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Abstract

We analyze the strategic decision of firms to vedwify provide high quality on
a credence attribute of a product in settings whieeee is scope for fraud that can be
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fraud costs. Thus, fraud does not emerge with aetefraud costs, or when fraud is so
cheap that consumers do not trust firms' clainelaMoreover, increasing certification
costs can broaden the range of parameter valuegfoh firms commit fraud. In regards
to the choice of voluntary practices, we show tledreases in the costs of high quality
do not necessarily entail increased voluntary itnmesats in high quality production or
certification. These novel results are robust féecent market structures, and question

the general desirability of public subsidies foprpioting voluntary practices.
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1. Introduction

Problems of asymmetric information about productliqy are pervasive in
economic markets. The attributes that define higddity are often times credence goods,
which are difficult to judge even after purchase (Darlbg &arni, 1973; Dulleck and
Kerschbamer, 2006). Voluntary investments by fitmmproduce quality products above
regulatory standards have become a mainstream dsssiactivity (Kitzmueller and
Shimshack, 2012). These include characteristicprofiuction, such as employment
discrimination, "fair trade", and human rights (Betsen and Gilligan, 2001; Baksi and
Bose, 2007), long-term health consequences of ptedGlaeser and Ujhelyi, 2010), or
environmental aspects of products that consumensotaobserve directly, such as
organic products, "Dolphin safe" tuna or geneticatlodified organisms, among others

(Baksi and Bose, 2007; Harbaugh, Maxwell and Rdlossi2011).

Given that the extent of over-compliance for praduecluding these attributes is
difficult to assess even after purchase, misleatiagketing (fraud) becomes an option
(Darby and Karni, 1973; Glaeser and Ujhelyi, 20gon and Maxwell, 2011). This
potential for fraud might question firms' creditiliamong consumers, and makes
certification attractive to guarantee responsibledpction.? In fact, the use of
certification is widespread: more than one thirdasfje firms have voluntary external

certifications for social and environmental stanldgKitzmueller and Shimshack, 2012).

Interestingly, still many firms base their commuation to the public on news
releases and marketing campaigns without thirdypatidation of the claims they make
on the quality attributes of their products. Tlighie case despite scandals for fraudulent

marketing among non-certified firms are not rareclirent examples are the use of

1 Some examples of famous voluntary certificationgpams are the set of 1SO standards or the Global
Reporting Initiative (GRI).



specific chemicals on products marketed as "saferamtoxic" (the scandals around
Jessica Alba's the Honest Company being one reseammple’), abuses of labor
conditions for firms with public ethical standafproduction (the textile industry being
often affected), or the advertisement as "sustainable energycestiof projects with
strong environmental impacts (such as the mislgabiifanding of Shell's oil production
in Alberta's tar sands as "sustainafjleThe fact that firms continue to signal the creme
gualities of their products without certificatiomggests that such claims have some

information content for consumers that are worthrttarketing investments.

In sum, the coexistence of conventional productwotyntary provision of higher
quality, fraud, and voluntary certification is peas in many industries. To our
knowledge, the combination of these issues hasbeenh explored in the existing
theoretical literature up to date (see the litemateview in Section 2). The focus of our
study is on voluntary provision and signaling aéad@ence qualities in such contexts. The
analysis revolves around whether or not consumars trust voluntary information
provided by firms on the credence quality, and hbis affects the choice of voluntary
practices and signaling. Thus, this study relatethé¢ literature addressing the extent to
which firms voluntarily disclose information in §egs where consumershdogenous
beliefs on product quality can be updated throuiginading or auditing. The main
contribution of this study is that we tackle frandincertified production of high quality

and we allow, but do not impose, firms to certlgit products.

We start by considering a baseline model wheraglesifirm can produce using

one out of two technologies, producing a standardofv quality) version of a product

2 The Washington Post, March 10 2016 " Laundry Qmet From Jessica Alba’s Honest Co. Contains
Ingredient It Pledged to Avoid".

3 The Guardian, October 28 2007 "Child sweatshomshthreatens Gap’s ethical image".

4 The Guardian, August 13 2008 "Shell rapped by A&A'greenwash” advert".
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or a high quality version. All consumers prefer kigh- over the low-quality version of
the product for the same prie&Ve assume that product quality is a credence good
directly observable by the consuméras a result, producers can commit fraud about
product quality. The firm producing the low qualigrsion can truthfully market its
product as low quality or can fraudulently markets high quality. Despite consumers
cannot assess product quality they form endogebpeliefs about the likelihood of honest
firm behavior. In addition, the firm can provider (oot) third-party validation through
certification if it produces high quality, and matk it accordingly. We later extend this

baseline model to allow for oligopolistic compaeiti

We provide novel results with regards to the likebd of fraud, investments in
high-quality production, and the use of certificati First, regarding the likelihood of
fraud, we show that fraud does not emerge for lostof fraud relative to the costs of
high quality production. This result contradictse thtandard literature on regulatory
enforcement (see for example Becker, 1968 for aredmeference), which predicts that
firms would commit fraud in that case. In our swjtithe firm is obviously tempted to

cheat, but it anticipates that by doing so conssmell (consistently) believe that it is

> Khanna (2001), Lyon and Maxwell (2008), Portne§Q@&) and Kitzmueller and Shimshack (2012) present
excellent reviews of the literature on motivatiasfsfirms to undertake voluntary investments beyond
regulatory standards. In addition to the demandedriefforts, which is the focus of this study, #hpapers
include other motivations, such as incentives ipleyment contracts, "warm glow" preferences, social
norms, private (NGOs) and public politics.

¢ Dulleck et al. (2011) characterize the credencealdiverature in two separate streams. The firssmers
that consumers do not know what they need, but ¢hsgrve the utility from what they get. The sutgec
of interest in this case are markets, such as tfmseloctors and mechanics, where undertreatment,
overtreatment and overcharging are crucial formgaafd (e.g. Emons, 1997). Dulleck and Kerschbamer
(2006) present an excellent review of this literatintly with a model of credence goods that juies

an unifying framework for the different market iibstions and information structures on efficiendye
second stream of the credence goods literaturasiscbon the definition that credence goods havitigaa
that are difficult to judge even after purchasetHis case, consumers know what they want but gbser
neither what they get nor the utility derived fravhat they get. In this paper, we adhere to thermbco
definition.



committing fraud. Therefore, consumers will noigssny additional value to this claim,

and, hence, the firm will not have any incentivesonmit fraud.

Second, increasing certification costs can broddenmange of parameter values
for which firms commit fraud. This contrasts witlesults from previous studies
addressing the potential for fraud in the use dtkls For example, Hamilton and
Zilberman (2006) show that raising certificatiorstsocan reduce or even eliminate fraud
in high quality production. The main differenceweén their study and ours is that their
analysis does not allow for fraud in uncertifiedgbuction, although it is more flexible in
the information content of certifications, whichnche fraudulently obtained by low-
guality products. In our case, certification isfpetly accurate but voluntary, which gives
room for fraud in uncertified production. This @fénce in focus results in a sharp

different conclusion.

Two additional interrelated results refer to thelihood of the use of certification
and high-quality production. In particular, we fitiéht decreases in the costs of producing
high quality do not necessarily entail increasedestments in high-quality or
certification. The reason is that a decrease inctie of producing high quality may
increase consumers” beliefs on the truthfulnessnoértified claims. This in turn may
entail an increase in consumers” (expected) will@ssg to pay for uncertified high quality.
Thus, offering the certified version may becomes ledtractive, since consumers’
willingness to pay for this option remains unchahgghis countervailing result in the
likelihood of certification has important implicatis in the likelihood of investments in
(true) high quality production, which result in r@\policy implications on the relative
performance of certification subsidies as comparedsubsidies to high quality

production.



We organize the remaining of the paper as followshe next section, we
stress our contribution to the related literature Section 3, we present the baseline
model. In Sections 4 and 5, we respectively desive discuss the results. In section 6,
we provide, for the interested reader, a robustrasalysis under oligopolistic

competition. We conclude in Section 7.

2. Contribution to theliterature

The general problem of voluntary disclosure of infation on product quality has
received attention in the literature for long (€@®@nove and Jin, 2010 for a review).
However, the focus has been restricted to conteliese sellers do not lie about product
quality, for example given the presence of deteraatifraud laws. Sellers, though, can
be vague in their claims about product quality, eadsumers interpret any vague claim
as revealing that the true quality is at the lowesgel consistent with the claims being
truthful. For example, Grossman and Hart (1980) @rdssman (1981) consider a
monopolist who is exogenously informed about produmlity and decides whether to
reveal this information to consumers, and Matthens Postlewaite (1985) impose that
the seller must first decide whether to acquire@atost) information on product quality.
The main result of all these studies is that evéhout laws mandating full disclosure,
the seller reveals all relevant information in digdum.” Okuno-Fujiwara et al (1990)
emphasize how restrictive the conditions which gotee information revelation are,
once acknowledging that only certifiably truthfehtements will be credible. Similarly,

Fishman and Hagerty (1990) show that rules limitliggretion (requiring the informed

”In a more general setting, Shavell (1994) consitleas either sellers or buyers might acquire pévat
information over the good that they can later cleamsshare. This results in socially excessiventizes
to acquire information, and in turn mandatory discire is socially desirable for sellers but nottfoyers.
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party to disclose a signal from a prespecified stibbavailable signals) may lead to more

informative disclosures.

The results of these studies critically dependhepiossibility of parties to convey
information credibly. Information is verifiable, dnn contexts where sellers cannot lie,
the only issue is how much of the truth they wédtatle to tell. Thus, these studies do not
tackle how the potential for fraudulent marketinggit influence sellers' decisions to
voluntarily disclose information on product quality addition, in these studies quality
types are assumed to be exogenous and indepenttmmever, in a broad range of
production activities, product quality is an endogées decision that might come
influenced by the quality choices of competitons.fact, the different varieties of a
product characterized by price-quality combinatiane to some extent substitutes in

consumption.

The theoretical literature on over compliance coers contexts of endogenous
and interdependent types. This literature has agggraddressed quality investment
driven by a desire of firms to self-differentiatedainvestments in certification to tackle
the problem of asymmetric information between comsts and producers. Our paper

provides a bridge between the two strands of teealiure.

The literature focusing on incentives for self-dréntiation addresses the
implications of production technology choices inrkets where (at least a subset of)
consumers value and can observe the quality ofuyatede.g. Arora and Gangopadhyay,
1995; Conrad, 2005). Choosing technology acts adyat positioning, opening up for
differentiation strategies for firms (Kitzmuellemé& Shimshack, 2012). Substantial
research efforts in these settings have addrebsadteraction between the institutional

context (taxes, subsidies and standards) with rdifteation investments (Moraga-



Gonzalez and Padron-Fumero, 2002; Bansal and Gadbgay, 2003). More generally,
previous theoretical contributions claim that owampliance in socially desirable
attributes can be understood as contexts whereiomrs can choose to consume impure
public goods that generate both private and pdieétures (Kotchen, 2005, 2006, 2013).
However, this literature has abstracted from tleelence good nature of voluntary quality

investments by firms.

From a different perspective, the literature fongson certification addresses the
asymmetric information problem characterizing thhedence good nature of some
voluntary efforts by firms (e.g. Sedjo and Swallo2002; Amacher, Koskela and
Ollikainen, 2004; Harbaugh, Maxwell and Roussill@011). A central aspect of this
literature is that firms producing conventional gwots have incentives to pretend to be
of high quality (cheat) and profit from consumdiigher willingness to pay, while saving
the associated production costs. These studiesnasthat in the absence of credible
information disclosure mechanisms, consumers willbelieve any of the firms' claims
about the quality of products, requiring the useeatification to convey any information
on product quality. Consequently, available strig®fpr firms are restricted to invest in

high quality coupled with certification or use cemtional productiof.

In the certification literature, substantial resdarefforts have tackled the
interrelation between voluntary certification ahe institutional context (Feddersen and
Gilligan, 2001; Heyes and Maxwell, 2004; Baron, 20Glachant and Moineville, 2012).
Some studies address the incentives for firms libaetately misuse the labeling process

to fraudulently sell their products as high qua(iiamilton and Zilberman, 2006; Baksi

& An exception is Baksi, Bose and Xiang (2016), whosider the coexistence of third party certificafio
self-labels (uncertified) and conventional prodoetibut take consumers' beliefs on the informatmmtent
of self-labels to be exogenously defined by a patamcommon to all consumers.
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and Bose, 2007; Glachant and Moineville, 2012). &dwably though, none of these
previous studies allow firms to choose between wifieel and certified high quality

investments, as the present study does. This evaet because as Kitzmueller and
Shimshack (2012) argue, the notion of "voluntarlgdwor"” is critical in the conception

of corporate social responsibility. The literatorecertification has explored additionally
the implications of imperfect certification processn which errors can occur (Mason,
2006) and in contexts where these errors are n@iason, 2011). Then, as well,
consumers’ uncertainty about certification standaaffect managerial decisions to

certify products (Harbaugh, Maxwell and Roussilld@11).

3. The base modd

3.1. The firm

A monopolist can produce either a low or a highliggiaersion of a commodity.
Low quality represents the standard version optieeluct, in accordance with all relevant
regulations (for example, safety standards, workoanditions, health issues or
environmental standards). High quality stands forvexsion entailing superior
performance in at least one dimension valued bygwmers, therefore over-complying
with regulatory mandates.

The product at hand presents credence good a#sband, therefore, it is
impossible for consumers to distinguish between kwd high quality even after
purchase. This introduces the possibility thatftme markets its product to consumers
fraudulently. If the firm produces the low qualitgrsion, it can choose to either truthfully
market the product as low quality (stratdgyor commit fraud and falsely present the

product to consumers as high quality, aiming totwapadditional consumer surplus



(fraudulent strategy). If the firm produces the high quality versiomthfully, it can
additionally opt to certify itThus, in this case the firm can choose to markeptoduct
as uncertified high quality (strate@) or as certified high quality (strategy.®

Firm’s profits depend on the selected strategyHls\fs:

;= q;(p; — t), i=LFHC,

whereg; is the total amount of the good produced and soldase the firm follows
strategyi, p; is the per-unit price ang is the total per-unit cost of that strategy. Witho
loss of generality, we assume that the per-unit abstrategy. is zero, i.e.t; = 0. For
strategyF, tr = f, wheref > 0 is the per-unit expected cost of committing frakdr
strategyH, t; = h, whereh > 0 is the per-unit cost of producing high qualityn&ly,

for strategyC, t. = h + ¢, where,c > 0 is the per-unit certification cost to be added to
the cost of producing high qualit). We assume that the certification process is ptyfe

accuraté?

There are several reasons why firms may face patersts associated to
fraudulent marketing. One possibility is monitorimgnd enforcement of antifraud
regulations by the Government, such as those rewpfdlse advertising, perjury and

warranties of fitness. This could result in fines fraud or other non-monetary costs

® Throughout the paper we concentrate on the periocenaf the firm and, therefore, we assume a passive
role for the certifier(s), that is, we do not exfily model the optimal setting of certificationefe For
example, (Farhi, Lerner and Tirole, 2013) studgtsigic transparency of certifiers, Fisher and L{gi1.4)
analyze certifiers” behavior in both autarky anchpetitive settings, Harbaugh, Maxwell and Roussillo
(2011) address concerns related to increasing numbalternative labels, and Heyes and Martin
(forthcoming) study labeling by competing NGOs. myae and Jin (2010) offer an excellent review of
older literature.

10'We model certification costs in a similar way aaddn (2011). In many instances, though, certificati
costs include a fixed component, which is indepahdd the quantity produced. Our results do not
qualitatively change if we consider that alternatassumption.

1 This is obviously a simplification of reality, bute consider this assumption in order to concemtat

the problem of fraud in uncertified production. FExample, Mason (2006) considers the implicatidns o
imperfect certification processes in which erroas @ccur, and Mason (2011) analyzes contexts where
these errors are noisy. We also abstract fromttheegic misuse of certification (Hamilton and &itiman,
2006; Baksi and Bose, 2007; Glachant and Moing\2i(d.2).
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associated to worsening relations with the reguladm alternative derives from the
existence of a nonstrategic activist that scruéisithe market of uncertified products in
search for fraud. Boycotts or reduced consumaust @re potential outcomes in these

caseg?

We assume that the monopolist has perfect infoonatbout all the parameters
of the model, including the costs associated tdhestcategy. The reason for this
assumption is presentation simplicity. However, oesults qualitatively hold if we
alternatively consider that the monopolist is infpetly informed about its cost

parameters, as long as it is better informed tlwasumers.
3.2. Consumers

The demand is characterized by a mass of consuirersan each purchase at
most one unit of the good. We assume all consuimrs the same willingness to pay
for low quality, denoted a8, and heterogeneous preferences for high quality. A
consumers prefer high versus low quality for thmearice, and; represents consumer
j’'s additional willingness to pay for high qualityhich is uniformly distributed in the
interval [0,1].

As noted above, there are four possible strategieslable for the firm
(L,F,H,C). However, the credence good nature of the proghseilts in consumers only

distinguishing among the three possible marketedioes of the product: low quality

12 Conceiving an expected penalty for fraud derivednfan activist that acts according to a specifide
(non-strategic) is inspired in Lyon and Maxwell {29. In their application, the activist focusesfoms
that selectively report good news. In ours, thévettsimply punishes firms for bad outcomes. Eriagir
marketing literature shows that there are indedtings where firms' investments in voluntary over
compliance affect consumers' perceptions abousfiamd this in turn affects firms' profits (seedaample
Sankar Sen and Bhattacharya, 2001; Becker-Olsedm@ie and Hill, 2006)Whatever the reason behind
the costs of fraudulent behavior, we treat thena &®st per unit of production, in a similar fashis
production or certification costs. Again, includiagixed component would not qualitatively changg a
result.
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(L), uncertified high qualityl{, which comprises both strategiéandH) and certified
high quality C).

We assume that consumers face uncertainty aboab#te the monopolist faces.
For presentation purposes, we particularly assimaeconsumers know the cost of high
quality production, but they do not know the specifalue of the fraud costShus,f
works as the type of the monopolist, which is peveaformation. Consumers, though,
know the probability distribution of the types. Wassumef € [0, f], f > 0, with
probability distributionG (f), such that(0) = 0, G(f) = 1 andG’(-) = 0.1* Assuming
uncertainty on the cost of fraud is realistic adejppends for example on the probability of
being caught, which might include a subjective comgnt on the part of the firms that
consumers cannot perfectly assess. An alternapeeifscation with uncertainty on
production costs for high quality generates theesaesults, and qualitatively similar
results can be derived if consumers are uncemamoth costs for high quality production
and for fraud.

With this information in mind, consumers hapgor beliefs, denoted as €
[0,1], about the likelihood that uncertified claims agthquality production are truthful.
Consumers have the possibility to update theseflsehrough price signals of uncertified
claims,p;, whereU embraces both strategidsandF. We denote thegmosteriorbeliefs

asa(py). The specific way in which these beliefs are updas described in Section 4.

3.3. The combined system

13 The specific shape of the probability distributisnnot crucial for our analysis, and then we keep i
general. A more general function of the fofne [f, f], 0 < f < f would support identical results, being
h > f the relevant case to consider. Allowing fox f means that even the smallest fraud costs consumers

can envision for firms to face result deterrent aoansequently it brings the uninteresting caseafraud
can never emerge.
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The timing of the model is the following. In thesti stage, a monopolist of type
f decides the combined production and marketingegfyaout of the four available
strategies(L, F, H, C). In the second stage, the monopolist chooses thdityuand the
price for the variety chosen in the first stagedding so it takes into consideration that
consumers form posterior beliefs about the likedthaf purchasing true high quality
when confronted with uncertified high quality agiaen pricep,. These beliefs affect
consumers’ (expected) willingness to pay and tlse@ated firm’s profits. We solve the
game using the concept of perfect Bayesian equifibr(see Fudenberg and Tirole,

1991).14

4. Results

In this section, we study the monopolist’'s optirdatision. We first derive the
characteristics of each possible equilibrium sgwatdhen, we derive the conditions for

the existence of each equilibrium strategy.

The first possibility is to follow strategy, that is, to produce low quality and
market it as such. Consumers perfectly identifgtetgyL with low quality, as they can
deduce that the firm has no incentive to produgh Quality and market it as low quality.
The reason is simply that consumers anticipateithiibe firm produces high quality it
has to incur additional production costs that cartm@ocovered through the price of the
low quality variety. Therefore, consumers’ surphes low quality is the difference
between the willingness to pag)(and the corresponding prige J. Since all consumers

have the same willingness to pay for low qualit)),(the optimal strategy for the

4 1n this equilibrium, the strategies of the playars optimal for given beliefs and strategies ef dther
players. In turn, beliefs on the equilibrium patl apdated from observed actions according to Baykes
while beliefs off the equilibrium path are updateatording to Bayes’ rule whenever possible.
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monopolist is to offer the product to all consumerghe maximum possible price. Thus,
q; = 1 andp; = 8, and since production costs of this variety are zassociated profits
arermr,” = 6.

Now, we consider stratedy, that is, to produce certified high quality. Petfe
credibility with regards to the certification pr@seensures that consumers perfectly
identify strategyC with high quality. Then, consumgs surplus is the difference between
the willingness to pay in this case £ 6;), and the respective prigg. For a giverp,
only consumers with an additional willingness ty & high quality larger thap, — 6
will purchase the product. Theqy = 1 — pc + 8. The monopolist faces both production
and certification costsi(+ ¢), and the problem of the monopolist is to chodseprice

that maximizes profits from strate@y n, = (1 —p¢c + 8)(pc — h — ¢), from which we

__ 1+h+c+f

derivep;” = ———andq;" =1—pc" +0 = 1hoctd

2

(note thayg.* < 1 sincep.* >

1—h—c+Q)2

0). The associated profits in this caseggé = ( >

Lastly, we consider the version of the product @nésd to the market as
uncertified high quality), which corresponds to strategie®r H. The monopolist in
this case bases its decision to follow stratégy H exclusively on whethef is smaller
or larger tharh, opting for the strategy that entails lower co§tsnsumers are not able
to verify the quality of the product, and fraud tsoare private information of the firm.
Hence, consumers observe the price set by the mbspp,, and update their prior
beliefsa on the probability that the product is truly higiality into their posterior beliefs
a(py). We assume that this adaptation only takes placenisumers observe a price
different than the price a firm truly offering higjuality would set, denoted pag*. Thus,
if the firm sets the pricey = py*, consumers keep their prior beliefs on the trutigss

of uncertified claims. That isag*(py =py") =a , where a = prob(U =H) =

14



prob(f = h) =1—G(h). If, on the other hand, the price set by the molispis
different frompy*, then consumers do not believe the firm’s undedtitlaim, and
consequentlyg*(py # py*) = 0.1°

With this adaptation of consumers” beliefs in mioahsider first a monopolist’s
type such that > h. Then, the firm prefers strateglyover strategy, as fraud costs are
deterrent. The firm knows that consumers can miaintiaeir prior beliefs on the
truthfulness of uncertified claima, only if the firm announces its profit maximizing
pricepy*. Assuming risk neutrality, consumgs expected surplus for uncertified high
quality () is the difference between trexpectedwillingness to pay ¢(6 + 6;) +
(1-a)8 = 8 + ab;) and the corresponding prigg;. Thus, for a given pricey,, only

those consumers with an additional willingnessap for uncertified high quality larger

than% purchase the product, and thgp,= 1 — %. The price that maximizes the

associated expected profits for truly offering heglality isp,* = %}”Q. 1% Then,q,* =

*—0
1 _ Py —6
a

)2, where

= a—zf::Q (whereg,,* < 1), and expected profits ang,* = ~ (a—h+g

a 2
a=1-G(h).

If, alternatively, the monopolist’s type is suclattfi < h, it prefers strategy
over H. Having in mind the potential update of consumdmliefs, the firm selects

pr* =py" (it mimics the monopolistic price of a truthfulghi quality producer) to

15There are many ways under which one can definefsebut this particular form satisfies timuitive
criterion of Cho and Kreps (1987), which imposedaie conditions on uninformed individuals’ out-of-
equilibrium beliefs, in the sense that certain s/peagents should not be expected to use cettaiegies.
In our setting, this means that if the price sethgyfirm is different than the profit maximizingige a firm
offering true high quality would set, consumersgsprobability zero to that firm actually havingpauced
high quality. Under these circumstances a firm tigleely offering high quality has no choice buttisg
the monopolistic price of a honest firm type ifaiints to (falsely) gain some credibility. The usehe
intuitive criterion for definingadmissiblebeliefs allows us to uniquely characterize theildagium for
given parameter values.

16 The problem in this casesax,, ©; = (1 - pHa_Q) (py — ).
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manipulate consumers so that they keep their pabefs,a. Expected profits in this case

(Z—h-l'g) (d+h+g—2f) 17
2a 2 )

aremy” = qy"(py" — f) = (

The following proposition summarizes the result$aso

Proposition 1. For given(h, cf, Q), the monopolist’s equilibrium strategy can be:

() L suchthay,* =1,p," = 6 andr,” = 6,

(i)  Hsuchthagy® =“"—=<1,p," = 222 andny” = _*(“ +—) ;
2a 2 a 2

*_h+60 *+h+6
(i) F  such that qp" == 20;_ <1 , p= % and mp* =

(a*—h+Q) (a*+h+g—2f)_

2a* 2 ]

: % 1-h—c+0 % 1+h 0 " 1—h—c+0 2
(v) Csuchthay,” = ——"=<1,p;’ = ——“=andm;" = ( ZC+_) ;

with a* = a(pU = pH*) =a and a" = a(pu #* pH*) =0, where U=H,F and a=

prob(f = h) =1—G(h).

Under strategiebl, F andC the equilibrium quantity produced is lower thae th
overall mass of consumers. In these cases, theiassbprices need to account for high
quality production and certification costs, andcsitonsumers are heterogeneous with
respect to their additional willingness to pay figh quality, some consumer may end
out of the market. For strategiesand F this is the typical "lemons" result (Akerlof,

1970), whereby dishonest dealings tend to driveebbdealings out of the market. There

7 In sum, the choice of the monopolist with regaalsttategie$ andH crucially depends on its tyge

Note that there is a continuum of types in therirgtg[0, ], but only two hidden actions embedded in an
uncertified claim of high qualityd or F. Thus, for a threshold typé= h that would be indifferent
between the two actioris andF, a can alternatively describe the proportion of tyfie strictly prefei
overF, that is, those such that> f.
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might be potential buyers for legitimate high qtyatiroduction offered at the given price
py, but the presence of fraud reduces consumershgrkiéss to pay and hampers the
legitimate firms producing high quality. Additiomglless than full market coverage also
occurs in strategZ, where no fraud exists, due to consumers” hetemyeregarding

their additional willingness to pay for high quglit

We now turn to existence considerations of eaclilibgum strategy. Out of the
four admissible strategied,(, H, C), the monopolist prefers the one with the largest
associated profits. It is important to highlightathconsumers' beliefs on the
trustworthiness of uncertified claims affect thaseence conditions of all equilibria
through its impact on profits for strategies H &nee ii and iii in Proposition 1, above).
The following proposition presents the conditions the existence of each equilibrium
strategy in the space of combinations of high qualioduction costsh) and certification

costs €¢). Remarkably, the equilibrium strategy is unigaediven parameter values.

Proposition 2. Given a monopolist’s typg, the set of parameter valués, ¢) that
delimits the area where equilibrium C is preferisdhon-linear and non-monotone. The
preference for equilibria H or F is delimited bhy= f; and the preference for equilibria
F or L is delimited byr = h, wherer;* = ,*. As long as<£ h, the monopolist can be

fraudulent in equilibrium foh € (f, ).

We explain Proposition 2 with the help of Figureld.the horizontal axes we
measure the unit cost of producing high quahfy (hile in the vertical axes we represent
the unit certification costc]. This figure illustrates the most complete casens all

strategies can be equilibrium strategies, depenalintpe specific values f@h, c).
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[INSERT FIGURE 1 ABOUT HERE]

We first comment on the upper part of Figure 1.r&€heertification costs are large
enough such that the certification stratégyg not optimal. The figure shows that the
monopolist switches from high quality productiafi)(to low quality production with
fraud (F) to finally low quality production marketed as bBuo consumerd. as the unit

cost of producing high quality, increases.

First, in choosing between producing high qualitypooducing low quality and
commit fraud (strategieH or F), a monopolist of typg exclusively focuses on the
relation betweer andf. Forh such thah < f, fraud costs are deterrent and strategy H
is preferred. Foh such thah > f, the monopolists' profits are higher when commgti
fraud. Despite consumers cannot ascertain if theparchasing{ or F, since fraud costs
f are only known by the monopolist, they hold balieh the monopolist’s quality claims.
Their expected trustworthiness of the monopolistrel@ses i, as they anticipate the
monopolist is more prone to fraud for higher prdduccosts. For sufficiently large,
consumers” beliefs on the truthfulness of uncediftlaimsx™ decrease up to the point
that strategy. is preferred over stratedy. Given the lack of trust on high quality
products, the additional willingness becomes seraugh so that it does not pay for the

monopolist to incur in the costs of fraud.

Now, the monopolist prefers the certification st when certification costs are
relatively low. Interestingly, the monopolist facasthreshold condition for choosing
strategyC that is non-linear and non-monotonehinThe explanation for the non-linearity
relies on the specific assumptions about the pribtyadhstribution of . The explanation
for the non-monotonicity is more puzzling, butsikiey for the results we will derive later

on.
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The increasing part of the threshold condition dboosingC (see Figure 1) is
defined by the implicit relationship betwekrandc such that profits for strategi€sand
H are equal (foh < f), and the implicit relationship such that profas strategies” and
F are equal (foh > f). Both implicit relationships depend on consumerglogenous
beliefs. For the extreme case whire 0, consumers can ascertain that fraud costs are
deterrent, for any positive value of fraud costensistently, consumers’ beliefs of
uncertified claims arex*(p, =p,") =1 and a"(p, #p,”) =0 . Since consumers
completely trust firms' uncertified claims, cexdtion does not provide additional
information, while it entails additional certifiegah costs. As a result, strategydoes not

arise wherh = 0.

As h increases, profits associated with strategleand C decrease, but the
reduction of profits for strategy H is larger. Fven beliefs, an infinitesimal increase in

x—h+0 a+h+8

. . ory _ * ornc — _ 1-h-c+6 — —* i * =
h implies T = —dn and o = S = —qc- Sincepy” = and
+ _ 1+h+c+6 : * * * * i
pc" =——— we can easily conclude thaj* < p." and thereforgy > g¢, which

means that for given beliefs the impact on theifgrabsociated with strategly are larger.

Additionally, consumers’ trust on the uncertifieglrsion decrease asincreases. Given

that the impact of a change in beliefs on profas $trategyH is positive, asa(%” =

~h+6\ (x—h+0 ~h+6 . : :
—i(“ 2+—) {“ 2;—— 1} > 0 and=> 2;— = q; < 1, an increase i causes a further

decrease in profits associated with stratégyue to the induced change in the beliefs.
On the contrary, profits associated with stratéglo not change with consumers’ beliefs.
In sum, profits associated with stratdgydecrease more than those associated Gviak
h increases, and consequently, Aiox f the corresponding threshold levelco$o that

Ty = T INCreases.
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A similar conclusion follows for the threshold retaship between C and F once
h > f. This threshold condition is implicitly given " = n.*. Following a similar
procedure, the reduction of profits for strategyai be proven to be larger than that for
strategyC as long ash increases. Again, consumers’ beliefs on the tultlelss of
uncertified claims decrease hn and the certification strategy becomes more ditra

for larger values ok.

The decreasing part of the threshold conditiondbwosingC arises foth > h
when profits for strategies andL are equal. In this case, consumers’ beliefs dglagt
any role, since they do not affect profits assecdiatvith C or L. Note that profits
associated with stratedyare independent of bothandc. The negative relationship
betweem andc is mediated by a need to compensate via loweffication costs the
increases in the costs of producing the high qualith that both profits are kept equal

ash increases.

5. Discussion

In this section, we discuss some intriguing restiitat derive from all the
mathematical analysis presented in the previousiosecThese results refer to the
likelihood of fraud, the likelihood of supplying@e) high quality, and the likelihood of
certification. We first provide a statement for leaesult, and we then offer an intuitive

explanation.

Result 1. It is possible that in equilibrium the monopolisinemits fraud on

product quality.Fraud cannot arise under extreme values of highlijuproduction or
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fraud costs but only under intermediate costs adidrrelative to high quality production

costs.

This result is interesting and somehow counterinvifrom the point of view of
the standard literature on regulatory enforcem&hich claims that agents violate laws
whenever the expected costs of complying are larger those of non-complying, as in
Becker (1968). Translated to our context, the exfiorent literature would suggest that
fraud can only arise if the (expected) costs of mittmg fraud (in our caseg;) were
smaller than the costs of producing genuine higalityju(h). As we have seen in the
previous section, endogenously considering conssinbetiefs is critical in the analysis
and precludes the emergence of fraud when bothf andh > h, that is, when fraud
costs are relatively small. This is because conssiiaugicipate that uncertified products
would be fraudulent and are not willing to pay aagditional price premium for
uncertified production. In this case, the monopslistrategies become limited to
producing the low quality version or truly produgiand certifying the high quality

version.

Therefore, fraud can only arise when consumers sloome but less than complete
trust on the monopolist's uncertified claims. Cogiback to the examples in the
introduction, the combined existence of marketiagnpaigns where firms present their
products as of higher quality in a credence attebn markets where scandals for
misleading marketing are relatively frequent, wolddcompatible with consumers' trust
being positive but less than perfect. For the EeaopUnion, surveys on consumers' trust
on green products show that this is the case ftarge proportion of consumers

(Commission, 2009).

21



Result 2. When fraud arises, increasing certification cdstsadens the range of

parameter values for which the monopolist commasd.

The interrelation between fraud, investment in hegrality, and certification
entails that as certification costs increase (fdirra of a given typef), the range of
parameter values a@f for which the firm engages in fraudulent markeimgroader. This
result differs from the findings of Hamilton andli@&rman (2006) regarding the
emergence of fraud in the use of labels. Theirymmaldoes not allow for high quality
production to be marketed without certificationqaonsequently for fraud in uncertified
products) but it is more flexible in the informatioontent of certifications, which can be
fraudulently obtained by low-quality products. Theesults support that certification
costs can reduce or eliminate fraud in high quatigrkets by reducing the marginal
return to disguising low and high quality. Thisfdience in focus results in a sharp
different conclusion, since our findings suggestt tivthen considering the potential for
fraud in uncertified production, increasing cedadtfiion costs might not alleviate, but

rather strengthen the prevalence of fraud.

Next, Result 3 addresses the likelihood of cedtfin:

Result 3. A decrease in the cost of producing high qualibgs not necessarily

entail that the monopolist is more prone to cezéfion.

This result is illustrated in Figure 1, and itiges from the non-monotone shape
of the delimiting range of parameter values thakenatrategyC being optimal (see
Proposition 2). The result seems counterintuitisence we would expect that as
production cost of high quality decreases, strategybecomes cheaper and certification

emerges for a larger range of admissible values of
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The explanation relies on consumers” trust onitheéd uncertified claims of high
quality. As long as the cost of producing high @gyalecreases, consumers” willingness
to pay for uncertified high quality increases, simonsumers’ trust increases. Offering
the certified version can then be attractive foagéaenough high quality costs, where
consumers” willingness to pay for the uncertifiedsion is negligible. However, lower
high quality production costs are associated watgdr willingness to pay for the
uncertified version, and everything else equalpwelr preference for the certifying

version.

The effects described in Results 1-3 have implcation the overall investments

in high-quality production, as defined in result 4.

Result 4. A decrease in the cost of producing high qualitgdoot necessarily

entail that the monopolist is more prone to prodtieehigh quality version.

Again, this result is counterintuitive, since weulbexpect the monopolist being
more prone to offer high quality as the cost ofdu@ng high quality decreases. To
illustrate this result, let us fix a value for theit certification costd) in Figure 1, and
consider the monopolist’s optimal strategy as tlieaost of high quality productior)
decreases, that is, as we horizontally move fraghtrio left in the figure. Clearly, for
very low values ot, the monopolist’s optimal strategy changes fiota C first, and
next toH for even lower values d@f. That is, as intuition suggests, it switches filom

to high quality production as decreases.

Similarly, for large enough values ofthe monopolist’s optimal strategy moves
first from L to F and next td{ ash decreases. But interestingly, for intermediateiesl
of ¢, ash decreases the optimal strategy changes first frooC, and next it switches to
low quality fraudulently marketeH, to finally move to high quality production withu
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certificationH. That is, at some point the monopolist’s optintetegy switches from

high quality (certified) to low quality (with fragdish decreases.

The reason for this result can be found in consameguilibrium beliefs
associated to the monopolist’s claims of (uncedjfihigh quality. For giveif (the
monopolist type), as long @&sdecreases (movement from right to left) in Figlre
consumers’ trust of uncertified claims increaseenlcommitting fraud becomes more
attractive, possibly becoming preferable to offgrthe certified version. Formally, by
keeping on the fraudulent strategy consumers dhiagvio paya*6;, which increases as
h decreases, while by affording the additional abstertifying the high quality version,
the monopolist ensures that consumers are fullyngito pay the additional amouét

on its product.

Notice that from a policy perspective Result 4 miginggest caution in the use of
production subsidies (decreasihg aiming to induce investments in high quality
(whether certified or not). This is particularlyeticase in industries where low quality
production is prevalent and certification costsramalerate. Both of these conditions are
rather common in real life. Equivalent counter-pretive results would not arise by using
certification subsidies instead. This might wellthe reasoning behind the EU strong
support to certification of firms” voluntary pramds (e.g. EMAS and Green Flower in the
environmental dimension). Moreover, certificationbsidies might be worthless in
industries where the monopolist is already suppglyiigh (although uncertified) quality.

This is illustrated in Figure 1, when< f.

To conclude this section, it is worth mentioningsvour results change under
simpler versions of the model. Fraud in uncertifsedduction cannot arise in equilibrium

in two particular situations. The first case is winggher quality were not a credence good
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and consumers could assess product quality afteshase. An implication is that
certification is no longer needed, fraud is notguole, and high quality production is
more likely in this particular casé® This suggests a positive market impact of
technologies that are currently under developneetriack the origin of raw materials by

using DNA test®¥ or smart labefS.

The second is the (unlikely) situation where constshad perfect information
about all the parameters (in particular, the exattes forh andf). In this particular
case, consumers would be able to perfectly infdraffirm is actually committing fraud
or not by simply comparing andh. Thus strategy would not be possible, as it would
not be able to induce prices high enough to cowethe additional fraud costs. Notice
that the likelihood of certification becomes largerthis particular case (the firm now

chooseg instead of as long a%;, < m().

6. Alternative market structures

In this section we extend the baseline model tmalbr oligopolistic competition.
All the technical details are in the Appendix. Wew that the four results highlighted in
the previous section are valid under bGthurnotandBertrandcompetition, although the
possibility of fraud diminishes as long as the nendf competing firms increases. Thus,
all the policy implications discussed in Sectioadply in this context as well. Moreover,
the competitive market structure can result incive@xistence of certified and uncertified

high quality production (truthful or fraudulent) @guilibrium.

1-h+8

18 |n this caser;; = ( )2, andrmj; > m; whenh < ({/6 — 1)2.

19 Forbes, February 12 2016 "Using DNA to fight fatfraud".
20 The EU-funded research project Tag it Smart aimnguarantee the traceability of individuatits of
products thoughout its life cycle (http://www.tegitart.eu/).
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We assume that the market is comprised @x anteidentical firms. Each firm
can select one out of the four available stratedid$, F,or C. The number of firms
following each strategy is denotedmsi = L,H, F,C, where),;n; = N. We assume
first that firms selecting the same strategy dedlde quantity they produce through
Cournot competition (in the case there were only one fgebecting one particular
strategy, it would act as a monopolist for its ovaniety), and the prices of the different
varieties are endogenously determined. The diffeeguilibrium configurations now
include the equilibrium quantities, the number omé adopting each strategy, the
associated equilibrium prices, and consumers'fisetie the truthfulness of uncertified

claims.

An important difference with the monopolistic aresyof the previous sections is
that consumers can now opt for the different vesetof the product that are
simultaneously offered. In equilibrium, firms caslléw different strategies even when
they areex anteidentical. Then, several configurations are pdssibanging from
situations where only one variety is offered iniglguum, to cases where consumers can

choose between the three varieties of the produ#t,or C.

Figure 2 shows the equilibria configurations in pace of h, c) combinations
for given typef firms. For the purpose of illustration, this figushows a particular case
with three competing firms, and where fraud cgstsllow a uniform distribution in the
support [0,1]. The interested reader can find tlemegal results on oligopolistic

competition in the Appendix.

[INSERT FIGURE 2]

A noteworthy common characteristic between Figufesand 2 is that

configurations where fraud emerges arise for inegliate values of high quality costs. In
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Figure 2, this includes scenarios where some feammitting fraud coexist with other
firms offering low quality (denoted d4), and situations where some firms committing
fraud coexist with firms marketing both low qualaynd certified high quality (denoted

asLFC).?

However, the likelihood of fraud diminishes wher ttumber of competing firms
increases. The reason is very intuitive. If the banmof competing firms in the industry
is large, the profits of the firms offering the fdifent varieties converge. For example,
conditionrr;, = my = m in configurationLHC determines the number of firms offering
each version of the product in equilibrium. ThenconfigurationLFC, firms selecting”
should mimic the price of honest firmsit#C to gain consumers” credit. This would
imply that the corresponding profits would be larti@an those of the firms offerinigor
C. Consequently some of the firms choosingr € would have incentives to pldy
instead, which would result in higher prices thawse under honest behavior. This would
induce consumers to think that firms offering utied high quality are indeed
committing fraud, and therefore,would drop to zero. As a result, the configuratiétt
cannot be an equilibrium configuration when the bemof competing firms is

sufficiently large. For similar reasons, configuvas LF or FC cannot arise either.

The only remaining possibility where fraud couldsaris in a homogeneous
equilibrium where all the firms commit fraud. Ingltase, all the firms would mimic the
price of honest firms in homogeneous configuratiorBut the only possibility under
which this case can exist is under zero costsaduyming high quality, which is a rather

unlikely scenario in real life.

21 In general, configurations where all firms comrnaud (F) or fraudulent firms coexist with firms
certifying high quality £C) are also possible in equilibrium (see the Appefidii details).
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If we alternatively assume that the firms compaterices, each firm can select
one out of the four available strategibsH, F,or C. Under Bertrand competition, the
price of each variety equals marginal cost (ancefoee profits are zero) as long as there
are at least two firms offering the same varietlyerefore, the only cases where there
would be firms obtaining positive profits would these in which a firm is a monopolist
for a particular variety, which occurs only whee thumber of competing firms is small
enough. Firms have weaker incentives to deviatemuBdrtrand competition than under
Cournot, since deviating means harshly competingices and therefore obtaining zero
profits. But again, the possibility of fraud dinshies when the number of competing firms

is large, for the same reasons as those given @alenot competition.

7. Conclusions

The coexistence of conventional production, volgnpaovision of higher quality
products, fraud and voluntary certification is coamrin many market settings. In this
paper, we have presented a model that formalizesiments in high quality production
in settings where firms can choose to certify tipeoduction to outstand in credibility
with respect to other firms that truthfully (or hafaim to produce high quality goods.
This model is equally applicable to a broad ranfequality dimensions, such as
employment discrimination, "fair trade", respect ftuman rights, long-term health
implications of products, or environmental aspeciluding the use of pesticides,
genetically modified organisms, and other contestisre high quality presents attributes
of a credence good.

The main contribution of this study is that we miatie emergence of fraud in

uncertified production of high quality and we allobwut do not impose, firms to certify
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their products. We show that the interaction betwd®e prospect of fraud in the

uncertified variety and the possibility to certifyoduction critically influences market

outcomes. Our results suggest that the range ahpater values for which fraud emerges
might be smaller than previously considered in sate literature. Fraud does not
emerge when consumers can anticipate that alkepdrts on high quality that are not
third-party certified are fraudulent. Similarly, waerive new results regarding the
potential mechanisms to alleviate fraud. In patéicuas opposed to previous literature
with a focus on fraud in the use of certificatiag show that increasing certification costs
might not alleviate, but rather strengthen the alevce of fraud.

Moreover, we show the existence of a non-monotetetionship between the
likelihood of certification and the costs of prothg high quality. For a certain range of
parameters, certification becomes more attractiviiag as the cost of producing high
quality increases. However, once consumers” tmairzertified claims is sufficiently
low, firms are more likely to produce the standaedsion. Thus, in deciding between the
standard and the certified versions, the likelihobdhe latter decreases as long as the
cost of producing high quality further increasee3@ two properties define in turn that
firms are not necessarily more prone to producéhitle quality version as the costs of

producing high quality decreases.

An implication of this is that governments shoulel é&specially cautious with
subsidizing voluntary practices. Such subsidiescaftonsumers' beliefs on uncertified
claims and in turn indirectly modify firms' prodian decisions, not necessarily entailing
stronger investments in high-quality productioomiBrly, in light of our results, markets
where certification is widespread are not necelystnose where production is of higher
quality, because this is mainly needed in contesisre consumers do not trust firms’

claims.
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Potential extensions of the model could addressrbgéneity in consumers'
beliefs or firms' costs. The former would accoumt different perceptions of firms'
trustworthiness, since the degree of informatiotherperceptions formed about a given
set of information may well vary across consuméng model would be technically more
complex, but our basic results would continue tlwhas long as consumers” beliefs on
the truthfulness of uncertified claims were dedrgasn the cost of producing high
quality. Heterogeneity regarding firms” costs woulthsider inherent advantages of
specific firms in a given production strategy. Agaihe main messages regarding the
likelihood of fraud, high quality production and rtfcation would be crucially

determined by consumers” beliefs on the truthfidredésuncertified claims.

It is worth noting that we have conducted our asialyassuming that fraud can
only be associated to firms' uncertified claimsu3hwe have assumed throughout that
certification fully eliminates the asymmetric infoation problem of consumers,
providing a true signal of product quality. Thisaisimplification of reality, where fraud
in the use of certifications also exists. Howetlee,amount of monitoring and control by
Public Agencies and NGOs on the trustworthinesseofified products is often larger
than that devoted to scrutiny and enforcement &ssacto fraudulent marketing. Take
as an example organic farming certification, whizneners need to follow long and
tedious administrative procedures, including oe-siisits of production practices.
Uncertified agricultural products have used forg@milar wording such as "bio", "eco”
and alike, in marketing their products to misleadsumers. This use was so prevalent
that for example the E¥ has passed specific regulations controlling the af

misleading wording in the marketing strategy ofi@gtural products. An interesting area

for further research would be to allow for fraudttbdan the uncertified and certified

22 Regulation 834/2007
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versions of the product, which would require a mooenplex modeling of consumers'

beliefs.

31



8. Appendix: Oligopolistic Competition

For the purpose of illustration, we describe inadethe way in which
configuration LFC is obtained?® As in the baseline model, the possibility to offer
fraudulent or true uncertified high quality depembsthe relationship between the unit
cost of producing high qualityh() and the expected cost of committing frayd).(
Consumers” beliefs are also key in defining thergerece of fraud, and as a consequence,
the analysis of configuratiab¥C is necessarily linked to the analysis of configjora
LHC, where true high quality is offered with and witih@ertification. The reason is that
firms selectingF in configurationL.FC must mimic the price honest firms would set in

configurationLHC so that they can falsely gain some credibilitye(Bmotnote 15).

Assume a given firms’ typg and consider first the cage< f. Then, all the firms
prefer strategy over strategy, as the costs of producing high quality are lothan
the expected costs of fraud. This means that giydtevill not be chosen by any firm.
Firms can then opt for strategiesH or C. Assume that a subset of firmg selectL, a
subset of firmsy, offersH, and the remaining firms, = N — n;, — ny offer C. Each
consumer derives (expected) surplus from each tyarggven by6 —p,; 0 + ab; —
pu; 8 + 0, — pc respectively, and purchases the variety that géeethe largest surplus
given his consumer typ#. Note that the consumer who is indifferent betwieenand
uncertified high quality (that is, the one thatides exactly the same surplus from the

, and the consumer who is indifferent between ifigst

two varieties) igt" = Mtk

and certified high quality i§1¢ = %. Sinced; € [0,1], and assuming < 8 <

23 A summary of the results for all the possible ogunfations is provided in Tables 1 and 2, below.

32



pH¢ < 1, the corresponding aggregate demands for the actgpevarieties ar@, =

PH—DPL. _ Pc—PH _ PHPL. —1— Pc—DPH
a  Qn 1-a a Qe 1-a

Low quality firms select the quantity that maxinszedividual profitst, = q,p;,

wherep, = py — aQ, andQ, = q; + -+ q,,. The optimal quantity ig, = PH__
a(np+1)
and substituting it into the demand function yields pricep, = npil. Thereforeg;, =
L
2
PL_ \which results in profite, = 22—
np+1

Similarly, firms choosing uncertified high qualitgelect the quantity by
maximizing 7y = qu(py — h) , wherepy = apc + (1 —)p, — a(1 —a)Qy . The

apc+(1-a)pL—h

o el and substituting this into the corresponding

optimal quantity isqy =

apc+(1-a)pL+hny py—h
ny+1 ) Then’qH a(l-a)’

aggregate demand function leads to the prjce-

—h)2
which results int, = %.

Finally, firms offering certified high quality selethe quantity by maximizing

. = qc(pc —h—c), wherep, =1 —a+py — (1 —a)Q,. The optimal quantity is

__ 1-a+pyg—h-c

= . Substituting this into the corresponding aggregiégmand function
(1-a)(nc+1)

qc

1-a+py+(h+c)ne
ne+1

pc—h-c
1-a

leads to the price, = . Then,q. = , Which results int, =

(pc—h—c)?
1-a

__ apc+(1-a)pp+hny
1’ Pu =

Notice that the three pricep, = 22

- and p. =

ng+1

1—-a+py+(h+c)ng
nc+1

are interrelated, and the unique solution of tltesee equations yields

equilibrium prices conditional on the number ofrfg following each strategy. The

solution forpy yields:

33



(n, + Dfa[l —a+ (h+ c)ne] + hnyg(1 + ne)}
n,+Dnc+D(nec+1) —an, — (1 —a)ne—1

Ph =

which can be substituted into the correspondingesgions fop; andp. to obtain the
remaining equilibrium prices. From these equilibriuprices, the three respective

equilibrium quantities and profits can be obtained.

Now consider the alternative case whiere f. In this case, no firm will prefer
strategyH, which is dominated by strate@y In configurationLFC, F firms mimic the

behavior ofH firms in configurationLHC. This means thaiyx(a) = pj;(a) andrz(a) =

[pj(a)—hl[pf(a)—f

o) ] Sincepr(a) = py(a), the equilibrium prices and profits of the firms

selectingL or C in configurationLFC are the same as those in configurafiéitC. As in
the monopolistic situation, this specific behavesupported by the equilibrium beliefs

a*(py =py*) = aand a*(py # py™) = 0, wherea = prob(f = h) =1 — G(h).

The remaining configurations are obtained in alsinway, and we summarize
all the resulting equilibrium prices and profits Tmbles 1 and 2. For configurations
offering two varieties, the indifferent consumenvbeen the two varieties delimits the
corresponding demands. In homogeneous configusatifiaring only one variety, all the
firms engage in Cournot competition for that variéithe analysis of the configurations
where some firms commit fraud is necessarily linkedhe analysis of configurations

where firms truthfully offer high quality, in th@mse way as we have explained above.

[INSERT TABLES 1 AND 2 ABOUT HERE]

Now we turn to existence considerations. We focaghe conditions for the
emergence of fraud in equilibrium. It is clear tr@infigurations that include the
fraudulent strategylFC, LF, FC or F) can only arise under the critical conditifr< h.

However, there are additional technical requiremelRor example, focusing again on
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configurationLFC, there must be a positive demand for each vatiedy,s, the respective

and

indifferent consumers must be such that 7 < 9H¢ < 1, wheregLf = pHapL

gHC = %. Moreover, no firm must have an incentive to devta any other strategy,

that is, each firm must obtain the largest prqdlts/ing that strategy, for given strategies

of the remaining firms.

We nowanalyze the specific situation presentedhiénmain text, that is, the case
with three firms, each one following one of the sibke different strategies, F andC,
where f follows a uniform distribution in the suppd@,1]. Based on the previous

analysis, foth > f, the equilibrium prices of the respective varigtiehemn; = ny =

B+a)(1-a+c)+(5+a)h
6

a(l—a+h+c)+2h __ a(l-a+h+c)+2h

- , PF = ; , and

andp. =

ne = 1arep, =

a(l—a+h+c)+2h
; and

the respective expressions for the indifferent ooreys are9:f = —

9FC — B-a)(d-a+c)+(1-a)h
- 6(1-a)

Condition 8% > 0 always holds sinced <a <1 .

B+a-h)(1-a)

Condition 8¢ < 1 is met as long as < , and conditiongF < ¥¢ is

(1-a)(h-a)

satisfied whenevetr > . Given the specific condition on the probability

distribution of the type of the firms, consumemdiéfs arex = 1 — h, and the two critical

4h—2h? h

-h

conditions for8¥¢ < 1 and§LF < 6FC reduce respectively o< 2222 andc > 2

Then, there is no demand for the certified versithe product if the first condition does
not hold and, consequently, configuratioih arises. Also, there is no demand for the
uncertified version of the product if the seconddition does not hold and, consequently,

configurationLC arises’*

24 Note that for the alternative case whare f, the critical conditions for obtaining configutiLHC
are exactly the same as those for obtaidifg, since the equilibrium prices and the positionttod
indifferent consumers remain unchanged.
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In addition, it is important to verify that in caglirationLFC (and similarly in the
remaining configurations), firms do not have inoegg to deviate from its equilibrium
strategy to any of the remaining two strategieggfeen equilibrium choices of the other
firms. For the firm playind., this means that profits in the equilibrium configtionLFC
must be (weakly) larger than profits for that fipphaying F or C in the equilibrium
configurationFC. Similarly, profits for the firm playing’ in equilibrium configuration
LFC must be (weakly) larger than profits for that fiplayingL or C in the equilibrium
configurationLC. Finally, profits for the firm playing in equilibrium configuratior.FC
must be (weakly) larger than profits for that fipplaying L or F in the equilibrium

configurationLF.

Combining all different conditions, it is easy tod values of the parameters for
which configuration LFC constitutes an equilibrium configuration. Consjdéor
example, the case where the unit costs of frawgh @uality production and certification
are, respectively,f =0, h=04 and ¢ =0,12. Under this specification, the
corresponding equilibrium prices for the three etiels arep, = 0,23, py, = 0,45 and
pc = 0,69, and the respective profits arg = 0,085, m; = 0,10 andr, = 0,068. Since
f < h, the firm offering uncertified high quality is aetlly committing fraud. The firm
producingL does not have incentives to deviate to any obther two strategies given
the choices of the other firms (it would be obtagn0,081 and 0,05 if it deviated Foor
C, respectively). The firm selectirfgdoes not have incentives to deviate to any of the
other two strategies either given the choicesefter firms (it would be obtaining 0,09

in any of the two deviations toor C, respectively). Finally, the firm selectidgdoes not
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have incentives to deviate to any of the other $ivategies either (it would be obtaining

0,08 and 0,04 if it deviated foor F, respectivelyf>

25 Table 2 summarizes the profits for each firm unither different equilibrium configurations. Then, to
obtain the deviation profits of the firm playihgn configurationLFC with three firms, we have computed
the profits for a firm playing in the configuratiorFC where two firms play and one firm plays, and
also the profits for a firm playing in the configuratiori*C where one firms pla¥ and two firms play€.
Similar comments apply to the remaining equilibria.
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Figure 1. Equilibrium strategies for type f monopolist



Figure 2. Equilibrium configurations under Cournot oligopoly
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N+1
& +hn & +hn -
LE H (n, + 1) H
& +hn & +hn -
LH H (n, + 1) H
LC 1+ (h+o)n, - 1+ ((h+o)ne
(n, +1)
FC - 1-x +hny(ng + 1) + (h + o)ng (1-)(ng + 1) + hng + (h + c)nc(nyg + 1)
HC - 1-x +hny(ng + 1) + (h + o)ng (1-)(ng + 1) + hng + (h+ c)nc(nyg + 1)
LFC « [1—x +(h + c)ng] + hng(1 + ng) (n, + D [1—x +(h + c)ng] + hny(1 + ne)} 1—x +(h + c)ne Py
m+Dng+Dne+1D)—oxn, —(A—c)n,—1| (n,+ D(ny + DH(nc +1)—xn, — (1—c)n, — 1 ne+1 ne+1
LHC « [1—x +(h + c)ng] + hng(1 + ng) (n, + Do [1—x +(h + c)ng] + hny(1 + ne)} 1—x +(h + c)ne Py

(n,+Dng+D(ng+1)—xn, — (1—c)n, — 1

(n,+D(ng+D(ng+1)—xn, — (1—c)n; — 1

ne+1 ne+1

TABLE 1. Equilibrium prices in the respective configurations under Cournot competition
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LF (< +hny)? [(n, +1) < —hn ][(n, + 1) « —fn,]
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TABLE 2. Equilibrium profits in the respective configurations under Cournot competition




