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Abstract

Consider a monopolist who sells a durable good, and repairs the good

if it breaks down. Suppose that contracts that specify future repair

prices cannot be written, so that there is an \aftermarket" situation.

When consumers are risk-averse, the monopolist chooses ine�ciently

high repair prices; if complete warranties were possible, he would fully

insure consumers by guaranteeing to repair the good at a zero fee.

To increase e�ciency, the monopolist may attract a rival �rm in the

aftermarket, or lease the good. The latter option restores �rst-best

e�ciency.
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1 Introduction

After-sales repair services and replacement parts are of major economic im-

portance in many industries. Consider, for instance, the car industry: \A

typical dealership earns most money from servicing and parts; only 15% of

its pro�ts come from new car sales."1 Moreover, prices of repair services and

replacement parts often tend to be relatively high; Voortman (1993) contains

an extensive list of examples. For instance, in the United States, constructing

a car by purchasing all the necessary parts from retailers, ignoring assembly

costs, costs three to eight times the price of a fully assembled car.2

In this paper I study pricing behavior of a monopolist who sells a durable

good, and also sells repairs services or replacement parts if the good breaks

down at a later point in time. The notion of an \aftermarket" plays a key

role in the analysis.3 According to Shapiro and Teece (1994), an aftermarket

is de�ned by sales of products and services (e.g. replacement parts and

repair services), used together with a primary product (equipment), that take

place at a point in time after the purchase of the primary product. Thus,

aftermarkets arise if some relevant variables that concern future transactions

are not pinned down in a contract at the time of purchase of equipment. In

this paper, I assume that contracts that specify future prices of repairs or

parts cannot be written.

The relevance of the incomplete-contract assumption is stressed in a re-

port by the European Consumer Law Group (1988), who study the \legal

1
The Economist, \Rabbit is poor," February 26th 1994, 72.

2See Voortman (1993) and the references therein.
3The term \aftermarket" was presumably coined by the United States Supreme Court

in the antitrust case Eastman Kodak Company v. Image Technical Services, Inc. et al.,

112 S. Ct. 2072 (1992); see Voortman (1993) and Shapiro and Teece (1994) for detailed

discussions.
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situation concerning after-sales services { falling outside the product guar-

antees" (p. 1; emphasis added). Moreover, the report argues that even if

maintenance contracts are written, they may prove to be worthless for con-

sumers (p. 15).

Taylor (1995) provides casual evidence that in the information technol-

ogy industry, �rms experience ine�ciencies due to high aftermarket prices.

\The drive to reduce costs [: : : ] has been taken up, too, by manufacturers,

suppliers and specialist vendors keen to distance themselves from a possible

user backlash" (p. 1). For this reason, equipment sellers such as Compaq

Computer and IBM try to design their systems to cut maintenance costs,

whereas other �rms contract out technical support.

I focus on three questions. First, which equipment price and repair price

will the monopolist charge? In the spirit of arguments made by William-

son (1985), problems of opportunism may arise when the seller has a locked-

in consumer in need of a repair. Second, how do these prices compare to

the optimal prices if one allows for long-term contracts? Finally, since it

turns out that there is a discrepancy between equilibrium prices in these two

cases, are there ways for the monopolist to increase or restore e�ciency? To

answer the latter question, I focus on dual sourcing (inviting a competitor in

the aftermarket) and leasing.

In the model there are overlapping generations of risk-averse consumers:

young consumers have the possibility to use information about current repair

prices to form expectations about future repair prices. In each period, a

young consumer enters the market to buy equipment. With some probability,

equipment is of inferior quality.4 In that case, the good breaks dows after the

use of one period. If this happens, he must have it repaired by (or purchase

4This is an exogeneous event. Ex ante, neither the seller nor consumers can identify

inferior goods.
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a replacement part from) the seller to use it again when he is old. I assume

that a young consumer expects a future repair price equal to the repair price

he observes when he enters the market to buy equipment.5 This reputation

mechanism allows the seller to instantaneously establish a reputation for not

exploiting consumers in need of a repair.

The seller faces a tradeo� between decreasing the aftermarket price, which

increases the willingness to pay of young consumers, and exploiting old con-

sumers in need of a repair. A main result is, surprisingly, that in spite of

the fact that the seller faces no obstacles whatsoever in establishing a rep-

utation for not exploiting old consumers, he charges a relatively high repair

price, possibly equal to consumers' willingness to pay for a repair service.

This result is in sharp contrast with the equilibrium outcome if long-term

contracts are possible. In that case, the seller would fully insure consumers

by committing to carry out repair services at a zero fee. Also, the seller may

cross-subsidize equipment purchases by selling at a price below cost. In the

long-term contract case, the seller would cross-subsidize repair services.

If future repair prices cannot be written in a contract, dual sourcing by

inviting an aftermarket competitor is a means to drive down the aftermar-

ket price. In a given period, however, giving up pro�ts from repair services

and replacement parts is attractive only if the monopolist can invite a com-

petitor from the next period onwards. The reason is that in that period,

the possibility of exploiting old consumers by charging a high aftermarket

price makes dual sourcing unattractive. However, if the seller can credibly

announce that from the next period onwards, the aftermarket will be com-

petitive, then young consumers are willing to pay a high price for equipment,

and the seller has a last opportunity to charge a high aftermarket price.

Finally, leasing equipment to consumers yields �rst-best e�ciency. The

5Expectations are required to be ful�lled in equilibrium.



4

reason is that by leasing, durability of the good and risk of breakdown only

matter for the monopolist; consumers do not bear any risk. Therefore, also

leasing may help the seller to overcome his commitment problem. Moreover,

the seller strictly prefers leasing above dual sourcing.

Voortman (1993) and Shapiro and Teece (1994) discuss in detail many

issues that may arise in aftermarkets, but develop no formal theory. To

the best of my knowledge, this paper is the �rst one to formally address

aftermarkets { although preliminary, because I focus on a monopoly.

The literature on repair services in a complete contracting framework

(see for instance Heal (1977) and Chen and Ross (1994)) does not address

aftermarket issues. An important insight of that literature is that optimal

warranties provide full insurance for risk-averse consumers { this outcome

provides a useful benchmark for aftermarket situations.

Also related is the literature on consumer lock-in and switching costs,

studying markets in which buyers make relationship-speci�c investments

when complete contracts cannot be written. Firms, who cannot distinguish

between old and new consumers, compete to attract consumers whom they

can exploit later, that is, a �rm sells a single good at a single price (see e.g.

Klemperer (1990) and Farrell and Shapiro (1988)). Farrell and Shapiro (1989)

assume that sellers can discriminate between new and locked-in consumers,

and study the relationships between noncontractable quality, unobservability

of switching costs, and contract length. The main di�erence with these arti-

cles is that in an aftermarket situation, a �rm sells di�erent goods (equipment

and aftermarket good), each at another price.

Shepard (1987) shows that it may be optimal for a monopolist to license

a new technology to competitors. Since licensing induces quality compe-

tition, it results in a credible quality commitment, and may therefore in-

crease demand. By focusing on dual sourcing instead of licensing, Farrell
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and Gallini (1988) derive results similar to those of Shepard. In my paper,

the general idea that dual sourcing is a means to credibly commit is applied

to pricing problems in aftermarkets.

My results suggest a rationale for leasing which is di�erent from the one

suggested by Coase (1972), who raised the following problem. If a durable-

goods monopolist charges a price above the competitive level, consumers

who are willing to buy at this price rationally expect a price decrease shortly

after their purchases, and therefore wait to buy. Coase argued that leasing,

which has the e�ect of turning the monopolist into a seller of nondurable

goods, may solve this commitment problem caused by intertemportal price

discrimination. In my model, leasing helps the monopolist to overcome a

commitment problem due to the possibility to exploit buyers of equipment

in the future.

The model is presented in the next section. The results are derived and

presented in section 3, and section 4 concludes the paper. In an appendix, I

demonstrate that the reputation mechanism is not the driving force behind

the insights.

2 The Model

In each period t = 0; 1; 2; : : :, a consumer enters the market and lives for 2

periods. In each period, a consumer has an inelastic demand for one unit of

a durable good that is produced by a monopolist.6

With probability � 2 (0; 1), the monopolist's production technology de-

livers an inferior product. An inferior good breaks down (or, depending on

the context, some crucial part of the good breaks down) after the use of one

6In Voortman (1993), the monopolist is also called Original Equipment Manufacturer

(OEM).
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period. If a product is not inferior it lasts for two periods. The seller and

consumers can only identify goods as inferior when they break down.

In case of a breakdown, a consumer can use it again in a second period

only if it is repaired (or if he buys a replacement part). Repair services or

replacement parts (\aftermarket goods") are provided by the seller. Con-

sumers in need of a repair, however, have the option to repurchase the good

instead of buying the aftermarket good.7

In period t, the monopolist charges a price pt � 0 for the good, and a price

st � 0 for the aftermarket good. These prices are chosen before the seller

knows whether he will have to carry out any repair services. A consumer who

enters the equipment market at time t observes prices pt and st. Information

about maintenance costs may be available in publications such as Consumer

Reports. Let set+1 denote the aftermarket price that is expected by a consumer

entering at time t. Accordingly, the overlapping-generations structure of

the model enables young consumers to use information about current repair

prices to form expectations about future repair prices.

Consumers and the monopolist discount future bene�ts with a factor

� 2 (0; 1). The monopolist is risk-neutral and maximizes his expected prof-

its. Consumers maximize expected utility. Each consumer has a strictly

increasing utility function U(�) that is twice di�erentiable. Consumers are

risk-averse, that is, U(�) is strictly concave. Suppose U(x) > 0 for all x > 0,

U(0) = 0, and U(x) < 0 for all x < 0. When the good does not break down,

the utility of a consumer who buys it at time t equals U(r � pt + �r), where

r > 0 is a given constant. When it does break down, the utility of a consumer

who purchases the aftermarket good equals U(r � pt + �(r� st+1)).

The unit cost of producing the good is c0, whereas repairing the good

7The seller can distinguish old from young consumers only if an old consumer makes

himself known by buying a repair service or a replacement part.
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costs c � 0. The parameters satisfy c < c0, that is, repairing is less costly

than producing a new product, or, producing a spare part is less costly than

producing a complete product. Throughout the paper, c0 and c are assumed

to be su�ciently small, and r is assumed to be su�ciently large, in order

to guarantee that there exist prices such that the monopolist is willing to

produce and consumers are willing to buy. In period t, pro�ts from selling

equipment are equal to pt� c0. Given that consumers in need of a repair will

buy the aftermarket good, expected aftermarket pro�ts are equal to �(st�c).

An important assumption of the model is that long-term contracts, spec-

ifying a future aftermarket price at the time of purchase of the good, cannot

be written.8 9 As Shapiro and Teece (1994, p. 141) argue: \Consumers

rarely arrange for all of their parts and service when they purchase a ma-

chine, [: : : ]". The focus of the analysis is the way in which the equipment

market and the aftermarket are interlinked as a result of this contractual

incompleteness, and how the resulting ine�ciency can be overcome.

Remark : The model tries to capture that consumers purchasing equip-

ment believe that the monopolist will be in the market for an additional

period. The in�nite time horizon is an appropriate way to capture this fea-

ture; in a �nite-horizon model, consumers would perceive a well-de�ned last

period. In any subgame perfect equilibrium when there is a �nite horizon,

the seller would charge s = r in the �nal period; equipment and aftermar-

ket prices in the predecessing periods would then follow from an unraveling

argument.

8To have a benchmark, the case of long-term contracts will also be analyzed.
9As argued in the introduction, this assumption is quite realistic. It is beyond the

scope of this paper to address why contracts are incomplete. Possibly, because of moral

hazard problems concerning maintenance at the side of consumers, sellers do not o�er a

guarantee for at least some part of the good. See, e.g., Cooper and Ross (1985) for an

analysis of warranties and two-sided moral hazard.
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3 Analysis

A subgame perfect equilibrium in stationary strategies will be characterized

by prices p� and s�, as well as purchase decisions of consumers, and con-

sumers' expectations about future repair prices. In equilibrium, expectations

will be required to be ful�lled.

At the time of purchasing the original equipment, consumers do not know

the seller's future aftermarket prices. In order to make a purchase decision,

however, a buyer must form an expectation of tomorrow's maintenance costs.

To enable the seller to inuence consumers' beliefs in a plausible way, so that

he can directly inuence his reputation for good behavior in the aftermarket,

I make the following assumption:

Assumption 1 (Reputation mechanism) Consumers' expectations sat-

isfy set+1 = st for all t = 1; 2; : : :.

By assumption 1, a consumer who enters the equipment market expects a

future price for repair services equal to the price that he observes today. As

a consequence, the monopolist's reputation for charging low repair prices in

the future is determined by his current pricing behavior. Thus, assumption 1

explicitly models how the seller can directly inuence his reputation.10 More-

over, the monopolist has the ability to instantaneously establish a reputation

for not exploiting consumers in the aftermarket. Notice that in a stationary

equilibrium, these beliefs are automatically ful�lled.

The �rst result, presented in lemma 1, is that equilibrium prices will be

such that if a good breaks down, a consumer will have it repaired, instead

of buying a new good. Thus, although the seller cannot distinguish old from

10In the appendix I show that the unique equilibrium outcome generated by the reputa-

tion mechanism is also obtained if one assumes more general beliefs and applies a plausible

forward-induction argument.
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young consumers, consumers in need of a repair will make themselves known

by purchasing the aftermarket good.

Lemma 1 In any equilibrium, pt > r and st � r for all t, that is, a con-

sumer in need of a repair buys the aftermarket good instead of repurchasing

equipment.

Proof: Suppose that the claim does not hold. Suppose that, in some period,

pt � r. If st � pt then �U(r � pt + �(r� set+1)) + (1 � �)U(r � pt + �r) > 0.

Consequently, the seller can increase pro�ts by increasing pt. If st > pt then

a consumer who needs a repair in period t will buy new equipment. Since

c < c0, the seller can increase pro�ts by choosing st just below pt. Therefore,

it must be that pt > r for all t. If st > r then consumers in need of a repair

will neither repurchase, nor buy the aftermarket good. Therefore, the seller

can increase pro�ts by choosing st 2 (c; r], a contradiction. It follows that

st � r. 2

By lemma 1, and because equilibrium prices are assumed to be stationary,

the monopolist's problem in any subgame starting in t = 1; 2; : : :, can be

written as11

max
pt;st

pt � c0 + �(st � c) (1)

s.t. �U(r � pt + �(r � set+1)) + (1 � �)U(r � pt + �r) � 0;

pt > r;

st � r;

set+1 = st;

st; pt � 0:

11In problem (1), it would be equivalent to maximize the sum of discounted per-period

pro�ts from t onwards.



10

Lemma 1 allows us to introduce a useful de�nition. Let the function

�(set+1) be de�ned as the equipment price pt = �(set+1) that makes a consumer

who enters the market at time t indi�erent between purchasing and not

purchasing, for a given expected aftermarket price set+1 2 [0; r]. Equivalently,

�U(r � �(set+1) + �(r � set+1)) + (1� �)U(r � �(set+1) + �r) = 0: (2)

In order to solve problem (1), it is useful to know more about �(�).

Lemma 2 states some results that will be needed below. In particular, �(s)

is a decreasing function, that is, high maintenance costs reduce a consumer's

willingness to pay for equipment.12

Lemma 2 For all s � 0, �(s) satis�es

(i) �� < �0(s) � ��� (with strict inequality if s > 0), and

(ii) �00(s) < 0.

Proof: (i) Di�erentiating (2) and rewriting yields

�0(s) = ���
U 0(r � �(s) + �(r � s))

�U 0(r � �(s) + �(r � s)) + (1 � �)U 0(r � �(s) + �r)
: (3)

De�ne A � r � �(s) + �(r � s), and B � r � �(s) + �r. Then A = B if

s = 0, and A < B otherwise. Notice U 0(A) > 0 and U 0(B) > 0. Since U(�)

is concave, U 0(A) = U 0(B) if s = 0, and U 0(A) > U 0(B) otherwise. First,

since U 0(A) � �U 0(A)+(1��)U 0(B), it follows that �0(s) � ���, with strict

inequality if s > 0. Second, since �U 0(A) < �U 0(A) + (1� �)U 0(B), we have

�0(s) > ��.

(ii) Di�erentiating (3) yields that the sign of �00(s) is equal to the sign of

��� fU 00(A)(��0(s)� �)[�U 0(A) + (1 � �)U 0(B)] �

U 0(A)[�U 00(A)(��0(s)� �) + (1 � �)U 00(B)(��0(s))] g;

12The assumptions on U (�) imply that �(�) is twice di�erentiable.
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which can be written as

��� [U 00(A)(��0(s)� �)(1� �)U 0(B)� U 0(A)(1� �)U 00(B)(��0(s))]:

Since U(�) is concave and strictly increasing, and �� < �0(s) < 0, it follows

that �00(s) < 0. 2

Before giving the solution to problem (1), a de�nition is given. Given

that � < �, let �s be de�ned by

�0(�s) = ��: (4)

The �rst proposition states a central result:

Proposition 1 Suppose that assumption 1 holds. There exists a unique equi-

librium. In this equilibrium,

(i) if � < � then p� = �(s�) and s� = minf�s; rg > 0,

(ii) if � � � then p� = �(s�) and s� = r > 0.

The equilibrium outcome is ine�cient.

Proof: Consider any period t � 1. The monopolist will fully extract any

consumer's surplus, so that pt = �(st). In problem (1), the constraint pt > r

automatically holds. To see this, notice that by de�nition (2), a young con-

sumer is never willing to pay more than �(r) for the equipment. If he buys at

price �(r), his expected utility is 0 = �U(r� �(r)) + (1��)U(r� �(r) + �r),

which implies that r��(r) < 0. Since st � r (lemma 1) and �(�) is decreasing

(lemma 2), it follows that pt = �(st) � �(r) > r.

Substituting p = �(s) into per-period pro�ts in problem (1) yields that pro�ts

in period t equal �t(s) � �(s)�c0+�(s�c). By lemma 2 (ii), �t(s) is concave.

Suppose �rst that � < �. Then, pro�ts are maximized by s� = minf�s; rg,

where �s satis�es the �rst-order condition �0

t(s) = �0(s) + � = 0. Second, if
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� � � then �0

t(s) = �0(s) + � > 0 for all s, so that pro�ts are maximized

by s� = r. In both cases, the equipment price satis�es p� = �(s�) (and also

p�0 = �(s�)). Consumers' beliefs in equilibrium are set = s� for all t. The

consumer who enters the market in period 0 rationally expects a future re-

pair price s�, and is willing to pay �(s�). Therefore, the equilibrium price in

period 0 is also p�.

In the case � < �, it remains to be shown that s� > 0 if �s < r. Suppose

that �s < r and s� = 0, so that A = B (where A and B are de�ned in the

proof of lemma 1). Using (3), the �rst-order condition is then equivalent to

U 0(A)(� � �) = U 0(B)(1 � �). The latter equation implies U 0(A) > U 0(B),

which contradicts A = B.

An ine�ciency arises because consumers, who are risk-averse, bear risk. Fi-

nally, total pro�ts from period t on are non-negative if and only if (�(s�) �

c0 + �(s� � c))=(1 � �) � 0, which is satis�ed because marginal costs are

assumed to be su�ciently small. 2

Even though consumers' expectations as given by assumption 1 allow the

seller to instantaneously build up a reputation for not exploiting consumers

who need parts and service, by proposition 1 he charges a relatively high

aftermarket price. The equilibrium prices reect the seller's tradeo� between

\insuring" young, risk-averse consumers against the risk of breakdown, and

exploiting old consumers in the aftermarket.

Notice that it is possible that p� = �(s�) < c0; in this case, the seller

cross-subsidizes equipment purchases. Since high prices are charged on the

aftermarket, however, the monopolist is willing to su�er losses on the equip-

ment market. Hence it is possible that the seller has no market power in the

equipment market, and charges a high markup in the aftermarket.

What is the e�ect of a marginal increase in � on the equilibrium prices?



13

Suppose that � < � and s� = �s < r, where �s is de�ned by (4). Di�erentiating

(4) and applying lemma 2 yields that

ds�

d�
=

�1

�00(s�)
> 0:

Accordingly, the optimal aftermarket price is increasing in the probability of

breakdown. As a consequence,

dp�

d�
= �0(s�)

ds�

d�
< 0;

that is, the equipment price is decreasing in the probability of breakdown.

Williamson (1985) emphasized that in relationships in which parties make

irreversible investments, contractual incompletenessmay lead to underinvest-

ment. In my model, a young consumer invests in a speci�c asset, that is,

he purchases equipment, and the seller chooses ex post the price of the af-

termarket good, which is noncontractable ex ante. Since it is possible that

s� = r, the reputation mechanism speci�ed in assumption 1 may be ine�ec-

tive in alleviating the \hold-up" problem of exploiting consumers in need of

a repair.

To view proposition 1 in perspective, it is useful to consider the case in

which long-term contracts can be written.

Proposition 2 Suppose that long-term contracts are possible. There exists

a unique equilibrium. In this equilibrium, p̂ = r(1 + �) and ŝ = 0. The

equilibrium outcome is e�cient.

Proof: Using long-term contracts, in any period = 0; 1; 2; : : : the monopolist

chooses p and s such that p = �(s), and s maximizes �t(s) � �(s) � c0 +

��(s � c). By lemma 2, �t(�) is a concave function. Its derivative satis�es

�0

t(s) = �0(s) + �� = 0 if s = 0 and �0

t(s) < 0 otherwise. Therefore, the

monopolist will choose s as small as possible, so that ŝ = 0. Moreover, from
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(2) it follows that p̂ = �(ŝ) = r(1 + �). The equilibrium outcome is e�cient

because the seller, who is risk-neutral, bears all the risk. 2

According to proposition 2, the seller would want to be able to commit

himself to an aftermarket price as low as possible.13 Since consumers are risk-

averse, it would be e�cient to o�er consumers a complete insurance against

equipment breakdown by performing repair services at no charge. Consumers

then would pay for such an insurance via a higher equipment price.

It is interesting to notice that if long-term contracts can be written, the

monopolist cross-subsidizes repair services if c > 0. This observation is in

sharp contrast with the incomplete-contract case, in which the seller may

cross-subsidizes equipment purchases.

The main observation from the results above is that the reputation mech-

anism does not lead to an e�cient outcome. Even though the monopolist

faces no obstacles whatsoever if he wants to establish a reputation for good

behavior, exploiting consumers who have a good with a defect is too tempt-

ing. Although providing a full warranty maximizes per-customer pro�ts, the

only way to convince consumers that repair prices will be low tomorrow is

to charge low repair prices today, which reduces current aftermarket pro�ts.

Example

In this example, the results will be related to consumers' risk aversion. Sup-

pose that U(x) = �e�ax+1, where a > 0. The Arrow-Pratt measure of abso-

lute risk aversion, which is de�ned as �U 00(x)=U 0(x), is constant and equal to

a. Assume that the parameters satisfy � < � and r > ln[(1��)=(���)]=(a�).

Using (2), one can calculate that �(s) = r(1 + �)� ln(�ea�s+1� �)=a. Ap-

13See, for instance, Heal (1977) and Chen and Ross (1994) for similar results in di�erent

settings.
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plying proposition 1, it follows that s� = ln[(1� �)=(� � �)]=(a�), which can

be used to calculate p� = �(s�) = r(1 + �) � ln[�(1 � �)=(� � �)]=a. By

de�ning K(a) � ln[�(1 � �)=(� � �)]=a, one can write p� = p̂ � K(a). The

Williamsonian \underinvestment"K(a) can be interpreted as the decrease in

willingness to pay compared to the �rst-best price p̂ = r(1 + �) (see proposi-

tion 2), when a consumer faces a risk of breakdown and subsequent\hold-up."

The function K(a) is decreasing so that the more risk-averse consumers are,

the more young consumers are willing to pay. Repair price s� is decreasing

in a; if consumers become more risk-averse, the monopolist becomes more

eager to (implicitly) insure consumers.

When a young consumer buys equipment, however, the seller would want

to be able to commit himself to carry out repairs for free in the next period.

Therefore, he may consider ways to drive down the aftermarket price, such

as inviting an aftermarket competitor, or contracting out aftermarket goods

to competing �rms.

Suppose that there is an independent service organization (ISO), who can

carry out repair services under identical conditions as the monopolist, but

does not sell equipment. Initially, the seller's technology is proprietary, so

that the ISO can enter the aftermarket only if the seller agrees. Suppose that

in each period, the monopolist has the ability to grant the right to compete

in the aftermarket from any future period onwards, possibly until in�nity.

The monopolist can inform consumers about dual sourcing without cost.

Abstracting from collusion, price competition results in an aftermarket

price s = c under dual sourcing. The optimal equipment price under dual

sourcing is then p = �(c).

Proposition 3 Suppose that the monopolist can invite a competitor in the

aftermarket. There exists a unique equilibrium. In this equilibrium, the mo-



16

nopolist creates a competitive aftermarket from period 1 onwards. If c > 0,

the equilibrium outcome is ine�cient.

Proof: For completeness it will be shown that in each period, the monopolist

has an incentive to create a competitive aftermarket only from the next period

onwards, so that in equilibrium, a competitor will be invited in period 0 to

enter in period 1. Suppose in some period t = 1; 2; : : :, the monopolist grants

the right to compete in the aftermarket from the next period onwards. Then

consumers who enter in period t are willing to pay �(c) for the good. Notice

that in this case the seller can choose (only in period t) st = r. Therefore,

dual sourcing from period t+ 1 onwards is optimal if and only if

�(r � c) +
�(c)� c0

1 � �
�

�(s�)� c0 + �(s� � c)

1 � �
; (5)

where equilibriumprices without dual sourcing, (�(s�); s�), are given in propo-

sition 1. By the Mean Value Theorem, there exists an ~s 2 (c; s�) such that

�0(~s) = [�(s�)� �(c)]=(s�� c). Therefore, (5) holds if and only if there exists

an ~s 2 (c; s�) such that

�0(~s)(s� � c) � �(r � c)(1� �)� �(s� � c): (6)

Notice that �0(~s)(s� � c) � �(s� � c)(1 � �) � �(s� � c) is equivalent with

�0(~s) � ���, which is true by lemma 2. Therefore, �0(~s)(s� � c) � �(s� �

c)(1� �)� �(s� � c) � �(r � c)(1 � �)� �(s� � c), so that (6) is satis�ed.

Similarly, one can show that in period 0, it is optimal to invite a com-

petitor from period 1 onwards if and only if there exists an ~s 2 (c; s�)

such that �0(~s) � ���, which follows from lemma 2. Finally, in period 1

it is optimal to invite a competitor from period 1 onwards if and only if

(�(c) � c0)=(1 � �) � (�(s�) � c0 + �(s� � c))=(1 � �), which holds if and

only if there exists an ~s 2 (c; s�) such that �0(~s) � ��. Using that �0(�) is

decreasing (lemma 2) and �0(s�) � �� (see the proof of proposition 1), one
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can show that such an ~s does not exist. 2

The interpretation of proposition 3 is as follows. Take the situation in

which there is no competitor in the aftermarket as given. The monopolist

then faces a tradeo� between creating a competitive aftermarket or not. In

any period, however, the possibility of exploiting old consumers by charging a

high aftermarket price makes dual sourcing in that period unattractive. Now

suppose that in a given period, the seller can credibly announce that from

the next period onwards, the aftermarket will be competitive. Then young

consumers, and also future young consumers, are willing to pay a high price

for equipment, and the seller still has a (last) opportunity to charge a high

aftermarket price. Accordingly, only if the seller invites a competitor from

the next period onwards dual sourcing is more pro�table than sticking to a

monopolistic aftermarket. Similarly, at date 0 there is not yet an established

aftermarket, and the monopolist has an incentive to announce that from

date 1 onwards, there will be a second source in the aftermarket.

As an extension of the model, and as another means to reduce the in-

e�ciency caused by contractual incompleteness, it is interesting to consider

the case in which the monopolist has the option to lease equipment to con-

sumers, a contractual arrangement that was not allowed for in the model so

far. Suppose that leasing occurs for single periods, so that lease contracts

can be written even when long-term contracts are impossible.

If the good breaks down after being used for one period, the seller repairs

it and leases it again. Thus the seller incurs any repair costs. After two

periods, the good can no longer be used. Let the per-period rent be denoted

by `t. Now one can show that leasing is more pro�table than selling.

Proposition 4 Suppose that leasing equipment to consumers is possible.

There exists a unique equilibrium. In this equilibrium, the monopolist leases
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equipment at per-period rent `� = r. The equilibrium outcome is e�cient.

Proof: Under leasing, the seller maximizes �L
t (`t) � `t � c0 + �(`t+1 � �c)

subject to the constraints U(r � `t + �(r � `et+1)) � 0 and 0 � `t � r. In a

stationary equilibrium, the monopolist extracts all consumer surplus if and

only if U(r � ` + �(r � `)) = 0, so that `� = r. Recall that �rst-best pro�ts

under selling are equal to �t(0) � r(1 + �)� c0 + ��(0 � c) (proposition 2).

Since �L
t (r) = �t(0), leasing results in the same pro�ts as in the case of full

warranties. 2

Proposition 4 provides a rationale for leasing goods that can break down

before the end of their potential life-cycle. By leasing equipment, the seller

circumvents his commitment problem by acting as a seller of nondurable

goods. Young consumers rent the good for one period, and whether or not

the good breaks down after use, return it. The seller then repairs the good if

necessary, and old consumers rent the good again. The optimal rent is equal

to consumers' per-period reservation price for the good. Since the seller

incurs any repair costs, consumers face no risk and the equilibrium outcome

is e�cient. Note that in order to obtain the e�cient outcome by leasing,

the seller does not have to be able to discriminate between young and old

consumers.

If one compares dual sourcing and leasing, two di�erences are noteworthy.

First, a corollary of propositions 3 and 4 is that, except if the marginal cost

of repairing is zero, leasing is more pro�table than dual sourcing. Second,

whereas by dual sourcing the monopolist tries to mimic the �rst-best contract

by decreasing the aftermarket price, leasing leads to a high aftermarket price.



19

4 Conclusion

The analysis in this paper showed that a monopolist who sells a durable good

that can break down, charges an ine�ciently high repair price if long-term

contracts (specifying future repair prices at the time of purchase) cannot be

written. Inviting a competitor in the aftermarket (dual sourcing) increases

e�ciency because it results in competitive repair prices. By leasing the good

instead of selling, durability of the good and risk of breakdown no longer

matter for consumers; the monopolist bears all the risk so that e�ciency is

restored.

The results on dual sourcing show that more competition does not always

result in less market power. Under dual sourcing, there is �erce competition

only in the aftermarket, and the monopolist may fully extract consumers' sur-

plus in the equipment market. Therefore, although dual sourcing increases

e�ciency, it does not decrease the seller's market power. A necessary condi-

tion to prevent the seller from extracting consumers' surplus is that there is

competition in both the equipment market and the aftermarket.

Some issues that are outside the scope of this paper seem to be worth-

while to explore. An important question is whether competition among sev-

eral \original equipment manufacturers" decreases the �rms' market power,

given that repairs can only be carried out by original sellers. Another, inter-

esting extension of the model would be to have the monopolist choose the

probability of breakdown by having it exert e�ort that determines the quality

of the good. If e�ort and quality are unobservable to consumers, equipment

and repair prices could serve as signals. Also, one could compare the seller's

incentives to reduce the probability of breakdown under di�erent contrac-

tual and institutional arrangements, such as warranties, dual sourcing and

leasing.
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Appendix

This appendix demonstrates that the reputation mechanism speci�ed in as-

sumption 1 is not the driving force behind the results. Summarizing this

appendix, it is shown below that

1 any equilibrium outcome generated by the reputation mechanism can

also be obtained by assuming more general beliefs,

2 equilibrium outcomes supported by more general beliefs inhibit, by and

large, a discrepancy with the �rst-best outcome just as in the analysis,

and

3 the unique equilibrium outcome selected by the reputation mechanism

is also obtained if one applies a forward-induction argument to equilib-

rium outcomes supported by more general beliefs.

Suppose that assumption 1 is not imposed. Consider a stationary equi-

librium with prices (p�; s�) such that p� = �(s�), supported by the following

beliefs:

set+1 =

8<
:

s� if (pt; st) = (p�; s�),

r otherwise.
(7)

These beliefs are chosen such that after a deviation by the monopolist at

time t, the willingness to pay �(set+1) of a consumer who enters the market is

reduced as much as possible, that is, down to �(r).

Obviously, the seller would be punished more severely if consumers would

refuse to buy equipment after a deviation. However, if a consumer expects to

gain from buying after a deviation, such a punishment is irrational, and does

therefore not pose a credible threat. If one restricts attention to punishments

that are individually rational for consumers, beliefs (7) punish the seller as

much as possible after a deviation.
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Distinguish two cases.

(a) �0(r) � ��. Suppose that s� < r. By lemma 2, per-period pro�ts

�t(s
�) = �(s�) � c0 + �(s� � c) < �(r) � c0 + �(r � c). Consequently, the

seller has an incentive to deviate with (p; s) = (�(r); r). Therefore, there

is a unique equilibrium outcome that is supported by beliefs (7); in this

equilibrium, (p�; s�) = (�(r); r). Accordingly, the reputation mechanism and

beliefs (7) lead to the same equilibrium outcome.

(b) �0(r) < ��. De�ne ~s � maxf0; s0g, where s0 < r is de�ned by �(s0)� c0+

�(s0 � c) = �(r) � c0 + �(r � c). Now any pair (p�; s�) with p� = �(s�) and

s� 2 [~s; r] can be supported by beliefs (7) in an equilibrium. The reputation

mechanism, however, would lead to a unique equilibrium outcome (�(�s); �s),

where �s 2 (~s; r) maximizes per-period pro�ts �t(s); see de�nition (4). Typ-

ically s� > 0 (although one can construct s� = 0 if �0(r) < � and ~s = 0).

Therefore, also in this case equilibrium outcomes supported by beliefs (7)

exhibit, by and large, a discrepancy with pro�ts in the �rst-best outcome

ŝ = 0 (see proposition 2).

By applying a forward induction argument, one can show that in case (b),

beliefs (7) and assumption 1 lead to the same, unique equilibrium outcome.

To see this, suppose that �0(r) < �, and consider an equilibrium outcome

(p�; s�) = (�(s�); s�) supported by beliefs (7), such that s� 6= �s. Suppose that

in some period t = 1; 2; : : :, the seller deviates by choosing (pt; st) = (�(�s); �s).

If instead of believing set+1 = r, consumers would believe that set+1 = �s,

then by de�nition of �s, the seller's pro�ts would be increased to a maximum.

Accordingly, one might argue that consumers should interpret the deviation

as a signal of the monopolist's intention to choose repair price �s in the future.
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Only the equilibrium outcome in which (p�; s�) = (�(�s); �s), which is the

monopolist's most preferred outcome, is robust to this forward induction ar-

gument. Notice that this is the same equilibrium outcome as obtained under

assumption 1. Therefore, by applying a forward-induction argument, the

reputation mechanism and beliefs (7) lead to the same, unique equilibrium

outcome.
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