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Abstract

We show that a durable goods monopolist that introduces its products sequentially will
choose higher-than-optimum qualities. This result differs from traditional screening models, in

which the qualities of a non-durable goods monopolist’s products never exceed the optimum.
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Intertemporal Quality Discrimination

1 Introduction

New technology is usually expensive and it takes time for manufacturers to make the technology
more accessible. In the stereo industry, the first Super Audio Compact Disk (SACD) player
made by Sony,®> SCD-1, sold for $5,000 in 1999; in 2002 the cheapest of Sony’s new SACD
players, SCD-CE775, had a $250 MSRP, while the SCD-1 continued to be Sony’s flagship
model. The electrostatic speaker manufacturer MartinLogan developed a technology trade-
marked ClearSpars for their Statement e2 speakers, which came to the market in 2000 with
a list price of $80,000 per pair. MartinLogan later applied the technology to their mid-price
($3300 per pair) Aeon i in 2003. The amplifier manufacturer Conrad-Johnson introduced in
2000 its current top pre-amplifier, ART Series 2, and in 2003 added to their product line a
stripped-down version of the ART, the Premier 17LS, whose price is less than one-third the
price of the ART. The four-wheel-drive vehicle manufacturer Land Rover introduced their mid-
price model Discovery in 1986, after they remodeled their luxury line Range Rover in the early
80s.

In these examples, before the firms could scale down their new technologies for the mass
markets, they sold only the high-end products; and after the more affordable low-end products
became available, they sold both kinds of products. Furthermore, these products are durable
goods, and so by the time the firms introduced the low-end products, the consumers who had
bought the high-end products were no longer in the market.

In this paper we abstract from the inter-firm competition. That is, we assume that the
durable goods market is monopoly, and study the quality decision and the pricing of the durable
goods monopolist whose first-generation product has higher quality than the second-generation
one, which is not available at the time the first-generation product is first introduced to the

market.? In addition to Coasian dynamics, or intertemporal price discrimination, the issue

3Sony Electronics, Inc. and Philips Electronics, Inc. jointly developed the SACD format to replace the
compact discs.

4Sometimes a firm is able to produce both high-end and low-end products from the beginning but decides not
to. Publishers do not print paperbacks of new books until they have sold the hardcovers for some time. Some



involves intertemporal quality discrimination. Our analysis focuses on whether the monopolist
would produce goods with qualities higher than the optimum.

In a static single-quality model without price discrimination, Spence (1975) compares the
quality of non-durable good produced by a monopolist with the optimum, and finds that the
monopoly’s quality could be higher or lower than the optimum, depending on the demand
conditions. In particular, for a linear demand, the quality chosen by the monopolist is the
same as the optimum. In a dynamic single-quality model with price discrimination, Chi (1999)
discusses the quality choice of a durable goods monopolist, and shows that with linear demand,
the intertemporal price discrimination makes a monopolist choose a quality at least as high as
the optimum, and higher than the optimum when the discount factor is small.

In static quality (or quantity) discrimination models, where a monopolist can use several
quality-price packages to screen consumers, it is well known that a monopolist would discrim-
inate the consumers by offering the efficient quality only to the consumer with the highest
valuation, and offering everyone else a quality less than the optimum. In no circumstances
could the consumers get above-optimum quality in the static model.® However, in our model
of intertemporal quality discrimination, we find that the monopolist will produce goods of
above-optimum qualities in its product line.

That the monopolist might offer above-optimum quality is new to the literature of qual-
ity discrimination. Moorthy and Png (1992) consider a monopolist who faces two types of
consumers (high-demand and low-demand) and is able to introduce high and low qualities si-
multaneously. In some cases, the monopolist prefers sequential introduction: high-end product
in the first period and low-end in the second. However, the qualities do not exceed the optimum
in any equilibrium. Wang (2000) also uses a model with two types of consumers, and shows that
when the monopolist is able to offer two quality-price packages each period, the result is the
same as static quality discrimination. Therefore, no qualities can be higher than the optimum.
Wilson and Norton (1989) focus on the timing for introducing the lower-quality product, and

do not discuss how the firm chooses prices or qualities.

fashion designers offer mid-price lines of their clothes after they have established their brand names. Wilson
and Norton (1989) and Moorthy and Png (1992) study when a monopolist should introduce the lower-quality
version, given that its production is always feasible.

°See Mussa and Rosen (1978) and Maskin and Riley (1984).



In the papers discussing product upgrades or product obsolescence, Bulow (1986) shows that
the monopolist will reduce the durability of its product, and hence the quality is lower than the
optimum. A firm can also make its current product obsoleted by introducing a better product.
Levinthal and Purohit (1989) study the case. They focus on the timing of introducing the new
product, the pricing, and the use of buyback policy, but assume that the quality difference
between the two generations’ products is an exogenous variable. Fudenberg and Tirole (1998)
use a very general framework to study product upgrades and the related marketing practices —
tradeins and buybacks, but they too treat the qualities as exogenous variables.

Our paper is organized as follows. Section 2 describes the model. We adopt Bulow’s
(1982) two-period framework. The monopolist and the consumers live for two periods and
have the same discount factor. As in Mussa and Rosen’s (1978) vertical-differentiation model,
consumers’ preference for quality are indexed by a parameter with a continuous distribution,
which is simplified here to be uniform.

Section 3 establishes the efficient qualities of the product line chosen by a benevolent social
planner, and shows that if the monopolist is able to commit to its second-period behavior, there
is no distortion in qualities.

Section 4 solves the equilibrium when the monopolist cannot commit. We show that both

the first-period and the second-period products have higher quality than the optimum.

2 The Model

There are two periods, t = 1,2. At the start of period 1, the monopolist is endowed with a
technology to produce a single perfectly durable good, denoted by H, and to produce in period
2 a second-generation product with lower quality, denoted by L. We assume that the technology
takes time to become “mature,” and therefore it is not feasible for the monopolist to produce
the lower quality product L in period 1. The monopolist makes the following choices. In period
1, it decides the quality of H, ¢, and then sets a price p;. In period 2, after observing the
quantity sold in period 1, it decides whether to introduce L. If it does, it then decides the

quality of L, q;, and its price r. Whether or not it introduces L, it needs to decide the price of



H sold in this period, ps. To simplify the model, assume that the unit costs of the two products
are c(q;) = bg?/2, i = h,l, where b > 0 is a parameter.

There is a continuum of consumers, whose marginal utility of income is constant and valu-
ations of the products are indexed by 6; the distribution of 6 is uniform on [0, 1]. Consuming

a product with quality ¢, a type-0 consumer gets per-period utility
Oqg+1,

where [ is his net income. Each consumer has unit demand for the monopolist’s product. In
equilibrium, a consumer who purchases in period 1 will not purchase in period 2, since the
second-period product’s quality is lower. The consumers have perfect information about the
products’ qualities when the products are on the market, and have perfect foresight in the first
period about the monopolist’s second-period strategy since the strategy has to be subgame
perfect. The consumers and the monopolist have a common discount factor §.

A type-0 consumer could purchase H in period 1, H in period 2, L in period 2, or nothing
at all, depending on which decision gives him the highest net utility. Namely, he looks for the

maximum of the following values:

{(1 + 5)9(]1 _p1a5(0q1 _p2)’5(0(ﬂ - T)>0} :

3 The Optimum and the Commitment Solution

We first consider the qualities chosen by a welfare-maximizing social planner. Then we assume
that the monopolist can make commitment in period 1 to its period-2 actions: ¢, p2, and r.

Last we compare the commitment solution with the optimum.

3.1 The Optimum

Like the monopolist, the social planner can produce only one product in the first period. To

maximize social welfare, the prices of H is set to be the marginal cost bg?/2 in both periods,



and the price of L to be bg?/2: p} = pi = bg?/2, r* = bg?/2, where the asterisk stands for
optimum. Since the price of H equals marginal cost, all consumers who can get non-negative
net utility from purchasing H in period 2 will purchase it in period 1. Hence, there is no market
for H in period 2.

Let 6, be the type of the consumer who is indifferent between purchasing H in period 1 and

purchasing L in period 2:

b ba?
(1+8)6han — 22 = 6(6has — =) 20 (1)

Then consumers whose types are above 6;, purchase H in period 1, and the demand for H is
1 — 0.

Let 6, be the type of the consumer who is indifferent between purchasing L in period 2 and
purchasing nothing:

0o — — =0. (2)

All type-6 consumers, 6 > 6;, get positive net utility from purchasing L, and therefore the
demand for L is 6;, — 6.

The social planner chooses ¢, and ¢; to solve:

1

ba; . ba
max W= [ [(14+0)0q, — —="]d0 + o 0q ——-)do (3)
ansqQ1 0, 2 2

where 6;, and 6, are defined in (1) and (2). The solution is:

(1+0)(1+6p)
2b ’
B 0, + 6,

q = 2 ) (5)

qn =




which, together with (1) and (2), lead to

—9(148)*+6(1 + 6)vV9 + 105 + 962

6; =

27 + 226 + 2762
o — 0 =3(1+6)” +2(1+0)v9 + 100 + 942 )
T3 27 4 226 4 2762
L (IO +6)  (1+0)(9425 +90%) + 3(1 +6)>V9 + 106 + 962 q
W= 2 - b(27 + 226 + 2762 (®)
. 20;  —6(1+0)>+4(1+0)V9+ 100 4 902 9
W=y T b(27 + 220 + 2762) ' )

Note that the above four variables are all increasing in d.

3.2 The Commitment Solution

Assume that the monopolist can commit itself in period 1 to its period-2 actions: ¢, ps, and r.
There are four period-2 strategies to which the monopolist can make its commitment: selling L
only, selling H only, selling both, and selling none. However, it is well known in the literature
of the Coase conjecture, e.g., Bulow (1982), that the monopolist does worse from selling in
period 2 only H than selling nothing. Furthermore, committing itself to selling both H and L
is equivalent to the case in which the monopolist cannot commit. So we only need to consider
the cases that the monopolist commits to selling in period 2 only L and selling nothing. And
since the monopolist, when adopting the strategy of selling only L, can mimic the strategy
of selling nothing by setting the price r high enough, selling only L weakly dominates selling
nothing.® Therefore, if the monopolist can commit, it will sell in period 1 only H and in period
2 only L.

To commit itself to selling only L in period 2, the monopolist will set ps such that no
consumers will buy H in period 2. Given p;, ¢, and r, the marginal consumer who purchases

H in period 1 is type 607, where 0} satisfies

(14+0)8rqn —p1 =6(0rq — 1) . (10)

5Indeed, it can be shown that the profit from selling H in period 1 and L in period 2 is larger than the profit
from selling H in period 1 and nothing in period 2, when § > 0; and that the profits are equal if § = 0.




And the marginal consumer who purchases L in period 2 is type 0, where 67 satisfies
Ofq—r=0. (11)
The demands for H and L are then 1 — 65§ and 65 — 67, respectively. From (10) and (11), we get

p1 =14 0)05q, — 0(0, — 0))a (12)

r=brq - (13)

The monopolist’s problem is then

bq} bg}
max T = (p — =5t)(L—05) + O(r — ZH)(6F — 6) (14)

08,07, an, at 2

s.t. (12), (13) .

Denote by hat the solution, then

e 9420+96% 4 3(1+6)V9 + 100 + 962

¢ 15
Oh 27 + 226 + 27652 (15)
jo_ LH0p 1248541267 4 (14 0)v/9 4106 + 967 (16)
o3 27 + 220 4 2762
o (1480 (14 8)(9+ 26 +962) + 3(1 + §)%V/9 + 108 + 95 an
=" = b(27 + 220 1 2762)
o A0 =2 —6(140)%+4(1 + 6)v/9 + 105 + 95° a8)
W=y b(27 + 220 + 2702) '
And the profit is
e (274220 + 276%)(65)® + 3(9 4 20 + 962)(65)2 + 24565 — 46 19)
N 54b '
Comparing the commitment solution with the optimum, we see that
i =a, 07>0; i=hl. (20)



Proposition 1. If the monopolist can commit itself in period 1 to selling only L in period
2, to the quality of L, and to the price of L, then the qualities of H and L are both optimal,

but the quantities sold are both less than the optimum.

4 The No-commitment Solution

Suppose now that the monopolist cannot commit itself to its period-2 behavior. Then its
choices of q;, p2, and r have to be subgame perfect, and therefore after observing ¢, and p;, the
consumers have perfect foresight in period 1 about the firm’s choices in period 2.

We solve the game by backward induction. Given g, and p;, there is a 6} such that all
type-6’ consumers, §' > 6}, purchase H in period 1. At the start of period 2, the types
of consumers who are in the market are in the region [0,6}], which can be divided into two

sections: Ty, = [0;, 03] and Ty = [67,6}], where the cutoff values are defined as follows:

elql —r=0, (21)
0rqn —p2 = Orq — 1, (22)
(14 8)0iqn —p1 = 6(01.qn — p2) - (23)

In period 2, those consumers whose types are in 77, purchase L, and those in Ty purchase H.
Note that p, must be at least equal to bg? /2, the marginal cost of H, and hence if 6} < bgy/2,
then for all < 6}, Oq;, < bg?/2, and the monopolist will not sell H in period 2.

If 6} > bgy,/2, then the monopolist’s problem in period 2 is:

o bay 1 2 5912 2
max Ty = (po — —==)(0, — 0;) + (r— —==)(0; — 6) (24)
03 .01,q1 2 2



subject to

0, = O, (25)
02 > 0, (26)

(21),and (22).

Using (21) and (22), and ignoring the constraints (25) and (26), the first order conditions for

67, 0;, and ¢, are:

8} 26) (s — a) + D) (27)
(6, — 26 + %)m =0 (28)
bg +0;, — 07 — 0, =0, (29)
and the solution is
9;3:%73%,91:@%:%, (30)
and therefore
NEEUTIES ST § a1

The period 2 profit is then

qn[16(6})? — 16060} q1, + 56
g = y

64

a function of g, and 6;.
From (30), 67 > 6, as long as 67 exists; and 0} > 62 if 6] > 3bq, /4. If b, /2 < 0; < 3bgy /4,
then the constraint that 6} > 67 is binding, and the monopolist does not sell H in period 2.

Therefore, depending on the values of g, and 6;, there are two cases to consider:
(1) The monopolist sells both H and L in period 2: 6, < 07 < 6}, which holds if 6} > 3bg;,/4.

(2) The monopolist sells only L in period 2: 6} < 3bg;/4.

10



4.1 The monopolist sells both products in period 2

Suppose that 6} > 3bgy, /4, then 6; < 67 < 6}. From (23) and (30), the firm’s first period price

18
20} g, + bq;,

pr=Ohan+0(—=—) ,
and the profit in period 1 is
20} qp, + bg? bg?
m = [Bhan +6(— ) = (1 6}) .

Then the monopolist in period 1 solves

max Il =m + dmy (32)
9}1l7qh
subject to the constraint that 6} > 62 which, using (30), can be written as
3b
o = =" (33)
Let p be the Lagrange multiplier, the first order conditions are:
0l qul(—4—0)0 + (1 —0)bgn +2+0] +2u =0, (34)
142 1 1 1500°gj,
qn: (=4 —=0)(0,)" + (44 20)0;, + (4 — 46)0,baqn + (26 — 4)bgy, + 6 3bu =0, (35)
3b
u(B = =) =0 p 0.
First assume that the constraint is not binding, then p = 0 and the solution is:
g _ 160885+ 10662 + 476° — 4(1 — 6)VA (36)
o 3(4 4 0)(16 — 126 + 2162) ’
4(16 +46* — VA
qZOth — ( + \/_> (37)

3b(16 — 126 + 216%)’

where A = 64 — 485 — 2852 — 2165 — 475*, which is positive if § < 0.51.

The constraint (33) is not binding if § < 2/7. When ¢ > 2/7, the constraint is binding. But

11



then the monopolist cannot sell a positive amount of H in period 2, for 6} — 62 = 0; and the
case is the same as the one that the monopolist sells only L in period 2. When § < 2/7, denote

by I1%** the monopolist’s total profit from selling both products in period 2, then

[Tboth — 2(B + A*?)
©27b(4 + 6)(16 — 125 + 2162)2

(38)

where B = 512 + 11520 + 1824462 + 54726 + 16800* + 12960° + 3144°.

Lemma 1. The monopolist sells both H and L in period 2 only if § < 2/7.

4.2 The monopolist sells only L in period 2

Suppose that 6] < 3bg;,/4, then the firm’s optimal strategy in period 2 is to sell only L. Since

the price for L is r = 6;¢;, the firm solves in period 2

bg?

max 7wy = (g — —-) (0, — O1).
On,q 2
The solution is
20} 20} 4(61)?
g, ==L ==L r=—_21 39
l 3 ; qi 3 ) r 9h ( )
and the firm’s second period profit is
2(6,,)°
T o

Given 6}, the first period price satisfies

(1+ 5)9,11% —p1 = 5(0,11ql —r)

and we have

20(6,)°

pr=(1+08)0q — o)

12



The firm’s problem in period 1 is:

20(0})%  bg? 2(0})3
II=[(140)0,q — —2 — 2L)(1—6;) + 62 40
max 1= (1 0)fla, — gt — -+ 07 (40)
b
ot o) < 2 (41)
4
Let A be the Lagrange multiplier, then the first order conditions are:
3bA
40} 4(61)%  bg?
%:K1+®%—5—Q0—9$—0+WW#M+5(M +oh N
9b 9 2
3b
/\(%—9}1):0; A>0
First assume that the constraint is not binding and so A = 0. The solution is
2(9 + 146 + 96%)
0, = 42
h 27 + 380 + 2762 (42)
(1+4)0;
an = 0
~2(14+0)(9 4 140 +90%) (43)
© b(27+ 385 +2762)

If § > 1/3, then 0} < 3bg,/4 as required. If § < 1/3, the constraint is binding, and we have

A > 0 and 6} = 3bg; /4. The solution now becomes:

2 4 56
oL = 44
h 3+ 70 (44)
4(2 + 59)
= 4
M= 33+ 70) (45)

Denote by IT¥ and IT1'? the monopolist’s total profit from selling only L in period 2 when

9 <1/3 and § > 1/3, respectively. Then

2(2 4+ 56)*
L1 __
= 27b(3 + 70)? (46)
Lo 2(9+140 +96%)° (47)
27h(27 + 386 + 2742)2

13



4.3 The Subgame Perfect Equilibrium

From lemma 1, we know that if § > 2/7, the monopolist will not sell both H and L in period

2. Using the results in section 4.2, we have the next lemma.

Lemma 2. If § > 2/7, the monopolist sells only L in period 2, and the qualities of H and

L are functions of §:

2 1 4(2+55) qu

f-<§< = gt 22T L 2h

7= _3a dn qn 3b(3+75)’ q 27
14+ 6)(1 286 + 1862 L2
If521/3,qh:q£2:(+)(8+8+8 )’qlL2ZQh

b(27 + 388 + 2762) 2

If 6 < 2/7, we need to compare the monopolist’s total profit from selling both products in
period 2, I1*"" with that from selling only L, IT¥1. Since I1*"* > TIL* for all § < 2/7, we have

the next result.

Proposition 2. If the monopolist cannot commit, then (a) when § < 2/7, it sells both H
and L in period 2, and sets the quality of H as ¢?°™" of (37), and the quality of L as ¢2°*"/2; (b)

when § > 2/7, it sells only L in period 2, and the qualities of H and L are as given in lemma 2.

We can now compare the monopolist’s quality choice with the optimal ¢; and ¢, given in
(8) and (9), respectively. We find that the monopolist airways selects higher-than-optimum

qualities.

Proposition 3. When the monopolist cannot commit and § > 0, the monopolist always

selects a higher-than-optimum quality of H and L.

Figure 1 plots the g¢j; and the monopolist’s choices of gp.

The “over-screening” result is due to the monopolist’s lack of commitment power. As we
have shown, when the monopolist can commit, it will not distort the qualities of its products.
But when it cannot commit, it needs to deviate its quality choices from the optimum. In static
quality discrimination models, the monopolist keeps the quality for high-valuation consumers
at the optimum and lowers the quality for low-valuation consumers. This strategy is not profit

maximizing in our dynamic setup, for it does not stress the lack-of-commitment problem. In

14
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2/3 - 5
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0 Z 3 1

Figure 1: The qualities of H, b =1

our case, the quality of L is linked with the quality of H in the subgame of period 2, and

therefore the monopolist cannot distort gz only.

5 Conclusion

We have shown that when it takes time for a durable goods monopolist to extend its product
line to the lower end, the qualities of both its high-end and low-end products will be higher
than the optimum. This intertemporal quality discrimination problem differs from the static
quality discrimination problems in that there is no commitment problem in static models. To
counter the Coase problem, the monopolist raises the quality of its high-end product to exceed

the optimum so that the consumers does not want to postpone their purchases.
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