Flexible Manufacturing and Market Structure

By B. Curtis EaTON AND NicoLas ScHMITT*

In this paper we investigate the implications of flexible manufacturing for
market structure. In the received theory of market structure, based largely on
inflexible techniques of production, a number of well-known forces work to limit
concentration. In our model none of these forces exists. Hence, we conclude that
flexible manufacturing promotes concentration through preemption and merg-
ers, or equivalently through cartels. Interestingly, the concentrated market
structures associated with flexibility may or may not be welfare-dominated by a
regime in which monopolization is not allowed. (JEL D42, D43, L11, L12, L13)

This paper is motivated by two observa-
tions: (i) aside from the literature on con-
testable markets, economies of scope play
no role in standard theories of market
structure; (ii) increasingly, manufacturing
firms produce an impressive array of dif-
ferentiated products, using flexible tech-
niques that exhibit economies of scope. This
paper begins the development of the theory
of market structure for such industries. In
our model, flexibility promotes concentra-
tion through preemption and mergers, or
the functional equivalent through cartels.

Although there exists no widely accepted
definition of flexible manufacturing, there is
agreement regarding certain features of it.
Richard B. Chase and Nicholas J. Aquilano
(1985) and Paul Milgrom and John Roberts
(1990) focus on the ability to produce a
variety of similar products, in random order
and in small batches. Similarly, for Nigel R.
Greenwood (1988 p. 7), the principal advan-
tage of flexible manufacturing is that “[i]t
makes possible the manufacture of the same
basic product ... with a certain degree of
customer-selectable variation.” The follow-
ing examples illustrate these features: Peer-
less Saw Company in Groveport, Ohio,
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whose computerized laser cutter is able to
deliver customized sawblades (Jack R.
Meredith, 1987); Toyota’s car production
system, described by its inventor as being
“born of the need to make many types of
automobiles, in small quantities with the
same manufacturing process” (quoted by
George Stalk, Jr. [1988 p. 44]); and Benet-
ton, the Italian fashion company, whose in-
formation and production systems allow im-
mediate response to hot-selling items and
colors (Kim B. Clark, 1989). Recent Trends
in Flexible Manufacturing (United Nations,
1986) documents the spread of such tech-
niques on a country-by-country basis.

These few examples suggest that the
essence of flexible manufacturing is
economies of scope in the production of
differentiated goods, and this is the approach
we adopt. To incorporate product differen-
tiation in our model, we adapt the familiar
Hotelling model.! We introduce economies
of scope by the device of a basic product. By
incurring a sunk cost of product develop-
ment, firms develop the ability to produce a
basic product, described by a point in
Hotelling’s attribute space, at a constant
marginal cost. A basic product can be modi-
fied to produce any other variant in the
attribute space, but such modification in-

lEqually, we could have used some version of the J.
Jaskold Gabszewicz and Jacques-Frangois Thisse (1980)
model of vertical differentiation (see Section IV).
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volves additional costs; the cost of switching
the production process from one variant to
another, and a per-unit cost of modification
that is proportional to the difference (in the
attribute space) between the basic product
and the variant. The model has three pa-
rameters related to economies of scope
which we believe capture fundamental as-
pects of flexible manufacturing: the cost of
developing the basic product, the cost of
switching the production process from one
variant to another, and a parameter that
governs the rate at which the cost of modi-
fication increases with the extent of modifi-
cation. Our model is essentially the same as
that of W. Bentley MacLeod et al. (1988),
but applied to different economic issues.
Lars-Hendrik Roller and Mihkel M.
Tombak (1990) also model flexibility in terms
of economies of scope but focus on different
issues. They look at the choice of technol-
ogy in a framework where there are two
products, two firms, and three technologies:
two are inflexible one-product technologies,
and the third is a flexible two-product tech-
nology. Milgrom and Roberts (1990) and
Milgrom et al. (1991) formulate a wide-
ranging theory of the firm in which firms
exercise flexibility in a number of dimen-
sions, including inventory policy, product
market strategy, and the internal organiza-
tion of the firm, as well as the number and
attributes of products. Our model captures
only some of these concerns, but it does
allow us to explore in some detail the impli-
cations of flexibility for market structure.?
In our model, provided that the technol-
ogy is sufficiently flexible, firms choose to
produce a continuum of goods. We develop
five results concerning market structure for
this case: (i) the ownership structure of ba-
sic products has no bearing on the expected
profitability of an entrant; (ii) the possibility
- of entry has no bearing on the incentives of
incumbent firms to merge or form a cartel;
(iii) an entrant can never induce an incum-

2There is a well-known literature, initiated by
George J. Stigler (1939), that focuses on an entirely
different sort of flexibility, the trade-off between the
curvature of the average cost function and its level.
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bent to abandon one of its basic products;
(iv) the firms involved in a merger (cartel)
capture all the added profit created by their
activity; and (v) in a game of sequential
entry, monopoly preemption is the in-
evitable outcome. When manufacturing is
inflexible, none of these results is true in
general. Hence, we are led to the conclu-
sion that flexibility, as we have modeled it,
promotes concentration. Interestingly, the
normative implications of flexibility in our
model are ambiguous. Although flexibility
leads to more concentrated market struc-
tures, the resulting equilibrium is not always
welfare-dominated by the equilibrium in
which firms are not allowed to merge, form
cartels, or engage in market preemption.

I. The Model

We cast our analysis in an address model,
similar in most respects to Harold
Hotelling’s (1929) model. In such models,
each good is described by a point x in some
continuum of product attributes. We choose
to work in a one-dimensional attribute space
with support [0, 1].

A. Preferences

We begin with a standard, though quite
restrictive representation of preferences,
which we relax somewhat in Section III.
From a consumer’s perspective, any good is
completely described by its address x in the
attribute space and by its price, p(x). Faced
with the possibility of buying a number of
goods, we suppose that any consumer buys
exactly one unit of (at most) one good that
he /she cannot customize. The utility from
buying one unit of good x at price p(x) is

(1) U(x,p(x))=V—p(x)—tlx — x*

where x* in [0,1] describes the consumer’s
most preferred good (or the consumer’s ad-
dress), and V is the consumer’s reservation
price for that good. Given a choice among
many goods, the consumer buys one unit of
the good for which U(x, p(x)) is a maxi-
mum, provided that the maximum is posi-
tive. If the maximum is negative, the con-



VOL. 84 NO. 4

sumer buys none of these goods. The dis-
tance from x to the consumer’s most pre-
ferred good is |x — x*; hence ¢ is the
marginal disutility of distance in the at-
tribute space. We assume that the parame-
ters ¢t and V are identical for all consumers,
but that x* varies from one consumer to
another. Specifically, we suppose that x* is
uniformly distributed on [0, 1] with unit den-
sity. We have then a continuum of con-
sumers (each one characterized by its most
preferred good) that is coincident with the
continuum of possible goods. Notice that
equation (1) implies that a consumer may
choose not to consume the product with
most preferred characteristic x* even if it is
available. Whether the consumer chooses to
do so or not will depend on the prices and
addresses of all the available products.

B. Flexibility

In most models of product differentiation
the costs of producing a particular good are
composed of a sunk product development
cost and a constant marginal cost of produc-
tion. Regardless of how many goods a firm
is currently producing, if it wants to pro-
duce another, the firm must incur the prod-
uct development cost for that good. In this
sense, the technology is perfectly inflexible,
and there are no economies of scope. We
introduce flexibility into this model by sup-
posing that firms first develop one or more
basic products, and then produce variations
on those basic products.

We denote the location in the attribute
space of basic product i by X;, and the
location of variant j by x;. Letting g; de-
note the quantity of variant j, we can de-
scribe a production plan by

(2) (xvq)=[(x19q1)7(x27q2)’-“’(xm9qm)]

where m is the total number of variants in
the production plan. The span of a produc-
tion plan is defined to be the maximal value
of x; minus its minimal value, and it is a
measure of the diversity of goods included
in the production plan.
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The cost of producing (x,q), using basic
product X; as an anchor, is given by the

l

following expression:

(3) C(x,a);X;)=K+(m—1)s

+ i [g;(c+rlx;—XxD].

The parameters K, s, ¢, and r are nonnega-
tive. K is the cost of developing basic prod-
uct X,, s is the cost of switching from one
variant to another, and c + r|x; — X;| is the
marginal cost of producing a unit of variant
x;. We assume that the product develop-
ment cost K is sunk and attribute-specific,
which allows firms to commit to their basic
products.® Interpret ¢ as the marginal cost
of producing a unit of the basic product,
and r|x;— X;| as the incremental cost of
modification; the further variant x; is from
basic product X;, the larger is the cost of
modification.

We will say that there are strong econo-
mies of scope for a production plan (x,q) if
the least costly way to produce it involves
just one basic product, and weak economies
of scope if the least costly method of pro-
duction involves fewer basic products than
the number of goods in the production plan.
Clearly, this technology exhibits strong
economies of scope for some production
plans. Consider, for example, the following
plan: [(0.25,100), (0.75,100)]. The least-cost
method of producing this plan involves
either one basic product located in the in-
terval [0.25,0.75] or two basic products, one
at 0.25 and the other at 0.75. The cost of
the first method is K + s +200¢ +50r, and
the cost of the second is 2K +200c. The
first method is therefore cheaper, and the
technology exhibits strong economies of
scope for this production plan, if K exceeds
(s +507r).

Mtis customary to interpret the development cost K
as a flow associated with a stock of expenditures on
product development. If I is spent on product develop-
ment and if { is a time-invariant interest rate, then K
is equal to il.



