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Abstract
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olist in a context where demand for the services of the durable good changes
over time. It shows that, if the size of the market decreases over time, social
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1 Introduction

This work derives and evaluates the decisions of a durable good monopolist in a
context where demand for the services of the good changes over time. The firm is
the only producer of the good, perhaps due to a patent. The analysis compares the
decisions of a monopolist seller with commitment ability and a monopolist seller
that has no commitment power, in a context where the monopolist only decides
production levels. An evaluation of these decisions with respect to producer’s
profits, consumers surplus and social welfare is also performed.

The decisions of the durable good monopolist in a context where demand for
the durable good changes over time have not been analyzed. The literature on
durable goods has, in general, assumed a stationary situation where demand for
the services of the durable good does not change over time. An exception is Bhatt
(1989), where there is uncertainty about future demand but expected demand in
the future equals demand in the present. However, demand varies as more (or less)
substitutes become available, population or incomes change, etc.! This paper
shows the relevance of considering a changing environment in the study of the
durable good monopolist decisions and their effects producer’s profits, consumers
surplus and social welfare.

A general result in the literature on durable goods monopolists (see Bulow
(1982), Kahn (1986), Malueg, Solow and Kahn (1988) or, more recently,
Chi (1999)) is that welfare under rentals (or under a monopolist seller with
commitment ability) is lower than welfare under a monopolist seller that has no
commitment power. Hence, attending to this general result, while the monopolist
prefers to rent the durable-good, the sale of the units of the good would be
recommended from a social welfare perspective.? This contradiction between
producer preferences and society desires has been invoked to ask for regulation
of the durable good monopolist. In the U.S. some producers of durable goods,
as IBM and Xerox, that rented the good were required to also sell their output.
However, it has also been shown in the literature that if the monopolist seller
without commitment ability chooses, in addition to production levels, capacity
or technology (Bulow (1982)), durability (Bulow (1986) and Malueg and Solow

1Cabral, Salant and Woroch (1999) consider network externalities in durable good
consumption. In their analysis, demand for the services of the durable good increases
endogenously with the number of buyers of the good.

2With some exceptions, the monopolist preference for rentals is very common (see Bulow
(1982), Stokey (1981), Gul, Sonneschein and Wilson (1986), Kahn (1986) and Bucovetsky and
Chilton (1986)).



(1987)) or investment in cost reducing innovations (Bond and Samuelson (1987)),
she may incur in inefficiencies that lower social welfare under sales below social
welfare under rentals. Also, it has been proved that social welfare may be higher
under rentals if the demand function for the services of the durable good is
non linear (Malueg and Solow (1989)) or if the demands of potential users are
interdependent (Saracho (1997)). The analysis below shows how previous results
are modified when demand of the durable good changes over time.

The work considers the case where the change in demand over time is certain
and the case where this change in demand is uncertain. It is first noticed that a
monopolist seller may attain the same level of profits (expected profits if there is
uncertainty about demand) than a monopolist renter if she can commit to a future
price (dependent on which happens to be future demand in the uncertainty case)
and, hence, commit to sell or to buy units of the good in the future at that price.

When the change in demand for the services of the durable good is certain,
the study differentiates, in a two period context, situations where the market size
increases and where the market size decreases. Market size in a given period
refers to the number of consumers that have a positive valuation of the durable
good in that period. The results for the case where the size of the market increases
are analogous to those in the literature on durable goods and may be derived in
a similar way. A monopolist seller that has no commitment ability obtains lower
profits than a monopolist with commitment power and welfare in the first case is
higher than welfare in the latter case.

In the case where the size of the market decreases, however, important
differences with previous results obtain. When the size of the market decreases the
monopolist will be less interested in selling units of the durable good in the future.
Hence, the Coase problem (Coase (1972)) will be less severe. Nevertheless,
as the work will show, the different capacity of the monopolist seller without
commitment ability and the monopolist renter to dispose of the good in the future
maintains the preference of rentals over sales by the producer (however, as it has
been mentioned, if the monopolist seller may commit to buy in the future, at the
current price, any unit of the durable good she has sold previously, she may obtain
as much profit as a leasing monopolist does).

When the size of the market decreases it is shown that welfare may be higher
under a monopolist seller with commitment ability (or a monopolist renter) than
under a monopolist seller without commitment power and the equilibrium under a
monopolist seller with commitment ability may Pareto-dominate the equilibrium



under a monopolist seller without commitment power. The paper derives the set
of parameter values where each of these results occur.

When the change in demand for the services of the durable good is uncertain,
the work focuses on the situation where in period 1 the agents don’t know if
market size will increase or decrease in the future. At the beginning of period
2 all agents learn which is the demand in that period and, with this information,
take their period 2 decisions. In this context the paper shows that welfare may
be higher under a monopolist seller with commitment ability (or a monopolist
renter) than under a monopolist seller without commitment power. Moreover,
the equilibrium under a monopolist seller with commitment ability may Pareto-
dominate the equilibrium under a monopolist seller without commitment power.
As in the case of certainty, the work obtains the set of parameter values where
each result occurs.

The results derived in this paper ask for a specific analysis when commitment
mechanisms or regulation of durable good production under a changing
environment are being considered.

The paper is organized as follows: Section 2 presents the basic model. Section
3 analyzes, in the case where the change in demand is certain, the decisions
of the monopolist renter, the monopolist seller with commitment ability and the
monopolist seller that has no commitment power, and compares the monopolist
profits in these three contexts. An evaluation of the consequences in terms of
social welfare and consumers surplus of the decisions derived in Section 3 is
performed in Section 4. Section 5 studies the situation where there is uncertainty
about future demand for the services of the durable good. The last section
summarizes the results. All proofs are included in the Appendix.

2 Mode€

Consider a durable-good produced by a monopolist and demanded by many price
taking buyers in a two-period framework. The analysis below will be developed
under the following set of assumptions:

A.1- Any unit of the durable-good produced in period 1 may be used again
in period 2, with no depreciation.

A.2- The monopolist and the consumers have the same discount factor
s = —— where r is the interest rate.

1+7r?
A.3- The monopolist and the consumers are completely informed about



demand for the durable-good and production costs.

A.4- The potential consumers of the durable-good have perfect foresight.

A.5- If the monopolist sells the durable-good, there is a resale market in
which the units of the durable-good bought during the first period can be resold to
other consumers in the second period.

A.6- The cost of producing the good is zero and there is free disposal of the
durable-good.

Assumption A.5 assures that the different units of the durable-good will be
used in each period by those consumers that value it most. An alternative would
be to assume that demand curves for the services of the durable-good have perfect
rank correlation or to admit that any unit of the durable-good bought from a
monopolist seller in period 1 may be sold to that monopolist in the future at the
current price.

Under the free disposal assumption introduced in A.6 a monopolist renter
may decide not to rent in period 2 some of the units of the durable good she
has produced and leased in period 1.3

The results will be obtained in a context where the demand for the services
of the durable-good is linear in each period and the monopolist chooses only her
production levels.

Let us denote by ¢; and y;, respectively, the amounts of the durable good
produced and used in period i. Also, let e(y;) = e — fy; be the inverse demand
function for the services of the durable good in period 1 and g(y2) = g — hys be
the inverse demand function for the services of the durable good in period 2. We
will say that the size of the market increases when & < £ and we will say that

s
the size of the market decreases when < > £. Notice that willingness to pay for

the first units of the good, that dependsfon the comparison between g and e, may
change over time in a different direction than market size. In a market with a size
that decreases over time we may have g > e and, hence, willingness to pay for the
first units of the good may increase. Moreover, we may have g # e when $ = .

In an interpretation of this variation of demand over time we have consumers
with different willingness to pay for the services of the good in a context where
each consumer uses at most one unit of the durable good. Demand varies
because willingness to pay for the services of the good changes over time. The
willingness to pay of some consumers may change from zero to a positive number

or conversely. This interpretation is implicit in the analysis presented in this

SFree disposal also implies that consumers may not use in period 2 some of the units of the
durable good they have bought in period 1 from the monopolist seller.
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paper. A different interpretation would consider that each consumer has the same
decreasing demand curve for units of the durable good. With time, this demand
curve, identical for all consumers, changes.

3 Monopolist decisions

The monopolist renter will maximize profits in each period. Hence, he will rent
o in period 1 and 2% in period 2, and rental prices will be p; = 5 and p, = 5. As

¢ = y1 and ¢o = max {0, y, — y; } production under rentals will be ¢, = % and

¢ = max 0, 5 — g If the size of the market decreases (? > 7) the renter
will dispose of 37— 3 units of the good in period 2. Under rentals, the monopolist

profits are

Often, rentals are not feasible. It may be very costly to check if the good is
returned in perfect conditions after a rental period. Or it may be difficult to get
compensation from consumers if they have damaged the good. In these situations
the monopolist may prefer to sell the durable good.

The decision of the monopolist seller will depend on her commitment ability.
Consider first the decision of a monopolist seller that can commit to a future
price level in a situation where this commitment is credible. If the size of the
market does not decrease (% < £), commitment to a future price level implies
commitment to a future production level and she will solve

max qi(e — fq1 + s(g — hq1 — hqa)) + 5q2(9 — hq1 — hg)

q1,492

Hence, the monopolist seller will select in each period the same production level
than the monopolist renter. If the size of the market decreases (? > 1), this
monopolist may also obtain as much profit as a leasing monopolist does by
committing to buy in period 2, at a price equal to £, any unit she has sold in
period 1. In this case, ¢ — 5 units of the durable good will be resold to the
monopolist in period 2, and the monopolist seller with commitment ability will
solve

g g g
H}]?qu(e fQI+$2) 82(q1 Qh)

The equivalence in profits with the monopolist renter requires the feasibility of
these repurchase agreements. When the size of the market decreases over time
it is not enough for that equivalence the ability to commit to a future production

6



level by the monopolist seller. Moreover, best-price provisions is not an alternative
similar to this repurchase agreement, as no sales in period 2 are required to attain
the monopolist renter profits.*

The first period decision of a monopolist with ability to commit to those
repurchase agreements is a flexible decision as she may undo that decision by
repurchasing in period 2 units of the durable good she has sold in period 1.
However, the first period decision of a monopolist without commitment power
is an irreversible decision as any units sold in period 1 will remain available for
use by consumers in period 2.°

Consider now the decision of the monopolist seller that has no commitment
power. A future price is credible to the consumers in period 1 if and only if itis
part of a subgame perfect equilibrium. Let us denote M = ——=—. We have:

\ /4f(4f+sh

Proposition 1 : Production decisions and profits of a monopolist seller that has
no commitment power are:®

)Ifg < M:
and ¢, =0
q1 = 2f q2
sale __
7Tnc _4f
i Ifg > M:
2e 9 e
= and
D N T oy T 4+ sh
sale __ 62 92

e

T If g sh | Cdh
When ¢ = M the monopolist seller that has no commitment power IS

indifferent between deciding ¢, = i and ¢» = 0 and deciding ¢; = 4f+ - and

@ =5 — Fian S, from the proofof Propositionl, g = M < % = vas%.

40n best-price provisions in a context where demand does not change over time see Butz
(1990).

SA decision is more flexible if it leaves more alternatives available for the future. As a
consequence, a more flexible decision permits a better adjustment to any information arriving
in the future. Often, a more flexible decision is a decision that implies less commitment. However,
in the context of this work the ability to commit to a future price leaves more alternatives open
in the future (among them, the alternative corresponding to the case where there is not ability to
commit). See Jones and Ostroy (1984) and Usategui (1990) for development within the literature
on flexibility.

6Subindex ¢ is used for variables referred to the monopolist with commitment power and
subindex nc is used for variables referred to the monopolist without commitment ability.
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If the size of the market does not decrease (? < £) amonopolist seller without
commitment ability produces less than a monopolist with commitment power in
the first period, but more in the second period and in total. If the size of the market
decreases (% > ) the decision of the monopolist seller that has no commitment
power depends on the relationship between g and M, as it is shown in Proposition
1. When g < M, the monopolist sells i units of the good in period 1 and there
is not demand left to be served in period 2 as { < % < % As in this case the
monopolist decision implies no sales in period 2, production in period 1 is the
same than under rentals (there are no sales in period 2 competing for consumers
with the first period sales).

Clearly, we also have:

Corollary 1 : Itis

7T;eale — ﬂ_rent > ﬂ_zcéle

Notice that when the monopolist seller without commitment ability decides
the same production levels than a monopolist seller with commitment ability, or a
leasing monopolist, does (i.e., g1 = i and g2 = 0 in a market that decreases in
size) the profits she obtains are lower. The monopolist with commitment ability
buys in period 2, at a price equal to £, % — 5 units of the good she has sold
in period 1 and only % units of the good are used in period 2. However, the
monopolist seller without commitment power has sold already % units of the
good in period 1 and only the buyers of these units can dispose of them in period
2. When this monopolist decides ¢; = % and ¢, = 0, itis ¥ < % and the buyers
use 7 units of the durable good in period 2. In this case, the monopolist seller
without commitment ability sells just o units of the good in period 1 at a price of
5 per unitand her total profits are equal to the first-period profits of the monopolist
seller with commitment power. We could say that the monopolist seller that has

no commitment power can only commit to a future price equal to zero.

4 Welfareanalysis

Let us measure social welfare as the present value of the sum of consumers
and producer’s surplus. Given the results in the previous section, we can prove
the following relationship between social welfare under a monopolist seller with
commitment ability (17/5%¢), or under a leasing monopolist (W<t = ¥/ 54¢), and
social welfare with a monopolist seller that has no commitment power (17 39¢):

8



Proposition 2 : i) If g < M itis Wsale < Jysale
i) If g > M itis:
3eh
sale > sale >
When ¢ = M we know that the monopolist seller that has no commitment
power is indifferent between deciding ¢; = % and ¢, = 0 and deciding ¢; =

4f+sh
and ¢o = 35 — g755;- |f the monopolist chooses ¢; = 55 and g = 0 it
i l l i i i _ 2
will be Wz« < Witte. However, if the monopolist decides ¢, = ;77 and
— 9 _ _e H i sale sale _ he 3eh
G2 = 35 — 77ran it will be Wiee > Witk as M = s <A

Therefore, when ¢ € (M, %) welfare under a monopolist seller with
commitment ability is higher than welfare under a monopolist seller that has no
commitment ability. In these situations, the size of the market is decreasing over
time and it is y5c > ysole and ys5le < ysale. However, the higher welfare under
a monopolist seller without commitment ability in period 2 does not outweigh the
higher welfare under a monopolist seller with commitment power in period 1. The
result requires a change in the demand for the services of the durable good over
time such that the monopolist that has no commitment power sells in both periods
and there is a sufficient decrease in the size of the market (j—j‘; > 47

From Proposition 2 we have that it may be W3sae > J¥/sale jn situations where
demand curves in both periods are parallel (e = 3,9 =2, f =h=1and s = 1,
for instance), have the same ordinate at the origin(e = ¢ = h = 2, f = 1 and
s = 1) or cross each other (e = f =1,g=2,h=3and s = 1).

We have shown that, when the size of the market decreases, welfare under a
monopolist seller with commitment ability may be higher than welfare when the

monopolist has no commitment power. Moreover, we can prove:

Proposition 3 : If parameter values are such that M < g < % the equilibrium
under a monopolist seller with commitment power will Pareto-dominate the
equilibrium under a monopolist seller without commitment ability.

Let us use C'S to denote consumers surplus, as in the proof of Proposition 3.
When Wsale > WWsale we have also that C'Ss%¢ > €S9 in the cases where the

change in the demand for the services of the durable good over time is such that
the monopolist that has no commitment power sells in both periods and there is an

‘If e = gand f = h, that is, if the demand function is the same in both periods, it will be, from
(1), Wpale < Wsale as expected.

nc !



important decrease in the size of the market (é > 7). An example of a situation
where Wsale > Jysale gpnd CSse > CS%d¢ise = f = 1,9 = 5, h = 21 and
s=1.

Therefore, when g € (M,%) it is Wgale > jysale gsale gsale gng
CSsde > (CSsde) and to establish a mechanism allowing the monopolist to
get commitment ability may be advisable (analogously, a regulation inducing
a monopolist without commitment ability to sell the durable good may be less

advisable).

5 Uncertainty about future demand

In the context of the model of Section 2 let again e(y,) = e — fy; be the inverse
demand function for the services of the durable good in period 1, and assume that
in period 1 all agents think there is a probability = that the inverse demand function
in period 2 is b(y2) = b — cy, and a probability 1 — x that the inverse demand
function in period 2 is v(y2) = v — zya, With 2 < 7 < 2. Hence, they think
there is a probability = of an increase in the size of the market and a probability
1 — x of a decrease in the size of the market. At the beginning of period 2 all
agents learn which is the demand in that period and, with this information, take
their period 2 decisions. Therefore, instead of assumption A.3 of Section 2 we
have: The monopolist and the consumers are completely informed about demand
for the durable good in period 1 and production costs, have the same beliefs in
period 1 about demand in period 2, and learn at the beginning of period 2 which
is the demand in that period. Moreover, consider that all agents participating in
the market are risk neutral and that assumptions A.1, A.2, A.4, A5 and A.6 of
Section 2 hold.2

Denote g = zb+ (1 —z)v and h = zc+ (1 —x)z. Therefore, g is the expected
ordinate at the origin of the inverse demand curve in period 2 and 4 is the expected
slope of that curve. The ratio ¢ will represent the market size corresponding to
the curve with the expected ordinate at the origin and the expected slope. Let us
call this curve the expected inverse demand curve in period 2.

The monopolist renter will maximize profits in each period. Hence, he will

b

rent in period 1, 5 in period 2 if b(y.) happens to be the inverse demand

8Bhatt (1989) considers risk aversion in a model where the slope of the demand curve is the
same in both periods, the expected level of the ordinate at the origin is unchanged and production
in period 2 is positive. The main results in this section require, however, a change over time in the
slope of the demand curve or in the ordinate at the origin.
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function in period 2 and 2 if that function is v(y;). Rental prices will be,
respectively, p; = 5, pay = % and py, = g.g The monopolist renter will dispose in
period 2 of units of the good produced in period 1 if the inverse demand function
in period 2 is v(y2). Under rentals, the monopolist expected profits are
2 2 2
mrent = E + s:l:b— +s(1 — QZ)ZZ
A monopolist seller may obtain profits equal to 7"¢** if she can commit to
a future price or production level in case the inverse demand function in period
2 happens to be b(y,), and if she can also commit, in case the inverse demand
function in period 2 happens to be v(y), to buy in period 2 at a price equal to 3
any unit she has sold in period 1. The argument proceeds as in Section 3.
Consider now the decision of a monopolist seller without commitment power.
In this case we know that a future price is credible to the consumers in period
1 if and only if it is part of a subgame perfect equilibrium. Let us denote

2 . We have:
\/(4f+smc Y(4f+sh)

Proposition 4 : Production decisions and profits of a monopolist seller that has
no commitment power are:

i) Ifv < N:
2e b e
=————— p=—————and g, =0
N 4f + sxc =5 4f + sxc ?
sale 62 + sy b2
Mpe = 53— —
ne Af 4 sxc 4c
i) Ifvo > N:
2 b e and v e
q1_4f—|—sh'q%_2c 4f + sh o =5 4f + sh
2 2 2
moale — __© +sr— +s(1 —z)—
ne 4f + sh 4c 4z
When v = N the monopolist seller that has no commitment power is
indi_ff_erent between deciding ¢; = ﬁ v G2b = 2—1’6 — 4f+sxc and ¢z, = 0 and
deciding ¢; = 4f2fsh ) Qop = 24‘0 7o and q2v =2 - 4f+ - as, from the proof
of Proposition 4, v = N < 4f+sxc + szl = 4f+8h + szl 4 s(1—a)¥

9Subindex b is used for variables referred to the case where the inverse demand function in
period 2 is b(y2 ) and subindex v is used for variables referred to the case where the inverse demand
function in period 2 is v(y2).
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Notice from Proposition 4 that when v < N we obtain that ¢; decreases with
x. The intuition for this result is that the higher is = the greater is the probability
that the monopolist will sell more units in period 2 and, hence, the incidence of
the Coase problem is greater. As a consequence, the monopolist finds it profitable
to reduce ¢; and in this way to make credible that in period 2 (when the inverse
demand function is b(y2)) the price will not be very low or the number of units
in the market will not be very high. If v > N, ¢; is even lower. In this case
the monopolist will always sell more units in period 2 and, hence, the impact
of the Coase problem is greater (there will always be future sales competing for
consumers with present sales).

Clearly, we also have

Corollary 2 : Itis

7T;eale — ﬂ_rent > ﬂ,ztzle

Let us proceed now with the welfare analysis in this context of uncertainty
about future demand. Given the result in Proposition 4, we can prove the following
relationship between social welfare under a monopolist seller with commitment
ability (W29¢), or under a leasing monopolist (W™ = 1¥/se¢) and social welfare

with a monopolist seller that has no commitment power (17 34):

Proposition 5 : i) If v < N itis WW2ale < i/ sale

i) Ifv > Nitis:

Wcsale ; ngle = % ; g

When v = N we know that the monopolist seller that has no commitment
power is indifferent between the solutions in parts i) and ii) of Proposition 4. If
the monopolist chooses the solution in part i) it will be W 34%¢ < T¥7sele. However,
when the monopolist decides the solution in pat ii) it will be W2ale > T¥/sale jf
% >xb+ (1 —x)N.

Therefore, welfare under a monopolist seller with commitment ability may
be higher than welfare under a monopolist seller without commitment ability. In
these situations, the expected size of the market is decreasing over time and it is
ysgle > ysale gsale - gsale gnd ysale < ysale However, the higher welfare under
a monopolist seller without commitment ability in period 2 does not outweigh
the higher welfare under a monopolist seller with commitment power in period
1. The result requires beliefs about future demand such that the monopolist that

12



has no commitment power would sell in both periods even if there is a decrease
in the size of the market in period 2 and the market size of the expected inverse
demand curve in period 2 is sufficiently smaller than the market size in period 1
(35 > ).

We have shown that welfare under a monopolist seller with commitment
ability may be higher than welfare when the monopolist has no commitment
power. Moreover, we can prove:

Proposition 6 : If parameter values are such that v > N and 7> g
the equilibrium under a monopolist seller with commitment power will Pareto-
dominate the equilibrium under a monopolist seller without commitment ability.

When Wgale > JWsale we have also that C'S5e¢ > €S9 in the cases where
there is an important decrease in the expected size of the market (ﬁ > 7). An
example of a situation where Wsale > Wsale gnd CSse > CS34ejse = f = 1,
b=23v=23c=12 2 =22 2 =01ands = 1. When /34 > Jysae
and C'Ss4e > (0S54 it may be advisable, as in the case analyzed in the previous
section, to establish a mechanism allowing the monopolist to get commitment
ability (analogously, a regulation inducing a monopolist without commitment

ability to sell the durable good may be less advisable).

6 Conclusion

In this paper we have analyzed the decisions of a durable good monopolist in a
context where demand for the services of the durable good changes over time.
The analysis has compared the decisions of a monopolist seller with commitment
ability and a monopolist seller that has no commitment power, in a context where
the monopolist only decides production levels. An evaluation of these decisions
with respect to producer’s profits, consumers surplus and social welfare has also
been performed.

The work has considered the case where the change in demand over time is
certain and the case where this change in demand is uncertain. It has been noticed
that a monopolist seller may attain the same level of profits (expected profits if
there is uncertainty about demand) than a monopolist renter would get if she can
commit to a future price (dependent on which happens to be future demand in the

19An example of a situation where Ws¢ > Wsdlejse =5 b=6,v =1, f =1, ¢ = 0.5,
z=15z=0.5ands = 1.
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uncertainty case) and, hence, commit to sell or to buy units of the good in the
future at that price.!

When the change in demand for the services of the durable good is certain,
the study has differentiated, in a two period context, situations where the market
size increases and where the market size decreases. The results for the case
where the size of the market increases are analogous to those in the literature
on durable goods. In the case where the size of the market decreases, however,
important differences with previous results have been obtained. In this case
it has been proved that welfare may be higher under a monopolist seller with
commitment ability (or a monopolist renter) than under a monopolist seller
without commitment power and the equilibrium under a monopolist seller with
commitment ability may Pareto-dominate the equilibrium under a monopolist
seller without commitment power. These results have also been obtained for the
case where the change in demand for the services of the durable good is uncertain.
The paper has derived the set of parameter values where each of these results
occur.

This paper has shown the relevance of considering a changing environment in
the study of the durable good monopolist decisions and their effects on producer’s
profits, consumers surplus and social welfare. The results obtained ask for a
specific analysis when commitment mechanisms or regulation of durable good
production under a changing environment are being considered.

7 Appendix

7.1 Proof of Proposition 1

The monopolist seller that has no commitment power will solve in period 2
max gy (9 — ha1 — haa)

subject to g > 0. The solution to this maximization problem, if the nonnegativity
restriction is satisfied, is go = 4. In this case p, = 24,
Since consumers have rational expectations, the sale price of period 1 equals

the sum of the rental value for period 1 and the discounted sale price of period 2.

I the monopolist seller cannot commit to buy in period 2 at a given price any unit she has
sold in period 1 but she can commit to a future production level, it can be shown that, when the
market size decreases over time, profits of this monopolist seller will be lower than profits of the
monopolist renter. Moreover, when market size decreases over time welfare under rentals may be
higher than welfare under this monopolist seller that cannot commit to repurchase agreements.
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Hence, the monopolist will select ¢; that solves

g- hQI) (9— hQ1)2)

H}]?X(ql(e—fqmts 5t

This monopolist problem solves to

2 g e
D=4 sn BT o 4ftsh
g n 2fe g eh
= S§— —_ = —
L= Ty ysh P27 27 45 ysn
This solution requires ¢, = 5 — 7 = 0, e, g > 4J§he The monopolist’s

profits in this situation will be:

sale __ € g_
e = Irysh o Can @)

Let us consider the case where g < ijesh. If the monopolist chooses ¢; so

that ¢y < 7 and selects g, in order to maximize profits in period 2 it will be
qp = L hql > 0. Therefore, this ¢, would solve

g— hq (9 - hQI)2
)+ s

max A = (q1(e — fq1 + s
q 2

subject to ¢ < . Aswe have ¢; < 75, itwillbe S = ¢ — g (2f + s5) > 0.
Hence, in this problem the monopolist would select q1 % and ¢ = 0. However,
this decision does not maximize the seller’s profits. Notice that when there are
sales only in period 1 and the sales price of period 2 is zero, the monopolist
prefers to select ¢; = o (in period 2 consumers would use only £ units of the
good: they would dispose of the rest of units bought in period 1). As g < —2he

4f+sh
2he i — —
= 1< 4f+sh < 77, we conclude that when g < ;=< itwill be ¢ = 55, ¢ = 0,
2
p1=5and mee = &

The monopolist seller without commitment ability may decide ¢; = i and
g = 0evenif g > 2 |tis easy to show that if ¢ < ——L—(= ) the

Af+sh’ f(4f+sh)
value of 5% in (2) is lower than <. As in thi U G it i
aueo e (2) is lower tha S S case h_< AT < 37 Its
credible that g, = O when¢; = & and the use of p; = 5 is correct.

Moreover, as the value of w;‘;le in(2)when M < gis greater than £
is concluded.l

S f, the proof

15



7.2 Proof of Proposition 2

We have
a7 3 3 e? 2
Wcsale:/ (e—f@)d@—i—s/ (9 —h0)dl = = (— + s2-)
0 0 8 f
and:
-ifg < M:
sale % % 362 92
— — f0)db — h0)df = —— =
Wit = [Te=soyio s ["a—nojan = 5+ 2
-ifM < g:
_2e g4 _e 2
sale Ift+sh 2h " df+sh 12¢2 +4seg 3 q
— — f0)db —hl)d) = ————= + —5=—
W= [T e =g s [T (g =) ot e

From the expressions above it is clear that WW3ae < Wsde if g < M. To
compare Wsee and W39 when M < g notice that:

2 4 1 2
e(f+sh): (12@2+386h)
8f(4f +sh)  8(4f + sh) f
Hence, it will be:
3se?h 3eh -
sale > sale >
W2 Woet & —— 7 = dseg & — 17 <gl

7.3 Proof of Proposition 3

Let CS represent consumers surplus. When g € (M, %7t) itis Wg'e > W' and

1e? e + seg
Cssale o Cssale — Wsale . sale . Wsale . sale _ - _
c nc c ( nc ) 8 f 2(4f + Sh)

Hence,
eh <

sae> sale
C55e 2 053 e 2o

and the result is obtained.l

7.4 Proof of Proposition 4

The monopolist seller that has no commitment power will solve in period 2

max QQb(b — 1 — Csz)
q2p

16



subject to go, > 0, if b(y2) is the inverse demand function in that period and

II;;SLX 42v (U — z241 — Zq2v)

subject to go, > 0, if v(yz) is the inverse demand function in that period. The
solutions to these maximization problems, if the nonnegativity restrictions are
satisfied, are gy, = 24 =y and gy, = LEL (py, = L),

Since consumers have rational expectations and are risk neutral, the sale price
of period 1 equals the sum of the rental value for period 1 and the discounted
expected sale price of period 2. Hence, the monopolist will select ¢; that solves

b—c v—2 b—cq)? v—z2q)?
max(q(e—fq1+sz o +s(1—x) Q1)+sx( a1) —i—s(l—x)ﬂ)
q1 2 4c 4z
This monopolist problem solves to
2 b e and v e
N sh P T2 afrsn S T o T Af v sh
2ef 9 b € and v ez
L e R R A R Ry
This solution requires gz, = 5- — 4f+8h >0,i.e,v> th (notice that, as’z’ > 7,

itis g2, > 0 = g9, > 0). The monopolist’s expected profits in this situation will
be:

. 62 2 2
sale __ - 1— 3
e gy h—i—sx + s( x)4z (3)
Let us consider the case where v < th. If the monopolist chooses ¢; so that

q1 < 7 and selects ¢, in order to maximize profits in period 2, when the inverse
demand function is v(ys), it will be o, = “5-* > 0. Therefore, this ¢; would
solve

b— — b — 2 — 2
max A = (¢i(e—fai+s S s(1-a) - 2ZQ1)+Sx( 4qu) +s(1—x)%)
subjecttog; < 2. Aswe have ¢; < 2 < 4f+ -, itwill be 44 G (2f +2) >

b_v
0. Hence, in this problem the monopolist would select ¢; = 2, g2, = b—zccfh ==

and ¢», = 0. However, this decision does not maximize the seller’s profits as, if
the monopolist is not going to sale any unit of the durable good in period 2 when
the inverse demand function is v(y-), she would choose ¢; such that

(b — cqr)?
4c

b—cq

)+ sx )

max(qi(e — fq + sz
q1
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This monopolist problem solves to

2e b e

c’qzb:2_0_4f—|—smc
2ef b b ec

br= 4f+sxc+8x§ P =5 T A4f + sxc

(notice that, as ;725 > 75r > - consumers would use only 2 units of the good

in period 2, if v(y,) is the inverse demand function in that period, and they would

dispose of the rest of units bought in period 1). The monopolist’s profits in this

situation will be:

g = and gz, =0

and py, =0

meade = 762 + sxE 4)
ne 4f + sxc 4c
The monopolist seller without commitment ability may decide ¢; = ﬁ
Gp = 2 — sz and g2, = O evenif v > 4J?jzh. It is easy to show that if
\/(4f+s29:cz(4f+sh)( N) the value of 732 in (3) is lower than the value of
T3 in (4). As in this case ¢ < \/(4f+sjj)(4f+sh) < 5 fiem, it is credible that
G2, = OWhen ¢; = 4f+ - and the use of p; = 4fj£xc + sx is correct.

Moreover, as the value of w32 in (3) when N < v is greater than the value of
wsale in (4), the proof is concluded.®

7.5 Proof of Proposition 5

We have

e b

Psele - /” (e — £0)d0 + sa:/2c(b — cf)df + s(1 — x) / (v — 20)df =
0 0 0

3e? 3b? 3?2
== g‘FSQL’——FS(l—CIZ) 32
and:
-ifv < N:

v

l VR 2T A e :
nge:/ (e—f@)d@—i—sx/ (b—c@)d@—i—s(l—x)/ (v—20)df =
0 0

0

1 12¢% + 4sxbe 3b? 40?

S o 1—
8( 4f + sxc )+ £ESchS( $)82

-if N < w:
. 7o wtartem PERE
Wiee = / (e—f&)d@—l—sx/ (b—cQ)d@—i—S(l—x)/ (v—20)df =
0 0 0
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1,12e2 + 4seg 30? 3v?
e - ]__ _
s om0y

From the expressions above it is clear that W :4¢ < W29 if v < N as

Wsale _ Wsale _ S$6(4bf — 360) 8(]_ — ZL‘)U2

¢ 8f(4f + sxc) 8z >0

(remember that > %). To compare Wsale and Wsale when N < v we have

Wsale . Wsale _ _3862h’ + 486fg
ne © 8f(4f +sh)
Hence, it will be:
3eh
sale > sale >

7.6 Proof of Proposition 6

When N' < vand 5 Z g itis Wpee > 1We and

se’h — 4sefq

Cssale o Cssale — Wsale _ sale Wsale _ —saley _
c ne c T ( ne T ) 8f(4f—|—$h)

c nc

Hence,
(&

Af

sale > sale >
CS*e = OS° & =

IS

and the result is obtained.l

References

[1] Bhatt, S: Demand Uncertainty in a Durable Goods Monopoly. International

Journal of Industrial Organization 7, 341-355 (1989).

Bond, E. and Samuelson, L.: Durable Goods, Market Structure and the
Incentives to Innovate. Economica 54, 57-67 (1984).

Bucovetsky, S. and Chilton, J.: Concurrent Renting and Selling in a Durable
Goods Monopoly under Threat of Entry. Rand Journal of Economics 17,
261-278 (1986).

Bulow, J.: Durable Goods Monopolists. Journal of Political Economy XC,
314-332 (1982).

Bulow, J.: An Economic Theory of Planned Obsolescence. Quarterly Journal
of Economics 51, 729-750 (1986).

19



Butz, D.A.: Durable-Good Monopoly and Best-Price Provisions. American
Economic Review 80, 1062-1076 (1990).

Cabral, L., Salant, D. and Woroch, G.: Monopoly Pricing with Network
Externalities. International Journal of Industrial Organization 17, 199-214
(1999).

Chi, W.C.: Quality Choice and the Coase Problem. Economic Letters 64,
107-115 (1999).

Coase, R.: Durability and Monopoly. Journal of Law and Economics 15,
143-149 (1972).

Gul, F., Sonnenschein, H. and Wilson R.: Foundations of Dynamic
Monopoly and the Coase Conjecture. Journal of Economic Theory 39, 155-
190 (1986).

Jones, R.A. and Ostroy, J.M.: Flexibility and Uncertainty. Review of
Economic Studies 51, 13-32 (1984).

Kahn, C.: The Durable Goods Monopolist and Consistency with Increasing
Costs. Econometrica 54, 275-294 (1986).

Malueg, D. and Solow, J.: On Requiring the Durable Goods Monopolist to
Sell. Economics Letters 25, 283-288 (1987).

Malueg, D. and Solow, J.: A Note on Welfare in the Durable Goods
Monopoly. Economica 56, 523-527 (1989).

Malueg, D., Solow, J. and Kahn, C.. Erratum (to The Durable
Goods Monopolist and Consistency with Increasing Costs by C. Kahn).
Econometrica 56, 754 (1988).

Saracho, A.: The Diffusion of a Durable Embodied Capital Innovation.
Economics Letters 54, 45-50 (1997).

Stokey, N.: Rational Expectations and Durable Goods Pricing. Bell Journal
of Economics 12, 112-128 (1981).

Usategui, J.M.: Uncertain Irreversibility, Information and Transformation
Costs. Journal of Environmental Economics and Management 19, 73-85
(1990).

20



