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Abstract

In a game where firms select locations,technological interactions through the exchange of
intermediate goods bring about a multiplicity of locational equilibria and entail a pattern of
agglomeration of the productive activity with the variation of the transport costs that is
opposite to the one usually proposed in the literature, namely in VENABLES (1996).
VENABLES, Anthony (1996), "Equilibrium locations of vertically linked industries",
International Economic Review, 37 (2): 341-359.
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1 Introduction

Technological interactions through the exchange of intermediate goods between
firms that compete through the choice of locations have two different kinds
of impact. The most conspicuous is the incentive that they provide to firms’
spatial agglomeration. According to VENABLES (1996), this incentive follows
a so-called ”U-pattern”: it is maximal for intermediate levels of the transport
cost of inputs and negligible for extreme values. Assuming that there is some
proportional relationship between the transport costs of intermediate goods and
final goods, if these costs are very high, firms are dispersed in space in order to
serve consumers. If transport costs are very low, no incentive for agglomeration
exists.

A second feature of the exchange of intermediate goods is the multiplicity
of locational equilibria, which was shown by FUJITA (1981) and that arises
because a location is advantageous for a firm simply because it has in its neigh-
borhood firms that are connected with it by input-output relations.

In this paper, the spatial effects of the trade of intermediate goods is dealt
with in a game-theoretic framework that keeps the core result of multiplicity of
locational equilibria and, at the same time, proposes a pattern of agglomeration
that is opposite to VENABLES (1996).

2 Assumptions of the model
The economy obeys the following assumptions:

1. There are two countries that are labelled A and B. Country A is larger
than country B but the asymmetry is bounded from above so that the
relation between the populations n, and ny is given by 2np > ng > np.

2. There are two downstream firms, labelled 1 and 2, that produce a ho-
mogeneous consumer good, and an upstream firm, labelled firm 3, that
produces and sells an intermediate good to the downstream firms.

3. There is no price competition, so that each firm charges a parametric mill
price. Downstream firms charge mill price 7 and the upstream firm quotes
the mill price p,,. The firms have constant unit production costs ¢ and c¢,,
that are strictly less than the respective mill prices.

4. Transport costs per unit of product per unit of distance are given by t for
the consumer good and by t, for the intermediate good. The distance
function between two locations s;, s; is given by

o 0 Zf S = 85
d(s“sj)‘{ 1 if si#s

5. Transport costs of the goods (both consumer and intermediate) are sup-
ported by the buyers.



6. Consumers have a 0-1 demand function with reservation price v. They
purchase the consumption good from the downstream firm that charges the
lower delivered price, provided that this does not exceed the reservation
price. Otherwise they refrain from purchasing. If two firms charge the

same delivered price, the consumers buys from each one with probability
1
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7. Downstream firms use the intermediate good in fixed proportions with the
final good: « units of input are required to produce one unit of output.
The downstream firm produces and purchases the input if its profit is
positive. Otherwise it exits the market.

8. The operating profit of a downstream firm ¢ gross of the transport cost of
the input is positive

Wi:]_j_c_a]_‘?w>0 (1)

3 The normal form of the game

The economy can be modelled by a static noncooperative game whose normal
form is described in the following way. There are three players, downstream
firms 1,2 and upstream firm 3. FEach firm has a strategy set made by the
following pure strategies: ”locate in country A” (strategy A); ”locate in country
B” (strategy B); and ”exit the market” (strategy E). The strategy of firm 4
(1 = 1,2,3) is expressed by s;. The payoff function of the downstream firm i
(1=1,2)is

P: (51,59, 53) = { D;(s1,82)[p— c— ap,, — atyd (s, s3)] if s; and sse{A, B}

0 otherwise
(2)

where D, (s1, s2) is the demand addressed to firm i. By definition, D, (s1, s2)
is zero if firm 7 exits the market. The payoff function of the upstream firm is

_ | a(@y, —cw)[D1(s1,82) + Da(s1,82)] if s3e{A, DB}
Py (s1,52,53) = 0 if s3=FE
(3)

The following Propositions describe the solution of the game.

Proposition 1 If (s1, $2,53) is a Nash equilibrium, then either s = s3 = 83 =
E or s1,s2 and sze {A, B}.

Proof. As firms do not compete in prices, a downstream firm that stays
in the market has a positive demand in any location. Hence, if the upstream
firm stays in the market, each downstream firm can achieve a positive profit by
locating close to it in order to avoid the transport cost of the input (see 1). If
a downstream firm stays in the market, the upstream firm can get a positive
profit by entering the market (see 3). m



Lemma 2 s; = s = s3 = F is a (weak) Nash equilibrium.

Proof. The proof is obvious. m
In order to describe the set of Nash equilibria when the three firms stay in
the market, the following Lemma is a simplifying device.

Lemma 3 If s1,s2 and sge {A, B}, the locational decision of the upstream firm
is independent of the strategy choices of the downstream firms.

Proof. From 3, it is clear that if sge {A, B} the payoff of firm 3 is a constant
function of s3. m

Lemma 3 simplifies the solution of the game: we first compute the best de-
cision of the upstream firm and then solve the truncated 2-person game played
by the downstream firms. The problem lies in the multiplicity of equilibria,
namely the infinite multiplicity of best choices by firm 3. This multiplicity fol-
lows from the trade of intermediate goods in a spatial economy, as was outlined
in the Introduction. Taking as a reference SCHELLING’s (1960) concept of
”focal point”, equilibria where all firms stay in the market and the upstream
firm locates in the large country A will be selected.!

We concentrate now on the classes of the truncated games played by the
downstream firms as defined by parameters «, ny,np and t, assuming that the
input supplier locates in A. We make the assumption that the transport cost
of the consumption good and the input change in proportion so that t = t,,. 2.
The remaining parameters are fixed in the following way:

P = D=1 (4)
C =
v o= 2

With these specifications, constraint 1 becomes 0 < a < 1.

The first class of games corresponds to the situation where transport costs
are high, so that each firm can only sell in the market where it is located:
D+t > v, or (according to 4) ¢ > 1. As the game is symmetric, only the payoffs
(given by 2) of firm 1 are included. The matrix is

2
A B
1 4 (Q-a2 (1—a)ng (5)

B [1-al+t)]m [1fa(1+t)]%

IThe selection of country A as the location of the input supplier is not necessary. The
same fundamental results would be obtained if the upstream firm located in country B.

2This assumption is different from the one that is made in FUJITA and HAMAGUCHI
(2001). However, it is realistic to think that the transport costs of final and intermediate
goods have the same determinants.



Applying a best-reply structure preserving transformation, by subtracting
az1 from the first column and aq2 from the second column, we obtain the equiv-
alent matrix

2
A B
1 A (1-a) (% —nb) + atny 0 (6)
B 0 l—a(l+t)]2 - (1-a)ng

It is clear that az = [1 —a(141t)] % — (1 — @) ny < 0. On the other hand,
a=(1—-a) (% — nb) + atng has a negative and a positive term. It is clear

that a; increases strictly with o and t. Furthermore, a; has an infimum

Ng
a=(1-a) (? - nb) + ang (7
a; is positive if
2ny — ng
— 8
@ dny — ng (8)

We can conclude that, in this class of games, if condition 8 is fulfilled, strat-
egy A strictly dominates strategy B for both firms, so that an equilibrium in
dominant strategies arises for any values of o and ¢. On the other hand, if con-
dition 8 is not met, for low values of « and ¢, a; will be negative and we have
two asymmetric Nash equilibria (A4, B) and (B, A). For high values of « and ¢,
ay will be positive so that we again have an equilibrium in dominant strategies
with A as a strictly dominant strategy for both firms.

In the second class of games, transport costs are relatively low, so that each
firm can sell not only in its local market but also in the distant country: p+t < v,
or, according to 4, t < 1. In this symmetric class of games, the payoff matrix of
firm 1 is

2
A
1 A (1fa)"“T+”b (1-a)n, 9)
B [1—a(l+t)n [1fa(1+t)}"“T+”b

It can be easily checked that, in the class of games represented by matrix
9, there is a unique equilibrium in dominant strategies for all values of the
parameters, with A being a dominant strategy for both players.

It is possible to summarize the Nash equilibria in the («,t) space in Figure
1.

[Insert here Figure 1]



4 Conclusions

If the intensity of use of the intermediate good is not too high (otherwise the
location problem is trivial), the geography of production has the following pat-
tern. If the transport cost is very high, the input cannot be imported and both
firms locate in the large country. Consumers in the small country are not served.
If the transport cost is intermediate, the firms disperse across the regions and
supply local consumers. If transport costs are low, each firm locates in the
central point of the spatial distribution of consumers (that is to say, the large
country) and sells to consumers in both markets. This pattern is opposite to
the one proposed by VENABLES (1996).

This opposite pattern follows from the different degree of divisibility of the
upstream industry (a monopoly) and the downstream industry (a duopoly). If
both industries had two firms, for high transport costs an upstream-downstream
pair would locate in each country supplying the local customers, thus reproduc-
ing the standard argument. However, according to KOOPMANS and BECK-
MANN (1957) classical paper, the role of the exchange of intermediate goods in
a spatial economy is non trivial precisely on account of differences of divisibility.

Further work in this field would include consideration of price competition
in addition to the spatial competition that is exclusively analysed in this paper.
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Figure 1: Nash equilibria in (o, t) space



