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 VERTICAL INTEGRATION AND DIFFERENT INPUTS

M. E. Porter and A. M. Spence
Harvard University*

Introduction

Vertical integration decisions, which determine the boundaries of
the firm, are among the largest investment decisions firms make and can have
a major influence on firm success. In some cases the failure to integrate
can result in the inability tq obtain the desired inputs at reasonable
prices. In other instances, an integrated firm may be severely affected by
economic fluctuations due to overhead that the unintegrated firms do not
bear. Research on vertical integration has stressed the balance between the
inflexibility of integration and the cost reduction:and/or potential increase
in market power that integration may allow.

In case studies, HOWever, executives often report that their motiva-
tion for integration is to obtain products with a desired set of attributes,
ones that are not offered on the market. Desired attributes can include pro-
rduct'design, durability, performanée limits, adherence to tolerances or
specifications, timeliness and reiiability in delivery, and the. amount of
cuétomef service. For example, IBM is feported to have integrated backward
into producfs that its equipment uniquely required, while purchasing more
standardized products on the open market.1 Polaroid integrated backward
into'batteries for its ipstant developing film because it could not obtain
batteries with the required specifications and reliability from its suppliers.2

The general point that emerges is that in a variety of product dimen-
sions, firms seem to finq it desireable to integrate to obtain inputs that
are tailored to the particular needs of their manufacturing and distribution
requirements, and that these inputs are difficult or impossible to obtain in

the market. The purpose of this paper is to identify the economic basis for



this type of vertical intégrétipn, 'Wé?yiLi digcuss by means of a model and
examples the structural determinants of the incentive to integrate fgr these
Teasons. In addition to establishing the structural determinants of the need
to integrate to obtain desired inputs, we will provide a rationale for the
obgerved differences in the level of vertical integration of firms within a
given industry andlfor changes in the level of integration of given firms over

time. Industry and firm characteristics associated with these differences will

be identified. Finally, we will assess some of the welfare aspects of vertical

1. Integration to Obtain Inputs: Bagic Theory

The first question we must answer is "Why might a firm find it
necessary to integrate to obtain the inputs it requires?"” The most basic
gngwer to this question is much the same as the explanation of the failure of
8 maonopoligtically competitive consumer goods industry to supply the full range

pf products. The benefits to the buyers exceed the revenues (under the price

§¥§ggg) to the sellers. Thus fevenues may fail to cover costs, while.the
benefits if they could be appropriated would justify the costs. Vertical
1ggg§§gggqp eliminates revenues as a test of desireability by making the buyer
gpd geller the same unit.

Te illustrate, let us assume a world with no uncertainty where
the imput in question has - 4 a marginal cost of ¢ and a
.ggggg cost of F. These cost conditions are assumed to be equally applicable
te bath the unintegrated upstream firm and downstream firm that integrates
backward. The downstream firm is the sole demander of the particular variety
ég the input in question; 1t has an inverse demand S(X). There are no substi-

t
tute inputs available at equal or lower costs.

o
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The input product cannot be profitably supplied if the average

cost ¢ +-§ exceeds the inverse demand, S(x). That ié, there will be no mar-
ket for the input if for all x
S(x) < cf%
That does not imply, however, that the net benefits of the input
are always less than zero.
The profits of the upstream firm are n(x) = S(X) - c¢x - F.
‘The net benefits to the downstream are

NB = /GS(v)dv ~ cx - F
= [fgS(v)dv - xS(x)] + [xS(x) - ex -P] .
- [Igs(v)dv - x8(x)] + 7(x)

Provided the demand is downward sloping (i.e., not infinitely elastic), the
first term is positive. This term is the profit of the downstream firm when
it is not integrated. [This follows from the fact that the inverse demand
for an_input is equal marginal revenue of that input, for a profit maximizing
firm.J” Thus, while the second term may be negafive for all x, the sum of the
two is not necessarily negative. Assuming NB is positive, the benefits of
the product can be obtained by vertical integration. Figure 1 illustrates

the problem.
Figure 1
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Provided the shaded area is greater than F, the input is worth
more than it costs to the downstream firm, even though it could not be simply
Although something of a simplification, the example illustrates
a aumber of points. Increasing returns may make it necessary to integrate
te obtain an input with the desired attributes. Integration also yields
benefits because with increasing returns, the market price must exceed the
marginal cost of the inpuyt, The integrated firm can attach the appropriate
marginal cost shadow price to the input while the nonintegrated firm cannot.
This second point has been discussed by Schmalensee (1973) and Perry (1975)
whe argued that a firm wi}l integrate to avoid a &ivergence between a-

market price of an input and its marginal cost.5

If there were N firms each with inverse demands of
$(x) for the same input, the market inverse demand
in Figure 1 would shift up, The prospects for the market
improve because there are more firms among whom to distribute the overhead,

fixed eosts, F, Integration under these circumstances becomes less attractive.

2., The Case of a Standardized Produet Alternative

There remain a number of questions associated with market interaction
and the integration decision which we can illustrate by relaxing some of
our earlier assumptions. Inm practice, the downstream firm will often face

8 tradeoff between producing an input which maximizes benefits and buying an

w



imperfect subsitute. The downstream firm faces a cost of producing the
vnique imput internal}y, which we assume is not sﬁpplied by the market as above,
end compares this cost to'the availability and market prices of imperfect
substitutes. The interaction can become somewhat complicated. For example, -
as the demand for inputs by the individual firm grows, the benefits of inte-
gration (and producing rhe unique input) increases, but the market price of the
imperfect substitute falls because the demand, d@er which to spread fixed costs,
has increased, It is not, therefore, clear whether industry growth is likely to
be secempanied by‘integration or disintegration.6

The question of imperfect substitutes is usefully thought of in the following
way, The possible inputs ;re points in a space of attributes, much as plants
havevgédé;é;hic locations, The downstream firms may prefer inputs with different
eeezi&éces; éﬂd may integrate to obtaiﬁ these'inputs. But an upstream firm
may éurply é "eompromise" Préduct, one which is no firm's first choices be-
eauee its fixed costs can be spread over a number of downstream firms. In-
tuitively, a compromise product is likely to be sold to the set of firms whose
firet choices form a cluster in the attribute space. Firms whose first choices
are relatively isolated ﬁaﬁ' integrate.

The fully general analysis of integration, starting from the space
ef attributes, is analytically too complicated to generate intuitive insights.
Thus to examine the structural influences on vertical integration decision
1n this context, we consider a model of the following type. 'There are
N eimilar downstream firms; they may buy a standardized input, which

ean be thought of (in the spirit of the literature on television

.



Programming) as a common denominator product which approximates the desired
attributes of the group of firms though not maximizing tﬁe net benefits to
any of t-hem.‘7T'h'e unit cost of the standardized .input is one, and the
fixed cost F. The demand for this product by the representative firm is

AP=B, where A is a scale factor and n is the elasticity. The elasticity is

assumed to be greater than one. The benefits of the product to the buying

Nete that the derivative of the benefit function is minus the demand.

Each firm has an alternative input which is tailored to its
specific needs. The units of this unique input are scaled so that its
marginal cost is‘also one, and its fixed cost is assumed to be F. Thus the
eest function of the unique input is assumed to be equal to that of the stan-
dardiged input, and invariant to whether it 1is produced.by an outside supplier
eF within an integrated firm. 1In particular, the outside supplier cannot
produee the tailored product at a lower cost, aé a result'of producing
either the standardized product or other tailored products. This is a
speeial assumption, and one that will be relaxed later. The firm specific
input has a demand 6Ap--n where 6 > 1, and thus the benefits and the demand
a8Fe greater at each price for the firm specific alternative to the common
depominator product. For the moment, the firms are assumed to be the same
8ize, Later we shall relax this assumption to allow the downstream demands
te be distributed with respect to size.

Given a market price of p, the firm will compare the benefits

of buying from the market,



with the net benefits from igtegration. The benefits from integrating and

producing the specialized product are

1-n -n
8.A P - Ap

n~1

(p-1) - F

when the internal shadow price is p. These benefits are maximized when p=1,
i.e., the internal shadow price is equal to the marginal cost, The result is

8 tctal benefit from integrating of

(2) 04

1l F.

The firm will integrate and produce the product that is tailored

to its needs if-

Thus the highest market price consistent with a preference for no integration
1

I-n
F(n-1)
S ‘E"T] :

that being the price at which (1) and (2) are equal.

is

The term in square brackets will be denoted by ¢:

_ F(n~1)

¢ =0 - 10

The parameter ¢ figures prominently in what follows, and therefore
deserves some comment here. Suppose the number of downstream firms was very large,

80 that the average and marginal costs of the upstream firm were virtually the same



Then the market price for the standardized product would be one (or very

close to one) and the surplus for the typical downstream firm would be ;%I .

The surplus for the integrated downstream firm is

The parameter ¢ is the ratio of the latter to the former:

- (88 -9 /(&)

'Thus.$ais a summary measure of the pure advantage or disadvantage of
integrating to produce the épecialized input. The actual ratio of benefits,
when the market price is p, would be4>pn-l, a number that increases
with p. The parameter ¢ captures the combined effects of 0, F, A and n on
the relative merits of integrating. This is useful since it reduces the
number of parameters that one needs to keep track of, and makes diagrammatic
treatment of the subject possible.

Let us return to the integration decision. From (3), the highest

price the downstream firm(s) will pay for the standardized input before integrating

1
is .
”~ 1_
p= ¢ .
1
-1

If ¢ > 1, then since n > 1, ¢n < 1, and integration will surely result
because the market price cannot fall short of marginal cost. This will occur
if the advantage of the firm specific product outweighs the cost of absorbing
all the overhead.

If the downstream firms buy from the market at price p, the profits

of the seller are:



T = NA(p - L)p * - F
-1 F
NA ((p-Dp . - NA)
where N is the number of downstream firms. Noting from (3) that

4=
— = __._) s

A n-1

profits can be written
I - 1p P (8t l
T = (p l)p (N(n—l) ) LS

- The central issue is whether an upstream firm can supply the standardizec
product at a-price low enbugh tc prevent integration, and still earn non-negative
profits. The problem can be depicted in a manner analogous to Figure 1. In
Figure 2, the line AB is the demand function of the representative firm for the

standardized product. However, because of the ava%}ability of the firm

specific product, demand is truncéted at p = ¢1-n . Thus the upstream
firm faces an effective demand from individual downstream firms of ACDE.

Let D(p) be this effective demand.

Figure 2




An upstream firm can supply the market and earn non-negative profits

if at some price p

(P-l)ND(P) > F,
or

‘ F
(4) D(p) > Nop=1)

The line MN depicts the right hand side of (4). As drawn, it is éverywhere
above the ACDE. Thus integration would be the outcome.

Recall that ¢ is the ratio of the profits from integration to
the prbfits from the standardized good, if the latter had a price of one.
As ¢ Increases p falls. That clearly increases the chances of 1htegration
by reducing the effective demand for the standardized product. The effect
of a shift in the elasticity, with ¢ held constant, is more complicated,
as we shall see shortly.

We turn now to the conditions under ﬁhich integration will occur.
It is useful to begin by noting that the profit maximizing price for the

upsiream firm, if integration were disallowed, would be

1

X = —
P n~-1 °

There are two cases that require attention.

Case A: If p* < ;?_: In this case the standardized product will

dominate integration if w(p*) > (. That is, if the reservation price is
above the monopoly price, then the market can prdvide the standardized product
if profits are non-negative at the monopoly price.

Case B: p* >'3 : In this‘case, the reservation price is below the

monopoly price. The standardized product will be preferred to integration if

Cw(p) > o.
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These two cases»éivide the space ;f possibilities into two parts, the mar-
ket solution and the integration solution.
It 1is useful to ﬁakejthe pérameters of . the model to be ¢, a
measure of the natural advantagé éf the firm specific
input, énd the elasticity of demand. We have plotted the regions in
which integration occurs or the standardized product is supplied by the market,
in the two dimensional space with n and ¢ on the axes. While the detailg
of the argument are not especially illuminating (and have been relegated to
our appendix), the qualitative results are interesting. Figure 3 is an
example of the kind of picture fhat emerges. The picture is drawn for a
fixed number of firms. Some of its characteristics change as N changes, as will

Ibe discussed below.

Figure 3
¢
0
1 * A
N-0
N-1
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Bi
i
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The points in the shaded afea correspond to the parameter values
at which the standardized product will prevail. All the remaining points
below ¢ =6, will result in integration. Note that 6 is the maximum possible

value of ¢. It occurs, for example, when F = Q.

A}
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The Figure illustrates several points. Integration occurs either

when ¢ is relatively large br when the elasticity, n,is small. The maximum

value of ¢ that is consistent with the market outcome is g : i-, and then
the market solution occurs only for very large elasticities. For n in the
interval HE, it is possible for the market to pasg through successive stages
of integration, disinteg}ation, and integration again, as ¢ rises. The para-
meter ¢ rises, for example,when A, the demand scale parameter, rises. Therefore,
increases in firm size do not have an unambiguous effect on the integration
decision.

The boundary of the "market" region actually has two parts. On the segment
BE, the monopoly price for upstream firms is below the downstream firm's reservation
price (case 1 above), and profits are zero at the monopoly price. On BLM, the
monopoly price is above the reservation price (case 2 abowe), and profits are zero
at the reservation price., The line ABC is the set of points where the monopoly
price and the reservation price are equal. Below ABC, the downstream fimms
would cheerfully accept the monopoly price and the standardized product.
But in the non-shaded area below ABC, the upstream firm cannot earn positive
profits even at its profit maximizing price. Above ABC, p < p*, so that the
downstream firms will integrate if the price is above p. In the non-shaded area
above ABC, profits for the upstream firm are negative at p. Thus integration
occurs in some cases bécause the upstream firm cannot make profits at any price,
and in other cases because integration is attractive enough to preclude
upstream profits at a price that is low enough to deter integration.
Qualitatively, these are quite different reasons for integration.

When the number of firms is relatively small, the picture changes to

that in Figure 4.

A3



Figure 4

N-6
N-1

The principal difference between Figures 3 and 4 is that the market
region does not touch the horizontal axis. This means that for ¢ sufficiently
small, the market cannot earn positive profits for any>elasticity.

Tﬁe reason is relatively straightforward. The profitability of
the upstream firm is determined largely by the ratio F/A of fixed costs to
individual downstream firm size, and N the number of downstream firms. The

upstream firms will be unprofitable when F/A is high or N is low or both.

F(n-1)
A

is low, and N is low, the upstream firm is unprofitable. The elasticity

Now ¢ = 6 - . Thus, when ¢ 1is low, /A is high. Thus when ¢
plays a role in this. For a given ¢ and N, the chance of a positive profit
rises with n. But a high elasticity cannot compensate completely for

high fixed costs in relation to sales.
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In the special case where N = 1, the market is never the out-
come, given this set of considerations. From an efficiency point of view
@8 well as in the interest of profits, an integrated monopoly is pre-
ferable. For in the case of the monopoly, the benefits of distributing
fixed costs among several firms is not an issue.

It is worth noting also that the preceding model can be applied to
the case in which the downstream firms integrate to produce the same product
as the upstream firm. That is, the input they produce internally is not
uniqﬁe but is the standardized product. In the model, one simply sets
6 = 1, so that the firm specific products are undifferentiated from
what we have been calling the standardized product. Setting 6 = 1 will
weaken the case for integration, but not eliminate it. Even with 6 = 1 .
the integrated downstream firm still has the benefit of "buying” the input at

@ marginal price of one, the marginal cost.

Welfare in the Symmetric Case

The standardized, compromise product, if appropriately priced at
marginal cost, ylelds total net benefits of

NA

o

The firm specific input generate benefits of

¥AO
n-1

Ueing the fact that ¢ = ¢

bt NFo

££§:ll s the compromise product is preferable
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if

As can be segﬁ from Figures 3 and 4, this reg%on contains the region where
integration{does not occu;. Iherefore, the market failure consists of in-
tegration occurring under conditions where it should not occur. From the
figures one can see that this failure is more likely the lower is the down-
stream elasticity of demand for the input.

The welfare maximizing outcom would obtain if the standardized input
were offered with a fixed charge of F/N, and a margin price of ome (the
marginal cost). This points up a familiar argument in vertical integration
theory. A suitable contract, in this case a set of two part tarrifs, would
in theory accomplish the desired objective. Later, we shall see that, when
the downstream firms are of different.size, thé appropriate pricing is dis-
criminatory.

The reason vertical integration is excessive primérily for low demand
elasticities is that when elasticities are low, the upstream firm, using
the price system, appropriates a lower fraction of the benefits that it
does in the case of high elasticities. This si the analogue of a result in
the theory of monopolistic competition.g As a result, with low elasticities

the upstream seller has more difficulty achieving positive profits.



~16-

3. Downstream Firms of Different Sizes

If the downstream firms are distributed with respect to the size
of their input demands, then there are some additional descriptive and normative
igsues that are of‘inte{est. The impact of having a size distribution of
downstream firms is not difficult to discover. As compared with the symmetric
case, the market with a non-degenerate size distribution will have smaller
demands. for the standardized product at low prices, and larger demands at
high prices.

To illustrate, let us suppose that the parameter A in the input demand
function. is distributed according to the cumulative distribution, G(A). .
For any X, G(Z) is the number of firms with a demand parameter, A, equal
or less than A. Let N be the total number of firms and A be the mean size,

At a market price of p, @ firm of size A will select integration if

s 5 Kl
6-p n

Thus at price p, the market demand is

F(n—l)
9_ 1-n

P
D(p) =1p ‘/‘ AdG(A) .
0

Let F(n-1)

1-n
-P

9
B(p) %J‘ "AdG(A) .
0

"

The condition for the market in the standardized good to be profitable is

that

-n = F
. B T .
P () > Te)
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1
F(n-1) 1-n
Let p = |0 -,——%}——— » the analpgug of the reservation price in the
A >

symmetric case. If all firms were of the mean size, then B(p) = A for
P 2P, and B(p) = O for p>p. In the non-symmetric case, Lirge-r firms have lower
reservation prices. Thus, the industry demand curve has a sequence of discontinuities at th

reservation prices of the various firms. The comparison is depicted in Figure 5.
' Figure 5

The line ACDE is the market demand when all N firms are of size A, the mean.
When they are not, the demand is the line with downward steps. Thus demand

is lower for p‘<1}, and higher for larger values of p. As drawn, the line

CF
N(p-1)

no integration. With the asymmetric case, integration will result in this

goes underneath ACDE, so that the symmetric case would produce

example.

It is clear that the outcome could go the other way, but wi;h an
important qualification. Figure 6 depicts a case in_which the standarized
product is sold to smaller firms, where integration would have occurred with

equal sized firms.
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Figure 6

It is important to note, however, that in this equilibrium the large firms

have integrated, and only the smaller firms buy from the market. The

market price is high, reflectihg the reduced demand associated with the inte-

gration of the large firms. Thus a size distribution, even when it salvages

the market, M3y not salvage the entire market, but only a fraction ofbit.
With a size distribution, the larger firms will generally integrate.

The smaller ones may be forced to integrate. Very small firms may find

integration unprofitable. If %:% -F<0, or A < ESEle » then integra-

tion is not a viable strategy. Such firms will buy from the market if
there is a market, or go out of business.

Thus, there is an externality associated with the integration
decision of the larger firms. Integration increases the costs of smaller
firms and reduces their profitability. Integration by large firms therefore
can increase the height of the entry barriers, by raising the price of the

standardized good, thereby increasing the minimum profitable scale.

»



To summarize, the greater the variance in the size distribution,

the more likely is integratiop. The integration may be partial, that is,
undertaken only by large firms. This sort of integration may d;ive small
firms out of business in théréanner described above, thereby increasing

industry concentration.  Or 1£ may ledd to a market in the standardized product

serving small firms, who will operate at a cost disadvantage with respect

to larger integrated firms. Whether integration will increase concentra-

en the extent of returns to scale. In assessing the competitive consequences of th
integration by larger firms, it is laso important to note that the larger firms are makin

inputs tailored to their needs, which may imply quality differences between the products
ef large and small firms religated to the standardized input.
Welfare When Firms Are of Different Sizes

The welfare amalysis of the case where firﬁs-are of different

gizes is as follows. Large firms, those for which

should and will integrate, There is no welfare problem with respect to them,

and we can, conceptually, simply remove them from the market.

F(a-1)
e

eempremise product is not offered, all firms can survive by integrating. If

Let us assume that all firms have A 5 , so that if the

the compromise product is offered at a price of ome, and firms purchase it,

Eh@ net bGHEfigs are

A NA

If all firme integrate, then net benefits are

i



~20-

| 8A L 8 GNK R
[n-l dG F] dc 1 NF.

Thus, the compromise product yields a larger total surplus if

(3) t%wl?;%lf—l—-w
or
v 5 b,
where .
A

This is exactly the same condition as in the symmetric case. From a wel-
fare point of view, integration should occur either completely or not at
all, and under the same conditions that apply to the case when every firm is
average in size.

Against that standard, there is too much integration. In particular,
large firms are likely to integrate when it is not desirable from an efficiency
standpoint. With a size distribution of firms, there is a tendency for
integration in 1agge firms to occur even when none is desirable.

As in the symmetric case, a suitable set of two part prices will
generate the desired result. However, in the non-symmetric case, the fixed
costs of the compromise product have to be distributed among downstream
firms in such a way as to leave them all better off than they are when
integrated. If that cannzf be done, then complete integration is the sur-
plus maximizing outcome." When the compromise product yields the higher

surplus, it can be sustained on the market only with discriminatory two-part

tarriffs. To see this, let Q(A) be the fixed charge to a firm of size A.
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We look for a Q(A) such that

A
(6} T - AW > EéT -F

for all A, and

J QA)dc(a) = F
The imequality indicates. that all firms prefer the standardized product (at
a fixed charge of Q(A) and a marginal price of one) to the tailored product
gnd integration. The equality indicates that the fixed charges to firms cover
the fixed component of production costs.

Suppose that (5) holds, and let

i o« A F @A
S *ET "N o TE0.

(7 qu) = A _8A L.

Since § > 0, the condition (6) holds. Then, multiplying (7) by dG(A) and

integrating, and using the definition of 6§, we have
AN  ONA

[ a@dea) = T -4 (F-gnu=F

Therefore, when the market is preferable to

integration, there is a discriminatory way of distributing the fixed costs

ge as to induce all Jownstream firms to buy the standardized product, and

eenversely.
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There is another rather important welfare question that can be
asked. Suppose that the upstream industry or firm haé to charge
a single price that is high enough to break even. If we could decide on
the ffaction of firms that are allowed to integrate, would we select a
fraction that is 1arger.or smaller than the fraction of integrated firms that
characterizes the m;rket outcome? This is a second best question. We take
as given the price system, and the requirement upstream firm earnings be non-
negative. Witﬁ those constraints, we compare the "optimal" amount of
integration with what actually occurs.

In the symmetric case, this issue arises in a trivial form. Given the
constraints, firms integrated if the standardized product can be supplied
profitably only at prices that are high enough to make integration desirable.
In the nonsymmetric case, however, this is not true. Large firms integrate,
ignoring the cost they impose on smaller firms in terms of a higher price for
the compromise product. Therefore, generally the fraction of firms that are
integrated is too high in the market outcome. This is not to say that the
optimal amount of integration is zero. On the contrary, there are benefits
from large firms integrating. The proposition is only that the market tends
to exceed the optimal amount of integration.

The remainder of this section gives an argument for this proposi-
tion, using the previous model. The reader who is convinced by the argument
above may wish to pass over the technicalities.

Let z:be the smallest integrated firm. We consider A a decision
variable. Non-integrated firms pay a price p(A) that is just sufficient to

make upstream profits zero. This price is defined implicitly by
A

v (-Dp " Adg(A) = F .
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It is easily verified that dpﬁﬂk € 0 ; the price falls as the number of
unintegrated firms increases.

The total net benefits, given X, and the implied price are

Y]
. LA A )
e 8A A _l-n
(8) T) = » [n—_l F] dG(A) + 50 —p P d6a).

For this argument, let us assume G(A) is differentiable, and let g(A) = G'(A).
This makes the argument easier by allowing us to differentiate. Differentiat-

ing (8), we have

(9) T (A)

' Y l-n
v A(6-p~ )
g(4) lF b a——y ]

- E
n-1

Sole

The market equilibrates, when the marginal integrated firm is just indifferent

between integrating and buying the compromise product. This condition,

‘gerived earlier, is that _ . 1
’ p = [e - @ 1)] l-n , which implies

that the term in square brackets is zero. Therefore, at the market outcome

T - <ot :—'%

which is positive. Therefore, at the market outcome the surplus would be
increased by an increase in X, that is,a reduction in the fraction of firms
that are integrated. The externality referred to above is captured precisely
by the second term in (9). The first term reflects the net benefits of

integrating for the marginal firm. At an equilibrium it is zero. That leaves

the negative price effect of integrating, which is ignored by the integrating

firm. ‘
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4, Extensions
Two extensions and modifications of these results are worth noting.
First is the case where the supplier, or upstream firm, can supply multiple
varieties of inputs. Thus far we have assumed independence in the cost of
producing different varieties, or that the firm must incur new fixed costs
F to produce a different variety. If by virtue of supplying the standardized input
(or a specialized input), the multiproduct supplief can produce a firm-specific
input (or a second firm specific input) with a marginal cost less than c or additional

fixed cost less than F (the fixed cost of the integrated firm), then downstream
firms are less likely to need to integrate to achieve the greater benefits
of the specialized input. That is, increasing returns to producing several
products works in the direction of "solving" the problem with the market
noted in Section 1. If the reduction in overhead of the multiproduct
supplier is proportional to the total volume produced by the supplier,
complicated interactions similar to the previous case occur. But integration
is less likely.

The qualitative predictions of the model are similarly modified
in the case where there is a "clustering" of the firm specific inputs in
the space of attributes as noted earlier. If the multiproduct returns to
scale are greater for inputs that are close to e;ch other in the attribute
space, integration is less likely for the firms with "clustered" input
attribute needs. Firms with attribute preferences fhat are remote from those
of other firms will integrate. The alternative is to accept a distinctly
second-best input, This latter strategy is undertaken only when the costs of

integration are severe.

»
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It 18 elear at this point that there are a wide variety of possible out-

.{m

omes, depending upon the distribution of preferences with respect to attri-

butes; and the multiprdduét‘sttucture of costs of the upstream industry. The

forces identified in the simple models, however, continue to operate.

=g ges

5. The Capacity Decision

In this section, we seek to show that when the upstream supplier faces
increasing returns and has a capacity decision to make, it will, under fairly

eneral conditions, carry less capacity than the integrated firm would have.

s0

The integrated firm would carry more capacity and put a shadow price on the
input that causes its division producing the input to lose money. The reason
is that the upstream firm will set a price above marginal cost, and hence down-
stream consumption of the input will be lower than in the integrated condition.

Let D(p) be the demand for the good by the downstream firm when the price
is p. Let x be the amount of the input produced, k the capital used to produce
it, r the unit cost of capital per period, and c(x,k) be the variable cost
funetion, Total costs are

elx,k) + rk

and the long rum cost curve is

8¢x) = minfe(x,k) + rk].
-

?bé optimal amount of capital increases with x.

Now if S(x) exhibits declining average costs, then the market price in
gﬁé disintegrated case will be above the optimal shadow price in the integrated
eage. That follows from the fact that with integration, the optimal price
is ma;giﬁalvcost,gwhich'is-below average cost. In Figure (7) the situation is

depicted.



Figure 7
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Average and marginal costs are drawn as a function of p. Recall that
p’(p) < 0, The integrated firm sets the price at Py where it equals marginal
cost, The market sets price at Py where it equals the average cost. With

declining average costs, pI < p It follows easily then that the

M L)
integrated firm uses more of the input Ehan it would when purchasing from

grated downstream firm.

6, Uncertainty and Capacity

One of the attributes of a product is availability. The demand
by the downstream firm for an imput is often somewhat random, an upstream
guppliers may carry imsufficient capacity to meet the demand when the latter
is high, Firms are thought to integrate to ensure the timely delivery of
guffieient quantities of the imput when it is needed. A version of this
argument does withstand rigorous scrutiny, but it requires some care. An
integrated firm will not necessarily carry enough capacity to meet the demand

N

under all circumstances, for capacity is costly. The qualitative proposition
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must therefore be that an independent upstream supplier will carry less
capacity than would an integrated downstream firm. This is true under some
circumstances, as the following example illustrates.

Let the downstream firm face random demand. Let elB(x) be the
revenues that the downstream firm can generate with X units of the input
when demand is low. Let ezB(x) be the same thing when demand is high. We assume
that el~<62 which is- the operational meaning of demand being low or
high. The fraction of periods in which demand is low is Gl » while Gz
is the fraction of the time it is high. Given ei s the demand for the
input satisfies

eiB'(xl) =p
where p is the price of the input. This follows from the fact that the
downstream firm, faced with a price of p» will maximize eiB(x) - pX,
the net benefits of buying the good x.

Let k be capacity measured in units of the input and let r be
the unit cost of capacity. It is clear that the integrated firm, or an
upstream supplies will produce at capacity when demand is high. For this
example, we assume the marginal cost of the input is zero, The assumption
of a positive marginal cost contributes nothing to the éxamble

Let us consider the integrated firm. Its expected profits are maximized

when 8 B’
%8B (x)) =0

and

aze B’(k ) = r .

(10) 2
A useful interpretation is as follows. The .division of the integrated firm
producing the input sets k to satisfy (10). It establishes a shadow price of

zero (the marginal variable cost), and sells as much as its capacity will

permit to the downstream division at that price.
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Figure 8 illustrates the solution. On the axes are capacity and

the price facing the downstream division.

Figure 8
P

=0

C
B+ T = Constant

/A
i | :
T
323 = .&_—

2

The ééntours are constant profit countours for the integrated downstream
firm. Point A is the optimum.
Without integration, an upstream firm with capacity k and a price
of p has profits of
T o= (Glxl(p) + azk) P - rk.
Such a firm will act so as to maximize the benefits to the downstream firm,
subject to the contraint =w ¥ 0. The benefits to the downstream firm are

M =
alelB(xl(p)) + uzezB(k)

- (qlx + azk) P .

1
The upstream firm acts so as to maximize M(p,k) subject to  w(p,k) 3 0.
This is equivalent to maximizing B + 7 subject to m = 0. Thus in
Figuré 8, the outcome without integration occurs where the line = = 0 is
tangent to an iso-profit contour fof the integrated firm. That is the point
C in the diagram. 'The disintegrated outcome will have lower capacity than

the integrated firm provided = = 0 is upward sloping.
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The fact that it is upward sloping is argued in the following way.
When k = 0, then p = 0. For k>0, p must be positive. Thus the line

w = 0 must start out with a postive slope. Suppose it went flat at some

point. That would occur when e = Gzp - r = 0. Butwhen ® = 0,
a1P*; (P) :
then (G=P -T) = = —% - Provided that xl(p) is not zero, this cannot

happen. We will return to that case in a moment. Exéluding it, the countour
v = 0 is positively sloped. The result lé that the upstream firm will
carry less capacity than the integrated firm. It will therefore run out of
the supplied input more quickly than the downstream firm would like.
There is an interesting special case where xl(p) Z 0. In that case
the upstream firm sets a price of p = %; and holds capacity sufficient
to supply demand at that price. In this case, the result is optimal for the
downstream firm. The reason is that if xl(p;_z 0 , the fact that the internal shad
price cf‘zero is irrelevant. The integrated firm establishes capacity at the level
where its expected marginal benefits QZSZBl(k) equai its marginal cost r.
But if it faces a market price of p = éé , 1t demands x2 satisfying
BZBﬁ(xz) = rﬁuz when demand is high. This demand is exactly equal to
the capacity held by the upstream fim.
There is an interesting interpretation of this special case. The
fact that demand for the input could be zero with prébability Qg might
result from there being a probability of oy that a superior input becomes
available. This is generally thought to be an argument for integration,

because it represents a risk to the upstream firm. This is incorrect.

Provided the probability of there being a superior input is the same for the
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upstream and downstream firms, the risk of investing in capacity is the same
for the upstream firm and the integrated firm. The discovery of a superior in-
put will make the integrated firm's capacity as valueless as that held the
unitegrated upstream firm.’

To sustain this argument, one could argue (perhaps plausible) that
the upstream firm perceives 1 to be higher than the perception of the down-
stream firm, or that the upstream firm is more risk-averse. The argument he-re
was conducted with the assumption of risk neutrality. Or one could argue
that the cost.of changing over to another activity are different for the up-
stream and doﬁnstream firms. The point we wish tc make is simply that the
presence of the risk of a superior substitute becoming available does not,

by itself, create a presumption in favor of integration.

7. Empirical Implications

We conclude by drawing together some empirical implications of the
models presented above and related observations. These can be grouped into
three areas: .

(1) What are the structural features of industries in which we will
observe integration rather than the market supplying inputs, and
what is the nature of the inputs that will be supplied?

(2) What factors cause firms within an industry to haﬁe differing levels
of vertical integration?

(3) What factors cause the level of integration is a given industry (or
firm) to change over time?

With respect to the firs question, it is clear that integration is

more likely in industries which demand unique inputs.11 These would be in-

dustries demanding inputs made to estremely rigid tolerances, produced from

unusnally high quality materials made to unusual specifications, or requiring
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extremely reliable delivery. Industries such as aircraft and
precision instruments produce many of their own components, for example,
while industries such as recreational vehicles and mobile homes merely
;ssemble commonly available panels, appliances, fixtures, windows and the
like.

Integration is even more likely in industries meeting such speci-
fications where each firm has differing preferences from other firms
with respect to input characteristics. Using our earlier terminology,
integration is more likely in industries where inpuf demands of firms
io mot cluster. Since the demand for unique inputs is presumabiy related to
the presence of differentiated outputs, we would expect.inte:;atfon to be
pﬁsitively related to physical product differentriation in_therdownséream
industry. Each medical instrument producer makes many parts for his par-
ticular designs, for example, while cleaning powder manufacturers purchase
standard chemical inputs in the market.

Second, we would expect integration to occur in industries and
for inputs where firm demands for inputs are moderate §r large relative to
the increasing returns in inmput production. Where firm input demands are
small, the sharing of fixed costs by purchasing a standardized product on
the market loom more important. Many recreational vehicle producers fabri-
cate their own metal panels and fasteners, for example, while noné except
General Motors produce their own engines and chassis involving significant
scale economies. Third, we would expect integration where the downstream
industry is concentrated. With many firms in the doﬁﬁsﬁream industry,

sharing of fixed costs favors the market. Fourth, integration is more likely

if the elasticity‘of demand for the input is small. Fifth, we would expect

A}
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to pbggive integration in those industries Ghére there are few economies of
multiproduct prodﬁéfiah of differéAf‘Qariegiég of unique inputs, since
gggg;pgoguéé'prbddctionkécoﬁbmieé increas; tﬁé,;ttractions of the market
relative to infégration. These would be inputs where raw materials, set-up,
tooling, production machinery and/or distribution arrangements are specific
te the particular varieé& of imput being produced. Sixth, we expect inte-
few cost advantages over in-house production of the inputs by downstream
firms, Inputs requiring production knowhow far removed from that of the
downstream industry are more likely to be produced in the market by specizlist
firms. Examples of these would be inputs drawing on a different basic
technological discipline than do the products of the downstream industry, such
@8 the manufacture of automobile tires which involve little of the electro-
wmechuical and metal working technology of the automobile itself. Tires are one
of the few areas auto manufacturers have not integrated into.

A related set of implications apply to static differences in the
level of integration of firms in a given industry. .Larger firms will be
more likely to be integrated than small firme, particularly if the firm size
distribution has high variance. PThié is commonly observed: General

Motors and Ford are comsiderably more integrated than Chrysler énd American

te be integrated. Firms demanding “distant" inputs from those of other firms
in the attribute space will tend to be integrated, while those firms de-

manding inputs that cluster im attribute space will more likely buy an



-33-

"average" standardized product on the market. Firms demanding inputs subject
to few multiproduct production economies with other varieties of those inputs
will be more likely to integrate, while those demanding inputs ﬁith low change-
over costs from other varieties will more likely buy on the market. Note that
clustering and multiproducé economies of scale are conceptually different,
though in practice they may be postively correlated.
| There are also a series of dynamic implications of the models, some of
which have been touched on. Growth of an industry and the firms in it tends
to promote integration by reducing the impact of overhead cost in producing the
unique varieties firms demand. However, g£owth in the industry also increases
the potential size of the market for the standardized product, lowering its
cost. The outcome is complicated, in general, as has been discussed. On balance,
we observe a net tendency for integration to increase over time in many in-
dustries with growth, such as in mini-computers, snowmobiles and light aircraft.
A number of other phenonema are likely to be occurring over time in an
industry which bear on vertical integration, however. -First, a common empiiical
observation is that downstream sellers' products often become less differentiated
as an industry matures.12 If input demands tend to cluster over time in an
industry, this favors the market. Going in the: other direction is the diffusion
of knowledge about producing inputs. 1If knowledge about producing inputs becomes
more widespread over time, cost advantages held by specialized producers over
potentially integrating downstream firms diminish and integration becomes more
likely. This occurs in part because the numbers of people with the production
know-how increases over time. This seems to have been the case in aerosol
packaging, when initially independent specialist aerosol fillers dominated the
market when aerosoi technology was being developed, but end product marketers

now produce most of their need internally.
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s X ) be-the production function for the downstream firm,

wh“'e x, are the inputs. Let S be the output price and Wy be input

Priceg, The firm maximizes sf - Zwixi, by setting

sfi- v,

for fe1l,...,n. It follows that for any 1

x
i
gf = IO sfi(kl,...,vi,...,xn)dvi

X
i
= fo wi(xl,...,vi,...xn)dvi

Thus, the integral under the inverse demand for any of the inputs
€9u4ls the revenues. Thus

Xy
f o wi(xl,...,vi,...,xn)dvi - WX,

L&PYesents profits exclusive of deductions for the costs of other inputs.

It way be that the integrating downstream firm may not be able to produce
the input as cheaply, for a given output level, as the upstream specialist
fi‘m can. This would reduce the likelihood of integration and create a
disparity between social and private benefits.
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A velated point was discussed by G. Stigler, "The Division of Labor is
Limited by the Extent of the Market," Journal of Political Economy, June
1951. Stigler pointed out that there is a trade-off between the returns
achievable by a single supplier serving many firms, and continuous
process increasing returns achievable by integrated firms. He argued
that a market could,. in the course of growing, integrate and then
disintegrate. A similar effect will be observed here.

There could be more than one "standardized" input available; this does
not change the baseic pature of the result.

F7rmally the argument is as follows. The profits at the monopoly price of
n/n-1 are

NA n 7"
n o= et | - F.
Since F = [{8-®A , the profits can be rewritten
o n-1

" "‘;ﬁ[ [N(1=1/n)" - (6~ .

These are positive if the term in square brackets is positive. The term

a - l/n)n is increasing in n and has a maximum value of 1/3 atn = o .
Thus profits are always negative if

N
e <9-¢,

or .

¢ < 8 - pMe .

For N sufficiently small, the right hand side is positive, Tn that case,
wvhen @ 1is below that value, the standardized good cannot be sold profit-
ably even when the elasticity is very high., However, for larger N, the
left hand side is negative. That is the case in Figure 3.
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Appendix: Derivation of the Properties of Figures

' This appendix developes the properties of the symmetric model,
deseribed and depicte& in the text. The integrated firm derives benefits
%%1 = F, The unintergrated firm derives benefits of Eéf pl'-n when
facing a price of p. These are equal when p = ¢1/(1-n) when ¢ =
6= F(a=1)/A. We ecall this the reservation price, p. A firm supplying
the market at a priece of p has profits
(A1) m = Nap (p-1) - F .

The profit maximizing price is ; = ng .
There are two cases: corresponding to when the reservation price is
above or below the profit maximizing price.

Case 1: If ; > P or equivalently ¢ < (1-1/n)n—1, then the market will

prevail 1f profits are positive at the profit maximizing price, or
(A.2) $ 56 - NI-1/m)",

Case 21 If p <P or
.3 ¢ > 1-1/m)*"
then the market will prevail if profits are positive at the reservation

priee, This ecan be written

It remains to derive the properties of these regions, The boundary in

n=¢ space where § = p is defined by (A.3) in its equality form., The

*



" pight hand sideis l1when n=] and declines monotonically to % at n=o,

To see this, note that

' 1, -1 "1
(A.5) log (1-;!-) = (n-1). log(l—"—l-;)
@D -1+Lo)
2n

As n>o, the right hand side approaches minus one. As to the slope,

we differentiateﬁ'l)log(l--!*1;) , to cbtain

1 1
(A.6) log (1~ ;) + n
1

This is negative because ~log (1- %—) = [ %— >%;— .
1-1/n
The curve is shown in Figure AJ as the line AB.

The equality version of A.2 has the 6 when n=1. It declines
monetonically to G- l:— The analysis is similar to that carried out for
4.3, The extent of this decline clearly depends on the size of N.
Figure depicts the case where 6 < g— . Note however that 6 - L:- >0
i@ possible. And if 6 - *l;l > *i? sthen the curve would remain above AB.
In that case, fi.e. N < 6e - 1, there are no realizations of case 1.
Figure 3 in the text depicts the case 0 <_g. Figure 4 corresponds
to e > N > fe = 1, In FigureAl shows‘ this liﬁe as DE. The shaded
area BEF is the section where the market prevails, when the reservation
price is above the monopoly price.

Turning to case 2, the market boundary is defined by the equality

version of (A.4). This is a more difficult relation analytically.



We know the market cannot prevail at prices below 1. From the main
boedy of the paper, integration is preferred at a price of one when

¢ > (N=8)/(N-1). As n becomes large, if ¢ is fixed, the ratio % must
fall to zeroc. Thus profits will approach zero at a price of ome.

Figure A,1




Hence the boundary approaches ¢ = (N-6)(N-1), asymptotically as n-—+>,
For n small enough,:A.4 will have no sotutiom because for 0 2'¢ <1,
the left hand side of (A.4) is negative. wRecall that ¢ > 1 assures
integration. As n rises, a solution appears, and then two solutions.
The result is the curve GHFK in Figure A.I, The horizontal shaded area
corresponds to parameters where the market will prevail. |

A final remark is that as N becomes small, the market areas GFB and
FBE move to the right. When N 1is 1, there is no market region. The
reason is that when N = 1, the market has no advantage, it not being

possible to distribute fixed costs over firms.



