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Abstract

We consider entry regulation with asymmetric costs. It is known
that with economies of scale, absent entry regulation more firms en-
ter than is optimal. We show under general demand conditions with
Cournot competition that asymmetry in costs also leads to excess
entry. Our proof of this result is novel. Further, disallowing entry
by firms more efficient than already-existing firms might be welfare-
improving! We also consider Stackelberg competition. With leader-
ship by low-cost (high-cost) firm, we find free entry to be optimal(inoptimal).
However, with endogenous choice of form of competition, a low-cost,
leader firm might forego leadership making regulation optimal.

JEL classification: L51, 152
Keywords: Business-stealing effect, socially optimal entry, free-entry equi-
librium, excess entry, entry regulation



1 Introduction

What happens when the number of firms in an industry increases? Typically,
this causes total industry output to rise though each “already-existing firm”
- firm(s) in the industry prior to increase in the total number of firms - lowers
output. Each entering firm considers only its post-entry profit. Since entrants
take away some business from existing firms - referred to in the literature as
business-stealing effect' - which they ignore while deciding on entry, social
value of entry falls short of its private value. Nonetheless, absent scale effects
entry improves welfare(measured as sum of consumer and producer surplus).

However, it has been shown that not imposing any restrictions on entry by
firms - free-entry equilibrium - is socially suboptimal with increasing returns
to scale - for example, if entrants incur a fixed cost to enter the industry.
More precisely, as noted by Kim(1997), in addition to economies of scale,
if firms produce a homogeneous good, post-entry game is characterized by
quasi-Cournot conjectures and each individual firm’s output is decreasing in
the number of firms, more firms enter - i.e. there is excess entry - in a free-
entry equilibrium than the welfare-maximizing number of firms - socially
optimal entry. This suggests that restricting number of firms entering an
industry - entry regulation - might improve welfare.

A fair amount of work? exists on excess entry and entry regulation. To
the best of our knowledge, the literature has only considered the case where
all firms have the same cost function. In reality however, an industry often
consists of firms that differ in costs. This could be due to a host of reasons,
for example idiosyncratic differences between firms, differential treatment by
government or as a result of outcome of R&D with uncertainty. Empirical
research? strongly suggests existence of inter-industry cost differences across
firms. In this paper, we consider entry regulation with asymmetric costs.

We consider a world with constant marginal cost of production and no
fixed costs*. We assume that one firm is low-cost while all other firms have a
higher cost of production. Also, as in the excess entry literature, we assume
that all firms are profit-maximizing and the government can only control the

1See for example, Mankiw and Whinston(1986).

2See for example Von Weizsacker(1980a, 1980b), Perry(1984), Mankiw and Whin-
ston(1986), Suzumura and Kiyono(1987), Kim(1997), Berry and Waldfogel(1999).

3See for example Foster, Haltiwanger and Krizan(1998).

4We abstract away from fixed costs to clearly distinguish the factors driving our results
from the case with increasing returns to scale.



number of entering firms.

We show under fairly general demand conditions and with Cournot com-
petition that asymmetry in production costs across firms in an industry also
leads to excess entry®. This is driven by the fact that in our framework, entry
by an inefficient firm leads to a shift in output from the efficient firm to the
inefficient entrant and a corresponding welfare loss which is ignored by the
entrant.

The above-mentioned welfare loss is given by the product of production-
efficiency loss per unit of output shift(cost difference between efficient and
inefficient firms) and the amount of output shifted. For small cost differences,
this welfare loss is low due to the small per unit production-efficiency loss
while for large cost differences, it is low because amount of business stolen by
the entrant is small. Hence, we find that welfare gain from entry regulation is
non-monotone with respect to cost difference between efficient and inefficient
firms. Also, for large enough cost differences, we find that it is optimal not
to allow any inefficient firm to enter.

Our proof of the excess entry theorem under general demand conditions
and Cournot competition is novel. We use the well-known result in the public
enterprise literature that as a Stackelberg leader, a welfare-maximizing inef-
ficient public sector firm competing with efficient, profit-maximizing private
firms produces less than in the corresponding Cournot equilibrium. We show
that as the number of inefficient firms tends towards infinity, the outcome of
a Cournot game between one efficient firm and a number of inefficient firms
where all firms are profit-maximizing tends to the outcome of a Cournot
game between a profit-maximizing, efficient firm and a welfare-maximizing,
inefficient, public sector enterprise. Then we show that these two results im-
ply that free entry is suboptimal with Cournot competition and asymmetric
production costs.

We then consider entry regulation when firms enter and choose quantities
in two different stages(one firm enters in the first stage and the rest in the
second stage) - i.e. compete in Stackelberg fashion - and the government
can only regulate the number of entrants in the second stage. Till date, the
excess entry literature has focused mainly on “one-stage simultaneous move
games” (for example Cournot competition) - an exception being Kim(1997).

5This is true provided all entering firms do not have access to the most efficient tech-
nology. Of course, if all potential entrants have the most efficient technology, presence of
some inefficient firms does not matter. In such a case, absent scale effects, free entry is
socially optimal.



This does not allow for discussion of issues like possibility of strategic manip-
ulation of government entry regulation decision by firms when government
lacks commitment.

Unlike Cournot, we find that with Stackelberg competition and efficient
firm as leader, free entry is optimal. This is true even if the government
lacks commitment - modeled as government taking entry regulation decision
after the leader firm chooses output, i.e. the leader firm has the option of
trying to influence the government decision through its output choice. The
intuition behind this result is as follows. Since in this case, output of the
efficient firm is fixed prior to choice by inefficient firms and does not change
following entry by inefficient firms, the welfare loss driving the excess entry
result with Cournot competition(this has been discussed earlier) vanishes and
hence not regulating entry is always optimal. However, if an inefficient firm
is the leader, we find that this is equivalent to our Cournot set-up with a
reduced demand and hence free entry is suboptimal.

Further, we analyze the endogenous choice between a Cournot and a
Stackelberg game in the presence of entry regulation. We consider the case
where one firm can but is not forced to be a leader and has the option of
foregoing leadership - if it undertakes(foregoes) leadership, we have a Stack-
elberg(Cournot) game.

We find that compared to the case where the form of competition is ex-
ogenous, the outcome of the game changes dramatically when the efficient
firm is the leader and the government lacks commitment. In this case, the
efficient firm faces a trade-off between exercising its leadership option and
being the leader in a Stackelberg game but facing all potential entrants (by
argument for the corresponding case above where form of competition is ex-
ogenous, government allows free entry) or of foregoing leadership and ending
up in a Cournot game but facing a smaller number of firms (by argument for
the Cournot game discussed earlier, regulating number of inefficient entrants
is optimal in such a case).

In our framework, all firms are profit-maximizing and output choices are
strategic substitutes. Still, for a very general demand structure, we find
that there always exists cost-differences for which the efficient firm foregoes
leadership! This can be understood from the fact(discussed earlier) that for
large enough cost-differences in a Cournot game, it is optimal not to allow
any inefficient firms to enter which clearly leads to higher profits for the
efficient firm than if it exercises its leadership option.

We also consider the special case of linear demand. This provides us



with sharper results. With linear demand and Cournot competition, we
characterize the optimal industry structure. We find that with more than
two different cost levels, not allowing entry by some firms more efficient than
already-existing firms might be welfare-improving! The intuition behind this
result is as follows. Consider an industry with three kinds of firms - low-
cost, medium-cost and high-cost. Also assume that the industry starts off
with a certain number of low-cost and a certain number of high-cost firms.
Further, all entering firms are medium-cost and only their number can be
regulated. In such a case, an entering firm steals output both from high-
cost firms(which is good) and from low-cost firms(which is bad). If the cost
difference between medium-cost and high-cost firms is sufficiently smaller
compared to that between the medium-cost and the low-cost firms, the effect
of output stolen from low-cost firms might dominate and it might be optimal
not to allow some medium-cost firms to enter although the high-cost firms
continue in business under such regulation.

We also find that the optimal number of inefficient firms is decreasing in
the cost difference between efficient and inefficient firms while welfare gains
from regulation are small(largest) for small or large(moderate) values of cost
difference. For Stackelberg competition with endogenous leadership choice,
we are able to characterize the precise condition under which an efficient
leader firm foregoes leadership. We also find that if an inefficient firm is the
leader, it always undertakes leadership and free entry is suboptimal.

Apart from its obvious contribution to the excess entry literature, this pa-
per is also connected with several other strands of the 10 literature. We have
already highlighted our contribution to the growing literature on endogenous
choice of moves in an oligopoly framework®.

Our work is also connected to the public enterprise literature’. As dis-
cussed earlier, our proof of the excess entry theorem with general demand
conditions and Cournot competition uses a well-known result from this liter-
ature. Further, Pal(1998) has considered a multi-stage oligopoly framework
with efficient, profit-maximizing firms and an inefficient, welfare-maximizing
public sector firm and endogenous choice of moves and finds conditions un-
der which the public sector firm will choose to be a follower. Note that in a
Stackelberg set-up, infinitely many inefficient profit-maximizing firms mov-
ing after an efficient leader firm is equivalent to a welfare-maximizing public

6For an example of some work in this area, see Anderson and Engers(1992) or Pal(1998).
"See for example, Beato and Mascollel(1984), DeFraja and DelBono(1989), Pal(1998).



sector firm moving after efficient, profit-maximizing firms. Thus our result
that free entry is optimal in a Stackelberg game with efficient firm as leader
is related to the findings of Pal(1998). Further, in our framework with Stack-
elberg competition and infinitely many inefficient firms, the inefficient firms
end up producing nothing just as the public sector enterprise when it chooses
to move second in Pal(1998) - in fact the resulting outcome in our case is the
same as in Pal(1998).

While a lot of the work on industrial policy and regulation(in various
forms) has considered identical firms, there is a fairly old and ever-increasing
literature that has focused on cost asymmetry amongst firms and its pol-
icy implications. For example, Lahiri and Ono(1988) and more recently
Zhao(2001) have shown that with asymmetric costs, a small reduction in
production cost of a high-cost firm might reduce welfare. Similarly, it is
known that with asymmetric costs, a merger might be welfare-improving
even absent any synergies or savings in fixed costs®. Our paper obviously
adds to this literature as well.

Both the results mentioned in the paragraph above are due to a shift in
output from efficient to inefficient firms. As discussed earlier, this production
efficiency loss drives our excess entry results. It is interesting to note that
while the possibility of welfare improvement following cost reduction or a
merger holds only for a certain range of possible values of cost difference, for
entry regulation it holds even for arbitrarily small values of cost difference.

The paper is organized as follows. Section 2 lays down our basic frame-
work. Sections 3 and 4 contain our excess entry results under general demand
conditions with Cournot and Stackelberg competition respectively. Section
5 considers linear demand. Section 6 concludes.

2 Model

Consider an industry consisting of 1 efficient firm - henceforth firm e - and an
infinite number of inefficient firms® producing a homogeneous product with
constant marginal cost of production and no fixed costs. Marginal cost of
production of firm e(each inefficient firm) is c.(c > ¢.). We will typically
consider the case with firm e and N inefficient firms and also consider(when

8See for example, Williamson(1968), Farell and Shapiro(1990).
9Later on, we consider the case with a finite number of inefficient firms. Our results
with an infinite and with a finite number of inefficient firms are qualitatively the same.



needed) limiting values of various variables as N— oo. With firm e and N
inefficient firms, let ¢;, i € {1,2,..N}(¢.) denote output of i-th inefficient
firm(firm e) and P(Q) where Q = Y | ¢; + q. denote inverse demand for the
product. We assume that the inverse demand curve satisfies the following
assumptions.

Assumption 1:(A1l) P(Q) is twice continuously differentiable.

Assumption 2:(A2) There exists Q € (0,00) such that P(Q) = 0 for
Q> Q and —oco < P'(Q) <0 for Q < Q.

Assumption 3:(A3) P'(Q)+ QP"(Q) <0VQ € [0,Q).

Assumption 4:(A4) P(0) > c..

(A1) - (A3) ensure that with Cournot competition, a unique equilibrium
exists[see Gaudet and Salant(1991)'°]. (A4) implies that firm e(efficient firm)
produces in equilibrium. Let P, (c.) = monopoly price when firm e is the
sole producer'!. Assumption 5 below ensures that with Cournot competition
and absent entry regulation, inefficient firms enter.

Assumption 5:(A5) P, (c.) > c.

3 Cournot

Suppose firm e and N inefficient firms are allowed to enter'?. We begin by
solving for the corresponding Cournot equilibrium.

3.1 Preliminary calculations

Firm 7 solves

maff[P(CIi + Qi) — cilgi (1)

iz

10Gaudet and Salant’s conditions are weaker than those mentioned here. We make some
additional assumptions - e.g. P'(Q) > —oo to illustrate our results as simply as possible.

UTt is shown in the appendix that given (A2) and (A3), P,,(c.) is unique.

12Note that it can never be optimal to disallow firm e to enter.



In equation(1), ¢; = ¢, if i = e; else ¢; = ¢ while @ _; = sum of output of
all firms except 1.

Let ¢F, QF, and QF = denote output of firm 4, aggregate output of
the inefficient firms and the aggregate output respectively in equilibrium.
Given assumptions (Al) - (A5) the unique equilibrium is strictly interior.
To characterize the equilibrium, let us consider optimization problems that
firms solve [given by (1)]. First-order conditions for this problem are(using
the fact that the equilibrium is interior)

OT.
Iqe

= P(Q) — c. +¢.P'(Q) = 0; 27; =P(Q) —c+q¢P(Q)=0,i#e (2)

Adding first-order conditions(one for each firm) yields
(N+1)P(Q) = Nc—ce — QP(Q) = 0 (3)

Using (A2) and (A3), we find that'® the right hand side of (3) is strictly
decreasing in Q. Hence ) that satisfies (3) = QF is unique - this Q¥ is the
industry output in the unique Cournot equilibrium. Substituting Q = Q¥ in
the first-order conditions yield ¢;’s in the Cournot equilibrium.

. P(QE)—c. . P(QEY—c
Lemma 1: (i) ¢¥ = _71(3?(515) and fori # e, qF = —71;%2%) .
(ii) Yi, qF is continuous in N and hence QF, = NqF is continuous in N

as well.

As N increases, it is easy to check from (3) that P(Q) — c. Let ¢°, Q=
and Q> denote limiting values of ¢Z, Q. and QF as N — oo.

Lemma 2: (i) limy_.., P(Q¥) = P(Q*) =c¢
(ZZ) Qeoo = _p?(zzcgo)

(iii) i # e, ¢ = 0.

(iv)Q>=, = limy_.o NgF > 0™

13Gee Appendix.
4Though each inefficient firm’s output tends to Ofsee (iii)], aggregate output produced

9



3.2 Welfare considerations

Welfare = W is given by the sum of consumer and producer surplus. Thus

W = /?P(Q)dQ - P(Q)Q + (P(Q) — ce)qe + (P(Q) — C)(Q—e) (4)

where Q, ¢. and (J_. denote total output, output of firm e and total
output produced by all inefficient firms respectively.

Suppose, one more inefficient firm is allowed to enter. Let us denote
this firm as N + 1 - th inefficient firm and its output as qn41. Its profit =
v = [P(Q) — ¢Jgn41. Consider this firm contemplating entry. Evaluated
at g1 =0

d7TN+1 . _
= P(@Q) e )

However, social value of entry at qyi1 = 0 is

AW dqe

_ —c d[Qge]
dqn-41 B [P(Q) e] dqn41

dgn+1

+[P(Q) — (6)

Comparing (5) and (6) shows that social value of entry is always less than
private value(to the firm)', provided output choices are strategic substitutes
(% < 0, 7 # k). This does not depend on values of cost parameters. In
particular, it holds if ¢ = ¢, - i.e. all firms are equally efficient. However the
two cases - ¢ = ¢, and ¢ # ¢, - have different implications for desirability of
free entry.

From(5), it follows that the firm will enter if P(Q) — ¢ > 0. If ¢ = ¢,

social value of entry is [P(Q) — | dq‘ﬁl. Assuming “net business-creation” 1% -

by inefficient firms is positive in the limit[see (iv)]. This is a general feature of the Cournot
model and was noted by Mankiw and Whinston(1986).

15This is due to the well-known “business-stealing” effect mentioned earlier.

Y6This holds in our framework.

10



i.e. increase in gy 1 outweighs decrease in aggregate output of the rivals(Q) —
gn+1) - as discussed earlier, we see that in this case whenever a firm enters,
entry is welfare-improving.

If ¢ # c., social value of entry is [P(Q) — C]ZE;QT:] + [P(Q) — ¢ dqd]gil.
our framework, “net business-creation effect” still remains - aggregate output
increases following entry. However output reshuffled between inefficient firms
is valued at P(Q) — ¢ while business stolen from firm e is valued at P(Q) — c..
Note that [P(Q) — ¢] > OVN - thus with free entry, all inefficient firms
enter. However, for large N, [P(Q) — ¢| — 0 but since ¢ > ¢, P(Q) — ¢, is

bounded away from 0. Since d&% < 0, this suggests that free entry might

be inoptimal.

However, note that unless —%%

dgn 41
need not be the case!'”, both the terms in the expression above for social value

of entry tend towards zero as N — oo and hence we cannot conclude whether
free entry would be optimal or not in our general framework!®. To tackle this
problem, we consider a different scenario.

is bounded away from 0 as N — oo which

3.3 Mixed oligopoly

Now we consider a game between a welfare-maximizing but inefficient public
sector firm and a profit-maximizing, efficient firm. We denote output pro-
duced by the public sector firm as @),. We further assume that the two firms
compete in a Stackelberg fashion with the public sector firm as the leader -
i.e the public sector firm chooses ), first following which the efficient firm
chooses g.. Given @)y, g. solves

max[P(g; + Q) — cila; (7)

First-order condition for this problem is

= PQ) - e+ 0P Q) =0, ©

I"In fact, this is not true with linear demand.

180f course this might be possible if we make further assumptions regarding the inverse
demand curve. For example, if we assume demand to be linear, then we can explicitly
compute the social value of entry - given by the expression above - and show that free
entry is indeed inoptimal.

11



Since firm e’s first-order condition is same as before, the best-response
function ¢, is unique and the public sector firm can choose Q, = Q~, corre-
sponding to any value of IV, it follows that

Lemma 3: The public sector firm can replicate the Cournot outcome
with N inefficient firms corresponding to any value of N.

Since the public sector firm is welfare-maximizing, it chooses (), to max-
imize

W= / %%P(@)dc? — P(Q)Q + (P(Q) — co)ge + (P(Q) — )@, (9)

0

Differentiating W with respect to Qg yields

ow
0Q,

0qe
0Q,

(P(Q) — ) + (P(Q) — c) (10)

For any @, > Q>,, @ > Q=, and hence P(Q)) < P(Q*) = c. Differenti-
ating (8) yields

0 _ 4, Q) ,
Q) P"(Q)ge +2P'(Q)’

(11)

As long as @, > 0, P"(Q)g. + 2P'(Q) < P"(Q)Q + 2P'(Q) < 0. This

together with the fact that —oco < P/(Q) < 0 implies that —1 < ggg < 0.

So, for any such value of ();, output reduction is welfare improving. For

Qg = Q=,, the first term - [P(Q)) — ¢| - vanishes but since ggg <0, %‘: < 0.
Hence, the optimal value of @), < Q%,. The existence of an optimal @),
follows from the continuity of the maximand (/) function and the reaction
function of the efficient firm which in turn follow from assumptions (1) — (3).

Let () = optimal Q,". We have shown that

19This could possibly have several different values. Note that optimal value of @, need

12



Lemma 4:In the Stackelberg quantity game between welfare-maximizing
public sector firm and firm e with the public sector firm as the leader, Q," <

Q.

3.4 Excess entry results

Let us consider the set of possible outcomes in the Cournot game of subsec-
tion 3.1 assuming that N is any non-negative real number(we are ignoring
the integer constraint) and the set of outcomes for the mixed duopoly game
of the previous subsection. Note that any outcome of the mixed duopoly
game cannot be achieved in the Cournot game through a suitable choice of
N. For example, consider @), > Q.. This leads to P(Q) < c¢. Since profit-
maximizing, inefficient firms will not produce in such a scenario and it is
assumed that Pp,(c.) > ¢(Ab), this cannot arise in the Cournot game. From
this and Lemma 3, it follows that

Lemma 5The set of outcomes in the Cournot game of subsection 3.1
where N is any non-negative real number(we are ignoring the integer con-
straint) is a proper subset of the set of outcomes for the mized duopoly game
of subsection 3.3.

Since, Q¥, = 0 for N = 0 and QF, = N¢F is continuous in N(Lemma
1), it follows that any outcome of the mixed oligopoly game such that 0 <
Q, < Q= (note that limy_., QF, = Q) can be achieved in the Cournot
game through a suitable choice of N. Hence from Lemmas 4 and 5, it follows
that

Theorem 1: If demand function and cost parameters satisfy assumptions
(A1)- (A5) and post-entry game is Cournot, there exists N* < oo such that
W(N*) > W(N)VN < co and W(N*) > W20,

Further, consider entry by an inefficient firm(say Firm 1, whose output =
¢1) into a market with firm e the sole producer. With Cournot competition
following entry, at ¢ = Py, (c.)

not be unique with general demand. With linear demand and ignoring integer constraint,
it is unique.
20N* may not be unique.

13



aw _
dq

dqe

[Pn(ce) — ] + [Pnl(ce) — ¢ da

<0 (12)

From (12), it follows that

Corollary to Theorem I: There exists ¢* € (ce, Pr(ce)) such that N* =
0 for ¢ > c¢*?.

4 Stackelberg environment

So far we have considered Cournot competition. Now consider a 3-stage
framework where quantity choices by firms are made sequentially in two
stages. Everything else is the same as before. In the first quantity-choosing
stage - Stage 1 - a pre-designated firm - the leader - can choose any quantity
it wants to; this choice becomes common knowledge. Only this firm is allowed
to choose its quantity during Stage 1. Following Stage 1, all firms allowed
to enter in the second quantity-choosing stage -Stage 2 - choose quantities
simultaneously. There is one more stage - Stage G - in which the government
decides on entry regulation; it can only restrict the number of firms entering
in Stage 2.

We consider variants of this game reflecting different levels of commit-
ment power of the government and restrict ourselves to subgame perfect
Nash equilibria(SPNE). Also, we consider both the case where the form of
competition is exogenous and the case where the form of competition is en-
dogenous. With endogenous choice of form of competition, it is not that the
leader must choose quantity in Stage 1 - exercise leadership - if it chooses
to do so, we have a Stackelberg game. It can also decide not to exercise
leadership - forego leadership following which(if it is allowed to enter in
Stage 2), it chooses quantity simultaneously with all other firms allowed to
enter in Stage 2 - i.e. we have a Cournot game. In other words, the leader
can but is not forced to be the leader and its choice determines whether we
have a Stackelberg or a Cournot game. We analyze both where firm e and
where an inefficient firm is the leader.

2INote that no inefficient firms will enter if ¢ > P,,(c.).

14



4.1 Firm e as the leader:

We will start by assuming that the form of competition is exogenous. As
before, let ¢. = output of firm e. Given ¢, from Stage 1, each ¢;, {i =
1,2,....N} where N inefficient firms are allowed to enter solves

max[P(ge + Q) — ¢l (13)
q:>0
The first-order condition for firm ¢, ¢ # e is:

(97@
dq;

=P(ge+Q—) —ci+ P(ge+Q-i)gi =0 (14)

Assume P(g.) < c¢ so that the inefficient firms will enter. Adding the
first-order conditions and taking limit yields limy_...P(Q) = c¢. Hence with
free entry, for any q. < P~!(c), following Stage 2 price equals c. Since,

P,(c.) > ¢(A5) and 7, is strictly concave[follows from assumptions (A2)
and (A3)], it follows that

Lemma 6: With Stackelberg competition with firm e as leader and free
entry in Stage 2 q. = P71(c), ¢; = 0 fori # e and price equals c..

Government moves before Stage 1: This is equivalent to the govern-
ment taking a decision regarding entry regulation and committing to stick
to it regardless of the choice made by the leader firm. Suppose the govern-
ment restricts the number of firms to N” < oco. Note that price will not be
less than c. Further, we might have some of the output being produced by
inefficient firms. Thus, compared with free entry, entry regulation cannot
increase welfare in this case.

So far we have assumed the form of competition to be exogenously given.
Suppose firm e if it wants to can forego its leadership option - in such a
case, it chooses ¢. simultaneously with inefficient firms that are allowed to
enter in Stage 2. If the government commits to free entry, then from the
outcome with Cournot competition(see Section 3.1) and Lemma 6 above, it
follows that it is inoptimal for firm e to forego leadership. Given this and the
discussion in the paragraph above, it is clearly optimal for the government
to commit to free entry. Thus we have shown that

15



Proposition 1: With government commitment - modeled as government
making entry decisions prior to the quantity-choosing stages -

(i) firm e always undertakes leadership.

(i) free entry is optimal.

(i11) outcome is as described in Lemma 6.

Government moves between Stage 1 and Stage 2: Though this
might seem slightly artificial, it is a way to model lack of commitment on
the part of the government. If firm e commits to some quantity choice ¢, in
Stage 1, the government moving after firm e has no reason to restrict entry
of inefficient firms since there is no business-stealing from firm e. Hence, if
form of competition is exogenously given, free entry is optimal and outcome
will be as described by Lemma 6.

If form of competition is endogenous, if firm e undertakes leadership, then
by the argument above, free entry is optimal. However, if firm e foregoes
leadership, the game reduces to a Cournot game. From Theorem 1 it follows
that entry regulation is optimal in such a case. Thus

Lemma 7: Absent government commitment - modeled as government
making entry decisions between the two quantity-choosing stages - free entry
is optimal if firm e exercises leadership while entry regulation is optimal if
firm e foregoes leadership.

Now consider the case where ¢ — ¢, is large. From corollary to Theorem
1, it follows that in such cases N* = 0. Hence by foregoing leadership, firm
e can become a monopolist. While exercising leadership, firm e can deter
entry but given that ¢ < P,,(c.) it cannot enjoy monopoly profits. Thus

Proposition 2: Absent government commitment, for large cost differ-
ences

(i) firm e foregoes leadership.

(i) entry regulation is optimal.

4.2 Inefficient firm as the leader

Suppose the inefficient leader firm undertakes leadership. Let ¢; denote its
quantity choice. Following its choice, suppose firm e and M other inefficient
firms are allowed to enter and let ¢, and ¢;, i € {1,2, ..M} denote their output
choices. The resultant price is P(Q) where Q = M ¢; + ¢, +q;. Clearly, the

16



leader firm will not choose ¢, > P~!(¢). From our calculations in Section 3.1,
it follows that if ¢ = P~!(c), firm e enters and price is less than c. Hence,
the leader firm chooses ¢; < P7!(c). The game that follows following Stage
1 in this case satisfies all the assumptions of the game considered in Section
3 and hence by Theorem 1, we get

Proposition 3: If the inefficient leader firm undertakes leadership, entry
requlation is optimal.

With endogenous choice of form of competition, whether the inefficient
leader firm undertakes or foregoes leadership depends among other things on
a comparison between the total number of inefficient firms allowed to enter
in the two cases?>. We look at this with linear demand in the next section.

5 Linear demand

The cost structure is same as in previous sections. Suppose N inefficient
firms are allowed to enter. We assume that the inverse demand function? is
given by

P=a-Q (15)

where Q denotes aggregate output sold - Q = g, + >N ¢;. We assume®*

that @ — ¢ > 0 and ¢ < 4%,

5.1 Preliminary calculations:

Given gj, ¢;(i # j) solves

22The chances of the inefficient leader firm being allowed to enter if it foregoes leadership
would also matter. With leadership by firm e, we do not need to consider this since it is
never optimal not to let firm e enter.

23To be more precise, the inverse demand function is P = maz{a — Q,0}. This specifi-
cation satisfies assumptions (A1) - (A3) in section 3. Hence a unique Cournot equilibrium
exists.

2These correspond to (A4) and (A5) respectively.
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maxm; = [a — Q — ¢ilq (16)

q:>0

First order conditions for this problem are(using Lemma 1)

o,
Iqe

om:

dq;

:a_QQG+ZQi_Ce:0;
i#e

—a—2¢;+Y ¢g—c=0i#e (17)
J#i

In the Cournot equilibrium with linear demand,

g _a—c+N[c—c] 5 a—ce—2[c—ce .

_ B _ 1
i oty = ite ()

N(a—c)—i—[a—ce].PE_a—l—ce—i—Nc

E _
Q" = N +2 ’ N +2

(19)

Since all inefficient firms produce the same output in equilibrium, we will
denote ¢¥ = ¢qFVi # e. Welfare(W) in this case is given by

W= NP + g (20)

2
In (20), % is consumer surplus(CS), N[¢”]? is total profits of inefficient
firms and [g.]? is profit of firm e. Treating N as a continuous variable, we
get

dq¥ [a+ c. — 2] dgf a4 —2(] dQF  a+c.— 2]

iN = a2 U av T T v SV an T vt

(21)
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Thus, an increase in N lowers the existing individual firms’ output. How-
ever, increase in output due to entry outweighs output reduced by existing
firms and hence aggregate output increases.

Consumer surplus increases due to entry while industry profit II where
I = N[¢*]? + [¢¥]? declines. For large N, we find that the loss in indus-
try profits dominates the gain in consumer surplus and hence entry reduces
welfare (V).

5.2 Optimal industry structure

Let N* = socially optimal number of inefficient firms with infinitely many
potential inefficient entrants.

Treating N as a continuous variable, using (20) and differentiating W
with respect to N and setting this equal to 0 using equilibrium values for
various quantities from (18) and (19) gives

Proposition 4: N* = maz{{=>* — 4,0.

Note that % is a measure of the cost-differential between the ineffi-

1

cient firms and firm e. Also, given our assumptions, <% € (0, ;). From

? a—ce
Proposition 4, it follows that

Corollary to Proposition 4:
i) N* is finite and non-increasing in cost-differential between inefficient
firms and firm e- =625,

ii) lim, ., N* = c0.

It is interesting to note that although policies to implement a certain
market structure have not been undertaken in the United States, it has been
done elsewhere. For example, the Spanish government and MITI in Japan
have undertaken policies to achieve a desired market structure.

25 N* is non-increasing and not strictly decreasing in == since N* = 0 for a range of
€

suitably high values of T=¢=.
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5.3 Welfare gains from entry regulation:

With identical costs across firms there is no need for entry regulation since
there is no loss in production efficiency due to entry - i.e. free entry is
socially optimal. On the other hand if the costs are too different firms will
not enter on their own and hence entry regulated equilibrium and free entry
equilibrium yield identical outcomes. In general the welfare gains from entry
regulation matters only for moderate cost differences. However it is difficult
to say anything more for a general demand function. Hence we restrict our
discussion to linear demand. Welfare with entry regulation (W*) is denoted
as

e Wa—o+(a—c)f [(a—c)+N(c—c)]’ K N(a—ce)—2(c—c)

2(N* 4+ 2)2 (N*+2)2 (N* +2)?

Welfare with free entry = W = limy_.., W is given by @ +(c—ce)?.
If cost-differential is too high, with entry regulation, only firm e is allowed
to enter and W* is welfare with firm e as the sole producer. Without entry
regulation, any inefficient firm can(and will) enter but due to high cost-
differential, firm e is almost a monopoly. Hence, in this case, welfare gain
from entry regulation is small. Similarly, when ¢ — ¢., N* — oo and from
standard continuity argument, it follows that limpy« W (N*) — W. Thus
welfare gains from entry regulation are insignificant for too high or too low
cost-differential. For moderate values of ¢ — ¢., welfare gains from entry
regulation are higher than at extreme values. We find that

Proposition 5: Given a and c., the welfare gains from entry requlation(W*—
W ) is non-monotone in c.

This suggests that government should be most concerned about entry
regulation for moderate cost-differential. Gain from regulation can be signif-
icant in such cases depending on market size - in fact, ratio of welfare under
optimal entry to that under free entry can be as high as 1.125%.

26With socially optimal number of firms, we find that profit of an inefficient firm that
gains entry is increasing in cost differential.
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5.4 More than one efficient firm:

So far, we have assumed only one efficient firm. Adding more efficient firms
does not alter the reasoning for our excess entry result - namely, shift in
output from efficient to inefficient firms. With E efficient firms (E > 1),
“business-stealing effect” assumes more importance because usually?’ as F
increases, business stolen from efficient firms increase. Hence, we would
expect entry regulation in general to be more stringent with a greater number
of efficient firms. For linear demand we find

o _(E+1)°
() = mas EEZEHD

0} (23)

where N*(E) = optimal number of inefficient firms with E efficient firms.
From (23), we get

Proposition 6: Given a,c. and ¢, N*(E) is weakly decreasing in E.

5.5 More than one type of inefficient firm:

Consider the scenario with 1 efficient firm - firm e once again. However,in
addition to firm e, suppose there are K - K > 1 - types of inefficient firms
with unit costs ci,co, ...... ck respectively where ¢, < ¢; < c9.... < ¢cx <
P,.(c.). While calculations regarding the excess entry result become more
complicated, free entry remains inoptimal. There are three possible cases.

Case 1: Only most inefficient firms can be regulated

Let N = number of firms with cost ¢;. Following analysis as in section
3, we find that given Ny, k € {1,2,....., K — 1}, Nj: < co. The reasoning is
as before - beyond a certain number of firms of type K, gains due to entry of
a type K firm are outweighed by the loss due to business stolen from types
1,2, ... K—1firms.

Case 2: All inefficient firms can be regulated

2TWe say “usually” and not “always” since with an increase in E, each efficient firm’s
output and hence business stolen from each efficient firm is lower. However, there are
more efficient firms to steal from. The latter effect often dominates the former leading to
greater “production-efficiency loss”, greater the value of E.
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Consider K = 2 and suppose government can restrict entry of both in-
efficient types. Suppose in an entry-regulated equilibrium, highest-cost type
firms - firms with cost ¢y - produce a positive amount. Let P = equilibrium
price. Alternatively, government can set Ny = 0. Since P > ¢y > ¢, govern-
ment can choose sufficiently large N; such that equilibrium price and hence
equilibrium quantity is same as before. Since ¢, = — P](f?(g = _ firm e produces
as before. Welfare is higher due to the shift in output from type 2 to type 1
firms. Hence, type 2 firms produce nothing in any equilibrium under entry

regulation in such a case. The result extends for any K > 3.

Case 3: Only “medium-cost” inefficient firms can be regulated

Alternatively, consider K = 2 once again but suppose that the government
can regulate entry of only type 1 firms. Number of firms with cost c. and ¢
that the industry starts off with are given. However, infinitely many potential
entrants with cost c¢; exist. Will the government allow all potential entrants
to enter? The answer is once again NO. Assume ¢; = co. Then, effectively
there are two types and entry should be restricted due to loss in production-
efficiency. This will also be true if ¢ is close to co. What is more interesting
is that (see Appendix) in an equilibrium with entry regulation, type 2 firms
might produce a positive amount while more efficient type 1 firms are not
allowed to enter. Thus we have shown that

Proposition 7: With more than one type of inefficient firms

i) if only the most inefficient firms can be regulated, free entry is still
tmoptimal.

it) if entry by all inefficient firms can be regulated, entry of all except for
the most efficient amongst the inefficient types should be banned.

iii) if only the “medium-cost” firms can be regulated, it might be optimal
not to let some of these firms enter even though more inefficient firms produce
a positive amount.

5.6 Finite number of entrants

With linear demand the implication of finite number of entrants in Cournot
environment is obvious. The entry regulation might not be necessary. Since
W(N) is strictly concave, if the number of potential entrants is less than
N*, then government will allow all the firms to enter. With non-concavity of
W (N) this might not hold.
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In the Stackelberg environment with efficient firm as the leader, unlike the
other case(infinite number of potential entrants) entry may not be deterred.
If ¢ — ¢, is very low efficient firm will be unwilling to deter entry. In such
cases

[a — c.] + Nlc — ¢

e = 9 (24)

In (24) above N denote the number of potential entrants. Though entry
is not deterred note that the leader increases output corresponding to an
increase in N. In anticipation of business-stealing the leader firm creates
more business. Thus the flavor of infinite potential entrants still remains.

6 Conclusion

In the excess entry literature, it has been shown that with economies of scale,
free entry can lead to more firms entering than is socially optimal. We show
under very general demand conditions that another factor - asymmetry in
production costs across firms - can lead to excess entry. The proof of the
excess entry result is novel and related to the literature on public enterprise.
Though gains from entry regulation exists for arbitrarily small cost differences
these gains are of some importance only for moderate cost-differences. With
linear demand we characterize the optimal industry structure. Further we
show that optimal number of inefficient firms is decreasing in cost-differences.
With Stackelberg competition whether free entry is optimal depends on the
leader’s cost level. If an inefficient firm is the leader free entry is inoptimal
while the reverse is true an efficient firm is the leader free entry is optimal.
A surprising feature of the Stackelberg environment is that with endoge-
nous choice of leadership and lack of government commitment an efficient
firm might forego leadership. Foregoing the leadership changes the game to
Cournot environment rendering free entry inoptimal once again.

The discussion in the paper assumes that the cost- differences are given.
But an efficient firm might share the technology (if it is not costly) with
some inefficient firms. In particular assume it can license technology to the
inefficient firms. Will the results change once we allow for endogenous cost
differences? The answer is not necessarily. Absent government entry regu-
lation efficient firm would license the technology to some(but not all) of the
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inefficient firms. If the licensing equilibrium is such that firms still producing
with the inefficient technology drops out of the market then there is no need
for entry regulation. However if the output produced by the inefficient firms
is positive in the free-entry equilibrium then the case for entry regulation
exists. This is due to the fact no matter how many efficient firms are there
as long as that number is finite there is always a case for entry regulation.

7 Appendix

To be completed.
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