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We construct a theory of competitive equilibrium under uncertainty
using an entrepreneurial model with historical roots in the work of
Knightin the 1920s. Individuals possess labor which they can supply
as workers to a competitive labor market or use as entrepreneurs in
running a firm. All entrepreneurs have access 1o the same risky
technology and receive all profits from their firms. In the equilib-
rium, more risk averse individuals become workers while the less risk
averse become entreprencurs. Less risk averse entrepreneurs run
larger firms and economy-wide increases in risk aversion reduce the
equilibrium wage. A dynamic process of firm entry and exit is stable.
I'he equilibrium is efficient only if all entrepreneurs are risk neutral.
Inefficiencies in the number of firms and in the allocation of labor to
firms are traced to inefficiencies in the risk allocation caused by
institutional constraints on risk trading. In a second best sense which
accounts for these constraints, the equilibrium is efficient.

I. Introduction

The recent work on the economics of uncertainty has failed to achieve
general agreement as to the goals which motivate firm behavior under
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uncertainty. The criteria guiding firm decision making which have
been proposed and studied in the existing literature include expected
profit maximization and expected utility of profit maximization as
well as maximization of the firm’s stock market value. Difficulties with
each of these criteria have led to a discussion (“Symposium on the
Optimality of Competitive Capital Markets” [1974]) of the conditions
under which there exists a criteria for firm decision making which
achieves unanimous approval of stockholders. They have also led to
the study of other more sophisticated criteria for irm decision mak-
ing. The paper of Dreze (1974) is one in which this latter approach is
taken. Each of these subsequent approaches has achieved only limited
success. For example, unanimity can be achieved only in limited
technological circumstances. Similarly, the equilibria of Dreze are not
always efficient in the “second best” sense of Diamond (1967).

In this paper we construct a competitive general equilibrium theory
of the firm under uncertainty which is based on an entrepreneurial
model having its historical roots in the work of Knight (1921). The
entrepreneurial model permits us simultaneously to use the expected
utility maximization criterion and to provide a justification for its use.
This is accomplished by assuming that for each firm there is an
expected utility maximizing entrepreneur who makes decisions for
the firm. Furthermore, the model uses a free-entry assumption to
endogenously determine the number of firms and the identity of the
entrepreneurs who run them. It also permits us to identify the indi-
vidual characteristics of individuals who choose to become entre-
preneurs.

In the model, individuals are assumed to have a choice between
operating a risky firm or working for a riskless wage. There are, of
course, many factors which should influence this choice. The most
important ones would include entrepreneurial ability, labor skills,
attitudes toward risk, and initial access to the capital required to create
a firm. The present paper focuses on risk aversion as the determinant
which explains who becomes an entrepreneur and who works as a
laborer. The equilibrium which is shown to exist has the property that
less risk averse individuals become entrepreneurs, while the more risk
averse work as laborers.

In addition to providing an explanation for the identity of entre-
preneurs, the entrepreneurial model can also be used to study several
issues of traditional interest to economists. One of these is the process
of firm entry and exit.

Specifically, using the model described below, it is possible to
analyze the dynamics of firm entry and exit in a general equilibrium
context. This can be done using a formalization of a tatonnement
process which is analogous to that commonly used to study the stabil-
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ity of competitive equilibrium. While our stability analysis is less
complete and more special than the analysis in the stability literature
for competitive equilibrium, it nevertheless introduces an element,
specifically firm entry and exit, which this literature was unable to
incorporate. Furthermore, this element is introduced while retaining
the general equilibrium framework and the basic price-adjustment
process. In our general equilibrium process, as in the tatonnement
process used in the competitive equilibrium literature, prices (in our
case, wages) adjust to (labor) market disequilibrium by rising when
there is excess supply. Earlier formalizations of the entry-exit process,
specifically, those in Quandt and Howrey (1968) and Brock (1972),
were partial equilibrium models. They were also based on formaliza-
tions of the adjustment process which, while similar in spirit, differed
in detail from the tatonnement price-adjustment process used in the
competitive equilibrium framework. For example, in the papers by
Quandt and Howrey and by Brock, the dynamic variable is the
number of firms in an industry. The industry grows when profits (or
excess profits) are positive: it contracts when profits are negative.

Another traditional question which can be investigated using the
entrepreneurial model concerns the determinants of the distribution
of firm size. Specifically, an entrepreneur’s attitude toward risk can be
related to the size of the firm which he operates. While it might be
conjectured that more risk averse entrepreneurs run smaller firms,
this is not always true. However, it does follow when the production
function satisfies certain conditions which are spelled out in theorem
3 below.

It is also possible to use this model to study one determinant of the
distribution  of income between workers and entrepreneurs.
Specifically, it can be shown that, under certain conditions, the
equilibrium wage level would be depressed if the economy’s popula-
tion became more risk averse.

Finally, it is possible to investigate the efficiency of the equilibrium
of the entrepreneurial model. In general the equilibrium is inefficient
and the inefficiency takes three forms: risks are maldistributed, firms
are operated at the wrong levels, and there is an inappropriate
number of firms. It is shown, however, that all of these forms of
inefficiency occur because there are institutional constraints em-
bodied in the model which prohibit an efficient allocation of risks
when entrepreneurs are risk averse. This is seen in two ways. First, the
equilibrium is efficient if, in equilibrium, all entrepreneurs are risk
neutral. Second, we follow Diamond (1967) and Radner (1968) and
investigate the efficiency of equilibrium in a second best or “limited”
sense which permits a less than completely efficient allocation of risks.
Although the “limited efficiency™ approach taken in this paper is in
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the same spirit as those adopted by Diamond and by Radner, it
employs a different concept of limited efficiency than the ones they
employed. Thus we accept the specific institutional constraints im-
posed by our equilibrium model on the distribution of risk and ask
only that, given these constraints, all other decisions be made
efficiently (Pareto optimally). The constraints on risk trading im-
posed in taking this approach are, in fact, stronger than those intro-
duced by Diamond and by Radner. It is possible, however, to show
that if, in defining limited efficiency, these constraints are imposed,
then the equilibrium is efficient in the limited sense.

Because all of the inefficiencies which may arise in an equilibrium
can be traced to the institutional constraints on risk trading, it is
reasonable to conjecture that the efficiency properties of the equilib-
rium will be substantially improved by the introduction of at least
some market opportunities for risk sharing among entrepreneurs and
between entrepreneurs and workers. The introduction of a stock
market in which the entrepreneur can raise capital for the purpose of
financing his input purchases would be one way of providing addi-
tional opportunities for risk sharing. Sharecropping arrangements
provide another device by which risks are, in fact, often shared. This
is especially true in agricultural economies. The present paper does
not investigate the issues which arise when either of these risk sharing
possibilities becomes available. In a subsequent paper (Kihlstrom and
Laffont 1978), we have, however, succeeded in studying these exten-
sions of the entrepreneurial model discussed here. The emphasis
there is on the stock market as a device for risk sharing. It is
specifically shown that the introduction of a stock market does, in-
deed, result in equilibrium allocations which are efficient in a stronger
sense than that considered here. Specifically they are efficient in the
sense of Diamond.

This paper concludes with a brief summary of our results and a
discussion of their relationship to Knight's above-mentioned entre-
preneurial theory.

II. The Model

The set of agents is identified with the interval [0,1]. If « € [0,1],
individual « has the von Neumann Morgenstern utility function
u(l,«) where I represents income, and I € [0,%). For all 1 = 0, the first
and second derivatives u; and u,; exist and are continuous. The
marginal utility u, is positive and nonincreasing, that is, u;; = 0. Thus
all agents are risk averse or indifferent to risk.

We also assume that the Arrow (1971)-Pratt (1964) absolute risk
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aversion measure is nondecreasing in a. More precisely, if a exceeds
B, then agent a is at least as risk averse as agent 8 in the sense that

ot ull(lva) . ull(l’B) —
e = - Te) =~ uap TP ()

for all I € (0, =).

Each agent can become an entrepreneur and use without cost a
technology defined by a continuous production functiony = g(L,x)
wherey = 0 is output, L = 0 is the labor input, and x is the value taken
by a nondegenerate random parameter ¥ with support [0, x], 0 <
x < +x

The marginal product g, is assumed to be continuous and positive
on [0,+%=) x (0, x]. The second derivative is continuous and nonposi-
tive on [0,+%) x [0, X]. Thus g exhibits nonincreasing returns to scale
for each x. In addition, g(0,x) = g(L,0) = 0 for all x € [0, x] and L €
[0,+%), while g(L,x) > 0 on (0,+%) X (0, X].

A variety of interpretations of the random variables x is possible.
In all of these interpretations, the stochastic distribution of x is as-
sumed to be the same for all firms. On the one extreme we can assume
that the random variables which determine the output of each firm are
stochastically independent. At the other extreme they can be perfectly
correlated. In this case, not only is the distribution of x the same for all
firms, but the same random variable x influences the output of all
firms. Intermediate cases occur when the x's are correlated but not
perfectly correlated. In each of these alternative interpretations, all
individuals are assumed to have the same beliefs about the distribu-
tion of %, that is, the distribution of x is objective.

The price of output is | and labor is hired at a competitive wage w.
It is assumed that the demands of entrepreneurship preclude addi-
tional work by agents who choose to operate a firm. Thus agents have
a choice. They can become entrepreneurs and receive an uncertain
income or they can work and receive the market wage w. If an
individual becomes an entrepreneur and employs L workers he will
receive profits equal to

g(L.x) — wL. (2)

To avoid the difficulties associated with the problem of bankruptcy
we assume that all individuals begin with A units of income and that
they are unable to hire workers who cannot be paid if x = 0. Thus L
must be less than or equal to A/w.

An individual who becomes an entrepreneur will choose to employ
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L(w,«) workers where L(w,a) is the L value in [0, A/w] which
maximizes
Eu(A +g(L,x) —wL, a). (3)
Our assumptions on u and g guarantee that L (w,a) exists. If either u,
< 0org, <0, then L(w,a) will be unique. When entrepreneur « faces
the wage w and employs L(w,a) workers, his profits are random and
equal to
w(w,a) = g(L(w,a), x) — wl(w,a). (4)
If the wage is w, agent a will choose to be an entrepreneur when
Eu(A + #(w,a), a) Z u(A + w,a). (5)
He will be a worker at wage w if
Eu(A + #(w,a), @) = u(A + w, a), (6)
and he will be indifferent if the equality holds in (5) and (6).
Equilibrium is reached when the labor market clears. At the
equilibrium wage, the labor demanded by all agents who choose to
become entrepreneurs equals that supplied by agents who choose to
enter the labor market.

Formally, an equilibrium is a partition {A,I'} of [0,1] and a wage w,
that is, a pair ({A,I'}w); for which

(E.1)  labor supply equals labor demand in the sense that
[s Lw,a)u(da) = u(I')
where p is Lebesgue measure and

(E.2) for all @ € A (5) holds and for all @ € I' (6) holds.

III. The Existence and Uniqueness of Equilibrium

We can now prove that an equilibrium exists. The first step is to define
w(a), the certainty equivalent wage which makes agent « indifferent
between the two activities—work and entrepreneurship. Formally,
w(a) is defined by

Eu(A + 7(w(a), a), a) = u(A + w(a), a). (7)

The properties of w(a) are established in the lemma which follows.
These properties will permit us to describe the structure of the
equilibrium in a way which simplifies the existence proof. Further
interpretive remarks follow the formal statement of the lemma.
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Lemma

Assume that for each I, r(I,«) is an increasing function of a.! Also
assume that either g,;, < 0 or u;; < 0. Then:

1) For each a €[0,1], Eu (A + mw,a), @) —u(A +w, a)is a
continuous monotonically decreasing function of w.

i) w(a) is a well-defined function of «, that is, for each « €
[0,1], w(a) exists and is unique. In addition w(a) > 0.

i) If w > (<) w(a), then Eu(A + 7r(w.a), a) < (>) w(A +
w,q).

iv) If @« > B, then w(a) < w(B).

v) If B > (<) a, then Eu(A + #(w(a), B), B) < (>)u(A +
w(a), B).

vi) If 0 < w < w(B), then L(w,8) > 0.

This is true, in particular, if w = w(a) where a > S.

Remark 1

Result iv asserts that more risk averse individuals are induced to
become workers at lower wages than less risk averse agents. In order
to interpret result v, note that agent a will be the marginal entre-
preneur if the equilibrium wage is w(a). Result v asserts that all indi-
viduals who are more (less) risk averse than the marginal entre-
preneur will be workers (entrepreneurs). This result implies that in any
equilibrium, there will be a marginal entrepreneur & for whom w(a) is
the equilibrium wage. The set of entrepreneurs A will be the interval
[0,a] and the set of workers I" will be (&,1]. The problem of finding an
equilibrium then reduces to the problem of finding a marginal en-
trepreneur @ for whom E.1 holds when w = w(a), A = (0,a], and I" =
(1], that is, for whom [ “L (w(a),a)u(da) = 1 — d&.

PROOF —(i) The assumptions made about u and g guarantee that
Eu(A + g(L,x) — wlL, a) is a strictly concave continuous function of L
and a continuous function of w.

To prove monotonicity, note first that for each nonnegative ., the
monotonicity of u implies that

Eu(A +g(Lx)—wL,a) <Eu(A +g(Lx)—w'L,a) (8)

when w > w'. Maximizing over L. on each side of inequality (8) implies
the inequality

"I ri,a) is nondecreasing but not strictly increasing the strict inequalities in i, iv,
and v are replaced by weak inequalities.
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Eu(A + 7(w,a), «) = max Eu(A + g(L,x) —wL, a)
A=p=z0
w

=max Eu(A + g(L,x) —w'L, ) (9)
Azr=0

w'

=Eu(A + 7(w',a), a)

when w > w'. Thus Eu(A + #(w,a), @) is nonincreasing and Eu(A +
m(w,@), «) — u(A + w,a) is monotonically decreasing.

ii) It is easily seen that Eu(A + 7(w.a), a) — u(A + w.a) > 0 when
w = 0. If, on the other hand, w is large, then

g(L,x) —wL = max g(L,x) =0
Dbt (10)

w

0=x=X

and equation (6) will hold. Because of the continuity established in i,
the intermediate value theorem implies the existence of a positive
wage w () which satisfies (7). The monotonicity established in i implies
the uniqueness of w (a). Monotonicity also implies inequality iii. Figure
1 illustrates the situation.
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iv) We use the fact that w(a) is the certainty equivalent of 7(w(a),
«). We also define w(a,8) to be the certainty equivalent of 7 (w(a), )
for agent B. Pratt’s (1964) theorem 1 is now applied to prove that g >
(<) aimplies w(«,B) < (>) w(a). The monotonicity of u (w,B) inw then
guarantees that

Eu(A + 7(w(a), @), B) = u(A + w(a,B), B) < (>)u(A + w(a), B)

(1)
when B > (<) a.
Now note that, by definition of 7 (w,B),
Eu(A +7(w(a), B), B) Z Eu(A + 7(w(a), a), B). (12)
When B < a inequalities (11) and (12) combine to yield
Eu(A + 7(w(a), B), B) > u(A + w(a), B). (13)

Figure 2 illustrates what is easily proven; that inequality iv is a conse-
quence of inequality (13), the equality defining w(B), and the fact that
Eu(#(w,B), B) — u(w,B) decreases monotonically in w.

v) Inequality v follows immediately from iii and iv.

vi) Since iii implies that Eu(A + #(w, B) B) > u(A +w, B), if w(B) >
w, w(w, B) = g(L(w, B), ) — wL(w, B) must exceed w > 0 with
positive probability. This is impossible if L(w, 8) = 0. ||
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In the discussion of existence, the analysis is restricted to cases
which satisfy assumption A: u(/,a) is everywhere a continuous func-
tion of a.

THEOREM 1.*—Assume that for each I, r(/,«) is a nondecreasing
function of a. Also assume that either g,;, < 0 or u;, < 0. Under
assumption A an equilibrium exists.

PROOF.—Under assumption A it can be shown that our assump-
tions guarantee that L (w,«) and w(a) are continuous functions of @ on
[0,1]. Thus for each w € [w(0)w(1)] and a € [0,1], J'""L(w,a)da exists.

We can now find an &* such that

Ioa’l.(w(d*). a)da = 1 — &*. (14)

Note that L."L(w(&). a)da — (1 — @) is a continuous function of &
which is negative when & = 0 and positive (by vi of the lemma) when a
= 1. The intermediate value theorem implies the existence of an a*
satisfying 14.

Now we can define

(AT}, w) = ({[0,6%], (&*,1], w(d*)) (15)
or
AT} w) = ({[0,&*). la*,1], w(&*)).

For these entrepreneur, worker, wage combinations v of the lemma
implies that condition E.2 holds while E.1 reduces to (14). | |

The next theorem gives conditions under which the equilibrium is
unique.

THEOREM 2.—Assume that for each I, r(I ,«) is a nondecreasing
function of a. Also assume that either g, < 0 or uy, < 0. If, in
addition, L(w,a) is a decreasing function of w, then the equilibrium is
unique.

PROOF.—Because of the lemma, and for reasons discussed in re-
mark 1, the equilibrium occurs at an & for which (14) holds. In
addition, the lemma implies that L(w,«) > 0 for all @ and all w = w(«),
and that w(a@) = w(d') if @ < &'. Then since L(w,a) is a decreasing
function of w, @ < &' implies

Jv C"L(w(c‘r’),oz)(la = , aL(w(d').a)tla

0

s J " L(w(&),a)da > J “L(u'(&),a)da.

& 0

# This theorem can be proved without assumption A. The assumption is made solely
1o permit a simple existence proof.
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Thus labor demand at w(d), ["L(w(d).a)de, is a strictly increasing
function of @. Furthermore, labor supply at w(a), (1 — @), is a strictly
decreasing function of & Therefore excess demand at w(ad),
IO"L(w(&).a)(Ia = (I = @), is a strictly increasing function of & and
there can be only one @ at which excess demand can equal zero, that
is, at which (14) can hold. | |

Conditions under which L(w,«) is a decreasing function of the wage
w are discussed in remark 4 at the end of the following section on
comparative statics.

IV. Comparative Statics

Having established the existence of an equilibrium, it is now possible
to study its properties. Specifically, we can first ask how a firm’s size,
as measured by its labor demand, is related to the risk averseness of
the entrepreneur running the firm. It might be expected that more
risk averse entrepreneurs operate smaller firms, that is, use less labor
than less risk averse entrepreneurs. Theorem 3 gives conditions
under which this expected result obtains. The conditions require that
a change inx must affect output and the marginal product of labor in
the same way; if an increase in x raises output it must also raise the
marginal product of labor. One important special case in which this
condition holds occurs when the uncertainty enters multiplicatively

g((L,x) = xh(L)? (16)

THEOREM 3.—Assume that L(w,a) < A/w. If g(L x) and g, (L x) are
both monotonically increasing or both monotonically decreasing
functions of x, then L(w,a) is a monotonically decreasing function of
a.

The proof is essentially the same as that given in Baron (1970) and
is not reproduced.

We can now ask to what extent it is possible to describe the influence
of individual attitudes toward risk and of technological parameters on
the equilibrium. In general, not much can be said about the effect of
these parameters on the number of firms, a variable of particular
interest. But for the purpose of studying the distribution of wealth
between workers and entrepreneurs it is important to know how these
parameters influence the wage. What can be shown is that, under
certain reasonable conditions, an increase in individual risk aversion
reduces the wage.

*This is the case considered by Baron (1970). In Baron's paper, x is interpreted as
price. Equation (16) is also included in the class of cases studied by Diamond. In
Diamond’s terminology, (16) represents a case of stochastic constant returns to scale.
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THEOREM 4.—If (i) in equilibrium, all entrepreneurs are identical,
(i) either g, < 0 or uy < 0, (iii) g(L x) and g,(L x) are both monotoni-
cally increasing (or decreasing) functions of x, and (iv) L(w,&) 1s an
interior solution and a decreasing function of w, then an increase in
the Arrow-Pratt absolute risk aversion measure r(/,&) for all I, lowers
the equilibrium wage.

Remark 2

The intuitive basis for this result is as follows. Since, in equilibrium,
workers are the most risk averse individuals, an economy-wide in-
crease in risk aversion increases the supply of workers and this tends
to lower the wage. This tendency is reinforced by demand changes
implied by theorem 3 which applies because of assumption iii.
Specifically, theorem 3 implies that an increase in the entrepreneurs’
aversion to risk reduces the demand for labor.

PROOF.—-1f, in equilibrium, L(w &) is an interior solution, the first-
order maximization condition for the marginal entrepreneur is

Eu,(A + g(L,%) —wL,a)g, (L,%) = Eu/(A + g(Lx) —wL,&)w (17)

where L = L(w,a).
We also have

u(A + w,a) = Eu(A + g(Lx) —wL, &) (18)

at L = L(w,a).

The equilibrium conditions (17) and (18) imply relationships be-
tween L and w which are described in figure 3. The relationship
implied by (17) is downward sloping because of assumption iii. As
indicated, (18) implies that w is a function of L which reaches its
minimum when it intersects the line defined by (17). This is proved by
differentiating (18) implicitly to obtain

dw _ Eu/(A + g(L,x) —wL,a) (g, (LX) —w]
dL wlA + w,a) + Eu(A + g(Lx) —wL, &)L

(19)

The differentiation is justified by the implicit function theorem be-
cause the denominator in (19) is positive. The numerator is zero when
(17) holds. The second order sufficient condition for the entre-
preneurial maximization problem is satisfied because of condition ii.
Thus, as reflected in figure 3, the numerator in (19) is positive (nega-
tive) and dw/dL is negative (positive) when L < (>) L(w, @).

Now suppose that r(,&) increases for every I, then theorem 3 above
guarantees that L(w,a) is lower for each w. Also, reasoning similar to
that employed in the proof of the lemma guarantees that for each L,
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w

{(L,w) which satisfy (17)}

{(L,w) which satisfy (18)}

QP -168
Fic, 3

the wage level w at which (18) holds is also reduced. Thus the r
increase affects the relationships between L and w implied by (17) and
(18) as shown in figure 4. As a result the equilibrium wage must
decline. | |

We can now make several observations which we formalize as re-
marks.

Remark 3

A similar proof applies if L (w,@) is always an increasing function of w.

Remark 4

There are several important cases in which L(w,&) is indeed a de-
creasing function of w. These occur when either (a) r(/,&) is a constant
function of 1, (b) g(L,x) and g,(L,x) are both increasing (or both
decreasing) functions of x and r(/,&@) is a nonincreasing function of /,
or (¢) g(L.x) satishes (16) and

Iu,,(A + 1, d)
u(A +1,q)

=1
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Equation(17)

Equation (18)

QP-169
Fic. 4

for all . The condition imposed on u(+,&) in¢ asserts that when u(A +
I, @) is considered as a function of I it has Arrow-Pratt relative risk
aversion less than or equal to one.

PROOF OF REMARK 4.—Implicitly differentiating (17) we obtain

dL _ —LEu,(A +g(L,%) - wL,a)lg, (LX) — w)

dw D - —Eu/(A + g(L,x) — wL, &) (20)
D

where D = Eu,(A + g(L,x) — wL, &)lg.(L,x) — w)* + Eu,(A +
g(L,x) — wL, a)g,(L,x). The second-order condition for the entre-
preneur’s maximization problem (which is implied by condition ii of
theorem 4) guarantees that the implicit function theorem applies to
justify the implicit differentiation. This condition also asserts that the
denominator in (20) is negative. In general, the sign of the numerator
in (20) is ambiguous since the first term is ambiguous. (The second
term is negative.) In case a, however, the first term is

LEu”(A +g(L,i) — H’L,&) lg,(L,i) = H’] € ]
=—rLEu, (A + g(L %) — wL.&) [g,(L.%) —w] @D

which equals zero because of the first-order condition (17). Thus in
case a, the numerator is negative as is dL/dw.
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In case b, the first term can be shown to be nonpositive by an

argument similar to that used by Baron (1970).
In case ¢, the fact that A"(L) = 0 can be used to obtain

[h"(L)Lx — wL) =h(L)x — wL (22)
and

—uy(A + h(L)x — wL,&)lh'(L)L% — wL]

=—uy(A + h(L)x — wL,&)[h(L)%x — wL]. (23)

When this inequality is combined with ¢, the numerator in (20) is
negative. | |

V. Dynamics

In this brief section, we consider the stability of a tatonnement ad-
justment process similar to that used in studying the stability of
competitive equilibrium. In this process, the wage is assumed to adjust
to labor market disequilibrium by rising when there is excess demand
and falling when there is excess supply. Specifically,

‘(’1—’,"= d“" o L(w(t), a)da — (1 — a(w(1))) (24)
)
where ¢ is a differentiable increasing function such that ¢(0) = 0 and
where a(w) satisfies the equation
Eu(w(w, a(w)), a(w)) = ul(w, a(w)). (25)

We dehne

2

) (26)

-Gt e
0

V) = (8] | " L(w, a)da - (1 - d(w)]

to be the Lyapunov function. Then*

-

% V(w()) = 2¢'”’ * Liw, o¥dar — {1 = &(w))]

x ll‘(w(l),&(w(t))) + lJ(i'(w(l)) (27)
4 J'-Imu.un-%(u,(l)’a)da %z;}-).'

Now ¢’ > 0 by assumption, and a'(w(t)) is negative because of the
lemma. Thus if 9L/dw < 0,d/dt V (w(t)) is negative and w(t) converges
to the equilibrium wage.

Y1t we assume that u, and uy, exist and are continuous, repeated application of the
implicit function theorem implies that a(w) is a differentiable function of w.
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These results are summarized in the following theorem.

THEOREM 5.—Assume that for each I, r(/,«) is a decreasing func-
tion of & and that either g, < 0 oru;; < 0. Also assume that u, and u;,
exist and are continuous. If L,(w,) exists and is negative, then w(¢)
converges to the unique equilibrium wage.

Remark 5

In the standard explanation for firm entry and exit, which does not
admit the possibility of uncertain profits, reductions (increases) in
profits caused by falling (rising) demand or increases (decreases) in
cost result in exit (entry). In our entrepreneurial model demand
changes are not explicitly considered and cost changes are introduced
by wage changes. In addition, changes in the return to nonentre-
preneurial activities, specifically labor, also cause entry or exit. Again
these changes are embodied in wage changes.

The fact that returns to nonentrepreneurial activities influence firm
entry and exit is a reflection of the general equilibrium nature of our
formalization. In this framework, an individual’s decision to enter as
an entrepreneur or exit to become a worker is made after the ex-
pected utility of the random profits available to entrepreneurs has
been compared to the utility of the nonrisky wages earned by workers.
In the formalizations of Quandt and Howrey (1968) and of Brock
(1972), firms decide to enter if (excess) profits can be made. This is
appropriate when there is no uncertainty and no opportunity cost to
entry other than capital costs. In our model both of these complica-
tions are present. Profits are random and the opportunity cost of
becoming an entrepreneur is lost wages.

Remark 6

Since the model of the adjustment process studied here is analogous
to that employed in the literature on competitive equilibrium, it is
subject to the same criticisms. Specifically, the dynamic wage change
equations are not explained by an underlying model of maximizing
behavior. In the paper by Smith (1974), the dynamic equations which
describe the process of firm entry and exit are explicitly obtained
from a maximization model.

VI. Efficiency of Equilibrium

In this section, two concepts of efficiency are studied. The first is
unconstrained Pareto optimality in the sense of Arrow (1964) and
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Debreu (1959). The second is a constrained version of Pareto opti-
mality in which the institutional constraints on risk trading implicit in
our concept of equilibrium are imposed on all allocations. The rea-
sons for studying constrained optima will be suggested by the analysis
of unconstrained optima. We will show that because of the institu-
tional restrictions embodied in our equilibrium concept, asking for
unconstrained optimality is, in general, clearly asking for too much.
There are, nevertheless, interesting cases in which an equilibrium is
efficient in an unconstrained sense. In addition, it is possible to specify
the nature of the unconstrained inefficiencies.

Before proceeding to the formal discussion it is convenient to
introduce special assumptions which are employed to simplify the
analysis of unconstrained efficiency. Specifically, we now assume that
x is the same random variable for all firms, that is, that the random
variations in the firms’ outputs are perfectly correlated. This assump-
tion will be sufficient to permit an intuitive explanation of the
inefficiencies occurring in our model. Furthermore, a general treat-
ment would take us bevond the scope of the paper. The reader
should note however that this assumption is used only in the discus-
sion of unrestricted efficiency. In the subsequent discussion of re-
stricted efficiency, no assumptions are made about the dependence or
independence of the returns to different firms.

As a preliminary to the formal discussion, we define an unrestricted
feasible allocation as a specification of I' and A and of functions v: A —
[0,2) and y (- ,x):[0,1] = [0,%), for each x, which satisfy the conditions

j w)u(da) = p(T) (28)
and *
[ yaxma) = | g(va)x)utde) + 4 (29)
0 A

for each x.

The v specifies the allocation of labor to firms. Equation (28) asserts
that labor supply equals demand. The function y(-,x) describes the
allocation of income to individuals in each state. The constraints (29)
require that, in each state x, the supply of the commodity equals
demand.?®

The Pareto-optimal allocations can be studied by introducing arbi-
trary linear social welfare functions. Specifically, let A be an arbitrary

* Notice that the notation embodies the assumption that the output of all firms is
aftected by the same random variable . Specifically, a “state of nature™ is completely
dehined by x, the value taken by x. If different firms were affected by different random
variables, the description of a “state” would have to specify the value taken by each of
these variables.
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Lebesgue measurable function A:[0,1] — [0,1]. The corresponding
social welfare function is

j ' M@)Eu(y(a, %)) puldar). (30)

If I, A, v, and y(-,*) are chosen to maximize (30) subject to the
constraints (28) and (29), the result is a Pareto-optimal allocation. In
order to describe the Pareto optimal allocations, we study the so-
lutions to these maximization problems for arbitrary A functions.

First notice that it is possible for a planner who wishes to maximize
(30) subject to the constraints (28) and (29) to ignore the identity of
individuals who become workers and entrepreneurs and concern
himself only with the number of entrepreneurs, that is, the number of
firms. A similar simplification is possible in choosing »; only the
distribution of labor to firms matters; it is unimportant which entre-
preneur runs which firm. This makes it possible to establish a conven-
tion that facilitates the comparison of efficient allocations with
equilibrium allocations. Specifically, we can assume that in making his
choice of " and A, the planner simply chooses an individual & (& can
also be interpreted as the number of firms) and then assigns A = [0,a]
and I' = (&,1].

The second simplification which is possible in the discussion of un-
constrained optimality is introduced because g exhibits decreasing
returns to scale. Under this assumption, efficiency requires that every
firm produce the same amount. If this were not true, output in each
state x could be increased if labor were transferred from a high output
firm to a low output firm. This transfer would increase output be-
cause of the differences in labor’s marginal productivity (in every state
x) which would result from the initial inequality of the outputs of the
two firms considered.*

Since y(a) must be the same for all entrepreneurs (28) reduces to

-

-

via) = 31
for all « € [0,@). Using this result, (29) becomes
! _aql=-a .
[ yl(ax)u(da) = ag| 3 ,x] + A. (32)

% This result can be derived immediately by writing the Euler equation corresponding
to the maximization with respect to v(-). We get Ed(x)g,(v(a).x) = &, where 8, is the
multiplier associated with (28) and 8(x) are the multipliers associated with (29). Thus
E8(%)g, (v(a),%) = E8(%)g,(v(a')%) for all @ = & and a' = a. Since g, is a decreasing
function of L for each x, v(a’) # vie)would make this equality impossible.



THEORY OF FIRM FORMATION 737

The program for obtaining Pareto-optimal allocations reduces to
max_ LI Ma) Eu (y(a,%),a)u(da)
subject to (32) for all x. The first-order conditions are
AMa)m(x ) (y(a,x),a) = 8(x), for all @ and all x (33)

and
[a0dsge- [Raflzige oo

where 8(x) is the multiplier associated with the resource constraint in
state x, and 7(x) is the value of the objective probability density
function at x.
Using the value of 6(x) defined by (33) and inserting in (34) we
obtain, after taking the expectation over x,
1 . l1-a . - 1-a "
gE u,(y(a,x),a)g,‘(—&—.x) =E u,(y(a,x).a)g(T.x) (35)
for every a.
Using (33) for two different x values, say x, and x,, and for two
different a values, say « and B, we also obtain

u(y(a,x,), @)  ulyB, x,),B)
w(y(a,x)), @) u(y(B,x,),B)
for all s and all «, B.

Condition (35) can be viewed as that which determines the efficient
&, that is, the optimal division of individuals between workers and
entrepreneurs. In the special case where (16) holds, that is, when
there are stochastic constant returns to scale, (35) reduces to

-

which is the & level which maximizes the output @k ((1 — a)/a)x for
every x. The input level 1 —a/a is also the one which would be chosen
in an allocation which is efficient in Diamond’s second-best sense.

The conditions (36) are those which characterize efficient alloca-
tions of contingent claims to the output produced.

It is clear from the preceding discussion and from the conditions
(35) and (36) that there will be several sources of inefficiency in an
equilibrium of the type defined above. The most obvious relates to the
point made earlier that in an efficient allocation all firms should be
producing equal amounts if returns to scale are diminishing for each x.
In general, the equilibrium will be characterized by entrepreneurs

(36)
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who have varying attitudes toward risk. For that reason different
entrepreneurs will produce different outputs. This is one source of
inefficiency. Note, however, that it will fail to arise if all entrepreneurs
have the same utility function and therefore the same attitude toward
risk.

A second type of inefficiency arises because of the fact that only
entrepreneurs bear risks in equilibrium. This is the institutional con-
straint on the allocation of risk bearing of which we spoke earlier.
Thus, in general, the conditions (36) cannot be satisfied if there are
risk averse entrepreneurs. A special case in which this problem does
not arise occurs when all entrepreneurs are indifferent to risk. In that
case condition (36) holds in equilibrium because of the linearity of
entrepreneurs’ utility functions and the fact that workers bear no risk.
We will return to discuss this case more completely later.

The third source of inefficiency which requires more discussion is
the optimal choice of a. To discuss this problem in an appropriate
setting it seems necessary to consider an equilibrium in which all
entrepreneurs are the same and produce the same output. This
eliminates inefficiencies of the first type mentioned and makes it
possible to ask if (35) might be satisfied.

To study this question, recall that (17) is the necessary condition for
entrepreneurial expected utility maximization. In general, (17) dif-
fers from (35) because, as we shall see below,

GEu| A +g(l ;d.i) —-w(l ;d’,d]g‘l ;d.i)

8)

1 —a . 1 - a b
da.x]—w( &aj.a).

# u'Eu,[A + g{

(In an equilibrium in which all entrepreneurs have the same utility

function, L(w(a), &) = _l_;_a since supply equals demand.)
Also recall that, in equilibrium, w satisfies (18) where L = —l—;—a.

. . . . . . l —a -
I'hus w is the certainty equivalent of the random variable g(—d, X)
l —a . -5
— w(——=—). When entrepreneurs are risk averse, condition (18)
@

implies that

l-a
@

1—-a
a

w = Eg| .5:} - u'( |=p (39)

where p is a positive risk premium. Rearranging, we obtain that

L= kgL 2%5) -0 (40
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Substituting (40) in (17) yields

-(-;—Eu,(A +g(L,x) —wL,a)g(L,x) = %wlﬁu,(A +g(L,x) - wL, &)

= [Eg(L,%))[Eu,(A + g(L,%) — wL, &)] — pEu,(A + g(L,%) — wL, &)
(41)

where L = ];.a. Risk aversion (u;;, < 0) also implies that
@

0>c¢=covig(L,x),u;(A +g(L,x) —wL, a))
= Eg(L,%)u;(A + g(L,X) — wL, &) (42)
—[Eg(L,%)IEu,(A + g(L, %) — wL, &))

where, again L = (1 = @)/a. Combining (41) and (42) we obtain
;!Eu,(A +g(L,%) —wL, &)gi(L, %) = Eg(L,%)u,(A +g(L, %) —wL, &)
—¢ — pEu(A + g(L,x) —wlL, &), (43)

with L = (I — a)/la. Note that (43) and (35) are the same if the
covariance ¢ equals the negative of pu, (A + g(l ;: ai) - w(l ; a),d).

In this case the equilibrium is efficient. Otherwise, risk aversion causes

two types of errors. One of these, measured by the term — pu,(A +
1l —a v
6

o (43 - ¢ o . e ”»
.x) - w( . ) a), is introduced by the “entry condition” (18)
@

and tends to cause the right-hand side (RHS) of (35) to exceed the
left-hand side (LHS). The other type of error is measured by ¢. It
enters through the entrepreneurial maximization condition (17) and
it tends to make the RHS of (35) smaller than the LHS in equilibrium.
To identity the direction of the effect which each of these errors has
on the choice of & consider the case in which (16) holds so that the
optimal choice of @ is independent of the preferences and the income
distribution. Recall that in this case & should be chosen to maximize
output in each state and that (35) reduces to the first-order condition
for this output maximization problem. It is also easy to verify that
when the LHS of (35) exceeds the RHS in equilibrium, then the

s 1 1,11 . . i
derivative, h(; - l)x -zh (& — 1)x, of output with respect to d is

negative at the equilibrium. It is then clear from figure 5 that in this
case the equilibrium @ is too large to be efficient. Thus there are too
many firms in equilibrium when the error, —¢, introduced by the
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entrepreneur’s equilibrium condition, outweighs — pEu,(A + g(
Sc) - w( l — a" d), the error introduced by the entry condition. Similar
) [43

reasoning leads us to conclude that there are oo few entrepreneurs
when the error introduced by the entry condition outweighs the error
introduced by the entrepreneurial first-order condition. These con-
clusions coincide with intuition. On the one hand risk aversion should
cause too few individuals to become entrepreneurs and this should
operate through the entry condition. On the other hand risk aversion
on the part of those who become entrepreneurs reduces labor de-
mand when (16) holds (recall theorem 3). The error caused by en-
trepreneurial risk aversion should reduce the equilibrium labor de-
mand and the equilibrium wage. The low wage creates an incentive
for too many individuals to become entrepreneurs.

We can now consider several important special cases. The first such
case is that in which all entrepreneurs have constant absolute risk

aversion in the sense of Arrow-Pratt, that is, u(/,«,) = —¢~"!, for some
r > 0; and the production function is
g(L,x)=L% (44)

where y € (0,1). In this case, (35) reduces to
@a=1-y, (45)
and the efficient labor input per firm is

1= ¥ (46)
@ l -y
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The equilibrium conditions (17) and (18) combine to yield

Yap—tLYF
R i‘tp—"’f' * r}'L"‘(l 1+ L) log (Ee™"*") 47
where L = (1 — a)la.

It can be shown that the RHS of (47) is a decreasing function of L
and that it is negative if y/(1 — ) is substituted for L. Thus the efficient
L level exceeds the equilibrium level. As a result there are too many
firms in equilibrium.

Note that in this class of examples the efficient number of firms
approaches zero if y approaches one, that is, if returns to scale
become constant. The limiting case in which returns to scale are
indeed constant is one in which, in general, there are too many
entrepreneurs. The efficiency analysis just carried out does not apply
to this case because it assumes that g,, < 0 for all L. (The existence of
equilibrium proof does apply if u;, < 0.) It is possible to analyze this
case directly however by substituting

g(L,x) =h(L)x = klLx (48)

in (34). The output in state x then becomes k(1 — @)x which is clearly
maximized for each x when @ = 1. Thus the measure of the optimal
set of entrepreneurs is zero and almost all individuals should work.
This result occurs because the technology set of the economy is the
same if there is either one entrepreneur, some larger entrepreneur
set of measure zero, or a set of positive measure.

There is one important case in which the equilibrium is efficient.
That is the case already mentioned in which all entrepreneurs are
indifferent to risk. Since the preceding discussion makes it clear that
entrepreneurial risk aversion causes the errors which result in a
nonoptimal equilibrium level for &, it should not now be surprising
that the equilibrium is efficient when entrepreneurs are not risk
averse. For that case, we have already noted that the distribution of
risk is efficient, that is, condition (36) is satisfied. The linearity of the
utility function implies then that u,(- @) is independent of y(a,x), so
that (35) reduces to

1

A - ) - 2
GEQ(———, X | = Egi[—7—, & J (49)
For the same reason (17) reduces to
Egt =2 %) = w. (50)

In addition, risk indifference implies that p = 0 so that (40) becomes

(51

w = &Eg(l ; d.i".
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Taken together the equilibrium equations (50) and (51) imply (49)
and the equilibrium therefore satisfies all of the conditions for effi-
ciency.

The preceding discussion of efficiency suggests that entrepreneur-
ial risk aversion is the source of all of the observed inefficiencies.
When entrepreneurs are risk averse the equilibrium is not only
characterized by an inefficient distribution of risk; there will, in gen-
eral, also be too many or too few firms and they will not employ the
correct number of workers. In fact, it is well known that an inefficient
distribution of risk is inevitable with any equilibrium in which some
subgroup of risk averse individuals (in this case, the entrepreneurs)
bear all of the risks. Suppose, however, that we concede the inevita-
bility of a maldistribution of risks and ask if, given this kind of
inefficiency, the other aspects of the equilibrium might be efficient.
Specifically, let us accept the fact that entrepreneurial risks cannot be
shared and require only an optimal division of individuals between
entrepreneurial activities and labor and of labor between firms. Is it
then possible that in this restricted sense the equilibrium is efficient?

In order to pose this question formally we define a restricted feasi-
ble allocation to be a specification of I', A together with two functions
v:A— [0,2) and £:[0,1] = [—A,*) which satisfy the equations (28),

J 'tla)da = 0, (52)

and A + g(v(a)x) + &(@) = 0 for all x and «a € A.

The function v(a) specifies the labor to be employed by entre-
preneur a, that is, for each a € A, v(a) is a's labor demand. Equation
(28) expresses the equality of labor supply and demand. The function &
specifies the amount of a certain payment made to each a. Equation
(52) is a supply-demand equality for these payments. It guarantees
that the resources exist to make all payments. The final condition
rules out bankruptcy.

The difference between this concept of restricted feasibility and the
notion of unrestricted feasibility should be noted. In the definition of
unrestricted feasibility, the payments made to individuals are contin-
gent on the state of nature x. As in an Arrow-Debreu economy, the
only constraint on the allocation of contingent claims is that supply
must equal demand in each state. As a result, risks can be completely
reallocated. In contrast, a restricted feasible allocation specifies, for
each a, a payment &(a) which is not state contingent; it does not
permit a reallocation of risks. As a result, the distribution of risks
implied by a restricted feasible allocation has two important features.
First, as in equilibrium, workers bear no risks; entrepreneurs bear all
risks. In addition, the distribution of risk among entrepreneurs is
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determined by the distribution of labor since, for entrepreneurs,
y(ax) is restricted to equal A + g(v(a)x) + &(a). This feature is also
shared with equilibrium allocations of risk since, in equilibrium, y(a,x)
=g(L (w,@),x) — wlL(w,«) + A if a is an entrepreneur. These consid-
erations permit us to observe that the conditions defining restricted
feasibility do indeed embody the institutional constraints on risk trad-
ing implicit in our equilibrium concept.

It should also be noted that this definition of restricted feasible
allocations does not employ any explicit or implicit assumptions about
the independence or dependence of the ¥’s which enter the produc-
tion functions of different firms.

An allocation A which is restricted feasible is said to be restricted
efficient if there is no other restricted feasible allocation A* which
Pareto dominates A.

We can now prove that an equilibrium is efficient in the restricted
sense just defined. It should first be emphasized again that for this
theorem we can and will drop the assumption that the % is the same
for all firms. In fact, it is not necessary for the theorem to make any
assumptions about the dependence or independence of the random
variables which enter different firm’s production functions.”

THEOREM 6.—An equilibrium is restricted efficient.

PROOF .—In an equilibrium allocation

A =0,0)
I' = [a,l1]
v(ia) = L(w(a), ) and (53)
_—wl (w(@), @) iftael
§@ = w if a € A.

Now consider some other allocation A* = (I'*, A%, p* £*) which
Pareto dominates the equilibrium. To express this domination for-
mally it is necessary to first partition the set of individuals into four
sets:

i) those in A¥*N A,

i) those in A* N T,
1) those in I'* N T', and
iv) those in I'* N A.

If «is in A* N A, then Pareto dominance of A* implies that

Eu(A + g(L(w(a), a), %) - w(@)(w(d), a), a) (54)
=FEu(A + g(v¥(a), %) + &%), a).
7 Note that unlike the definition of unrestricted feasibility, the definition of restricted

feasibility embodies no implicit assumption about the dependence of the ¥'s faced by
different firms.
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By definition of L(w(&), «) then
(@) 2 —w(@w* (). (55)
If « is in A* N T, then again Pareto dominance of A* implies

Eu(A + g(L(w(d). «),x) — wL(w(@), a), a)
=ul(A +tw(@), «) (56)
=Eu(A + g(v¥(@), %) + £(a), )

and again (55) holds.
If «isin I NI, then

u(A + w(a), a) = u(A + £%(a), a) (57)

and
w(@) = ¥ (a). (58)

Finally, if e is in I'* N A, then

w(A + w(@), @) =Eu(A + g(L(w(d), ), %) — w@)L(w(d), a), a)(
= u(¢*(a), a)

so that (58) holds in this case also.

We have established that for all « € A%, (55) holds while for all « €
I'*, (58) holds. In fact, a similar argument guarantees that since A*
Pareto dominates the equilibrium, there must either be a A% subset of
positive measure on which (55) holds with a strict inequality or a I+
subset of positive measure on which (58) holds with a strict inequality.
Thus

59)

J|§*(a)(la > [—J v¥(a)da + y.(r*)]w(&). (60)

A

Inequality (60) implies that A* cannot be restricted feasible.
Specifically, because of (60), equations (28) and (52) cannot hold
simultaneously. We have therefore shown that the equilibrium is
restricted efficient because it cannot be Pareto dominated by a re-
stricted feasible allocation. | |

Restricted efficiency is similar in spirit to Diamond’s (1967) con-
strained efficiency, that is, efficiency under the given constraints on
the risk allocation. Here we have imposed more constraints than in
Diamond’s model of the stock market since, in our approach, entre-
preneurs are not allowed to share any risk with workers or other
entrepreneurs. However, we get restricted efficiency without any
technological assumption such as those imposed by Diamond’s as-
sumption of stochastic constant returns to scale. A similar result is
obtained in Kihlstrom and Laffont (1978), where risk sharing is in-
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troduced by the existence of markets for shares to firms. The result-
ing equilibrium is shown to be efficient in the sense of Diamond. The
efficiency theorem involves no restrictive assumptions about technol-
ogy. Specifically, it does not require stochastic constant returns to
scale.

VII. Summary

In this paper we have introduced a simple general equilibrium model
of firm formation in which production requires entrepreneurial as
well as normal labor inputs. Workers receive fixed wages while en-
trepreneurs receive risky profits. Individuals decide whether to be-
come entrepreneurs or workers by comparing the risky returns of
entrepreneurship with the nonrisky wage determined in the competi-
tive labor market. The wage adjusts to the point where the supply of
workers is equal to the entrepreneurial demand for labor.

Although we have not discussed the interpretation of the entre-
preneurs’ contribution to the productive process we have implicitly or
explicitly made assumptions about the nature of this contribution.
The primary assumption is that the relationship between output and
the entrepreneurial labor input is characterized by an indivisibility.
Specifically, each firm requires a unit of entrepreneurial labor re-
gardless of how much normal labor it employs and how much it
produces. In this sense, the expenditure of entrepreneurial labor can
be viewed as a set-up cost. Normally, the nonconvexities introduced by
indivisibilities in general and set-up costs in particular cause problems
when the existence of equilibrium is studied. In our model, this
problem is avoided, as it can be in general (see, e.g., Aumann 1966),
by assuming that the set of individuals is a continuum.

One possible interpretation of our model is that the entrepreneur
contributes managerial and organizational skills. In Knight's words he
performs the “function of exercising responsible control.”® In fact,
our entire model can be viewed as a formalization, for a special case,
of Knight's discussion of the entrepreneur.?® In our model, an en-
trepreneur is characterized by two activities. He supplies entre-
preneurial inputs and bears the risks associated with production. In

* Knight (1921), p. 278.

* Knight's view of the entrepreneur as well as the view formalized here are rather
different from that set forth by Schumpeter (1934, 1939). Schumpeter viewed the
entrepreneur as an innovator. (See, e.g., the discussion on pp. 132-36 of Schumpeter
[1934].) His view of the entrepreneur’s contribution and of his compensation is in
essence dynamic. He also specifically asserts on p. 137 of Schumpeter (1934) that “the
entrepreneur is never a risk bearer.” For a more modern discussion of the entre-
preneur and his role (or lack of one) in economic theory, see Baumol (1968).
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Knight's treatment the entrepreneur makes the same contributions
“with the performance of his peculiar twofold function of (a) exer-
cising responsible control and () securing the owners of productive
services against uncertainty and fAuctuation in their incomes.”!°
Knight's view of the labor market and of an individual’s decision to
become a worker or an entrepreneur also appears to be similar to that
formalized here. This is illustrated by the discussion on pages 273-74
of Knight (1921). Specifically, he asserts that, “the laborer asks what
he thinks the entrepreneur will be able to pay, and in any case will not
accept less than he can get from some other entrepreneur, or by
turning entrepreneur himself. In the same way the entrepreneur offers to
any laborer what he thinks he must in order to secure his services, and
in any case not more than he thinks the laborer will be worth to him,
keeping in mind what he can get by turning laborer himself.”"* He continues:
“Since in a free market there can be but one price on any commodity,
a general wage rate must result from this competitive bidding.”!?
Our model represents only a special case of Knight's view because
we assume that all individuals are equal in their ability to perform
entrepreneurial as well as normal labor functions. They differ only in
their willingness to bear risks. Knight emphasizes ability as well as
“willingness [and] power to give satisfactory guarantees”'® as factors
determining the supply of entrepreneurs. In our model, the size of
the initial income A can be interpreted as a measure of an individual’s
power to guarantee wages by bearing risk. We have assumed here that
all individuals are alike in their possession of this “power.” An in-
teresting alternative interpretation can be made by explaining the
differences in risk aversion as arising from differences in wealth.
Suppose, for example, that all entrepreneurs have the same utility
function which is decreasingly risk averse (in the absolute sense of
Arrow-Pratt). Then the differences in the willingness to bear risk—
that is, to “give satisfactory guarantees” in Knight's words—will be
determined by initial wealth. Thus if A varies across individuals, the
more risk averse individuals will also be those who initially are the
poorest. Assuming that the constraints L. = A/w are never binding in
equilibrium our model can then be reinterpreted as predicting that
entrepreneurs are those who are initally wealthy. (Of course the
opposite prediction can be obtained by making the less generally
accepted assumption that the common utility function is increasingly
risk averse.) With this interpretation, the possession of wealth which

' Knight (1921, p. 278).

"' Ibid., pp. 273-74 (emphasis added).
' Ibid., p. 274.

' 1bid., p. 283.
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provides additional power to give satisfactory guarantees also makes
an individual more willing to bear risk.

To complete the analogy between our results and Knight's discus-
sion note that our theorem 4, which relates the equilibrium wage to
the level of entrepreneurial risk aversion, was in a sense anticipated by
the discussion of Knight (1921, p. 283) which concludes that “entre-
preneur income, being residual, is determined by the demand for these
other [productive] services, which demand is a matter of self-
confidence of entrepreneurs as a class. . . "™

This paper has extended the classical results concerning the exis-
tence and stability of equilibrium to the entrepreneurial model. We
have also described the nature of the equilibrium’s inefficiencies and
identified the institutional constraints on risk trading as the source of
these inefficiencies. These results establish that it is possible to con-
struct an internally consistent general equilibrium model of entre-
preneurially operated firms. In fact, this analysis should only be viewed
as a first step in the construction of a general equilibrium entre-
preneurial theory of the firm under uncertainty. As presented here it is
perhaps best viewed as a description of equilibrium in a world of small
businesses or farms.

The next step is to incorporate a stock market into our analysis.
Once a stock market is embedded in the model, we can use it to ask
interesting questions about the interaction between a modern firm's
financial and productive decisions. Furthermore, the introduction of
a stock market represents an institutional change that facilitates risk
trading and thereby eliminates some of the inefficiencies that occur at
an equilibrium. The extension of the model in this direction has been
studied in a subsequent paper (Kihlstrom and Latfont 1978).

References

Arrow, Kenneth ]. “The Role of Securities in the Optimal Allocation of Risk-
Bearing.” Rev. Econ. Studies 31 (April 1964): 91-96.

. Essays in the Theory of Risk Bearing. Chicago: Markham, 1971,

Aumann, Robert J. “Existence of Competitive Equilibria in Markets with a
Continuum of Traders.” Econometrica 34 (January 1966): 1-17.

Baron, David P. “Price Uncertainty, Utility and Industry Equilibrium in Pure
Competition.” Internat. Econ. Rev. 11 (October 1970): 463-80.

Baumol, William . “Entrepreneurship in Economic Theory.” A.E.R. Papers
and Proc. 63 (May 1968): 64-71.

Brock, William A. “On Models of Expectations That Arise from Maximizing
Behavior of Economic Agents over Time.” J. Econ. Theory 5 (December
1972): 348-76.

" Ibid.



748 JOURNAL OF POLITICAL ECONOMY

Debreu, Gerard. Theory of Value. New York: Wiley, 1959.

Diamond, Peter A. “The Role of a Stock Market in a General Equilibrium
Model with Technological Uncertainty.” A.E.R. 57 (September 1967):
759-76.

Dreze, Jacques. “Investment under Private Ownership: Optimality, Equilib-
rium Stability.” In Allocation under Uncertainty: Equilibrium and Optimality.
London: Macmillan, 1974.

Kihlstrom, Richard E., and Laffont, Jean-Jacques. “A Competitive Entre-
preneurial Model of the Stock Market.” Mimeographed. Urbana, IlL: Univ.
Hlinois, 1978.

Knight, Frank H. Risk, Uncertainty and Profit. New York: Harper & Row,
1965.

Pratt, John W. “Risk Aversion in the Small and in the Large.” Econometrica 32
(January-April 1964): 122-36.

Quandt, Richard, and Howrey, E. Phillip. “The Dynamics of the Number of
Firms in an Industry.” Rev. Econ. Studies 35 (July 1968): 349-53.

Radner, Roy. “Competitive Equilibrium under Uncertainty.” Econometrica 36
(January 1968): 31-58.

Schumpeter, Joseph A. The Theory of Economic Development; An Inquiry into
Profits, Captal, Credit, Interest, and the Business Cycle. Cambridge, Mass.:
Harvard Univ. Press, 1934.

. Business Cycles; A Theoretical, Historical, and Statistical Analysis of the
Capitalist Process. Abridged ed. New York: McGraw Hill, 1939,

Smith, Vernon. “Optimal Costly Firm Entry in General Equilibrium.” J. Econ.
Theory 9 (1974): 397-417.

“Symposium on the Optimality of Competitive Capital Markets.” Bell ]. Econ.
Management Sci. 5 (Spring 1974): 125-86.




