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TAX EVASION AND COMPETITION
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1. Introduction

Competition policy is an important component of mmmic policy. The European
Commission, for example, runs a branch concernéld avititrust and liberalisation, and also
every member state of the European Union has its mational competition authority. Such
institutions usually aim at reducing market powed antensifying the degree of competition
among firms. For instance, the European Commisstates that “[cJompetition is a basic
mechanism of the market economy and encouragesasoafto provide consumers products
that consumers want. It encourages innovation, ushes down prices. In order to be
effective, competition needs suppliers who are petgelent of each other, each subject to the
competitive pressure exerted by the othér©pening markets and thereby intensifying
competition was also one of the goals of introdg@rcommon market in Europe. The central
point of this paper is that competition policiesyni@ve negative side effects undermining the
positive effects of increasing competition. In @aper, these side effects are triggered by tax
evasion. We show that reducing market power mawdadirms to intensify tax evasion

activities and, as a consequence, tax revenuesathay

These results are obtained using a Cournot oligopmdel with endogenous market entry.
The number of firms is determined by a zero-profihdition, stating that expected profits
equal market entry costs. Those firms enteringniaeket produce a homogenous good at
constant marginal costs. The good is sold to coessiwhose demand is captured by a
standard (inverse) demand function. Firms haveatogm ad valorem sales tax but may evade
part of their tax duty.If a firm is detected evading taxes, it will benplised. The degree of
tax evasion is measured either by the absolute atafuaxes evaded successfully or the tax
evasion ratio. This ratio is defined as the amairixes evaded, relative to hypothetical tax
revenues, i.e. tax revenues in the absence ofavadie follow the industrial organization
literature and measure the degree of market powehé Lerner-index which reflects the
price-cost mark up, i.e. the difference betweenra’$ (after-tax) output price and marginal
production costs, expressed as a percentage (dftee-tax) output price (e.g. Martin, 2001).

Within this model we analyze the effects of redoasi in market entry costs and marginal

production costs, as well as a greater price elastof commodity demand. Following Bliss

! See http://ec.europa.eu/comm/competition/antioustview_en.html.

2 Our choice of a sales tax is motivated by two eitgi observations. First, during the last decade®nues
from indirect taxes have become increasingly ingodrt For example, in OECD countries VAT revenues as
percentage of total tax revenues increased fro@?41n 1965 to 17.9% in 1998 (OECD, 2001). Secanid, by
now well known that, despite the governments’ iasieg reliance on indirect taxes, a substantiat pér
potential VAT revenues is lost through tax evasfieen and Smith 2006). Nevertheless, our basiclteesu
intuitively apply to other kinds of corporate taxaswell.



and Di Tella (1997, p. 1002), who analyze the r@tabetween corruption and competition
when coining this term, we refer to "... deep contpeti (parameters), to distinguish them
from measures of competition, such as the numbefirofs, that are defined from the
equilibrium outcome”. Restricting government pagito activities easing market entry or
reducing — but not eliminating — the scope forisgtprices, represents a plausible description
of the policy space. This is because a governmamthardly force firms to enter a market or
to behave in a distinct manner in a market econdmstead, competition policy can alter
incentives by affecting the constraints under wHidms optimise. Hence, changes in deep
competition parameters can be interpreted to byaadllect the above mentioned deregulation
policies. Furthermore, such changes are triggeyedldibalization and economic integration
like the European unification. In previous decadbégsse developments have considerably
reduced barriers to enter foreign markets (e.gnkya et al., 2002, Conway et al., 2005,
Dreher, 2006). Marginal production costs have falliele to improved outsourcing and off-
shoring opportunities as well as increased comepetdn input markets (e.g. Girma and Gorg,
2004). In addition, the price elasticity of demam@ds increased because of more
comprehensive cross-border shopping activitiesgaadter market transparency, for example,

due to the internet.

Our analysis shows that a reduction in market ecdsts intensifies competition by reducing
the Lerner-index. At the same time, however, aliedlax evasion and the tax evasion ratio
increase so that tax revenues may decline. Inaljtithe reason for this is that lower barriers
to entry increase the number of firms and thereloluce turnover per firm, as output per firm
and the market price decline. Firms therefore aseewvasion as a substitute for the loss in
market power. With respect to reductions in marggmaduction costs, results are less clear-
cut, but we are still able to identify cases in ethiax evasion rises and tax revenues decline.
This will be the case if demand is linear or corgasmce turnover per firm again drops (even
though, in contrast to a fall in entry costs, lowearginal production costs ceteris paribus
provide the firms with an incentive to raise oujpuinder (strictly) convex demand, the
effects of decreasing marginal costs depend orptloe elasticity of demand. For elastic
demand, the decline in the equilibrium price is eratke and the incentives to raise output are
sufficiently strong to increase turnover per firdence, firms evade relatively less taxes and
tax revenues rise. As this argument is reversedridnelastic demand function, however, we
have a further case with rising tax evasion andedsing tax revenues. Interestingly, a
reduction in marginal production costs can not @aryde tax revenues, but may also fail to

improve the degree of competition among firms. Tamer-index may increase since there is
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now a direct positive effect of the lower margioakts on the Lerner-index which may over-
compensate the decline in the market price. Wdlyirshow that an increase in the demand
elasticity seems to be the best way to intensifppetition, as it not only makes the negative
effects of a decline in marginal production cosissllikely, but by itself reduces the Lerner-

index and enhances tax revenues due to a declthe tax evasion ratio.

While there is huge number of articles on tax emadly individuals, less attention has been
paid to the analysis of tax evasion by fifrasd only one study has looked at the relationship
between tax evasion and competition. Previous asih@ve investigated the incentives of tax
evading firms under different market structuresméni (1989), Cremer and Gahvari (1992,
1993, 1999), Yaniv (1995) and Panteghini (2000)sater perfectly competitive firms, while
Marrelli (1984), Kreutzer and Lee (1986, 1988), Wand Conant (1988), Wang (1990),
Yaniv (1995, 1996) and Lee (1998) focus on a mohopdligopoly settings are investigated
in Bayer and Cowell (2006) and Goerke and Runk@0§2. The former article analyzes the
role of the audit rule, while the latter shows tbatput and evasion decisions will not be
independent if the number of firms is endogenousthiié best of our knowledge, the only
article on the relation between competition ande@asion is the one by Marelli and Martina
(1988). They conclude that tax evasion is the smathe more competitive the market is,
given a symmetric duopoly or a setting with asynmmoetosts, provided the costs differential
is not too large. Hence, the result of Marelli dvidrtina (1988) contrasts with our finding
that a higher degree of competition may raise tasien. There are mainly two reasons for
the difference: First, Marelli and Martina (1988kfis on a conjectural variation parameter to
model a change in competition, while we look atithpact of deep competition parameters.
Second, Marelli and Martina (1988) assume decrgaaimsolute risk aversion. The less
collusive the market, the smaller the profits anel dhe higher the risk aversion is. This
provides firms with the incentive to evade less mwbhempetition becomes more intensive. To

rule out such risk driven tax evasion, we suppisereutral firms'

The paper is organized as follows. Section 2 ptestie model and characterizes the market
equilibrium. In Section 3 we determine the impafcth® deep competition parameters on the

market equilibrium. Section 4 summarises.

% The surveys by Alm (1999), Andreoni et al. (1998gnzoni (2000a) and Slemrod and Yitzhaki (206®)us
on tax evasion by individuals. Recently the attamtias shifted somewhat, since the reviews by Gq2@04),
Sandmo (2005), and Slemrod (2007) contain sepdrat&ften short sections on tax evasion by firms.

* It is straightforward to show that under constsolute risk aversion the degree of competiticesdwt have
an effect on tax evasion in the Marelli and Mart{h@88) framework.
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2. Mod€

We consider a two stage game. In the first stagasfdecide whether to enter the market,
comparing expected net profits with constant maegggty costs. In the second stage, given
the entry decision and thereby the number of firoosnpetition in quantities takes place. In
this stage, firms have to pay an ad valorem salgs lhut may evade a part of their tax

obligations. To ensure a subgame perfect equihiorire solve the model recursively.

Suppose & 1 firms have entered the market in the first stdgrm i = 1,...,n produces;j x

units of a homogenous consumption good at constarginal costs ¢ > 0. The quantity

n

supplied by firm i's rivals is denoted by ijiixj , and X = x+ Xi represents aggregate

output of all firms. The (inverse) demand functid(X) satisfies P'(X)<0 and
P'(X) + xP"(X) <0. The latter condition states that them8’ output levels are strategic

substitutes as defined by Bulow et al. (1985). He standard Cournot oligopoly model
without tax evasion, the assumption of strategiosstutes ensures that the firms' reaction
curves are downward sloping and that the necessamgitions for stability are satisfied
(Dixit, 1986). The implications in our model withxt evasion are the same since we will show
below that, for a given number of firms, outputidems are independent of tax evasion.

The tax rate of the sales tax is denoted by]0,1[. The true tax base of firm i read$¥X).

Firms may understate their turnover in order todevaaxes. Thus, firm i declares

a; € [0, xP(X)] as tax base to the tax authority. Accordinglyaded revenues of firm i are
given by xP(X) — o;. With probability 1- q € ]0, 1] tax evasion remains undetected and firm
i's tax bill amounts tag;. In case of detection, taking place with prob&pidj, firm i has to
pay taxes on full revenues,PXX), and, in addition, a penalty FB(X) — «;], as we do not

consider amnesties or settlements (see, for exaf@azoni 2000b and Macho-Stadler and
Pérez-Castrillo 2004). The penalty is increasing atrictly convex in evaded revenues
XiP(X) — o, i.e. e, F'[] > 0> Moreover, we assume F(0)=0, so honest firms go

unpunished. As firms are risk neutral, the expectghalty q F[xYP(X)- aj] can,

alternatively, be interpreted as a cost of evafumation (see Virmani 1989 and Cremer and

Gahvari 1992, 1993 for such an interpretation).

® Our subsequent results would qualitatively alsil hibthe penalty is assumed to be a functioresks evaded.
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Firm i's expected profits in the second stage read
Mi =a{(1-Dx;P(x; +X") —cx; =F[x;P(x; +X') =0T}

+1-q){x;{P(x; +X") —cx; —1a;} . (1)

The first bracketed term in equation (1) equals fi's profits in case tax evasion is detected,
while the second term represents profits if suchiviies remain undetected. Firm i

maximizesl];, simultaneously choosing output and declared revenues taking as given

the output of all other firms# i. We focus on an interior solution for the taxason problem
throughout The first-order conditions can be written as

g—g(ii=—(1—q)T+qF[xiP(xi+Xi)—ai]:o, )
%={1—t—qF[xiP(xi +Xi)—o(i]+(1—q)T}[ P(X; +xi)+xi|:>'(xi +xi)]—c:o, (3)
|

The second-order conditions are satisfied since 'and P' +pP" < 0 imply

020,
=-gF'<0,
d0? do?  ox?

0%m; 02n; [ 9%,
6xi60(i

2
J =-q@-1)(2P+x; P")F'>0. (4)

Therefore, the first-order conditions (2) and (8jetmine firm i’'s profit-maximizing choices

of declared revenue;*, and output, ¥.

The solution to equations (2) and (3) for i = 1,..rgpresents the Nash equilibrium in the

second stage of our oligopoly model. It is straighward to show that the equilibrium is
symmetric, i.e. ¥ =x*, o*=a* and X*=x*+ X* =nx* for all i=1,...,n/ Using the
symmetry property in equations (2) and (3) yields

A :=—(1-q)T+gF[x* P(nx*) —o*] =0, )

B:= (L-1)[ P(nx*) +x* P'(nx")] ¢ =0. (6)

® An interior solutiong; € ]0, xP(X)[ will be warranted, if 0 < (+ q)t < qF'[xP(X)]. Models of indirect tax

evasion which investigate the determinants of cetepévasion or honesty are looked at by Virman89)%r
Cremer and Gahvari (1992), for example.
" Suppose the opposite is true, i.e. there areaat o firms j and k Withjx # X*. From (2) and (3) we can

then derive (1 f)(Xj* - X, ) P' = 0 which contradictsj’x # Xc*. Thus, x* = x* for all i =1,...,n. Equation (2)
then impliesy;* = o* for all i = 1,...,n.



These equations have the usual interpretation. Woog to (5), each firm declares an amount
of revenues in equilibrium so that the expectedgmat tax savings from evasion equal the
expected marginal penalty, while (6) states thatatuilibrium output of each firm equates
after-tax marginal revenues and marginal costs.attgu (6) also shows that for a given

number of firms the standard independence resuddtshaccording to which a firm's output

choice is unaffected by its evasion activities .(e&¢gniv, 1995). As we will see below,

however, evasion alters the incentives to ententagket. Accordingly, the output decision is
no longer independent from tax evasion activitielsis result, established by Goerke and
Runkel (2006), also holds in the present settingrddver, equation (5) indicates that the
absolute amount of revenues evaded per firm, x*@{)n* o*, is affected neither by marginal

production costs, nor by market entry costs orphee elasticity of demand, which we will

formally introduce below. This is plausible as magad tax savings from evasion activities are
solely determined by the tax rate and the deteqpi@bability. Hence, we can treat taxes
evaded per firm as a constant. It has to be emgd@sthough, that this property does not
prevent a relation between evasion and competi@danges in the degree of competition are
usually accompanied by variations in the numbefirais and, thus, aggregate tax evasion.
Moreover, the importance of tax evasion may bdtéeemeasured in relation to the size of the

market which, of course, is also related to theele@f competition.
Equations (5) and (6) jointly determine x* aatlas functions of the model parameters and
the number of firms n. Inserting these functiorts quation (1) defines the equilibrium level

of expected profit$I” of a single firm in stage 2. If we differentid® with respect to n and

take into account (5), (6), and dx*/dn determingd@), we will obtain

aV - g-ge2p_2P°F

0, (7)
dn (n+ YP+nx* P

where the sign follows from P'< 0 and P' + x*P0.<Equation (7) implies that equilibrium
expected profit§I” in stage 2 decline with the number of firms emgithe market in stage 1.
Having characterized the equilibrium in the secstatje, we now turn to the first stage in

which firms decide whether to enter the marketdéing so, they take into account the

properties of the equilibrium in the second stdfje. firm enters, it will incur market entry
costsI' > 0. These costs are the same for all potentialaetstr Sincel” declines in the

number of firms, entry continues until equilibrivexpected second stage profitd equal
market entry costk or, equivalently, until



Z:= (- )x*PNn*x*) —cx*— g x*P(n*x*) — o*] + - ) x*P(*x*) —o*] - =0, (8)

where n* denotes the equilibrium number of firmseeing the market in the first stage.
Strictly speaking, n* is an integer variable. Fbe tsake of tractability, and as usual in
oligopoly models with an endogenous number of fi(iKatsoulacos and Xepapadeas 1995),

we treat n* as a continuous variable that approtesithe true integer value.

The overall equilibrium of our two stage model lacterized by equations (5), (6) and (8),
which determine the equilibrium number of firms, efuilibrium output, x*, and equilibrium
declared revenuesy*, as functions of the model parameters. Of spemigdrest in the
subsequent analysis are the parameters which,einnthoduction, we referred to as deep
competition parameters, i.e. market entry cdstsnarginal production costs, ¢, and the price
elasticity of demand (which we shall introduce faily below). The focus of our analysis in
the next section will be on the question of howsthg@arameters influence the degree of

competition, tax evasion and tax revenues in thekeb@quilibrium of the industry.

The degree of competition is inversely relatedhi® firms’ market power which, in turn, can
be measured by the Lerner-index, i.e. the diffezdnetween the (after-tax) output price and
marginal production costs, relative to the (afeet}toutput price. The Lerner-index reads

L= (1-1)P(nx*) —c
C (1-DP(rxy)

(9)

Note that in computing the Lerner-index we igna® €vasion activities. The reason is that
the equilibrium second stage profits of a singkenfican be written a$l* = (1 —t)x*P —

cx* + k where k := gF(x*P e*) — (1 — qx[x*P — o*] is independent of the deep competition
parameters (remember that x**does not depend on the deep competition parameter
according to equation (5)). Hence, a firm’s equilin profits in the presence of tax evasion
equal the firm’s equilibrium profits without tax &sion plus a constant term. It is therefore

suitable to use the same indicator of market p@san a case where no tax evasion occurs.

We finally need to specify tax revenues and thesmess of tax evasion. Dividing absolute
revenues evaded per firm, x*P(x*n*)ex, by the actual turnover, x*P(x*n*), we obtain

relative revenues evaded per firm. Absolute andtixed tax evasion per firm is used as
indicator of tax evasion by Marelli and Martina 889, Virmani (1989) and Cremer and

Gahvari (1992, 1993, 1999), for example. Marell®&4) points out that in a setting with

several firms, total evasion in the entire markeyrhe of interest. We therefore introduce the
absolute amount of taxes evaded successfully as



H:= (1 — grn*[X*P(n*x*) — a*]. (20)

As an alternative measure we will investigate reéafiggregate tax evasion. Let hypothetical
tax revenues, i.e. the amount of tax revenues whmhld arise without evasion, be given by

@ = wn*x*P(x*n*). Dividing H by ® gives the tax evasion ratio

T:=0 - QbR o] (1—Q)(1_Lj’ (11)
) X*P(x*n*) X* P(rkx*)

which represents the fraction of aggregate taxmess evaded successfully. The advantage of
the tax evasion ratio T as an indicator of evadiehaviour is that it describes tax evasion
relative to the size of the market. It therefore also cagstichanges in the firms' activities due

to competition policy. Finally, tax revenues of ti@ernment are given by
1
R:=<D—H=H[?—1j. (12)

Tax revenues R equal the difference between hypo#héor maximal) tax revenues and the

absolute amount of taxes evaded successfully bfrths.

3. Variationsin Deep Competition Parameters

The effects of a change in a paramétesn the endogenous variables can be obtained by
totally differentiating the equilibrium conditior{s), (6), and (8). This gives:

Zn Zg Zy [drt] [-Zg
A, Ay Ay |dor =] -Ag |do. (13)
B, By By [dx¥| |-Bg

From (8) we obtain = (1 —t)x*2P' <0, Z, = 0, Z = (n* — 1)(1 —t)x*P' < 0, where use has
been made of equations (5) and (6). Equation (&ldyiA, = gx*2F"P'<0, A =—qF"<0
and A = q(P + n*x*P")F". Finally, B = (1 —t)x*(P' + x*P"), B, =0, B, = (1 —t)[(n* + 1)P" +
n*x*P"] < 0 is obtained by differentiating (6) h& determinant of the matrix on the LHS of
(13) is A = —gx2(1 —1)2(2P' + x*P")P'F" < 0. For notational conveniencge define
A= —Alg(l —1)F" > 0.

Let us first investigate the impact of a fall innket entry costsl”. These costs comprise, for

example, initial investment costs, licence feesthar monetary and time costs of fulfilling
government regulations (Djankov et al. 2002, Conefagl. 2005). A decline ii may be due



to deregulation policies, for example. In many does, competition authorities have opened
markets of key industries like the transport oe¢cemmunication sector by lowering the legal
and economic requirements potential producers tafdfil when entering the market. Other

reasons for declining entry costs are globalizagod economic integration which reduce
trade and entry barriers or grant access to newrrnrdtion technologies like the internet

making it easier for firms to enter mark&#ormally, from equations (5), (6) and (8) we have
Ar=Br=0and £ =- 1. Settin@ =T in equation (13) then implies

drt _ (n* + P+

0, 14
dr A (14)

dpePE)] _da _ xH{PP+XP") - x*P?}

0, 15
dr dr A (15)

d __XPHPY) |

dr (16)

where we used the fact that x*P(n*x*)* is constant in (15). From (14) and (16) follows

d(n*x*) _ x* P <

0. 17
dr A an

Equation (14) shows that lower entry costs raigedtuilibrium number of firms, n*, since
more firms find it profitable to enter the markatcording to (16), the increase in the number
of firms reduces output per firm, x*. The reasomhigt output levels of the firms are strategic
substitutes. Nevertheless, the additional outpth@hew firms entering the market more than
outweighs the decline in the incumbents’ productidggregate output, n*x*, grows as
shown by equation (17). As consequence, the mariet, P, and turnover per firm, x*P, as

well as declared revenueg, shrink according to equation (15).

Having determined the effects of entry costs onketabutcomes, it is straightforward to
specify the impact of a decline Inon competition and tax evasion. The fall in thépat
price, P, is equivalent to a drop in the LerneredL, as marginal production costs, c, are
unaffected. From equation (5) we know that absoéuasion per firm, x*P(n*x*) -a*, is
constant. Since the number of firms, n*, increasss declines, absolute tax evasion, H, has
to rise. Moreover, (15) indicates that turnover fign, x*P(n*x*), falls. This implies an

increase in the tax evasion ratio, T. Finally, sittand T move into the same direction, the

8 While governments or competition agencies carr aitarket entry costs, they will never be able tolish
them completely as such costs also include compsising in the absence of government intervantio
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effect of a change in market entry co$tspn tax revenues, R, is uncertain. These findargs

summarized in

Proposition 1: A reduction in market entry costs, reduces the Lerner-index, L, but raises
absolute tax evasion, H, and the tax evasion rafio,The effect on tax revenues, R, is

ambiguous.

Proposition 1 reveals a basic trade-off betweenpstition and tax evasion: If firms are more
constrained in their pricing behaviour becauser theimber has risen and the price-cost mark-
up has fallen, owing to a reduction in market ewrwsgts, they will select an alternative means
of raising profits. In our model, this alternatigeenue is constituted by tax evasion. Hence,
there is an inverse relation between the interditgompetition and the degree of tax evasion.
The model therefore provides a formalisation ofeBat's (2004) claim that competition may
decrease ethical (i. e. legal) behaviour. Intulivéhe decline in market entry costs increases
the number of firms and so reduces the market pofveach firm. Both output per firm and
the market price fall. The consequence is thatowgn per firm goes down. Each firm evades
a larger share of its turnover. Firms therefore taseevasion as a substitute for the loss in
market power. Proposition 1 also shows that thaeatah in market entry costs may decrease
tax revenues. This will unambiguously be the c&s&X) + x*n*P'(X) < 0 holds’ In such a
situation, the positive effect of increasing thgme of competition is not only accompanied
by the negative effect of increasing tax evasian,abso by a decline in public funds.

While the relationship between tax evasion and aitipn caused by a variation in market
entry costs is unambiguous, the effects of a chamgearginal production costs, ¢, are more
uncertain. Governments can affect this deep comnpetparameter by liberalising input
markets, slashing the bureaucratic burden imposadttras or simplifying international trade

in inputs. The derivatives of (5), (6), and (8) wiespect to the deep competition parameter c
yields A. = 0, B, = -1 and £ = — x*. By settingd = c in (13), we then obtain

drt _ x* (2P+n*x*P")

dc A (18)
dxt  x*3 P
TR 49

® An example is the case of an isoelastic demandtifum P(X) = Xx~1M which we will use frequently in the
subsequent analysis. For this demand functiomatgditforward to show that a declinelinwill exert a negative
effect on R ify < 1. In case ofy > 1, the effect of on R is ambiguous.
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dlx*Px)] _do _ x*3

P-2P?) . 20
dc dc A e ) (20)
Equations (18) and (20) yield
K\ k *2 3
d(nx):2x P<O. (21)

dc A

Equation (21) shows that a decline in marginal ;ostincreases aggregate output and, thus,
lowers the equilibrium price P. In contrast to afions in market entry costs, however, the
signs of all other effects are ambiguous. The mreasdhat a change in marginal production
costs does not only have a first-order effect artbmber of firms via equation (8), but by
equation (6) also on the output per firm: Reduanglaxes the zero profit condition (8), so
the number of firms increases ceteris paribus angub per firm declines according to the
assumption of strategic substitutes. But by thegmat condition (6) lower marginal
production costs ceteris paribus induce each fomaitse output. As a consequence there is a
negative impact on the number of firms. Overall, al¢ain two countervailing effects on the
number of firms, the output per firm and, thusnptwer per firm. As shown by (18) — (20) the

sign of the sum of both effects depends on theature of the demand function.

To reduce the ambiguity captured by equations €1@)0), let us first take a closer look at the
case of a concave or linear demand function. Takitggaccount P" < 0 in (18) — (20) implies
that the decline in marginal production costs iases the number of firms and reduces output
and turnover per firm. Intuitively, for P" <0 nggmal revenues P(n*x*) + x*P'(n*x*) react
quite sensitively to variations in output per fi(keeping constant the number of firms). As a
consequence, the positive effect of a reductiamanginal costs, ¢, on output via the marginal
condition (6) is small and the already known negatmpact of a fall in ¢ on output per firm
via the zero profit condition (8) dominates. Outpuat turnover per firm therefore fall while
the number of firms increases. Almost the samrussfor P" = 0 except for the fact that under
a linear demand function output per firm is constahis is the case because the new positive

effect via equation (6) exactly compensates thateg effect via equation (8).

With the help of this information we can now tumthe effects of a reduction in ¢ on tax
evasion and competition under a weakly concave ddriunction (P'< 0). Since a decline in
marginal costs, c, raises the number of firms,and leaves unaltered revenues evaded per
firm, x*P(n*x*) — o*, absolute tax evasion, H, rises. The same isfoute tax evasion ratio,

T, as the turnover per firm, x*P(n*x*), declinese&use H and T move into the same

11



direction, the effect on tax revenues, R, is ambigu The impact on the Lerner index, L, can
be written as
2
*
a___Px* —[2P[A-T)P-c]+ - Dx* PP]. (22)
dc  (@1-1)P°A
For P"< 0 this expression is unambiguously negative, imglythat a decline in marginal

production costs, c, raises the Lerner-index, lesehinsights are summarized in

Proposition 2: Suppose the inverse demand function is weaklyasend.e. P'< 0. Then, a
reduction in marginal production costs, c, raisee Lerner-index, L, as well as absolute tax

evasion, H, and the tax evasion ratio, T. The imhpadax revenues, R, is ambiguous.

Under a weakly concave demand function, a dechnmarginal production costs increases
tax evasion. Intuitively, lower marginal productioasts imply a fall in the market price and
output per firm (for P" < 0). Turnover per firmetiefore shrinks and each firm increases the
share of revenues evaded. Despite the fact thatiabgax evasion per firm remains constant,
total absolute tax evasion goes up since more fenter the market. As a consequence, tax
revenues may be lowered. This is the same lineadaning as for variations in market entry
costs, characterized by Proposition 1. Howeverp@&sition 2 reveals an important difference
between the two deep competition parameters. Wiiteduction in entry costs decreases
market power of firms, a decline in marginal prattut costs exerts exactly the opposite
effects on the degree of competition. The reasothas, in contrast to variations in, a
decline in ¢ has a direct positive effect on thenkee-index, L. For a weakly concave demand
function this effect is stronger than the fall metmarket price P so that the decline in ¢
unambiguously increases L. Lower marginal productiosts may therefore not only worsen

the situation of public budgets but may even faiéhsure more intensive competition.

How will the insights of Proposition 2 be changédve consider a strictly convex demand
function? From equation (19) we see for P" > @ thdecline in marginal costs, c, increases
output per firm (because the positive effect viadibon (6) is strong enough to outweigh the
negative impact caused via the profit constraift @ut all other effects are indeterminate. In
particular, due to the increase in output per fand the decrease in the output price, P, it is
no longer clear how a fall in marginal costs wiffeat turnover per firm and, thus, tax
evasion. It may well be that turnover goes up s thx evasion is reduced. In addition,
equation (22) shows that the effect of a variatiorc on market power, as measured by the
Lerner-index, L, is ambiguous for a strictly convaemand function.
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Nevertheless, we can obtain clear-cut results iffeaeis on the isoelastic demand function
P(X) = X=1, wheren := — P(X)/[XP'(X)] > 0 is the price elasticity olemand. This function

is strictly convex as P'(X) = — (X (1" <0 and P"(X) = (1 H)(Lin2)X -1+ > 010
The expressions in the numerator of (18) and (2@np dhen be calculated as
2P" + n*x*P" = (1 =) (L)X 1) and PP" — 2P= — (1 —)(Lip2)X —2(1m)/n. Hence, the
effects of a change in marginal productions costsdepend crucially on the demand
elasticity. If demand is elastic n&1), we wil obtain dn*dc<O0 and
do*/dc = d[x*P(n*x*)]/dc < 0, i.e. a decline in mangal production costs raises the number of
firms and turnover per firm. The reason is thatjeman elastic demand, the increase in total
output induces a moderate fall of the market psoethat this effect is dominated by the
growth in output per firm. If demand is inelastic<{1), we will obtain the opposite results,
i.e. dn*/dc >0 and @/dc = d[x*P(n*x*)]/dc > 0. The fall in the markeprice is now
substantial and outweighs the increases in outptita turnover per firm declines. Marginal

costs will not exert an effect on the number ahBrand turnover per firmif = 1.

With this information we can again figure out theets of ¢ on tax evasion and competition.
Since forp>1 (7<1) the number of firms, n* rises (falls) in resgento a decline in
marginal costs, c, absolute tax evasion, H, risaks) as well (remember that revenues
evaded per firm, x*P(n*x*) -a*, remain constant). In contrast, the tax evasatior T, will
decrease (increase) if demand is elastic (inejalsécause the turnover per firm, x*P(n*x*),
will be raised (lowered) iff >1 (n <1). As H and T move into opposite directions, tffec

on tax revenues, R, is now unambiguous, i.e. Reas®s (decreases) fpp 1 (7 <1). With
respect to the Lerner-index, L (cf. equation (22)¢, have to take into account that 2P'[(1 —
)P — ¢] + x*(1 =1)PP" = —(1 %)(1M2)x*(L —1)X—-2(L +n)/n since (1 =)P —c = —(1 =)x*P'
according to equation (6). Inserting this into (22pves dL/dc > (<) O if and only if > 1

(n <1). Hence, a decline in marginal production gost will decrease (increase) the Lerner-

index, L, if demand is elastic (inelastic). Thessights are summarized in

Proposition 3: Suppose &) =X-1n with »>0. If »>1, a reduction in marginal
production costs, c, will decrease the Lerner-indexand the tax evasion ratio, T, but will
increase absolute tax evasion, H, and tax reverReResults are reversed fpk 1, while a

change in marginal production costs, c, will haweaifect fory = 1.

19t should be noted that under the isoelastic dehfanction, the existence of a market equilibriuequires
that n*> 1/. Otherwise (6) is violated. We suppose this céadito be satisfied throughout.
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Proposition 3 shows that the results summariseBraposition 1 on the relation between
competition and tax evasion may be reversed iffdleas shifts to another deep competition
parameter. If the demand function is strictly conwend elastic, a decline in marginal

production costs will reduce both market powenrasasured by the Lerner index, L, and the
tax evasion ratio, T. Tax revenues, R, will risereluction in marginal production costs can
then be evaluated positively since it not only msiées competition, but also generates
additional governmental revenues and mitigatesptibblem of tax evasion (at least evasion
relative to non-evasion revenues). As these effetts reduction in marginal costs will be

reversed if demand is inelastic, however, we obddiurther case where a decline in marginal
production costs not only fosters tax evasion,dism weakens competition. This insight even
strengthens the result obtained in Proposition thasmpact of a fall in marginal production

costs, ¢, on tax revenues is unambiguously negatnen demand is convex and inelastic.

As argued in the introduction, the shape of the ateinfunction itself may be a deep
competition parameter. An increasing openness@i@unies will make it considerably easier
for consumers to fall back on foreign productsafestic prices are increased. Consequently,
the price elasticity of demand may have risen i list decades due to the introduction of
regional free trade areas. Furthermore, competgigtiorities can improve the consumers'
knowledge concerning substitutes for the good undesideration, thus also raising the price
elasticity of demand. To determine the impact bfgher elasticity on the market equilibrium
we again focus on the isoelastic demand functiof) B(X —1/ with > 0, but, for notational
convenience, definp := — 1h < 0 so thay increases, if and only f goes up. To get clear-
cut results, we additionally suppose n*x*1, implying In(n*x*)> 0, i.e. a sufficiently large
market. It then follows P(X)=%¥ P'(X)=pXB-1, P"(X)=p(p-1)XP-2, Ag=-
qF" B In*Bin(n*x*) <0, Bg = (1 —t)x*Bn*B-11 + (n* +B)In(n*x*)] >0 and Z=(1-
7)x*B*+1n*BIn(n*x*) > 0 from equations (5), (6), and (8). Remiger from footnote 10 that the
existence of an equilibrium requires nB+ 0. Setting = and using P and its derivatives
in (13) yield$?

drt _ @-mype-P P2
B A

[n* =1—(n* +B)Inf*x*)] > 0. (23)

Y The sign of (23) can be proven as follows. Let Q(p*n* — 1 — (n* +p)In(n*x*). Differentiating Q(n*),
taking into account that dx*/dn* = — x*(n* §— 1)/[n*(n* + B)] according to (6), we obtain Q'(n*) = (n* —
1)/n* — In(n*x*) and Q"(n*) =p/[n*(n*+ B)] < 0. This implies Q'(1) <0. Since Q"(n*) < @rfall n*>1, it
follows that Q'(n*) < 0 holds for all n> 1. Similarly, we obtain Q(1) < 0. Q'(n*) < 0 thgrelds Q(n*) < 0 for
all n*> 1. Using this insight in (23) implies dnfid> 0.
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. B N #3P+1L . 3P-3
d[x*Pd(E X _ o(ljog __(@-7Bn +B)Z n [L+Ine*x%)] > 0. (24)
_ *2B+1 *2[3“2
dxx __ BA-1Dx n [1+ In(\*x*)] >0, (25)

dp A
Further, using £>0, B3>0, as well asn*B, -X*By = —(l—T)Bx*Bn*B_1 > Oand
X*Zy —N*Zy, = —(1—r)[3x*B+1n*B"1 >0, the change in n*x* can be written as

dnx*) _ Zp(*Bn —X*By) + Bp(X*Zy —n*Zy)

0 on 0. (26)

The intuition underlying equations (23) to (26) ssfallows: If demand becomes more elastic,
producers will be more constrained in their pricibghaviour so that aggregate output
increases, as indicated by (26). Though this imghes, ceteris paribus, the market price is
reduced, turnover per firm rises for two reasonistftaking total output as given, there is a
(direct) positive effect of a higher price elagficon the market price P(n*x*) = X,
Second, the increase in the elasticity enhanceginarrevenues (1 8[P + x*P]=(1 -
I)x*(n* — 1/n)(n*x*) =1+, ceteris paribus. As a consequence, output par Xir goes up
according to (25). These two effects more than corsgie the price decline due to higher
aggregate output. Hence, if demand becomes mosticeléurnover per firm will rise as
shown in (24).

The impact of a higher demand elasticity on the elegif competition and tax evasion is as
follows: Since the number of firms, n*, goes upsalbte tax evasion, H, will increase. In
contrast, the tax evasion ratio, T, falls becauseotter per firm, x*P(n*x*), rises. The
increase in H and the decrease in T imply thateaemues, R, rise. Since (I}P(n*x*) —c >

0 from (6) and x*P(n*x*) —a* is constant, the rise in x* must induce a fal(in—1)P(x*n*) —

c to ensure the zero-profit condition (8). Thiseetf and the rise in turnover per firm,

X*P(n*x*), together imply a fall in the Lerner-indeL. In sum, we obtain

Proposition 4: Suppose BX) = X-1/7 with » >0 and n*x*> 1. An increase in the price
elasticity of demandy , reduces the Lerner-index, L, and the tax evasatio, T, but

increases absolute evasion, H, and tax revenues, R.

The rationale for Proposition 4 is the followingn& the number of firms rises, a higher
price elasticity of demand reduces market powertaeceby intensifies competition. At the

same time, it raises turnover per firm implying ttiams lower tax evasion relative to
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turnover. Even though absolute tax evasion incredlesreduction in the tax evasion ratio
induces tax revenues to go up. In summary, theeasa in the demand elasticity yields the
same “double dividend” (more competition, more taxenues) as the decline in marginal
production costs when the demand is elastic (segoBition 3). Put differently, an increase in
the demand elasticity seems to be the best wantemsify competition as such a policy
directly reduces tax evasion and, in addition, rsakecase less likely in which a decline in
marginal production costs exerts detrimental eff@ct competition and tax evasion.

4. Summary and Policy Implications

In this paper, we developed a Cournot oligopoly etadth an endogenous number of firms
and evasion of indirect taxes. The main questiobetanvestigated was how changes in so-
called deep competition parameters — such as market costs, marginal production costs
and the price elasticity of demand- affect the degof competition, tax evasion and tax
revenues. It turned out that market power and t@sien may be substitutes from the firms’
point of view. For example, a decline in entry sosttensifies competition, but at the same
time raises tax evasion and may even reduce tanues. A similar result will be realised if

marginal production costs decline and demand i&gtie. In contrast, the desired effects —
more competition, less tax evasion and more tagmees — will be obtained by a decline in

marginal production costs if demand is elastic lapdn increase in the demand elasticity.

To the extent that the deep competition parametersactually be influenced by public policy

— which we assumed throughout the analysis — osultse have mainly two policy
implications. First, opening markets by reducingrebarriers is not always a good choice.
Many national competition authorities choose tlpian and try to the intensify competition
by allowing more firms to enter the market. Howewaur analysis shows that such a policy
may have to balance the positive effect on the ele@f competition with the potentially
negative consequences for public funds. It may éecthe case that the competition authority
has to restrict entry to avoid the loss in tax rness. Second, our analysis suggests that the
best way to lower the market power of firms is taken demand (more) elastic, for example
by reducing trade barriers and thereby improving tonsumers’ opportunities for cross-
border shopping. Such a policy not only leads toemmmpetition among firms, but also
raises tax receipts. Moreover, it makes less likalses in which tax revenues (and the degree
of competition) are lowered by a decline in margpraduction costs.
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