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Abstract

A monopolist selling a durable good cannot extract the whole
amount of monopoly rents from consumers each period. This inef-
“ciency is due to the incompleteness of contracts: The monopolist
cannot credibly commit not to lower the price in future periods. By
using leasing contracts however the monopolist can solve this credi-
bility problem, but then he is exposed to inexciencies due to moral
hazard. This leads many authors in the Durable Goods Literature to
rule out leasing contracts. This paper's contribution is to show the in-
validity of the moral hazard argument by using leasing contracts that
include an option to buy the good. The kind of contract we propose
has neither been considered in the durable goods literature, nor in the

Incomplete Contracts Approach so far.
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1 Introduction

The literature on durable goods, originated by Bulow (1982) focuses primar-
ily on sales contracts. This contract cannot solve the credibility problem, this
strand of literature builds on: A durable goods monopolist cannot credibly
commit not to lower the price in future periods. This improves consumers'
outside option, because they can postpone their consumption decision to fu-
ture periods. So the monopolist must leave all consumers with some rents,
which in turn means that the supplier does not receive the entire monopoly
pro t each period.

Leasing contracts however can solve this credibility problem. In order for
the Durable Goods literature to remain interesting, leasing contracts have
to be ruled out. The standard argument by which this is achieved, is moral
hazard®.

This paper's contribution is to show the invalidity of the moral hazard ar-
gument by using slightly more complex contracts. We show that leasing
contracts that include an option to buy the good, solve the durable goods
problem, as well as the moral hazard problem and implement the First Best.
By First Best we mean that the monopolist can extract the same amount of
rents as under the marginal-revenues-equals-marginal-cost rule.

We interpret the durable goods problem as a problem that is due to the in-
completeness of contracts. Obviously, if contracts were complete then even
under sales contracting, a commitment not to lower the price in future pe-
riods is easy to achieve by simply Xing a suzciently high penalty ex ante
for price cuts. In the Incomplete Contracts Approach the only contracts
that can be written are contracts on ownership rights and the price at which
these rights can be acquired. Contracts can neither be written contingent
on actions taken by the involved parties, nor on the generated surplus of the
relationship. Both things cannot be veri ed by the Court. In the case of
Durable Goods this means that no contract can be written contingent on the
prices of goods which have not been produced yet.

Sales contracts can be interpreted as consumer ownership, leasing contracts

1see for example Fudenberg and Tirole (1998), Waldman (1996), or Achter (1999)



as supplier ownership. In our analysis, we show that neither contracts are
able to achieve the First Best. Sales contracts cannot solve the durable goods
problem, but at least partially solve the moral hazard problem. Leasing con-
tracts on the other hand circumvent the durable goods problem, but the
supplier is exposed to the inezciencies due to the moral hazard problem.
Leasing contracts that include an option to buy the good combine features of
both simple (unconditional) ownership structures. Note that the leasing plus
option contract remains within the contractual restrictions of the Incomplete
Contracts Approach. All this contract speci es, is who owns the good ini-
tially, at what date a change in ownership can occur, who has the right to
exercise the option and at which price this can be done. This contract relies
neither on the ex post surplus generated by both parties, nor on their future
actions.

The bene t from using options is twofold: First the revenues from exercising
the option reward the supplier for not lowering the price and this solves the
durable goods problem. Second if consumer exercise the option in equilib-
rium, then they take care of the goods they will own in the future and this
solves the moral hazard problem.

We are by no means the rst who found that option contracts can help solv-
ing problems that are due to the incompleteness of contracts. Edlin and
Hermalin (1997) as well as NAldeke and Schmidt (1999) consider games in
which two agents have to invest sequentially in e®ort in order to generate
surplus. In both articles it is shown that at least in the case in which e®ort
levels are strategic substitutes, the First Best can be achieved by using op-
tion contracts.

It turns out that, in our framework, a contract similar to the one these pa-
pers analyze, is a sales contract combined with an option for the supplier to
buy back the good. We will denote this contract as the NAS-contract. This
contract also implements the First Best in our setting, but it is not the kind
of contract used in the market for consumer durables, e.g. the market for
cars. There consumers have to decide whether or not to use the car further
on. We provide an argument why the buy back contract cannot be adopted
in our setting, but the leasing plus option contract.



Asymmetric information between the supplier and the consumers concerning
the quality of the good after one period of consumption prevents the supplier
to decide for the buy-back contract. Given our informational assumptions,
the uninformed party has to decide whether or not to exercise the option
in the case of the buy-back contract. This causes inezciencies that can be
avoided by using the leasing plus option contract, because in this case the
informed party decides to exercise the option, or not.

The leasing plus option to buy contract only works for the two period case.
In a multi-period setting consumers must not acquire ownership rights after
the rst period, but in the last period. We will see that in a three period
setting the First Best can be achieved by using leasing contracts that include
an option for a leasing plus option-to-buy contract.

The paper is organized as follows: In section 2 we outline the basic model,
in section 3 we compare leasing and sales contracts. Then we turn to condi-
tional ownership structures in section 4, where we consider the NAS-contract
and the leasing plus option contract. We extend our model to the case of
asymmetric information in section 5 and nally to the three period case in
section 6 while section 7 concludes.

2 The model

We consider a two-period model, in which a monopolist produces a durable
good at constant marginal cost k. On the demand side there is a continuum
of consumers of mass 1. The fraction _ of consumers receive a gross bene t
of ff per period of consumption. The fraction 1 j . only has a marginal

willingness to pay of u < [ per period of consumption. Consuming more

Y

than one unit of the durable good per period does not generate additional
utility. A consumer who decides not to consume, receives a utility level of 0.

In each period a representative consumer has the following utility function:
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with pi 2 fis; fig.
In order to take into account the potential moral hazards, we assume that
goods are not perfectly durable. With probability 1 j q(e') the good con-
sumed by individual i is of no use to the consumers after one period of
consumption. With probability 1 > q(e') > 0 the good survives the ~rst
period and is of the same quality as a new good. The survival probability
q(e") depends on the e®ort level consumers choose. During consumption in
the “rst period consumers decide how much e®ort e _ 0 they invest in main-
tenance. If consumers take care of the good they use, then €' is high and
vice versa. The e®ort level in®uences the survival probability in the following
way: g°(e") > 0, with limi4,0°(e") = A, lim.i s 10°(e') = 0 and g¥(e') < 0.
Taking care comes with a cost, denoted by c(e') with c’(e') _ 0, limai 1 o¢°(e') =
0, limeiw 1. ¢'(e") = A and c"(e') > 0.

Without loss of generality we assume that the common discount factor

1+

equals 1. The sequence of events is summarized in Figure 1.
First the parties sign a contract, then production in the ~rst period takes

t=0 t=1 t=15 t=2 (t=2:25) t=25

} } } } } — t
contract  production consumption production (new contract consump-
signed nt=1 / investment Int=2 , if leasing)  tiont =2

Figure 1: sequence of events

place. While consuming in the ~rst period, consumers can take more or less
care of their units. At the beginning of the second period the monopolist can
produce additional units.

In order to compare our analysis with the work of NAldeke and Schmidt, or
Edlin and Hermalin, one can interprete the level of production in the second
period as an investment. High levels of production are associated with low
investment levels as we will see later.



3 Unconditional ownership structures and the
First Best

To illustrate the main idea, we start with unconditional ownership structures
and show that standard leasing or sales contracts can either solve the durable
goods problem only, or at least partially the moral hazard problem.

As a point of reference, we start by determining the First Best. By First Best
we mean the situation in which the monopolist can extract the maximum
amount of rents from the consumers. We do not allow the monopolist to
discriminate among consumers, because otherwise the durable goods problem
does not occur?.

In order to have a durable goods problem we assume g > k. This condition
alone however does not guarantee the existence of a durable goods problem.
We assume that in a static setting it is favorable for the monopolist to produce
only for ff-consumers.

ci=_Fiki@®ik >0 2

In order for the monopolist to maximize pro ts in both periods, he should
charge a price that extracts all rents from ﬁ-consumers. Given our assumption
on the durability of goods, not all units survive the rst period. The fraction
1§ q(e) of goods produced int = 1 have to be replaced for the second period?3.
Thus the over all pro t depending on the e®ort choice is given by:

1°(e) = . (i c@® i ki (Lig@k) 3)

Di®erentiating (3) with respect to e yield the rst best e®ort levels. This
e®ort level equates the marginal cost of eRort and the saved marginals pro-
duction cost due to higher maintenance:

c'(e”) =q'(eMk 4
2We restrict attention to the anonymous case: Neither in the ~rst period nor in the

second period, we allow the monopolist to price discriminate. One can think of a second

hand market, where arbitrage trades could take place.
SWe apply the Law of large numbers. Note that we assume that all consumers invest

the same amount of e®ort, but since we are interested in the First Best, we do not have
to worry about Nash equilibria.




So the rst best pro t for the monopolist is given by:

P= (20 ice) i ki (Liq(e))k) (5)

Let us now consider sales contracts. Sales contracts specify a price at
which ownership rights are transferred to consumers. Consumers who bought
the good use it as long as they can, without making additional payments to
the supplier. If the good bought by a consumer does not survive the rst
period, then the consumer is free either not to consume int = 2 or to
consume, but then he has to pay for this new good.

Suppose the monopolist sold _ units in t = 1 to f-consumers at a price p3.
At least a fraction 8° of these consumers can use their units in t = 2, without
paying an additional amount of money to the monopolist. So the monopolist
faces a residual demand of _ (1 j 8°) f-consumers and 1 j _ p-consumers that
is potentially worthwhile to be satis ed. We have to distinguish two cases.
First let us assume that it is pro table for the monopolist to satisfy the
residual demand completely at a price p3 = W. This is true if

gs

¢! <
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(i DMik) (6)

This condition is certainly ful lled, if survival probability q(0) is suzciently
high. Given (6) holds, the maximum price the monopolist can charge to
ﬁ-consumers in the rst period p{ must satisfy the following incentive con-
straint.

2 gcE)ipSi@ia@E)e. dip . pd-Ad+uicei@iaeE)u (7)

In order for consumers not to postpone their consumption decision the mo-
nopolist must leave all fi-consumers with some rents of at least [T j W, which
is their outside option if they only consume int = 2.
Consumer decide on their e®ort choice according to:

max ff i o() i (1 q(e)u (8)



From the perspective of the rst period consumers receive a gross bene t of
ﬁfor sure. With probability g(e') they do not have to pay for consumption
in the second period, but with 1 j q(e') they have to replace the good at p.
In order to improve the chance that their good survives the rst period, they
have to bear a cost of taking care of c(e'). Di®erentiating (8) with respect to
e' yields:

c'(e) = ¢’(e°)u (9)
The equilibrium investment level under sales contracting equates marginal
cost of e®Rort and the marginal reduction in replacement spendings. Since
W > k consumer ownership leads to overinvestment e > e”.
The over all prot is given by*

= FHpice i k)i @igE)KI+ i )Mk (10)

Compared to the First Best payo® level, the monopolist looses some prof-
its due to two sources of ine=ciencies. First consumers overinvest. This
reduces the cost of re-production, but consumers have to be compensated
for their cost of e®Rort and so the monopolist cannot extract as much rents
from consumers as in the First Best. The second inezxciency stems from
the credibility problem. The monopolist cannot extract all rents from the
i-consumers, because otherwise they would postpone their consumption de-
cision. The monopolist must leave buyers in the rst period with some rents
which must be as least as high as I j J, which is the level of utility from
consuming only in t = 2.
For the sake of completeness we consider now the second case, in which only
i-consumers are served in t = 2 under sales contracting?®.

er< T @iwin (1)

i

Here the monopolist decides for a price p3 = it. Unlike the previous case the

monopolist does not have to leave rents for consumers in the rst period,

4In order for the monopolist not to serve p-consumers in the ~rst period we have to
assume _{t> . This guarantees that s >2p i k i (1 i 95k i c(e).

SThis is the case if the minimum survival probability q(0) is suzciently low. But in
this case the durable goods problem vanishes.
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because postponing consumption yields zero rents. Thus the price in the
Trst period is p5 = 2 i (L i q(e))I i c(e). Similar to the previous case
consumers choose their e®ort levels according to the following rule:

q'(e))d = '(e}) (12)

We denote all variables in this case by the subscript b. Since replacement
IS more expensive in this case, consumers take even more care than in the
previous case. The overinvestment problem is even more severe. The overall
pro t is given by:

1= .20 o(e) i ki (i qe))K] (13)

In both cases the First Best cannot be achieved by consumer ownership. In
the rst case we have seen that the overinvestment as well as the durable
goods problem causes inezxciencies. In the second case there is no durability
problem but the overinvestment problem is even more severe.

We now turn to Leasing Contracts. Here the monopolist remains the
owner of the good. The contract speci es a price at which consumers can
use the good for one period. A leasing contract is thus a short-term contract.
After one period of consumption consumers have to give back the units to
the monopolist®.

What ever pricing strategy the monopolist adopted in the rst period, con-
sumers have to give back the units they used at the end of period one. At the
beginning of the second period the monopolist is free to reo®er those units
which survives the rst period at any price in the second period, because
there is no remaining contractual relationship from t = 1. The monopolist
faces the same problem as in the static setting. He faces the whole demand
"function" and not only a residual demand as in the case of sales contracts.
Since ¢} > 0, he will charge a price p, = ﬁ Obviously in the st period
the monopolist charges the price of p} = if, too. The pricing strategy seems
to generate high pro ts, but how much e®ort consumers will invest?

Consumers do not invest at all. Consider a representative ﬁ-consumer in

A long-term leasing contract would yield similar results as the sales contract.

9



t = 1. Independent of his investment level he will consume a good of given
quality at a price p, = ﬁ But if the consumers does not exert e®ort, he saves
cost of taking care of c(e'). Thus the monopoly pro t under leasing takes
the following form:

V=L@ ki (L q0)k) (14)

Leasing contracts are ineZcient, because they do not provide proper incen-
tives for consumers to take care of the rented good. This leads to inezxciently
high re-production cost for the monopolist. Proposition 1 summarizes the
main ndings of this section.

Proposition 1 Neither sales nor leasing contracts achieve the st best.

Comparing monopoly pro ts under sales contracting and Leasing contracting
leads to the second result’.

Proposition 2 Sales contracts outperform leasing contracts if and only if:
¢ <.fLiaqO)kilcE®)+ (1 iq(e?)klg>0 (15)

If the bene ts from the solution to the durable goods problem & § are smaller
than the saved cost due to the partial solution to the moral hazard problem,
then leasing contracts can be ruled out because of moral hazard. This is the
scenario the Durable Goods Literature builds on.

4 Conditional ownership structures: Option
Contracts

In this section we want to compare two kinds of contingent control alloca-
tions, namely a contract similar to the one NAldeke and Schmidt proposed
with the Leasing plus option contract. Both contracts include an option, but
the contracts di®er with respect to who holds ownership rights initially and
who can acquire these rights later on. We preceed by comparing both con-
tracts under symmetric information and in next section we show that only

"We only consider the case in which sales contracting leads to the durable goods problem
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the leasing plus option contract still implements the First Best under asym-
metric information.

By contingent control we mean that the initial contract speci es rules at
which ownership rights can be transferred between the parties during the
relationship.

NAldeke and Schmidt consider a scenario in which two parties have to engage
in e®ort sequentially in order to generate surplus. Party 1 has to exert e®ort
“rst. After party 2 invested in eRort, both parties negotiate over the division
of surplus. The outcome of this bargaining is determined by the nature of
their investment (either in physical or in human capital), the exogenously
given bargaining power and the ownership structure. The authors nd that
the First Best can be implemented by the following contract: Initially party 1
owns the asset. After both parties having invested, but before the beginning
of the bargaining stage, party 2 can exercise the option to buy the asset at
a predetermined price that gives party 2 its reservation utility level if both
invested ezxciently. The contract, signed before the parties invest, speci es
the initial ownership, when and at which price the party without ownership
rights can acquire those rights.

The rational behind this contract is simple. The option price is chosen such
that party 2 exercises the option and invest ezxciently only if party 1 invested
ezxciently. Note that not exercising the option leaves party 2 with at most
his outside option, because party 1 owns the asset. Exercising the option
and investing exciently is no worse for party 2. Party 1 receives the entire
surplus if its investment is at the ezxcient level even though party one is no
longer the owner, because 2 exercised the option.

Applied to our durable goods problem we have to make several adjustments.
Unlike NAldeke ans Schmidt we are not interested in a socially optimal out-
come, but to shift as much rents as possible to the monopolist. So we cannot
adopt the NAS-contract literally. Next in our speci cation only consumers
exert e®ort, but one can interprete the monopolist's price-output decision in
the second period as e®ort too. The action taken by the monopolist int =2
(either high, or low prices) determines the amount of "exractable™ surplus
generated by this relationship. Third, in the end consumers must use the

11



good in order for any surplus to be generated in t = 2. This implies that
ownership rights have to be transferred before consumption in the second pe-
riod takes place. But note that the ezeciency properties of the NAS-contract
rely only on the fact that party 2 can acquire ownership rights after party 1
invested. Since party 1 (consumers) owns the good initially and party 2 holds
the optin, the NAS-contract translates to a sales contract with a buy-back
option in our problem.

A contract similar to the one NAldeke and Schmidt proposed that gives the
monopolist rst best pro ts is described in Proposition 3.

Proposition 3 The monopolist can achieve the rst best outcome with the
following contract:

Consumers buy the good in t=1 at a price: p; =+ k j c(e?),

The monopolist owns the option to buy back these goods at the beginning of
t =2 at a price: p, =K,

After the production stage in t = 2 the monopolist charges a price of: p, = ﬁ

proof:
If the monopolist does not exercise any of his options, then his second period
pro t is either:

2P =W =Ci DRIk i DMk (16)
or

= =i i k) > 15 = 1) (17)
with q is the realized proportion of goods that survived. Exercising the option
only makes sense if these units generate utility to consumers in the second

period. Exercising all these options and re-producing all those units that did
not survive the rst period, yields

= gEip)+QCig@ikl=.¢i1k (18)

Following this strategy gives the monopolist the maximum amout of pro t
int=2.

12



Consumers in t =1 have proper incentives to invest, since

e 2 argmaxfl i c@) +q@)(®: i M) i (L i a@)A

Thus the monopolist can charge a price of p; = i+ k j c(e®) in the “rst
period. Adding up all cash-°ows shows that the monopolist achieves the
First Best:

=17 = ticE®)iki (Lige)Nk) (19)
Q.E.D.

The contract characterized in Proposition 3 solves the durable goods problem
as well as the moral hazard problem. The option price is chosen such that
the monopolist faces the same problem as in the static stettig. Whether he
produces new units or buys back old ones, his cost is k. But restricting pro ts
to f-consumer yields higher prots. Consumers on the other hand have the
right incentive to invest, because independent of their investment decision,
they pay [t in t = 2. Taking care of the good in t = 1 is rewarded by the
monopolist through the option price. This price re°ects only the opportunity
cost of re-production and not the cost for replacement for consumers under
sales contracting fI. This solves the overinvestment problem.

Next we consider Leasing contracts that include an option to buy the good.
This contract speci es a price pd at which consumers can use the good for
the rst period, but the supplier remains the owner. After production in the
second period takes place, the initial contract speci es a price p»° at which
those consumers who already consumed in t = 1 can acquire these units.
Those goods for which consumers did not exercise their options are given
back to the supplier. He can resell these units together with new units at a
price p3, as long as these units are of value to consumers. Those units that
did not survive the rst period cannot be sold. Figure 2 summarizes the
sequence of events under leasing plus option contracting.

Proposition 4 The following leasing plus option contract implements the
First Best:

The leasing fee in the “rst period is: pd = j c(e®) + k

13



t=20 t=1 t=15 t=2 t=225 t=25 t=275

t t t t t t t =1
production production non-opted goods
nt=1 nt=2 sold at p3
contract signed consumption/ decision consumption
pg and pJ xed investment e; upon option int=2

Figure 2: sequence of events

The option price at which consumers can acquire ownership in the second
period is: p3 =t j k

After the production stage in t = 2 the monopolist charges a price of: p = it

if the following conditions hold:
¢q . LAk (20)

u<fik (21)

proof:
All consumers whose goods survived the rst period exercise their option if
ps = i, but do not exercise their options if p3 = |, as long as fik>u
Suppose the monopolist chooses p3 = y, then his pro t in the second period
is:

2= Qi JUik+.Qu+ 1iQ)uik) (22)

Q denotes the fraction of goods that survived the rst period. If on the other
hand the monopolist charges a price p = i, then his prot is:

=L i k) (23)

If ¢§ > _Qk holds, then the revenues from options are su=ciently high in
order to prevent the monopolist from lowering the price in t = 2.

Let us now consider consumers’ investement decision in t = 1: Suppose all
consumers, but i invested ezxciently e”, what is consumer i's best response?

14



Since we have assumed that each individual's contribution to monopoly prof-
its is negligible, consumer i cannot in®uence the price decision of the monop-
olist in t = 2. So consumer i will invest eZxciently too.

e 2 argmaxff i c(e) i qe)p2 i (L i q(e)it
QE.D.

The leasing plus option contract implements the First Best, too. But this
contract is slightly more restrictive concerning the range of parameters in
which the First Best can be achieved. The rst restriction (20) is due to the
fact that under leasing plus option contracting the supplier holds ownership
rights and thus has an improved outside option. If he chooses a price of
ps = W in t = 2, then he receives an additional pro t from those consumers
whose goods survived the rst period of _qu, compared to the buy-back con-
tract.

The second restriction stems from the fact that consumers have to reward
high prices in the second period by exercising the option and to punish low
prices by not exercising the option. The option price must be chosen such
that exercising the option is favourable to consumers only if the price int = 2
is equal to f. But given both restrictions, the revenue created by exercising
the option is suzciently high in order to prevent the monopolist from lower-
ing the price int = 2.

Consumers invest e=ciently, because they have to pay f independent of their
investment level, but receive a discount of k, if their unit survived. This
discount re°ects the opprtunity cost of re-production.

Some might argue that the leasing plus option contract is not realistic, be-
cause the expiration date of these options is after the production stage in
t = 2. First as NAldeke and Schmidt argue one can think of American Opi-
ons and second the simple leasing contract without option only solves the
durable goods problem if no further production is possible after consumers
signed the leasing contract for that certain period.

15



5 Asymmetric information

In the case of symmetric information we have seen that both kinds of con-
tracts can implement the First Best. The question now is why do we observe
almost exclusively the leasing plus option contract, for instance in the market
for car?

For this purpose let us consider what happens to the both contingent control
allocations if only consumers who already used the good in t = 1 can observe
whether or not the good will generate utility to consumers in t = 2. This is
the classical lemons problem. First we consider the buy-back contract.

Proposition 5 The buy-back-option contract does not work if there is asym-
metric information concerning the quality between consumers and the monop-
olist.

proof:

If the monopolist cannot observe the quality before exercising the option,
then he can either buy back every good, or non, or he randomizes.

If he buys back non of the goods in equilibrium, then the allocation is equiv-
alent to the one under sales contracting.

If he buys back all units, then consumers free-ride other consumers' invest-
ment choice. This is a situation equivalent to the leasing case.

If the monopolist randomizes, both problems, the durable goods as well as
the moral hazard problem are present but less severe than in the previous
cases.

Q.E.D.
For the leasing plus option contract we receive the opposite result.

Proposition 6 Even though there is asymmetric information concerning the
quality, the monopolist can achieve the First Best by using the following
leasing plus option contract:

The leasing fee in the ~rst period is: p = j c(e®) + k
The option price at which consumers can acquire ownership in the second
period: p3 =t i k

16



After the production stage in t = 2 the monopolist charges a price of: p§ = it

if the following conditions hold:
L. LAk (24)
n<pik (25)

proof: This proof is very similar to the one of proposition 4.

Asymmetric information does not play a role under leasing plus option con-
tracting, because the informed party decides upon exercising the option or
not®. Only consumers whose goods generate the same level of utility in the
second period will exercise their options. Revealing their information is ben-
e cial for consumers, because they can consume more cheap in the second
period if their units survived, than consumers who do not use their option in
the case their units survived. Revealing the private information if the good
is of no use to consumers in the second period, does not hurt consumers since
they receive zero rents in this case independent of what they report.

6 Extension

In the previous sections we have shown that a leasing plus option to buy con-
tract can implement the First Best in the two-period case. Obviously this
contract cannot implement the First Best in a multi-period setting, because
giving consumers unconditional ownership rights in the second period leads
to the same ine=xciencies in the following periods as sales contracts int = 2
in the two-period case. We restrict attention only to the three-period case
in order to indicate that conditional ownership structures can implement the
First Best in a multi-period setting. We do not consider the general case,
because our analysis provides us with the same insights and the presentation
Is much clearer.

In order to analyze the three-period case we simply add another *second"

8We assume that every consumer in the second period knows when the o®ered good
was produced. This implies that all old units that are o®ered by the monopolist in the
second period under leasing plus option contracting must be of low quality.
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period to the sequence of events in Figure 2. We assume that the survival
probabilities are independent. A good that was produced in t = 1 and sur-
vived the rst period, also survives the second period with the same proba-
bility q() as a good that was produced int = 2.9

In this section we restrict attention to the leasing plus option contract. In the
last section we have shown that the sales contract with a buy-back-option
cannot implement the First Best under asymmetric information. But the
exciency properties of the leasing plus option contract are una®ected by
asymmetric information. The kind of contract we consider is a leasing con-
tract that includes an option not for a sales contract, but for a second leasing
contract with an option to use the good in t = 3. One can interprete this as
a short-term leasing contract with several options to prolong.

Proposition 7 The following double-option contract generates a subgame
perfect Nash Equilibrium, in which the monopolist receives the rst best pay-
0®: ps =1, pY =ik, p = fA+a(edk i c(ef), pY =i (L a(e3)k i c(e3)
and p; =+ q(edk i co(ef), if

i . L0k (26)

u<fik (27)

proof:

ps, p3 and pJ are simply the same prices as in proposition 4. We have seen
that these prices establish the First Best from period 2 on. These prices gives
zero rents to consumers whose goods did not survive the rst period.

We have to show that price cuts in the second period do not lead to higher
pro ts from the point of view of the second period. The pro t from the
double-option contract is:

pros=lapd + (L i a3 i k) +a(E3)pd+ (Liae)®si k)] (28)
=.FiQiagE)kice)+dikl (29

9This assumption rules out strategic replacement decisions by consumers.
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Cutting the price in t = 2, the monopolist can receive a maximum pro t of:

ea(P2 = 1 i O(€5);ps = )
=picE)ik+.qmk+, @i @iaE)k) (30)

If the monopolist decides for price cuts in t = 2, then in t = 3 he will charge
a price of p; = fI. Equation (30) determines an upper bound for pro ts in
the case of price cuts in t = 2, since we assume that consumers invested
exciently. Note that the monopolist leases the goods in t = 2.

Comparing both pro ts (29) and (30), price cuts lower the monopolist's pro t
from the point of view of the second period, if

¢y . .aki (i l)eEr) (31)

This is certainly true as long as condition () holds.

The last thing to check is whether consumers invest exciently int = 1. If
the good does not survive the rst period, then consumers lease a new good
in t = 2 with an option to prolong this contract. In this case their utility
levels after period one take the following form:

urleee) = je(es) (32)
If on the other hand the good survives, then:
ueler) =k j c(er) (33)
The decision on investment in t = 1 is made according to:
e] 2 arg rryilxq(el)k i c(er) (34)
Q.E.D.

The double-option contract implements the First Best in a three-period set-
ting. The reason for this result is almost the same as in the former case.
The option revenue rewards high prices and low prices are punished by not
exercising the option.

The restrictions of proposition 6 are the same as those of proposition 4.
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These restrictions ensure that the monopolist has no incentive to lower the
price in the last period. Preventing the monopolist from lowering the price
in the second period is easier to achieve than in the last period, because not
only f-consumers, but also p-consumers (if they invest after the price cut)
have to be compensated for their e®ort. In the last period for both groups
of consumers this is not necessary.

7 Conclusion

In the literature on durable goods it is well known that leasing contracts
can solve the credibility problem this literature builds on. This kind of con-
tract reduces the durable goods problem to a repeated standard monopoly
problem in which the monopolist sets his prices according to the marginal-
revenues-equal-marginal-cost rule. In order for the durable goods problem to
remain interesting this strand of literature rules out leasing contracts because
of moral hazard.

In our analysis it turns out that option contracts can solve the durable goods
problem, taking into account the potential moral hazards. By either using
sales contracts with a buy-back option for the supplier, or by using leasing
contracts that include an option to buy for consumers, the monopolist can
extract the whole amount of monopoly rents from consumers each period.
Even though we took into account the standard counterargument against
solutions to the durable goods problem, we are back to the point where the
durable goods problem is just a repeated version of the monopoly problem.
In the Incomplete Contracts Approach, option contracts are used in order
to solve hold-up problems. Authors in this strand of literature disagree with
respect to whether these contracts are robust to the possibility of renego-
tiation. Thus renegotiation could play the same role as the moral hazard
argument and could possibly break down our solution. Edlin and Hermalin
(1997) argue that in the case of sales contracts with an option to buy back,
the monopolist has the incentive to let his option expire in order to buy back
these units at a lower price. Since in our model the option price is lower than
the bene t consumers receive from consuming the good, there is no scope for
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renegotiation. In the case of leasing contracts that include an option to buy
for consumers, consumers cannot win by letting their options expire.

Since both contracts, the sales contract with a buy-back option and the leas-
ing plus option contract implement the First Best, we have to provide an
argument, why we almost exclusively observe the leasing plus option con-
tract in the markets for durable goods, e.g. in the market for cars. We
believe that asymmetric information concerning the quality of the good after
one period of consumption can explain this observation. Even though we
assume asymmetric information, under leasing plus option contracting the
informed party decides whether to exercise the option or not. Since the price
of acquiring the good is predetermined revealing information is bene cial to
consumers, without incurring any inezciencies due to informational struc-
ture.

We do not only restrict attention to the two-period case, but indicate that
in a multi-period setting a leasing contract with multiple options to prolong
the relationship can implement the First Best.

While our analysis may t to some observations on the market for durable
goods, we were not able to explain why manufacturers of cars simultaneously
use sales and leasing contracts. Another unanswered question is how option
contracts perform in a competitive setting? Can option contracts be used as
an instrument of collusion like best price clauses?!® My conjecture in this
respect is that option contracts can sustain collusion by using put options
(options to sell).

10see Schnitzer (1994) for example.
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