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Abstract

We show that, despite coordination in the quality level of the components that they provide,
independent vertically-related (disintegrated) monopolists will provide products of lower quality
level than a sole integrated monopolist. Further, the integrated monopolist achieves higher
market coverage, higher consumer surplus, and higher profits. We establish these results for
any distribution of preferences in the standard model of quality differentiation. Despite the
lower quality, we also show that, for a wide class of cost functions, price will be higher in a
market of independent vertically-related monopolists. All results are the effects of the
interaction of double-marginalization occurring in the market of independent monopolists with
the choice of quality.
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Quality Choice and Vertical Integration

1. Introduction

Many goods are composed of complementary components. In some of these, the quality
of the composite good is the minimum of the qualities of the component parts. For example,
a long distance phone call requires the use of long distance lines as well as local lines at the two
terminating points. The fidelity of sound in such a phone call is the minimum of the qualities
of the three services used. In such situations, if different links are owned by different firms (as
in the post-AT&T-divestiture world), firms need to coordinate in the determination of the quality
level of the composite good. Typically the problem is complicated, because the same link -- say
a local loop -- is used for a variety of services (in the telephone example, local and long distance
services).!

In this paper we examine a simpler case in which there is only one composite good
demanded. We compare the world where both links are owned by the same firm with the world
where they are owned by separate entities (dual vertically-related disintegrated monopolists).
As far as pricing is concerned, this comparison has been done in the third chapter of Cournot
(1838). He found that dual monopolists are not able to appropriate the full benefits of a price
reduction they initiate and therefore face in effect a more inelastic demand and quote higher
prices than the sole vertically integrated monopolist. This phenomenon has been known as
"double marginalization". The focus of this paper is the effect of double marginalization on the
quality of the components and of the composite good.

When only the composite good is demanded and its quality is the minimum of the
qualities of the components, there is no incentive for either of the dual monopolists to pfoduce
components of different qualities even in a non-cooperative setting; the integrated monopolist

does the same. Thus, in both ownership structures, firms are coordinating the quality levels of

! Some of these issues have been addressed by Economides and Lehr (1993).
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the components. The interesting question is the differences in the coordinated level of quality
across regimes. Put differently, what kind of distortion in the provision of quality does double
marginalization create?

We show that, for any distribution of preferences, the dual monopolists produce
components of lower quality than the integrated sole monopolist. — Therefore vertical
disintegration has a significant adverse effect on quality provision, besides the known effect of
price increase. This result can be explained in intuitive terms as follows: because of double
marginalization, the impact of marginal improvements in quality on price is higher under dual
ownership. Thus, independent monopolists can achieve the same strategic effects while
providing lower quality and saving on costs.

We also show that market coverage, consumers surplus, and profits are all lower under
vertical disintegration. We further show that, for a wide class of cost functions and any
distribution of preferences, prices will be higher under dual ownership, despite the lower quality.
Thus, vertical disintegration hurts consumers through both higher prices and lower quality.

The rest of the paper is organized as follows. Section 2 outlines the preference and cost
structures. Section 3 discusses the equilibrium of a vertically integrated monopolist. Section
4 discusses the subgame-perfect equilibrium of two vertically-related disintegrated monopolists.
In Section 5, we make comparisons on quality -levels across ownership structures. In Section
6, we compare price levels at the full-fledged equilibria. Extensions are presented in Section

7. Section 8 contains concluding remarks.

2. Preferences and Costs

Consider a market for good AB that is composed of components A and B combined

in a 1:1 proportion. Suppose that the quality of the composite good is the minimum of the
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quality levels of its components, q = q,5 = min (q,, qg).> Let each consumer have a different

marginal willingness to pay for quality, so that the utility of a consumer of type 6 is’

Uy(q, p) = 6q - p, (D

where p is the price. Let § be distributed on [0, 1] with cumulative distribution function F(8).

We assume zero marginal costs.* Fixed costs of providing each component are
separable, ¢.(q,) + #5(qs). Thus, there are no cost savings from joint provision of A and B.
We assume that both cost functions are increasing and convex in quality, ¢.(q), ¢s(q) > 0;

¢ (@, ¢5'(@) > 0.

3. Vertically Integrated Monopolist (Sole Ownership)

We first consider a vertically integrated monopolist who produces a single version of each
component, A and B, and sells them as a single product AB. The willingness-to-pay of
consumers depends on the quality of the composite good, which is the minimum of q, and q.
Since there is never a revenue gain associated with increasing a component’s quality above the
highest quality component with which it might be paired and since component costs increase with
quality, the monopolist will choose the same quality for both components, so that q = q, = q.

We assume that price discrimination is impossible; thus, the monopolist will quote a
single p for the good AB. The marginal consumer 6", who is indifferent between buying or

not buying AB, is defined by

? This formulation allows a firm only to reduce the value of the composite good. This is
in contrast with the model of Economides and Salop (1992) where each component adds to the
value of the other.

3 Clearly this can be thought of as a normalization of the units of q with the appropriate
adjustment of the distribution of 6.

* The results can easily be reinterpreted if there are constant marginal costs.
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°q-p=0 & 6(p, qQ = p/q. (2)
All consumers of types 6 € [67, 1] will purchase the good; thus the monopolist’s demand is

D = 1- F(®". ©)
His profits are:’

IIs(p, @) = pD - $4(Q) - $5(Q). 4)

Although the choices of the integrated monopolist can be thought as taking place
simultaneously, it is useful for the comparisons that we will be making below to consider them
as sequential, with the quality choice preceding the price choice. Of course, breaking the
optimization in two stages does not alter its solution. In the second stage, the integrated

monopolist chooses price so that®

aMy/dp = 1 - F(p/q) - (p/g)f(p/q) = 1 - F@") - 67(8") = 0. ()

Let the marginal consumer defined by (4) be 6g, and the implied equilibrium price in this stage

be ps(q). Then the equilibrium profits of the last stage,

s(ps(@), @),

are the objective function in the first stage; the monopolist chooses quality q to maximize them.
Let his quality choice be q5. The corresponding equilibrium price is ps(qs). The resulting

equilibrium profits of the integrated monopolist are

IIs = Is(ps(qs), gs)- (6)

5 We use the subscript "S" for "sole ownership" by a monopolist of both components.

® The second order condition, 8’Ily/ap? = - 2f(p/q)/q - (p/P)f'(p/q) < 0 & 6f (B)/f(6) > -
2, puts a mild restriction on the acceptable distributions.



4, Independent Unintegrated Monopolists (Dual Ownership)

We now consider the case when each component is produced by a different (independent)
monopolist. The upstream monopolist produces A and the downstream monopolist produces
B. They are sold at prices p, and pg, respectively, so that the composite good AB is
available at price p = p, + ps. The composite good has quality q = min(q,, qz). All
consumers with marginal willingness to pay for quality larger than §° = p/q purchase the good,

so that demand is D = 1 - F(#"), as before. Profits for the two firms are:

OA(Pas Pss da> G8) = PaD - 64(q) and IIz(pa, Ps, 9a, Q8) = PsD - 05(qQy). (7

In the second stage, firms choose prices simultaneously. Firm A’s first order condition
is

30, /dp, = 1 - F(p/q) - (pa/q)f(p/q) = 0.

Firm B has an identical first order condition with p, substituted with pg. Thus, p, = pg =

p/2, and the first order conditions can be written as’
0ll,/3p, = 0lly/dpg = 1 - F(6") - 0°F(8%)/2 = 0. (8)

Let the marginal consumer defined by (8) be 65 and the implied equilibrium price in this stage
be pp(q), where "D" stands for "dual ownership". Comparison of (8) with (5) reveals that the
intensity of preference for quality that characterizes the marginal consumer is higher in dual

ownership than in sole ownership,®

6s < 6y. )

7 The second order condition is equivalent to 6f'(6)/f(§) > -4; it is clearly implied by the
second order condition of joint ownership.

® To prove this, evaluate dIly/dp at the first order condition of independent ownership:
I (Pp(q), q)/dp = - Opf(65)/2 < 0. By the concavity of II, it follows that 65 < 6.



This implies that market coverage is lower with dual ownership than with sole ownership.

Lemma 1: The intensity of preference for quality that characterizes the marginal
consumer in dual ownership is higher than in sole monopoly 65 < 6,; it follows that

market coverage is lower in dual ownership.

If firms have the same quality level, prices will be higher in independent ownership,

Ps(@) < po(Q)- (10)

This double marginalization effect was first observed by Cournot (1838). Essentially, the root
cause of the price difference is the inability of each of the dual monopolists to appropriate the

full benefits of a decrease in its own price.

Theorem 1 (Cournot): If the quality level is the same under both ownership

structures, the integrated (sole) monopolist will choose a lower price than the dual

vertically-related monopolists.

Anticipating the equilibrium of the second stage, each firm chooses in the first stage the
quality of its component. There is no point for either of the monopolists to choose a higher
quality than that of the complementary good. Therefore the dual monopolists set identical

qualities, ¢ = g, = qg. The particular level of q that they choose maximizes profits,

IL(Po(®)/2, Po(@/2, q, 9 = Is(Pp(Q)/2, Pp(@)/2, q, Q). (11

Let q, be the quality choice of both firms; the implied market price for composite good AB
is pp(qp). Finally, the equilibrium profits per firm are



I, = II; = IL(pp(do)/2, Pp(Qo)/2, Qo). (12)

s. Quality and Welfare Comparisons

We have already seen in Theorem 1 that, starting with the same quality level at the first
stage of the game, the market of dual monopolists will have a higher price than that of the
integrated sole monopolist. We now examine the incentives of firms to provide different quality
levels in different ownership structures. For this, it is sufficient to examine the total impact of
marginal quality changes, directly as well as indirectly through prices, to equilibrium profits in
each ownership structure.’

To evaluate the marginal effects of quality on profits dIlg/dq and d(I, + IIz)/dq we
need to differentiate totally (6) and (12) and substitute the corresponding dp/dq from total
differentiation of the price first order conditions (5) and (8) respectively. We first find dp/dq.
In both (5) and (8), price p influences the first order condition only through 6°. Thus, for
both (5) and (8) we find that!°

dp/dq= - (36'/0q)/(36"/dp) = 6" (13)

Although the formula for 6” is the same, the impact of quality improvements, starting from the
same quality level, is different in the two regimes. This is because 6° is different in each case

because equilibrium prices differ. Under dual ownership, price is higher, market coverage is

° Since both ownership structures have the same cost structure, the direct impact of quality
change on profits is the same in both ownership structures. Any difference will have to arise
from the different effects of quality changes on price in the two ownership structures.

19 For example, naming R(p, q) the expression of the first order condition (5), R(p, q) =
1 - F(0") - 6°f(6"), and applying the implicit function theorem, we have dp/dq = -
[(OR/367)(86°/3q))/[(dR/367)(30°/dp)] = - (86°/8q)/(88°/1dp) = - (-p/D)/(1/q) = p/q = 6", and
similarly for equation (8).
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lower, and 6" is higher. Thus, for dual ownership, quality improvements have a bigger impact
on price. We focus next on the impact of quality changes on profits.

To see the impact of quality improvements on profits in each ownership structure, we

evaluate dllg/dq and d(I, + II;)/dq:!"

dIIs/dq = (dp/dg)D - ¢4(@) - é3(@) = 0'D - ¢(Q) - $3(Q)
= [MIs + 6A(@) + $s(@V/q - $(@ - $5(Q), (14)

d(I, + I)/dq = 2dII;/dq = (dp/dg)D - ¢,(q) - ¢5(q) = D - ¢.(q) - $5(Q)
= [ + 15 + ¢4 + $6(@1/q - D4(D) - $5(Q). (15)

The integrated monopolist realizes the highest possible profits in the absence of price
discrimination,

I > I, + II;. (16)
In combination with (14) and (15), this implies that for any q,
dllg/dq > d@, + II;)/dq. 17

Thus, marginal improvements in quality have a bigger positive impact on revenues and profits
under sole monopoly than under dual monopoly. This is because the sole monopolist is able to
appropriate all the revenue benefit of an increase in quality, while dual monopolists only keep
part of the revenue increase. Since quality improvements have a bigger impact on profits for
the sole monopolist, he chooses a higher quality level. Formally, on the assumption that the
equilibrium profits are concave in quality choice, it follows from (17) that the equilibrium

quality is higher for the integrated monopolist, g5 > qp,.

"' A second term of dllg/dq, that is, pdD/dq = -pf(p/q)[-p/q® + p/q?] vanishes since the
term in brackets is zero. The same is true for the second term of (dII, + dIl;)/dq.
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Theorem 2: At the subgame-perfect equilibrium, the dual (disintegrated)

monopolists choose a lower quality level than the integrated sole monopolist.

This result can also be explained through an analysis of the strategic impact of quality
improvements. We have shown that, compared to the case of integrated monopoly, because of
double marginalization, in dual ownership marginal increases in quality have a bigger impact on
price.”” Being able to sell the same quality at a higher price than under integrated monopoly,
the dual monopolists choose a lower quality level, which is less costly.'

The lower market coverage with dual ownership established in Lemma 1 directly implies
that, from the point of view of the consumers, dual ownership is Pareto inferior to sole
ownership. A consumer with 6 < 65 is indifferent across ownership structures because he
doesn’t buy the good in either of them. A consumer with 6 € (65, 0y) strictly prefers solé
ownership because in that regime he realizes a positive surplus, while with dual ownership he
does not buy and therefore has zero surplus. Finally a consumer with 6 > 6, is better off in

sole ownership if and only if
8qs - ps > 0qp -pp @ 0 > (ps - Po)/(qs - 9p)-
Now, from Lemma 1, pp/q, > ps/qs. This implies

Po/dp > (Ps - Pp)/(Gs - Qo).

2 Note that there is no contradiction between the impact of quality improvements on price
and on revenue: in dual ownership the impact of a quality change on price is higher and the
impact of a quality change on profits is lower compared to the respective cases in sole
ownership.

1 Of course, the dual monopolists do not realize higher profits than in sole ownership, since
their prices are too high because of double marginalization.
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Thus, 6 > pp/qp, = 0 > (ps - pp)/(Qs - qp); 1.€., consumers who buy under the regime of dual
ownership would be better off under sole ownership. Thus, all types of consumers are weakly
better off under sole ownership. Since profits are globally the highest at sole ownership, firms

are also better off under sole ownership.

Theorem 3: The sole ownership equilibrium is Pareto superior to the subgame-

perfect dual ownership equilibrium for both consumers and firms.

Because prices for the same quality are higher under dual ownership while quality is
lower in that regime, there can be no general deduction about the comparison of equilibrium
prices. However, the next section shows that, for a wide class of cost functions and any
distribution of preferences, the equilibrium price is higher in bilateral monopoly than in

integrated monopoly.

6. Price Comparisons for Power Cost Functions

Suppose that the fixed costs of quality are a power function of q, ¢,(qQ) = ¢s(qQ) =
cq*/2, so that the cost of producing both components is ¢,(q) + ¢5(q) = cq*, a > 1. We will
show that for exponents a = 2, the price for the composite good under dual ownership will be
higher than under sole monopoly, despite the provision of a lower quality level under dual
ownership.

We have established the marginal relationship between quality and price at the price

equilibrium in both ownership structures as

dp/dq = p/q. (18)

Solving this as a differential equation we have
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p = Kkq, (19)

where the k = 6" is defined by (5) in sole ownership as kg and by (8) in dual ownership as

kp:
1 - Fky) - ksf(ks) = 0, G
1 - Fkp) - kpf(kp)/2 = 0. (89

As we have shown earlier, k; < k.
The quality choice in each regime is defined by the solution of (14) and (15) respectively.
By inspection of (14) and (15) we note that, at each of these choices, market-wide equilibrium

revenues in that regime are proportional to quality,
pD = gf'D = acq* = p = acq"/(l - F(K)). (20)

Eliminating the price between (19) and (20), we define the equilibrium quality as a function of
k (ks or kp):
q = v[k(1 - F(k)]"e- Y, 1)

where v = (ac)"®"P. Then the equilibrium price is
p = v[k¥(1 - F(k)]"e-". 22)
Differentiating p with respect to k we have
dp/dk = vk*'[a(l - F(k)) - kf(K)][K(1 - F))]*-2"-Y/(a - 1). (23)

In view of (5') and (8'), dp/dk > 0 for a = 2 for k € [k, kp), and exceptionally dp/dk

=0 at k =k, when a = 2. Since kg < ky, it follows from (23) that p; < pp. Therefore,
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for this class of cost functions and a = 2, irrespective of the distribution of preferences, price

is higher under dual ownership even though quality is lower in that regime. '

Theorem 4: When fixed costs of quality provision take the form ¢(q) = c¢q*/2 with
a = 2, price is higher under dual ownership than under sole ownership, even though

quality in lower under dual ownership.

The quality, price, surplus, and profits differences across ownership structures are very
significant. For example, if the distribution is uniform on {0, 1], it is easy to show that 65 =
1/2, 0, = 2/3, so that qs = v/4, qp = 2v/9, ps = 2@+ Va-by n = (2:3%)Ve-Dy where v
= (ac)yV®- V. Then qp/qs = 8/9, and, at a = 2, py/p, = 27/32. Thus, in this example,
vertical disintegration implies a quality deterioration of 11%, a price increase of 16%, and a
reduction in market coverage by 33% (from 1/2 to 1/3). These differences imply that vertical
disintegration results in a 60.5 % reduction in consumers’ surplus since CS,/CDg = 32/81 =
.395, a 21% reduction in profits since (I, + IIg)/Ils = 64/81 = .79, and a 41 % reduction
in total surplus since TSp/TSs = 16/27 = 0.59.'

7. Extensions

All results can easily be extended to n complementary products combined in fixed
proportions. The calculations for the integrated monopolist do not change except for the extra
fixed costs for each of the n components. Price equilibrium for disintegrated monopolists is

similar, with n substituted for 2 in equation (8):

¥ Note that a = 2 is a sufficient condition. For specific distribution functions, ps < pp
holds for smaller a, 1 < a < 2.

3 See also Economides and Lehr (1994).
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dIL,/3p, = olly/dpy = 1 - F(8") - 6°F(8")/n = 0. 8"

Then the argument proving s < 6 and ps(q) < pp(q) follows as before. The argument of
Theorem 2, proving that quality is lower in disintegrated ownership, again can easily be
replicated for n complementary goods. Similarly, the welfare comparisons of Theorem 3
follow directly. Finally, the argument fof Theorem 4 also follows in the same manner as for
two firms; thus price is also higher for disintegrated monopolists with power functions as fixed
costs of quality.

The results can also be extended to other specifications of the composite good’s quality
as a function of the qualities of the components. The minimum function, min(q;, q,), is the limit
of a constant elasticity of substitution function as the elasticity of substitution tends to zero. In
general, we may posit that the quality of the composite good is q,; = [(q,” + q,°)/2]"?, which
implies a constant elasticity of substitution o = 1/(1 - p). Itis easy to show (Varian (1992, p.
20) that the limit as ¢ - 0 (equivalently as p — -o0) of this CES function is the minimum
function. By continuity, all results established for the minimum function hold for the CES

function with small elasticity of substitution o.

8. Concluding Remarks

We have discussed the effect of vertical integration on the quality level of composite
goods. The effects of the lack of vertical integration on price are known. The interesting result
established here is that lack qf vertical integration leads to a reduction in quality, lower market
coverage, and smaller consumer surplus and profits. These results do not arise from a lack
of coordination between the disintegrated (dual) monopolists in the choice of quality, since they
both choose the same quality level. Instead, the difference of quality between the two ownership
structures arises out of the change of the strategic incentives implied by the different ownership

structures. In disintegrated ownership, quality improvements have a bigger impact on price;
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thus, firms save on quality costs by choosing a lower quality while achieving the same impact
on price. We also proved for a wide class of cost functions and any distribution of consumers
that, despite the provision of a lower quality level, disintegrated monopolists will charge a higher
price, in comparison with a vertically integrated monopolist. Finally, the results of this paper
were established in a framework of no economies of scope and no costs of coordination.
Introduction of either economies of scope or costs of coordination would strengthen our results.

The results of this paper have important public policy implications. For example, the
breakup of AT&T and very significant reduc-tions in costs of transmission and switching have
created a very fragmented telecommunications industry. The Modified Final Judgement that
sealed the AT&T breakup has imposed significant vertical restrictions on telecommunications
services providers. In particular, the "line of business restrictions” prohibit Regional Bell
Operating Companies in providing long distance service (outside their designated area). The
issue is complex and its empirical analysis is not the focus of this paper. However, our model
points to the fact that such restrictions have hidden costs: as a result of vertical restrictions,
quality is degraded and price increases, with significant adverse consequences to both consumers
and firms.

During the last fifteen years, we have also seen a very significant move toward an open
system architecture in personal, micro, and mini computers as well as in computer networks.
It is now the norm that components of a composite good or service are each provided by a
different firm. This paper shows that fragmented vertical ownership can lead to significant
quality deterioration of services coupled with higher prices, and therefore vertical disintegration
can have very negative effects on social welfare. An interesting project for further research is

the extension of our model to allow for intra-component competition.
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