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Abstract

We analyze the e�ect of product quality on the output of a high-quality dominant �rm facing a
low-quality competitive fringe. Using a standard vertical di�erentiation model, we show that pro�t
maximizing output decreases with product quality when the dominant �rm's marginal cost is lower
than that of the fringe, is independent of quality when marginal cost is the same for all �rms, and is
increasing in quality when the dominant �rm's marginal cost is higher than that of the fringe. The
driving force behind this result is that an increase in product quality does not cause a parallel shift
in the dominant �rm's residual demand, but rather causes it to pivot. This, in turn, causes the
dominant �rm's marginal revenue curve to rotate, rather than shift outwards, resulting in inwards
movement around the equilibrium output when the dominant �rm's marginal cost is lower than the
fringe's. Equally strikingly, higher quality at the original marginal cost may result in all consumers
being weakly worse o�, with some being strictly worse o�. Similar results can be obtained without
a competitive fringe, but only under some more restrictive conditions.
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1 Introduction

It is now understood that it can be pro�table for a �rm to take an action that increases the willingness-

to-pay of its more likely customers, even at the cost of decreasing the willingness-to-pay of its less

likely customers. Such an action e�ectively rotates the �rm's demand curve through an interior point.

The �rm may be trading o� fewer sales with a higher pro�t margin per sale (Johnson and Myatt 2006).

In this paper, we obtain a similar but more striking result: under one quite common competitive envi-

ronment, and using the canonical model of consumer preferences for vertically di�erentiated products,

we show that an action that increases the willingness-to-pay for all of a �rm's consumers, but does

not increase its marginal cost, results in a reduction in that �rm's sales. Moreover, it is possible that

no consumer is made better o�.







There is a unit mass of consumers, who di�er in the marginal willingness-to-pay for the attribute. In

particular, the preferences of consumeri for product j are described by the indirect utility function

Uij = Vi + � i g(x j ) � Pj ; (1)

where Vi is the willingness of consumers to pay for the product in the absence of the attribute,� i is

the marginal willingness of consumeri to pay for a unit increase in the attribute, x j is the value of the

attribute for product j , g(�) is a continuously di�erentiable and monotonically increasing function, and

Pj is the price of product j . Vi is distributed with some (possibly degenerate) marginal distribution

H (V ) on the interval [ VMIN ; VMAX ] (note that in most other papers on vertical di�erentiation, the

value of Vi is the same for all consumers or even set to zero). The parameter� i is distributed with

marginal distribution F (� ) with support [ � MIN ; � MAX ]. The value of � MIN could be as low as 0, while

the value of � MAX could be arbitrarily high. The dispersion in � could be driven by di�erences in

consumer income or by di�erences in the direct utility function. 5 The correlation or joint distribution

of Vi and � i need not be speci�ed as it has no bearing on the results. In what follows, we never compute

the pro�t-maximizing level of the product attribute. Rather, we consider the e�ect of changes in that

level regardless of the source of the change, whether exogenous or endogenous, as long as they don't

a�ect the �rm's marginal cost. Consumers have the option of making no purchase and earning a utility

of zero.

A dominant �rm sells a product of quality x1, and faces a perfectly competitive fringe which sells

products of a lower quality x0 at a price equal to their (constant) marginal cost c0.6 Assumption 1,

which is formally stated below, ensures that in equilibruim all consumers with values of� i and Vi

such that Vi + � i g(x 0) � c0 > 0 ) � i > c0 �V i
g(x 0 ) purchase some version of the product, and all those

paper, we follow the bulk of the recent literature in simply treating the attribute as something that consumers are willing

to pay for, without being explicit about its nature or the way that it a�ects the product's use.

5Much of the early literature on vertical di�erentiation assumes that consumers have the same preferences but di�erent

incomes. However, even in that early literature it was clear that di�erences in income could be reinterpreted as di�erences

in preferences (Gabszewicz and Thisse 1979, Gabszewics, Shaked, and Sutton, 1986), and that a combination of income

and preference di�erences would generally yield the same results (Shaked and Sutton 1983).

6Perfectly competitive pricing follows trivially in our model if �rms choose prices, given that the products of the fringe

�rms are perfect substitutes. More generally, the assumption that small �rms are non-strategic is standard in models

where a dominant �rm faces a competitive fringe, and approximates the solution to a game between a �rm that is large

(in equilibrium) and many smaller (in equilibrium) rivals. It is straightforward to show this, for example, under Cournot

competition between a �rm with MC = q and N rivals with MC = Nq, where N is large.
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with lower values of � i (and Vi ) do not. We now analyze the e�ect of a change in the dominant �rm's

quality x1, holding its cost c1 constant. This can be thought of temporally, with the dominant �rm



� = ( P1 � c1)[1 � F ( P1 �c 0
g(x 1 )�g (x 0 ) )].7 Rather than solve this maximization problem, we �nd that it

provides more insight to recast the problem as one of optimal choice of output. The two approaches

are equivalent since the dominant �rm is the only strategic player and there is a one-to-one mapping

between its price and the quantity it sells (a brute force proof of our main result that is based on

�rst-order conditions of pro�t maximization with respect to price was used in earlier versions of the

paper and this approach is used in the proof of Proposition 2 below). Solving the (residual) demand

function of the dominant �rm for P1 yields the inverse demand function

P1 = c0 + (g (x 1) � g(x 0))F �1 (1 � Q): (3)

Note that the demand intercept is c0 + (g (x 1) � g(x 0))� MAX and is increasing inx1. We assume that

the MR function associated with this demand function is di�erentiable and monotonically decreasing,

i.e., that F �1 (1 � Q) + Q dF �1 (1�Q)
dQ is monotonically decreasing inQ. An increase in x1



Note that
dMR (Q)

dx1
= g0(x 1)

�
F �1 (1 � Q) + Q

dF �1 (1 � Q)
dQ

�
: (5)

Evaluating at Q = 0, we obtain dMR (0)
dx1

= g0(x 1)� MAX > 0, i.e., MR is increasing inx1 for su�ciently

low output levels. Substituting (5) back into (4) gives

MR (Q) = c0 +
g(x 1) � g(x 0)

g0(x 1)
dMR (Q)

dx1
: (6)

Since the quantity at which MR rotates must satisfy dMR (Q)=dx1 = 0, we see that the height of the

point about which MR rotates is equal to c0. Given that the MR curve is assumed to be downward

sloping, given that there is a one-to-one relationship between MR anddMR=dx1 (from equation 6),

and given that MR is increasing in x1 for output Q = 0, the MR rotation implies that MR is constant

in x1 for the output level that corresponds to MR = c0, is increasing inx1 for lower values ofQ, and

is increasing inx1 for higher values ofQ. �

We now turn to the main question of interest. How does the dominant �rm's quantity depend

on the quality of its product? One might expect that it would go up. This prediction arises from

models with horizontal product di�erentiation and consumers who value quality equally (e.g., Deltas,

Harrington and Khanna, 2010). However, in our purely vertical framework, this is not the case if the

dominant �rm's marginal cost is at or below that of the fringe �rms, as our main result below states.

Proposition 1 Holding costs constant, the equilibrium quantity of the dominant �rm is decreasing in

its product quality x1 whenc1 < c 0, is invariant to x1 whenc1 = c0, and is increasing in x1 otherwise.

Proof. The dominant �rm's pro�t maximizing quantity is determined by the intersection of MR and

c1 (the �rm's marginal cost). Denote by Q�
0 the optimal output level if 23.468 0 Td (and)Tj 89 T93sing in



the alternative is to buy (from the fringe) a product of quality x0 at a price c0. Any consumer for

whom � > 0 will have a valuation for the dominant �rm's product higher than c0, but a consumer

for whom � = 0 will have a valuation equal to c0. This consumer regards both products as equally

good, and so is willing to payc0 for the dominant �rm's product when the alternative is to buy from

the fringe at c0. An increase in the dominant �rm's quality from x1 to x0
1 causes the residual inverse

demand curve faced by the dominant �rm to pivot, not to shift parallel, because the increase in each

consumer's willingness-to-pay depends on how much they value quality. De�ning�Q as the quantity

corresponding to a consumer for whom� = 0, the increase in quality causes the dominant �rm's inverse

demand curve to pivot about the point ( �Q; c0).9 This is depicted in Figure 1, in which the distribution

of � is uniform. Lemma 1 above shows that the height of the rotation point of the marginal revenue

curve is alsoc0, which is indicated in Figure 1 and leads directly to Proposition 1.

Now we relax the assumption that everyone buys some version of the product and allow for the

possibility that consumers with su�ciently low � and/or Vi do not buy at all. Now there are two

notional inverse demand curves that the dominant �rm might face: one where consumers' preferred

alternative is to buy from the fringe at a price c0, and one where the alternative is not to buy at all.

A quality increase causes the latter inverse demand curve to pivot (and its MR curve to rotate), but

about a point whose height is other than c0. But as long as Assumption 1 is satis�ed, the relevant

inverse demand curve for the dominant �rm is the former one, and so allowing the possibility that

consumers buy nothing has no e�ect on its conduct. The only change is that now some consumers

buy nothing instead of buying from the fringe.

3 Consumer Surplus and Total Welfare

We consider the welfare e�ects of an increase in the quality of the dominant �rm's product from x1

to x
0

1 when c1 � c0, with associated equilibrium prices ofP1 and P
0

1, starting with evaluation of the

consumer surplus (the less interesting case ofc1 > c 0 can be analyzed in a similar manner). Since

each consumer has three possible choices (buy nothing, buy from the fringe, buy from the dominant

�rm) both before and after the quality increase, there are nine choice pair possibilities. Given our

9Note that if zero were not in the support of � , �Q would be obtained from a demand that would result from hypo-

thetically assuming the existence of consumers with � = 0 and extrapolating the demand to that value of � .
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The e�ect of the quality increase on total consumer surplus will depend on whetherF (�) has a fat or a

thin tail above ~� c. Note that the set of consumers for whom� i > ~� c may be empty. This is becauseP
0

1

does not depend on the support or the shape ofF (�) above P 0
1 �c 0

g(x 0
1 )�g (x 0 ) , and so � MAX could be bigger

or smaller than ~� c. If ~� c > � MAX



4 Discussion and Extensions

The most natural extension to our model would be to allow all �rms to be strategic, rather than

assuming a non-strategic competitive fringe. We did not pursue this extension because a small amount

of strategic interaction (supported, perhaps, by a small amount of di�erentiation among the fringe

�rms) will not materially a�ect our results. In what follows, we take up other more meaningful

extensions.

4.1 Markets without the Competitive Fringe: The Monopoly Case

Suppose the fringe was completely absent and the dominant �rm was a pure monopolist. Further

suppose thatV = 0, as in standard vertical di�erentiation models. Would a similar result obtain? In

this case, the pivot point of the demand curve and the rotation point of the marginal revenue curve



Proof. Since by assumption V > c1, the ratio (P �
1 � c1)=(P �

1 � V ) is decreasing inP �
1 . Consider

an increase inx1 accompanied by an increase inP1 such that � c remains unchanged. Then, the left

hand side of equation (9) would be positive. A positive value of the left hand side of (9) implies that

the �rm's pro�t would increase if it further raised its price. Thus, an increase in P1



between V and the marginal cost of the monopolist, and not the shape of the quality functiong(�),

it follows that in the presence of the competitive fringe the only relevant factor is the comparison

between the marginal cost of the fringe and that of the dominant �rm.

4.2 Multi-product Firms and Cost Changes

Our stylized model makes two assumptions regarding the environment following the introduction of

the new high-quality product. The �rst is that the old high-quality product is discontinued upon

introduction of the new one. The analysis in Itoh (1983) is directly relevant to what happens if this

is not the case.16 If the dominant �rm retains both products, then following Itoh's Proposition 1, the

optimal price of the original high-quality product remains unchanged, and so the market share of the

dominant �rm also remains unchanged. Consumer surplus goes up, as consumers either consume the

product they used to and pay the same price, or they consume a better product at a higher price,

which by revealed preference makes them better o�. Welfare also goes up, since both consumer surplus

and pro�ts go up as long as all products have positive market share, as ensured by Assumption 1.

It is worthwhile noting that in many cases the introduction of a new product (e.g., the iPad or

other electronics) is accompanied by the discontinuation of the older product, as we assume in the

main body of the paper. An explanation for this is the presence of substantial �xed costs at the

product level. The presence of such costs would make it unpro�table to manufacture, market, and

distribute multiple versions of the same product, making the single-product case the salient case.

Evans and Salinger (2005, 2008) present empirical evidence of the importance of �xed costs at the

product level and develop a theoretical model of the relevance of such �xed costs in evaluating tying

and bundling conduct. Moreover, in the non-temporal interpretation of our model, comparing a world

with a dominant �rm's sole product of a particular quality versus a world where quality is even higher,

it is not meaningful to consider the co-existence of both products. Our second assumption is that

costs are the same for both versions of the high-quality product. If instead the higher-quality version

has higher costs, then our results become stronger: the price of the new product is increasing in the

production cost; hence, the dominant �rm's market share, consumer surplus and total welfare will all

decrease.

16 The competitive fringe in our model is equivalent to the outside option in Itoh, since no consumer is indi�erent

between purchasing from the dominant �rm and not purchasing at all, and since the dominant �rm does not have an

100% market share for consumers with any value of Vi .
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A larger departure from our simple framework involves a simultaneous change in quality of both

the dominant �rm and the fringe. For example, following the introduction of the new product by

the dominant �rm, the old product could become generic and be produced by the fringe at its old

marginal cost. The e�ects of this depend on the relative magnitudes of the di�erencesg(x 1) � g(x 0)

and g(x 0
1) � g(x 1). If these two di�erences are the same, then there is no change in the dominant

�rm's demand (see equation (3)), and hence in its price and market share. This is not surprising

since the dominant �rm has a better product, but not better relative to the new product of the fringe.

Consumer surplus goes up, however, since consumers will purchase uniformly better products at the

old prices. If the second di�erence is larger than the �rst, then our \unconventional" results continue

to hold with regard to quantities, but not with regard to consumer surplus, since products will be

uniformly weakly better for consumers (even after allowing for higher prices). If the second di�erence

is smaller than the �rst, then our results do not hold even for quantities. However, a seeming paradox

will remain: even though the quality gap between the dominant �rm and the fringe gets smaller, the

dominant �rm's market share nevertheless goes up.

4.3 The Limits of this Framework

The results outlined so far depend upon the standard (and reasonable) assumption in vertical di�erenti-

ation models that willingness-to-pay for the product is a linear function of a monotonic transformation

g(�) of the product attribute. We now consider a modi�cation of the model that departs from this

linear assumption by allowing utility to be quadratic in the attribute

Uij = Vi + � i x j + �x 2
j � Pj ; (12)

where g(�



from the dominant �rm and purchasing from the fringe is given by

� cx0 + �x 2
0 � c0 = � cx1 + �x 2

1 � P1



in the pro�t maximizing price that the dominant �rm sells fewer units. We also show that the e�ect

of a quality increase on consumer surplus (and on total surplus) is ambiguous, but that it is possible

for all consumers to be made weakly worse o�, with some being strictly worse o�.

A number of markets can (to a �rst approximation) be described as consisting of a dominant

�rm competing against a number of much smaller and less e�cient rivals, and the standard vertical

di�erentiation model on which we rely is a reasonable approximation of consumer preferences for

products that are di�erentiated by quality, so our model is likely to have reasonably broad applicability.

And even in situations where other quantity-increasing e�ects dominate the quantity-reducing e�ect

analyzed here, its presence will tend to make the quantity increase smaller than it otherwise would

be. At the very least we have shown that a quality improvement in the product of a dominant �rm

facing a competitive fringe has an e�ect of indeterminate sign on that �rm's output, and that in an

important special case, it is guaranteed to have a negative e�ect.
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Figure 2: Consumer Surplus Effects of an Increase in the Dominant Firm•s Quality 
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