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I use standard consumer search models to study how an increase in market transparency (lower search costs or
higher share of fully informed consumers) affects cartel stability. When firms sell horizontally differentiated
products, cartels become more stable as the search cost increases; with homogeneous products, by contrast,
the opposite holds. A higher share of fully informed consumers makes collusion less stable when the market is
initially sufficiently transparent, whereas it happens otherwise if the market is originally little transparent.
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1. Introduction

Market transparency affects many decisions of market participants,
including the choice of sellers whether to collude or not. The economics
literature has shown that inmarketswhere firms observe each other ac-
tions imperfectly collusion is less likely (e.g. Abreu et al., 1985; Compte,
2002; Green and Porter, 1984; Kandori and Matsushima, 1998; Stigler,
1964). What happens is that as the market becomes less transparent,
the punishment that follows a deviation from collusion is softer.

The aforementioned studies focused on market transparency on the
supply side of themarket. In this paper I study a different notion ofmar-
ket transparency. In particular, I ask how the stability of collusion relates
to market transparency from the point of view of the consumers. To the
best of my knowledge, much less is known about how transparency on
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the demand side of the market affects the choice of sellers whether to
collude or not. This paper contributes to filling this gap by studying car-
tel stability in consumer search markets.

I start by looking at collusion in the Wolinsky (1986) sequential
search framework with horizontally differentiated products. The
model features a finite number of symmetric firms, playing a repeated
price-setting gamewith an infinite horizon. Consumers engage in costly
sequential search to observe the characteristics of products. I relate the
notion of market transparency to the search cost: a market where
search costs are higher is said to be less transparent. I consider the sta-
bility of collusionwhen firms play grim-trigger strategies. Higher search
costs affect the short-run gains fromdeviation and the long-run punish-
ment. When search costs increase, a consumer on average chooses to
compare fewer alternatives. This gives market power to the sellers
and so they earn more in a static Nash equilibrium. From the point of
view of colluding firms, this implies that the incentives to deviate in-
crease as search costs go up because the punishment that follows a de-
viation becomes softer. However, it turns out that the gain from
deviating from collusion decreases with search costs. This occurs be-
cause as search costs increase, fewer consumers happen to visit a devi-
ating firm. Thus, the increase in profits that is obtained by undercutting
the rival firms goes down as search costs increase. I show that the in-
crease in search costs usually makes cartels more stable. What happens
is that the deviation profit typically decreases with the search costs
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more than the competitive profit increases. The same qualitative result
holds if firms apply stick-and-carrot strategies as in Häckner (1996).1

I then move to examine how market transparency affects collusion
in Stahl's (1989) consumer searchmarket with homogeneous products.
Thismodel has a finite number of symmetricfirms that repeatedly com-
pete in prices over an infinite number of periods. All consumers have
the same valuation for the product. A fraction of them (shoppers) are
fully informed, while the rest of the consumers engage in costly search
to learn the prices that are actually charged by the firms. This
shopper/non-shopper feature of demand results in a static Nash equilib-
rium in mixed strategies. As in the case with differentiated products, an
increase in search costs givesmarket power to thefirms. Thus, thefirms'
profits go up in the static Nash equilibrium. This makes the punishment
that follows a deviation milder, which tends to strengthen the incen-
tives to deviate from collusion. Differently from the differentiated prod-
ucts case, it turns out that search costs have no influence on the
deviation profit and therefore the gains from defecting from the collu-
sive equilibrium are independent of the search costs. Hence, with ho-
mogeneous products higher search costs make collusion less easy to
sustain.

Themodel of Stahl (1989) lends itself tomodel transparency in a dif-
ferentway. Because of the shopper/non-shopper feature of demand, we
can alternatively relate market transparency to the share of shoppers. I
then regard a market with more shoppers as more transparent and
study how cartel stability is related to the share of shoppers in themar-
ket. I show that both the deviation gain and the deviation loss increase
with the share of shoppers. The net influence of these effects depends
on which of these forces is dominant. It turns out that it depends on
the initial level ofmarket transparency. Specifically, the critical discount
factor above which collusion is stable decreases with the share of shop-
pers when the share of shoppers is initially small and increaseswith the
share of shoppers when this is initially high.

To the best ofmy knowledge, only Nilson (1999) and Schultz (2005)
study how market transparency on the demand side affects collusive
outcomes. Nilson (1999) analyses how the magnitude of consumer
search costs affect collusion in a duopoly version of the non-sequential
consumer search model of Burdett and Judd (1983). In his set-up,
firms sell homogeneous products, some consumers observe the prices
of both firms, whereas others have to pay a positive search cost per
firm to learn the offers of the sellers. Nilson (1999) shows that cartel be-
come less stable as the search cost increases. This finding is similar to
what I find in the Stahl's setting, which suggests that the search protocol
does not influence the relation between stability of collusion and search
costs.2

Schultz (2005) also analyses how market transparency on the de-
mand side affects collusion. He studies this question in a Hotellingmar-
ket with shoppers and non-shoppers. In his model, there are no search
costs. The shoppers are fully informed and the non-shoppers are as-
sumed to visit only one seller. Schultz (2005) finds that when products
are almost homogeneous, the share of fully informed consumers does
not have any effect on cartel stability. This finding differs frommy result
in the Stahl setting and it is due to the restriction that non-shoppers are
not allowed to search. When products are differentiated, though,
Schultz (2005) shows that cartels are more stable in less transparent
settings, which is in line with what I find in the Wolinsky's framework.

To the extent that an increase in search costs weakens competition
in the marketplace, my findings are also related to those from the liter-
ature on cartel stability in horizontally differentiated product settings.
In my paper, higher search costs lead to more stable cartels whereas
in the papers of Deneckere (1983), Rothschild (1997) and Ross (1992)
the degree to which collusion is stable turns out to be non-monotonic
1 The details are in the working paper version of this paper.
2 This fact also holds in the model with differentiated products. In the working paper

version of this paper I show that the critical discount factor above which collusion is sus-
tainable also decreases with search costs when consumers search non-sequentially.
in the degree of product differentiation. The key difference between
my work and that on product differentiation is that changes in search
costs do not affectwillingness to paywhereas changes in product differ-
entiation do.

In order to deter collusion, competition authorities try to identify
structural factors that influence the likelihood of collusion. Much is
known about how e.g. the number of competitors, product differentia-
tion and the nature of competition affect the stability of collusion. My
paper indicates that significant consumer search frictions should be
regarded as a sign of risk in environments where products are horizon-
tally differentiated, but not in homogeneous product settings. As a mat-
ter of fact, there are instances of detected or suspected cartels in
markets where consumer search and product differentiation are prom-
inent features. An example is themarket for laundry detergents (The EC,
2011); this is amarketwhere products differ fromone another in for ex-
ample their content of fabric softeners and perfumes and, as shown by
Pinna and Seiler (2014), consumers incur non-negligible search costs
while shopping. The Danish competition authorities (Borum, 2014)
fined several driving schools for coordinating their pricing in 2014; ac-
cording (Muir et al., 2013) this is a market where search frictions also
seem to be important. Finally, collusion has also been detected in the au-
tomobile market, which is a market where consumers also experience
significant search costs and products are highly differentiated (see
Moraga-González et al., 2015; Meikle, 1999; Foggo, 2005 for more
details).

The rest of the paper is organized as follows. In Section 2, I analyse
collusion in theWolinsky's consumer searchmarket with differentiated
products. Collusion in the Stahl's consumer search market for homoge-
neous products is studied in Section 3. Some concluding remarks can be
found in Section 4. The proofs of the propositions are placed in the
Appendix of the paper.

2. Differentiated products

2.1. Model

On the demand side, there is a unit mass of consumers. A consumer
wants to buy one unit of a product and she can buy it from n ≥ 2 sellers.
Every firm offers one variety, and products are horizontally differentiat-
ed. All the firms have the same constant unit production cost that is nor-
malized to zero. Consumer i who buys product j gets utility uij:

ui j ¼ εi j−pj ð1Þ

where εij is the match value between consumer i and product j, and pj
stands for the price of the product. A consumer prefers to buy the prod-
uct that gives her the highest utility. However, she has to pay a positive
search cost s per firm to observe the price and thematch value. The con-
sumer visits firms sequentially with costless recall and can terminate
her search after sampling any number of firms.

The firms never observe individual match values, and consumers do
not know how much they like the products without searching them.
However, it is common knowledge that thematch value ε is distributed
identically and independently across consumers, products and time ac-
cording to a continuous and differentiable distribution function F(ε) in
the interval between zero and ε.3 The density function of ε is denoted
by f(ε), it is positive and log-concave. Additionally, I require that
f(y) + pf ′(y) N 0, ∀p ≤ y.4

In symmetric equilibrium consumers expect all n sellers to charge
the same price p⁎. Thus, the distribution of utilities across the firms is
3 The assumption about the independent distribution of ε over time is reasonablewhile
analysing themarkets where the assortment in shops changes between the purchases of a
consumer. The examples of suchmarkets can be themarkets where consumers shop rath-
er infrequently, and products change rapidly because of technological progress, e.g. home
appliances, computers, phones, and cars.

4 This assumption ensures concavity of pay-off functions.



7 There is a unique value of p* that satisfies Eq. (4), and it is the unique symmetric equi-
librium price. More details are provided in the Appendix A of the working paper.

8 In deriving the joint pay-off of a cartel, I assume that consumers know that firms col-
lude. Then if they see a price different from the expected one, they conclude that all cartel
members charge that price. This assumption is not very stringent. In the Appendix A of the
working paper, I allow colluding firms to charge different prices. In such a case, if con-
sumers observe a deviation in one shop, they do not update their expectations about the
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identical, and a consumer samples the sellers randomly. Then, by the
optimal stopping rule (Kohn and Shavell, 1974), a consumer uses the
reservation utility of a firm to decide when to terminate her search.
The reservation utility of a seller equals x−p� , where x is the solution
to Eq. (2).

Z ε

x
ε−xð ÞdF εð Þ ¼ s ð2Þ

The left hand-side (LHS) of Eq. (2) is the expected gain from
searching onemore firmwhen the highest observedmatch value equals
x. Then if the maximum observed utility is greater than x−p� , then a
consumer terminates her search and buys the product that provides
her with the highest observed utility. Otherwise, the consumer con-
tinues searching further. If a consumer samples all n firms and the
highest observed utility is negative, then the customer does not buy
anything. I assume that s is sufficiently low such that a consumer sam-
ples at least one firm in equilibrium. This implies that

s ≤
Z 1

pm
ε−pmð ÞdF εð Þ

where pm = arg maxp p(1− F(p)).5 This implies that x ≥ pm.

2.2. Non-cooperative static equilibrium

When products are horizontally differentiated, the competitive sym-
metric equilibrium is like the one in Wolinsky (1986). Here I provide a
summary of it. Let p* be the expected price that all the firms charge in
the absence of collusion and consider a firm j that deviates to a price
p ≠ p*. Firm jmay be visited in the first, second and in any other position
up to the nth with probability 1/n. A consumer who reaches firm j ob-
serves the deviation price p and interprets it as the defection of firm j
only. Therefore, she continues to expect to see p* in other shops. As a re-
sult, the consumer terminates her search atfirm j if εj− p is greater than
or equal to x−p� . Otherwise, the customer continues searching. If
the consumer arrives at firm j after having visited other firms, this
means that the utilities at the preceding shops must have been less
than x−p� (or maxfεigi b j b x). The number of consumers who arrive
at firm j and terminate their search there equals what is called the
fresh demand of firm j. I label this demand fj.6

f j ¼
1
n

Xn
i¼1

F xð Þi−1 1−F x−p� þ pð Þð Þ ¼ 1
n
1−F xð Þn
1−F xð Þ 1−F x−p� þ pð Þð Þ

The consumers who continue searching after visiting firm j may re-
turn to the seller and buy there. This happens if the buyers visit all the
sellers and find that the utility at firm j is the highest, and it is greater
than zero. The number of consumers who return to firm j and buy
there are called the returning demand of firm j, and it is labelled rj.

r j ¼ Pr max εl−p�;0f g∀l≠ j ≤ ε j−p b x−p�
h i

¼
Z x−p�þp

p
F ε−pþ p�ð Þn−1dF εð Þ

I label the profit function of firm j πj(p).

π j pð Þ ¼ p f j þ r j
� �

ð3Þ
5 Because f(ε) is log-concave, the maximization problem has a unique solution.
6 Because the mass of consumers is normalized to one, the probability that a consumer

buys equals the number of consumers who buy. The terms “fresh demand” and “returning
demand” that appears later are borrowed from Armstrong et al. (2009).
In a symmetric equilibrium, firm j sets p = p*,7 and the first-order
condition of firm j simplifies to Eq. (4).

1−
1−F xð Þn
1−F xð Þ f xð Þp�−F p�ð Þn þ p�n

Z x

p�
F εð Þn−1 f 0 εð Þdε ¼ 0 ð4Þ

In equilibrium only the consumers with valuations above the equi-
librium price p* buy; therefore, the total market demand is 1 − F(p*)n.
An individual firm sells one nth of the total demand so that the profit
of one seller is then given in Eq. (5).

π� ¼ p�

n
1−F p�ð Þn� � ð5Þ

2.3. Collusive pricing

Firms that sell horizontally differentiated products exert negative
pricing externalities on each other. Thus, the sellers have incentives to
maximize their joint profit by forming a cartel. In the subsequent
derivations, I denote the optimal price charged by cartel members by
pc, the profit of a single colluding firm by πc, and the joint cartel profit
by Πc.

What price the firms set when they collude depends on the search
cost. More concretely, to keep consumers visiting the sellers, the reser-
vation utility of every cartel member must be non-negative, whichmay
in effect result in a cap on the joint profit-maximizing price. In the anal-
ysis that follows, I divide the range of the search cost values into two in-
tervals. In the first interval, the search cost is sufficiently low such that
the profit-maximizing price pc is an interior solution. In the second in-
terval, the search cost is high such that a cartel pricing policy is restrict-
ed by consumer participation, and so it chooses to charge themaximum
price that makes consumers indifferent between searching and not
searching.

I begin with the case when the search cost is sufficiently low. If the
firms collude, then consumers expect that all the sellers charge the
same price pc and they sample the firms randomly.8 Because of random
sampling, the pay-off of one cartel member, let's say firm j, is similar to
the pay-off of a deviating firm in Section 2.2. Specifically, if I replace p⁎
and p by pc in the profit function of firm j in Section 2.2, then I obtain
the pay-off of one cartel member, which is given in Eq. (6).

πc
j ¼

pc

n
1−F pcð Þn� � ð6Þ

The joint profit-maximizing price is the unique solution to the first-
order condition of the cartel, which is given in Eq. (7).9

∂Π
∂p

����
p¼pc

¼ 1−F pcð Þn−pcnF pcð Þn−1 f pcð Þ ¼ 0 ð7Þ

The price that is defined by Eq. (7) is a symmetric price that would
be set by a multiproduct monopolist in the market where consumers
engage in costly sequential search among the products of the firm. I de-
note the price of a monopolist selling n varieties by pn

m. This price is
prices of not-yet-visited shops. For the case of duopoly, I prove that joint profit-
maximization implies equal prices. Unfortunately, because of the large number of search
orders consumers can follow, it proves difficult to extend this result to the case of n N 2.
Numerical results for markets with three or four sellers however reveal the same result.

9 Because f is log-concave, the pay-off Eq. (7) is quasi-concave and the unique solution
to the first-order condition is a maximum.
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higher than pm. Therefore, the cartel charges pc = pn
m only if the search

cost is sufficiently low, i.e. x ≥ pmn .
If the search cost is higher, then the firms have to set a lower joint

profit-maximizing price. The incentives to lower the price are created
by two factors. Firstly, if the reservation utilities of all the firms are neg-
ative, then no consumer enters the market and the market collapses.
Secondly, the colluding firms prefer that consumers search sufficiently
among the sellers because this leads to better matching and a higher
willingness to pay. The pay-off πjc increases with pc up to the unique so-
lution to Eq. (7). Thus, if the search cost is higher such that x b pmn , the
cartel sets its price equal tox, and the profit of one cartel member equals
πc ¼ xð1−FðxÞnÞ=n. This profit decreases with the search cost.

2.4. Stability of collusion

As is well known, an individual firm has incentives to undercut the
cartel price pc if the game lasts for only a finite number of periods.
Such a deviation is not necessarily profitable from a long term perspec-
tive. If all sellers interact in themarket for infinitely periods, then the de-
viant firm may indefinitely be punished by the other firms in the cartel
in the periods that follow a deviation. If the punishment is sufficiently
hard, then the seller will not find it profitable to deviate. In this section,
I assume that firms interact for an infinite number of periods and apply
the standard grim trigger strategy.10 According to this strategy, a cartel
member sets pc every period if all coalitionmembers did this in the pre-
ceding periods. If at least one shop deviates from the collusive price,
then the sellers revert to the one period Nash equilibrium price for the
rest of the interaction. I denote the deviation price by pd and the devia-
tion profit by πd.

The expectations of consumers about the prices that firms charge af-
fect their decisions to stop searching. In turn, this has an impact on the
deviation profit and the strength of the punishment. When firms col-
lude and consumers expect that all the sellers charge the collusive
price, any deviation price is unexpected, and it is attributed to a single
seller. Note that because of search costs, not all consumers observe a de-
viation. The consumers who observe it know that the next period be-
comes a punishment period. However, the consumers who do not
observe it do not know about the start of the punishment. Nevertheless,
after an uninformed consumer samples the first firm in the first punish-
ment period, she sees that the seller charges the competitive price p⁎.
Then the consumer realizes that the cartel has collapsed and updates
her expectations about the prices of other firms.11

Because the joint profit-maximizing price depends on the search
cost, while deriving the deviation price and the deviation profit, I also
consider two intervals of the search cost's values. Suppose that s is suf-
ficiently small such that x ≥ pmn . In this case the pay-off function of the
deviant is similar to the pay-off function of firm j in Section 2.2. In fact,
replacing p⁎ by pc and p by pd in πj gives the pay-off function of the de-
viant. Thus, the deviation profit-maximizing price pd is defined by the
first-order condition Eq. (8).

1−F xð Þn
1−F xð Þ 1−F x−pc þ pd

� �
−pd f x−pc þ pd

� �� �

þn
Z x−pc

0
F ε þ pcð Þn−1 f ε þ pd

� �
þ pd f 0 ε þ pd

� �� �
dε ¼ 0

ð8Þ

In the Appendix A of the working paper, I show that there exists a
deviation price pd that satisfies Eq. (8) and p* ≤ pd b pc; moreover, the
deviation price increases with s. The higher the search cost is, the less
10 In the working paper, I provide the analysis of cartel stability when firms apply the
stick-and-carrot strategy with non-negative prices. The qualitative results with this alter-
native punishment strategy are practically the same.
11 Another option is to assume that all the prices are observed in the end of every period
by everyone.
consumers want to search, which makes the demand of a firm less
price-elastic. Therefore, the deviant charges a higher price when search
becomes more costly. Nevertheless, the deviation profit decreases with
the search cost. This happens because fewer consumers visit the deviant
firm when searching becomes costlier.

The one-period non-cooperative equilibrium price also increases
with search costs. However, differently from the deviation profit, be-
cause the increase in the price of an individual firm ismet by its compet-
itors, the competitive profit increases with the search cost.

Next, consider the range of high search cost values forwhich the car-
tel sets pc ¼ x in all its shops. Because the reservation utility of a collud-
ing firm equals zero, the profit maximization problem of a deviant is
similar to the profit maximization problem of a single-product monop-
olist. Thus, the deviant sets pm and earns

πd ¼ 1−F xð Þn
n 1−F xð Þð Þp

m 1−F pmð Þð Þ: ð9Þ

Similarly to the case of low search costs discussed above, because
of lower search intensity, the profit πd in Eq. (9) decreases when s
increases.

By deviating from collusion, a firm gets a deviation gain πd − πc.
However, after all sellers turn to the punishment, the profit of the firm
decreases by π c − π* for every punishment period. Therefore, by devi-
ating the firm knows that it will experience a deviation loss that equals
∑t = 1

∞ δt (π c− π*), where δ is the discount factor. The discount factor δ*
that makes the deviation gain equal to the deviation loss equals δ* =
(πd − πc)(πd − π*)−1. For discount factors above this threshold value,
a cartel is sustainable. Otherwise, firms never start colluding.

If the search cost is low, then π c does not depend on s, the deviation
profit decreases with s, and the competitive profit increases with s.12 As
a result, both the deviation gain πd − π c and the difference π c − π* de-
crease with the search cost. If the search cost is sufficiently high such
that pc ¼ x, then the collusive profit is also a decreasing function of
the search cost. In that case, numerical simulations suggest that it de-
creases less than the deviation profit and I again obtain that π d − πc

and the difference π c − π* decrease with the search cost. As a result,
whether the critical discount factor δ* increases or decreases with the
search cost depends on the magnitude of the slopes of all three pay-
offs. More particularly, the sign of the derivative of δ* with respect to s
is the same as the sign of Eq. (10)

∂πd

∂s
πc−π�ð Þ−∂πc

∂s
πd−π�
� �

þ ∂π�

∂s
πd−πc
� �

: ð10Þ

As discussed above in detail, the first derivative in Eq. (10) is nega-
tive, the second is zero for low search costs and negative for high search
costs, and the third derivative is positive. Because these derivatives are
multiplied by quantities that represent differences in profits, it is very
difficult to discern whether the critical discount factor δ* increases or
decreases with swithout computing the actual values of the derivatives
and the differences in profits multiplying them. An additional difficulty
is that it is impossible to compute prices in closed form for general dis-
tributions of the match values. In spite of this, Proposition 1 provides a
number of theoretical results showing that the overall sign of Eq. (10)
is negative. Numerical simulations for more complicated distributions
of match values, some of which are plotted in Fig. 1, confirm that the re-
sult of Proposition 1 is more general.13
12 Details about the derivatives of π d, π * and π cwith respect to s are in the Appendix A of
the working paper.
13 The numerical simulations were performed with a variety of distributions including
power, exponential, Normal, Extreme value type I, and F(ε)= eε distributions (all distribu-
tions were truncated for the interval [0, 1]).



15 Because both the deviation gain and the deviation loss are relatively insensitive to the
search cost when there are very few firms, the result that δ* decreaseswith the search cost
may be violated. More particularly, while performing simulations with different distribu-
tion functions, I have observed that if n = 2 and f(ε) = 2ε or f(ε) = eε/(e − 1), then the
critical discount factor is non-monotonic in s. However, the range of search cost values

Fig. 1. How δ* varies with s for different F(ε).

5V. Petrikaitė / International Journal of Industrial Organization 44 (2016) 1–10
Proposition 1. In the model with sequential search for differentiated
products (Wolinsky, 1986), the critical discount factor δ* above which col-
lusion is sustainable decreases with the search cost

• if n=2 and the match value ε is distributed uniformly in the interval
[0, 1],

• for any n if the match value ε is distributed uniformly in the interval
[0, 1] and s≤ 1

2 ð1− 1
ðnþ1Þ1=nÞ

2 and
• for any F(ε) if n → ∞ and s → 0.

To gain some intuition behind this result, consider the case in which
the search cost is low. In this case, the second derivative in Eq. (10) is
equal to zero and there are only two terms to compare in Eq. (10).
The deviation profit falls with the search cost while the competitive
profit increases with the search cost. The competitive profit increases
with the search cost because of the positive effect of s that comes indi-
rectly via the prices of other firms. This positive indirect effect is weak-
ened by the negative direct effect of the search cost. Namely, less
consumers visit a firm when it is costlier to search, and therefore, the
firm sells less. Then, the competitive profit increases with the search
cost relatively little. Meanwhile, the deviation profit suffers only the
negative effect of the search cost. This effect is very strong because the
deviation profit is made from the consumers who visit and buy and
the number of these consumers depends directly on the search costs.
As a result, the fall in deviation profits has a dominating influence.

When the search cost goes up, consumers search less and thereby
compare fewer alternatives. This, in a sense, is similar to the case in
which the number of firms decreases. In such a case, the economics lit-
erature has shown that cartels become more stable.14 In my analysis,
the effect of a decrease in the number of firms on the stability of collu-
sion is however more subtle. When search costs are low, a decrease in
the number of firms makes collusion more stable, which confirms the
results in earlier work; however, when search cost is high the reverse
result holds. This observation, which can be seen in Fig. 1a and b, is
due to the fact that an increase in search cost sweakens the positive ef-
fect of a higher collusive price on the deviation gain less than on the de-
viation loss.

The sensitiveness of the critical discount factor δ* to the search cost s
depends on both the number of firms n and the density function f(ε).
The effect of an increase in s on δ* is weaker as the number of firms in-
creases. In fact, in the extreme situation where there are just two firms
in the market, δ* decreases very slowly as s goes up. This is because a
firm that deviates from collusion is visited by more than a half of the
consumers irrespective of the search cost and therefore the deviation
14 See e.g. Ivaldi et al. (2003) and Jacquemin and Slade (1989).
profit is relatively insensitive to the search cost. The same observation
applies to the competitive profit π*.15

Themagnitude of the effect of an increase in s on δ* also depends on
the density function f(ε). Consider the power distribution F(ε) = ελ,
λ N 1. As λ increases, high match values become more and more fre-
quent, whichmay be interpreted as a decrease in horizontal product dif-
ferentiation. Then the critical discount factor δ* turns out to decrease
more sharply with s if λ is higher.

3. Homogeneous products

To analyse how market transparency on the consumer side affects
cartel stability with homogeneous products, I use the unit-demand ver-
sion of the standard sequential consumer search set-up of Stahl (1989).
The unit-demand version, analysed by Janssen et al. (2005), has the ad-
vantage that the equilibrium can be computed in closed form. The
model features a finite number of firms n competing in prices. Marginal
costs are normalized to zero. Products are exactly identical and con-
sumers buy from the cheapest firm they know. All consumers have
the same willingness to pay for the product, denoted by ν. There is a
positive fraction of consumers λ who are fully informed; these buyers
are called shoppers. The rest of the consumers observe one price freely
and have to engage in costly search to learn other prices; they are often
referred to as non-shoppers.

The one-period Nash equilibrium is like the one in Janssen et al.
(2005). I briefly sketch the necessary derivations of it. In a competitive
equilibrium, firms mix by choosing their prices from an interval ½p; pr �
according to a distribution function G(p). The upper bound of the distri-
bution of p is the reservation price pr that is defined by equating the gain
from search and the search cost, which gives Eq. (11).16

Z
p

pr
pr−pð ÞdG pð Þ ¼ s ð11Þ

The reservation price increases with the search cost,17 and, to avoid
situations when the reservation price exceeds the valuation ν, I assume
that the search cost is such that pr ≤ ν, i.e.

s≤
Z ν

p νð Þ
ν−pð ÞdG pð Þ
for which δ* increases with s is relatively narrow and the rate of increase is very small.
16 See Stahl (1989) Section 1 and Janssen et al. (2005) Section 3 for more details.
17 See Janssen et al. (2005) for more details.



18 Note that for a fixed search cost swhen λ is sufficiently small it happens that pr N ν. In
such situations, the reservation price does not restrict firm pricing and then the sequential
search model converges to the model of Varian (1980). For those cases δ* = (n − 1)/n,
which does not depend on λ (horizontal lines in Fig. 2).
19 In the model of Nilson (1999), the critical discount factor decreases with β that is the
share of consumerswho observe both prices, andβ does not increasewith the search cost.
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I now move to the derivation of the equilibrium distribution of
prices. Consider a firm i charging price pi. Firm i receives demand from
both shoppers and non-shoppers. Suppose that a consumer has zero
search costs. Because she observes the prices of all n sellers and, firm i
only sells to this customer if its price is the lowest in the market. The
probability of this event equals (1− G(pi))n − 1.

Now consider a non-shopper who obtains the first price quotation
for free and randomly, and has to pay a positive search cost in order to
learn the price of a second, third, and so forth seller. It turns out that
in equilibrium such a consumer does not search any further. This hap-
pens because in equilibrium no seller charges a price above pr and,
therefore, the gain from sampling one more firm is lower than the
search cost. Thus, firm i sells to a non-shopper with probability 1/n.
The expected profit of firm i then equals

πi ¼ pi λ 1−G pið Þð Þn−1 þ 1−λ
n

� �
:

In equilibrium, the expected profit of a firm i charging pi b prmust be
equal to the profit of the seller when it sets pr. In the latter case, the firm
sells only to consumers who have positive search costs, and the profit
equals pr(1 − λ)/n. By equating the two profit levels and solving for
G(p), I obtain that the equilibrium distribution of prices:

G pð Þ ¼ 1−
pr−pð Þ 1−λð Þ

npλ

� � 1
n−1

:

The lower bound of the support of the price distribution is p ¼ prð1−
λÞ=ð1þ ðn−1ÞλÞ. Denote the equilibriumprofit by π*= pr(1−λ)/n, and
note that this profit increases with search cost (because the reservation
price does).

Consider now that firms interact in this market for infinitely many
periods, and they collude by using grim-trigger strategies. It is straight-
forward to see that a collusive equilibrium has firms setting a price
equal to the maximum willingness to pay of consumers, i.e. pc = ν. In
such a case, firms will obtain a profit equal to π c = ν/n.

If a firm deviates from collusion, it does not attract any additional
non-shoppers just because these consumers do not observe price devi-
ations. However, by setting a deviation price pd = ν − ϵ, where ϵ is a
very small positive number, the seller attracts all fully informed con-
sumers. As a result, the total demand of the deviant equals (1 − λ)/
n + λ and the deviation profit is then

πd ¼ ν
1−λ
n

þ λ
� �

:

Proposition 2. In the model with sequential search for homogeneous
products (Stahl, 1989) the critical discount factor δ* above which collusion
is sustainable

• increases with the search cost;
• is non-monotonic in the share of shoppersλ (first decreasing and then in-
creasing) if n = 2.

Neither the deviation profit nor the collusive profit depend on the
search cost. Therefore, the only effect of s on the stability of collusion fol-
lows from its effect on the punishment, i.e. on the static equilibrium
profit π*. If the search cost increases, the expected competitive profit in-
creases and the punishment for the deviation becomes softer. Then the
critical discount factor δ* abovewhich collusion is stable increaseswhen
search becomes costlier. Thus, a cartel becomes less stable when the
market becomes less transparent.

This model lends itself to model transparency in a different way. Be-
cause of the shopper/non-shopper feature of demand, we can alterna-
tively relate market transparency to the share of shoppers. If the share
of shoppers goes up, then an average consumer observes more prices,
which implies higher market transparency. The share of shoppers af-
fects both the deviation profit and the expected competitive profit. In
Proposition 2, I show that the critical discount factor is non-monotonic
in λ when there are two firms in the market: it first decreases and
later increases. Unfortunately for higher values of n the derivative of
the critical discount factor with respect to λ is difficult to study analyt-
ically. This happens because the derivative of pr with respect to λ is
quite complicated, and this makes it difficult to compare the derivatives
∂πd/∂λ and ∂π*/∂λ. Therefore, I resort to numerical results for cases
when the number of firms is larger. In Fig. 2a, I plot the values of δ* for
different values of n. Similarly to the case when n = 2, if λ is high,
then the critical discount factor increases with λ, and it decreases if λ
is small.18

The deviation profit increases with the share of fully informed con-
sumers linearly. This is because the deviant gets all shoppers; mean-
while the collusive profit does not change with λ. As a result, the
deviation gain increaseswithλ linearly. The share of fully informed con-
sumers has a negative effect on the competitive profit via two channels.
First of all, if λ increases, then more consumers are lured away by the
firms that set lower prices. Secondly, the interval of prices over which
sellers mix in the competitive equilibrium moves towards lower prices
whenλ increases. Thus, the competitive profit decreaseswithλ, and the
punishment becomes harderwhen there aremore shoppers in themar-
ket. The negative effect ofλ on π* is not equally strong for all values ofλ:
it becomes weaker when λ is bigger. Thus, although the punishment
from deviation increases with λ, it does it decreasingly. Therefore,
when λ is small, the deviation gain increases with λ less than the pun-
ishment, and δ* decreases with λ. However, if λ is high, then the devia-
tion gain increases with λ more than the punishment, and δ* increases
with λ.

The number of firms has a negative effect on all three profits. Be-
cause by deviating a firm attracts all fully informed consumers, the neg-
ative effect of n on the collusive profit is stronger than on the deviation
profit and the deviation gain increases with n. Meanwhile, the compet-
itive profit is less sensitive to the change of n than the collusive profit.
Thus, the difference πc − π* decreases with n. As a result, δ* increases
with n (Fig. 2b).

Nilson (1999) finds that the critical discount factor above which col-
lusion is sustainable does not decrease with the search cost.19 By com-
paring his findings to the ones in Proposition 2, I conclude that the
effect of market transparency on the stability of collusion is the same
when consumers search sequentially or non-sequentially. However,
the search protocol matters when it is analysed how the stability of col-
lusion varies with the share of shoppers. Nilson (1999) shows that the
critical discount factor either does not depend on the share of shoppers
or increases with the share of shoppers. Meanwhile, according to
Proposition 2 the critical discount factor is non-monotonic in λ. To un-
derstand the difference in result, note that in the set-up of Stahl
(1989) the reservation price pr decreases with λ, and a consumer who
has positive search costs never visits more than one firm. On the con-
trary, in the duopoly model of Nilson (1999) the reservation price
does not depend on λ and some consumers who have positive search
costs visit both sellers and become fully informed. This difference,
leads to a different outcome when it comes to the sign of ∂δ*/∂λ.
4. Conclusion

According to the International Competition Network (2005) “the
prohibition against cartels is now an almost universal component of



Fig. 2. The values of δ* for different n, s and λ, ν = 10.
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competition laws” because competition between sellers is beneficial for
consumers and the “competitive process only works when competitors
set prices independently.” On the contrary, firms prefer to engage in se-
cret price (quantity) coordination because then they earn higher profits.
The objectives of firms and competition authorities contradict each
other. Hence, it is important for policy makers to determine the condi-
tions underwhich collusion ismore likely to arise in order to implement
proper consumer protection policy measures.

This paper studies how notions of market transparency from the
consumer point of view affect the likelihood of collusion. The analysis
reveals that the answer to this question depends on two factors. One
is the nature of the product market, in particular whether firms sell ho-
mogeneous or horizontally differentiated products. The other is the
measurement of market transparency. When I relate market transpar-
ency to search costs, it turns out that cartel stability increases as search
costs go up if products are horizontally differentiated, and it decreases if
products are homogeneous. When I relate market transparency to the
share of consumers who are fully informed, then in a homogeneous
product market I find that cartel stability is non-monotonic in the
share of shoppers. Hence, there is no unique answer to the question
whether market transparency on the demand side hinders or facilitates
collusion.

My results suggest that collusion preventing measures in frictional
markets should be carefully fine-tuned. In doing so, competition author-
ities trade off the costs of takingmeasures and the benefits from lower-
ing the risk of collusion. Because competition becomes softer as the
search cost rises, so does thedamage fromcollusion. As a result, if reduc-
ing search costs is rather costly, it may be inefficient to implement this
type of policies just to decrease the risk of collusion.

Market transparency on the demand side is likely to be related to
market transparency on the supply side. If this is so, measures to in-
crease transparency on the demand sidemay backfire because of the in-
creased transparency on the supply side. Acknowledging this double-
edged nature of the problem of increasing market transparency, is an
interesting avenue for further inquiry into the relation between market
transparency and collusion.

Appendix

Proof of proposition 1. Firstly, I prove that the critical discount
factor δ* decreases with the search cost when ε is distributed uniformly
and x ≥ pmn . Later I prove that ∂δ*/∂s b 0 when ε is distributed uniformly
and a cartel charges pc ¼ x. In the last part of the proof I tackle the case
when n → ∞ and x→ε.

Part I. ε ~ U(0, 1) and x ≥ pcn.
In this case the collusive price pc equals (n + 1)−1/n, and the maxi-

mum value of s is

smax ¼
Z 1

pc
ε−pcð Þdε ¼ 1

2
1−pcð Þ2 ¼ 1

2
1−

1

nþ 1ð Þ1=n
 !2

:

After solving thefirst order condition for an optimal deviation price, I
get that pd equals

pd ¼ 1
2

1−x
1−xn

1− pcð Þn� �þ pc
� �

:

Firstly, I observe that sign ½∂δ�=∂s� ¼ − sign ½∂δ�=∂x�. Secondly, the
profit of a coalition member does not depend on the search cost. Thus,
the derivative of the critical discount factor with respect to x depends
only on the changes of πd and π*.

dδ�

dx
¼ 1

πd−π�� �2 dπd

dx
πd−π�
� �

−
dπd

dx
−

dπ�

dx

� �
πd−πc
� �	 


¼ 1

πd−π�� �2 dπd

dx
πc−π�ð Þ þ dπ�

dx
πd−πc
� �	 
 ð12Þ

The denominator of the first fraction in Eq. (12) is positive. Hence,

sgn
dδ�

dx

	 

¼ sgn

dπd

dx
πc−π�ð Þ þ dπ�

dx
πd−πc
� �	 


: ð13Þ

As ∂pc=∂x ¼ 0 and ∂πd/∂pd = 0 then

dπd

dx
¼ pd

n
1þ n−1ð Þxn−nxn−1

1−xð Þ2
pc−pd
� �

:

The competitive equilibrium profit may be written as follows

π� ¼ p�ð Þ2∂qj

∂pj

�����
p j ¼p�

¼ p�ð Þ2
n

1−xn

1−x
:

Then, by using the Implicit function theorem for ∂p�=∂x, the deriva-
tive of the competitive profit with respect to x may be written as

∂π�

∂x
¼ p�ð Þ2

n
1þ n−1ð Þxn−nxn−1

1−xð Þ2
1−

2
1−xn

1−x
1−xn

1−x
þ n p�ð Þn−1

0
BB@

1
CCA:

Note that both the derivative of πdwith respect toxand the derivative

π* with respect to x have the same positive element 1
n
1þðn−1Þxn−nxn−1

ð1−xÞ2 . The

sign of the RHSof Eq. (13) does not change if I divide it by this expression.
Therefore, I explore the sign of the expression ϕðx; p�;nÞ further on.

ϕ x; p�;nð Þ ≡ pd pc−pd
� �

pc 1− pcð Þn� �
− p�ð Þ2 1−xn

1−x

� �

þ p�ð Þ2 1−
2
1−xn

1−x
1−xn

1−x
þ n p�ð Þn−1

0
BB@

1
CCA pd
� �2 1−xn

1−x
−pc 1− pcð Þn� �� �
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By using the expression of pd and the fact that 1 − (pc)n = n(pc)n I
get

n πd−πc
� �

¼ 1
4

pcð Þ2 þ 2
1−x
1−xn

n pcð Þnþ1
�

þ 1−x
1−xn

� �2

n2 pcð Þ2n
!
1−xn

1−x
−n pcð Þnþ1

¼ 1
4
1−xn

1−x
pcð Þ2−2

1−x
1−xn

n pcð Þnþ1 þ 1−x
1−xn

� �2

n2 pcð Þ2n
 !

¼ 1
4
1−xn

1−x
pc−

1−x
1−xn

n pcð Þn
� �2

¼ 1−xn

1−x
pc−pd
� �2

:

The collusive price is higher than the deviation price. Therefore, if I
divide ϕðx; p�;nÞ by pc − pd then the new expression will have the
same sign as ϕðx;p�;nÞ. I denote this new expression by ϕ1ðx;p�;nÞ

ϕ1 x; p�;nð Þ ¼ pd n pcð Þnþ1− p�ð Þ2 1−xn

1−x

� �

þ p�ð Þ2 1−
2
1−xn

1−x
1−xn

1−x
þ n p�ð Þn−1

0
BB@

1
CCA pc−pd
� �1−xn

1−x
:

From the first order condition (4) it is true that

p�ð Þn−1 ¼ 1
p�

−
1−xn

1−x
¼ 1

p�
−γ:

Then I can rewrite ϕ1ðx; p�;nÞ as

ϕ1 x; p�;nð Þ ≡ pd n pcð Þnþ1− p�ð Þ2γ
� �

þ p�ð Þ2 n−p�γ nþ 1ð Þ
n−γ n−1ð Þp�

� �
pc−pd
� �

γ:

Now note that

1

p�ð Þ2
∂ ϕ1 x;p�;nð Þð Þ

∂γ
¼ −pd−

2np�γ
n−γ n−1ð Þp�ð Þ2

−
n−p�γ nþ 1ð Þ
n−γ n−1ð Þp�

 !

� pc−pd
� �

b 0:

The inequality has been obtained because ∂π�
∂x b 0 implies that

n−p�γðnþ1Þ
n−γðn−1Þp� b 0.

Additionally,

∂ ϕ1 x;p�;nð Þð Þ
∂p�

¼ −2pdp�γ þ 2p�
n−p�γ nþ 1ð Þ
n−γ n−1ð Þp�

� �
pc−pd
� �

γ

−2 p�ð Þ2 pc−pd
� � γ2n

n−γ n−1ð Þp�ð Þ2
b 0

and

∂ ϕ1 x;p�;nð Þð Þ
∂pd

¼ n πc−π�ð Þ− p�ð Þ2γ n−p�γ nþ 1ð Þ
n−γ n−1ð Þp�

� �
N 0;

and the fact ∂pd=∂x b 0 implies that ∂pd/∂γ b 0 Therefore,

ϕ1 x;p�;nð ÞNϕ1 1;
1
2
;n

� �
¼ 1

2
pc þ 1

nþ 1

� �
pcn
nþ 1

−
n
4

� �

þ1
8

n−
n
2

nþ 1ð Þ

n−
n
2

n−1ð Þ

0
B@

1
CA pc−

1
nþ 1

� �
n

¼
n 2 n−3ð Þ þ n−1ð Þ 5þ nð Þ nþ 1ð Þ1n−1− 1þ nð Þ2n n−2ð Þ
� �

4 n−3ð Þ nþ 1ð Þ1þ2=n

ð14Þ

limn→3ϕ1ð1; 12 ;nÞ ¼ ∞ and the expression is positive for all n N 3 (see
Fig. 3a).
Now I tackle the case n=2by using the fact that γ=(1− (p*)2)/p*.
If n = 2 then

ϕ1 x; p�;2ð Þ ¼ 1−3 p�ð Þ2

27 p�ð Þ4−1
� � −3þ 7

ffiffiffi
3

p
p�−9 p�ð Þ2

�

−8
ffiffiffi
3

p
p�ð Þ3 þ 12 p�ð Þ4 þ 3

ffiffiffi
3

p
p�ð Þ5

�
:

The fraction 1−3ðp�Þ2
27ððp�Þ4−1Þ is negative. The polynomial in parenthesis is

also negative (See Fig. 3b).
As ϕ1 N 0 then δ* increases in x or decreases with s.
Part II. ε ~ U(0, 1) and x b pmn .
The sign of the derivative of δ* with respect to x is the same as the

sign of Eq. (15)

∂πd

∂x
πc−π�ð Þ þ ∂π�

∂x
πd−πc
� �

−
∂πc

∂x
πd−π�
� �

: ð15Þ

After plugging the values of profits and their derivatives, I multiply
Eq. (15) by ð 1−x

1−xn
nÞ2 and obtain Eq. (16).

2x−1ð Þ
1−x

1
4
−p�2

� �
−

p�ð Þ2 1þ n−1ð Þxn−nxn−1

1−xð Þ
2

1−xn

1−x
þ np�n−1

1
1−x

1
4
−x

� � ð16Þ

I analyse the sign of Eq. (16) for two different values of n.
If n → ∞, then p�→1−x and the second line of Eq. (16) equals zero.

Additionally, 1=4−ð1−xÞ2≥1=4−ð1−1=2Þ2 ¼ 0.

If n=2, then p� ¼ 1
2 ð

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 þ 2xþ 5

p
−x−1Þ and Eq. (16) simplifies to

2x−1ð Þ x 3x−3
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x xþ 2ð Þ þ 5

p þ 10
� �

−6
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x xþ 2ð Þ þ 5

p þ 13
� �

4
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x xþ 2ð Þ þ 5

p : ð17Þ

Because the denominator of Eq. (17) is positive, the whole expres-
sion is positive if

g xð Þ ≡ x 3xþ 10ð Þ−3 2þ xð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x xþ 2ð Þ þ 5

p
þ 13 N 0:

I observe that g(1/2)=0,gð1=
ffiffiffi
3

p
Þ ¼ −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2ð8þ

ffiffiffi
3

p
Þ

q
−2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
6ð8þ

ffiffiffi
3

p
Þ

q
þ

10=
ffiffiffi
3

p
þ 14≈ 0:078 N 0. Additionally, because gðxÞ is continuous., I

check the value of x when ∂gðxÞ=∂x ¼ 0.

∂g xð Þ
∂x

¼ 6xþ 10−3
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x xþ 2ð Þ þ 5

p
−

3 2þ xð Þ xþ 1ð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x xþ 2ð Þ þ 5

p

The derivative equals 0 if x ¼ 1
36

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
200537þ 5472

ffiffiffiffiffiffiffiffiffiffiffi
3945

p3
p

−

4271ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
200537þ5472

ffiffiffiffiffiffiffiffi
3945

p3
p −43

�
≈−0:34 b 0. Thus, gðxÞ is always positive.

Hence, I conclude that if n = 2 then Eq. (17) is positive. As a result,
Eq. (15) is positive and δ* decreases with s.

Part III. x→ ε and n → ∞. If n → ∞, then limn→∞
1− FðxÞn
ð1−FðxÞÞ ¼ 1

1−FðxÞ and
limn→∞pc ¼ ε. Thus, by assuming there is a positive ratio of consumers
to firms L, I obtain, that the profits π*, π c and πd are

π� ¼ L
1−F xð Þ
f xð Þ ; πc ¼ Lx; πd ¼ L

pm 1−pmð Þ
1−F xð Þ

and

δ� ¼
pm 1−F pmð Þð Þ

1−F xð Þ −x

pm 1−F pmð Þð Þ
1−F xð Þ −

1−F xð Þ
f xð Þ

¼ pm 1−F pmð Þð Þ−x 1−F xð Þð Þ

pm 1−F pmð Þð Þ− 1−F xð Þð Þ2
f xð Þ



Fig. 3. The values of ϕ1 for different values of p* and n.
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pm 1−F pmð Þð Þ− 1−F xð Þð Þ2
f xð Þ

 !2
∂δ�

∂x
¼

− 1−F xð Þ−x f xð Þð Þ pm 1−F pmð Þð Þ− 1−F xð Þð Þ2
f xð Þ

 !
−

pm 1−F pmð Þð Þ−x 1−F xð Þð Þð Þ 2 1−F xð Þð Þ þ 1−F xð Þð Þ2 f 0 xð Þ
f xð Þ2

 !
:

ð18Þ

If x→ ε; Eq. (18) simplifies to ε f ðεÞpmð1−FðpmÞþÞ N 0. □

Proof of proposition 2. To determine the sign of the derivative of
the critical discount factor with respect to λ I look at the following
expression

∂πd

∂λ
πc−π�ð Þ þ ∂π�

∂λ
πd−πc
� �

¼

ν 1−
1
n

� �
ν
n
−

pr 1−λð Þ
n

� �
þ ∂pr

∂λ
1−λ
n

−
pr
n

� �
ν λ−

λ
n

� �
¼

ν
n2 n−1ð Þ ν−pr þ

∂pr
∂λ

1−λð Þλ
� �

:

ð19Þ

In equilibrium Eq. (11) simplifies to

1
n−1

1−λ
nλ

� � 1
n−1
Z pr

pr 1−λð Þ
1þ n−1ð Þλ

pr
p
−1

� � 1
n−1 pr

p
dp

¼ 1
n−1

1−λ
nλ

� � 1
n−1

pr

Z 1

1−λ
1þ n−1ð Þλ

1
t
−1

� � 1
n−1 1

t
dt:

ð20Þ

If n = 2 then Eq. (20) becomes,

1−λ
2λ

pr

Z 1

1−λ
1þλ

1
t
−1

� �
1
t
dt ¼ pr

1−λ
2λ

ln
1−λ
λþ 1

� �
þ 1

� �
¼ s:

Thus,

pr ¼ s
1−λ
2λ

ln
1−λ
λþ 1

� �
þ 1

� �−1

:

Then

∂pr
∂λ

¼ s
1−λ
2λ

ln
1−λ
λþ 1

� �
þ 1

� �−2

�
2λþ λþ 1ð Þ ln 1−λ

λþ 1

� �
2λ2 λþ 1ð Þ

0
BB@

1
CCA:

The derivative of 2λþ ðλþ 1Þ lnð1−λ
λþ1Þ with respect to λ is negative:

−
2λ− 1−λð Þ ln 1−λ

λþ 1

� �
1−λ

b 0:
Thus,

2λþ λþ 1ð Þ ln 1−λ
λþ 1

� �
≤ lim

λ→0
2λþ λþ 1ð Þ ln 1−λ

λþ 1

� �� �
¼ 0:

As a result ∂pr/∂λ b 0.
I plug the value of ∂pr/∂λ and s in the RHS of Eq. (19), set n= 2 and

multiply by 4/ν. Then I obtain the following expression:

ν−pr þ

2λþ λþ 1ð Þ ln 1−λ
λþ 1

� �
2λ2 λþ 1ð Þ

1−λ
2λ

ln
1−λ
λþ 1

� �
þ 1

0
BBBBBBB@

1
CCCCCCCA

1−λð Þλpr

¼ ν−pr
4λ2

1þ λð Þ 1−λð Þ ln 1−λ
λþ 1

� �
þ 2λ

� � :

ð21Þ

It has been shown that pr decreases with λ. Now I show that the ex-
pression next to pr decreases with λ.

∂
∂λ

4λ2

1þ λð Þ 1−λð Þ ln 1−λ
λþ 1

� �
þ 2λ

� �
0
BB@

1
CCA

¼
8λ 2λþ ln

1−λ
λþ 1

� �� �

1þ λð Þ2 1−λð Þ ln 1−λ
λþ1

� �
þ 2λ

� �2 b 0

where the inequality has been obtained because

∂
∂λ

2λþ ln
1−λ
λþ 1

� �� �
¼ 2−

2

1−λ2 b 0

and 2λþ lnð1−λ
λþ1Þ ≤ 0þ ln1 ¼ 0. Therefore, I conclude that Eq. (21)

increases with λ. Additionally by replacing pr with its value, I obtain
that

lim
λ→0

pr
4λ2

1þ λð Þ 1−λð Þ ln 1−λ
λþ 1

� �
þ 2λ

� �
0
BB@

1
CCA ¼ ∞

lim
λ→1

pr
4λ2

1þ λð Þ 1−λð Þ ln 1−λ
λþ 1

� �
þ 2λ

� �
0
BB@

1
CCA ¼ s:
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From the limits on the maximum search cost, I have

s≤ν
1

n−1
1−λ
nλ

� �n−1Z 1

1−λ
1þ n−1ð Þλ

1
t
−1

� � 1
n−1 1

t
dt:

When n = 2, the inequality simplifies to

s≤ν
1−λ
2λ

ln
1−λ
λþ 1

� �
þ 1

� �
b ν:

Because s b ν, I conclude that for any s and ν, there is ~λ such that if
λ b ~λ, then ∂δ*/∂λ b 0 and if λ N~λ, then ∂δ*/∂λ N 0. □

References

Abreu, D., Pearce, D., Ennio, S., 1985. Optimal cartel equilibria with imperfect monitoring.
J. Econ. Theory 39, 251–269.

Armstrong, M., Vickers, J., Zhou, J., 2009. Prominence and consumer search. RAND J. Econ.
40 (2), 209–233.

Borum, J., 2014. The Danish public prosecutor for serious economic and international
crime enters into settlements with owners of driving schools in a cartel case. The Bul-
letin of e-Competitions on Cartel Settlements (http://www.concurrences.com/).

Burdett, K., Judd, K.L., 1983. Equilibrium price dispersion. Econometrica 51 (4), 955–969.
Compte, O., 2002. On failing to cooperate when monitoring is private. J. Econ. Theory 102

(1), 151–188.
Deneckere, R.J., 1983. Duopoly supergameswithproduct differentiation. Econ. Lett. 11 (1–2),

37–42.
Foggo, D., 2005. Car makers confess: we've colluded on sales for 20 years. The Telegraph

(http://www.telegraph.co.uk/news/uknews/1481800/Car-makers-confess-weve-col-
luded-on-sales-for-20-years.html).

Green, E.J., Porter, R.H., 1984. Non-cooperative collusion under imperfect price informa-
tion. Econometrica 52 (1), 87–100.

Häckner, J., 1996. Optimal symmetric punishments in a Bertrand differentiated products
duopoly. Int. J. Ind. Organ. 14, 611–630.
International Competition Network, 2005. Defining hard core cartel conduct effective in-
stitutions effective penalties. Technical Report. The Report for the 4th ICN Annual
Conference in 2005.

Ivaldi, M., Jullien, B., Rey, P., Seabright, P., Tirole, J., 2003. The economics of tacit collusion.
Final Report for DG Competition, European Commission (available at http://
ec.europa.eu/competition/mergers/publications.en.html).

Jacquemin, A., Slade, M., 1989. Chapter 7. Cartels, collusion, and horizontal merger. Hand-
book of Industrial Organization. Elsevier.

Janssen, M.C., Moraga-González, J.L., Wildenbeest, M.R., 2005. Truly costly sequential
search and oligopolistic pricing. Int. J. Ind. Organ. 23 (5-6), 451–466.

Kandori, M., Matsushima, H., 1998. Private observation, communication and collusion.
Econometrica 66 (3), 627–652.

Kohn, M.G., Shavell, S., 1974. The theory of search. J. Econ. Theory 9 (2), 93–123
(October).

Meikle, J., 1999. Volvo Admits Collusion with Dealers to Rig Car Prices. The Guardian
(http://www.theguardian.com/uk/1999/jul/10/jamesmeikle).

Moraga-González, J.L., Sándor, Z., Wildenbeest, M., 2015. Consumer Search and Prices in
the Automobile Market.

Muir, D., Seim, K., Vitorino, M.A., 2013. Price Obfuscation and Consumer Search: An
Empirical Analysis.

Nilson, A., 1999. Transparency and competition. Stockholm School of Economics Working
Paper No. 298 (December).

Pinna, F., Seiler, S., 2014. Consumer Search: Evidence From Path-tracking Data.
Ross, T.W., 1992. Cartel stability and product differentiation. Int. J. Ind. Organ. 10, 1–13.
Rothschild, R., 1997. Product differentiation and cartel stability: Chamberlin versus

Hotelling. Ann. Reg. Sci. 31, 259–271.
Schultz, C., 2005. Transparency on the consumer side and Tacit collusion. Eur. Econ. Rev.

49 (2), 279–297.
Stahl, D.O., 1989. Oligopolistic pricing with sequential consumer search. Am. Econ. Rev. 79

(4), 700–712.
Stigler, G.J., 1964. A theory of oligopoly. J. Polit. Econ. 72 (1), 44–61.
The EC, 2011. Antitrust: Commission Fines Producers of Washing Powder 315.2Million in

Cartel Settlement. Press Release Database (available at http://europa.eu/rapid/press-
releaseIP-11-473en.htm?locale = en).

Varian, H.R., 1980. A model of sales. Am. Econ. Rev. 70 (4), 651–659.
Wolinsky, A., 1986. True monopolistic competition as a result of imperfect information.

Q. J. Econ. 101 (3), 493–512.

http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0005
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0005
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0010
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0010
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0015
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0015
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0015
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0020
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0025
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0025
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0030
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0030
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0035
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0035
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0035
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0040
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0040
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0045
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0045
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0050
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0050
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0050
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0055
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0055
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0055
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0060
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0060
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0065
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0065
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0070
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0070
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0075
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0075
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0080
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0080
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0085
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0085
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0090
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0090
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0095
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0095
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0100
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0105
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0110
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0110
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0115
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0115
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0120
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0120
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0125
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0130
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0130
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0130
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0135
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0140
http://refhub.elsevier.com/S0167-7187(15)00112-5/rf0140

	Collusion with costly consumer search
	1. Introduction
	2. Differentiated products
	2.1. Model
	2.2. Non-cooperative static equilibrium
	2.3. Collusive pricing
	2.4. Stability of collusion

	3. Homogeneous products
	4. Conclusion
	Appendix
	References


