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Free Exit and Social Inefficiency

Abstract

Mankiw and Whinston (1986) shows that free entry is socially excessive entry when
firms have fixed costs and produce identical goods. Here it is shown that weakly too few
firms exit voluntarily when some of the fixed costs are recoverable.



1. Introduction

Since Maniw and Whinston (1986) its has been known that free entry often leads
to socially wasteful investment in homogeneous goods industries. That study shows how,
under reasonable conditions with the lost profits of rival firms, the business stealing
externality exceeds the gains to consumer surplus under free entry when firms produce
identical products. Whether or not free entry is socially efficient is ambiguous when
firms have differentiated products as in Spence (1976a; 1976b). Measuring this tendency
for excessive entry has been pursued in empirical work by Berry and Waldfogel (1999),
radio; Hsei and Morretti (2003), real estate agents; Hortacsu and Syverson (2004), index
funds; and Davis (2006), movie theaters.

The author knows of only of one other theoretical study that has identified the
problem of insufficient exit. Amir and Lambson (2003) first identified this tendency in
the homogenous goods case with discrete competitors. In contrast, this paper finds that
there is insufficient exit when competitors are continuous. The present paper’s structure
has the benefit of being directly comparable to the calculus-based analysis in Mankiw
and Whinston (1986).

This paper shows that welfare under free exit is strictly lower than the social

optimum if the following conditions hold:

1. Markups over marginal cost are strictly positive.
2. The probability of the low demand state is non-zero.

3. The number of firms exiting under free exit is greater than zero.



When no firms voluntarily exit under free exit, then free exit is sometimes
socially optimal. Yet, when some firms do exit in the low demand state, social welfare

could be raised if more were pushed out of business.



N° identical potential
firms sequentially choose

to enter at the cost K the Firms remaining in the

remainder stay out for a Period 1 Industry compete.
payoff of zero. | ‘
Period 0 Period 2

e State of demand, s, is revealed as high, H,
or low, L.

 N" firms stay in business in the high
demand state and the N° — N firms
liquidate.

e N firms remain in business in the low
demand state and N° — N* firms exit the
industry.

* Firms that exit recover a fraction y of their
entry cost K.

¢ All exit decisions are sequential and
observed by all entrants.

Figure 1

2. Model

Figure 1 above outlines the game. In period 0, No identical firms sequentially
choose to enter or stay out of the industry. Since firms are assumed to be identical, we
do not index individual entrants. In period 1, firms sequentially choose to exit the
industry or stay in to compete in period 2. All decisions are “now or never,” therefore, no
results rely on the real option value to waiting as described in Dixit (1989).

All firms have identical cost structures. All firms pay a cost of entry K. Some of

this cost can be recovered upon exit y €[0,1). Likewise, a fraction of this cost is



unrecoverable, 1 — y, or sunk. Firms have variable cost functions c(g®), which does not
include the entry cost, K. It is assumed that all firms weakly have diseconomies of scale

after they have entered the industry. That s, c(0) =0, c’(q) >0, and c"(q) > 0.

There are two states, high and low. That is, s =H or L. The probability of the
high demand state is h where 0 < h < 1. In the high demand state, consumers are willing
to pay a higher price for every quantity sold to the market. The inverse demand schedule

given by P(s, Q°) is a function of the state, s, and of aggregate equilibrium output in state

s, Q°. The inverse demand is increasing in the state. That is, P(H, Q) > P(L, @) for a

P <0.

S

given (3 . In addition, the market price is falling in aggregate output

Further, the number of firms in operation is given by the superscript s. That is N°
firms operate in period 2 in the state of demand s. By assumption, no firms are able to
enter after the state is revealed because there are lags between the initial investment and a
firm’s ability to bring its product to market. In particular, no new firms can enter after
period 0.

Aggregate industry output is just the outputs of the N° identical firms producing
an individual output q° =q(s,N°®). Thatis, Q° = N°g®. The firms competing in period 2
produce the same output q(s, N°) in equilibrium. Further, it is robust to assume that an
individual firm’s output is increasing in the state. That is, q(H, N ) > q(L, N ) for any
given N size of the industry.

The profits before entry costs for a single firm that is in operation in a given state

is the following:



7(s,N*)=P(s,Q%)q(s,N°*)-c(q*) 1)

We will assume that per firm producer surplus is increasing in the state. That is,

the equilibrium output response leads to rising per firm producer surplus for a given
industry size. That is, for any given industry size N, 7(H, N ) > #(L, N ).

We can combine our entry assumption and our profit assumption to conclude the

following:

Proposition 1
No firms exit in the high demand state. Further, the number of firms in the high demand

state weakly exceeds the number of firms in the low demand state. That is, N° = N" > N".

A proof is left for the appendix.
Following Mankiw and Whinston (1986) we will make 3 more assumptions. That

paper proved that these fairly innocuous conditions will guarantee excess entry:

1. Total industry output is rising in the number of firms, 8_QS >0.
2. Individual firms’ outputs are falling in the number of firms, q -<0.
3. All firms price at or above marginal cost, P(s,Q°)-c'(g®) > 0.

! The model is more general than Cournot competition. Yet, Cournot competition is a special case of the
model. All the output, price, and per firm producer surplus assumptions are consistent with an industry
composed of Cournot competitors facing a linear inverse demand curve.



These assumptions seem reasonable when firms weakly face diseconomies of scale and

are producing homogenous goods.
3. Analysis

Our presentation here differs from Mankiw and Whinston (1986). We are also
concerned with how the exit behavior affects the investment incentives of firms. Mankiw
and Whinston (1986) only considers entry behavior because in that model there is only
one state.

Social welfare function is the following:

W(N“,NL)hPfq P(H,v)dv—N”c(q“)}

0

NLqL

+(1h)“ P(L,v)dv—NLc(qL)+yNI Kdu]

0 (2)
—Nf Kdu,

where g" =q(H,N"), g" =q(L,N").

The top term is the expected total surplus in the high demand state. This is the
price that consumers are willing to pay, less the total variable costs of producing the
output. The second term is the expected total surplus generated in the low demand state
plus the expected scrap value of the firms that are liquidated. Finally, the last term is the

total entry costs for the industry.



Because welfare is a function two variables if there is an interior optimum, it will
be a stationary point where the first derivative of welfare with respect to both the number
of firms entering, N"', and the number of firms remaining in the low state, N", are equal to
zero.

Analysis of the optimal number of firms in the high demand state is analogous to
the entry results derived in Mankiw and Whinston (1986). For this reason this analysis
has been left to a supplemental appendix 6. The original contribution of this paper deals
the first order condition with respect to the number of firms in the low demand state.

Let us differentiate welfare in equation (2) with respect to N".

jl\\’le (L= h)[z(L,N") = 7K]+ (- h)dq(l‘ N®)

where Q" =N"q".

NPQD-C@N g

If firms are free to exit, they will do so when their revenues less variable costs are
less than or equal to the recovery value of their fixed costs. Given that any firm exits, the

following condition must be met:

IfN" >N, then z(L,N")-yK =0. 4)

This occurs in cases, when yis large and some firms benefit from recovering a
portion of their costs, K. If there is a non-zero number of firms exiting, we can simplify

the first-order condition. Let us define the free exit number of firms N™ as the number of

firms in the low demand state, N*, when the condition in equation (4) is met. That is, by



inserting equation (4) into equation (3) above, the FOC with respect to N" reduces to the

following:

dw
dN L NL:NFX

- -h SN [PQ™) g1 <0 (5)

We know this is weakly negative because per firm output falls in the number of
firms, markups are weakly positive, and the probability of the low state occurring—1 —
h—is non-negative. Therefore, equation (5) implies that weakly too few firms, N™ — N*,
exit in the low demand state, given that any firms voluntarily exit. When h <1 and

markups are strictly above marginal cost (that is, when P(Q™)—c'(q"*) > 0) then

welfare would strictly rise if more firms would exit. Amir and Lambson (2003) found
that there are too few firms exiting when firms are discrete. In contrast, we have shown
that this is the case when we relax the integer constraint and assume that firms are
continuous. Thus, the results of this paper are more directly comparable to the results in
Mankiw and Whinston (1986) which focuses primarily on the continuous case. Further,
by only having one productive period, we have separated out the option value of waiting
to identify the pure incentive towards insufficient exit in the continuous case.

Evaluated at the optimum, equation (3) reduces to the following expression:

dw
dN - NLoNL

=[z(L,N") - yK]

dg(L,N") LY arf N7
+d—NN [P(Q™)—c'(g-)]=0. (6)
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We know that the second term, :—EI NY[P(Q“)—-c'(g")], is negative when

markups are positive. That is, positive markups imply that z(L,N")—yK >0, at the
optimum. This can only be true if no firms choose to exit. That is, N™ = N-. Therefore,
an interior optimum implies that there is a tendency for too few firms to exit, given that
any firms exit at all.

Further, the first-order condition in (6) does not depend on the number of firms
entering, N". The only limit to this is that N- < N". N“" may sometimes exceed N",
especially when recovery values are very low—y is close to zero. In this case, if z(L, N7)
> 0, the N"™-th firm might do the socially optimal thing by not exiting in the low demand
state. In this case, no firms will exit, and this will weakly coincide with the social
optimum because technological constraints prevent further entry in period 1. This
anomaly comes from the fact that welfare could be improved if firms could enter the
industry at the liquidation value. Therefore, the constraint that N- cannot exceed N must
bind and N" = N" when N-" > N". Since zero firms optimally exit in this case, then we
can say that sometimes exit is socially optimal. In particular, free exit is socially optimal
when N™ implied by the equality in (4) is greater than or equal to N™. Yet, it still must
be the case that N-" < N7*. Despite the technical constraints, we can make the following

statement from our analysis above:
Proposition 2

e There are weakly too few firms that exit in the low demand state.

e There are strictly too few firms exiting when N > N“",

11



The proposition above follows from equation (5) and the preceding discussion.

This result should not be surprising in light of Mankiw and Whinston (1986)’s
result. Suppose that we interpret the game in period 1 as an entry game. EXxiting with
partially sunk costs is very much like entering. A firm pays a fee )K to stay in the
industry in period 1. Too many firms pay this fee. An equivalent interpretation is that
too few firms exit. Therefore, the excessive entry result of Mankiw and Whinston (1986)
also implies insufficient exit when demand is revealed. Yet, the author knows of no other
paper, besides the present paper, that proves the pure insufficient exit incentive for the
continuous case. Since exit is almost as important as entry in determining market

structure, this omission in the literature is surprising.

4. Conclusion

This paper has shown that private incentives for firms to exit a homogenous
goods industry when demand is low is weakly insufficient from the point of view of
social welfare. When markups over marginal cost are positive, and the probability of a
low demand realization is non-zero, and some firms exit voluntarily, then exit is strictly
insufficient. This paper shows that business stealing externalities alone weakly lead to

insufficient exit in homogenous goods industries with a continuum of competitors.
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5. Appendix: Proof of Proposition 1

Proof of N° = N" > N":
Let us prove this by contradiction. Suppose that N" < N% and N" > N°.

It must be true that in the high demand state the marginal entrant, with the highest
liquidation value of all firms, finds it optimal to liquidate itself. That is, 7(H, N°) <
A(N®). Moreover, we assumed that 7Z(H, N°) > z(L, N°). Therefore, z(L, N°) < z(H, N°)
< A(N°). The marginal entrant will be liquidated in both states. Expected returns are (y -
1)K < 0 because 0 < y< 1. The marginal entrant must make non-negative profits or else
it will not enter. Therefore, this is a contradiction. Further, we assumed that no entry
will be permitted in period 1 after the state is revealed. Therefore, it is impossible that N-

>N°% Q.E.D.
6. Supplemental Appendix: Excessive Entry with Two States

Let us differentiate this with respect to the initial number of firms in the market,

N". After rearranging some terms, the first derivative can be expressed as the following:

aw

dNF _[hﬂ(H,NH)+(1—h) max{yK, z(L, NL)}_ K]

. @)
+hN" %(P(H,Q“)—c'(q“»,
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The terms in square brackets should be equal to zero under free entry. The
marginal entrant’s expected returns in both the high and low state minus its entry cost
should just equal that firm’s entry cost. If this were not the case, another firm would

want to enter. Let us define the free entry equilibrium (FE) number of firms as

hz(H,N)+(L—h)max{yK, z(L,NF)}-K =0, (8)

where the superscript “FE” signifies the initial number of firms entering the unregulated
market.

The free entry (FE) condition in (8) implies that the first-order condition in
equation (7) can be simplified considerably. The first-order condition must be weakly

negative, and unregulated industry has excessive entry:

dw _hNF

e dg(H,N™
dNH NHZNFE dN°®

) (P(H,Q™)c'(q)) <0 (©)

We know that dg/dN°® < 0 from assumption 2. The term in brackets is the
difference between price and marginal cost for an individual firm. Price must weakly
exceed marginal cost if firms are profit maximizing. Therefore, the whole quantity must
be weakly negative. If the first order condition is weakly negative, then this implies that
entry is weakly excessive. When markups are strictly positive, free entry is strictly
excessive.’

The social optimum is in part characterized by the following first order condition:

2 positive markups are a necessary condition for firms to make zero profits with positive entry costs.
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dw
dN H NHoNH*

- dg(H,N"™) Hoy  rpHR Yy
N T(P(H,Q )—-c'(q™))=0

=hz(H,N™) + (@1 -h)max{yK, z(L,N")}-K
(10)
+h

When markups are positive, we know that the bottom term is negative. This
implies that the top term on the left-hand side must be positive. This is impossible under
free entry (FE). Firms cannot make strictly positive expected profits without encouraging
more firms to enter. Since we assumed that entry was unregulated, (10) is not achievable.
Later on we will consider if taxes and bankruptcy costs can move us closer to the
optimum, N™". Yet, for now, this discussion leads us to the conclude the that free entry
leads to excess entry when firms have positive markups, produce homogenous products,

and must pay entry costs. This is a restatement of Mankiw and Whinston (1986)’s result.
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