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1. Introduction

The question of whether ensuring that customers are bet-
ter informed results in more competitive market outcomes is
of great importance for both competition authorities and
consumer protection agencies. Practitioners seem to consider
an increased market transparency on the customer side as an
appropriate means to promote competition. For example, the
Bundeskartellamt (German Competition Authority) empha-
sizes the unambiguously positive effects of a higher degree

* We would like to thank two anonymous referees, Florian Géssl, Vitali
Gretschko, Wanda Mimra, Markus Reisinger, Achim Wambach, Tobias
Wenzel, and Gregor Z6ttl for very helpful comments and suggestions.

* Corresponding author. Address: University of Cologne, Department of
Economics, Albertus-Magnus-Platz, 50923 Cologne, Germany. Tel.: +49
221 470 6067; fax: +49 221 470 5024 (A. Rasch), tel.: +41 31 330 48 71;
fax +41 31 330 63 84 (J. Herre).

E-mail addresses: rasch@wiso.uni-koeln.de (A. Rasch), jesko.herre@
bkw-fmb.ch (J. Herre).

0167-6245/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.infoecopol.2013.02.002

of customer information on competition.! In the same vein,
it is often argued that the undesirable consequences of coordi-
nated behavior stemming from an increased transparency
among firms may be alleviated if customers gain access to
more information at the same time. As Capobianco and Fratta
(2005) report, the Autorita Garante per la Concorrenza ed il
Mercato (Italian Competition Authority) holds the opinion that
a higher elasticity of demand in a situation where customers
are better informed “may, in a dynamic context, undermine
any potential collusive practice” (p. 6) resulting from the ex-
change of information between firms.

In this article, we build on Schultz (2005) who sets up a
Hotelling (1929) model with inelastic demand to analyze
the implications of customer-side price transparency for

! See, e.g., “Bundeskartellamt verdffentlicht bundesweiten Gaspreis-
vergleich fiir Haushaltskunden [German Competition Authority publishes
countrywide gas-price comparison for households]”, press release, January
3, 2007 (document available from www.bundeskartellamt.de).
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the stability of tacit collusion. Generally speaking, increas-
ing transparency has two opposing effects on the stability
of collusion: on the one hand, deviation from the collusive
outcome becomes more attractive as more customers learn
about price cuts. On the other hand, there is tougher price
competition if collusion breaks down, i.e., the potential
punishment is harsher. He shows that a higher degree of
transparency unambiguously destabilizes collusion.? Con-
trary to that, we find that increased customer transparency
may not necessarily be the optimal solution to fight anti-
competitive behavior. Our setup differs from his approach
in that we set up a model of spatial competition where
two horizontally differentiated firms face customers with
elastic (heterogeneous) demand. Applying the concept of
grim-trigger strategies, we show that for a relatively low de-
gree of differentiation, the implications of an increase in
market transparency are ambiguous and increasing trans-
parency may be desirable in order to destabilize collusion.
If, however, the degree of differentiation is sufficiently high,
a greater market transparency—different from the inelastic-
demand case—stabilizes collusion.

The reason behind this difference is that, with elastic
demand, a change in the level of differentiation has an
additional effect compared to the case with inelastic de-
mand: beside a competition effect which leads to higher
(competitive) prices as firms become more differentiated
and which is also present in the inelastic-demand case,
there is a (price) elasticity effect. This price-reducing effect
refers to the observation that customers’ demand is lower,
the higher the price and/or the greater the distance between
the product’s characteristics and their preferences. The com-
petition effect dominates the elasticity effect for low and
moderate levels of differentiation. Thus, the situations with
elastic and inelastic demand are not different when it comes
to the impact of differentiation on collusive stability. How-
ever, the elasticity effect dominates the competition effect
if firms are highly differentiated. In this case, a deviating
firm which needs to undercut its rival not only gains a larger
market share from its competitor but also faces a higher lo-
cal demand which comes as an additional benefit. As a con-
sequence, deviation becomes more attractive. Moreover, the
elasticity effect gains in importance as firms become more
differentiated and thus, collusion is destabilized when the
degree of differentiation increases.

As for the change in transparency, its impact on collu-
sive stability is similar to a change in differentiation. Con-
sider the situation where firms are very differentiated, i.e.,
the elasticity effect dominates. If transparency increases, a
larger number of customers compares the prices set by the
two firms which results in more intense competition such
that the elasticity effect becomes less important. This is the
same effect stemming from a decrease in differentiation
and hence, collusion is stabilized.

If the degree of differentiation is low and if the market
is rather transparent already, then a further increase in
market transparency yields the same outcome compared
to a decrease in differentiation when firms are close

2 See also Schultz (2009b).
3 See Mérel and Sexton (2010).

substitutes: collusive stability is reduced due to the pre-
dominant competition effect. The opposite holds for an al-
most completely opaque market: even though firms are
close substitutes, there is hardly any competition as cus-
tomers are not aware of firms’ prices which means that
the elasticity effect dominates. Increasing market transpar-
ency then has the same effect compared to the case where,
starting from a high level of differentiation, differentiation
is reduced: collusion is stabilized.

Beside the contribution by Schultz (2005), there are
only a few other contributions that analyze the implica-
tions of different levels of market transparency on the cus-
tomer side.*

A very different approach to dealing with customer-side
transparency is suggested by Nilsson (1999). He develops a
model with unit demand and homogeneous products. In his
model, the majority of customers account for the expected
benefits from searching and decide whether to search or
not on that basis. Contrary to that, a fraction of the custom-
ers always search. A higher degree of transparency here
translates into lower search costs. Most customers thus no
longer search if firms set the same price which is true for
the (high-price) collusive phase. As a consequence, devia-
tion leads to a moderate increase in demand only which sta-
bilizes the collusive agreement. In the punishment phase of
the collusive equilibrium, firms set different (mixed-strat-
egy) prices which means that the majority of customers do
search. Clearly, if transparency increases, there will be more
search activity and hence tougher competition. Since an in-
crease in transparency only affects the punishment profits,
it helps stabilize the collusive agreement.

Mpgllgaard and Overgaard (2001) define market trans-
parency as customers’ ability to compare the products’
characteristics or quality. Products are actually homoge-
neous but are perceived as differentiated due to a lack of
rationality on the customer side. The authors show that
for the case of trigger strategies, the optimal degree of
transparency to make collusion as difficult to sustain as
possible is interior in the duopoly case. The implication
of their analysis to maintain some degree of opaqueness
in the market in order to make collusion harder to sustain
contrasts with the results in the present model for the case
of high differentiation.®

From an empirical point of view, Albak et al. (1997) as
well as Wachenheim and DeVuyst (2001) provide two
studies where a policy mainly directed at improving cus-
tomers’ level of information resulted in higher prices.®
The argument often put forward to explain this outcome is
that by giving customers more information, firms learn
about competitors’ prices at the same time. This makes it

4 For an overview, see Mpllgaard and Overgaard (2006) as well as
Overgaard and Mgllgaard (2008). Most articles deal with the implications of
information exchange between firms for the stability of collusive agree-
ments (see, e.g., Kithn and Vives, 1995; Kiihn, 2001).

5 Full transparency is shown to be optimal for five or more firms.
Moreover, the authors find that full transparency is unambiguously optimal
with two firms when applying optimal symmetric penal codes following
Abreu (1986, 1988) and Abreu et al. (1986) (see also Megllgaard and
Overgaard, 2002).

5 Albazk et al. (1997) analyze the Danish market for concrete. Wachen-
heim and DeVuyst (2001) look at the US livestock and meat industries.
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easier for firms to detect deviation and enact the punish-
ment which in turn facilitates collusion.” The analysis in
our setup where firms are fully informed about their
competitor’s price suggests a different—or complemen-
tary—explanation for the observation of increased prices: a
higher degree of transparency on the customer side may
have a direct stabilizing effect for collusion as well.

In their experimental study, Hong and Plott (1982) ana-
lyze the possible consequences of a proposed rate publica-
tion policy for the domestic barge industry on inland
waterways in the United States. At the time of the experi-
mental study, rates on tows were set through individual
negotiations and the terms of each contract were private
knowledge of the contracting parties only. Therefore, there
were calls for a requirement that a carrier had to announce
a rate change with the Interstate Commerce Commission
(ICC) at least fifteen days before the new rate was to be-
come effective.® The authors find that a publication policy
resulted in higher prices, lower volume, and reduced effi-
ciency in the laboratory. Moreover, the introduction of such
a policy hurt the small participants.®

The article proceeds as follows. In Section 2, the model
is introduced. We derive and analyze the critical discount
factor in Section 3. Section 4 concludes. The derivation of
profits as well as proofs are relegated to Appendix A.

2. Model

There are two firms which are located at the two ex-
tremes of the Hotelling (1929) line of unit length. Their
marginal costs are normalized to zero. Both firms are fully
informed about the price charged by the competitor.
Customers of mass one are uniformly distributed along
the line. To include different transparency levels, only a
share « of the customers are assumed to be informed about
the prices charged by the firms (where o € (0,1]). Firms’
locations along the linear city are common knowledge to
both customer groups. All customers either buy from firm
1 located at 0 or from firm 2 located at 1. Let g denote the
quantity a customer demands at a given price and
location. Then, a customer located at x derives the follow-
ing utility

when buying
from firm 1

q- % —q(p, +7(1 —x)) when buying
from firm 2,

qa-% —q(p; + 1)

(1)

where T measures the degree of differentiation (transpor-
tation costs) and p; denotes the price charged by firm i
(with i€ {1,2}). Note that the way the utility is defined

7 See Njoroge (2003) for the livestock and meat example. Contrary to
that, Azzam (2003) as well as Azzam and Salvador (2004) find no evidence
of collusion in these industries.

8 Note that, just like in the empirical studies cited above, the publication
requirement means that both customers as well as competitors have access
to more information.

9 Note that it is true that conversations on price collusion were strictly
forbidden but clearly, there was room for tacit collusion.

implies that a customer incurs the transportation costs
for every unit purchased, i.e., transportation costs increase
linearly in the number of products purchased. Alterna-
tively, one may interpret 7 as the disutility a customer
faces when he buys a product that does not fully match
his ideal product. Then, qtx represents the total disutility
suffered by a customer with preferred product characteris-
tics of x when consuming a product that is not ideal. Note
that the larger are q and/or x, the greater the disutility.

The way uninformed customers are modeled follows
Varian (1980) and Schultz (2005): an uninformed cus-
tomer does not know any of the two prices charged by
the two firms'®. Moreover, he has no opportunity to learn
about firms’ prices by visiting them sequentially, i.e., the
possibility to search for a better price is excluded. Futher-
more, uninformed customers do not learn across different
periods which means they have to form beliefs about the
prices set by the firms. Given their expectations, uninformed
customers decide which firm to buy from. Beliefs are such
that they are correct in equilibrium, i.e., uninformed buyers
anticipate the prices set by the firms. To deal with out-of-
equilibrium behavior, we assume that if buyers observe a
price different than expected, they keep their belief about
the price charged by the other firm.!! As firms are symmet-
ric (and in line with the literature cited above), in what fol-
lows, we will restrict our attention to symmetric equilibria
where the expected prices charged by both firms are the
same. As a result, uninformed customers always buy from
the closest firm, i.e., the indifferent uninformed customer
is located at 1/2.

As (informed) customers are assumed to be utility max-
imizers, the above utility specification implies that a cus-
tomer located at x will buy the following quantity from
firm 1

maxUs (x.py) = U1/0g=1-q—p; —x =0
= q;(x,py)=1-p; —x.

Hence, a customer has the following local demands at
either of the two firms

1-p,—x when buying from firm 1
1-p, —1(1 —x) when buying from firm 2.
2)

As far as uninformed customers are concerned, we point
out that their demand is also represented by expression
(2). Given their beliefs regarding prices when buying from
firm 1, they maximize expected utility of EU(q,p,) =
E(q —¢°/2 —q(p; +qtx)) = q — ¢*/2 — q(E(p,) +qTX), e,
EU(q,p;) = U(q,E(p;)). As a consequence, we have
OEU(q,p;)/0q = oU(q,E(p,))/0q. Given that uninformed
customers have rational expectations, their demands are
given by expression (2).

The utility specification implies that customers’
homogeneity with respect to their product preferences is

qi(x, p;) = {

10 This approach is also used in Schultz (2004, 2009a,b) as well as Gu and
Wenzel (2012).

" This implies that if a firm deviates with a lower price (out of
equilibrium), those uninformed buyers who decided to buy from this firm
are still willing do so.
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also reflected in their individual demand which decreases
as the difference in preferences and actual product charac-
teristics grows.'?

We make the following assumption:

Assumption 1. Transportation costs are such that compet-
ing firms always find it optimal to sell to both groups of
customers, i.e., T > 4(1 —a)(0? — 304 2v0o3 — 1602 4- 6401/
(256 — o3 + 1002 — 730) =: 7, and the market is covered, i.e.,
1<4/3=1.

The assumption that the market is covered means that
all customers along the line go to exactly one of the two
firms, i.e., not buying at all is not optimal. However, as
can be seen from expression (2), this is only true if trans-
portation costs are not too high. We impose a lower bound
on the transportation costs as we refrain from analyzing
the situation where firms are (almost) homogeneous. In
this case which requires the derivation of mixed strategies,
Schultz (2005) shows for an inelastic demand that trans-
parency has no (a vanishingly small) effect on the possibil-
ities of tacit collusion. We conjecture that the same is true
in the present setup and hence we will not study it further.
Note that the lower bound first increases with oo and then
decreases; it is equal to zero both for o — 0 and o = 1.> We
will comment on the derivation of these bounds below.

Plugging the local demands specified in expression (2)
into the respective utility expressions in (1) implies that
the indifferent (informed) customer located at x is given by
UnE.p)) = Ual.py) = %=1 P12,

We focus on the standard grim-trigger strategies de-
fined by Friedman (1971). Thus, collusion is an equilibrium
strategy when the discount factor ¢ exceeds the critical dis-
count factor & given by

70 _ 7€

020 = m g

3)

where 7%, 72, and 7" denote collusive, deviation, and pun-
ishment profits. All things equal, a lower (higher) punish-
ment or deviation profit leads to a stabilization
(destabilization) of the collusive agreement whereas the
opposite is true for a change in the collusive profit.

Let us briefly comment on the choice of grim-trigger
strategies. Certainly, an alternative option would be the

2 The model is kept as simple as possible to capture product differen-
tiation as well as elastic demand and to ensure the analysis is kept tractable
at the same time. It would have been desirable to come up with a
specification that embeds both cases with elastic and unit demand.
However, such demand functions turned out to be intractable. The
specification in Rothschild (1997) is similar to our limit case where o = 1.
Puu (2002) also uses a similar setup in the context of a price-then-location
game. Gupta and Venkatu (2002) develop a model with horizontally
differentiated firms, elastic demand, and fully informed customers to
analyze the stability of collusion under quantity competition and delivered
pricing (i.e., in a situation where firms bear the transportation costs). One
could also think of a different approach where customers are homogeneous
with respect to their demand, i.e., where their location does not have any
impact on the elastic demand function. Recent examples for such a setup
are the models by Gu and Wenzel (2009) as well as Mérel and Sexton
(2010).

13 Note that 7 attains a maximum of approximately 0.09125 for
o~ 0.33581.

use of optimal punishments following Abreu (1986,
1988) and Abreu et al. (1986) (so-called stick-and-carrot
strategies). In the context of a setup a la Hotelling (1929)
with quadratic transportation costs and symmetric firms,
Hdckner (1996) shows that applying optimal punishments
gives qualitatively the same results regarding the impact of
product differentiation on the collusive price as with grim-
trigger strategies analyzed in Chang (1991). Furthermore,
our benchmark is the inelastic-demand case of Schultz
(2005) who also applies grim-trigger strategies. Together
with the finding in Hdckner (1996), it thus appears
reasonable that we restrict our attention to grim-trigger
strategies.

In order to be able to determine collusive stability un-
der different degrees of market transparency, we next need
to derive the profits for the three cases of collusion, devia-
tion, and punishment. We relegate this exercise to the
appendix and proceed with the analysis of the critical dis-
count factor.

3. Critical discount factor

Given the profits under collusion, deviation, and pun-
ishment, we obtain the following result concerning the
critical discount factor for any combination of transpar-
ency and differentiation:

Proposition 1. There exists a threshold of the differentiation
parameter such that given differentiation is below this
threshold, an increase in transparency stabilizes (destabilizes)
collusion if the degree of transparency is low (high). If
differentiation is above the relevant threshold, an increase in
transparency always stabilizes collusion.

Proof. See the Appendix A. O

Fig. 1 depicts the critical discount factor for the different
parameter values of market transparency and product dif-
ferentiation. Interestingly, an increase in market transpar-
ency always leads to a lower critical discount factor if the
degree of differentiation is relatively high. For low and
moderate levels of differentiation, the relationship is U-
shaped.

To understand these results, we first have a closer
look at the extreme cases, i.e., at those situations where
firms are either hardly or very differentiated and where
the market is either completely opaque or fully trans-
parent.' We thus distinguish between the effects of
changing the degree of differentiation or transparency in
the market. As we argue below, changing the level of
transparency has similar effects compared to changing
the degree of differentiation. We start with an analysis
of differentiation.

Consider the case with full transparency and a change
in differentiation. Observe first that differentiation has
two effects for (competing) firms facing an elastic demand
(see the demand given by expression (4)). Following the
taxonomy in Mérel and Sexton (2010), the first effect can

4 The insights are summarized in Lemmas 1 and 2 and can be found in
the appendix together with the proofs.
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Fig. 1. Characterization of the critical discount factor ¢ for different
values of customer transparency o and differentiation 7.

be referred to as competition effect and gives firms an
opportunity to set higher (competitive) prices due to mar-
ket power as the degree of differentiation between firms
increases. The second effect, called (price) elasticity effect,
implies that each firm has an incentive to lower its
(competitive) price to limit the reduction in local demand
as firms become more differentiated. For low and
moderate levels of differentiation, the competition effect
dominates the elasticity effect which means that (compet-
itive) prices increase in the level of differentiation. How-
ever, firms need to reduce prices once the level of
differentiation is relatively high in order to boost local de-
mand. As a result, an increase in differentiation first leads
to higher (competitive) prices and profits before they begin
to fall again. Note that importantly, the elasticity effect is
not present in a model of inelastic demand (like the one
in Schultz, 2005), i.e., prices always increase in the degree
of differentiation (at least as long as the market is covered
as assumed here).

When it comes to collusive stability, this observation
implies that as long as the competition effect dominates,
i.e., for low and moderate levels of differentiation, the im-
pact of differentiation on collusive stability in the present
situation is the same as in the inelastic-demand case: if
firms are differentiated to a rather limited extent only, a
deviating firm always serves the whole market which
makes deviation very attractive and hence an increase in
differentiation destabilizes collusion due to lower punish-
ments (in the form of higher competitive profits). For mod-
erate differentiation, a higher level of differentiation leads
to a stabilization of the collusive agreement as attracting
customers becomes harder and hence, deviation is not suf-
ficiently attractive.!”

Now if firms are very differentiated, the elasticity effect
dominates the competition effect. Remember that a deviat-
ing firm has to undercut its competitor to gain market
share. Now with elastic demand, a lower price not only

15 See, e.g., Chang (1991).

results in a greater market share but also increases local
demand from inframarginal customers and hence profits.
This means that deviation becomes more profitable com-
pared to the first case where the competition effect domi-
nated. As the elasticity effect becomes more and more
dominant as the level of differentiation rises, this addi-
tional benefit from deviation gains in importance. There-
fore, collusion is destabilized with an increase in the
degree of differentiation.'® Contrary to that, with inelastic
demand, only the competition effect is present and the same
reasoning as with lower levels of differentiation still applies,
i.e., collusion is stabilized as firms become more differentiated.

If the market is completely opaque, there is no benefit
from deviating because no customer learns about the re-
duced (deviating) price. This reasoning is independent of
the degree of differentiation between the two firms. As a
consequence, differentiation has no impact on the critical
discount factor.

As far as a change in transparency is concerned, we
point out that its effect is similar to the implications a
change in differentiation has for the competition effect.
Consider first an increase in transparency for a (fixed) high
level of differentiation: in this situation, giving more infor-
mation to customers means that a larger number of them
actually becomes aware of the prices set by the two firms
which toughens competition—just like a decrease in differ-
entiation increases the importance of the competition ef-
fect. Thus, collusion is stabilized.

Turning to an increase in market transparency for a
(fixed) low degree of differentiation, we point out that if
the market is rather transparent already, then a further in-
crease in market transparency has the same effect as a de-
crease in differentiation in a situation where firms are
close substitutes: collusion will be harder to sustain as
the price effect dominates. The opposite is true for the case
in which the market is close to being completely opaque:
even though firms are close substitutes, the competition
in the market is not very intense due to a lack of informa-
tion on the customer side. As a result, customers behave as
if firms were very differentiated, i.e., the elasticity effect
dominates. Now if customers have access to more informa-
tion, the elasticity effect loses in importance vis a vis the
competition effect. Thus, we have the same effect as in a
situation where, starting from a high level of differentia-
tion, differentiation is reduced: collusion is easier to sus-
tain. Put together, we obtain a U-shaped relationship
between transparency and collusive stability.

Let us now consider the question when it is optimal to in-
crease transparency in order to destabilize collusion. As the
examples in the introduction highlight, competition author-
ities often argue in favor of a fully transparent market on the
customer side as an effective means to destabilize potential
collusive agreements. The following result gives an answer
to the question whether or not this is optimal:

Proposition 2. Full transparency (i.e., oo =1) only results in

the highest critical discount factor and hence least stable
collusion if the degree of differentiation is low.

16 See also Rothschild (1997).
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Proof. See the Appendix A. O

Hence, a minimum of collusive stability is attained
through a fully transparent market only if the degree of
differentiation is sufficiently low. Due to the ambiguous
impact of transparency on the critical discount factor for
low levels of differentiation, increasing market transpar-
ency only partially may actually have detrimental effects
for customers as firms may be enabled to charge higher
(collusive) prices. Moreover, fostering full transparency
on the customer side may also have just the opposite ef-
fect of what is intended: if the degree of differentiation is
above the specified threshold, then it makes sense not to
favor more transparency as this may enable firms to col-
lude more easily. This result is in stark contrast to the
outcome in case of inelastic demand derived by Schultz
(2005) who finds that a fully transparent market always
benefits customers as the stability of collusive agreements
is reduced. Therefore, from a practical point of view, the aim
of competition authorities in many jurisdictions to improve
customers’ access to price information (see Section 1) does
not necessarily have the desired collusion-deterring effect.

Note, however, that competition authorities may not be
in full control of transparency. Nevertheless, one may make
use of the above results in a situation where the authority is
only able to affect transparency at the margin. For example,
if the degree of transparency is already to the right of the
bottom of the U, then a small increase in transparency
may in fact be better for customers than a small decrease.

In this context, we point out that increasing the level of
transparency may give rise to a trade-off for customers,
who favor lower prices. However, marginal control on
the competition authority’s side may be sufficient to
achieve a better market outcome for customers if this leads
to a breakdown of collusive practices. Note first that in a
competitive environment, customers always prefer an in-
creased level of transparency over a more opaque market
as competitive prices are lower. As a result, whenever a
competition authority (marginally) increases market trans-
parency in order to destabilize collusion, this is unambigu-
ously good news for customers as competitive prices go
down at the same time. On the other hand, if a (marginal)
decrease of market transparency is necessary to destabilize
collusion (in particular when firms are rather differenti-
ated), this comes along with higher competitive prices for
customers. However, as collusive prices do not depend on
the level of price transparency and equal the ones in a
completely opaque market, competitive prices are always
below collusive prices. This means that customers strictly
prefer collusion deterrence at the cost of higher competi-
tive prices. These effects are less of an issue if firms are
very differentiated: in this case, firms’ competitive prices
are almost equal to their monopoly prices—independent
of the level of market transparency.

4. Conclusion

Competition authorities often tend to favor the idea of
well informed customers. This article addresses the
question whether increased price transparency on the cus-
tomer side stabilizes collusion when horizontally differen-

tiated firms face an elastic demand. It is shown that the
answer depends on the degree of differentiation: for low
levels of differentiation, there is an ambiguous effect and
collusion is most stable neither under non-transparency
nor under full transparency. However, different from com-
petition authorities’ understanding but in line with empir-
ical and experimental evidence (see Section 1), for higher
levels of differentiation, full transparency implies the high-
est degree of collusive stability. This result reverses the
finding of Schultz (2005) that full transparency is always
optimal when customers’ demand is inelastic. The present
article therefore highlights an important aspect which has
not been considered so far, namely that attention should
be paid to demand characteristics when thinking about
the ideal degree of customer-side transparency. As a mat-
ter of fact, with elastic demand and heterogeneous local
demand, the competition effect which is the only effect
present in models with inelastic demand may be out-
weighed by the elasticity effect.

Putting the above results in a broader context, we point
out that competition authorities need to take into account
multiple important market features. Given the results
mentioned in Section 1, the type of decision variable or
parameter affected by a change in market transparency
on the customer side appears to be crucial (search costs,
product differentiation, price). With respect to price trans-
parency, demand characteristics seem to play an important
role (elastic vs. inelastic demand). At the same time, it is
important to assess the degree of differentiation in the
market. Moreover, the level of transparency in the market
is also an important aspect as further increasing transpar-
ency may actually facilitate collusion.

Appendix A
A.1. Derivation of profits

In this part, we first analyze competitive and collusive
prices and profits. The collusive price is then used to derive
the deviating price and the resulting profit.

A.1.1. Competitive profits

Consider the case where the indifferent customer X" is
located in between the two firms, i.e., 0 < XN < 1. Then, de-
mand at firm 1 in the competitive case is given by

NN
1 PP

Q?’zot/o7
(1 —oc)/oi (1 - tx— pY)dx. 4)

As mentioned before, we will focus on a symmetric
competitive equilibrium. In this case, the indifferent unin-
formed customer is located halfway between the two firms
in equilibrium.

Firm 1's profits are given by n¥ = p¥Q}. Proceeding in
the standard way to derive the optimal symmetric equilib-
rium prices and dropping subscripts, we get

(1—1x —pY)dx+

N 20—0oT+4T— VA
p= 40
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where
A = 402 — 40?1 + 0272 — 4ot? + 1672 > 0 Vo € (0,1],T €
[11 %]‘17

As both firms charge the same equilibrium price, the
indifferent customer will be located at XN = 1/2. Moreover,
the demand of a customer located at x amounts to

0 _ 20+ 0at(1-4x) 47+ VA
4o )
Clearly, as this expression is decreasing in x, the most crit-
ical case is the one where x = XV, If the market is to be cov-
ered, even the indifferent customer must have an incentive
to demand a non-negative quantity of the product, i.e.,
g"(®") = 0 <= 7 < 4/3 must hold which is satisfied due
to Assumption 1.
The resulting profit for each firm then equals

o Ru—or+dr— VA) (20 — 4T + VA)
o 3202 ’

Note that Assumption 1 (lower bound) indeed ensures
that a firm is not better off when catering to the unin-
formed customers only. To see this, denote by n{ firm i's
profit for this case. Then, the maximization problem yields
the following price:

1

maxn! = p¥(1 —oc)/i (1-1x-pf)dx < p :%
pf 0

0| A

The associated profit is given by

. (1-w@-17
T="1238

Comparing the profits in both cases reveals that
n”§ 7% < 7 = 7. Hence, Assumption 1 ensures that it is
never optimal to target the uninformed customers
exclusively.

A.1.2. Collusive profits

In the case of tacit collusion, firms coordinate their
price-setting decision and share the market equally, i.e.,
X = 1/2. This leads to a total demand per colluding firm of

1

Qf = /02 (1 —x - pF)dx.

The optimal collusive price'® is set at

c 1 7

2 8
The demand of a customer located at x then equals

17 Note that dp/ox <0 and that—applying de I'Hopital’s rule—for o — 0,
p=1/2 — 7/8 which is equal to the collusive price p® (see below).

18 We focus on full collusion here where firms set the maximum collusive
price. Any lower collusive price would also be sustainable for any discount
factor above the critical one. As Chang (1991) points out, firms may adjust
their collusive prices downwards in order to ensure that condition (3) is
(just) met even if the discount factor is below the critical one. We do not
further analyze this case as results should be qualitatively the same.

1

c

X)=5+5— X 5

W=5+g 5)

Again, the most critical case is the one where x = x¢ to

check whether the market is covered. Similar to the argu-

ment before, we find that q€(X¢) > 0 as long as 7 < 4/3.
The associated profit for each firm is then given by

c_@4-v’

T 128
Given this collusive profit, it is now possible to derive
the deviating profit.

A.1.3. One-period deviation profits

Under the assumption that the other firm sticks to the
collusive price and 0 < %° < 1, the optimal deviating price
is given by

p 400 — 18t + 327 — VB

P = 720
where B := 59202 — 648027 + 1890212 + 25607 — 576072
+102472 > 0 Va € (0,1],7 € [z, 7]."°

As both firms charge different prices in this situation,
the indifferent customer is no longer located at the center
of the unit line. More precisely, assuming without loss of
generality that firm 1 deviates from the collusive agree-
ment, the indifferent customer can be found at

o —4u+8lor— 3214 VB
N 144azt '

Clearly, a deviating firm cannot capture a market share
that is greater than 1 which means that the above expres-
sion is valid as long as X? < 1. Solving this inequality for t
gives 4(v/12102 + 1280 — 40)/(128 + 105a) = T where
7 < 7. For any 7 € [z, 7], the relevant deviating price can
be found by assuming p, = p€ and solving X° =1 for p;.
Hence, the deviating price is given by

1 9t H F
- {2 - ifr<7
T ) 400-1807+321-VEB
W0o18eri32evE  else.
Furthermore, the demand of a customer who is located

at x and who buys from the deviating firm (here firm 1)
amounts to

1,9
qD (X) )2 + 3 X
") 32a+18at(1-4x)-32t+VB
720

ift<7t
else

which is positive given Assumption 1.
The deviating profit?° thus amounts to

1+o (14307t (63+27x)72

8 16 128
m’ =< (-40 x+ 18 at — 32 71— VB)

% —20802+72021% 4270212 102407 +5127% — VB(200— 901+ 167)
497664021 .

(—400+ 180t — 327 VB)

N —20802 + 720272 4270272 — 102407 +5127% — VB(200. — 90T + 167)
497664027

19 Note that 8pP/oo < 0 and that p®=p€as o - 0.
20 Note that as o — 0, it holds that 7" = €= =P,
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A.2. Limit cases

In this section, we have a closer look at the extreme
cases, i.e., at those situations where firms are either hardly
or very differentiated and where the market is either com-
pletely opaque or fully transparent. We then use these
findings to prove the two propositions from the main text.

We can state the following result concerning the impact
of differentiation on the stability of collusion:

Lemma 1. If the market is completely opaque (i.e., « — 0), a
change in the degree of differentiation has no impact on the
stability of collusion. If the market is fully transparent (i.e.,
o = 1), an increase in differentiation has an ambiguous effect:
it first destabilizes collusion, then stabilizes it before collusion
is destabilized again.

Proof. The first part of the proof follows simply from con-
sidering the derivative 95(t,0)/91. As far as 95(t,1)/971 is
concerned, setting the derivative equal to 0 and solving
for 7 gives two solutions which we denote by
7' ~0.15237 and 1’ ~0.62060. As 9(t,1)/0t=1/2 at
T =1, it must be true that, starting from 7 = 7, an increase
in 7 first leads to an increase in §(7, 1) before it decreases
and then increases again. Summing up, if «—0, it holds that
95(t,0)/9t = 0 V1 € [1,7]. If = 1, then there exist a 7’ and
a v such that 9s(t,1)/0t >0Vt € [r,7)U(7",7] and
ad(t,1)/ot <0 VT € (T,7"). O

Concerning the impact of the degree of transparency,
we can state the following result:

Lemma 2. If the degree of differentiation is low, then there
exists a threshold of the transparency parameter such that an
increase in transparency leads to more (less) collusive stability
below (above) this threshold. If firms are very differentiated,
an increase in transparency always stabilizes collusion.

Proof. Let 7 =t and consider 95(z, &)/0o = 0. Solving this
equality for o gives a unique solution in the relevant
parameter space which is denoted by o« and which is
approximately equal to 0.05730. As dd(t,)/do = 0.0625
at o = 1, it must be true that starting from «—0, an increase
in o first leads to a decrease in J(z, ) before it increases.
Next consider the case where 7 = 7: in this case, setting
95(T,o)/00 = 0 does not give a solution in the relevant
parameter space. Moreover, we find that §(z,0) = 1/2. As
we know from Lemma 1 that 95(t,0)/0t = 0, it must hold
that 6(%,0) = 4(t,0) = 1/2. As we have §(%T,1) = 49/101,
we can conclude that §(7, ) decreases in o. Summing up,
if 7=1, then there exists an o such that 9d(t,o)/da <
0 Vo € (0,0') and 95(z, o) /8o > 0 Vo € (o', 1]. If T = T, then
35(T, o) /00 < 0 Ve € (0,1]. O

A.3. Proof of Proposition 1

Proof. We start by solving 95(t,)/90 =0 for o which
gives o(t)’ as the unique solution in the relevant
parameter space, i.e., o(t)’ €(0,1]. Note that du(t)"/
0t > 0. From Lemma 2 we know that o(z)” = o ~ 0.05730.
Moreover, solving o(t)” = 1 for 7 gives 7 as a solution which
is approximately equal to 0.52543. The observation that

35(t,0)/00 > 0ata=1if T < T and 95(t, o) /0 < Oat o =1
if T > 7 completes the proof. Note that if T > 7, then 6(t, o)
attains a minimum with respect to « at « = 1. Summing up,
there exist a 7 and an o«(t)’ with «(t)” €(0,1] such that
(T, ) /00 < 0 Vo € (0, ou(t)") and a5(t, o) /ot >
0Vae ()", 1] if 1<t If T>1, then d(t,a)/d0 <
0Voe (0,1]. O

A.A4. Proof of Proposition 2

Proof. In light of the result from Proposition 1, it is
sufficient to compare both §(7,0) and é(t,1) in order to
analyze whether full transparency is optimal. Clearly, as
follows from Proposition 1, full transparency cannot be
optimal whenever 7 > 7. From the proof of Lemma 1 we
know that §(t,0)=1/2Vte[r,7). Then, setting
d(t,1) = 1/2 and solving for t gives a unique solution in
the relevant parameter space which we denote by 7, and
which approximately equals 0.31319. Making use of the
result in Lemma 1 that 95(t, 1)/t < 0 for T < T (where
7 > 1), we can conclude that 6(t,1) > 1/2 holds if 7 < ..
Hence, a competition authority favors full transparency
onlyift<t,<17. O

Disclaimer

The views and opinions expressed in this article are
those of the authors and do not necessarily reflect the offi-
cial policy or position of BKW FMB Energie AG.
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