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I. Introduction

In many markets, the svccessful entrepreneur is the one who has the
skill to plan his production in advance to take advantage of predicted de-
mand conditions. Production takes time and the entrepreneur who waits until
the last moment to expand or contract production may often earn lower profits
than an entrepreneur with better forecasting skills. In fact, a large frac-
tion of many managers' time is spent trying to figure out what demand will
be and how best to meet it. It is clear that early revelation of demand has
a benefit from society's viewpoint since it gives suppliers notice to expand
or contract production. It is also clear that it may be costly to forecast
demand.

Hdow does information get transmitted from demanders to suppliers in
a market? We show that a competitive market is not well suited to the effi-
cient transmission of this information. We then show how a firm with some
monopoly power will have a greater incentive than competitive firms to cause
this transmission of information to occur. The stability of markets over
time--measured in terms of price and quantity variance--will differ greatly
depending on whether planning takes place or not. When planning is possible,
we argue that a market structure with some monopo%y power is likely to emerge.
This market will have more quantity variation and less price variation than
would the same market if it were competitively organized. To obtain insight
into the likely behavior of a market structure with firms possessing some
monopoly power, we analyze the behavior of a market with a dominant firm(s)
and competitive fringe. The dominant firm will have an incentive to invest
in information while the competitive fringe will not. The size of the com-
petitive fringe will depend on such things as information costs and demand

variability. The competitive fringe shrinks when there is a decrease in the
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marginal cost of information or an increase in the uncertainty of demand.
An interesting result is that the dominant firm may choose to produce in
some states of demand even though it knows for sure that prices will not
cover constant marginal cost. This result occurs because the dominant firm
realizes that the size of the competitive fringe responds to the dominant
firm's production strategy. The dominant f£irm keeps prices low in some
realizations of demand to make entry of new firms unattractive. This
strategy turns out toc be profit maximizing since the strategy increases the
monopaly power of the dominant firm when demand is high. Such a strategy is
closely related to the concepts of "predatory" or "limit" pricing. However,
instead of having the undesirable welfare consequences usually associated
with "predatory pricing,' in this case the strategy produces a market out-

come that is superior to that of both competition and pure monopoly.

11. Competitive Case

We want to investigate the case where there are many demanders each
of whom has a random demeand that makes a negligible contribution to total
demand which will also be random. Initially we let the random demands of
each demander be independent of each other. Both the mean and variance of
total demand are finite, even though we have many demanders. At a cost,
the realization of random demand for any fraction of the market can be dis-
covered early ecnough to allow suppliers to adjust their production plans
if necessary. {An alternative interpretation is that at a cost the pre-
diction error of forecast can be reduced.)

T . ; . 1
To formally model this situation we proceed as follows. Let total

1'I‘his paragraph makes rigorous the ideas of the previous paragraph.
This paragraph can be omitted if the reader is willing to accept that a de-
mand curve like (1) below is consistent with the ideas of the previous
paragraph.
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demand be random and be given by a-p + el where € is a normal random variable
with mean 0 and variance 62, a is a constant and p is price. Imagine a con-
tinuunm of demanders between [0,1] and let W(Z) be defined as a normal random
variable with mean Z(a-p) and variance Z 02,2 e[0,1]. W(Z) can be inter-
preted as the random demand for the first fraction Z of the market. Assume
that the random demands of any nonoverlapping interval of demandars are in-
dependent of each other so that the increment to total demand by agents in
the interval [Zo, Zo + dZ] is independent of the level of demand W(ZO) for
the first fraction Zo of the market. W(Z) is then a Wiener process with W(1)
equaling a-pte.

Suppose that at a cost it is possible to determine the realizatiom
of the random component of demand one period early.2 Suppose that demanders
are ordered in terms of increasing cost of acquiring information so that it
costs C(F) to learn in advance the demands of the first F percent3 of the
market with C'(F)} > 0 and C"(F) > 0. If a firm has devoted C(F) resources
to information gathering, then it follows from the properties of a Wiener

process that the firm knows that the market demand carn be written as
(1) a-p+/fv1+/1-Fv2

where Vl and V2 are independent normal random variable with mean G and

. 2 . . .
variance o , and where the realization of V, becomes known to the firm but

1

lFor simplicity, through the paper we ignore the non-negativity con-
straint on price and quantity. The probability of negative values can be
made arbitrarily small by appropriate choice of a and o2,

2 , A ; .
Alternatively, at a cost, it is possible to reduce the prediction
error of total demand below o2.

F will be a number between 0 and 1. However, for expositional sim-
plicity we will talk about the first F percent of the market, rather than the
first 100 F percent of the market.



4

that of V2 remains unknown at the time the firm must make some productive

decisions.™’

Competitive risk neutral suppliers must produce3 one periocd befcre
all demand is ;ostlessly ravealed. Only if someone has invested resources
to predict demand will suppliers know enough to adapt to changes in demand.
There are constant returns to production rates which are required to be
finite. Let it cost ¢ to produce one unit of the good. No production can
take place once the market opens. For simplicity we assume that the gcod

cannot be stored for more than one period. Therefore, supply of the good

in any period is exactly equal to the previous pericd's production. A

lAlternatively, the information investment of C(F) has lowered the
prediction error of demand from ¢2 to (1-F)o2.

2 . . .

An altermative perhaps more readable less rjigorous derivation goes
as follows. Imagine that there are N demanders each of whom have a demand
curve £(p ) + e i=1... N, where g, are independent normal random

variables with mean 0 and variance g2. Total mean demand is N f(p )}, while

the variance of demand is N 02. We want to let the number of demanders
become large and the demand curve change so that a) each demander be-
comes an infinitessimally small part of the market and b) the mean aud
variance of total industry demand remain bounded and approach some finite
values. One way to do this is to let N approach « at the same rate that
expected demand per agent approaches zero and at the same rate that the
variance of g, goes to zero. For example, if agents in any internal

[Z0 + d4dZ, Zo]ldemand (a~-p)dZ + € vdZ, the total demand of agents in

[Z0 + dZ, Zo] is going to zero as is the variance. However, the total de-

mand in the interval Ze[0,1] can be written as a-p plus a normal random
variable with mean 0 and variance g2, If demands of agents in the interval
f9,F] are added to the (independent) demands of agents in the interval [¥,1]
we obtain total demand, hence total demand can be written as

a=p + W (F) + W,(1-F)

where WI(F) and Wz(l—F) are independent normal random variables with mean 0
and variances F o2 and (1-F)o? respectively. (See Cox and Miller (1970)for
a more detailed discussion.)

3Similar results emerge as long as suppliers must make some commit-
ment to production before demand is known.
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risk neutral supplier will sign a fixed price forward contract to sell
at price p* only if the expected price paid on the spot market E is less
than or equal to p*. Hence, a supplier will offer fixed price contracts
only if p* 3_5.

If no information about the random components of demand is avail-
able to any supplier, then ex ante a supply firm's random profit stream is
unchanged over time and each supplier will produce a fixed amount. In
equilibrium, the total market supply S, must be such that expected price
equals the cost of production c¢. For the linear demand curve presented
earlier, it is straightforward to show that in equilibrium with no infor-

i
mation about the randomness in demand known S = a - ¢, = c + ¢, E{(p) = ¢, and

var (p) = 62.

It is clear that if it were possible for suppliers to always expand
and contract production so that price equaled c, then society would be
operating efficiently. Exactly the amount demanded would be produced at
price equal to marginal cost. If information acquisition and transmission
are costless, we can imagine demanders costlessly announcing their demands
in advance and the market responding efficiently.

What lappens when information acquisition is not costless? Clearly
for sufficiently small information costs, it will still be efficient for
investment in information to occur to enable planning of next period's
supply. However, in this situation each demander will have no. incentive to
spend resources to figure out his demand and a supplier will have no incen-
tive to purchase information from an individual demander. Although society
would be made better off by information investment and transmission, indi-
vidual agents do not invest in information because they do not perceive the
general equilibrium effects of their (collective) noninvestment in informa-

tion since each agent by assumption is infinitesimal and thus correctly
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ignores the effect of his actions on the price distribution.

To illustrate the lack of incentives for information transmission,
first consider a demander. A demander has two choices. HEe can choose not
to invest in information and next period pay random price p, or he can
spend some amount § to figure out his next period's demand.1 If he has
invested in information, he can sell his information to a supplier (only
cne for now) for some amount I, and then buy on the spot market paying
random price p. Because the demander is small his information has no
aeffect on the distribution of p. Alternatively, instead of the demander
separately selling his information and then buying on the spot market, we
can imagine the demander being offered a fixed price forward contract at
some p* in return for his information. A demander prefers to face a
variable priceidistribution rather than a price stabilized at the mean of
the price distribution. Under variable prices the demander could consume
the fixed amount he finds optimal under the fixed mean price. However,
substitution pessibilities enable the demander to take advantaze of the
variable price by consuming more of the product when its price is low and
less of the product when its price is high. In this way demanders can
achieve higher utility or profits. Stated in ancther way, since the ex-~
penditure function (if the demander is a consumer) and the cost function
(if the demander is a firm) are concave in price, Jensen's inequality in-
sures that demanders have a preference for a variable price instead of a

. sy 2 .
price stabilized at the mean.” For the buyer to accept a contract with

1It is of course irrelevant whether the demander hires someone else

to figure out his future demand or whether he does it himself.

2Restrictions on the ability to borrow and to save to smooth incecme
over time as well as ignorance of the relevant price distributions can some—
times alter the preference of demanders for variable versus fixed prices
(see Hanoch 1979). These conditions seem least likely to apply to firms.
We ignore these conditions in the remainder of the paper.
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fixed price p%, p* would have to be below p, where p is the expected spot
price; otherwise it follows from the above discussion that there is no
expected gain to the demander from investing in the information.

. Now consider suppliers. How much would any one supplier pay for
information from an individual demander? An individual demander has no
influence on price and since each supplier can sell all he wants at the
(unknown) market price pext period, no supplier has an incentive to buy
(valueless) information from one demander. This means that the amount, I,
a supplier would pay for information from one demander is zero.l The
same reasoning shoﬁs that a risk neutral supplier would never sign a fixed
price contract at p* if p* < p in return for knowing an individual's de-
mand. Since the demander invests in information only if either he can sell
the information for 1 > §, or sign a fixed price contract at p*, with
p* < p, we see that under the stated assumptions in a competitive market
no incentive for infoxma tion transmission between individual buyers and
sellers will arise if it is costly to acquire information.

In the above discussion we only considered information transmission
between one demander and one seller. A demander was not allowed to resell
his information. Information from one demander (of measure zero) is value-
less to a firm. However, it is true that information from a number of de-
manders (of pesitive measure) is valuable since their demand.will influence
price. Could one imagine a market in which each supplying firm pays an

infinitesimal amount to a group of demanders and thus each supplier knows

The arguments in this paragraph can be restated precisely as fol-
lows. It can be shown that in competitive equilibrium with expected price
equal to c, the marginal gain in a supplier's profits from knowing an agent's
éemand is of order dZ“ while the marginal cost of acquiring the information
is o? order dZ. Therefore, no (infinitesimal) supplier has an incentive to
acquire information. Only if suppliers are of finite measure and thereby have
§ome market power to prevent expected price from equaling ¢ can there be an
incentive for a supplier to purchase information from a demander.
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something about the entire demand? The special problems associated with
information suggest that such an information market may not be feasible.
Since these problems have been extensively discussed in the literature
Green 1973
(see, e.g., Arrow 1971,/Grossman 1976, 1977, and Grossman-Stiglitz 1976,
1978), we give only a brief discussion here.

First consider the monitoring problem. Is each supplier expected
to keep track of the accuracy of each of the infinite number of demanders’
response? (Notice that an exchange of information between a demander and
supplier automatically does this is the demander signs a contract with a
supplier and does not break the contract.) Second and more importantly,
whenever a group of suppliers obtain information about demand, the only possible
equilibrium consistent with competitive assumptions is one in which sup-
pliers adjust production until expected price equals the constant marginal
cost ¢. When this happens the incentives of supplying firms to invest
vesources to learn total demand in order to predict price totally vanish.l

Could there be a competitive equilibrium in which supplying firms
have different information sets purchased from differant groups of de-

manders? The answer again is no because the supplying firms would then

have incentives to merge their information sets to improve the accuracy

of their demand_forecasts and then we would return to the situation just
discussed where expected price would fall to constant rarginal cost ¢, or
else to a situation where the firms collectively try to earn a return on the
information by cartelizirg and behiving monopolistically. Could a trade

association from, assess fees on supplying firms, and provide incentives for some

1This point is similar co the one Arrow (1971) makes about‘incgntives
for discovery of new production techniques that will be widely Co?liﬁﬁgggh 1973
mediately after their introduction. It is also related to the point/ Grossman
(1976, 1977) and Grossman-Stiglitz (1976, 1978) analyze in the context of

efficient markets.
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demanders to figure out and reveal their future demands? For the reasons
just discussed it would be difficult to enforce participation in the
association.l But even if a trade association did organize,it is
plausible that the trade association would not only coordinate
information flows but alsc serve as a vehicle toward cartelization of the
industry. In fact, any time the information is provided by one central
source, the possessor of the information can become a producer and
behave monopolistically to take advantage of the information. In short,
purely competitive beha&ior and information transmission do not seem com-
patible in the model under examination.

The exact same problems persist in the case where individual de-
mands are correlared. Anytime firms have spent resources to acquire the
same information set, they have an incentive to merge to avoid the dupli-
cative costs of acquiring the same informaticn. Any time firms have dif-
ferent information sets, they have an incentive to merge to pool informa-
tion to more accurately predict demand. Any time a group of competitive
firms obtain information about demand, the only possible equilibrium con-
sistent with competiti#e behavior requires production to be adjusted until

expected price equals constant marginal costs.

1 . . .
A trade association of demanders that reveals information to
suppliers runs into the same problem.

2With correlated demands and costs to information acquisition, a
futures market among demanders cannot exist if price accurately aggregates
demand information(Green 1973,Grossman-Stiglitz 1976). A "noisy" futures
market (i.e., one where price does not reveal completely the knowledge
of the informed traders,(Grossman-Stiglitz (1978)) could provide an
incentive for demanders to acquire information, earn a return on it and,
thereby, transmit "noisy’ information to suppliers. Suppliers would
then have an incentive to contact the knowledgeable demanders to get
rid of the 'moise" in the signal, and then we are back to the situvation
discussed above where firms have incentives to merge and where competitive
firms adjust production until expected price equals marginal cost at
which point incentives for information transmission vanish.
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The conclusion of this analysis is that under competition there is
no mechanism to insure that investment in information occurs to the degree
that society finds optimal. In-the special case just examined here, no
investment occurs. This dces not mean that there can never be situations
in which competitive supplying firms have an incentive to discover demand
by offering a lower price to those who order in advance, but only that it
is unlikely that a competitive environment will provide the correct invest-
ment incentives. For example, if those who order inm advance have a higher
probability of obtaining delivery, or if firms can lower operating costs by
reducing the variability of their cash flow, then we can expect some forward
contracts to emerge which will as a by-product transmit informaticn from
suppliers to demanders. (See Carltom 1978 , 1979a; 1979k, for lncentives
for forward contracting). The point is that although forward contracts may
come Iinto existence even when 1t is costly te obtaln information on demand,
the correct incentives to trausmié information will not necessarily be
provided.

We have argued that for the market conditions under examination
there may be incentives for mergers. In such an industry where information
considerations, and not other issues like probability of obtaining delivery
are important, it is plausible to expect that the industry may evolve until
cne (or a few) large firm emerges which has some market power. It is only
by the acquisition of market power that a firm in the mocdel acquires an
incentive to invest in information. Information is valuable only if the
recipients of the information have the power to prevent industry production
from expanding to tha pcint where expected price;equals constant marginal
cost. Before we examine the stability and consequences of this market power,

we investigate and compare the behavior of a monopolist and a social planner.

lThis expectation is with respect to the price distributicn conditioned
on the informatiom.
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III. The Monopoly Case

How would a monopolist operate--would he have an incentive to in-
vest in information and would he invest an optimal amount? Let us use the
simple example of the previous section to illustrate the monopolist's
incentives to invest in information. Suppose as before that there is a
continuum of demanders between 0 and 1, that demanders are ordered in terms
of increasing cost of eliciting information, and that demands of agents
in non-overlapping intervals are Independent. Let F be the number between
0 and 1 such that all information about demanders between 0 and F is col-
lected, while information about all demanders between F and 1 is not.l By
the argument given in the previous section, the demand curve the monopolist

sees after his information collection can be written as
D(P) = a - p + JFVI+J1—FVZ

. . . . 2
whare Vl and V2 are independent normal variables with m=zan ¢ and variance ¢,
and where the realization of Vl is observed by the monopolist before pro-
duction occurs.

Conditional on knowing V. and F, the monopolist must decide how

1
much to produce and offer on the market next period. The price will be
random and will equate supply to demand. Production, S, cccurs before total

demand is observed and it costs c¢ to produce a unit of the good.

The monopolist sets S to maximize expected profits which are given

by
2
E(W(S)/Vl, F) = E{p—-c]S.
lAn alternative interpretation is that imesTment can pe | undertaken
‘to reduce the prediction error of demand next pericd by F
percent.

2 . . ;
Expectation is taken with respect to V2.
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Price, p, is given by equating demand D(p) to supply S. Therefore

p=a—S+/F_Vl+ Y(1-F) V2, and
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E(r($)|V,, F) = Ela - 5 + /FV, + /(1-F) V,]5, or
E(r(S)|v), F) =s(a -5+ /F_vl - ¢).

Hence, in the profit maximizing solution,

a-c¢ + Vﬁ'v e
- 1 _ atc F e
S 5 s P =Tyt SV IRV,

and E(“/Vl, F) =

Since F must be chosen before Vl is observed, the expected value,

U, from observing the fraction F of the population is

a - c)2 + Foz
n .

a - ¢ + VF Vl}z ) (

H(F) = E(TrIVl, F)l= E { 5

Expected profits are increasing in F and 02. Marginal expected
profits are increasing in 62. If C(F) is the cost of acquiring informa-
tion on fraction F of the population, then the optimal (interior) F
satisfies

2
H'(F) = C'(F) or %}— = C'(F) and C"(F) > O.

Three sclutions are possible. Either
a) F =20 and C'(0) > H'(0)
B) 0 < F < 1 and C(F) rises faster than H(F), or
c) F=1 and C'(1) £ H'(L).
It immediately follows that investment in information will be higher the

higher is 02, and the lower is the marginal cost of information schedule.

1Expectation is taken with respect to V.
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The monopolist has an incentive to invest in information because
by learning about demand next period he is better able te plan production

this period and thereby more fully exploit his monopoly power next period.

. . a+ . s

The expected monopoly price is > € which exceeds the expected competitive
price, c, derived in the previous section, the variance of the monopoly

. . 2 3F - . . s
price is ¢ (1-—779 which is lower than the variance of the competitive

. 2 . . . . . F 2 .
price g while the variance of the quantity sapplied is z which of
course exceeds the zero variance in quantity supplied under competition.

As one would expect, planning reduces price variance but increases quantity

variance.

IV. Social Planner
How would a social planner invest in information to maximize ex-
l - -
pected consumer surplus? Using the same production and demand example as

before, we have that conditional on observing V

1 for fraction F of the

population, consumer surplus equals
S
SUR(S, F, V) = fo [a + /F v, + /(I-F) V, - q] dg - cS.

Expected surplus conditional on Vl and F is therefore

2
S
SUR(S, F, V,) = [a + /ﬁvl - cls - 5.

The optimal values satisfy S = (a + JE V1 -¢), p=c + vyYl1-F V_, variance (p)
(a + /F vy - c)2
5 .

2
= (l-F)UZ, © varijance (S) = F ¢, and SUR To choose

F optimally the social planner must maximize

E(SUR) - C(F}, or

2 2
{a-c) F o
5 + 5 C(F).
2
.- ¢
Hence , 2 CH(E).

1 ;
The analysis assumes that expected consumer surplus is the appropriate
indicator of welfare. See Carlton(l979) for an examination of this issue.

2Expectation is taken with respect to V,.



15

The marginal benefi;s of increasing F are greater for the social planner
2

than for the monopolist C%— versus {%ﬂ and therefore the monopolist underinvests
in information. The intuitive reason for the discrepancy in incentives
is the usual one that explains why a monopolist's conduct is not efficient.
The benefit to the social planner of finding out and satisfying some in-
crease in demand is related to the area bounded by the initial expected
demand curve, the new demand curve and the marginal cost curve. In con-
trast, the corresponding benefit to the monopolist is related to the area
bounded by the initial expected marginal revenue -curve, the new marginal
revenue curve and the marginal cost curve. For the linear example, this
latter area is always smaller than the former.

The optimal solution involves a higher value to information than
the monopolist calculates. The monopolist underinvests in information
relative to the social optimum, though overinvests relative to the com-
petitive outcome. This is a general result thét will tend to occur so
long as the marginal revenue curve shifts less than the demand curve in
response to each new piece of information.l The variance of price in the
socially optimal solution is lower than in the monopoly solution (whose
price variance is lower than in the competitive solutiom). The variance
of guantity in the socially optimal is higher than in the monopoly solu-

tion (whose quantity variance is higher than in the competitive solutien).

V. Comparison of Monopoly and Competition

Which is worse, having a monopolist who does some informaticn pro-
cessing or having competitors who do none? To obtain some insight into
the answer to this questiocn, let us compare the competitive solution with

no planning to the monopoly solution under the extreme assumption that the

monopelist plans perfectly and that we ignore the costs of information

lSee Appendix for more detailed discussion.
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gathering. This comparison will provide us with the most favorable case
to monopoly and will allow us to draw conclusions about the maximum trade-
off between planning efficiency and deadweight loss.

If the demand curve is @ = a - p + ¢ with ¢ a normal random variable
with mean 0 and variance 02, and constant marginal production costs are c,
then (from Section II) in equilibrium under competition no planning occurs
and the amount supplied will equal a - ¢, expected price will equal ¢, actual
price will equal ¢ + ¢ and the variance of price will equal 02. In comparison
to the ideal world of perfect planning, we can calculate the expected d=ad-
weight loss that comes from not planning. For each realization of £, we can
regard the competitive equilibrium as resulting from an imposition of (random)
tax equal to the discrepancy hetween actual price and the constant marginal
cost c¢. This discrepancy equals £, Since the demand curve has slope -1,
the expected value of the resulting deadweight loss equals %-02 where c2
is the variance of .

If we calculate the deadweight loss of a monopolist who plans rela-—
tive to the ideal world of marginal cost pricing and planning, we sece from

Section III that the discrepancy between price and marginal cost for any

realization e equals E%E-+ %—so that the expected deadweight loss equals
(a—c)2 g . . a
——7;——-+ 5 The deadweight loss of monopoly that results from non-marginal

- . 2. .
cost pricing rises slower as ¢~ increases than does the deadweight loss from
(unplanned) competition (that also results in (ex post) non-marginal cost
. s 2 .
pricing). For very large values of ¢, the deadweight loss from monopoly

power is swamped by the deadweight loss that results from not planning,

1This comparison favors monopoly because it follews from the model
that the deadweight loss of a monopolist falls as information acquisition
costs decline to zero, and he acquires more information about demand to
improve his planning.
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while exactly the opposite is the case for small values of 02

How large does 02 have to be before monopoly is better than com-
petition? The answer is when ¢ = éﬁ%u The average level of demand at
the competitive price equals a-c. Therefore, the implied coefficient of
variation necessary for monopoly to be preferred to competition is about
-58. This strikes me as a fairly high value. For example, in many manu-
facturing markets a comservative estimate (95 percent confidence interval)
of demand would be, say, %20 percent of the previous year's level (correct-
ing for trend). Using the normal distribution as an approximation, this
would approximately imply a coefficient of variation of only .1, Only if
one felt that an interval slightly larger than 0 to twice the level of
average demand represented a 95 percent confidence interval would the co-
efficient of variation rise to .58.

In order to see whether the above results were robust to a dif-
ferent specification of demand, I redid the calculatioas for demand curves
of the form on/pﬂ where AO is a constant, n is the price elasticity and
v is assumed to be log normally distributed with mean 0 and variance cz.
The table below reports the threshold value for ¢ beyond which monopoly

with planning is superior to uaplanned competition.

TABLE 1

Threshold Values of ¢ Beyond which Monopoly

Elasticit . A
yon Dominates Competition

1.5 1.25
2 1.07
3 .95
4 .91

10 .82
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The standard deviation g gives an idea of the proportional varia-
tion in demand. For example a g = In 2 (.69) would imply that a 95 percent
confidence interval would include demands that were approximately between
1/4 and 4 times the average level. Even the lowest threshold value of
in Table 1 suggests that a 95 percent confidence region would have to be
larger than 1/4 to 4 times the average demand level. Again, the levels
of demand variation that are required before monopoly deadweight losses
are exceeded by planning losses seems so high as net to be applicable to

most industries.
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The above numerical calculations suggest that it is unlikely
that the planning benefit that accompanies monopoly will exceed the dead-

weight inefficiency loss that also acceompanies monopely. However, there
b

are two very good reasons to believe that the above (standard) framework

for calculating deadweight losses may be irnappropriate in this instance

Unfortunately the quantitative significance of these effects are difficult

to asseass.

The first qualification relates to a point made by Stigler (1939)

in regard to a cost function and adjustment costs. If output of a firm

must vary then the cost of producing might well depend oﬁ how adaptagle

P . .
tile tecimology is. If

adjustment costs are an increasing convex function of the adjustment (e.g.,
Lucas 1967) then the implied variability of output in the social optimum
will be lower than that implied by the above framework where constant re-
turns to scala are postulated. This suggest that the difference between
the socially optimal output and the competitive output will diminish relative
to that between the socially optimal output and the monopoly output. The
position of ccmpetition relative to monopoly would then improve from
that portrayed in Table 1.

A second qualification is that it is inappropriate te use the same

demand curve to calenlate the monopoly deadweight loss and the competitive

price fluctuations that will prevail



20
response to demand shifts. Demand curves, like supply curves, have a time
dimension associated with them that depends on adjustment costs. In the
very short run most demand curves are probably very inelastic because it
takes consumers time to adapt to any price change. Although it would take
us too far afield to discuss how the formation of expectations of future
prices is affected by current price, it seems clear that the monopoly price
mark up is based not on the "short-run" elasticity of demand but more on a
"long run' elasticity of demand, provided the firm wishes to continue in
business.1 However, when calculating how price will fluctuate in the un-
planned competitive world,the short run demand curve is the appropriate one
to use since no one firm has an incentive to concern itself with the effect
of its actions on future price expectations. Although applying Stigler's
reasoning (1939) to input price fluctuations leads us to expect the short
run demand curve to be more elastic the more variable are prices (i.e., de-
mander firms pay to have a technology with lots of substitutabilityz), it
still seems plausible to expect that the relevant short run demand elas-
‘ticity determining price fluctuations under (unplanned) competition could
be much lower than the elasticity determining the moncpoly mark up. When

this is the case, the results of Table 1 will understate the deadweight

In a continuous time model of demand with cost of adjustment, "long"
and "short" run are not precise terms. The basic point is that in equil-
ibrium, monopoly price can be a constant. Although raising price above
this constant might initially lead to high profits, eventually after
demand has adjusted total profits will fall. A monopolist may operate
in the inelastic portion of his (very) "short run" demand curve.

2The fact 4hat price variability can affect demanrd by influencing
preferences for technologies with lots of substitution possibilities would
also have to be taken into account in comparing moncopoly to competition.
Since the price variability of monopoly is closer to that of the social
optimum than is the price variability of competition, we expect this effect
to improve the position of monopoly relative to competition.
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losses under competition that arise from not planning relative to those

that arise from moncpoly power with planning.

VI. Dominant Firm and Competitive Fringe
In this section the behavior of an industry structure with a
dominant firm and competitive fringe is examined. There are at least
two reasons to justify such a market structure in the model being examined.
First suppose that only one firm (or a2 few firms who decide to collude)

have access to an informatior acquisition technology. Then this firm

would become a dominant firmwho would use information on demand to deter-
mine its output which the firm realizes affects price. Free entry and
access to the production technology would insure that a non-planning
competitive fringe would continue to enter as long as expected price

exceedad constant marginal production costs.

The second reason justifying a market structure with a dominant
firm that plans and competitive fringe that does not plan is based on the
earlier discussion where we argued that firms would have an incentive to
merge for information reasons.l The merged firm would have to acquire some
market power if it is to continue to have an incentive to acquire informa-
tion. But how, with free entry, can the merged firm maintain its market
power? There are at least two possible answers. Once the merged firm is
created and it collects information and earns above normal profits, it
would be necessary for another firm to.enter and do whatever the merged
firm was doing in order to erode the monopoly profits. The second firm to
enter realizes that its profitability will depend on the initial firm's

behavior in response to its entry. When such interdependence arrangements

1 . , . . .

Earlier, we also briefly discussed incentives to merge among buyers.
We henceforth ignore this possibility by making the implicit assumpticn that
it is very costly to organize buyers, though not sellers. However, the reader
should realize that the subsequent analysis could easily be redone with a
dominant buyer (not seller) who gathers information, a non-information gather-

%Q%Jgrfgp ff buyers, and competitive sellers. In this alternative model
ould also require buyers to make some Precommitment before the marker clears
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are necessary to determine the profitability of entry, entry is thought
to be more difficult than when entry can occur on a small scale with market

conditions taken as given. In Barriers to New Competition, Bain (1957)

labeled such a condition an economy of scale barrier to entry. A second
possible answer as to why the large merged firm with market power can per-
sist utilizes Stigler's theory of oligopoly (1964). Supose that all firms
who acquire information collude perfectly but that there is a cost to enforc-
ing the collusive agreements.1 These costs rise as the number of firms
taking part in the collusive arrangement {ncrease.? Equilibrium will re-—
quire that firms be indifferent between joining the collusive arrangement
or remaining outside the arrangement and not collecting information. In
terms of the assumptions of the model, this would require that the competi-
tive fringe (which does not plan) earn zero prefits, and that the number

of firms who belong to the cartel be such that enforcement costs dissipate
the profits of the cartel. The cartel would have market power in the

sense that they take into account their effect om price.

Regardless of which reason is responsible for the existence of a
market structure with a dominant firm (or colluding firms) and competitive
fringe, the interesting feature of this market structure is that the
dominant £irm will take into aécount how its production strategy influences

the size of the competitive fringe. The competitive fringe will affect but

1 , . ; . .

Recall that if firms who acquire information do not collude to re-
strict output, then it is impossible for there to exist an equilibrium that
provides incentives for information acquisition in the model under examina-
tion.

2This theory is not necessarily meant to be taken literally. The
point is that a useful theory of oligopoly may be one that postulates
similar patterns of behavior to the oligopoly that a monopolist would
exhibit, but to allow the returns to the oligopoly to be below those of
the monopoly because of the difficulty of colluding.
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not eliminate the market power of the dominant firm. The reason is that
as before production decisions must be made before demand is observed.
The competitive fringe which does nct invest in information will there-
fore base their output decisions on expected price which in equilibrium
mist equal the constant marginal production cost. The dominant firm, on
the other hand, is in the pesition of having invested in information to
obtain an advance reading on demand before it produces. The dominant
firm will produce little in low realizations of demand and a lot in high
realizations of demand. The competitive fringe remains finite despite con-
stant returns to scale precisely because of its inability to forecast demand
as accurately as the dominant firm. The size of the competitive fringe will
be endogenously determined by the price distribution which itself is en-—
dogenously influenced by the dominant firm's production strategy.

Let us now examine the equilibrium conditions in the industry.
Let é(p) be the random distribution of demand at price p. Let C(F) be
the cost of learning for certain the demands of F percent of the popula-
tion, with C'(F) > 0. Let S be the amount that is compestitively supplied.
The value of S will be unchanged over time because ex ante the world
always looks the same to the competitive fringe (i.e., the dominant firm
is able to keep secret its future produ;tion plans from the competitive
fringe). Because of the constant returns to scale assumption the expected
price must equal the constant cost of production, ¢, in equilibrium. The
dominant firm will use the residual demagd curve to determine 1ts optimal
investment in information andits production response to that information.

Let m(y, F) be the amount the dominant firm supplies when it observes

lThe reader who is not interested in the general solution to this
problem can skip to the paragraph after (4).
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random state of demand y after it has sampled F percent of total demand-l

Price will be determined by the condition
(2) Q(p) = mly, F) + s.

For a fixed F, S, strategy (m(y, F)} and for a random y and Q, (2)
induces a distribution on price p. Call this distribution fl(p; F, 5, m(y, F})
which we abbrevate as fl(p). It is this distribution that will determine

whether there is an incentive for the competitive fringe to expand or con-

tract. In equilibrium it must be thz case that the size of the competitive
fringe, S, is such that the expected value of price equals ¢, the constant

marginal production cost, or
(3) Sfp £(P)dp = ¢

The dominant firm will realize how S is determined and will take (3)
into account in determining its optimal supply strategy. We can think of
{3) as establishing a relation bwtween S and the strategy {m(y,F)} of the
dominant firm. In othar words, since the dominant firm's supply strategy
affects the price distribution which affects the size of the competitive

fringe, the dominant firm will act like a Stackelberg competitor taking (3)

1The monopolist observes that vy is the value of random parameter
{(a sufficient statistic) for the first F percent of total market demand.
If no sufficient statistic exists then y can be regarded as the vector of
random components for the first F percent of the market.
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as determining the competitive fringe's response to his strategy.

How is m(y, F¥) determined? For the moment let us hold F constant
and ignore information acquisition costs C(F). For fixed S, F, y and
m(y, F), (1) induces a distribution on p. Call this distribution fz(p)}
(If F = 1, no residual randomness is left after the information acquisi-
tion takes place and fz(p) is degenerate. Remember the dominant firm only
observes the random demand of F percent of the market. The observed y
refers only to the first F percent of the market.) Expected profits

conditional on S, ¥, v and m(y, F) equal

T Gy, F)) = [ m (v, F), p) f,(p)dp

where

ﬁ&m@,FL P) = Ip-c] m(y, F).

The monopolist wants to choose a strategy that maximizes the expectation
of Wl(m(Y, F)) when vy is regarded as random. The monopolist therefore
maximizes n(F) = E[nl(mfy, F))) with expectations taken with respect to¥y.
Finally, tne monopolist chooses the optimal amount of investment in infor-

mation by maximizing w(F) - C(F) or equivalently by choosing F such that
(4) ' (F) = C' (F).

Throughout the maximization, the relation between S and m(Y, F) as summarized
in (3) is taken into account.
The above formulation can be used to determine the optimal F, optimal stategy,

m(y,F} and resulting S that characterize equilibrium in the model. One interassting

lRecall that fl(p) was based on the assumption that F, S, m(y, p)

were fixed but y was random.
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feature of this model is that the dominant firm will find it optimal to
produce positive ocutput even when the expected price is below the constant
costs of production. 1In other words, even if the dominant firm kpows in
advance that demand is so low relative to the amount supplied by the com-
petitive fringe that price will be below the constant production costs, the
dominant firm may still choose to produce. This strategy is profit maxi-
mizing for the firm because although the firm loses money when it produces
when price is below constant production costs, if it did not produce in those
demand statesthen the price distribution would be affected in such a way
as to encourage entry. This resulting entry would reduce profits of the
dominant firm in all states of demand. The dominant firm follows a
conscious pelicy of trying to keep price low in some states to discourage
entry so that when demand is high, the dominant firm can reap hizh monopoly
profits.

There is one inessentizl indeterminacy in the problem that becomes
obvious on reflection. Suppose that the monopolist's optimal output m as
a function of the observed stace of nature v is m(y).l Let min m(y) > 0.
Suppose the competitive output is S. WNotice that the price Zistribution,
output produced and monopoly profits are unchanged if we consider the
equilibrium monopoly output @%{Y) =m(¥Y) + 4, and equilibrium competitive
supply 8% = 8 - 4 for 0 < 4 < min m(y). Since on any fixed amount of out-

v
put, 4, expected profits are zero we see that the relevant issue is not
the size of the monopolist's output relative to the competitive fringe,
but rather the variation in the monopolist's output above some fixed level.

As long as a firm produces a fixed amount of output, it makes no

lFor notational simplicity, we henceforth will suppress ¥ in writing
m(Y, ¥) and simply use m(Y) to stand for the firm's optimal strategy.



27

difference whether we regard the firm as part of the competitive fringe or
as a division of the dominant firm. For expositional ease, in the example
to follow I will make S as large as possible so that min m(y) = 0. How-
Y

ever, the reader should bear in mind that this assumption has no effect on
the market equilibrium.

A simple example is the easiest way to illustrate the above points
and show how the dominant firm can solve for its optimal strategy.
In the example we will for simplicity imitially suppress the decision of
the fimm to optimally acquire information.

Assume that some dominant firm either has perfect information about
demand or has determined that it is optimal for it to be perfectly informed.

Let the market demand curve be

D(p) =a-p + ¢

where ¢ is a random variable with mean 0, variance 02, p is price and a is
a constant. Let S stand for the output of the competitive fringe. Pro-
duction by the competitive fringe must occur before price is observed.
Competitive entry will occur until expected price equals coastant production
cost c. Since ex ante the world always looks the same to the competition
fringe, S will be a constant. The residual demand curve facing the dominant
firm is

DR(p) =a-p-5+c¢.

By assumption, the dominant firm has invested in information and knows ¢
before pfoduction decisions are made. Let m{e) represent the optimal output
of the dominant firm when ¢ is observed. Then price is a random variable
that varies as € varies. Price is determined by the condition (analogous

to {(2)) that supply equals demand or



28

S+ m(e) =a-p+e or

(5) p=a-58-me) +e.

The above equation determines the distribution of price. 1In

particular, the expected value of price is

E(p) = a- 8 - E[m(e)].

Expansion of the competitive fringe will continue until E(p) = ¢ or until

a-85 - E(m(g)), so

]
]

(6)

w
]

a - ¢ - E(m(e)).

This last condition determines S as a function of the entire ocut-
put strategy of the dominant firm. The dominant firm recognizes this
interdependence and takes it into account in determining its optimal
strategy. We can now write down the dominant firm's optimization problem.l
The dominant firm wishes to choose the function m{e) to maximize the ex-
pected value of profits with price being determined by (5) and the size of
the competitive fringe being determined by (6).

Mathematically, the dominant firm wants to

max [ [p(e) -¢] m(e) d6(e)
m{e)

subject to p(e) a—-8-mlg) +e, and

S

a- ¢ - f m{e) dG(e),

lSeveral non-negativity constraints are being ignored for simplicity.
We later give an example to show that there is a solution with these con-
straints satisfied.
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where G{e) = cumulative density of the random variable .

Substituting p(c) and S into the profit expression, we obtain the

following calculus of variations problem

max f [m - m¢e) + €] m(e) dc(e),
m(e)

where m = E(m(e)].

Consider the variation § s(g) around the optimal policy m(e). Let
m%(e) = m(e) + 6 s(e), and therefore m*(g) = m(e) + & s(e) where a bar
stands for expected value. Substitute m*(e) into the objective function
and set the derivative with respect to 8§ equal to 0 when & is zero. This
derivative with respect to § must1 equal 0 if m(e) is the optimal policy.

Performing these calculations one finds that the optimal strategy m{e) is

m(e)

S. =4a-c - K,

{7 m{e) + S

a

c + /2, and

p‘= c + ef2,

where K is a constant.

To avoid the indeterminacy of K and in light of the previous dis-

€min .
cussion, we let € ., = min € and set K ., = - . Setting K = K .
min min 2 min
in (7) insures that min m(e) = 0 so that m(e) > 0 for all 5.2
€

la. . ; . . . A .
Since the objective function is concave, this condition is neces-
sary and sufficient for a maximum.

ZWe must also require that S > 0 and p(e) > 0 for all . A numerical
example satisfying all required non-negativity constraints is ¢ = 2, a = 10
and ¢ uniform on [-1, 1]. The optimal strategy is m(e) = /2 + 1/2, the
competitive fringe output is S = 7 1/2 and the price is p(e) = 2 + &/2.
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Notice that when € < 0, then p{g) - ¢ < 0, yvet the dominant firm
still produces a positive quantity. Price being below marginal cost does
not imply that marginal revenue is below marginal cost for the dominant
firm. As discussed earlier, the feedback of the output strategy on the
size of the competitive fringe explains this result. The dominant firm
strategy then is to produce in all states-—-but to produce the most when
demand and price are the highest. This profit maximizing behavior can be
viewed as a sophisticated form of "predatory" or "limit" pricing in which
the dominant firm occasicnally chooses to produce and sell at prices below
marginal cost in an effort to control the size of the competitive fringe.

The expected profits of the optimally behaving dominant firm equal

2
[ el m(e) de@ =] @-m(e) + ) m(e) do()=f () dacee)=7 o

where 02 is the var &. This result is intuitively appealing. The advantage
of the dominant firm is its ability to detect changes in demand. The level
of demand will only influence the size of the competitive fringe. There-
fore, profits of the dominant firm will depend on the changes

(variability) in demand and not on the average level of demand.

The deviation of price from marginal

cost equals g/2 so that the expected deadweight loss to society from the
dominant firm equals 1/8 02. Even though the competitive output derived
in Section II and the expected market outpur in this case1 are identical,
because output of the dominant firm varies in response to ¢, the deadweight
loss is lower in a market structure with a dominant firm and competitive

fringe, than in a purely competitive market.z The intuitive reason for this

lRecall market output = § + m(gl) = a - ¢ + %—e.

2 . , .

Even if we assume the profits are dissipated by cartel enforcement
costs and therefore include profits as part of the deadweight loss, the con-
clusion stated in the text is valid.
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result is that the competitive fringe removes any persistent expected
distortions between price and marginal cost, while the dominant firm,

even though it follows a "predatory" policy, makes sure that industry

output responds to shifts in demand. Any laws limiting the ability of

the dominant firm to respond to demand fluctuations (such as one prohibiting

production 1if price is below ¢) will tend to increase deadweight lcss.

In the preceding example, the optimal choice of information invest-—
ment was suppressed and for expositional simplicity was taken to be complete
(the fraction F = 1 of the population was surveyed by the dominant firm).
The level of F will of course determine the type of uncertainty in demand
that the dominant firm and competitive fringe face. The marginal cost of
information will influence the optimal F which will in turn influence the
size of the competitive fringe. If no information is collected by the
monepolist then all market power vanishes and we approach the (unplanned)
competitive equilibrium discussed in Section II. If complete investment
(F = 1) takes place then we approach the market equilibrium just presented.

To examine these points more concretely, consider the more general
demand curve used earlier

D{p) =a - p + YF Vl + /I:E-Vz
wﬁere the realization of ¥F V, can be observed at cost C(F), and Y1-F V

2
at the time production must occur.
unobservable { Following the steps presented earlier in this section for determin-

is

ing the optimal policy, it follows that for fixed F thz optimal dominant firm

strategy as a function of the observed V. and the resulting equilibrium are given by

1

vy
m(v,) = ET*‘ K

S=a-¢-XK

s+mv) =a-c+ Ly

2 1
VF
p(Vy, V) =c+ 5V, + Y1-F v,
2
(&) m(¥) = F % (ignoring information acquisition cost)

A
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where K is the arbitrary constant discussed earlier. If C(F) is the cost

of finding out about F percent of the population, the optimal F (assuming
an interior solution) satisfies 7' (F) = 02/4 = C'(F). Recalling the re-
sults of Section III, we see that although the profits of the dominant

firm are lower than those of the monopolist the incentives to invest in
information are unchanged. This result is not of course general. The dif-
ferences in information investment will in general depend on the differences
in behavior of the marginal revenue schedule to new information in the
regions of the monopoly and dominant firm output (see the discussion in

the appendix).

If we measure the size of the competitive fringe by the minimum output
that is always produced,l then it is clear from the solution just presented
that the size of the competitive fringe shrinks as investment in information
(i.e., F) increases. The optimal F increases as the variance of demand
increases and as the marginal cost of information falls. Therefore, it
follows that the larger is the variance of demand and the lower is the marginal
cost of information, the smaller is the size of the competitive fringe. It
also follows that under the same conditions, the profits of the dominant

firm rise.

VII Summary and Conclusians

We have examined market structure in markets where knowledge of next
period's demand is socially beneficial to suppliers since it enables suppliers

to better plan their production. When demand is random, the purely

1Whether the constant amount is produced by the dominant firm or a
competitive firm is irrelevant. No monopoly profits can be made on this
output.

2More precisely, if we perturb the initial optimal solution by lowering
the marginal cost of information and by not increasing the total cost of infor-

mation at the initial optimum, then profits rise in the new optimal solution.
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competitive market does not generate the correct incentives for collection
of the information about the demand uncertainty. Although private insti-
tutions might develop to collect such information, the usual problems
associated with the appropriability of information makes this occurrence
unlikely. Examination of the monopoly case showed that although the
monopoly firm does have an incentive to invest resources in planning and
thereby does adjust its output to demand fluctuations, the deadweight
losses from the monopoly were likely to swamp any losses that arise from
not planning in the purely competitive case.

We next examined a market structure with a dominant firm(s) and
compatitive fringe. This market structure could arise if one or a few
colluding firms had sole access to information acquisition or ig as a

result of the natural incentives to merge one or a few colluding firms

emerge that are able to maintain and exercise market power. Analysis of
this market structure showed that-the size of the competitive fringe would
be positively related to the marginal cost of information and negatively
related to the variance of demand. The profits of the dominant firm would
be pesitively related to both the variability in demand and negatively
related to the total and marginal cost of information. The dominant firm
follows a "predatory" policy designed to limit the size of the competitive
fringe. The dominant firm produces even when price is below marginal cost
in order to keep the competitive fringe small and thereby increase its
monopoly returns when demand is high. The dominant firm has an incentive
to vary its output in response to demand fluctuations. The presence of
the competitive fringe removes any persistent distortion bewteen price and
marginal cost. As a result, the deadweight loss to society from having a
dominant firm with a competitive fringe is lower than that firm having either

pure competition (with no plarning) or pure monopoly (with planning).
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The links between information, planning market structure and be-
havior seem to be sufficiently strong to warrant further research.
Understanding these links could improve our understanding of differences
in market behavior. For example, in markets with much planning the varia-
tion of prices should be greater than in markets with little planning,
while just the reverse should be true for quantity variation. In markets
with planning, contracts may be the mechanism by which demanders convey
information to suppliers and which suppliers use to make sure that what
demanders predict for their demands turn out to be their demands. A con-
tractl specifying a quantity to be bought at tomorrow's prevailing price
plus a discount equal to the demander's information cost of predicting
demand could emerge as the most efficient mechanism for suppliers to ac-
quire informatiomn.

Knowledge of the link between market behavior and structure and
planning and information could also be useful in the formulation of a co-
herent public policy toward market structure. When the purely competitive
outcome is not the socilally desirable one, one must treat proposals to
break up industries into atomistic competitors very cautiously. On the
one hand, if entry barriers in production exist, then the analysis of the pure
monopoly case in Section V suggests that in most instances the argument that
planning would be harmed by deconcentration should not be considered a suc-
cessful defense. On the other ﬁand, if no production advantages are present
and a competitive fringe exists, then the analysis of Section VI suggests that

the planning argument, if true, should indeed be considered a reasonable defense.

lSee Carlton (1979b) for further discussion about the information
role of contracts.



APPENDIX

INVESTMENT 1IN INFORMATION: MONOPOLIST

VS. SOCIAL PLANNER

In this appendix we discuss the conditions under which a monopolist
will tend to underinvest in information relative to the social optimum.
The conditions required seem sufficiently plausible to make the under-
investment result the most likely case. However, to dispel any nction
that the underinvestment result must occur, we offer thg following counter-
example.

Suppose that there are only two possible states of demand as repre-

sented by the two demand curves below:

plO P
6L
5 5
1 and
100 q 500 500 g¢q

Let marginal cost equal $5. The social Planner will maximize expected con-
sumer surplus by producing any quantity between 101 and 500. The social
planner has absolutely no incentive to invest in information to find out
which state of demand will prevail. The monopolist, on the other hand,
has an incentive to invest in information to determine whether he
should produce slightly less than 100 units and earn profits of about $500
or whether he should produce any amount below 500 and earn zero

profits. The fact that the change in revenue for the monopolist can be

35
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much greater than the change in demand price is what generates the incen-
tive for the monopolist to overinvest.

If we rule out very different behavior in the response of the marginal
revenue (MR) and inverse demand (P) function to new information in the region
of the monopoly solution and social optimum respectively, then we will tend
to see the monopolist underinvesting in information. The reason is simple--

and is easiest to explain when (using the notation of Section III) the ef-

fect of the random demand component , Vl, is symmetric on g% and %%? [i.e.,
aP aP . . . . .
°F (—Vl) = - SF-(Vl)] and the error distribution Vl is symmetric. Assume

that 3P/3F and 3MR/3F are approximately equal on the relevant ranges so that
new information does not shift the MR curve by more than it shifts the P curve.1
Using the notation of Section III, we have that

S(V,, F)
SUR(F) = f dy, f dy, Ji 2(q, Vi, V,, Fdg - ¢ S(V,, F)
10

where ¢i is the cumulative density of Vi and where S{V F) has been chosen

l’
S
optimally (i.e., S(Vl, F) maximizes f dwz f P(q, Vl, F)dq - cS). By the
0
envelope theorem,

*
S(v,, P
3SUR(F) _

ar = ) i [ v, S

o]

1’ P

(A—l) a_F (CI: Vl, Vz: F)dQ’

The monopolist's profits equal

SV, F)

w(®) = [ dy, [ av, f [MR(q) - cldgq

Q

where MR(q) is marginal revenue at output g and S* is chosen optimally (i.e.,
s

S*(Vl, F) maximizes f [MR(q) - ec¢]dq. The envelope theorem allows us to
)

calculate 7' (F) as

lIf the (inverse) demand relation can be written as P = q(Q) + vF Vl +

v1-F V2 with V., V

1 2 independent, then these assumptions will be satisfied

exactly.
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STV B g
(=2 wi(e) = fay, [ ay, ¥ = Ay f o4y, f <7 da

where MR stands for marginal revenue.
From the symmetry assumption, it follows that SUR'(F) > w'(F)

provided that

aMR

aF

B S*(V., F)
1
I exceeds ,

dq.

s(-v , F) s*(—Vl, F)

In general, the range [S(Vl, F), S(*Vl, F)] will tend to be wider than the

range [S*(Vl, F), S*(-Vl, F)]. This follows directly from our assumptions

*

1
since it can be shown that %%r-etceeds s%a,so that a monopolist will tend
1

to respoud less to demand fluctuations than a social plamner. Hence, under
S(V F)

the stated assumptions, the quantity ] dq will tend to exceed

S*(Vl’ F) S('V > F)

aMR'dq. We expect then that prov1ded the behavior of MR and P

% ofF
S7( Vl’ )

to new information in the relevant ranges is not too dissimilar, the

monopolist will tend to underinvest in information.

llf AR _ 32 as assumed (this is the same assumption as R _ EE) 3
BVI BVl or aF
%
then the condition required for;;f > %%— is simply that the slope of the
1 1

MR curve exceeds that of the P curve in the relevant ranges. This follows

since by comparative statics we have f d¢2 EV f d“z gg and
1

f dwz V f d¢7 a “o% - Again we see that the underinvestment re-
3 1 S

sult depends on how different the behavior of MR and P are over different

ranges of output,
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