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ABSTRACT

Studies of entry deterring strategies typically assume a specific initial
market structure. Single product monopolies in markets for differentiable
goods have been shown to have an incentive to preempt their markets by
introducing new products before they would be introduced by entrants. Here we
show that while preemption is optimal once a firm is committed to a market,
the necessity of preemptive product introductions at later dates entails costs
which may prevent the emergence of a single product monopoly initial
structure; especially if the market is growing rapidly and competition does

not reduce prices significantly.



I. Introduction

Much of the recent literature on entry deterrence and barriers to entry
examines conditions under which firms already established in a market may or
may not profitably commit themselves to reaction functions that would yield
negative returns to entrants. Analyses deal most frequently with strategic
investment in new capacity (e.g., see Dixit, 1979, 1980; Eaton and Lipsey,
1980, 1981; Spence, 1977, 1979), but an important subset of this literature
focuses on what have come to be called preemptive strategies, strategies by
which established firms introduce new variants of differentiated products or
product innovations before the new products or innovations could profitably be
introduced by new firms. Studies of the preemptive introduction of
differentiated products have generally employed a spatial characterization of

1

differentiation.” Eaton and Lipsey (1979) examine the situation of a

monopolist in a spatial market and conclude that the returns to preemption
always exceed the returns to entry., Wildman (1980) and Schmalensee (1978)
make similar claims on behalf of established firms in a spatial oligopoly,
although their analytical approaches differ.

Studies of preemption, and studies of entry deterrence in general,
typically take some initial market structure as given and then examine the
returns- to entry deterring activities from that point on. The most common
assumption is that the market is initially served by a single firm which is
threatened by entry at some future date. When justified, the single firm
assumption is usually supported by the observation that firms generally enter
markets sequentially. Clearly, if conditions favor the employment of
preemptive strategles by established firms, the organization of a market in

equilibrium is largely predetermined by its initial structure. Thus, to fully



explain equilibrium market structures one must study the determinants of the
initial structures from which they evolve.

In this paper I identify and examine\factors which influence the
selection of initial structure in a growing spatial market in which firms,
once established, benefit from the employment of preemptive strategies, The
rules of the multi-firm pricing game, the rate of market growth, and the
returns to Hotelling-type locational strategles are shown to be important
determinants of initial structure.

The éssumptions of the model are set out in Section 2. The returns to
preemption for a single product monopolist are examined in Section 3 and the
Eaton-Lipsey argument that such a firm will always preempt is restated.
Conditions under which the initial market structure is likely to be a single
product monopoly are examined in Section 4 and the consequences of relaxing
the assumptions about the nature of sunk costs are discussed in Section 5.

The conclusions of the paper are summarized in Section 6.

1I. Assuthions

The assumptions about firm and market characteristics underlying this
analysis are essentially those employed‘by Eaton and Lipsey (1979) in their
study of entry deterrence in a growing spatial market. The only significant
departure is that demand grows continuously in this model instead of
increasing in a éingle discontinuous jump as assumed by Eaton and Lipsey.

We are studying entry into a growing marketvfor a differentiable
pro&uct. The range of potential product differentiation is represented by a
line segment of two units length with endpoints of O and 2. Consumers are
uniformly distributed across the product spectrum and, with the exception of

their locational preferences, are assumed identical. At a given price a



consumer values a nearby product more than one farther away. Thus, holding
price constant, an individual's rate of consumption is a decreasing function
of his distance from the product purchased.

In this model market growth refers to an increase in the density of
consumers in the market. Growth in this sense is increasing demand for
potential products, not increasing sales as in some analyses. Thus it is
possible to have market growth when sales are zero, as 1is assumed to be the
case prior to the entry of the first firm. Consumer density is assumed to
increase exponentially at rate g until time 1, at which time growth
ceases. Density remains at this terminal level from T onward. It will
Prove to be convenient to let T = 0 and index dates prior to Tt by negative
numbers and dates after T by positive numbers.

We beginAby assuming that during some portion of the period prior to =t
the market is served by a monopolist with a single product located_at 1, the
midpoint of the product spectrum. ?y T, when growth has ceased, consumer
density will be sufficient to support the introduction of two new products via
the entry of new firms, one on each side of the original firm. Without loss
of generality we can set consumer density at Tt equal to 1 = 8T,

"Firms are asgumed to possess perfect foresight, which means that the
- established monopolist and potential entrants always know what consumer
density will be at any date in the future. In addition the monopolist is
assumed to know the demand and cost conditions facing potential entrants. The
monopolist can thus predict with certainty the timing of entry if it is
allowed to occur.

Cost functions are identical for all firms. A firm introducing a new
product incurs a once-and-for—all initial entry cost of F bwhich is sunk and

ties the firm to a specific location. Following the usage of Eaton an& Lipsey



(1981) we call the asset purchased by the expenditure of F entry capital.
For simplicity it is assumed that there are no other fixed costs and that

vartlable costs are constant.

III. Second Round Entry and the Eaton-Lipsey Result

If the monopolist takes no action to prevent it, two new firms will enter
the market, one on each side of the original‘firm, by some date no later than
T. We will refer to the new firms as second round entrants. The original
monopolist is the first round entrant. Given the symmetry of their situations
the second round entrants will locate equidistant from the original firm.

This situation is depicted in Figure 1, with the original monopolist located
at 1 and the two new firms at & and 2-g.

In spatial models of this type, where competitors are assumed to employ
Hotelling~type locatiqnal strategies, for a given number of participants the
equilibrium configuration of locations and prices 1s independent of density.
This being the case, it is feasible and convenient to represent the value of -
revenue minus variable cost for one product in a particular locational
configuration at any given time as density at that time multiplied by the
value of revenue minus variable cost for the same product in the same
configuration with consumer density equal to l. For density of 1 define T
to be revenue minus variable cost for a monopolist with a single product
located at 1, ré to be revenue minus variable cost for an entrant in the

three firm configuration represented in Figure 1, and rg to be revenue minus
variable cost for the firm with the product located at 1 in the same three
firm market.

Assume second round entry occurs Te units of time prior to 1, or at

time -T,. The present value of a new product introduced by an entrant
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(evaluated at =T,) 1is given by (1).

-iT r iT
- e 0 (g-i)t e _ e
(1) PV (T) = e [x.-ej_T e dt +- = Fe °,
e

where 1 is the discount rate assumed common to all firms. As long as entry
is competitive, entry will occur at time -T:, such that PVe(T:) = Q,

Now consider the situaion of the single product monopolist anticipating
entry on both sides of its market at -T;. If the monopolist were to commit
itself to a reaction function, known to potential entrants, which would render
entry unprofitable, entry would be deterred. One way for the monopolist to
commit itself to such a reaction function would be to introduce its own new
products in the same product space just prior to the date at which an entrant
could enter an break even, that is, just prior to -T:. Potential.entrants,
realizing that the monopolist has already incurred the sunk costs of entry for
its new products and is therefore unlikely to withdraw them from the market,
would not come in since attainable revenue is no longer sufficient to cover
variable costs plus the fixed costs of entry.

Assume the monopolist does preempt and introduces new products just prior
to fT: at £ and 2-2 and replicates the pricing pattern that would have
resulted had the new products been introduced through entry. Evaluated at
—T;, the present value of the monopolist in this situation is the present
value of the two new products plus the present discounted value of rg times
consumer density'from -T: on. That is, the present value of the monopoly
would be the present value of the product at 1 if entry had been allowed plus
the present value of the products at £ and 2-¢. Since the monopolist 1is

assumed to have selected the locations and prices that would have occurred

with entry, the new products have the same present value to the monopolist



that they would for entrants, which is zero. Thus, if constrained to the same
prices and locations that would prevail following entry, the monopolist is
indiffferent about deterring entry.

However, for the monopolist the optimal locations for new products would
not be at ¢ and 2-g. Maximization of joint profits for three products
dictates that the new products.be located at 1/3 and 5/3, with all three
priced the same so that each product serves 1/3 of the market. Entrants, on
the other hand, would not locate at 1/3 and 5/3. Behaving as Hotelling-type
competitors, they would locate closer to the product at 1 since they can
capture a portion of its market without suffering a commensurate loss of sales
on the outside segments of their own market areas. In addition, a monopolist
controlling all three products could set the joint profit maximizing price.

Call the_configuration of prices and locations that would obtain with
entry the entry configuration and the optimal monopoly price and lgcational
scheme described above the monopoly.configuration. We have shown that, since
the present value of a new product to a competitive entrant is zero, 1if the
monopolist’ preempts employing the entry configuration its present value,
calculated at -T;, is the total of the discounted value of rg times
density from -T:‘ on. The monodpoly firm will have the same value if it
 allows entry to occur. Since the monopolist's profits are greater with the
monopoly configuration than with the entry configuration, the present value of
the monopoly must also be greater in this configuration. Thus, if allowed to
employ the monopoly configuration, the present value of the monopolist must be
greater if it preempts the market than if it allows entry to occur. New
products have a positive value to the established monopolist while their value
is zero to potential entrants. This glves us Eaton and Lipsey's principle

result. The established firm will always find preemption profitable.



Note that while this result tells us that preemption always increases the
net worth of the established firm, it does not tell us that the present
discounted value of a preemptive monopolist, evaluated at the time of first
round entry, must be positive. The analysis of the next section demonstrates
that this does not have to be the case. In situations where a preemptive
single product monopoly has a negative value other initial market structures

will be observed.

IV. Analysis of First Round Entry

Define ry to be revenue minus variable cost when density is 1 for one
of the single products controlled by a three product monpolist employing the
monopoly configuration. The present value (evaluated at time of entry) for a
monopolist that introduces a single product at the midpoint of the product
spectrum on date --Tm,_Tm > T;, and preempts potential entrants by
introducing two new products just prior to -Tg is given by (2).

(2) PV (T ) = e—iTm[rm [, SeE ey, 3,0 (8t
m -T:

r3 iT iT*
+3 - Fe 0 _oFre ¢

The initial market structure will be a single product monopoly if there exists

a Tm > Tg for which PVm(Tm) is nonnegative,

iT*
" By adding and subtracting Fe e’ (2) may be rewritten as
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Call the first term in square brackets to the right of the equals sign in
(2') R; and the second term in square brackets Ry, Rle-iTm corresponds to
what would be the present value (evaluated at -T,) of a single product
monopolist in the market from T, to —Tz paying a strictly prorated share
of entry costs, if such a transaction were possible. Rze-iTm is the present
worth, evaluated at -T,» of a three plant monopoly established at -Tg.

Noté that Ry, 1s identical to the expression in square brackets in (1)
with Tg substituted for T and r3 substituted for e« Since PV(T:) =
o, Rz-% 0 as r3-% I, If r3 > r, first round entry by a single firm
intent on following a deterrence strategy is assured. The present value of
the 3 plant monopoly configuration from T: on is positive, so competition
for the market among prospective first round entrants will produce a Tm > T:
for which 'PVm(Tm) = 0. Given ry > ro», the successful first round entrant
will accept a loss on operations prior to —T: in exchange for the right to
positive returns from -Tg on. ' This is the standard result of competition
- for the market resulting in entry at an earlier than optimal date.

If r, > r3 the nature of first round entry is more difficult to
determine. This makes Ry negative and it is bossible for the present value
of "losses" from -T: on to exceed the value of "profits"” during the earlier
period (IRzl > Ry). In this case first round entry by a single product
monopolist would not be feasible.

It is easy to show that for given values of Lys Ta énd r3 with

ry = r, negative and finite there must exist a value for g above which the



sum of Ry and Ry 1is always negative. Substitute T* for T, in (1) and
call the term inside the square brackets in (1) Ry Define Ry = Rg - Rge

Rd = (r3-re) [_4: e(g-i) dt +-:j|-:-]o

Since PVe(T*) = 0, R, = 0 and the value of Rd is the same as the wvalue
of Ry. For r3 - r, negative and finite Rg can be no greater than
(r3 - re)/i, which is also negative and finite.

By setting g sufficiently high consumer density, and thereby, potential
sales, on any given date prior to T can be made as small as desired. Thus,
given T - T; finite,2 R; can be driven arbitrarily close to zero by
increasing g. Therefore there must exist a value of g above which
[R,] > R; and PV < 0 alvays. ]

Projecting intuitively from this result to situations with lower values

of g, one would predict that, for fixed value of r

'm* Fer T3 i and

F, 1increasing g would reduce the rents available to a first round
monopolist or, alternatively, if the values of these parameters were unknown,
that the probability of observing first round entry by a single product
monopolist would be a decreasing function of g+ Unfortunately I was unable
to derive a mathematical expression that revealed anything about the nature of
this relationship. Therefore its properties were explored with a computer
model for varioué combinations of values for the parameters listed in the
first sentence of this paragraph.

Setting PV equal to zero and solving for the largeét possible value
of T, gives the earliest date at which first round entry could occur.
Denote this value of Tm by T;. If entry is competitive on the first round

and single product monopoly is a feasible initial structure then first round
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entry will take place at -T;.3 Since firms compete for rents through earlier
than optimal entry, large monopoly rents will be reflected in high values for
T;. Thus the effect of changes in g on the rents available to a first
round monopoly entrant may be studied by examining the variation in

T; as g 1is changed. This was done for numerous combinations of r r

m? e’

ry3, i and F. In every case T; was revealed to be a decreasing function
of g.4 T: showed the same pattern and the difference between the two
declined as g 1increased. The results for one set of parameter values are
reported in Table 1. Notice that for a growth rate slightly over half the
discount rate a single product monopoly is untenable as an initial structure
since PV < 0. This result is typical of our findings for the other
combinations of parameter values tested. Intuition appears to have been a
reliable guide in this case. Single product monepoly initial structures are
less likely to be observed in markets in which demand is increasing rapidly.
Factors which increase r, relative to r4 clearly make the market 1less
attractive to potential single product monopolists in the first round.
LocationalAconsiderations by themselves favor second round entrants. If price
was set by an external authority and not allowed to vary in response to entry,
firms entering in -the second roﬁnd would profit from occupying positions
| closer to the origiﬁal firm than would be dictated by joint maximization.
This would raise r, above r3. However, it 1s possible for the effect of
second round entrants' locational advantage on fhe relative values of rg
and r, to be more than offset by postentry price competition. So the rules

of the postentry pricing game may be critical in determining initial
structure.
The relative values of r3 and r, are examined for two different

pricing games in the appendices under the assumptions that individual demand



TABLE 1

Effect of Growth Rate on Entry Dates

g T* T T* - T
0.01 120.4 13.3- 107.1
0.02 . 65.6 9,0 56.6
0.03 46,2 7.2 . 39.0
0.04 35.1 6.2 28.9
0.05 26.6 5.5 21.1
0.06 PV, <0 ¥ T > T*,

*I* and T* calculated for F = 5.0, r_ = 1,49,
m e m

re = 0.53, r3 = 0,51.
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functions are linear and marginal costs and transportation costs are
constant. In Appendix 1 it is shown that, given these assumptions, if
entrants come in committed to a policy of always setting a price (mill price)
identical to the price of the established firm, them r, will always exceed
r3. On the other hand, if the post entry game is Nash in prices r, may be
either greater than or less than rj3, depending on transport costs (in this
analysis the utility loss per unit distance attributable to consuming a
product not at one's preferred location) and the parameters of the demand
function. This is demonstrated in Appendix 2. Subject to limits on
parameters imposed by the constraint that a profit maximizing single product
monopolist sell to at least one-third of all consumers,5 steep demand
functions in combination with high transport costs produce rg > r3. Within a
limited range.this relationship may be maintained by trading off steeper
demand functions for lower transport costs or vice versa. However, with flat
demand functions and low transport gosts r, is always less than rj.

A third possibility would be for an established monopolist to commit
itself to a postentry pricing strategy of always setting a price low enough to
ensure T3 > Tge If first round entrants can credibly make commitments of
this type then the initial structure will always be a single product
monopoly. The point, of course, is not to argue for the plausibility of any
particular set of pricing rules, but to demonstrate that with commonly
employed assumptions about price competition conditions both favorable and
unfavorable to the emergence of a single product monopoly initial structure
ma& be generated.

Up to now we have assumed that a single product monopolist will locate

its product at the midpoint of the product spectrum. Relaxing this assumption

has little affect on the conclusions reached above. While it is possible that
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in some circumstances first round single product monopolies may be viable at
an off-center location but not at the midpoint, the basic argument developed
above 1s still valid. A second round entrant would still locate too close to
the first firm to permit joint profit maximization and unless price
competition is sufficiently strong it would also realize a higher net revenue
on sales. Given this relationship, if the market is growing fast enough a
single product monopolist would have a negative value as a first round
entrant.

The existence of a single product monopolist is frequently used as a
starting point in analyses of entry deterrence. The basic point developed in
this section is that the viability of this type of firm as the first round
entrant in a growing market cannot be taken for granted. Even with modest
growth one should not be surprised to observe either simultaneous first round

entry by two or more firms or first round entry by a multiproduct f£irm.

V. First Round Entry with Short-Lived Entry Capital

The results developed above depend critically upon the assumption of
infinitely durable, or at least very long-lived, entry capital. If the
durability of entry capital was a choicé variable to the firm, then the
structural evolution of a growing market would proceed differently, at least
in those situations in which the present value of a first round single product
monopoly would bé negative,

Consider thé opposite case in which there are no cost advantages or
disadvantages associated with units of entry capital of differing durability
== the discounted cost of a sequence of investments in short-lived entry
capital being equal to the cost of a single unit of entry capital with the

same durability. In growing markets where infinitely durable entry capital
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would make a first round single product monopoly infeasible one might now see
first round entry by single product monopolists that enter the market with the

intention of leaving later 1in response to second round entry.6

VI. Conclusions

Studies of entry deterring strategies typically assume an initial
structure and examine tactics available to established firms. Here we have
shown that for a spatial model in which firms are blessed with perfect
foresight and deterrence is always the optimal strategy that knowledge of the
deterrence strategy to be employed also provides us with information about the
viability of different initial market structures. Initial structure is
strongly influenced by the rate of growth of potential demand, the
characteristics of consumer demand functions, and the rules by which firms
compete in prices. Single product monopoly initial structures should be
observed less frequently in rapidly,growing markets than in markets growing
slowly while postentry price competition makes their appearance more likely.
The effects of consumer demand characteristics on initial structure are
important and vary according to the pricing strategies employed if entry does

occur.
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APPENDIX 1

In addition to the assumptions stated in Section 2 we now restrict the
analysis to situations with linear demand curves and constant marginal cost.
Given these restrictions we can show that if entrants are able to force an
.established firm into the role of price leader by committing themselves to a
policy of always charging the same price (mill price) as the established firm,
then r, will always be larger than rj.

Let demand for a consumer located distance « from the product he buys

be given by

(Al.1) q(a,P) = a - b(P+ca),

where P 1is price and a,b and ¢ are positive constants., c¢ is the
transport cost which is interpreted as utility loss per unit distance in
nongeographic space. Using the same two unit linear product space, the
initial single product monopolist is at 1 and the two entrants are located
distance B from the initial product on each side (B = 1- 2). Since
entrants are committed to charging the éame price as the original firm, the
initial product will be sold to all consumers out to distance g/2 from its
location on both sides. For convenience we assume that marginal cost is
zero. Thus, if entry occurs, the original firm will set price to maximize

revenue, where revenue is given by density times r_ and r_. is

s ‘s

B/2
(Al.2) r_ =2P [ (a-bP-bca)da.
0
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Setting the derivative of r with respect to P equal to zero and

S

solving for P we have

=8__CB
(Al.3) P T R
Assume for the moment that entrants locate at 1/3 and 5/3 (g = 2/3),
duplicating the monopoly configuration of locations. The original firm,
knowing the entrants will match its price, would set the joint profit
maximizing price, the same price that would maximize revenue for a three

product monopolist. So rg =rg if B = 2/3. We want to show that entrants
can do better by locating elsewhere. Since total revenue is maximized and

re = rq Wwith the monopoly configuration of locations and prices, if r, 1is

increased by a change in an entrant's location then re 2 r3. We will prove
this to be the case.

For an entrant revenue is density times r with r_, given by

e’ e

: g/2 18
(Al.4) r, = P[ (a-bP-bca)da + P [ (a-bP-bca)da.
0 0

Substituting from (Al.3) for p in the expression for r setting

e’

| B8 = 2/3, and taking the derivative with respect to B yields, after some

manipulation,
dre
(Al.5) . = ac/12 - be/96 ~ a/8b.
: 2| 8=2/3

If (Al.5) has a value other than zero, then entrants will choose a B # 2/3
and rg > ry, a factor which, by itself, is unfavorable to the emergence of a

single product monopoly initial structure,
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Implicit in the analysis developed in the text is the assumption that for
some period in the market's history prior to 1 demand was sufficient to
support a single product at the center of the spectrum (in the sense that net
revenue is at least as great as the opportunity cost of entry capital) but no
others. This assumption implies that the customers of a profit maximizing
single product monopoly will be spread over more than a third of the product
spectrum. We now show that for the linear demand model developed in this
appendix, this assumption restricts the relative values of the demand
parameters to a range for which (Al.5) will always be negative.

With only one product in the market, for a given price, the distance from
the product's location to its most distant purchaser is the value of o for
which q(P,a) 1s zero. Denote this value of a by y and call the price
set by a single product monopolist P;. The firm's product is purchased by
all consumers located in a region of size 2y centered on its product's
location on the attribute spectrum. As long as firms are unable to
discriminate among consumers on the basis of location, y and P, are
determined jointly according to (Al.6). Thus either P; or y can be treated

as the choice variable of a single produce monopolist.

(A1¢6) Pl =T)'—CY.

Revenue for a single product monopoly, ry, 1s given by

: Y
(Al.7) r =2P [ (a-bP
1 14

Substituting from (Al.6) and taking the derivative with respect to y we have
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dr
(A1.8) —1 = 2acy - 3be’y2.

dy
If the customers of a profit maximizing single product monopoly are
distributed over more than a third of the product spectrum, (Al.8) must be
positive for y = 1/3. In other words, the firm must still be able to profit
from expanding the range over which its product is sold if its currently most
distant buyers are no more than 1/3 units away. (Al.8) positive for y = 1/3
requires 2a > bc, i1in which case (Al.5) is negative. Entrants will choose

locations less than 2/3 from the center of the product spectrum and g > T3
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APPENDIX 2

We employ the same linear specification of individual demand functions
here as in Appendix 1. q(P,a) is the demand of a consumer located « from
the product he buys when the price is P. The functional form employed 1is
given by (A2.1), which is identical to (Al.l). Consumers are uniformly
distributed across the two unit characteristic spectrum. We also retain the

assumption of Appendix 1 that marginal cost is constant and zero.
(A2.1) q(a,P) = a - b(P+ca).

Again we are concerned with the relative values of r3 and r,, this time
when the postentry game is Nash in prices. Initially there is a single firm
with a product located at the midpoint (at 1) of the two unit spectrum. Two
new firms introduce products on each side of the original product. Once
established, products are immobile and the competitive game is Betrand.
Entrants know the rules of the pricing game and select their locations to
maximize profits.,

" If all products sell at the same ﬁrice, as in the example developed in
Appendix 1, consumers always buy the nearest product, resulting in an even
division of the space between adjacent products. If products can be sold at
different prices, as in the analysis developed here, the boundary between
regions served by neighboring products is the point at which delivered prices
(miil price plus transport cost) for the two products are equivalent.

Let P, be the price of the original product at 1 and P, be the price
of a product introduced by an entrant 8 units from the first product. Then

the boundary between the market areas served by the two products will be &£
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units from the first product, where g 1s given by (A2,2).

Pe_Ps B
(A2.2) & =—2'c—+'2--

Since the analysis is symmetric with respect to entrants on each side of the
first firm, we simplify the analysis further by assuming that entrants behave
simultaneously as well as symmetrically. This saves us the complications of
having to explicitly consider the behavior of both entrants,

For given values of P, and P, revenue for the product at the center

is density times r_, and revenue for an entrant B units from the midpoint

s

is density times Tee Ig and r, are given by (A2.3) and (A2.4)

8 e
respectively.
€
(A2.3) r, = 2Ps é (a-st—bca)da.
B-E 1
(A2.4) r =P [ (a-bP ~bea)da + P f (a-bP ~beca)da.
e 0 e 9 e

Substituting from (A2.2) for £ and setting the partials of rg with respect
to P; and r, with respect to P, equal to zero gives implicit reaction

~ functions for the original firm, (A2.5), and an entrant, (A2.6), respectively.

(A2.5) dr /aP. = AP +BP +C =o0.
8 S S 8 S 8 S

’ 2
(A2.6) are/aPe AePe + BePe + ce 0.

Where A = 9b/4c,

Bg = =~ (3a+bP )/c - bB/2,
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Cs = B(4a-beB)/4 + P (a/c-b8/2) = bR%/4c,
A, = 9b/8c,
B, = b(38/2-2) - a/c - bPS/Zc, and

(2]
]

e =@ = bc/2 - ag/2 + beg(1-58/8) + Ps(a/2c—b8/4-bPS/8c)

Note that both reaction functions, and thus Pg and P, are functions of
B. Substituting from (A2.2) for £ and solving (A2.5) and (A2.6)
simultaneously for the two prices enables entrants to calculate r, for a
given B. Location (B) is then selected to maximize Lo
The complexity of the quadratic forms of the reaction functions prevented
a formal solution of the entrants' objective function. Instead a computer
program was devgloped to run the Bertrand game to conclusion for gilven values
of B, a, b, _and c.7 Holding the values of demand parameters constant, the
game was rerun for different values of g from 0 to 2/3, changing the value
of B by 0.02 on each iteration. Thus we were able to identify the value of
8 that maximized r, within #0.02. We will refer to the estimate of an
entrant's optimal B as g*, Thisg procedure was repeated while
systematically varying b and c¢ with a held constant at zero subject to the

constraint that be < 2.8 Calculated values of 8 and r are the bottom

e
and top numbers, respectively, in the triplets of observations shown in Table
A2.1. The middle number is r3 for the same set of demand parameter values.

1/3

r, = 2P3 / (a-bP3—b(a)da,

0

with P53 given by

P3 = a/2b - c¢/12,
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which is just a rearrangement of the first order condition with respect to
price for a three product monopolist employing the monopoly configuration of
locations.

Looking at Table A2.1, one sees that a rough diagonal running from the
lower left corner to the upper right corner separates the table into two
sections which differ according to the relative values of ry and ro,. In §
the upper left section r3 > ro, while in the lower right section r3 < rg.
With linear demand functions and a Bertrand pricing game, low transport costs
and flat demand functions yield r3 > Ta and ensure single product monopoly
as the initial structure. By increasing transport costs and/or making
consumers more price sensitive (demand functions steeper) one can bring about
a reversal of this inequality, which, if the market is growing fast enough,

will generate -a multiproduct initial structure. -
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FOOTNOTES

1omori and Yarrow (1982) differ in this respect. Their representation of
product differentiation is similar to that introduced by Spence (1976) in his
study of monopolistic competition. This approach is more general in some
respects than the spatial analogue, but it is not useful for examining that
aspect of competition captured by locational strategies in spatial models.
Still, their conclusions about the value of preemptive product introductions
to an established monopoly are the same as those reached by Eaton and Lipsey
(1979) in their spatial analysis of the problem.

2The value of T, 1is constrained by the requirement that PVm(Tm) > 0.

3PVm has two roots in T, The largest, T;, is the date of first
round éntry if first round entry is competitive.  The smaller root gives the
latest possible date of entry for which a single product monopoly would have a

nonnegative value,

4Restrictions on the values of N

r, and rj3 were r; >r, >r3 and
r < 3r3. The last inequality guarantees that sales are not diminished if a
monopolist introduces additional products. In practice we found it necessary

fairly close to 3r3 to produce values

e

to set r close tq ry and Tn

of T, for whicﬁ PV, was nonnegative.
SIf the range of potential product variation is large relative to the
area served by a single product only multiproduct initial structures are
plausible and discussion of the viability of a single produpt monopoly is
meaﬁingless. This constraint rules out situations of this type.

6This will not necessarily be the case since in rapidly growing markets

net revenue on sales for a single product monopolist may never grow large
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enough prior to the date of second round entry to cover the opportunity cost
-gT*
of entry capital. That is, re € < 1F.

7Using the quadratic formula to solve for the P's, only real roots of

the form

_ -B-(8%-4a0) /2

P 54

gave economically meaningful reaction functions.

8The reason for imposing this constraint on the range of values taken by

the demand parameters is explained in detail in Appendix 1.
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