
Retailers’ Cost Uncertainty and Consumer Search with
Product Differentiation

Maarten Janssen and Sandro Shelegia

University of Vienna

Moscow. May 2013

Maarten Janssen and Sandro Shelegia (University of Vienna)Retailers’ Cost Uncertainty and Consumer Search with Product DifferentiationMoscow. May 2013 1 / 1



Introduction

• At this stage, this a modeling exercise with interesting results, and we
are happy to hear suggestions on applications/motivation

• Follow up on Janssen et al. (2011, RAND) and Janssen and Shelegia
(2012).

• The same basic question: how does consumer information about
retailers’ cost affect equilibrium prices in a search market?

• This time we concentrate on a differentiated products market a la
Wolinsky.

• Do the same issues arise if consumers search for both prices and
product characteristics?
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Introduction

• Wolinsky model with differentiated retailers who buy basic input.

• Consumers may or may not observe retailers’ common marginal cost
of the input, and this cost may be a random variable or chosen by a
strategic entity (manufacturer).

• The model turns out to be very different in nature from Stahl model.

• In the Wolinsky model, main results are driven by beliefs consumers
have when they observe deviations by retailers.

• So we had to go back to the Wolinsky model and understand how
consumer beliefs change prices there.

• Once we understand beliefs, we can study cost uncertainty/vertical
relations that change how beliefs are formed.
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Literature

• There’s relatively large literature on cost uncertainty in Stahl (1989)
model e.g. Dana (1994), Tappata (2009), Chandra and Tappata
(2011) and Janssen et al. (2011)

• Related strand of literature studies cost uncertainty and learning
(Benabou and Gertner (1993) and Fishman (1996))

• Much less is known about vertical relations and search. Janssen and
Shelegia (2012) and Lubensky (2011) are first attempts at
understanding these issues.
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Preview of results

• Depending on beliefs, retail prices may be increasing and afterwards
decreasing in search cost.

• When prices are decreasing, they are independent of marginal cost.

• The above leads to non-monotonicity of prices in the vertical model.

• Moreover, prices jump in the search cost, and may even jump twice
for very different reasons.

• First jump happens because for some search costs retail prices are
independent of manufacturer’s price.

• Second jump happens because once retail prices go above the
reservation utility total demand drops discretely.
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The model

• Standard Wolinsky model with two retailers 1 and 2. For each retailer
iid valuations vi (i = 1, 2) are drawn from G(·).

• Mass 1 of consumers per retailer who initially do not know prices or
their valuations.

• Consumers visit one retailer at random for free. Visiting the second
one costs s.

• The common marginal cost for retailers is c. The cost may or may
not be known to consumers (to be specified later)
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Beliefs and demand

• Let firm i charge pi, and consumers who visit i believe that j charges
pej .

• Reservation utility w∗ (that depends on s) solves∫ v̄

w∗
(v − w∗)f(v) dv = s.

• For pei ≤ w∗, expected demand of retailer 1 is:

Q1(p1) = (1−G(w∗−pe2+p1))+G(w∗−pe1+p2)(1−G(w∗−pe1+p1))

+

∫ w∗−pe2+p1

p1

G(p2−p1+v)g(v)dv+

∫ w∗−pe1+p1

p1

G(p2−p1+v)g(v)dv.
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Retailer’s optimal price

• Given the demand, retailer 1 will charge the price that solves

p1 = c− Q1(p1)

Q′1(p1)

• The key is to understand Q′1(p1) and how it depends on beliefs.

• For example, if beliefs are “Passive” as in Wolinsky, i.e. pe2 is
independent of p1, then price will be very different than when beliefs
are Coordinated, i.e. pe2 = p1.
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Wolinsky benchmark with “Passive” beliefs

• Wolinsky uses “Passive” beliefs.

• Take symmetric equilibrium price p∗.

• Consider what happens when retailer 1 deviates to p1 6= p∗.

• Wolinsky assumes that upon deviation by firm 1, consumers who
arrive there don’t change their belief about p2, so pe2 = p∗.

• Wolinsky uses unilateral deviations’ idea but solutions concepts such
as PBE do not require this.

• This is a crucial (and little understood) assumption that is very
natural in his model, but might not be in other models

• As for consumers who arrive at retailer 2, since they observe retailer 2
charge p∗ they believe that retailer 1 also charges p∗, so pe1 = p∗ and
p2 = p∗.
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Wolinsky benchmark

• Once we plug p2 = pe1 = pe2 = p∗ into Q1(p1), we get the FOC

p∗(c) = c +
1−G(p∗)2

2
∫ w∗

p∗ g(v)2 dv + 2G(p∗)g(p∗) + (1−G(w∗))g(w∗)
.

• Now we impose p∗ ≤ w∗ or otherwise consumers do not search the
second retailer.

• This depends on s, and the condition binds when p∗ = w∗, or

w∗ = c +
1−G(w∗)

g(w∗)
.

This is the condition for the single-good monopoly price pm(c), so the
threshold s̄ solves

w∗(s) = pm(c).
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Wolinsky benchmark

• So for s ≤ s̄, p∗ solves the FOC.

• For larger search cost, retailers switch to charging pm and consumers
do not search the second retailer.

• This leads to a drop in demand per retailer from 1−G(p)2 to
1−G(p).

• Why don’t retailers try to avoid this by not going above w∗?

• If firm 2 does this, its consumers search retailer 1, and firm 1 wants
to price above w∗, so the equilibrium prices for s > s̄ have to be equal
to pm
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Coordinated beliefs

• As mentioned above, standard solution concepts do not require
“Passive” beliefs.

• What if pe2 changes with p1 for some reason (to be discussed
extensively later)

• E.g. “Coordinated” beliefs where pe2 = p1.

• Coordinated beliefs are very favorable for retailers - when a retailer
deviates up, consumers who visit it think that the other retailer has
done the same.
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Coordinated beliefs

• Once we plug p2 = pe1 = p̃ and pe2 = p1 into Q1(p1), we get

p̃(c) = c +
1−G(p̃)2

2
∫ w∗

p̃ g(v)2 dv + 2G(p̃)g(p̃)
.

• Compare this to FOC with Passive beliefs

p∗(c) = c +
1−G(p∗)2

2
∫ w∗

p∗ g(v)2 dv + 2G(p∗)g(p∗) + (1−G(w∗))g(w∗)
.

• and it’s clear that for a given c prices are higher with Coordinated
beliefs.
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Coordinated beliefs

• As before, we’ve been operating under assumption p̃ ≤ w∗.

• This will bind when

w∗ = c +
1−G(w∗)2

2g(w∗)G(w∗)
.

• This holds when w∗ equals the joint profit maximizing price pjm.

• Denote s that solves w∗(s) = pjm by s.

• Then for s ≤ s, equilibrium price solves the FOC from before.

• What about s > s?
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Coordinated beliefs

• At s = s, prices are equal w∗ that equals pjm.

• For s slightly above, retailers cannot charge prices below w∗ (they
want to charge prices above w∗)

• They cannot charge prices above w∗ either, because then their
demand becomes 1−G(p) and then optimal price is pm < w∗.

• So in retailer’s profit function there’s a kink at w∗ and both firms
charge w∗.

• Since w∗ is decreasing in s, eventually s will become so large that
both retailers would prefer to go above w∗.

• This happens at s = s̄, or when w∗ falls all the way down to pm.
From s > s̄ onwards prices stop at pm and consumers do not search
the second firm.
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Coordinated vs Passive beliefs (G(·) ∼ N(100, 15))
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Figure : Prices with Passive (red) and Coordinated (blue) beliefs for c = 75.
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Coordinated vs Passive beliefs
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Figure : Quantities with Passive (red) and Coordinated (blue) beliefs for c = 75.

Maarten Janssen and Sandro Shelegia (University of Vienna)Retailers’ Cost Uncertainty and Consumer Search with Product DifferentiationMoscow. May 2013 18 / 1



Random cost model

• Now we get to reasons for Coordinated beliefs.

• Assume everything is as in Wolinsky, but c is drawn from some
distribution F (c) on [cl, ch] and unknown to consumers.

• Let’s find a separating equilibrium. In such an equilibrium different
cost types charge different prices.

• Since equilibrium is symmetric, and both firms for a given c charge
equal prices, for any p1 in the support of equilibrium prices,

pe2 = p1.

• Beliefs move perfectly with deviations within the support because
consumers do not know the deviation happened.

• For out of equilibrium prices one is free to set beliefs, but to make
things simpler we set pe2 = p1 also for out of equilibrium p1.
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Random cost model

• For every realization of c we have Coordinated beliefs equilibrium.

• Recall that for some c, p̃ is independent of c.

• This means that we can have fully separating, partially separating and
pooling equilibria depending on search costs and [cl, ch].

• There may be other pooling equilibria with other beliefs.
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Vertical relations

• Now assume c is chosen by an upstream monopolist.

• When c is observed by consumers it is natural to have Passive beliefs.

• When c is unobserved, consumers can put blame arbitrarily, so we can
have both Passive beliefs, and Coordinated beliefs, and everything in
between.

• We concentrate on Coordinated beliefs in the unobserved cost case
(consumers blame the upstream firm for deviations).

• This makes the biggest difference between observed and unobserved
marginal cost models.
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Vertical model: observed c

• For observed c, it is natural to assume that for every c beliefs are
Passive.

• Then for every c, we know that price is p∗(c) and we can find the
upstream firm’s optimal choice.

• When s is small, the upstream firm will choose co that solves

co =
1−G(p∗)2

1− 2G(p∗)g(p∗)∂p
∗

∂c

.

• But s will reach a level so where p∗(co) = w∗.

• After this, if upstream firm increases c, demand drops as consumers
stop searching.
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Vertical model: observed c

• So for s > so the upstream firm has to accommodate and set c such
that p∗(c) = w∗.

• Since w∗ is decreasing in s, so will be the retail and upstream price.

• As this accommodation continues, co falls so low, that after threshold
s̄o upstream firm maximizes

(1−G(pm(c)))c

• This is the classic double-marginalization model.
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Vertical model: observed c
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Figure : Upstream (dashed) and downstream (solid) prices.
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Vertical model: observed c
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Figure : Upstream (dashed), downstream (solid), and total (thick) profits.
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Vertical model: unobserved c

• When c is unobserved, upon observing a non-equilibrium price p1

consumer can think it’s retailer 1 who deviated, or that the upstream
firm has deviated.

• So Passive (pe2 = p∗) or Coordinated (pe2 = p1) beliefs and anything
in-between (or beyond) is reasonable.

• Since with Coordinated beliefs Q1 only depends on p1 and p2, and
not on beliefs about c, for every c we can use our results from before.

• Note: with Coordinated beliefs we shut down the driving force in
Janssen and Shelegia (2012) and look purely at how beliefs change
equilibrium.
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Vertical model: unobserved c

• Once again, for small s, the upstream firm will solve

cu =
1−G(p̃)2

1− 2G(p̃)g(p̃)∂p̃∂c
.

• But when s reaches su, the upstream firm will jump to charging such
c that retailers charge p̃(c) = pm(c).

• After this, the upstream firm will start accommodating w∗ until again
the price is so low, is jumps to the classic double-marginalization level.

• The threshold for the second jump is the same as in the observed case.
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Vertical model: unobserved c
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Figure : Upstream (dashed) and retail (solid) prices for G(·) ∼ N(100, 15).
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Vertical model: unobserved c
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Figure : Upstream (dashed), retail (solid), and total (thick) profits.
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Vertical model: comparison

• For a given c, prices are higher in the unobserved c model because of
beliefs

• So for s ≤ su retail prices are higher, and wholesale price lower in the
unobserved case

• At s = su prices jump up in the unobserved case, so they are even
higher.

• After this the retail prices starts declining in the unobserved model,
until the two models coincide at s = so.
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Vertical model: comparison
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Figure : Upstream (dashed) and retail (solid) prices for observed (red) and
unobserved (blue) c.
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Vertical model: comparison

s
so0 5 10 15 20 25

20

40

60

80

100

⇡u

⇡o

⇡o
w

⇡o
r

⇡u
r

⇡u
w

su s̄u = s̄o

Figure : Upstream (dashed), retail (solid) and total (thick) profits for observed
(red) and unobserved (blue) c.
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Conclusions

• In Wolinsky model prices depend on beliefs, and beliefs depend on
what consumers know about marginal cost.

• When cost is random, retail prices increase and then decrease in
search cost, and in the decreasing range retail prices are independent
of marginal cost.

• In vertical relations model with observed or unobserved marginal cost,
prices are increasing and then decreasing in search cost, and may
jump up.

• Industry and upstream profits are higher in the observed marginal cost
case, but retail profits may be higher in the unobserved case, thus
retailers may hide their costs.
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