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Abstract

Entry restrictions are a conmon form of regulation 1 markets and occupa-
tions, either as a means of limiting the size of a market or affecting the quahty
of products or services provided by 1t. This paper analyvzes demand. cost and
informational characteristics that affect the impact of this type of policies on
the quality mix of products provided by an industry and the welfare of its con-
sumers. Selective increases in the costs of entry such as licensing requirernents
and direct restrictions with competitive bidding for entry rights are considered.
We analyze the effects of these policies on entry decisions and also the addi-
tional selection effects that are obtained when exit is allowed for aud the rights
to participate in an idustry can be freely traded.
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1 Introduction

Entry restrictions are a common form of regulation in markets and occupa-
tions, either as a means of limiting the size of a market or affecting the quality
of products or services provided by it. Such policies are usually implemented
through licensing requirements or via direct controls on the number of firms
operating in an industry together with a mechanism to allocate the rights to
participate in it. The former are most common among some professions and
occupations, while the latter have been widely used, for instance, in markets
for transportation services'. This paper studies the demand, cost and infor-
mational characteristics that affect the impact of these two types of policies
on the quality mix of products provided by an industry and on the welfare
of its consumers.

The imposition of minimum quality standards is studied by Leland (1979),
who tried to identify conditions under which a market would benefit from the
imposition of direct quality controls. Shapiro (1986) departs from Leland’s
model by considering indirect controls on the quahty level through licensing
requirements. In his model entrants are required a minimum standard of
investment in order to obtain the licenses. When this minimum standard
is only binding for low quality entrants — as in the main case studied by
Shapiro — licensing requirements play the role of a selective increase in the
cost of entry of low quality producers. This is the first type of policy we
consider. Alternatively, direct controls on the number of firms operating in
a market with competitive bidding for the rights to participate in it increase
symmetrically the costs of all firms. This is the second type of policy we
consider.

The basic model we consider is very similar to Shapiro’s extended in two
ways: 1) In our model the size of the market is determined endogenously
while in his model it is given. ii) We consider a more general informational
structure. The first extension allows us to analyze the effect policies have
both on the quality mix of firms and on the total output of the industry. As
in Akerlof (1970), the model considered here results in too high a ratio of low
quality products. The severity of this adverse selection problem, that arises
from the limited information consumers have about entrants, is affected by

'This type of regulation existed in the trucking industry until 1977. An interesting
empirical study showing the large rents created by this entry restriction is given in Frew
(1981). On the other hand, in a cross—city study of the taxi industry for the United
Kingdom, Beesley (1973) finds that restrictions in the number of licenses issued combined
with fare controls lowers the average quality of the service provided.




the process of diffusion of this information. In Shapiro’s model, high and
low quality producers cannot be distinguished by consumers up to a certain
period and are perfectly separated thereafter. We consider instead a Bayesian
learning structure which only for specific values coincides with his. More
importantly, while Shapiro finds that an increase in the cost of low quality
producers always leads to an increase in the share of high quality products,
we show that the reverse is likely to happen in the more general case.

In contrast to the case of licensing considered above, rights are often
tradeable in markets where the total number of firms is regulated® . The value
of these rights has not only an effect on entry decisions but also represents an
opportunity cost that may affect exit®. Since those firms that have revealed
to be low quality are more likely to exit, this selection process could lead to
an increase in quality over time. The higher the value of these rights is, the
more intense this selection effect may be. By increasing the value of these
rights, entry restrictive policies could thus lead to a further effect on quality
mix. We also analyze this selection effect and establish that allowing these
rights to be transferred is likely to have a positive effect on quality. This
provides an equilibrium foundation for the transferability of rights.

It is not the objective of this paper to provide a general theory of quality
and entry but rather to discuss the importance of some demand, cost and
informational considerations. For that reason we have chosen the simplest
setup we could find to illustrate our points. The organization of the paper
1s as follows. In section 2 we lay out the basic model. The determination of
equilibrium and the role of preferences are considered in a model of perfect
information in section 3. Section 4 considers the selection effect discussed
above and fully characterizes the equilibrium path of entry rights. Finally,
the effect of entry restrictions on quality and on social welfare within the
general model of imperfect information are analyzed in section 5.

2 Preliminaries

There is a set of infinite identical potential entrants which face the decision to
enter an industry. In the entry stage, entrants can choose to remain outside
the industry or to enter as a high quality firm (H) or a low quality firm (L).

*For instance, the New York Stock Exchange restricts the total number of seats in
the exchange. This restriction is reflected in high values for the corresponding rights (see
Schwert (1977)).

3A general discussion on the importance of the transferability of licenses and barriers
to entry can be found in Demsetz (1982) and Lott (1987).




We denote by M the total number of active firms, and by = the proportion
of H firms in the market. There is a cost of entry (or production), Cr, < Cp.
Each firm produces a single unit of a product at no extra cost, which other
than for quality is homogeneous. Firms behave competitively.

The consumption deciston is discrete: each consumer may either consume
one unit of output or none. There are N consumers, where N is assumed to be
a large number. Of these N consumers only M are served in equilibrium. As
in Shapiro, preferences are given by a distribution F(0y,01) of reservation
values, with 0 < 0y < 0y and 0 < 0, < 0;. Each consumer chooses the
product that gives him/her the highest net surplus, or no consumption if the
market price for goods of high and low quality are above his/her reservation
value.

Let 0 and 0} be the pair of reservation values for consumer :. We assume:

(A1) 03 > 07, that is, all consumers prefer good H.

(A2) 63, > 03, implies §; > 67 for all 7, j with 7 # j, that is, if one consumer
has higher reservation value for one type of product than another
consumer, he/she will also have higher reservation value for the other
type of product.

Assumptions (Al) and (A2) imply that the distribution of reservation values
F will have support on a curve with positive slope above the diagonal in
the (0y,01) space. In other words consumers are completely ordered with
respect to the distribution of reservation values.

In the next two sections we discuss the determination of the equilibrium
in models of pertect information.

3 Perfectly observable quality

To begin with we consider a one period model with perfect information.
There will be two prices in the market, py and py, for firms of type H and L
respectively. Given these prices, let

Du(pu,pr) = {(0n,00) : 0n > pu and Oy — 01, > py — pr}

denote the set of consumers that get highest surplus buying an H product
and similarly

Dplpu.pr) = {(0u,0L) 1 0L > p1 and 0y — 0, < py —pL}

the set of consumers that would choose to buy a low quality product.




We can derive the equilibrium prices as follows: if there are M firms in
the market, with a proportion 7 of H firms and a proportion (1 — x) of L
firms, the prices py, p;, must satisfy:

N - dF(0r,0g) = (1-m)M
Dy(pupr)

N - dF(0.,0y) = ©M.
Dulpn.pL)

Below we provide some assumptions that guarantee that these prices are
uniquely determined. We denote them by py (7, M) and py(7, M). * Since M
1s the number of active consumers and firms, we will use M interchangeably
for consumers or firms.

An equilibrium is given by a pair (7, M) such that :

pr(m, M) < Cy and if  pp(r,M) < Cp then (1 —-m)M =0,
pu(r,M) < Cyg and if pu(m,M) < Cyg then =M = 0.

We now develop some concepts and provide additional assumptions that
will be used in the analysis that follows.

Given that by assumption (A2) consumers’ reservation values are com-
pletely ordered, we can define reservation value curves 8y (M) and 0,(M)
where M is the Mth consumer in descending order of reservation values.
More precisely define

Op(M) =sup{f: N dF(0y,0) > M}
Dy(0p.0n)

and similarly for 6,(M). Note that these are simply the inverse demand
functions for each type of product when the other one is priced out or not
available. Figure 1 illustrates these curves for some of the cases analyzed
below.

The following assumptions are used to simplify the analysis of the equi-
librium:

(A3) 0y(-) and 0L(-) are continuous.®
(A4) 0y(-) and 0.(-) are strictly decreasing.

We now consider three cases to illustrate how the effect of restrictive entry
policies depends on some properties of F'.

41t is not hard to show that if 0 < 7 < 1, and if total demand of each type of product
1s strictly decreasing in the own price, the prices will be unique.
>This is equivalent to saying that the marginal distributions of F' have densities.




3.1 Case 1: Decreasing quality premium

For this case, we introduce the following extra assumption on the preference
structure:

(DQP) O (M) — 05,(M) is strictly increasing in M.

Intuitively this says that those consumers that have higher reservation
values are less sensitive to quality differentials. For given values of py and
pL, the demands for each product are determined as follows: py determines
the marginal consumer M* for whom 8y(M*) = py, and py — py, gives the
boundary between the consumers of high and low quality goods (1 — n)M*,
which is defined by HH((I —m)M*) — HL((I — m)M*) = pg — pr. Total
consumption of L goods is (1 — 7)M* and 7M™ is the consumption of H
goods (see Figure 1.a). For an interior equilibrium, py = Cy and p;, = C.

The effect of licensing requirements can be studied as in Shapiro (1986)
by considering a selective increase ACy, in the cost of low quality firms. Since
pr 1s not affected by this, the size of the market does not change. But since
pr. increases by ACp, the boundary between the two markets moves towards
the origin, so 7 increases. In contrast, an increase of both Cp and Cy by
AC would raise both prices by AC, reducing the total market size from M~
to some value M’ without changing the boundary between H and L quality
markets. As a consequence, the share of L firms would increase. This is the
effect of a policy that restricts entry to M’, allocating entry rights through
competitive bidding. The market price for these rights would be AC and the
number of L and H firms would be (1 — 7)M and M’ — (1 —m)M < 7 M,

respectively.

3.2 Case 2: Increasing quality premium

Instead of (DQP) we now assume
(IQP) Oy — 01 1s strictly decreasing.

In this case those consumers with higher reservation values are more sensi-
tive to quality differentials. The analyvsis of this case is similar to the previous
one, with the role of H and L reversed. The market size is determined by
pr and the boundary of L and H goods by the difference between py and
pL. as illustrated in Figure 1.b. A selective increase in €], would increase
prL, reducing the total size of the market. For py to remain constant, the

boundary between the two markets moves to the right, again increasing .
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By an argument symmetric to the one used in the previous case, a restriction
in the number of entrants below the equilibrium value will only affect the
number of L firms, increasing the average quality offered by the industry. ¢

3.3 Case 3: Constant quality premium

For this case we assume
(CQP) Oy — 6, =k > 0.

In this case 6 is parallel to 0y. If Cy — Cp > k only L firms will enter
the industry and if Cy — Cp < k only H firms will enter. Restricting the
number of entrants would have no effect on quality.

To summarize, while a selective increase in the cost of entry of low quality
firms always results in an increase in the fraction of high quality firms, direct
entry restrictions may have the opposite effect. Loosely speaking, the latter
will lead to an increase in average quality only if the correlation between
reservation values and preferences for quality is positive. The following two
propositions summarize the results of this section:

Proposition 1 Under assumptions (A1)-(A4) there exists a unique equi-
librium, and if it is interior, a selective increase in the cost of entry of low
(high) quality firms increases (decreases) the proportion of high quality firms.
The size of the market (M) changes as follows,

oM oM
30, <0 and 3, <0 if and only if pr =0 (M)
aaé\i <0 and aié% <0 if and only if p =0 (M™)

where M™ is the number of firms in the original equilibrium.

Proposition 2 The direct restriction policy has the following effect:

If 0 (M) — 0(M) is increasing (decreasing) in M then © decreases
(increases).

®In an earlier draft, we provide more general sufficient conditions for quality to increase.
An example that satisfies this condition is the case where the distribution F' is uniform
on {(0y,0r):0< 0 < 0,0, <Oy <20p +k k> —0r}. Details are available from the
authors by request.




If 0g(M) — 0,(M) = k then there is no effect.

In absence of externalities, the equilibria of the model considered in this
section are optimal —they maximize total surplus—, so entry restrictive policies
are not justifiable from a welfare point of view. Furthermore, it is not hard
to see that no consumer would gain with these policies.

4 Exit selection and quality

The idea that making operating rights transferable can enhance efficiency by
allowing for entry and exit has been considered by many authors 7. This
section discusses the effect that the transferability of licenses has on quality.

In the model considered in the previous section, even if licenses could be
traded after entry, no trade would take place since entry was both ex-ante
and ex-post optimal for each firm. Exit could occur if at entry firms face
uncertainty about their realized quality.

To analyze this we now consider the case where firms cannot choose their
quality at entry, which instead is randomly determined. Assume that each
potential entrant faces a prospect of becoming a high quality firm with prob-
ability = and a low quality firm with probability (1 — x), which is observed
only after entry. For each period that the firm remains in the industry it
produces one unit of output of the realized quality. Obviously in this case
restrictive policies cannot affect the mix of firms that enter, but they can
affect exit decisions and thus the final quality mix.

Consider first the equilibria without entry restrictions under the prefer-
ences given in Case (DQP). The market division is fixed at (w,1 — x), so
given a total number M of firms in the market, py and p;, are determined as
follows: py 1s equal to the reservation value of the Mth consumer, and py is
determined from the condition py — py, = HH((I — 7r)M) — HL((I — W)M), as
indicated in Figure 1.a. This gives functions py (7, M) and pp(x, M) which
are decreasing in M. The equilibrium number of entrants M* is such that,

wpu(m. M) + (1 = w)py(w, M")
1-4

- C.. (1)

where the left hand side is the expected discounted profits of an infinitely
lived entrant, é a discount factor and ', is the unique cost of entry. A similar

condition will hold for case (IQP).

"For the trucking industry, this point is addressed in Miklius and Casavant (1977).




Now suppose the number of firms is initially restricted to M’ < M~. The
questions that we will address are:

(1) If the rights to participate in this industry could be freely traded, would
they be traded at all?

(2) For how many periods will there be entry and exit and how much
selection will there be in the limit, i.e. what will the share of H firms
be?

(3) What characteristics will the sequence of entry rights display?
(4) What effect will entry restrictions have on the final quality mix?

This section presents formal answers to these questions, summarized at the
end in propositions 3 and 4. However an intuitive answer can be provided for
the first question. If no exit occurred, the value of L firms would be £4, while
the expected value of a potential entrant would be 724 + (1 — 7)2 — C..
If the value of L firms exceeded the expected value of a potential entrant,
there would be no gains to trade. So a necessary and sufficient condition for

exit to occur is that in the first period

Ce
p(m, M) — pp(m,M') > ?(1~5). (2)
where M’ is the imposed limit on the number of firms. Note that at the
original unrestricted equilibrium equation (1) implies that

PH(TF,M*) _ PL(W,M*) — Ce(l — 6) _ pL(ﬂ',]W')

™ ™
C.(1 - 6)

s

with strict inequality if pp(m, M*) > 0. In case (DQP) as M is decreased,
pu(m, M) — pp(r, M) decreases, so inequality (2) is never satisfied and thus
no entry and exit takes place. In contrast, for case (IQP) as M is decreased
p(m, M) — pp(x, M) increases. Provided that 64(0) — 6.(0) > &%_—6) there
exists a critical value 0 < M. < M™ such that a restriction in the number of
firms leads to entry and exit if and only if it is below M..

We now proceed to a formal definition of equilibrium. Let py(t) and pr(¢)
denote the price of high and low quality products in period ¢t and C'(t) the




corresponding price of entry rights. The value of a high quality firm V() is
given by
Va(t) =D 67 pu(7). (3)
T>t
Note that this definition assumes implicitly that high quality firms never
exit, which will be true in equilibrium.
In turn, the value of a low quality firm V},(¢) can be defined recursively
by
Vi(t) = pr(t) + max{éVL (¢t + 1),6C(t + 1)}, (4)

where the max operator represents the option of staying in the industry or
selling the rights and exiting. Using (3) and (4) we can define the expected
value of an entrant by

Ve(t) = aVu(t) + (1 = m)VL(1). (5)

Let e(t) denote the number of firms that exit at the beginning of period ¢
and also the new entrants for that period. Let w(t) denote the fraction of
high quality firms in the industry at the beginning of period t.

An equilibrium with a (binding) maximum of M’ firms is given by se-
quences {py(t),pr(t), C(t),7(t),e(t)} such that

(C1) V.(t) < Ce+ C(t) and V(1) < C. + C(t) implies e(t) = 0.
(C2) e(t) < (1 —x(t))M’ and

ViL(t) < C(t) implies e(t) = (1 — = (t)) M’
Vi(t) > C(t) implies e(t) = 0,

where V. and V}, satisfy equations (3)-(5).

(C1) is the standard free entry zero profit condition. (C2) establishes
that the number of exiting firms is bounded above by the total number of
low quality firms and that the exit decision is optimal.

We now establish that there exists a unique equilibrium and provide a
complete characterization of it. Consider first the case where there is entry
and exit for a finite number of periods only. Let T denote the last period
with positive entry and exit. The following conditions are easily derived from
the definition of equilibrium:

10




Period 7.
(1) pe(T) < C(TH(1 = ¢)
(1) mpu(T) + (1 = m)pr(T) = Ce(1 = 8) + C(T)(1 — 8).

Period T + 1.
(iti) po(T +1) = C(T + 1)(1 = 6)
(iv) mpu(T+ 1)+ (1 = m)p(T 4+ 1) < Co(1 = 8) + C(T + 1)(1 = §).

Since there is no entry and exit after period 7', py(t) = py(T) and pr(t) =
pr(T) for t > T. Hence (i)—(iv) imply that

Ce(1=6)+p(T) < 7pu(T)+ (1 —m)p(T)
= mpa(T +1) + (1 = 7m)p(T + 1)
< Ce(1 = 6)+p(T)

and hence CA1—8
pu(T) — p (1) = S22 (6)

s
From our previous discussion it is clear that this condition can only be sat-
isfied in case (IQP), so the remaining analysis is restricted to that case. Of
course, for the other cases there will not be entry and exit along the equilib-
rium path.

Equation (6) implicitly defines 7 = 7(T'), the fraction of H firms in the
limit by®
_ C(1-9)

T

O (7" M) — 0 (x* M) (7)

Equation (7) intuitively states that the gain from replacing a low quality
firm by a high quality one by 'l:gL ) equals the expected cost % Since by
assumption (IQP) the left hand side of (7) is strictly decreasing in #*, higher
costs of entry and lower values of 7 result in a lower #*. The higher C, is
and the lower 7 is, the more costly it is to replace the low quality firms by

high quality ones, so less selection takes place.

Since only L firms exit along the equilibrium path, 7(¢) is a nondecreasing
sequence and 1s strictly decreasing in periods where entry and exit occur.
Consequently pgy(t) and Vg(t) are nonincreasing and strictly decreasing in
periods where entry is positive. In the Appendix we establish that all L firms
exit in periods 1,...,T —1 and that for these periods the price of entry rights

®Below we consider the case where no 7* € [0, 1] satisfy this equation.
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C'(t) is strictly increasing. For period T, generically only a fraction a < 1 of
the low quality firms will exit, so C'(T) is determined by

pr = C(T)(1 - 6).
For periods t = 1,...,T — 1, the value of C(t) is obtained recursively from
mVu(t) 4+ (1 —m)[pL + 6C(t + 1)] = Ce + C(1).

To complete the characterization of the equilibrium we need to deter-
mine T and a. Equation (7) gives 7™ and since all L firms exit in periods
1, ..., T —1

t
T = min{t : WZ(] —m) >7"}.
7=0

and « satisfies
T-1

T Z(l ) 4ean(l —n)T =z~

7=0
Under what conditions will there be entry and exit for a finite number of

periods only? Again equation (7) provides a clear answer to this, leaving
three possibilities:

(1) there exists 7™ € (m,1) that satisfies (7).
(ii) Op(x M) — Oo(xM") < C.(1 = 8)/7
(i) 0 (M) = (M) 2 C.(1 — )/

In the first case the unique equilibrium is the one described above. In the
second case the equilibrium will have no entry and exit and thus 7* = 7. In
the third case all L firms will exit in every period so 7% = 1, py (t) — 0y (M')
and thus pg(t) — pr(t) — 0 (M') — 6,(M’).

Let b be the unique value that satisfies 05(b) — 0,(b) = &@ orb=0if

0 (0) — 0,(0) < £U=2 The ranges of M’ for which (i), (ii) and (iii) apply
are the following:

(1) =M <b< M
(i) #M' > b
(i) M’ <b




We now turn to the effect of tighter entry policies. The effects of such
policies for values of 7 in ranges (ii) and (iii) follow from our previous analysis.
For values of M’ in range (i), note that (6) determines the limiting value
pr — pr, and thus the marginal consumer independently of M’. So if the
number of firms were further restricted, ultimately all adjustment would take
Place by a reductnion 1n the number of L firms. Note that if licenses were not
transferable, this would not occur.

The following two propositions summarize the results of this section:
Proposition 3 (Al-A4)
(1) An equilibrium ezists and it is unique.

(2) The equilibrium involves entry and exit only for case (1QP). If the lim-
iting value © is such that m < 7 < 1 then there exists a T < oo such
that for periods 1,...,T —1 all L firms exit and for period T' a fraction
a € [0,1] exit. No entry or ezit occurs after T. The limiting value ©*
is the one defined by equation (7).

(8) The price of entry rights C(t) will be decreasing.

Proposition 4 (Al-A4, IQP) The lower the binding number of firms is, the
higher the limiting value ©* will be and the longer will the period over which
entry and exit occur (T') be.

Sections 3 and 4 considered the effect of entry restrictions on the equilib-
rium mix of firms when qualities are observable. Our analysis illustrates the
importance that demand considerations have in order to assess this effect. By
restricting the size of the market, the pool of consumers that end up buying
a product changes. The relative desire for low or high quality goods of this
new pool compared to the original one, will affect the final mix of products.

The next section considers the case of asymmetric information, where
consumers cannot perfectly observe the qualities of products. There are two
reasons that make the analysis of this case particularly interesting. First, it is
a case where one may expect that the type of policies considered could poten-
tially result in welfare gains®. On the other hand, there are some qualitative
differences in the role of preferences for that case.

°In the cases considered above all equilibria were originally Pareto optimal.
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5 Privately observed quality

In this section we consider a model with the same structure as before, except
that the quality of a firm is not perfectly observable by the market. The
quality of a good is realized after purchase, and depends on the type of firm
producing it according to the following: firms of type H produce a high
quality good with probability 1, while firms of type L produce a high quality
good with probability A and and a low quality good with probability 1 — A.
We assume that the previous realizations of quality of all firms in the market
are public knowledge. Note that low quality firms are either indistinguishable
from high quality ones or perfectly distinguished, depending on their history
of realized qualities. Firms make a choice about entering as an L or H firm,
which involves paying entry costs Cp or Cy as before, and if entry occurs
they produce one unit for T periods thereafter, drawing independently each
period the quality from its corresponding distribution.

In order to define preferences consistent with the previous ones, we will
assume that consumers are risk neutral and value a product according to
its expected reservation value. These expectations are taken with respect to
the updated prior at the time of purchase, updated by consumers according
to Bayes rule. This update can be summarized by a sufficient statistic ¢,
denoting the probability that a given firm is of type H. If the prior at entry
1s denoted by 7, ¢; can be defined as:

s

qt:7r+)\f(1—7r)

and 1if there has been any observation of low quality,
q: = 0.

From now on we will consider only two periods, though all results extend
naturally to arbitrary 7.

To illustrate the way preferences translate into prices, consider the case
where reservation values are as given in Case 2, with the obvious adjustment
for uncertainty indicated above. In Figure 2 we represent the preferences for
this case.

6(M|r) represents the reservation value curve for the first period, when
al] firms firms are perceived as identical. 8(M|H) is the reservation value for

goods offered by firms that have produced high quality products in period 1,

14
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while §(M|L) is the reservation value for firms that have revealed their low
quality!®.

Market clearing prices are determined each period in an analogous way
to Section 3. In the first period firms are indistinguishable, so they obtain
the same price p; for their products, while in the second period some L firms
will have revealed their low quality. We denote by py the second period
price a firm gets if it had a good realization in the first period and py, if it
produced a low quality good in the first period. Let V; and Vg denote the
expected discounted profits at entry of an L and H firm, respectively. If ¢ is
the discount factor

VH(TraM) = P1+6PH7 (8)
Vi(w,M) = pi+6Apn +6(1 = A)pr. (9)

where the dependence of the prices on (7, M) is as described in section 3.
We now define an equilibrium as a pair (M*,7*), such that

Vir < Ch, and if Vi <Cu,  M*n* =0,
Vi, < Oy, and if V. <Cp,  M*(1-77)=0. (10)

Note that as part of our definition of equilibrium we impose the condition
that consumers’ initial priors are consistent with the distribution of entrants.
It is convenient to rewrite (9) as follows:

VL = p + 6pyg — (1 — N)(pr — pL)- (11)

For an interior equilibrium, conditions (10) must be satisfied with equal-
ity. Hence the equilibrium is given by the pairs (7, M) that make (8) and
(9) equal to Cy and C, respectively. Each of these equations thus defines
an implicit map My(7) and My(7) by

Vi(r Mum) = Cu,
VH(W.MH(WD = Oy (12)

19Tn terms of the original reservation value functions, these expected reservation values
can be written as:

O(M|m) = w0 (M) + (1 = m)A0y (M) + (1 — m)(1 = M) (M),

O(M[H) =q0u(M)+ (1 - ¢)A0u(M) + (1 —q)(1 = A)8L(M),
O(M|L) = My (M) + (1 — A\)oL(M).

where q = W_-H\%rl———ﬂ
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In Figure 3 we draw a set of implicit functions to illustrate the possible
equilibria. !
At © = 0, all prices are equal: p; = p, = py. ' Hence the values M (0)
and Myg(0) satisfy
pr(Mp(0))(146) - Cp =0,

for L firms, and
pL(MH(O))(l + (5) —Cy = 0,

for H firms. Given that Cyg > Cp, it follows that Mp(0) > My(0).

For an interior solution to exist these two functions must intersect for a
value of m € (0,1). A necessary condition for this to occur is that a_g{rﬂ > Qé\_?
for some values of M. Generically there will be an odd number of equilibria,
the number of which depends on how many times the functions My and M,
intersect. To analyze what equilibria can arise we now turn to two cases,
llustrated in Figure 3.

The first case is represented by the curves (Mp, My). Since both Vg
and Vi are decreasing with respect to M |, the pairs (7, M) lying below
the curves My and My satisfy Vi, > Cp and Vg > Cg respectively, while
the pairs above these curves satisfy V;, < Cp and Vg < Cpy. The only
equilibrium corresponds to point A where only L firms enter the market. At
this point, no H firms would enter since Vg < Cpg. Also note that point
B on curve My, where 7 = 1, cannot be an equilibrium, since at this point
Vi > Cp, and some L firms would find it profitable to enter. The second case
1s represented by the curves (Mp, M}, ), that only intersect once. There are
now three equilibria: 1) point A; 2) an equilibrium corresponding to point
C', where only H firms enter the market. At this point no L firms would
enter the market since V, < Cp; the third possible equilibrium correspounds
to point D. In the Appendix we show that under assumptions (IQP) or
(CQP) these equilibria are Pareto ranked.

The following proposition easily follows from the previous analysis:

Proposition 5 (Al-A4)

(1) An equilibrium with 7™ = 0 always exists.

1Continuity of these curves follows from the fact that Vz and Vi are jointly continuous
and strictly decreasing in M. In the Appendix we give conditions under which these curves
are increasing.

12The usual discontinuity arises when A = 0 and all information is revealed after one
period. In that case py # py. For the remainder, we will assume that A = 0. Section 5.3
is devoted to the case A = 0.
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Figure 3: Possible equilibria with imperfect information
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(2) If there exists and equilibrium with 7™ = 1, then there will also be an
interior equiltbrium, i.e. with 7™ € (0,1)

(3) If there is a unique interior equilibrium, then there is one with 7 = 1.

Notice that proposition 5 implies that if there exist interior equilibria, at
least one will have the property that the My curve cuts the My, curve from
below, or %ﬂ > 6%{“ We will refer to this as the lower interior equilibria.
This has particular relevance to evaluate policies that selectively increase Cp,,
such as licensing requirements as considered in Shapiro (1986). An increase
in C';, moves the My curve downward. The value of 7 at the lower interior
equilibria decreases. So for this Bayesian learning environment there are
always equilibria where licensing requirements decrease the level of quality!

The effect of direct entry restrictions will now be analyzed. Two questions

will be addressed:

1. Can a restriction in the number of firms be supported by a competitive
market for entry rights?

2. If so, what effect will such policy have on quality?

An answer to the first question can be obtained by evaluating the effect
of a simultaneous increase in the cost of entry on the equilibrium number of
firms. A necessary condition for such policy to work is that the number of
firms decreases.

Our analysis of these two questions will be restricted to the comparative
statics of the lower interior equilibria, which is the unique one for cases (DQP)
and (CQP).

For convenience from now on we strengthen assumption (A3):
(A3") Oy (-) and Op(-) are continuously differentiable.

This assures that the functions My and M}, are continuously differentiable.'®
With these assumptions,

dVy : oV

= T vy o T T v

A oYL

dn oM om oM

The results are given in the following proposition, proved in the Appendix:

13This follows from the implicit function theorem.
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Proposition 6 . (A1,A2,A3',A4) The lower interior equilibrium has the
following comparative statics properties:

(1) (DQP) B <o, 22 5 g

(2) (IQP)  If %2 >0 then 3L <0, 22 <0

Thus in case (DQP) direct entry restrictions can always be supported
through competitive bidding for rights while for case (IQP) they can provided
a—g/f > 0. Note also that with this information structure the effects on quality
are opposite to the ones obtained for the perfect information case analyzed
in section 3.

What makes the asymmetric information case qualitatively different is
that the mix of firms that enter the market (7) has a direct effect on the
expected profits of entrants. Still, whether entry restrictions lead or not
to lower average quality depends on some specific characteristics. Three of
these were critical to the result obtained in our last case. First, at # = 0
net expected profits for low quality firms were higher than for high quality
firms. This obviously extends to other models whenever there are substantial
differences in the costs of entry. Secondly, higher costs of entry shift the M|,
curve down more than the My curve. This will occur if (and only if) changes
m M affect the expected discounted profits of high quality firms more than
those of low quality firms. Note that under these two conditions, if there are
interior equilibria there will be at least one where entry restrictions can result
in lower average quality. Other models that share these two characteristics
will lead to similar conclusions. Finally, for an interior equilibrium to exist
it was necessary for My, to have smaller slope than My in some region. This
requires that, relative to changes in M, higher 7 benefits high quality firms
the most.

Section 5.1 will consider the case of (CQP). Section 5.2 discusses in more
detail a class of (IQP) preferences, provides a condition so that %/f > 0 and
develops welfare considerations. Finally section 5.3 discusses the special case
in which all information is revealed after one period (A = 0), relating our
results to those in Shapiro (1986).

5.1 Constant quality premium.

This corresponds to preferences under assumptions (Al), (A2), (A3'), (Ad)
and (CQP). For these preferences, note that py — py, will not depend on M
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Table 1: Parameter values for numerical computations

Parameters Case 1 Case 2

e’ 0.2 0

o 1 0.8
A 0.6 0.32
Cr 9.5 30
Chu 10 50
b 30 50

(though it will increase with =), so using (8) and (11) g—;} = %%lﬂ‘ It is also
clear that ng > 0, so from (11) it follows that %} < %%ﬁ. From these two
results, it is easy to check that %L < %’ffi, which implies that there will be
at most one point of intersection. This will occur provided that the difference
Cu — Cp is not large. Note the contrast to the corresponding case of perfect
information, where at equilibrium only one type of firm entered the market.

Consider now the effect of entry restrictive policies that increase equally
Cp and Cy by AC. Since pg — py, is independent of M and py and py
are strictly decreasing in M at constant 7, both curves shift down by the
same magnitude. The new equilibrium has the same = but a lower number
of entrants. It follows that as in the case of perfect information, with these

preferences this type of entry restrictive policies is neutral with respect to .

5.2 Results for a class of (IQP) preferences

In this section we consider a special class of (IQP) preferences with 6y (M) =
b/M and 6;,(M) = afy(M).'* For illustrative purposes, in Figure 4 we plot
numerical estimates for the implicit functions Mpy(7) and My (7) for two
cases.

The parameter values for the two cases considered are given in Table 1.

In the Appendix we show that %} > 0 and —@%fi >0if A > 7w(1—X). This
implies that the implicit functions M; and My are upward sloping.

In case 1, there is a unique interior equilibrium, denoted by point F.
Notice that My intersects My from below, so this implies that at this point

o) y . . . .
(—g—{fi > %A?. A selective increase in ('; has the same consequences as in

14In the Appendix we show that thesc preferences are equivalent to a more common
separable class closely related to those in Shaked and Sutton (1982).
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M, Case 1

Figure 4: Equilibria for numerical computations
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the (CPQ) case. Consider now the experiment of increasing C1, and Cy by
AC. By proposition 6 7* decreases and if 86% > %} then M™ decreases.
In the Appendix we show that a sufficient condition for the latter is that
A > 7(1—A). In the Appendix we also show that this simultaneous increase
in entry costs reduces social welfare.

In case 2, there are two equilibria, denoted by points £’ and E”. Point
£’ has the same properties as point E of case 1, while for point E” the
comparative statics results are reversed. Note however, that at the latter
point it would be necessary that AC < 0 for M to decrease. Since entry
rights must have nonnegative price, this point could not be supported by the
type of policy considered but rather by subsidies to entry.

5.3 All information revealed after one period

The results described in the previous section contrast to the ones obtained
by Shapiro (1986). As for this matter, the main difference between his model
and ours 1s on the learning environment. Shapiro assumes that high and low
quality producers cannot be distinguished for a fixed number of periods but
are perfectly separated thereafter.

Suppose that in the first period firms are indistinguishable, but in the
second period the types of the firms are revealed. This is clearly the case
when A = 0. The values of the firms in this case are:

‘/H =D +6PH~,

Vi = p1 + opr.

There is a single price in the market in the first period, and it is determined
by the expected reservation value curve §( M|r), when consumers have prior
7 for the proportion of H firms. Assuming A =0

p(r, M) =70g(M)+ (1~ )0, (M).

In the second period all L firms will have revealed their low quality '°, so
pr(M) =0, (M) and py(r, M) = p(M) + O0y(xM) — 0,(xM). From these

equations it follows that

oVy B ovy %
or  Or or

15We proceed under assumptions (Al), (A2), (A3'), (A4) and (IQP).

MO (M) — 0'L(xM)] <
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8VH - 8VL ’ ; aVL
57 - a—M+67Z'[9H(7Z‘M)—9L(7rM)]<W <0
% > 0

on

where the two first inequalities follow from 0% (M) — 0} (7 M) < 0. '©

As for the My and Mj functions, this implies %A% > 0 and leaves two

possibilities for My: either the My curve cuts the My curve from above or
1t 1s downward sloping, i.e.

(i) oM, 0My )
™
or (i1) M < 0.

We now discuss the comparative statics properties for an interior equilib-
rium, leaving the existence issue for later. An increase in Cp, shifts My down,
which in either case increases 7. This coincides with Shapiro’s result. The
total number of firms and consumers increases in case (i) while it decreases in
case (i1). Consider now the effect of a simultaneous increase in both €, and
Cy by AC'. Since |Z—XJI=| < ‘%l, M, moves down more than My, increasing
7. In both cases the number of firms and consumers decreases.

We now turn to the issue of existence of an interior equilibrium. A nec-
essary condition in case (i) is that the My curve intersects the M axis above
of the My curve. This requires that at # = 0 profits be higher for H firms.
For A > 0 and a degenerate prior at 7 = 0 this is not possible. However for
A = 0, consumers learn from the first observation the true quality of a firm,
so second period profits are higher for H firms. If the difference in profits
is sufficiently large relative to the difference in entry costs, this condition
will be satisfied. In that case, if no intersection occurs, the only equilibrium
1s one with 7 = 1; if they do intersect, the unique equilibrium will be the
interior one. Similar results apply in case (ii). As before, if M}, cuts the M
axis above My the unique equilibrium will have = = 0.

What makes this case so different is that there is no externality associated
to the process of transmission of information, so the “lemons” effect plays
a role only in the first period, where it affects both types of firms equally.
This makes it possible for the value of low quality firms to be more sensitive
to changes in 7. In contrast, when A > 0 a lower value of 7 reduces the
informational value of the first period realization, affecting more negatively
second period profits of H firms.

16This is true in general.
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6 Conclusions

This paper analyzed the effects of entry restrictions on the quality mix of
firms and the welfare of consumers. Despite the fact that the analysis has
been kept deliberately simple our results are suggestive on how the effects
of policies that restrict entry depend on characteristics of the economic en-
vironment. The overall effect on quality and welfare of these kind of policies
depends on demand, cost and informational characteristics of each specific
market.

On the demand side, the relationship between reservation values and
preferences for quality plays an important role. By restricting the size of
the market, the pool of consumers that end up buying a product changes.
The relative desire for low or high quality goods of this new pool compared
to the original one, will affect the final mix of products. For the case of
perfect information we show, loosely speaking, that if the correlation between
the two is positive entry restrictions result in higher average quality. For
policies of direct regulation, our analysis suggests that making operating
rights transferable and thus allowing selection to operate through entry and
exit of firms, results in higher average quality. Our model also predicts that
the equilibrium value of these rights will decrease through time.

The case of asymmetric information brings in additional considerations.
When the quality of producers cannot be perfectly observed, our analysis
suggests that the effect of entry restrictive policies cannot be determined
without detailed knowledge of the process by which information about quality
is diffused in the market. Our analysis of the Bayesian learning case shows
that, in contrast to previous results, these policies are likely to have negative
rather than positive effects on average quality and welfare.

Appendix
A Exit and Selection
Claim: All [ firms exit and C(t + 1) < C(t) for periods 1,...,T — 1.
Proof: (C1) implies that
C.o+C(T—1) > V(T 1)+ (1 —m)(ps + 6C(T))

MMT"U+H—WHT6
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PL
1-46

> wVy(T)+ (1 —7)
= C.+C(T).

This implies that C(T'—1) > C(T)so V(T —1) = p, + C(T) < C(T —1)
and thus all L firms exit at the beginning of period 7' — 1, i.e. e(T — 1) =
(1=7m(T=2))M'. 1t also implies that py(T—2) > py(T'—1) and Vy(T -2) >
V(T —1). A simple inductive argument will now show that the same will
occur for all periods t < T'. As an inductive hypothesis for t < T — 1 assume
Cty>C(t+1)>...>C(I'-1) > C(T) and C(t) > Vi(¢t). This implies
that all L firms exit in period ¢, so py(t —1) > py(t) and Vy(t —1) > Vy(1).
Hence

Ce+C(t-1) Vit —1) + (1 — 7)(pL + 6C(1))
wVi(t)+ (1 —m)(pL +6C(t+ 1))

= C.+C(1).

2
>

This proves that C(t —1) > C(t). To complete the argument we will show
that Vi(t — 1) < C(t — 1), so all L firms exit in period ¢t — 1: '

Vi(t—=1)=C(t—1) = p+6C(1)=C(t—1)

< pr—(1=6)C(t)
< pr—(1=8)C(T)
< 0.

This completes the proof.

B Related preferences

To relate the preferences of section 5.2 to other models in the literature, for
instance Shaked and Sutton (1982), consider the following type of preferences:
consumers face the choice to buy one unit of a product with expected quality
E(s) . Quality takes only two values sy > sp. Preferences are represented

by

U= { OE(s) —p if purchase,
0 otherwise.
Assuming that 0 is distributed over the population according to a distribution
function F(#) the inverse demand function can be written as

p=®(M)E(s),
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where ®(M) = F~'(1 — M/N), M is the number of products and N is the
number of consumers. Adopting the same information structure as in section
5, we arrive to the following demand functions:

M :<I>(M)[7r3H+(1—7r)3L],
pr = ®(M)[Asg + (1 — N)se],
pr = ®(M')[gsu + (1 — q)sz).

Defining sy = 1, sp, = A+ (1 — M)a and &(M) = 0y (M) we arrive to the

formulation used in the text.

C Proof of Proposition 6

(1) For the case (DQP) %:fi > %}, —‘%{1 > 0 and ‘;—X,IL < %%f} < 0. This
implies that the My curve is upward sloping. If %L;L > 0, then an
increase (AC') in the cost of entry shifts the My curve to the right
more than the My curve, decreasing the equilibrium value of M. If
%;L < 0, then the original equilibrium is at a point where %‘;{L < 0 and

the M curve shifts to the left. This also results in a decrease of M.
(2) This result follows the same argument as in (1).

(3) For case (DQP) Z—X/IL < %%:1} < 0, which implies that as a consequence
of an increase AC in the cost of entry, the My curve shifts down more
than the M curve. Since at the interior equilibrium %AZL < 8—2—/{},
the conclusion follows. For the case of (IQP) 22 < &L < 0, so the

. oM oM
opposite result is obtained.

D Conditions for M; and My to be increasing

We develop conditions under which My, and My are increasing in M, for the
preferences considered in section 5.2. Differentiating implicitly:

AV, av
EAS-S YL
My H oM, 5
- oVy ? - CAY

gYH EASH

871‘ oM 871‘ oM

Vi and Vp, are clearly decreasing in M. Given that %z;: > (0 and %‘* =0, it

suffices to show that % <9(M"H) — ()(]W’lL)) > 0. We write this expression
as

O(M'|H)—0(M'|L) = M[W+i(1 2 [q(1=M)(1-a)] = A%;
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where £ is a constant that does not depend on #. Differentiating the last

term
2

w5 = (i)

which is positive if A > #(1 — A).

E Ranking of multiple equilibria
We show that under assumptions (A1), (A2), (A3'), (A4) and (IQP) or (CQP)

and if %f} > 0 the equilibria are Pareto ranked. We consider the case
where there is a unique interior equilibria as depicted in Figure 3, though
the arguments extend to the general case. The three equilibria corresponding
to the curves My, My are A, C and D, with 1 = n¢ > 7p > 74 = 0 and
Mec > Mp > M.

Under assumptions (IQP) or (CQP) if n; < n,

(HH(TLI) - PH) - (HL(nl) —PL) > (HH(TLQ) _PH) - (HL(nz) —PL)- (13)

We will use the following remark:

Remark: Assume that 6’ and 6" are two reservation value curves with §' < 6"
and that the corresponding equilibrium prices and quantities satisty p’ < p”
and M’ < M". Then the equilibrium with (p”, M") is Pareto superior. To
establish this, note that all consumers in the interval (M’, M") will be strictly
better off in the latter case. Applying (13) this will also be the case for all
consumers in [0, M'].

Let p4 and pe be the prices in equilibria A and C respectively, p; be the
first period price in D and pj,, pg the second period prices in D. It is easy
to check that

pL <pa<pr<pc <PpPH.
Since 74 < 7p < 7¢ and My < Mp < Mg, the remark implies that for all
first period consumers C' > D > A. For the second period, since p; < pa
all consumers prefer D to A. Let 0y denote the high reservation curve for
the second period in case D. Then all consumers in the interval (Mp, M)
are strictly better off in C since 6y > pc. It now follows from (13) that all
second period consumers will be strictly better off at C.

F Welfare effects of changes in entry restrictions

In the case analyzed in section 5.2. the effect of increasing Cy and Cf by
A(C is a reduction in 7 and M. We now show that the original equilibrium is

o
(04]




Pareto superior. Call the original equilibrium (M4, 74) and the equilibrium
after changing the cost of entry (Mp, 7p).

In the first period, we have that p < p’y and Mp < My, therefore by
(13), all first period consumers are better off at A.

Let M, = maM4 and My = 7gMp. M) and My are the number of
consumers that consume high quality products in A and B, respectively.
Note that My < M. It is easy to show that p{! < p? < pf < pf. All
consumers in [Mp, Mp] are strictly better off at A, since pf < pP. By the
remark, the same is true for consumers in [0, Mg]. Finally the rest of the
consumers that participate in A consume zero in B and are hence better off
at A.
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