omitted here for economy 
of space and are disposable on request.
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the same parametric set in Sect. 2.2) display. These figures seem to reveal that the 
relative tax evasion is larger under Bertrand (Cournot) if the product substitutabil-
ity (“product” market competition) is sufficiently high (low) and the marginal cost 
(“cost” market competition) is sufficiently low (high). In detail, the relative tax eva-
sion is larger under Cournot than under Bertrand if there is a high “cost” market 
competition while a lower (higher) product differentiation essentially plays the role 
of enlarging (reducing) the differential, as expected by the fact that the higher the 
degree of differentiation is, the more similar the two competition modes are. A sim-
ilar logic applies to the converse case of low “cost” market competition. Finally, 
in the case of relatively intermediate levels of “cost” market competition – as the 
behaviour of the solid curve in Fig. 4 shows—a reducing product differentiation (a 
higher “product market” competition) leads to a larger tax evasion under Bertrand.

When the competitive pressure is relatively low (i.e. a low c), evasion may be 
higher under Bertrand (Cournot) depending on whether products are less (more) 
differentiated. Since Bertrand competition is fiercer than the Cournot one for any 
degree of product differentiation, then (provided that goods are sufficiently substi-
tutes) tax evasion may be higher in the competition mode with stronger competitive 
pressure: that is, higher competition may be associated with larger evasion, in line 
with the Schleifer’s finding.

By contrast, when the competitive pressure is relatively high (i.e. a high c), eva-
sion is always larger under Cournot: this means that the situation with larger firms’ 
market power is associated with larger evasion, in contrast to the Schleifer’s finding.

Therefore, by comparing the two standard competition modes with the firms’ tax 
compliance behaviour, we conclude that the link between competitive pressure and 
unethical behaviour may be true only when such a pressure is low and products are 
sufficiently substitutes, while it does not hold true when such a pressure is high, 
irrespective of the degree of products substitutability. Figure 5 graphically depicts 
the above reasoning, showing that if c < 1.4 then tax evasion may be higher under 
Bertrand (resp. Cournot) depending on whether products are less (resp. more) differ-
entiated, while if c > 1.4 then tax evasion is always larger under Cournot.

To sum up, also in the case of the comparison between the two competition 
modes our findings are mixed; therefore, to evaluate the different merits in terms of 
tax compliance of quantity versus price setting behaviours by firms, policy-makers 
should take into account the different competitive pressure as measured by the mar-
ginal cost and the product differentiation.

3 � Conclusions

In this paper we have examined the relationship between tax evasion and competi-
tion in a duopoly context. We have preliminarily analysed the Cournot case with 
homogeneous product under a general form of demand, showing that an adequately 
low slope elasticity is a sufficient condition for considering a marginal costs’ 
increase as a fiercer competition and, in such a case, a fiercer competition may imply 
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either more (less) tax evasion depending on whether the demand is elastic (inelas-
tic). As known, firms may tackle with fiercer market competition through either 
cost-reducing or product differentiation choices, and policies may also encourage 
(or discourage) indirectly such choices. Thus, we have investigated the above men-
tioned relationship under Bertrand and Cournot competition modes with differenti-
ated products in the standard Dixit (1979) and Singh and Vives (1984) framework.

The essential message of the paper is the following: increasing competition 
may imply either more or less evasion depending on whether (i) the existing com-
petitive pressure is more or less fierce, (ii) the competition mode is on price or on 
quantity, and (iii) the larger competition fierceness is caused by either a rise of the 
production costs or a higher products substitutability. This message is sufficiently 
robust because it qualitatively holds under both Bertrand and Cournot modes of 
competition.25

The policy implication26 is that both tax and antitrust authorities should consider 
the different effects—as regards tax evasion—of both different sources of possible 
pro-competitive interventions and different pre-existing competitive pressures.27 

Fig. 3   Relative tax evasion differential (D) as function of the marginal cost (c ∈ (0, 3)), for different 
degrees of product substitutability: D with γ = 0.80 (blue dotted line), D with γ = 0.50 (black solid line), 
and D with γ = 0.20 (red dashed line).Other parameters as in Figs. 1 and 2 (color figure online)

25  Since the paper focuses on tax evasion and no consideration of public revenues is made, we discuss 
policy implications assuming implicitly that the underlying objective of the policy-makers is to minimize 
tax evasion, while such implications could be different if policy makers were concerned about public 
revenues.
26  We are aware of the simplified nature of the model employed. In particular, firms’ production and eva-
sion decision are independent, as in most part of the established literature. However, they may become 
interdependent under a “relative audit rule”, as Bayer and Cowell (2009) show, when the probability of 
audit depends on declaration (as mentioned in footnote 18). Although whether and how anti-trust policy 
implications to reduce tax evasion could be analyzed in a framework where production and evasion deci-
sions are interdependent, the present model may provide with some insights into the nature of the rela-
tionship between market structure and tax evasion phenomenon.
27  Also in this case with Cournot and product differentation Corollary 1 holds.
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As regards the nexus between competition mode and tax compliance behaviour, the 
finding is that firms evade more (less) when they compete on quantities than when 
they compete on prices if the “cost” market competition is relatively high (low).

Finally, we have noted that Schleifer (2004) has recently argued that a keener 
competition, a part from efficiency reasons, may be associated with an increase of 
socially censored behaviours. Then, the firms’ behaviour in terms of tax evasion 
could be thought as an unethical behaviour to be studied in relation to the degree 
of market competition. In this respect, still in contrast to the preceding results by 
Goerke and Runkel (2011) (resp. by Martina and Marrelli 1988) which would be in 
line with (resp. in sharp contrast to) the Schleifer’s finding, we find mixed results: 
higher competition may favour or reduce the firms’ tax evasion depending on the 
reasons (i.e. different economic parameters) bringing upon such an increase of the 
competitive pressure and its pre-existing level.

Fig. 4   Relative tax evasion differential (D) as function of the degree of product substitutability 
( � ∈ (0, 1) ), for different marginal cost values: D with c = 0.3 (red dotted line), D with c = 1 (black solid 
line), and D with c = 2 (blue dashed line). Other parameters as in Figs. 1 and 2 (color figure online)



406	 Journal of Industrial and Business Economics (2021) 48:385–411

1 3

Funding  This study was not funded by any Institution.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​
ses/by/4.0/.

Appendix

Comparative statics with homogeneous goods under Cournot, general demand

Substituting Ui in Vi , yields:

To develop comparative statics for duopoly, we base on the symmetric implicit 
solutions ( ai = aj = a, qi = qj = q ) to the system representing the FOCs of each 

Vi ∶=
[
P(⋅) + qiP

�(⋅)
]
(1 − t) − c = 0

Fig. 5   Plot of the zero relative tax evasion differential (D = 0) in the parametric plane (c,γ)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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firm’s expected profit maximisation problem. This means that the FOCs may be 
rewritten as:

Let � = i, where i = c, y, t be a parameter in the expressions ( U ) and ( V  ) (that is 
for firms’ marginal profits). Totally differentiating the expressions ( U ) and ( V  ), we 
have

where U�
a
∶= −yT ��;U�

q
∶= yT ��(P + 2qP �) ; V �

a
∶= 0 ; V �

q
∶= (1 − t)(3P � + 2qP ��).

By applying Cramer’s rule, the solution to the above system is

Simple calculations yields:

Proof of Lemma 1

(i) Preliminary, we show that

(ii) Since P >
c

(1−t)
 is the necessary condition for positive profits, then 𝜀 > −1 suf-

fices in order that the Lerner index increases with decreasing marginal costs.�  ◻

U ∶= yT �
[
P(2q)q − a

]
− (1 − y)t = 0

V ∶=
[
P(2q) + qiP

�(2q)
]
(1 − t) − c = 0

[
U

�

a
U

�

q

V
�

a
V

�

q

][
�a

��i
�q

��i

]
=

[
−

�U

��i

−
�V

��i

]

�a

��i
=

[
−

�U

��i
U

�

q

−
�V

��i
V

�

q

]

Δ
,
�q

��i
=

[
U

�

a
−

�U

��i

V
�

a
−

�V

��i

]

Δ
, where Δ ∶= det

[
U

�

a
U

�

q

V
�

a
V

�

q

]

Δ ∶= −T ��y(1 − t)(3P � + 2qP ��),

�a

�c
=

P + 2qP �

(1 − t)(3P � + 2qP ��)
,

�q

�c
=

1

(1 − t)(3P � + 2qP ��)
.

(A.1)

𝜕L

𝜕c
=

(1 − t)2
(
2P � 𝜕q

𝜕c

)
P − (1 − t)P − (1 − t)2

(
2P � 𝜕q

𝜕c

)
P + c(1 − t)

(
2P � 𝜕q

𝜕c

)

((1 − t)P)2
,

𝜕L

𝜕c

<

>
0 ⇔ P

>

<

c

(1 − t)

2

(3 + 𝜀)
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Proof of Result 1

(i) provided the negativity of (A.1), the proof straightforwardly follows from (21) in 
the main text;

(ii) the proof straightforwardly follows from (22) in the main text.

Firm’s FOCs under price competition

Firm i’s expected net profit is given by

Firm i maximizes �i , taking as given the rival firm’s price. The FOCs for an inte-
rior solution are, with regard to declared revenues

and, exploiting (A.3), as regards price

From (A.4), by substituting for the counterpart for firm j, we get the equilibrium 
values reported in the main text.

Proof of Lemma 2

Lemma straightforwardly derives from the following:

Proof of Proposition 1

The proof derives from.

(A.2)
�i = y

⎧
⎪⎨⎪⎩

�
(1 − t)pi − c

� z(1 − �) − pi + �pj

(1 − �2)
−

�
pi

z(1−�)−pi+�pj

(1−�2)
− ai

�2

2

⎫
⎪⎬⎪⎭

+ (1 − y)

�
(pi − c)

z(1 − �) − pi + �pj

(1 − �2)
− tai

�

(A.3)
��i

�ai
= 0 ⇔ ai =

y[piz(1 − �) + �pipj − p2
i
+ (1 − �2)t)] − t(1 − �2)

y(1 − �2)

(A.4)
��i

�pi
= 0 ⇔ pi(pj) =

�(pj − z)(1 − t) + z(1 − t) + c

2(1 − t)

𝜕L

𝜕c
= −

z(1 − t)(2 − 𝛾)(1 − 𝛾)

[z(1 − t)(1 − 𝛾) + c]2
< 0;

𝜕L

𝜕t
= −

cz(2 − 𝛾)(1 − 𝛾)

[z(1 − t)(1 − 𝛾) + c]2
< 0;

𝜕L

𝜕z
=

c(1 − t)(2 − 𝛾)(1 − 𝛾)

[z(1 − t)(1 − 𝛾) + c]2
> 0;

𝜕L

𝜕𝛾
= −

c[z(1 − t) − c]

[z(1 − t)(1 − 𝛾) + c]2
< 0
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Hence, there are always values of c which are below c° and always some values 
of c which are above c°. Hence, relative tax evasion is always U-shaped in c.

Proof of Proposition 2

The proof derives from

and, in the spirit of the proof of Proposition 1, there are always values of c which are 
below c°° and always some values of c which is above c°°. Hence, relative tax eva-
sion is always inverted U-shaped in c.

Firm’s FOCs under output competition

The first-order conditions for an interior solution are, as regards declared revenues

and, exploiting the direct demand function, as regards output

From (A.6) and (A.7), by substituting for the counterpart for firm j, we get the 
equilibrium values reported in the main text.

Proof of Proposition 3

Part 1): This straightforwardly derives from the fact that EC = E

Part 2): Given that28 

(A.5)

𝜕e(c, 𝛾)

𝜕c
=

t(2 − 𝛾)2(1 − t)2(1 + 𝛾)(1 − y)2[2c − 𝛾z(1 − t)]

y[z(1 − t)(1 − 𝛾) + c]2[z(1 − t) − c]2
>

<
0 ⇔ c

>

<
c◦ =

z𝛾(1 − t)

2
,

𝜕e(c, 𝛾)

𝜕𝛾
=

t(𝛾 − 2)(1 − t)2(1 − y)2
[
2z(1 − t)(𝛾 − 𝛾2 − 1) + 3c𝛾

]

y[z(1 − t)(1 − 𝛾) + c]2[z(1 − t) − c]

>

<
0 ⇔ c

<

>
c◦ =

2z(1 + 𝛾2 − 𝛾)(1 − t)

3𝛾

(A.6)
��i

�ai
= 0 ⇔ ai =

y[qiz − (�qiqj + q2
i
− t)] − t

y

(A.7)
��i

�qi
= 0 ⇔ qi =

z(1 − t) − c − �qj(1 − t)

2(1 − t)

(A.8)

𝜕eC(c, 𝛾)

𝜕c
=

t(2 + 𝛾)2(1 − t)2[𝛾z(t − 1) + 2c(1 + 𝛾)](1 − y)2

y[z(1 − t)(1 + 𝛾) − c]2[z(1 − t) − c]2
>

<
0 ⇔ z

<

>

2c(1 + 𝛾)

𝛾(1 − t)

28  More in general, the conditions for an interior solution are 𝜕𝜋i
𝜕ai

|||ai=0 > 0 and 𝜕𝜋i
𝜕ai

|||ai=piqi < 0 . We thank an 
anonymous referee for having remarked this point.
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the proof follows from the simple comparison of (A.5) with (A.8);
Part 3): This straightforwardly follows from
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