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Abstract. This paper considers the spatial model used by Anderson and Neven
(1991) to study firms’ decisions on locations without restricting the consumers’
reservation price. We note that the pattern of locations varies as the reservation
price for a fixed transportation rate decreases. For a high enough reservation price,
we find Anderson and Neven (1991)’s result where firms group at the center of
the market and serve all consumers. As the reservation price falls, firms start to
move away from each other, increasing the quantities shipped to the consumers
close to their locations.
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1 Introduction

Casual observation shows industries, mainly producing intermediate goods, with
firms using a distribution network to deliver their products. These networks allow
consumers to have the consumption goods closer entailing low costs of transport.
The behavior of this type of markets has been studied applying a type of models
called “shipping models”.

Anderson and Neven (1991) propose a shipping model to analyze the behavior
of price discriminating firms in a spatial modalla Hotelling, and address the
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guestion of firms location in a Cournot-type oligopoly. A conclusion of their
paper shows that competition leads to spatial agglomeration. Nevertheless, their
analysis is incomplete in that there is a restriction on the feasible values of
the reservation price ensuring that both firms supply all consumers at the same
time. Consequently, the analysis does not capture those market structures where
a monopoly emerges.

Intuition tells us that when reservation prices are sufficiently small with re-
spect to the size of the market, firms may prefer to give up some market segments
instead of competing with another firm in locations sufficiently far away. In other
words, it looks as if firms had given up the opportunity to compete by implic-
itly sharing the market in an adequate way. The aim of this paper is to give a
tentative answer to these situations.

The literature that refers to this type of model can be divided into two groups:
The works of Greenhut and Greenhut (1975), Norman (1981), Phlips (1983) and
Anderson and Thisse (1988) concerned with the equilibrium prices over space
resulting from Cournot competition, and the works of Hamilton et al. (1989) and
Anderson and Neven (1991) concerned with firms’ location.

The solution shows that the pattern of locations varies as the reservation
price for a fixed transportation rate decreases. For a high enough reservation
price, we find Anderson and Neven'’s (1991) result with clustering of firms. As
the reservation price falls, firms start to move away from each other. Finally, we
identify a critical value of the reservation price such that below this price firms
start monopolizing segments of the market.

The paper is organized as follows: the model is presented in Sect. 2. Section
3 solves the model and, finally, a section with conclusions closes the paper.

2 The model

Consumers are uniformly distributed with the unit density d@ed]. The econ-
omy has an oligopolistic sector producing a homogeneous good and a competitive
sector producing a composite good, which is considered asuitmeraire.

At each location there is a representative consumer whose preferences are
represented by the "quasi-linear” utility functidd (go,q) = do + aq — ﬁq—;,
whereq andqg are the quantities of the homogeneous and the composite goods
respectively, and parametessand 3 are positive. There are two firm#, and
B, selling the homogeneous good and sited at locatigns [0,1] andxg €
[0, 1] respectively. Without loss of generality, we assurae< xg. There are
no production costs and transport costs are assumed to be linedr|x.e.x |,
wherex € [0, 1] is a consumer’s location arjd= A andB.

Maximizing the utility function subject to the budget constraipt+ pq = |
yields the linear inverse demand functipr= a — 8q, wherep is the mill price
of the homogeneous good. Therefore, firis profit at locationx is given by

M) =pe)d () —tl — x| (). 1)
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We consider the following two-stage game: in the first stage, both firms
simultaneously choose their locations, and in the second stage, firms compete
in quantities given these locations. We assume that arbitrage is not felasible,
therefore, quantities set at different locations by the same firm are strategically
independent.

3 The resolution of the model

Anderson and Neven (1991) restricted the analysis 1o 2t avoiding the pres-
ence of a monopoly. We now extend the analysis of the quantity gamelt@t
allowing for different market configurations. We identify market patterns where
firms compete over the whole market as well as patterns where a firm behaves
as a monopoly in a market segment.

Let x € [0, 1] be the location of a consumer. Each firm maximizes its profit
given the quantity chosen by the other firm. Therefore, the equilibrium quantities
are either the Cournot equilibriugg (x) andgé (x), provided they are positive, or
the monopoly equilibriung, (x) providedqc’ (x) is negative where-j denotes
firm j’s competitor.

From (1) and following direct computations, the Cournot equilibrium at lo-

cationx is
1

6 (9= g5 (@ =2t pg —x| +t g —x]) 2)
and the monopoly equilibrium at locationis
i 1
qb(X)=%[a—t\Xj—XI]- ®)

From (2) and (3), the conditions under which Cournot equilibrium (2) is
positive over|0, 1] are

G- (0) > 0andg. (1) >0, (4)

whereas, the conditions under which monopoly equilibrium (3) is positive
over [0, 1] are . .
aw (0) > 0 andgy, (1) > 0 (5)

Conditions (4) and (5) follow from the fact that (2) and (3) decrease as we
approach to the edge of the market.

As a consequence of (5), notice that as long ast, there are some locations
from which no firm would provide consumers sited on the market boundaries.
We avoid this situation and focus the analysiscoir t.

1 |f the transaction costs between two consumers are low, any attempt to sell a given good to two
consumers at different prices runs into the problem that the low-price consumer buys the good to
resell it to the high-price one. What happens if the transaction cost is the same as for the firms? If
the marginal equilibrium price with respect to distance is smaller than the marginal transportation
cost, it is not profitable for consumers to resell the product to the neighbors. Consequently, it is not
necessary to assume the possibility of arbitrage. However, it is not clear if firms would choose this
equilibrium price knowing there are identical transaction costs for firms and consumers.
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From (4) and (5), the set of feasible locations can be divided into four regions
that we denote aRy for k = 1, 2, 3 and 4. If firms choose any pair of locations in
Ry, both firms provide the homogeneous good for the whole mark&;,ifirm B
operates as a monopoly in a market segment; in reBiofirm A is a monopoly
in a market segment; and finally, in regi®a, each firm monopolizes a market
segment. Notice that market segments which are not monopolized are supplied by
both firms at the same time. RegiBais also divided into two subsets, depending
on whether firms set the monopoly quantities at their respective locations or not
(see Fig. 1).

0 XA 1
Fig. 1.

At the first stage, firms simultaneously choose locations. To obtain the op-
timal location for each firm, we compute the total profit of a firm, setting the
equilibrium quantities already obtained at the second stage in the profit function
(1) and summing up ovdi0, 1] . At the solution, there is either uniqueness or
multiplicity of equilibria depending on the rate betweerandt. Anderson and
Neven (1991) find agglomeration of firms at the market center assumingt.
Relaxing the previous restriction, we obtain the following result.

Proposition 1. SQuppose that « € [t, 2t] . Then

(@) Thereisa unique equilibrium location, X5 = X3 = 3, when 3t < o < 2t.

(b) Therearetwo equilibriumlocations, x; = x3 = 1 and xx = 22=4 x5 = 1—x;,
when Ht < o < 3t.

(c) There are two equilibrium locations, x5 = xg = % and
Xi = ol (20& — 460 — 4/~ 1172 + 5400t — 356042> , x5 = 1— x5, when

11
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a=1.5t o=t

Fig. 2.

The proof of Proposition 1 is relegated to the Appendix.

Concerning the properties of location equilibria, when there are multiplicities
of equilibria, items (b) and (c) of Proposition 1, the agglomerated equilibrium
location is stable and the dispersed one is unstable (see reaction functions in Fig.
2).2 Furthermore, total profits in the dispersed equilibrium are higher than in the
agglomerated ong.

4 Conclusions

We generalize Anderson and Neven’s analysis by considering a broader interval
of the reservation price-parameter. The solution says that whebt k o < 2t
we still replicate the previous result. That is, firms locate at the market center.
More interestingly, whem < 1.5t, we obtain that a dispersed equilibrium exists
together with the agglomerated one obtained before. These equilibria arise from
different market patterns. In particular, wherdtl< o < 1.5t, both firms supply
the whole market and move away from each other to acquire more influence over
different market segments. However, whef « < 1.1t, each firm monopolizes
a segment on the boundaries of the market and competes with the rival firm in
the rest choosing separated locations.

In this model, different effects come into play. When we are in a dispersed
equilibrium, firms minimize the costs of transport and the degree of competition

2 Formally, the condition of local stability is\ = IT3\J18; — IIaz 115 > 0 and this comes

from the comparison of the total profit functions’ slopes at the equilibrium locations. Consider region
R;: At the agglomeration equilibrium we obtaid = % (a — gt) (2ae — t). This expression is
positive as long as there is uniqueness of equilibria, and negative as long as there is multiplicity of
equilibria. At the dispersed equilibrium) = % (20 — 3t) (2 — t). This expression is positive
when a dispersed equilibrium exists. Analogous procedure can be made when equilibria lay in region
R4z (see Tirole, 1992).

3 Let IT%,, denotes firmA's agglomeration profit andi74, is the dispersed one. When

Lt < a < 15, f() = IIh — II5,, = 10a° — 270%t + Zot? + 21 f (a) > 0 since
£ () = 15(a — 0.3t) (2 — 3t) andf (1.5t) = 0. Whent < o < 1.1t, f () no explicit solution to
this problem can be obtained. Solution is based on a computer simulation. A parallel argument also

holds for firmB.
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between them. The reason is that the transport costs are high compared with the
demand size. Therefore, they prefer to divide the influence over the consumers
choosing separate locations in the market. Conversely, if the demand size is high
enough, firms cluster at the market center because the competition is not very
strong and makes it possible to reduce transport costs.

A Appendix: Proof of Proposition 1

The proof follows two steps: At the first step, we show that reaction functions are
symmetrical and continuously differentiable, and at the second step, we compute
the equilibrium locations.

Sep 1

The symmetry of the reaction functions, i.&2 (xa, xg) = IT8 (1 — Xg, 1 — Xp),
directly follows from the symmetry of the model. Furthermore, reaction functions
of firm A and firm B are differentiable in0, 1] . Since profits are represented

by cubic functions, it could only be a discontinuity at locations on the frontier
between two regions. However, it is straightforward to check that profits are
continuously differentiable at those locations. As is common in this type of
models, the given specifications of demand function and transport costs permit
deriving the reaction functions from the first order condition of the optimization
problem.

Sep 2

Throughout the following step, let denotesa/t. First, letxa andxg be a pair
of locations in regionR;. From the first order condition, equilibrium locations
must satisfy one of the following conditions:

1-xa—%Xg=0 (6)

or
2a—1—xg+xn=0. 7

Assuming thatxa and xg satisfy Eq.(7). Sincea € [1,2], we obtainxg > 1.
Then the unique locations iR, satisfying (7) are xa, = 0 andxg = 1 as
long asa = 1. However, these locations do not satisfy the first order con-
dition. Therefore, substitutinge) into the first order condition, we obtain the
equation 41— 2xa)(—2a+1+4x,) = 0 whose solutions ar&, = 0.5 and

Xn = (2a — 1) /4. The pair of locationsxa = 0.5 andxg = 0.5 are inRy,
whereasxa = (2a — 1) /4 andxg = (—2a +5) /4 are inR; as long agjA (1) > 0

(98 (0) > 0 is true just by symmetry), i.e., whem > 1.1 (notice thata < 1.5
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since it would not give feasible locations). Accordingly, the equilibrium loca-
tions inRy arexa = 0.5 andxg = 0.5 whena € [1,2] andxa = (2a — 1) /4 and
xg = (—2a+5) /4 whena € [1.1,1.5].

Equilibrium locations inR,: from the first order condition, equilibrium loca-
tions must satisfy condition (6) or

2a—1—-3xg+3xp =0 (8)

There are no equilibrium locations satisfyif@) because it gives the condition
Xa > Xg. Putting (6) into the first order condition, we obtain the unique equilib-
rium locations in regiorR,, xa = 0.3 andxg = 0.7 for a = 1.1. Notice that these
equilibrium locations were already obtained in regkn

The symmetry of the model gives the same solution in re§igas in region
Ry.

Equilibrium locations in regiorRy, : from the first order condition, equilib-
rium locations satisfy condition (6) or

2a—1+xg —xa=0 9)

Following an identical argument as R, solutions cannot satisfy E¢9). Sub-
stituting (6) into the first order condition gives

—g(a—2+4xA)2+g(a+1—2xA)2—9(1—2xA)2—%(a—xA)Z:O. (10)

The solutions of (10) are}"~ = (208— 46a + 4/—117 + 54@ — 356a2) /434,
The pairs of locationg, ~ andxz'~ (=1 —x, ") are inRy, as long asy’~ €
[Xa,Xa] (Xa = (2 — a) /3 divides regions, andRy, andXa = (2 +a) /4 divides
regionsRy1 andRyp). Sincexy > Xa, x4 andxg are not inRy, whereasx, and
Xg are inRy, for a € [1,1.1]. Therefore, the equilibrium locations R4, are
X, andxg whena € [1,1.1].
Equilibrium locations in regiofiRs;: From the first order condition, the equi-

librium locations must satisfy condition (6) or

2a—1+xg —xa=0 (12)

Equatior{11) does not give any solution. Substitutifg) into the first order
condition gives—9(a — xa)? /4 +(2a — 1+ 2xa)? /3 = 0. The solutions of this
equation arex,”” = ((43i 24\/§> a— (Si 6\/§)) /11. Neitherx, norx; are

in Ryz. Sincea > 1, x{ > 1 andx, > Xa (Xa dividesSy, and Sp,). Therefore,
there are no equilibria ifRy;. O
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