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The Contestability Paradigm
in the Presence of Vertical Differentiation:

Entering the Incumbent’s Quality Niche

Luca Lambertini
Dipartimento di Scienze Economiche

Universita degli Studi di Bologna

April 1992

Abstract ;

The aim of this paper is to analyse the interaction between vertical differentiation and
contestability in the context of a repeated game with discounting. It is shown that, if consumers
retaliate after a hit-and-run entry and suppliers have reasonably low discount rates,
contestability may not hold.

" I am extremely grateful to Patrizio Bianchi, Roberto Cellini, Roberto Censolo, Flavio
Delbono, Paolo Onofri, Gianpaolo Rossini and Carlo Scarpa for fruitful discussions and most
valuable comments on an earlier draft. I am also greatly indebted to Michele Burattoni and
Dario Sermasi for their computational help. The usual disclaimer applies.



Introduction

In a previous paper (1991), we tackled the issue of contestability in the context of
vertical differentiation, suggesting that contestability vanishes since product differentiation
gives rise to a mechanism of self-selection among consumers.

The final outcome is that the market looks like a natural oligopoly, with a limited
number of firms (possibly two) selling vertically differentiated products and enjoying positive
profits at equilibrium.

The possibility of entry with the same quality as the incumbent’s remains to be
investigated: that is, potential entrants still have the chance of contesting every single niche in
the quality spectrum. We are now going to show that, under some additional and very
reasonable assumptions about consumers’ information, contestability is not likely to emerge as
a reasonable outcome in the repeated game with low discounting, though it is a possible

outcome for the one-shot game.

The paper is structured as follows: in the first three sections, we summarize the
framework adopted in the previous one and its main results; in the fourth, we compare the
profits gained by an incumbent who sells a good of the highest quality to those gained by the
same producer in duopoly; then, in the fifth section we assess the possibility of contestable
entry by a competitor adopting a hit-and-run strategy in a repeated game with discounting.



1. Contestability and Natural Oligopoly as a reinterpretation of Bertrand’s competition

The Contestability Theory may be considered as a rediscovery of the classic concept of
competition, revisited under a perspective a la Bertrand.'

The distinctive feature of the contestability approach is to be identified in the fact that
potential freedom of entry is strenghtened by specific conditions (no sunk costs and possible
supernormal profits) which render such entry attractive and, thus, effective. This leads the
market to reach an efficient configuration. Thus, contestability looks like a reference paradigm
as regards efficiency and welfare, and this holds for oligopolistic and monopolistic outcomes

as well.

When natural oligopolies are taken into consideration, the Bertrand strategy in prices is
coupled to competition in quality, which radically modifies the outcome reached by such a
model.? In this sense, the Natural Oligopoly Theory may be seen as a possible solution to the
Bertrand paradox.’

Thus, both approaches may appear as a reinterpretation of Bertrand’s competition; yet,
while the former gravitates around the pole of perfect competition, the latter reaches the
monopolistic outcomes implicitly brought about by a price strategy a la Bertrand.

Our aim is to integrate these perspectives. This amounts to saying that we must put into
question the robustness of contestability as against a particular class of oligopolies and, at the
same time, the reliability of the criteria usually adopted to assess the efficiency and the social
welfare (i.e., the desirability) of a specific market configuration.

We may first ask ourselves if the contestability concept can resist to structural changes
that may be extremely far from any technological consideration. In other words, technological
contestability is a necessary condition to effective contestability; the question now is: is it also
(and always) a sufficient condition? And, if not, how does the market look like?

Within the Contestability Theory, the existence of entry barriers is linked to the presence
of capital specificity and sunk costs; moreover, possible scope economies induce firms to enter
contiguous industries, leaving completely out of consideration these industries’ structure.

Thus, we have to investigate the changes induced in this framework by the introduction

1. Baumol (1982); Baumol, Panzar and Willig (1982).
2. Shaked and Sutton (1982, 1983, 1987); Sutton (1986).
3. For an assessment of Bertrand’s oligopoly, see Friedman (1977, ch.3).



of the following elements:

(a) uncertainty (ex ante, about market’s contestability);
(b) vertical (i.e., quality) differentiation;*

(c) first mover advantage.

We will try to show that market’s actual contestability cannot be assured by cost
considerations alone. The observed outcome, in terms of market form, depends heavily on the
qualitative as well as informational issues we just mentioned, combined with demand
conditions - that is, the preference structure and the income distribution assumed for
consumers.

The basic idea we will refer to, firstly developed by Shaked and Sutton (1982, 1983,
1987) and Sutton (1986), is that if we quit the horizontal differentiation model to adopt a
vertical differentiation one, the ‘atomistic’ or fragmented outcome reached by Hotelling
(1929) may be invalidated. ,

On the contrary, vertical differentiation would yield a natural oligopoly in which a very
small number of firms (possibly two) make positive profits by selling a superior quality good,’
even though they don’t necessarily control a large market share.

4. The concept of ‘quality’ has been widely discussed. In a pure horizontal
differentiation context, if we conceive a particular good as a bundle of characteristics, that
good will be preferred because of a specific feature that the others haven’t (Lancaster, 1979).
This meaning of ‘quality’ is linked to the heterogeneity of consumers’ preferences, while in
case of vertical differentiation preferences are homogeneous (cfr. assumption 1 below).

5. By this, we mean that, ceteris paribus, a personal computer with the very same
functions of any PC, is better if it works faster; the quality of a camera is higher if its lenses are
manufactured with superior glasses, etc., even if it ‘does the same things’ that any other
camera can do.



2. The basic model

Let’s consider an ‘empty’ market, roughly speaking, a market that is only ‘potential’. In
activating it, firms are nonetheless conditioned by ex ante uncertainty on the cost side, while
they know what the behaviour of demand is (i.e., consumers’ preferences and income
distribution are known).

Thus, we have to imagine a firm acting as a ‘pioneer’ to identify such technological
(cost) conditions. Let us assume that the market shows ex post perfect contestability, which
means that other producers may enter the market with positive (expected) profit.

At time ¢,, we can describe this market as follows:

X;»x,20 ¢!

x=f(p) @

px,—c(x)20 3

i p.<p A x,<Xp—x; 3 xp,—c(x,)20 4
£>1, ]

Subscripts i and e are respectively referred to the pioneer, which actually becomes
incumbent, and to a potential entrant; X; is the whole supply for the industry in perfect
competition; f; is the time the incumbent takes to react to new entries by lowering his/her price;
T, is the time period the entrant takes to quit the market before the incumbent’s reaction.

Condition (1) shows the quantity supplied by the pioneer; condition (2) says that this
supply is totally sold. By (3), we know that incumbent’s profits are non negative. Condition (4)
states that there exists a pair (x,, p,) such to yield non negative profits to an entrant. At last,
condition (5) states that the entrant can get these profits adopting a hit-and-run strategy, and
quit the market before the incumbent’s reaction.®

6. Labelled the sunk costs as 6, we could assume c=0. We prefer, however, the
formulation given in the text, since the definition itself of ‘sunk costs’ implies a temporal
dimension.



Let’s now assume that product quality, ¢, is defined over the closed interval
[L,H], L >0, and that consumers’ preferences are synthesized by a parameter 0, - defined
over the closed interval [0, 0] - increasing in income and uniformly distributed across the
population between 6, and 6, =0, +1, 6, >0,, with total density F () = 1.” The expression
0,q turns consumers’ preferences into money values.

For reasons that will be clear later on, we shall now make the following basic

assumptions:

ASSUMPTION 1: every individual ranks the existing goods in the same order, that is:
qu>qH-o>..-9L+a>q.- This amounts to saying that preferences are homogeneous across
consumers: prices and income being equal, every consumer would buy the same product, i.c.,

the top one.
ASSUMPTION 2: production involves variable costs only.?

ASSUMPTION 3: unit (variable) production costs are constant; specifically, they don’t
increase with quality. Thus, every increase in product quality will turn into increased sales.

Formally:
c(@)=c=6,L-¢ Vq. 6

This is the crucial hypothesis: the unit variable costs are strictly less than the marginal
evaluation, i.e., the marginal willingness to pay for quality by the richest consumer, for each
income class, even the lowest.” This seems to provide the strongest incentive to produce a
high-quality good.

Thus, although in a preliminary way, we stress the interaction between cost conditions

7. This is the same morphology assumed by Gabszewicz and Thisse (1979, 1980) and
subsequently by Shaked and Sutton (1982, 1983). The assumptions about parameter 6 hide an
analogous assumption about income distribution: income y is defined over the interval
0 <a <y <b, with total density equal to 1, and is uniformly increasing over the population of
consumers.

8. What may seem an unrealistic hypothesis at first sight, is actually meant to accentuate
the contestability degree of the market.

9. In the following section, we are also going to assess the magnitude of €, conditional on
the covering of market’s demand.



on the supply side and willingness to pay by the public on the demand side; this leads to think
that there should be a ‘move’ by which a firm could achieve a permanent market share and
positive profits of monopolistic flavour, without paying any attention to competitors’ prices.

Let us finally assume that the pioneer chooses to enter on a small scale (condition (1)),
selling a high-quality product,'® indeed, the highest: g; = H. On the one hand, this choice relies
on ¢’s immediate observability by consumers; thus, it testifies pioneer’s honesty, since it
signals his/her intention to stay in the market for long. The quality choice is assumed to be
fixed."" On the other, if the game is characterized by a sufficiently complete degree of
information (in the usual game theoretical sense) to allow any player to know in advance the
payoff vector of the game itself, then the pioneer, as we will show, has a strong incentive to
supply the highest possible quality. This means that the piooner is given an advantage in the
Stackelberg sense, as far as the quality choice is concerned.'?

Now, let U be the consumer’s utility function; assume he/she can choose between a)
buying a single unit of product from the seller or b) not buying at all. His utility will be,
respectively: U=80,9—-p, U =0. Given this representation of preferences, 0, may be
considered as the marginal willingness to pay for quality, as the quality-price tradeoff of any
consumer, or else as the inverse of the marginal rate of substitution between income and
quality. Generally speaking, consumers will buy if the quality-price combination yields them a
non negative net surplus; in the case under analysis, this means:

U=06,H —p, >0. (7

10. This implicitly means to assume that a) vertical differentiation deals strictly with the
intensity of a certain characteristic (that is, the product at stake remains horizontally
homogeneous with the others); and b) any quality increase doesn’t involve sunk costs (this is
stated in the most extreme terms in assumption 2 above).

11. This is the extrapolability hypothesis introduced by von Weizsicker (1980), which
states that the quality chosen in the first period is a signal of the quality to be supplied in the
future. Since the definition of ¢ involves an immediate positive fixed cost, there is no incentive
to riduce it later on; on the other hand, if there is a reputation-effect of any kind and if this
effect relies on the first period performance, there isn’t any incentive to increase quality in the
subsequent periods, either.

12. It is a simplifying assumption to think that he/she cannot supply more than one
quality at the same time, to avoid the possibility of prevention of any further (stable) entry by
potential competitors.



The above condition is satisfied by (6), but the total demand available to the pioneer
remains to be evaluated. If a good of quality ¢ is supplied at a price p, demand will consist of
the consumers whose preferences are such that 6, g > p. If N is the total number of consumers,

we have:
x(p)=N[1-F(piq)].

In terms of the present model, this means that the demand facing the pioneer is:

M piH
=0, ——, 8
Xy =Yy H (
where the apex M stands for monopoly, to distinguish the quantity sold and the profits gained
by the pioneer when he/she is alone on the market from the same magnitudes in oligopoly.
The pioneer, or the incumbent, maximize the following objective function:

7[?;1 =Py —Cxy O
with respect to price, p. That is:
max, Ty =(py - c)[e ——]; ©
'” H
the first order condition is:
St =0,H -2p,+c =0, 10
ap‘H - p;H c= (
which yields:
0,H +¢
P LAL 5 ) (11

while the incumbent’s profits are:



_ 0,H —c )2
T 4H
At the end of the first period, potential competitors face the perspective of a non negative

™ (12

‘unfulfilled demand’, which the exact amount of will be specified later, to be satisfied at a
price that seemingly allows positive profits. However, the heart of the matter is the choice of ¢;
the entrant faces three alternatives:

1) a strategy a la Shaked and Sutton, selling a good of quality h < H with positive profits, in a
natural duopoly framework;

2) a contestable strategy, entering the market niche of the existing product(s), trying to obtain
highest profits by stealing the market share of the incumbent(s) and quit before any reaction;
3) a perfectly competitive strategy: the entrant can sell a low-quality product (L), at the price
P. = ¢, But, since he/she has the chance (1) above, he/she won’t behave this way.



3. From Contestability to Natural Oligopolies

In this section, we investigate the market outcome implied by alternative (2) mentioned
above. That is, we assume that the entrant engages a competition in quality and prices with the
entrant.

At the turn of the second period, instant ,, the entrant supplies a good of quality
g.=h=H-0, 0<3<H-L. The reason is quite simple: should he/she choose quality H,
we would observe a case of competition with homogeneous products, which would finally
yield zero profit for both competitors.'

The final configuration of the market is the outcome of a competition we can describe as
a multistage non cooperative game, each stage of which is to be solved looking for the Nash
Equilibrium in the relevant variable. In the first stage, firms have to choose whether or not to
enter the market. At the second, once they have checked the number of firms actually present,
they face the option regarding the kind of good to be supplied, that is, quality choice. Then,
having observed its rivals’ qualities, at the third stage each firm has to choose its price. The
solution of a sequence like this, if it exists, is a Perfect Equilibrium for the game.'* Here, we
will proceed as usual by backward induction. In our case, given the quality choosen by the
incumbent, by virtue of his/her Stackelberg advantage, the second stage obviously reduces to
the selection of the best response from below by the entrant.

Consumers are indifferent between the two products (the incumbent’s and the entrant’s)
if and only if the following condition is verified:'’

OyH —p,=6,h—p,. (13

13. The least-differentiation choice would then turn out in a ‘Bertrand paradox’.
Moreover, given the incumbent’s choice, the entrant is compelled to reply ‘from below’. This,
in our simple model, is a consequence of the hypothesis that ¢ is bounded above. For the
general case in which ¢ € [0, oo), see Lambertini (1991, appendix) and Shaked and
Sutton (1982, 1983).

14. More formally, we say that an n-tuple of strategies is a Perfect Equilibrium for the
game if, after any stage, the part of the firms’ strategies pertaining to the game consisting of
the remaining stages, forms a Nash Equilibrium for that game (cfr. Selten, [975).

15. Cfr. Bresnahan (1981, 1987) and Tirole (1988, p.296).



Market demands for the two goods are respectively:'®

x(p) = eﬂ—(éaﬁ), (14

A
x,(p‘)=(—8£)—6L. a5
In order to reach the Nash Equilibrium, each firm is required to:
max, (pj - c)xj, j=i,e. (16

Thus, the incumbent’s objective function is:

; a7

Pitt = Den
S

max, ., nglz(pill—c)[eH—

and the entrant’s:

max, T, =(p¢h—c)[pwgp'h—eL]. (18

The first order conditions are:

16. With several differentiated goods, every consumer shall decide not only whether or
not to buy, but also which good to buy. Our case shows the most interesting situation, in which
there is no dominant good. In fact, given p, > p, A g, > g,, the consumers whose preferences

are such that 8 > (p, — p,)/(q, — g,) will buy good 1, while those consumers whose preferences

are such that p,/g, < 8 < 8 will buy good 2. The remaining consumers won’t buy at all. Thus,
the demanded quantities will be:

x,(P)=N[~F((p, - p)l(g, —g,))],

x,(P)=NI[F((p,-p)/g,~ 4,)) —F(p,/q,)].

10



d
ony,

=——=00,-2py,+p.,+c=0; 19

8pm 0~ <Pt T P (

o,

b ":p‘.H—Zp‘h—SGL+c=O. (20
ch

And the reaction functions will be respectively:

pu=Rp,) =, +c+806,)2; (21

Pu=R.(Dy) =Py +c~00,)2. (22

The Nash Equilibrium in prices requires:
. )
Pau=c+(0,—- 29L)§ (23
and:
* 6 *
Py =C¢C +(29H_9L)§>peha (24

where the star denotes the equilibrium values. Since
U=6,L-p,, >0, @5

we obtain
) )

The quantities sold at equilibrium will be:

11



- _GH—29L

X, 3 (27
and:

- 29,,3— 0, ; 8
Xgp > X Xy +X,=1 (29

and the profits:
o, = (26, —6,)°5/9; , (30
% = (8, —20,)°%/9; (31
ng, > 1o > 0. (32

Let’s summarize the results: the higher-quality supplier is allowed to set a higher price,
this way making higher profits. This is not, however, the end of the story: since © = 1(8), both
firms will gain from differentiation, as in the horizontal model @ la Hotelling. Hence, the
logical consequence is that the entrant will locate himself/herself at the lower bound of the
quality spectrum, i.e., in L.

Moreover, given the structure of the model, two is the largest number of firms enjoying
positive profits by selling differentiated goods, and the market is completely covered.'” This is
the so-called finiteness property."

17. These are, obviously, somewhat standard results for a model of natural oligopoly, as
displayed, for instance, by Jean Tirole (1988, appendix to chapter 7).

18. Cfr. Shaked and Sutton (1982, 1983).

12



4. The high-quality supplier in the two contexts

Before starting with the analysis the following section is dedicated to, we have to
compare the profits accruing to the high-quality supplier in the two market configurations.
That is, we must ask ourselves if, and under what conditions

mf > nd; 33
or
(OyH —c)’ 8
_EF > (20, - eL)2§; (34

which is not straightforward, given the opposite price and quantity effects involved by the
Bertrand competition that takes place in the duopolistic configuration, even softened as it may
be by quality differentiation.'

Normalising 6, over the interval [0, 1], which satisfies the above assumptions (cfr.
section 1), and substituting into (34) the expression for ¢, we obtain:

4H-L)* 4
£—3671—l>§(H_L) (35

16H*+L*—8HL S 16H(H —-L)

36H 36H (36

L*+8HL
—— >

36H 0, (37

which is always true. Thus, the profits accruing to the ‘monopolist’ selling a high quality good,
are always greater than those accruing to the same individual in duopoly. This is not a trivial

19. For the comparison of prices and quantities in the two market configurations, see the

appendix. The calculations displayied in this section as well as in the appendix are developed
adopting the upper bound of the cost variable, ¢ = 6,L — (6, — 29L)@§9.

13



proposition, as it may seem at first sight. In general, a monopolist is expected to perform as
least as good as a duopolist, but this isn’t necessarily true if the monopolist decides to supply
q=H from the outset, since this quality choice doesn’t maximize his/her first period profits,
though it maximizes the discounted stream of profits accruing to the same seller in the repeated
game, as the reader can easily verify by inspection of the next section. Hence, this decision
relies on the incumbent’s expectation of further entries.

14



5. Hit-and-run entry into the incumbent’s quality niche

The above analysis leaves untouched the contestability of any quality niche. That is,
given the cost structure and the reaction timing initially assumed, it must be possible for a
competitor to adopt a hit and run strategy at any quality level; but intuition suggests us that the
outcome of a repeated game could be quite far from contestability, if a reputation mechanism
of any kind is involved.”

In order to investigate what happens in the repeated game, let us assume that (a) the
consumers who buy ‘read’ the contestable behaviour adopted by the entrant and communicate
it to the uninformed ones (either immediately or with some lag), exerting a positive externality,
and (b) they retaliate, i.e., they stop buying his/her product in the future, so that the competitor
can contest a niche (or an income class) no more than once.

We can outline four different cases, which will be analysed in detail in the following
subsections:

1) instantaneous information; one incumbent;
2) lagged information; one incumbent;
3) instantaneous information; two incumbents;

4) lagged information; two incumbents.

5.1. CASE 1: instantaneous information; one incumbent

In the simplest setting, information spreads instantaneously among consumers, and the
entrant faces an incumbent selling a high quality good. The entrant contests the incumbent’s
niche, at a price slightly lower than the incumbent’s (by a positive quantity, arbitrarily close to
zero), stealing his/her total demand, and obtaining (almost) the same profits. At the end of the
period, he/she quits before the incumbent’s reaction. The game ends here, since (a) the
incumbent, in the next period, can react by lowering his/her price, and (b) the consumers in the

20. This is nothing but a further application of the Folk Theorem to a game of complete
information. For its original formulation, see Friedman (1971).

15



highest income class inform the others about the entrant’s behaviour.
Thus, the entrant will be incentivated to behave as a natural oligopolist from the very

beginning, if his/her discount rate satisfies the following condition:

1 .
(1+r)’

oo d
n?ll{ < zt=0n¢L

Normalising 6, over the interval [0, 1], the above condition becomes:

since

Thus we have:

that is:

and

(16H*+L*~8HL) - (1+r)(H-L)
36H or ’

- 1 _ 1+r
2,=0m - ( r J

r(16H*+L*~8HL) - AH(1+r)(H -L)
36Hr 36Hr

36H’r +rL*~8HLr < 4H*+4H’r —4HL ~4HLr

r(12H>+L*~4HL) < 4HH-L);

AH(H —L)
12H*+L*—~4HL

(38

(39

40

41

@2

@3

When the distance between L and H is very large, i.e., for instance, when L =0, H =1, this

16



expression gives

r<s (44
that is
a = T:lr? > % (45
When H - L,
r—0, (46
and
a— 1. 47

5.2. CASE 2: lagged information; one incumbent
In this setting, information takes one period to spread among consumers, so that the
entrant has the possibility to contest two quality levels. Condition (38) now becomes:

d

1

i
o+ Lo < Yo omh—— 48
iH (1 +r) Zt--O el (1+r)t (
and, following an analogous procedure:
2 2_ _ _

(16H*+L"—8HL) N (H-L) < (1+r)(H L), 49
36H 9(1+r) Or
2 2_ _ 2_

(16H*+L*—-8HL) < H-L\ Q+r)y-r ’ (50
36H 9 r(l1+r)

17



(16H*+L?*-8HL) - H-L)(r*+r+1)

51
36H 9(r*+r) (

(r*+r)(16H*+L*-8HL) < AHH -L)(r*+r+1) (52

36(r* +r)H 36(r*+r)H '
The roots of this expression are:

—3+\/9+————”4(H'“H —3—\[9+——-——”4(H'“H
12H%+ L2 -4HL 1202+ L2 - 4aHL

r, = , Ty= 2 (53

6 6

and since the first term of the polinomial we can derive from (52) is positive, the latter is
satisfied if

r, < r < r. (54
But,sincer, < 0 < r,(54) becomes

0 < r < r. (54

What can we say about the magnitude of r,? At first sight, as the distance between H and L
tends to infinity (or when L=0, H=1),r,=222 ~ L whileif H L r, -0, so that
(52) is satisfied if

(55

ENg-

More formally, we can simulate graphically the function implicit in (52), fixing the value
of L and a given interval for H and r. This is what we do in graphic 1 below, which is drawn
for L =107, He[10® 1], re |0, 1]. The condition is satisfied in the shaded region of
the surface; for values of H very close to 107, r approaches 0 and the function does not exist.

[PICTURE]

18



Graphic 1
5.3. CASE 3: instantaneous information; two incumbents

If the contestable entry is adopted when a natural duopoly already exists, and
information spreads immediately among consumers, condition (38) becomes:

1

g, < E:‘;OnfL(Hr)t, (56
which, normalising, looks as follows:
%2 < (s
4r(H-L) < (1+r)(H-L), (58
that is satisfied for
r < —1-, ie., o > §-, VH,L. (59
3 4

5.4. CASE 4: lagged information, two incumbents
If the information regarding entrant’s behaviour takes one period to reach all consumers,
condition (38) modifies as follows:

« 1

d el o0
T, + < oy —, 60
H (1+7) 2o L +r) (
which becomes:
4(H - L) (H-L) 14r \( H-L
o T oousn © ( , )( 9 ) (61

The roots of this expression are:

19



r = —3+821 +6\/§T, r,= Z3oa2t _6@’ VH,L. (62

Thus, the above condition is satisfied for

- 4
0 < r < r1=—3*—‘6—\/——ﬁ~i, e, o > - 63

20



Conclusions

The aim of this paper was to investigate the relationship between natural oligopoly (i.e.,
vertical differentiation) and contestability. We showed that, notwithstanding the contestability
of every sigle quality level, as far as a reputation effect or a retaliation by consumers is
involved, the adoption of a contestable strategy turns out to be unprofitable and short-lived for
reasonable values of the discount rate. On the other hand, the natural oligopoly outcome seems
to hold even adopting the rather extreme assumption that the supply of a superior quality item
does not involve any fixed cost, which is of course meant to give the market the greatest degree
of contestability.

Obviously, it remains true that, in absence of such a retaliation mechanism (which may
be the case if consumers retain no memory of the past, or if the good at stake needs no
safeguard of the reciprocal identity of buyers and sellers), contestability works and is more
attractive than a stable position as a natural oligopolist in every circumstance.
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Appendix
As far as quantities are concerned, we must ask ourselves if

M d
Xy < Xgp

normalising, we obtain:

H-c) _ 2
2H -3

that is
(4H -L) < g
6H -3

4H~L < 4H, = L

\Y
L

that is always true.

As for prices, we must verify if

d,
piH’

3
Ex
v

that is

(H+c) S (H~-L)
or

(2H -L) (H~-L)
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and finally

2H-L 2 2H-2L = L 2 0,

which is always true.
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