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Abstract

We investigate the profitability and locational effects of two-firm Cournot mergers
in the circular city. As compared with the linear market, we find that mergers turn out

to be unprofitable much earlier.
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Résumé

On s’intéresse aux effets d’une fusion horizontale entre deux firmes sur un marché
circulaire avec concurrence a la Cournot en termes d’équilibre de localisation et de
profitabilité . A la différence du marché linéaire, les fusions horizontales atteignent le
seuil de non profitabilité beaucoup plus tot.
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1. Introduction

In the widely used standard Cournot model (linear, symmetric, homogenous good, si-
multaneous game), horizontal mergers are subject to the merger paradox, as shown
by Salant, Switzer and Reynolds (1983). Introducing a spatial framework basically
preserves this conclusion. More precisely, horizontal mergers in shipping spatial lin-
ear models with homogeneous good and Cournot competition cannot be profitable unless
firms relocate. McAffee, Simmons and Williamson (1992) suggested the contrary, since
the transport cost induces a marginal delivery cost asymmetry between firms at any
location in the market. The merged firm keeps then open both outlets (in contrast
with the non spatial model), and potentially benefits from its bigger size. Norman and
Pepall (1998) show in return that this is not enough to restore internal profitability,
since spatial markets are segmented in a standard (i.e. linear) shipping model with
quantity competition. Without arbitrage on behalf of consumers, independent Cournot
equilibria obtain at each local market due to local constant returns to scale. There-
fore, the merger paradox is present on each of these spatially separated markets, and
marginal delivery cost asymmetry might not be enough to reverse it: simple output
reallocation between affiliates does not necessarily generate a sufficient cost advantage
to the merged entity. Relocation might diminish though the hold-up mechanism, by
endogenously increasing the delivery cost asymmetry. Norman and Pepall (2000) show

that endogenous location in the post-merger game does make a merger profitable if the



segment market is sufficiently concentrated (less than eight firms initially).

We show here that despite relocation, mergers on the circle become unprofitable
much earlier (starting with four firms on the market). The circular location game is much
more complicated, and post-merger competition is more intense than on the segment.
A larger increase in market power is thus required to make the merger profitable, which
actually happens when firms merge to form a duopoly. In return, the outsiders’ free-
riding dominates in a merger to triopoly, making it unprofitable. Our model examines

these two particular cases in detail.

2. Model

An infinite number of consumers are uniformly located on the unit circle. Three identical
single-store firms (we discuss later the four-firm case) produce a homogeneous good with
the same technology exhibiting constant marginal costs, normalized to zero. Firm’s ¢
location is denoted by x;, ¢ = 1,2, 3. At any consumer location x on the circle, demand
is given by p(z) = a — Q(z), a > 0, where p(x) is the product price at that location
and Q(z) is the total output supplied at z. Firms incur transport costs (¢ |z — z;])?,
linear in distance and quantity, in order to ship output to consumers. Consumers have

a prohibitive costly transport cost, preventing arbitrage, so firms can and will price

! ¢ is a positive constant, and the norm stands for the shorter distance of the two possible
ways to ship goods along the circumference. Since the transport cost parameter enters as a
multiple in the profits expression, for our profitability analysis we will assume ¢ = 1 without loss
of generality.



discriminate across the set of spatially differentiated markets. Given constant marginal
delivery costs, a set of independent Cournot equilibria obtains for each location x on
the circle. There are no set-up or (re)location costs, and there is neither entry on nor
exit from the market (each firm supplies a positive quantity at every local market).
Starting from an initial location equilibrium, two firms merge (an exogenous decision).
A two-period post-merger game takes place: first firms relocate simultaneously and then
they simultaneously play Cournot. The equilibrium concept used is the subgame perfect
Nash equilibrium.

Merger to duopoly

Two among the three firms on the circle decide to merge. We identify the location
equilibria both before and after merger, so as to compare profits. In contrast with the
linear market, the merger to duopoly on the circle exhibits a lower profitability range
and multiple location equilibria.

Using the analysis of Shimizu and Matsumura (2003), we can list all location equi-
libria on the pre-merger market. There can be no more than three distinct locations.
Actually, all firms clustering at the same point is never an equilibrium on the circle, so
firms choose either two or three distinct locations. In the two-location equilibrium firms
locate diametrically, whereas the three distinct locations pattern is the equidistant one.
To sum up, we get two equilibria before merger: (i) two firms in 0 and the third in 1/2

(diametrical pattern), and (ii) one firm in 0, the second in 1/3 and the third in 2/3



(equidistant pattern)?.

Insert Figure 1.

In order to get the optimal locations after merger, denote now by r (r € [0,1/2])
the location of the single-store firm, and by d (d € (0,1/2)) and 1 — d those of the two
affiliates®. The equilibrium profits are as follows:

9 X Merged = o' la+|r —a| = 2|d — )* dz + [ la+|r — 2| = 2|1 —d — 2f|* dw (1)
9 X Mgngle-store=Jy ' [a+ |d = x| = 2| — 2P da+ [y la+ 1 = d — 2| = 2|r — 2| do (2)

The optimal locations result from profits’ maximization w.r.t. d and r respectively,
and depending on the relative position of the single-store firm w.r.t. the two affiliates,
the discussion is divided in three subcases?. In the end two equilibrium patterns turn
up: the first one is like a degenerate segment, with the outsider at mid-distance between
the two insiders®. We call this Type 1 equilibrium. In return, the second pattern could
not have been obtained on the segment: the affiliates locate as a two-store monopoly
(i.e. diametrically), but the outsider and one of the insiders share the same location.

We call this Type 2 equilibrium.

? This obtains alternatively by solving out explicitly for the location equilibrium game, which
is in return much more time- and space-consuming. Proof is of course available on request. (A
sample resolution of a circular Cournot model is available in Matsushima (2001).)

*Following Pal and Sarkar (2002), we know that the two affiliates will never share the same
location. Moreover, on each side of an affiliate, its market area extends up to the midpoint
between itself and the other affiliate. There is no market area overlapping, and basically each
outlet supplies on half a circle. We can always denote the two midpoints by 0 and 1/2, for ease
of computation and exposition, and without any loss of generality.

1Say for instance that r €[0,1/2 — d] (the resolution for the two other cases is similar and
available on request): optimal » = 0 and optimal d = a—$+/16a% — 8a + 2.

®The equilibrium locations are exactly what they were on the segment, since we find the same
expression for the optimal d (see footnote 4) as Norman and Pepall (2000).



Insert Figure 2

The two pre-merger equilibria yield different equilibrium profits. Firms obviously
make identical profits in the equidistant case, but in the diametrical one, firms at 0 get a
lower profit than the one at 1/2. Similarly, post-merger patterns are not equivalent, with
the merged firm performing better on the so-called degenerate segment. We summarize
next the profit comparison (six subcases), where AII denotes the profit differential (i.e.
Mierged = 2 before Hﬁfgging). Following Norman and Pepall (2000), we look for the
range of values of a (the demand parameter, maximum reservation price) satisfying the
condition for positive quantities (i.e. a > 1.5 here) and allowing for a profitable merger.

Insert Table 1

The profitability range is smaller on the circle, regardless of the subcase (on the
segment, the (unique) interval was (1.5,4.4089], see Norman and Pepall (2000)). Merger
to duopoly is less profitable on the circle, because starting form less rivalry before merger
we end up with more competition afterwards. Actually, the unique initial equilibrium
on the segment had all firms in the middle (see Anderson and Neven (1991)). On the
circle, at most two firms share the same location before merger, so initial individual
profits are higher. Afterwards, the merged firm is better off in the segment-like pattern
(Type 1), but even then the profitability range is smaller than on the segment. There,
the merged entity enjoyed some captive demand between its stores and the line’s ends,

since the outsiders stayed foot in the middle. This captive demand effect is weaker on



the circle in the segment-like case, because of the cannibalization risk between the two
outlets in the region of 1/2. Exogenous borders lower this risk to zero on the segment.
Conversely, in Type 2 equilibrium the affiliates take up monopoly locations, but this

locational advantage is shared with the outsider.

Merger to triopoly

We start again with the pre-merger location analysis and go on to determine the
location post-merger equilibria, so as to compare profits. This merger turns out to be
unprofitable. A qualitative analysis of the pre-merger market gives all initial location
equilibria. The four-firm location equilibrium may exhibit two, three or four distinct
locations. Following Shimizu and Matsumura (2003), the two-location equilibrium is
the so-called all-paired one, with two firms at each end of a diameter, whereas the
four-location pattern is the equidistant one. Rather tedious computation shows that we
cannot have an equilibrium with three distinct locations (proof available on request).
To sum up, we have two pre-merger equilibrium patterns: (i) two firms in 0 and the
other two in 1/2, and (ii) each time a firm in 0, 1/4, 1/2 and 3/4.

Insert Figure 3.

We solved for the post-merger Nash location equilibrium by discussing each of the
12 different cases identified, depending on the relative positions of the firms (detailed
computations are available on request). Denote by p and r respectively the two outsiders’

locations, and again by d (d € (0,1/2)) and 1 — d the locations of the two affiliates.



Profits in location equilibrium write as follows:

1/2

o la+|r—z[+|d—2x|-3p— 2

16 x I,= 2

dz+
[iplatlr =zl +]1—d—a| - 3[p—2*dx ; (3)

1/2

16 x IL,= [;* [a+ |p — 2| + |d — 2| — 3|r — =[]?

dx+
fiplatlp—al 41 —d—a| = 3Jr ) da ; (4)
16 X Wynergea= fo' > la + |r — x| + |p — 2| — 3|d — z[]* da+
fipla+lr—al+lp—a2| =31 —d—al’dv (5)

The bottom line is that both the two affiliates and the two outsiders locate diametrically®.
Basically, either the two affiliates locate in 1/4 and 3/4 and the two outsiders locate
either in 0 and 1/2 respectively, or the latter share each the location of an affiliate,
namely 1/4 and 3/4.

Insert Figure 4.

It can be easily checked that both before and after merger, the two location equilibria
are equivalent, i.e. they yield the same profits for each and every firm. Consequently,
the profit comparison is quite simple:

2 X TS~ Terged = 2% (% — &+ 385 ) — (85 + & + ) > 0, Va>2

The conclusion is unambiguous: the merger to triopoly is not profitable. Note that

this time there is no captive demand available at all, since in both equilibrium patterns,

each affiliate faces an outsider on each side. Consequently, despite relocation, the merged

SFor instance, in the case where p € [d,1/2] and r €[1/2,1 — d], we obtain the following optimal
locations: p=1/4, r =3/4, d =1/4.



entity cannot isolate itself from outsiders’ competition. Remember also that without
relocation, such mergers are not profitable, and here the post-merger location patterns

basically replicate those from before merger.

3. Conclusion

We show here by two examples that on the circle, horizontal Cournot mergers followed
by relocation become unprofitable much earlier than on the segment. On the circle, a
merger to triopoly is not profitable, whereas on the segment the profitability result was
valid up to initially eight firms. This suggests that the circular market is much more
subject to the merger paradox than the segment, and that for more than four firms
mergers may well not be profitable. This conjecture still wants formal proof for the

time being.
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Table 1: Profit comparison for merger to duopoly

AIl >0 ac( |

> “profits equidistant firms - Type 1 merged profit ac(1.5, 3.6]

> “profits equidistant firms - Type 2 merged profit ac(1.5, 3.61]
> profits ’diametrical’ firms (firms at 0 and 1/2) - Type 1 merged profit | a€(1.5, 3.57]
> “profits ’diametrical’ firms (firms at 0 and 1/2) - Type 2 merged profit | a€(1.5, 3.53]
> “profits ’common location’ firms (firms at 0) - Type 1 merged profit ac(1.5, 4.01]
> “profits ’common location’ firms (firms at 0) - Type 2 merged profit ac(1.5, 4.023]
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Firms 1 and 2

0/1
F3‘F2 ‘
1/2 F3

Equidistant pattern . .
Diametrical pattern

Figure 1: Location equilibria before merger to duopoly

0/1 0/1
1-d d,r
1-d d
Type1: Type2:
Outsider at mid-distance Outsider sharing one of the
between the affiliates diametrical locations of the
affiliates

Figure 2 : Post-merger location equilibria — merger to duopoly
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F1 and F2

Fiym 1
F4 ‘ F2 ‘
F3

F3 and F4

Equidistant pattern All-paired pattern

Figure 3: location equilibria before merger to triopoly

p
1-d ‘d ldr‘dp
T

Outsiders and affiliates located Diametrical pairs of one
equidistantly outsider and one affiliate

Figure 4 : Post-merger location equilibria — merger to triopoly
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