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Abstract

This paper models payment evasion as a source of profit liydette firm choose
the price charged to paying consumers and the fine collemteddetected payment
evaders. The consumers choose whether to purchase, eyaerpgor refrain from

consumption. We show that payment evasion allows the firrhaoge a higher price
to paying consumers and to generate a higher profit. We atse stat higher fines
do not necessarily reduce payment evasion. Finally, weigea@mpirical evidence
which is consistent with our theoretical analysis, usingipeehensive micro data
on fare dodging on the Zurich Transport Network.

Keywords:Payment Evasion, Pricing, Fine, Self-Selection

*The authors thank the Zurich Transport Network ZVV, Hofwiestrasse 370, 8090 Zurich, and in
particular Peter Nordenson, for providing the data, as a®IBerno Biichel, Aaron Edlin, Preyas Desai,
Markus Reisinger, and seminar participants at the Uniyee$iHamburg, the University of Lausanne, and
the University of Nuremberg for helpful comments and sutjges.

TStefan Buehler: University of St. Gallen, Institute of Eoarics (FGN), Varnbiielstrasse 19, 9000
St. Gallen, Switzerland (stefan.buehler@unisg.ch); @ $unich. Daniel Halbheer: HEC Paris, Depart-
ment of Marketing, 1 rue de la Libération, 78351 Jouy-esa3dCedex, France (halbheer@hec.fr). Michael
Lechner: University of St. Gallen, Swiss Institute for Emgal Economic Research (SEW), Varnbiel-
strasse 14, 9000 St. Gallen, Switzerland (michael.le@u@isg.ch); CEPR and PSI, London; CESifo,
Munich; IAB Nuremberg; IZA, Bonn. Correspondence: Daniallbheer.



1 Introduction

Payment evasion—fraudulent consumption by nonpayinguworss—is a serious issue
for firms in different industries. There are various ways mat consumers might obtain
a product or service without payment, including shopldtifvaniv 2009, Periman and
Ozinci 2014), wardrobing (Timoumi and Coughlan 2014), aigital piracy (Chellappa
and Shivendu 2005, Vernik et al. 2011 )Another classic example for payment evasion
is fare dodging on public transportation (Boyd et al. 1988gieman 19933.

Standard price theory abstracts from payment evasion asitispgbe excludability
of nonpaying consumers based on pricing alone. Or, as Hifshlet al. (2005, p. 19)
put it: “To acquire a commodity buyers must be willing to p&e tmarket price [...].”
The implicit assumption is, of course, that the consumesst associated with payment
evasion are high enough for them to refrain from fraudulemtisamption. It is well
known, though, that many products exhibit some degree oéxdudability (Novos and
Waldman 1984). Several legal instruments have been dastgrenforce the exclusion
of nonpaying consumers, including patents, copyrightd,teade marks. Yet, since the
enforcement by public agencies is sketchy and varies agnasdictions, firms undertake
substantial private investments in technologies to dedadt punish payment evasion.
Antitheft devices, video-surveillance cameras, and digights management systems all
serve this purpose. It is fair to say that firms spend greattefin managing payment
evasion, but they rarely eliminate it.

In line with this observation, this paper models paymensm®raas a source of profit
for the firm. Our focus is therefore on the management of paymeasion, rather than
its elimination. Key to our analysis is the firm’s ability toltect fines—albeit limited up
to a maximum admissible level mandated by law—from conssrdetected as payment
evaders In such a setting, there are two sources of revenue: payingucoers and
payment evaders. We develop a model in which the firm choastbsthe price charged
to paying consumers and the fine faced by payment evadersiar to maximize its
expected profit. An important feature is that the demands fpaying consumers and
payment evaders are interdependent. Observing the prat¢hanfine, consumers can

!Belleflamme and Peitz (2012, 2014) provide a comprehensivey and a recent update on the theory
of digital piracy.

2Recent evidence from the US shows that shoplifters steat than $13 billion worth of goods from
retailers every yeamational Association for Shoplifting Preventi@®14); return fraud costed retailers
more than $9 billion in 2013\ational Retail Federatio2014); the consumption of digitally pirated music
in 2008 is estimated to be between $7 and $20 billlenrftier Economic2012).

3Retailers, for instance, regularly impose in-store pégfor shoplifting. Under New York’s state law,
retailers may collect a penalty “not to exceed the greatéiveftimes the retail price of the merchandise”
(N.Y. GOB. LAW §11-105).



choose among three options: purchase, evade payment;anedm consumption. The
extent of payment evasion is thus endogenously determinélaeanterplay of firm and
consumer decisiorfs.

The paper consists of a theoretical part and an empirical pathe theoretical part,
we derive three key results. First, paying consumers “@gtas the firm charges them
higher prices than in the absence of payment evaders. Therréaithat an increase of
the regular price turns some paying consumers into paynvadees who can potentially
be fined, rather than driving them out of the market. In effeayment evasion allows the
firm to discriminate the prices of physically homogenousdpiais: Regular consumers
pay the regular price, whereas payment evaders face theteddae. That is, payment
evasion leads to a peculiar form of price discrimination kghtbe regular price exceeds
the expected fine (otherwise there would be no payment eyasiecond, the firm has no
incentive to fully deter payment evasion, resulting in stled “underdeterrence.” This
result follows from the fact that the firm can generate extodipfrom payment evaders,
provided that the enforcement technology is sufficientfgative. Third, higher fines do
not necessarily reduce payment evasion. The reason igtivatr@ase in the fine has two
countervailing effects on payment evasion: a direct negatifect and an indirect positive
effect via the induced increase of the regular price (whichg some regular consumers
into payment evaders). For an unambiguously negativetettee price-mediated effect
must be small enough.

In addition, we provide two relevant extensions of the moBekt, we generalize the
pricing rule to a setting where the firm can influence the dete@robability through the
choice of costly effort. Second, we allow the firm to investanhnological protection in
order to raise the consumers’ cost of evading payment.

In the empirical part, we examine payment evasion or¥ilméch Transport Network
(ZVV). Using data on the universe of detected payment ewades find the following
main results. First, compared to the reference populafi@Vv®’ passengers constructed
from census data, both male and young passengers are sigtiifioverrepresented
among payment evaders. Second, in line with our theoredicalysis, the ZVV does
not fully deter payment evasion, although it consistenglis the maximum admissible
fines. Third, analyzing the effect of an exogenous increaska maximum admissible
fines, we find no significant reduction of payment evasiortheeiat the aggregate level
nor for different types of payment evaders (even thoughegngere approximately held

4This is a natural extension of standard price theory. Aliiwely, one might assume that an exogenous
share of consumers are ‘born’ payment evaders who nevengaytohe market (irrespective of price, fine,
or type). Yet, such an assumption can neither explain thenéxtf payment evasion nor the choice of the
price and fine in the presence of payment evasion.



constant). This finding is explained by the relatively snradrease in the fines and the
concurrent reduction in the detection probability by the\zV

Our paper intends to contribute to two strands of literatufiest, we introduce the
notion of payment evasion into the pricing literature andvglthat it naturally leads to a
peculiar form of price discrimination. Our optimal pricingle takes the revenues from
paying consumers and payment evaders explicitly into atcand extends the classic
Ramsey pricing rule (Ramsey 1927) to this new setting. Iit@mbly, payment evasion is
endogenously determined by the interplay of profit maxingziecisions by the firm and
rational consumer choices (Becker 1968, Ehrlich 1$98cond, we add to the empirical
literature on the effect of enforcement on unlawful behayievitt 1997, DiTella and
Schargrodsky 2004, DeAngelo and Hansen 2014), combinimglével data on private
enforcement and comprehensive passenger-level dataedddging on the ZVV. Fare
dodging data offer an ideal opportunity to study paymensierg as they provide detailed
information about a large number of consumers detected yangra evaders, which is
very difficult to come by in other industries. Importantlyese data allow us to estimate
the empirical counterparts of the theoretical model angigeoinsights into the workings
of private (rather than public) law enforcement (cf. Pdiynand Shavell 2000).

We organize the remainder of the paper as follows. Sectiontr@duces the model
and describes how consumers self-select into paying cosrsuand payment evaders.
Section 3 studies the optimal choice of the price and fine aaty/aes the profit impact
of payment evasion. Section 4 illustrates these resultsdpnsof an example. Section 5
provides empirical evidence using passenger-level datpayment evasion from the
ZVV. Conclusions and directions for future research arereffl in Section 6.

2 The Model

We first introduce the decision makers in our model: the firmh @ consumers. Next,
we derive the demand of paying consumers and the demand yargra evasion and
study how the demand functions depend on the price and theaingell as the cost of
evading payment.

2.1 Firm

We consider a firm that offers a product (or service) to coresgiwho have the possibility
to buy it or obtain it without payment. The fixed cost of prawgl the product i~ > 0

SRational consumer choices also give rise to payment evasidar pay-as-you-wish pricing (Chen et
al. 2013). The key difference is that, under such a pricidgeste, payment evasion is tolerated and not
subject to a fine.



andc > 0 denotes the constant unit cost. The firm chooses the patsvhich it sells its
product and the monetary firfethat is levied on payment evaders when they are being
detected. We letr, F;) denote the detection technology that allows the firm to detec
payment evasion with probability € [0, 1] after investing=; > 0. Form < 1, detection
is uncertain and assumed equally likely for all consumeddiriBky and Shavell 2000).
We initially assume that the firm’s detection technologyxsgenously given and relax
this assumption later on by letting the technology be endogsly determined by the
firm’s costly effort.

Following Becker (1968), we assume that the size of the naopdine is constrained
by legal requirement®.Formally, this means that the fine set by the firm cannot exceed
the maximum admissible finé, where 0< f < +o. In addition, we assumaf > c,
meaning that the detection technology is “sufficiently eifee.” If no such technology
were available, the firm could not recoup the unit cost withtilghest possible expected
fine, which in turn implies that payment evasion cannot bedslit@nal source of profit.

2.2 Consumers

We consider a market with a mass Mfpotential consumers who observe the prre
and the finef before making a choice. Consumers have unit demand and caseh
among three options: (i) purchase the product, (ii) obtaggroduct without payment,
or (iii) choose the outside option to not obtain the prodUW¢hen purchasing, a consumer
obtains the product at prige In contrast, when evading payment, a consumer obtains the
product incurring the evasion cdst 0 and facing the risk of being fined with the amount
f. The evasion cost may reflect the difficulty to obtain the piidvithout payment or
the moral cost of evading payment (Chellappa and Shiven@6)2We assume that the
consumers have identical beliefsc [0,1] about the detection probability and thus
expect to be fined with the amoug@f when evading payment. When consumers have
rational expectations, the beligfcoincides with the actual detection probability

Preferences. Suppose that consumers have an indirect utility functioickvallows
them to rank the options in a consistent and unambiguous enaiiiheir heterogeneity
in taste is captured by the tyg which represents a consumer’s marginal willingness
to pay for quality (Mussa and Rosen 1978). The types are diadependently from
a distribution with density functiog(6) and cumulative distribution functio®(6) on

6The highest conceivable monetary fine is the wealth of a payevader, which the firm usually cannot
appropriate.



[0, +00), whereg(8) > 0O for all 8, G(0) = 0, andG(+w) = 1. Specifically, a consumer
with type 8 has the following indirect utility function:

V(p, f;0,9,k) = max{max{vp(p; 8),ve(f;08,9,k)},0},

wherevp(p; 0) andve(f; 8, ¢, k) denote the conditional indirect utilities of obtaining the
product with payment and evading payment, respectivelg. cdmditional indirect utility
function depends on the relevant price and the consumegrés tg addition, the notation
ve(f; 0,9,k) captures that the utility of a payment evader also dependbh®melief
about the detection probability and the cost of evading gaymFor convenience, we
normalize the utility of the outside option to zero. Throaghthe paper, we impose the
following assumption:

Assumption 1 (Indirect Utility ). (i) The function g(f; 6, ¢,K) is increasing in6 and
there is@ € [0, ) such that ¢ (f; 8, @,k) = 0. (ii) The difference p(p; 8) —ve(f; 8, @,k)
is increasing in@ and there exist§ < [0, ») satisfying y(p; 8) = ve(f; 6, ¢,k) >0

Assumption 1 assures that consumers self-select into dheesf segments. The type
0(p, f; p,k) denotes the consumer who is indifferent between purchasinigevading
payment; thus consumers with type> 6(p, f; @,k) purchase the product. Instead, the
consumer who is indifferent between evading payment andsthg the outside option
has typed(f; ¢,k); thus consumers with typ@ < 8(f; ¢,k) refrain from consumption.
Consequently, the remaining consumers with a tgpbelow 6(p, f; @,k) but above
8(f; @,k) obtain the product evading payment. Notice that Assumgtiomplies that the
consumers who evade payment suffer from a perceived qukdgyadation (Yaniv 2009,
Belleflamme and Peitz 2012)Figure 1 illustrates the consumers’ decisions as a function
of their type.

Demand Segments.The size of the respective demand segments is determined by
the cut-off values, accounting for the distribution of comer types in the population.
Therefore, the demand of paying consumers is given by

D(p, f; k) /

o(p,f;p.k)
N[1— _

G(8(p, f;9,k))]. (1)

’Put differently, the consumption utility is lower if the mhoact is obtained without payment. In the case
of fare dodging, for instance, a paid train ride might be peed as more comfortable than the same train
ride without payment.
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Leave the market

Figure 1: Cut-Off Values and Consumer Decisions.

We impose the following assumption on this demé&nd:

Assumption 2 (Demand). The demand of paying consumer§f; @, k) satisfies the

. . 2 2 2
following propertles:aipD <0,%4D>0,4D>0, ;TZD <0, 0?—0pD >0, andag—apD >0
for all (p, f).

The demand of paying consumers depends on the prared the finef and reflects
the consumers’ choice between purchasing and evading payssumption 2 means
that the demand is decreasing in price and increasing in thetliine and the cost of
evading paymenk; the higher order derivatives mean that demand is concapeice
and more sensitive to changes in price when the fine or theogvessts are higher.

Assumption 1 implies tha(f; @, k) < 8(p, f; ¢,k). Thus, the demand for the outside
option is given by

CIQHAN)
X(f;0,k) =N g(6)de
/
= N[G(E(f;9.k))]. )

We impose the following assumption on this demand:

Assumption 3(Outside Option). The demand for the outside optiori X ¢, k) satisfies
2X > 0andZX > 0forall f.

8We follow the standard approach and impose the assumptiectlyion the demand functidd(-). An
alternative approach would be to state this assumptionmingef the underlying indirect utility functions
vp(-) andve(-). Appendix A establishes the relationship between the twoagrhes.



Assumption 3 states that a higher fine or higher evasion eostassociated with an
increase of the demand for the outside option. Notice thadé#mand for the outside
option depends on the fine but not the price, as it reflectsdhsuwmers’ choice between
evading payment and refraining from consumption.

By construction, the consumers with a taste parameter bélguf; @, k) but above
8(f; @,k) obtain the product evading payment. This gives rise to theviing definition
of payment evasion:

Definition 1 (Payment Evasior). The demand of nonpaying consumers is given by

This definition implies that a higher price increases paynesasion §E/dp > 0),
mirroring the associated reduction in demad®d(dp < 0). In contrast, a higher fine
reduces payment evasiodl/df < 0) due to a twofold deterrence effect: It increases
both the demand of paying consumedd(df > 0) and the demand for the outside
option @X/df > 0).2 Higher evasion costs clearly reduce payment evasion, ag som
consumers with high willingness to pay now purchase whileesaonsumers with low
willingness to pay are driven out of the market as evadingpéngment becomes “too
costly” (0E/dk < 0).

Definition 1 shows that the extent of payment evasion is eadogsly determined
by the interplay of the choices made by the firm and the conesinhe effect, payment
evasion allows the firm to sells two versions of the same produdifferent prices to
consumers with different valuations of these versions.afBjethe two versions of the
product are substitutes, implying that the demands of gagimd nonpaying consumers
are interdependent. As we show next, accounting for thedapeendence of the demands
will be important in order to determine the optimal price dime.

3 Managing Payment Evasion

This section derives the optimal price and fine in the presefigpayment evasion and
provides the relevant comparative statics. In additioncamsider two extensions where
the firm has additional tools to deal with payment evasiomstFive allow the firm to
choose the effectiveness of its enforcement technologytir costly effort. Second, we
allow the firm to manipulate the evasion cost by investingeichhological protection.
To simplify exposition, we suppress the dependence on treehparameters wherever
possible. Proofs are relegated to Appendix B.

9Boyd et al. (1989) provide an example of a demand functiop&yment evasion and simply assume
that the amount of payment evasion is positively relateditemnd negatively related to the fine.
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3.1 Optimal Price and Fine

In the presence of payment evasion, the firm can generatd fravh two consumer
segments: paying consumers and payment evaders. The pofiphying consumers is
(p—c)D(p, ), while the expected profit from payment evadergri$ — c)E(p, f). The
firm chooses the price and the fine in order to maximize theagpeprofit1®

max M(p,f)=(p—c)D(p, f)+ (rf —c)E(p,f)—F —Fx 3)
st. p>0
0< f<f.

Using Definition 1, the first-order conditions fprand f that characterize an interior
solution can be written as:

o(p. 1)+ (p-m) PR — 0 (g
(p—nf)%—l—n(N—D(p,f)—X(f))—(nf—c)di;(ff) — 0. (5

A marginal increase in the prige has the usual impact on the revenue from paying
consumers, distorted upwards by the factarf (dD/dp). The distortion arises because
some paying consumers are diverted to the segment of payvesiers who can be fined
in expectation, which in turn dampens the revenue reduatiothe inframarginal units.
Likewise, a marginal increase in the fihaffects the revenue from expected fines, which
are distorted upwards by the factpfdD/d f) as some payment evaders are induced to
pay. In addition, the first-order conditions show that a rregincrease inp does not
affect costs, while a marginal increasefirdoes have a cost effect. The reason for the
cost-reducing effect is that some payment evaders arerdétand leave the market.

The way in which we presented the first-order conditionsmagslian interior solution.
The next result states a necessary condition for its exdsten

Lemma 1 (Interior Solution). There is an interior solution for p and f only 'g’TX is
sufficiently large, that is, if the demand for the outsideapts sufficiently responsive to
an increase in the fine.

In effect, the condition in Lemma 1 requires that the margoeat from consumers
who are driven out of the market (extensive margin) excesglgtarginal benefit from the
change in the fine (intensive margin). Put differently, Lemnbrequires that an increase

1°Throughout the analysis, we assume that the total fixed cest dot exceed the product market profit.
Hence they do not change the analysis and can therefore liedmi
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of the fine drives a large number of consumers into the outgidien. In the example
and the empirical application we provide below, it turns it the fine is invariably set
at the maximum admissible level. Consequently, we now facuthe case of a corner
solution where the optimal finé* is determined by the maximum admissible fifiié!
The next result characterizes the optimal price at the caingtd optimum.

Proposition 1 (Pricing). At the constrained optimum, the optimal pricg f k) satisfies

*—C 1 f—c
p i :_+n g ©)
p &p p

whereg, = —(dD/dp)(p/D) denotes the price elasticity of demand.

Proposition 1 shows that the Lerner index—the relative profirgin—exceeds the
inverse price elasticity of demand, such that regular coress “overpay” due to the
presence of payment evadéfsThis result is a consequence of the fact that an increase
in the price diverts some paying consumers to the segmeraywhent evaders who can
be fined in expectation. Put differently, the possibilitygenerate revenue from diverted
consumers creates an incentive for the firm to raise the phoee the level that would be
optimal otherwise. Proposition 1 also shows that the pesehpayment evaders leads
to a peculiar form of price discrimination. Regular consusngay a higher price than
payment evaders pay in expectatiqri ¢ nf_), even though the products are physically
homogenous. The reason is that the product’s perceivedyisdbwer if it is consumed
without payment.

The maximum admissible fine and the evasion cost clearlgtatie firm’s choice of
the optimal price. The next result illustrates the inteetegencies.

Proposition 2 (Price). The optimal price b(f_,k) increases in the maximum admissible
fine f and the evasion cost k.

Proposition 2 shows that if the firm is constrained by the lléganework in setting
the optimal fine, relaxing this constraint results in a highréce (and obviously a higher
expected fine). The intuition is similar to that underlyingpjposition 1: Because the
expected fine for payment evasion goes up, it is optimal fefitim to raise the price of
the regular product as well. In addition, Proposition 2 shidmat higher evasion costs
go along with a higher price. Intuitively, higher evasiorstscreate a captive segment

1The case of an interior solution can be analyzed using thediicker conditions of the unconstrained
optimization problem. Comparative statics propertiedefdolution can then be readily determined using
standard techniques.

12This result is reminiscent of multiproduct monopoly prigiwith interdependent demands when the
products are substitutes (Tirole 1988, p. 69).
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of paying consumers, allowing the firm to charge these coessimore. The next result
shows how a change in the maximum admissible fine and thecevesst affect payment
evasion.

Proposition 3 (Payment Evasior). The amount of payment evasioh(lf_, k) decreases
in the maximum finé and the evasion cost k if and only if the resulting price @ase is
not “too large’”

Proposition 3 shows that a higher fine or higher evasion apsbtinecessarily reduce
the payment evasion faced by the firm. To intuitively underdtthis result, observe that
E*(f,k) = E(p*(f,k), f;k). Even though a highef or a higherk have a dampening
effect on payment evasion, the overall impact on paymersienas generally ambiguous
due to the upward pressure on the optimal price (PropostlioHowever, if the resulting
price increase is not too large, the direct effect domintiteprice-mediated effect, and
the higher fine and the higher cost have the expected effggayment evasion.

Finally, we analyze the profitimpact of a change in the maxmagmissible fine and
the evasion cost. We derive the following result:

Proposition 4 (Profit). The optimized profil‘l*(f_,k) increases in the maximum firfe
and increases in the evasion cost k if and only if the ratioarfstimers who are driven
out of the market to diverted consumers is not “too large”

This result shows that the firm’s ability to levy heavier fir@s payment evaders
increases the firm’s profit—even when it results in highernpawt evasion and lower
demand. Intuitively, Proposition 4 holds because a highaltows the firm to generate
higher markups on both paying consumers and payment evadsch compensate for
the reduction in profit due to the diversion of demand. Prajoos4 also shows that an
increase in the evasion cost affects firm profitability: Etheough the firm can generate
a higher markup on paying consumers, the reallocation ofwmers across demand
segments can reduce the overall profit. Obviously, the pgeoféduced if the increase in
the evasion cost induces many consumers to choose the®aotsidn.

3.2 Endogenous Detection Probability

To endogenize the choice of the detection technology, weassume that the firm can
influence both the detection probability and the cost of #iection technology through
its choice of costly effort. To this end, we extend our moded tsetting where the firm
makes sequential decisions. Specifically, we considerah@fing two-stage game: In
stage 1, the firm chooses the prigcand the finef, subject to the constrainfs> 0 and

11



o< f<f. In stage 2, the firm chooses the control effett e, wheree is the lowest
admissible effort that satisfies the conditiofe) f > ¢ and thus gives rise to a sufficiently
effective detection technology. The control effort deter@s the detection probability
ri(e) and the cost of the technolo@y:(e). This timeline captures a business environment
in which the control effort can be varied in the short run, velaes the price and the fine
are chosen in the long rus.

The firm’s (short run) effort choice problem is to

max Ti(ep,f)=(p—c)D(p,f)+(m(e)f —C)E(p, f) —F —Fr(e),

where we assume thate) is strictly concave, witht(0) = 0 andri(+) = 1, and that
the effort cosFr(e) is strictly convex, withF;(0) = 0. Solving the game using backward
induction, we derive the following result.

Proposition 5 (Effort Choice). Denote bye, = —(dD/dp)(p/D) the price elasticity of
demand and by; = —(9E/df)(f/E) the elasticity of payment evasion with respect to
the fine f. (i) At the constrained optimum, the optimal pri¢éfp is a solution to
“—c 1 me)f-c
p-c_1_ me)f-c

) 7

p* €p p* )
and the implied optimal effort'éf) solvesr'(e*) fE(p*, f) — Fy(e*) = 0. (i) The price
p*(f) increases inf, and the effort & f) decreases irf if & > 1 and increases irf if

the inequality is reversed.

This result shows that the pricing rule and its comparatite¢ics (Propositions 1
and 2, respectively) generalize naturally to settings ehiee probability of detection is
endogenous. In addition, Proposition 5 shows that the coatipa statics with respect
to f are similar to the predictions in the law and economicsaditere: The costly effort
decreases in response to an increase in the fine if paymesibevs sufficiently reduced
by an increase iff.. Intuitively, the same level of deterrence can be attainiti avlower
effort level, which results in both a lower detection proitigband lower enforcement
costs.

3.3 Endogenous Technological Protection

We now assume that the firm can invest in technical prote¢ticaise the evasion cost
borne by consumers before it chooses the price and thé%inegain, we consider a

13The timeline is in the spirit of the law and economics literat It is perfectly conceivable though
that the sequence of decisions is reversed. We consideasualternative setting where the technology is
chosen ex ante in Section 3.3 below.

1Examples include the installment of anti-shoplifting dms or the use of digital rights management
systems.
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two-stage game: In stage 1, the firm commits to a level of teahprotection, reflected
by the evasion cot Establishing the level of protectidrequires an investmeni (k).
In stage 2, the firm chooses the prigend the finef, subject to the constrainis > 0
and 0< f < f. Specifically, the firm’s choice of technological protectgolves

max N(K) = (p'(f,k) ~ D" (F,K) + (mf ~OE" (K ~F~R(k, (&)

wherep*(f,k), D*(f,k) = D(p*(f,k), f), andE*(f k) = E(p*(f,k), f) follow from the
second-stage problem described in Section 3.1. We assatthécost of the protection
technologyF(K) is strictly convex, withR(0) = 0.

Clearly, the optimal choice of technical protection depeod the functional form of
the cost functior (k). Now, if the solution to problem (8), denoted ks exceeds,
a level ofk so high that evading payment is “too costly,” payment evasoprevented
endogenously by means of technical protection. kot k, there remains some level of
payment evasion, which is detected with probabifity

4 lllustrative Example

We now illustrate our above analysis with an example wheeecttnsumers’ indirect
utility functions are explicitly specified. For simplicityve setN equal to unity and
assume that consumer typg@sire drawn independently from a uniform distribution over
the intervall0, 1. In addition, we assume that consumers have rational exjp@ts about
the actual detection probability and get 1.

Suppose that the conditional indirect utility functions given byp(p; 8) = 0sp —p
andvg(f; 0, k) = s — if — k. The parameterse andsg denote the overall quality
experience when the product is obtained with payment ardimy@ayment, respectively.
Assumption 1 requires thap > sg, which reflects the idea that the consumers have to
bear up against being detected and exposed as paymentsvader

Assumption 1 imposes thét f) < 8(p, f), thereby restricting the evasion cost to be
sufficiently small in order for payment evasion to occur:

< ps —mfsp
Sp

K k.

For k to be a positive number, we assume tﬁgaK >, that is, the quality per dollar of

a purchase is lower than the quality per dollar when evadaynent. The demand of
paying consumers and the demand for the outside option argwen by

p—rf—k _ mf+k

and X(f;mk)= :
Se

D(p, f;mk) =1—
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respectively, and payment evasion can be derived as

E(p, f;mk) = psi;ipgg;k).

It can be checked that the demand functions satisfy Assompf and 3. In addition,
notice that the demand for the outside option does not deperide pricep. The next
result illustrates the key results derived in Propositibns 4.

Corollary 1. Suppose that kK %. Then, (i) the optimal price and fine are
given by
p*:nFJrSP%SE-Fk and f=f;

(i) the price p' increases in the maximum fifeand the cost of evading payment k; (iii)
at the optimum, payment evasion is given by

E*(f k)= —— o 9)

and it decreases i and k; and (iv) the optimized profit*( f, k) increases inf and k.

Let us now compare our analysis to the standard monopoly imdtere nonpaying
consumers are excluded by assumption. Corollary 1 shows thea consumers’ evasion
cost is prohibitively high K = E) there is indeed no payment evasion, and therefore
E*(f_,E) = 0. In this case, consumers are either willing to pay the pricthey refrain
from consumption, as in the standard monopoly model. Thalkésrence is that, in our
setting, some of the nonpaying consumers are optimally xadtided fork < k. In this
case, payment evasion is endogenously determined by (9).

5 Empirical Evidence

In this section, we examine payment evasion onZbdch Transport NetworKZVV),
where evading payment is equivalent to fare dodging. Thisqgfaur analysis is related
to earlier empirical work on fare dodging in public trandpgion (Kooreman 1993) and
digital piracy in the music and movie industry (Rob and Wag#l 2006, Zentner 2006,
Oberholzer-Gee and Strumpf 2007, Rob and Waldfogel 2001jfdéel 2012a, Peukert
et al. 2013)"° In contrast to the extensive literature on the impact of jpdmforcement
on unlawful behavior (see, e.g., Levitt 1997, DiTella anté&grodsky 2004, DeAngelo

Swaldfogel (2012b) provides a comprehensive survey on tharéss of digital piracy.
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and Hansen 2014), we focus on the private enforcement byMheekploiting passenger-
level data over a period of four years, extending from Jur9Q9 to May 31, 2013.

We first give a brief description of the transportation compand the structure of the
fines it collects from detected payment evaders. Then, weaogrthe characteristics of
all passengers who use public transportation with thosayifent evaders, using census
data and individual-level data from the ZVV. Next, we estiendthe amount of payment
evasion on the transport network. Finally, we study the ichpdan exogenous change
in the maximum admissible fines on the amount of payment enasi

5.1 Transportation Company

The ZVV is a public transportation company that coordinatese than 50 operators and
offers railroad, bus, tram, and boat services in Zurich &durrounding region The
monopoly network carries about 570 million passengers aaait is set up as an ‘open-
access’ transportation system, allowing passengers tal laog means of transportation
without prior ticket inspection.

The ZVV chooses the ticket prices and the fines for passeng®rsare detected as
payment evaders. The fines set by the ZVV are not allowed teezgkthe maximum
admissible fines prescribed by the national industry aasioai for public transportation
(Verbandoffentlicher VerkehrVoV). Specifically, the ZVV chooses the following fines:
Passengers who fail to present a valid ticket are requirgutdee their identity and to
pay CHF 80 (about $85) in the case of a first offense. The fin¢h®isecond offense
within two years is CHF 120 (about $125). In the case of a tbffdnse (or more than
three offenses), the fine increases to CHF 150 (about $160thbre are no criminal
charges presséd. Table 1 summarizes the fines, and provides the changes ohti fi
implemented on June 1, 2011. The relevant fines for evadipgeat are posted highly
visibly at all stops, as well as in the entry area and on thedaws of all means of
transportation.

The personal information collected from payment evadestased in a data pool
operated by the ZVV. This allows the ZVV to identify repeateniders (who potentially
use different operators within the transport network) anddnstruct the two-year time
window during which higher fines apply. The personal infotioraincludes the address,
gender, nationality, and date and place of birth. Data pyiacts require that the ZVV

16The ZVV is owned by participating municipalities and the @anof Zurich, a member state of the
federal state of Switzerland.

17additional charges apply for noncooperative behavior ¢ket inspections, giving incorrect personal
information, and for forging tickets (which may lead to chiral prosecution).
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Table 1: Fines for Traveling Without a Valid Ticket.
Before June 1, 2011 After June 1, 2011 Change

First offense 80 100 25.0%
Second offense 120 140 16.7%
Three and more offenses 150 170 13.3%

Notes Fines in Swiss Francs (CHF); The fines consist of a surcHargeaveling without
a valid ticket and a flat fare amount to cover the lost revefilgigher fines apply within
a two-year time window from the last offense.

deletes the records of passengers from the data pool whoamrepeatedly caught within
two years after payment.

5.2 Passengers

The characteristics of passengers who use the ZVV transptwbrk are obtained from a
sample constructed from 2010 census data on transporgatibmobility!® This indirect
approach using census data is necessary to construct anegegroup, since the ZvVV
solely collects data on detected payment evaders. Tablev2dess descriptive statistics
for the reference group (the 0-group). The characteridistsd match those kept on
record by the ZVV for payment evaders.

The characteristics of payment evaders are obtained fraamale constructed from
data provided by the ZVV which covers the time span June 19200ay 31, 20132
A unique feature of the data is that it includes all passengdro have been detected
as payment evaders during the sample period. Table 2 pothéedescriptive statistics
for all pre-June 2010 payment evaders (Exgroup) and a comparison to the reference
group. The next result summarizes the findings.

Finding 1 (Characteristics). Both male and young consumers are significantly over-
represented in the group of payment evaders. Among paymadess, the degree of
overrepresentation is positively related to the numberffErnses.

18The census datilikrozensus Mobilit und Verkehr 2016 a representative study compiled by the
Swiss Federal Statistical Office (see http://www.bfs.adofi). Detailed information about the construction
of the sample is available from the authors upon request.

19The data set combines proprietary data on all detected patyevaders obtained frorRostBus
Switzerland Ltd(Region Zurich), theverkehrsbetriebe itrich (VBZ), and theSwiss Federal Railways
(SBB), the operators that conduct ticket inspections omalfelithe ZVV on its transport network. Detailed
information about the construction of the sample is avél&tom the authors upon request. Constructing
the merged data set was necessary because each operatolyHasited access to the data pool in order
to comply with data privacy acts.
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Table 2: Descriptive Statistics for the Different Groups.

Variable Comparison of groups BreakdownEsgroup
Mean, values in % O-group E-group p-value 1 2-3 4-7 8+
Men 48 57 0.00 55 63 73 75
Age in years (mean) 39 31 0.00 32 29 28 28
Nationality:
Swiss 64 63 0.24 65 62 62 59
German 10 6 0.00 6 5 3 5
Italian 6 3 0.00 3 3 4 4
Western Europe 9 6 0.00 6 6 5 4
Eastern Europe 1 2 0.10 2 2 2 1
Former Yugoslavia 4 5 0.01 4 6 7 8
Turkish 1 2 0.09 2 2 2 3
Africa 1 4 0.00 3 5 8 7
Asia 2 3 0.00 3 3 3 6
South America 2 2 0.39 2 3 2 2
Other violations (0/1) - 1.1 - 1.1 1.2 1.4 0.6
Amount in CHF - 120 - 108 155 191 190
Sample size 3,734 112,872 - 90,396 18,061 3,337 1,078

Notes All individuals have a permanent address in Switzerlande Teference group consists of
a representative sample of passengers (0-group), among sbene evaders, and the group of
payment evadergtgroup) consists of all pre-June 2010 evadersalue of 2-samplé-test for mean
differences of group 0 and grolip Repeat offenders: 1, 2-3, 4-7, and 8 and more offenses (8theb
same individual;: Other Western Europe, including the USA, Canada, Australnd New Zealand.
‘Other violations’ is an indicator of whether the fare ewasivas associated with some other violation
(e.g., attempting to escape the ticket inspections or uUsirggd tickets).

Finding 1 is consistent with previous studies on crime (Doll996) and—more
closely related—on shoplifting (Cox et al. 1990), whichog@ concentration of offenses
among young males.

Table 2 offers additional insights. First, breaking downmant evaders according
to their nationalities reveals that some groups are ungezsented, while other groups
appear to be overrepresented. Second, roughly 20% of thegrdyevaders are caught
repeatedly. This is quite remarkable, notably becausedhtextion probability is as low
as 1.4% (see Table 3). In addition, on average, 1.1% of thepatevaders commit other
violations, such as attempting to escape the ticket ingpexor using forged tickets. This
results in additional fees, as reflected by the average at®charged.
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Table 3: Quantifying Payment Evasion and Deterrence.

Before June 1, 2011 After June 1, 2011 Change (%)

Paying passengerBJ) 46,751,476 48,411,632 3.6
Payment evaders) 618,522 727,839 17.7
Detection probability 1t) 0.0139 0.0127 -8.6
Deterrence levelftf)
First offense 1.11 1.27 14.4
Second offense 1.66 1.78 7.2
Third offense 2.08 2.16 3.8
Cheapest ticket pricepj 2.20 2.20 -

Notes Averages based on monthly data; The estimated paymerioe\ass equal to the
number of detected payment evadersivided by the estimated detection probability
The estimated detection probability is equal to the numbeletected payment evaders
divided by the number of inspected passengers; Expectesl ifinBwiss Francs (CHF),
obtained by multiplying the estimated detection probapiliith the relevant fine.

5.3 Payment Evasion

Tickets inspections on the ZVV network are unannounced anducted by plain-clothes
agents. The agents board a selected public service velidlesguire all passengers to
present a valid ticket. Those passengers who fail to preseatd ticket must reveal their
identity, and their personal data are electronically rdedrby the agents. In addition, the
ZVV records the number of passengers who are controlledketinspections. We use
these data to construct an estimate of the detection pritafiby dividing the number
of detected payment evaders through the number of passectgsrked. Next, we use
and the number of detected payment evadfets estimate the total amount of payment
evasion af = E/ﬁ, which is the empirical counterpart of payment evadioin the
theoretical model (see Definition 1).

Table 3 summarizes these estimates and provides the reldstamrence levels for
first-time and repeat offenses. It is worth noting that evesn lbwest available ticket
price is higher than any of the expected fines, a necessadjtimnfor payment evasion
to occur (consistent with Proposition 1). The next resutivehthat payment evasion is
indeed not fully deterred.

Finding 2 (Underdeterrencg. The ZVV consistently sets the maximum admissible fines,
inspects its passengers with an endogenously chosen idat@cobability, and faces
considerable payment evasion.

Finding 2 shows that the transportation company does nigtdater payment evasion.
Our theoretical analysis suggests two reasons: First,itle@ ghaximum admissible fines
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Figure 2: Deterrence Effect of a Higher Fine.

are too small. Second, further increasing the detectiobalitity through higher effort
is too costly.

5.4 Increase in Maximum Admissible Fines

The industry association for public transportation alldvits members to charge higher
maximum fines for payment evasion starting from June 1, 20tils opportunity was
immediately seized by the ZVV (Finding 2). According to ouodel, the increase in
fines should have reduced payment evasion unambiguoustieatscket prices were
approximately held constant during the time of observatsa® Proposition 3).

We exploit this exogenous variation over time to study thpaot of higher fines on
payment evasion. In doing so, we employ data on the univéngassengers detected as
payment evaders during the time of observation. Speciicalt estimate the aggregate
effect on payment evasion, as well as the disaggregatecteHieross different types of
payment evaders. To this end, we derive the following hypsith

Hypothesis 1. Suppose the price is fixed a§,@nd consider an increase in the fine from
fo to f1. Then, the number of detected payment evaders decreasktheaggregate
change can be decomposed into type-specific changes asgollo

~ — — 8(po, fo) 6(f1)
E(po. f1) ~ E(po. o) =N | [~ "g(6)de+ [ " g(6)de| .
8(po, f1) 6(fo)

Hypothesis 1 predicts how the type-specific effects aggesaaoss payment evaders:
Some high-type evaders are induced to pay the price, whiteedow-type evaders are
induced to refrain from consumption, as illustrated in FFegR. Clearly, the reduction of
payment evasion depends on the mass of consumers in tharretegions of the density
function.
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Notes Thirty-day moving average of the daily number of detectagment evaders; The
sample period covers June 1, 2009 to May 31, 2013.

Figure 3: Number of Detected Payment Evaders, Total and by Gender.

We first look at the evolution of the aggregate number of detepayment evaders
over time. Figure 3 covers the time period June 1, 2009 thrddgy 31, 2013 and plots
thirty-day moving averages (the fines are adjusted in thallaidf the sample period).
Inspection of the figure yields the following result.

Finding 3 (Aggregate Effec). The higher maximum admissible fines do not reduce the
number of detected payment evaders.

Next, we look at the evolution of the number of payment evaeildgitype. To do so, we
let payment evaders self-select into different subgrob@sed on their individual offense
history. The self-selection period runs from June 1, 200949 31, 2010. The choice of
this period ensures that the selection process is arguabReacted by the change in fines.
In order to have a sufficiently large number of observationsach subgroup, we assign
each detected payment evader to one of the following founggoone offense (1), two
and three offenses (2-3), four to seven offenses (4-7), eyt &nd more offenses (8+).

To meaningfully assess the impact of the changes in the foreshas to take into
account that the composition of the groups differs by (eroge) characteristics, as
documented in Table 2. To eliminate the effect of these whffees in characteristics, we
use propensity score weighting (see, for example, DiNat@d. 4996). Reweighting is
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Notes Thirty-day moving average of the number of detected payreeaders by subgroup,
divided by the number of members per subgroup; The sampledeovers June 1, 2010
to May 31, 2013; The data covering June 1, 2009 to May 31, 264 @sed to let payment
evaders self-select into subgroups of types.

Figure 4. Normalized Number of Detected Payment Evaders by Subgroup.

performed such that the distribution of all offenders isstaks the reference distribution,
and the individuals in the different offense groups are ighted accordingly®

Using the reweighted observations, we follow the groupsrefjune 2010 offenders
over time. Specifically, we count the number of payment essaftem each reference
group who are repeatedly detected as payment evadersaited,J2010, and normalize
the count data by the respective size of the reference giidupyields the group-specific
offense probabilities plotted in Figure 4, which give risglte following finding?!

20This approach is in the spirit of Horwitz and Thomson (1952)t each offender group the estimator
is implemented as follows: a) Pool a particular offenderugravith the group of all offenders (the
observations of the particular group will thus appear tyvib¢ Compute an indicator variabl@, which is
one, if an observation belongs to the target population zand when it belongs to the particular offender
population under investigation. c) Estimate a binary gristbcomputep; := P(T; = 1|]X = x;). Covariates
in this probit are age, age squared, sex, sex-age intemaciiedicators for different groups of foreigner,
sex-foreigner interactions, and other violations. A cansterm is included as well. d) Let = (1—p;)/pi
and normalizev; such that they add up to one. The meary ¢¢.g., the probability of an offense) among
this particular group of offenders is then computed as the stiw;y; over all offenders of this group.
The estimation results of the probit as well as a descrigtbde showing that reweighting was indeed
successful to balance the covariates is available fromutieas upon request.

21Figure 4 deliberately assumes the control effort to be @msts in Hypothesis 1. Accounting for the
change in the control effort does not qualitatively afféet tesults.
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Finding 4 (Type-Specific Effec). Payment evaders in different groups exhibit systematic
differences in offense probabilities, meaning that théfedin unobservables which are
related to their individual offense histories. Yet, theyrnd show different reactions to
higher fines.

In sum, there is no evidence for any significant effect of tiggnér fines on payment
evasion, neither at the aggregate level nor for the diftegeoups of types. A possible
explanation is that the ZVV seized the opportunity to redtiee costly control effort
without reducing the relevant deterrence levels, as stgddsy Proposition 5. Table 3
suggests that the detection probability was indeed redaceardingly.

6 Conclusion

This paper has examined endogenous payment evasion in d wiogle the firm can
charge a price to paying consumers and levy a fine on conswiinersare detected as
payment evaders. In addition, we have provided empiricalez\ce on payment evasion
on theZurich Transport Networkwhere evading payment is equivalent to fare dodging.

In the theoretical part, we have derived three key resulisst,jpaying consumers
“overpay,” as the firm charges them higher prices than in liseace of payment evaders.
Specifically, the presence of payment evaders leads to digrefarm of price discrim-
ination where the regular price exceeds the expected fineon8e the firm has no
incentive to fully deter payment evasion as it can generalggher profit, provided
that a sufficiently efficient detection technology is avaliéa Third, higher fines do not
necessarily reduce payment evasion.

In the empirical part, we have reported evidence that isistarg with our theoretical
analysis, using firm-level and passenger-level data. We bawustructed the empirical
counterparts of the relevant quantities in the theoretiwadlel, and we have found that
the exogenous increase in the maximum admissible fines ditkve a significant effect
on payment evasion.

Our analysis suggests several avenues for future resdsrst).one could generalize
our analysis to a fully dynamic setting where consumersatgulty decide whether or not
to evade payment. Second, one could extend the analysiswofal competition among
firms to study the role of payment evasion as a particular fofrmon-price competition.
We hope to address these issues in future research.
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Appendix A The Relationship between Preferences and
Demand

This appendix links the properties of the demand of payingsamers and the demand for the
outside option to the properties of the underlying condaiandirect utility functions. To simplify
the exposition, we conveniently suppress the argumentsedimctions.

Utility Foundation for Assumption 2Recall that the demand of paying consumers is given by

D(p, f;0.k) =N[1-G(6(p, f; 9,k))].

(i) The demand of paying consumers decreases in prig@vided that

D —. 00
where 5
I 2y,
98 _ S/ M (A1)
0p ﬁ(VP_VE)

results from applying the implicit function theorem to thedifference conditiorvp(p;6) =

Ve (f;0,¢), which defines. Asg(0) > 0 for all 6 and since the denominator of the right-hand
side of (A.1) is positive by Assumption 1, demand decreasesice p if and only if dvp/dp < 0,
that is, if and only if the indirect utility of obtaining the@duct with payment decreases in price.
(i) The demand of paying consumers increases in theffipeovided that

oD —. 00
37 = —Ng(e)ﬂ >0, (A.2)
where 5
060  GrVE

of % (VP — VE) '
Using Assumption 1, demand increases in the firiand only if dvg/df < O, that is, if and
only if the indirect utility of obtaining the product evadjpayment decreases in the fine. (iii) The
demand of paying consumers increases in the evasiork posvided that

oD = 00
where .
06 gikVE

K Z(ve—ve)’
Using Assumption 1, demand increases in the evasion kdfsasd only if dvg /dk < 0O, that is, if
and only if the indirect utility of obtaining the product @liag payment decreases in the evasion
costs. (iv) The demand of paying consumers is concave ie prigovided that
92D _ (08\° 070
—=-N|d — — | < A.
T [gw)(ap) +g<e>ap2] <o, (A3)
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where ) ,
- 2.\, 0 9y 0
0260 VP (VP —VE) — 55VPgpaa (VP — VE)

N 2
: (o0
Obviously, the sign of (A.3) is not readily determined. T@mbiguously sign the expression, we

below further restrict the density function and the indirefility functions. (v) The demand of
paying consumers satisfi@dD/(d fdp) > 0 if and only if

9°D e 0696 —_ 0%0
atap . [g(e)ﬁd—pm(e)dmp} >0, Ad)
where 2 2
%60 a?—’n’vp%(vp_vE)_%)VP,;?W(VP—VE)
afop >
i (8 —ve))
(vi) The demand of paying consumers satisfié® /(dkd p) > 0 if and only if
9°D e 0096 _ 0%0
Yy _ 0606 %97 |
gkap - N {g Chm 0p+g(9)0k0p} >0, (A5)
where 2 2
020 _ ag—apVPf—e(VP —Vg)— %VPﬁ(Vp )
okdp

2
(s -v0)

Collecting the insights from steps (i)-(vi) allows us to lhegse Assumption 2 in terms of the
properties of the underlying conditional indirect utilfynctions:

Assumption 4 (Utility Foundation Demand). (i) The indirect utility functions w(f; 6, ¢,k) and
vp(p; 0) decrease in f and p, respectively. (ii) The functierify 6, @,k) decreases in k. (i) The
density function ¢9) and the cut-off valu@(p, f; @,k) jointly satisfy the conditions (A.3) through
(A.5).

As the next result shows, demand has the required propertder reasonable assumptions:
Observation 1. Suppose that (i) the functions(\p; ) and \&(f; 0, @,k) are, respectively, linear
in pand f, (i) v (f; 6, ¢,k) is linear in k, (i) the typed does not interact with p, f, and k, and
(iv) types are drawn from a uniform distribution. Then, trerdand of paying consumers satisfies
Assumption 2.

If the uniform assumption is relaxed, demand satisfies Agsiom 2 if and only ifg'(6) > 0.
For instance, this condition holds for the family of leftesked Beta distribution® O

2?Recall that this family includes the uniform distributiones the unit interval as a special case.
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Utility Foundation for Assumption 3Recall that the demand for the outside option is given by
X(f;0,k) = N[G(8(f; ¢,k))].

(i) The demand for the outside option is increasing in the fipeovided that

X 08
I NQ(Q)E >0, (A.6)
which automatically holds as
a
2\
220 (A7)
20VE

by Assumption 43 (i) The proof thatX is increasing irk is similar and therefore omitted. O

Appendix B Proofs

This appendix reports the proofs of our results.

Proof of Lemma 1.Suppose thap > rif. The first-order condition in (5) admits for an interior
solution for f only if

ox(f) _ (P- mtf) 92 + m(N—D(p, f) — X(f))
af - nf—c

(B.1)

for some(p, f). Conversely, ifp < rif, the first-order condition in (4) shows that there is no
interior solution forp. O

Proof of Proposition 1.If f* = f, p*(f_,k) is determined by the first-order condition in (4), which
can be restated as

rem_2, 82)

p* &p
wheree, = —(dD/dp)(p/D) denotes the price elasticity of demand. Subtracting® on both
sides of (B.2) and rearranging Yyields the result. O

Proof of Proposition 2.If f* = f, p*(f_,k) is determined by (4). (i) The comparative statics effect
of f on the optimal pricg* is readily determined by applying the implicit function tiiem to
the first-order condition in (4) evaluated fat

dp(fl) _ §F + (0~ )iy~ g
df 2‘;—3+(p*—nf)3272

3Notice that (A.7) follows from applying the implicit functh theorem to the indifference condition
ve(f; 8, ¢,k) =0, which defined.
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Recall from Proposition 1 that* — rf > 0. The claim is established using the properties of the
demand function in Assumption 2. (ii) The comparative staéffect ofk on the optimal pricep*
can be derived as

— N A2
dp(f) R+ -1hg5
dk 23—%+(p*—nf)‘§%’

which is again positive using the same argument as in pafTlfis establishes the claim. [

Proof of Proposition 3.At the optimum, payment evasion is givensy( f k) = E (p*(f, k), f;k).
Totally differentiatinge*( f,k) produces

dE*(f.k) _JEdp(f,k) JE
d«  dp dk oK'

wherek € {f k}. E*(f,k) decreases in response to an increageifrand only if

dp*(f,k)  JE/dk

dk = 9Ejap (B-3)
ID/IK + OX /IK

__ B.4

aD/ap , (B.4)

where the equality uses Definition 1. Consequently, paymeadion decreases if and only if the
corresponding price increase is not too large. O

Proof of Proposition 4.The optimized profit is given by1*(f k) = N(p*(f,k), f;k). By the
envelope theorem, the effect ﬁﬁ(l‘_,k) of a change irp*( f_,k) is of the second order. Hence, for
k € {f.k}, _ _
dn(p*(f,k), f;k) an(p*f)
dk Y TE
(i) Fork = f, on/o f>0 by (B.1); if this condition were not satisfied, there woutgro corner
solution forf. (ii) For k =k, dMn/dk > 0 if and only if

(B.5)

0X/ok - P- mf
oD/ok ~ mf —c

Consequently, the profit increases in the evasion cost ifatie of consumers who are driven out
of the market to diverted consumers is not too large; ottswthe profit decreaseskn O

Proof of Proposition 5.(i) In the second stage, for givep, f), the firm solves
max T(ep, f)=(p—c)D(p, f)+ (m(e)f —c)E(p, ) —F —Fr(e).

ee

At an interior solution, the optimal effog(p, f) solves

1 (e"(p, f)) fE(p, f) — Fa(e’(p, ) =0. (B.6)
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Substitutinge*(p, f) back into the profit function, the firm solves
max M(p, f) = (p—c)D(p, ) + (m(e"(p, 1)) T —C)B(p, ) — F — Fn(€"(p, 1))

subject to the constraings> 0 and 0< f < f in the first stage. Applying the envelope theorem,
the first-order condition fopat the constrained optimum is
on = 0D

= D+ (p—m(e")f)=—

7 =0 (B.7)

which can be rearranged as (7) using the same logic as in tioé mProposmon 1. Denoting
the solution to (B.7) ap*(f ) the implied optimal effore*(f) =€ (p(f) f) follows from (B.6)
by substitution. Further substituting the optimal eff@véle* into r1(e) andFy(e) yields ri(e")
andF(e*). (ii) Applying the implicit function theorem to (B.7) yietd

dp R [+ MR+ (p-nh) D

dr =] /

where[—] indicates a negative expression (the negativity followafthe second-order condition).
Using Assumption 2, the numerator is positive provided %%b 0 (which is clearly an overly
strong condition). Applying the implicit function theoreagain, this time to (B.6), produces

de mE)EPH+ IR
df —  m(e)fE(p. ) - Fi(e)
_ m(e)E(p,H(A-&)
m'(ef)fE(p, f) — Fr(e?)’
which is positive as long as; < 1. Given the assumed propertiesrufe) andFy(e), it follows
that the detection probabilityr(e*) and the effort cosE,(e*) increase inf. O

Proof of Corollary 1. (i) The firm makes its decisions about the price and the finesgo anaxi-
mize

max M(p, f) = (p—c) (1_ p;%f;k) +(mf—¢) (pSESE_(SS::(—H;EJ)r k)>

5

subject to the constraings > 0 and 0< f < f. Partially differentiating the profit function with
respect tof yields
on(p,f) _ m(2(pss —mifse) +c(sp —se) — sK)

of SE(sp—se)

)

which is strictly positive asf < %T This implies that there is no interior solution férand
the optimal price follows from (6) in Proposition 1. (ii) Ttresult follows by inspection of
p* (Proposition 1). (iii) Payment evasion follows by subgidn andE* > 0 as long ak <
% (the upper bound fok expresse§ in terms of the model parameters). Clearly,
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&= = —Zand¥ = —%, which are both negative (Proposition 3). (iv) At the optimu
profit is given by
— 1
M*(f k) = [(5p— Se + K)(Sp — S + 2(7Tf — ) + K
(10 = r e sy (P TR —se 2 —0)+ k)%
+2(mtf —c)((sp —se)(se — 2mtf) — k(28 — s¢))], (B.8)

and itis increasing irf_provided that

dn*  m(c+se —2mf —k)

= 0
df Se e
which holds fork < ¢+ s¢ — 2mtf = k. Since
ko (s —2nl) o s(s-2mf) o
2% — S 20 — S

the result holds for ak < k. The profit is unambiguously increasingkras

dn*  (sp—se)(se —2mf)+2c(sp —se) + ks -

dk 2se(sp—e)

0

for f < & (Proposition 4). O

Appendix C Empirical Analysis

This appendix provides the proof of Hypothesis 1.

Proof of Hypothesis 1From the fundamental theorem of calculus, the overall cedmgayment
evasion can be decomposed as

- - fL 9E (po, f
E(Po, f1) — E(po, fo):/_ %df
fo
[ /" aD(po, ) B oX(f)
_—Uf To|f+n/f0 Tolf}, (C.1)

where the second equality follows from Definition 1. Sulbsititg the integrands in (C.1) with
the corresponding expressions in (A.2) and (A.6), the ckangayment evasion follows using
integration by substitution. Using thit= riE by construction, it follows thaAE = mAE. Finally,
multiplying (C.1) bymyields establishes the claim. O
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