‘Stock Market .EcOnomy Under Uncertainty
Part I On a Temporary General Equilibrium=

Hiroshi Kodaira

A temporary equilibrium ‘model with production is studied emphasiz-
. ing much the role of the stock market in an uncertainty environment,
That is, the floatation of new shares is explicitly treated as ‘one of fi-
nancial means avallable for firm. There, a temporary equilibrium is proven
to exist,

' - Then, the analysis advances to' an infinite t1me thorizon framework,
After.proving the existence of an infinite sequence of temporary equilibria,
‘the efficiency of temporary equilibrium and of sequence of such equilibria
is discussed-to conclude that.rather restrictive conditions are necessary
to obtain the analogous results to the classical theorems of welfare eco-
nomics. :

. Beyond the basic model, two extensions are studied: One is concerned
~ with the credit rationing by the monetary authority and the other the
monetary policy analysis along a stationary state path,

1. Introduction.—2. Working of the Model,—3. Consumers,——
4. Firms,—>5. The Monetary Authority.——®6. The Existence of
. Temporary Equilibrium.——7. An Infinite Sequence of Temporary
‘Equilibria,.——8. The Efficiency.—9. Credit Rat10n1ng—10 The
Monetary Policy along a Stationary State Path.

1. Introduction

The bu-rp(_)se here is to study equilibrium behaviors of economic

‘agents in a stock market economy under uncertainty. Two kinds of

equilibria are examined: a temporary general equilibrium in each

period and an infinite sequence of such equilibria.

A competitix}e_ temporary equilibum model is one of the recent
achievements in economic theory in the past several years [Radner'

* Because of the space of this Review, only Part 1 of the paper, which
contains Sections 1 to 6, appears in this issue. Part II (Sections 7 to 10)
will appear in forthcoming issue.
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(1972), Green (1973) and Grandmont (1974, 1977)), while the notion
of a “temporary equilibrium” can be found in Hicks (1939) and
Lindahl (1939). Having been developed as an extension of the
Walrasian theory of value in order to incorporate uncertainty, money
and stocks into the scope of general eduilibrium theory, the tempo-
rary equilibrium approach has a new feature compared to the tradi-
tional equilibrium model: an expectation which describes how an
agent forecasts the future environment from available information
he has at the given moment of time. _

Furthermore, once the model is expanded to allow -production
activities, two additional questions have newly drawn attentions,
about which there is less agreement among researchers as Grandmont
(1977) pointed out: what is the objective.of'firm and how it makes
decisions on plans about production, investment and financing under
uncetainty? Both are related to the fundamental problem of econom-
ics: what is a firm? Here, a firm, a prqdﬁction unit is considered
as an economic institution which is owned by ‘consumers through
the stock market and lasts considerably longer than lifespans of
consumers. Having two financing methods, a firm is assumed to
behave so as to maximize its (expected) réturn per share rather
.than the total profit itself. As far as the group decision making -
process concerned, I have proposed a minimax rule elsewhere
(Kodaira (1979)) . ' '

‘The efficiency in sequential equilibrium is also formulated and
discussed, which is one of unanswered questions in a temporary
equilibrium th'eory. For the moneta'ry authority, two hypotheses of
behavior are studied: oné with the interest rate control and the_.
other with the credit rationing.

The paper is drganized as follows: after this introductory section,
a model of economy is explained in Sections 2-5: consumers, firms
and the monefary aufhority, fespectively,‘The ex_istenbes of tempo-
rary ,ec';ulibriﬁm and infinite sequence of such equilibria are proven
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" in Sections 6 and 7. Section 8 is spent for the discussion of efficiency.
‘ These sections completé the basic analysis. The rest of the paper
contains some extensions. Sectioh 9 proves the existence of equilib-
rium under alternative hypothesis of bank behavior. Section 10 is

devoted to comparative static analysis along a steady state path.

2. Working of the Economy

Let me explain .an economy which I have in mind. The time horizon
is divided into periods of equal duration, the length of which is
assumed to be equal to the production' period. In future periods,
-there exist uncertainties about economic ehvironments, especially in
prices. In each pei‘ibd, the economy is finite: that is the numbers of
commodities, consumers and firms are- all fini‘ée. The markets are
open for commodities, labor service, stocks and bond at the beginn-
ing of each period and leads toa corhpetitivé temporary equilibrium,
one in which markets prices are adjusted to supplies and demands
. as théy‘appear in the current markets. In such an equilibrium, the
Abehaviors of ecp-n’oinic' agents are governed by their forecasts about
the future as well as by the ruling market prices.

The number of commodities is L in every perioc%)(L—l) produced
goods and a homogeneoﬁs labor service, indexed as { =1, 2,...... L,
where L>2 is an integer. The labor service, the L th (4 =L) com-
modity is a non produceable primary factor of production, which is
necessary to all the production process and supplied solely by con-
sumers (=laborers). On the other hand, the first (L-1). commodities

(1) The number of commodities is simply assumed to be fixed for all pe-
riods, Tt it not difficult to relax this by supposing that the number
varies from period to period and that all ,economic agents know the
change a priori :
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are produced and supplied to the market by firms. Some of the
commodities are demanded for the consumption of the current pe-
riod, some .used as the flow of variable inputs and some for the in-
crement of fixed capital stock. O'f course, most of produced goods

are used for more than two purposes a,bqve mentioned. For simplic-

ity, it is assumed that there-exists no inventry of goods and that

once the investment is made, the fixed capital stock will not depre-
ciagze). . .

. There are three kinds of economic agents in the economy: con-
sumers, firms and a monetary authority. Consumers are assumed to
live for three periods; young, middle-aged énd old .and to -overlap

generation by generation. To have a stream or sequence of consum-

- ers instead of working with a fixed set of them appears to be ap-

propriate for the kind of topics here. The assumption of three period

life has the justification that it satisfies two requirements simulta-

' neously: one is that, since three generations coexist each period and
since two of them also live in next period, it enables me to discuss

the speculation in the asset market (shares and bond) and firm's
decision making by' shareholders with different ages and expectation, .
while keeping my model as simple as possible.

A consumer is said to belong to-the £ th generation if he is born
and starts his life in period £. The ¢ th generation has I(t) memb-
ers, indexed i(t) =1, 2,.., I(t), where I(t) is a positive integer.

" Total population of period t consumers is I(t—2) +It—1) +I{).
~ As it is very important to distinguish the generation from the period

in their activity, let me use the notation

(?) An alternative interpretation is possible; firms do not need any flow
input at all and instead they can produce output only using labor and
fixed capital. Because in a descrete time model all production processes
complete before the end of period, both ‘interpretations “are ‘possible

~ if the production vector of a firm is considered gross in the text and
net here, ’
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and read this' “the a ¢k generation in the g th period”.

There exist [ firms every period, indexed j=1, 2,..., J, where J
is a ppsitive integer. As an economic unit whose task is to produce
commodities using flow inputs, labor service and fixed capital, each
firm is considered to be owned by consumers thro'ugh the stock ma-
rket and to operate forever or3 at Iéa_st considerably longer period

than the lifespan of’consuniers.) Production process takes one period
and needs flow variable inputs (ihcluding labor) together with fixed
capital stock. To finance the investmerit .on fixed capital and the
“purchase of flow inputs, each firm has two methods: the public of-
fering of new shares and/or the borrowing from the monetary au-
thority. »

The following example tells clearly why a new issue of shares
should Be distinguished from the physical capital accumulation or
growth. For simplicity, assume that no brrowing is possible. Consider
a firm established with a hundred shares at the price of one dollar,
that is, its authorized capital is one hundred dollars. Its shares, own-
ed by consumers, are traded in the stock market évery period and
its price may vary from period to period reflecting the business
results of the firm as well as other factors of the economy. Now,
suppose that the firm needs another hundred dollars. If the current
stock price is two dollars, this is financed by the public offering of
fifty new shares. At the completion of the planned. floatation, the
authorized capital is doubled but the number of shares increses only
by fifty per cent. In other words; the original shareholders who paid
for half of the ‘capital, now own two thirds of shares and claim two

thirds of profits meanwhile new shareholders who also paid for half

{3) This assumption reflects the Veblen’s view on firm that a firm is a
continuing institution though it is owned by consumers with finite
lives [see Uzawa (1977)3 . ’
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of the capital, own only a third of shares and CIgim a third of prof-
its. The distribution of the profit is not proportional to how much
he had paid in the authorized capital. '

The rrion‘etary authoritg) collects funds from consumers through
the sale of one period bond and lends to firms. The introduction of
‘financial intermediary seems to be justified for the following reaso-
ns. First, it can reduce transaction and information costs by centraliz-
ing demands for funds by bofr(_)wers (=firms). Second, it can .reduce
uncertainty on the rate of return on savings by issuing bond (=safe
asset), which consumers would be willing to hold as store of value.
By performing these tasks, the monetary authority would contribute
to smooth the economic activities and therefore presumably'.leads to
a “better” allocation of resources. And also it can intervene economic
activities using the interest rate on bond and/or borrowing as policy
variables (interest rate control) or by changing the upper limits on
borrowing and/or bond purchase (credit rationing), although this
is not persued in detail [see also Section 9] .

In the asset market, there exist J stocks (each firm issues one
kind of stock) and a one period bond. Here, the bond is regarded as
a safe asset in the sense that the redumption price is known at the
purchase and guaranteed by the monetary authority, meanwhile
shares of various firms are considered risky assets since both their
dividends per share and share prices in the future fluctuate, partially
depending on the business performances of issuing firms.

3. Consumers

In order to explain consumer’s behavior, let me take a consumer,
say i(t) from the t th geheration.. Consumer i(t) starts his life in
period t without initial wealth but labor and passes away in the

(4) It might be strange to use the term “money” since this. authority
only intermediates the purchasing power and guarantees the return, -
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,(t+2) th period without leaving any bequest. His objective is to
maximize his lifetime utility derived from consumption of commod-

5 .
ities and leisure subject to his budget constraints in the three peri-
ods of life. ’

In his first pexj'iod (period t), he supplies | x.;? (t, t) | units of
labor given the market wage rate p.(t) and spends his total income
-which happens to be equal to his wage income, for the purchase'of
consumption goods (x¢,(t, t),...,x7;-,(t, t)) and the savings which takes
forms of the investment on stocks of various firms and the pur-
chase of bond from the monetary authority. Let %i(t, t) denote the
consumption demand-labor supply plan of consumer i(t) in period
t, whose components are non negative except the L th coordinate
(i.e., labor supply); v

Bt O =@, (6D, 08D, 20 E KL, DCRS %R,

Let me call #(w, B) the consumption vector of consumer ¢ of gen-
eration « in period 8 and Xi(a, £) his consumption possibility set in
period p. Write the price vector of commodities

P = (pi(D),...; pr-1(D), P(1)) €RF,

where the L-th component p (t) 1s the wage rate at the period t.
It is assumed that

(a.' 1) The consumptlon possibility set X"'(a, B) is a closed, convex
and bounded from below subset of_Rf_} xR, where f=a,
a+l, a+2. )

(a. 2) 0=x.(a, B) > 1], where{is given.

Especially, for any «, 0>x;'(a, a).

(a. 1) is the usual assumptlon (a. 2) 1mphes that the labor supply,

(5) Labor supply represents (negative of) lelsure
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which is measured as a negative number, is bounded for each perlod
The latter half means that all young consumers should make non-
zero supply of labor because of the fact that each consumer starts
his life without initial wealth but labor. . ‘
His portfolio plan during young perlod is shown by a pa1r of the:
stock investment vector s (1, t) = (s, (L, t),..., syt E))E R+ and the

number of bonds purchased bi(t, t) = R.. Write the share prices
g =[g,(t),..., (1)) ER: and the selling price of bond 7(t)..

Then, the behavior of consumer i(t) when young is fully described
. by a vector xi(t, t)= [#(t, t), si(t, ), bi(t, t), 0] of consumption
‘vector, share holdings and bond purcha'se,v The budget constraint of
the first period is ‘ . v

(3. 1) Bt ®(t, 1) +g(t) si(t,t) +ri(t) biCt, £) < 0
where x.i(t, t)=[,] is given.

In his second period, his sources of income are:
~a) labor income p (t+1) xi (t, t+1),

b) dividends paid on his shareholdings d(t-i—l) si(t, t), where
dt+ D= (dy(t+1),..., d,(t+1)) €R] is the vector of dividends
paid by firms,

c) the possible sale of share held (it is assumed that the shortsale
is. not allowed),

d) the redemption of the bonds purchased in the previous period
-bi(t,t), since the redemption prnce is one dollar. ‘

He spends his total income for the purchase of consumption goods

Lty t 1), xio,(t, t+1))and savings (56, (Lt 41D, siCt t41),

bi(t, t+1)). Then, the budget constraint for the middle aged cons-

umer is given by;

(3. 2) For given si(t, t) and bit, t) _
AU+ # (L, t+1D+qt+1) si(t, t+D+ri(t+1) bi(t, t+1)
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—d(t+1) si(t, ) —bi(t, t) =< 0
where x,i(t, t+1)> [ and si(t, t) +siCt, t+1) > 0.

The third period is the last period of his life. As he is assumed
not to have a bequest motive, he spends up his total of income and
wealth for his consumptions purpose only. Now, his total income

- consists of;

a) wage income p (t+2) x.(t, t+2), _
b) the dividend payments on shareholdings d(t+2) {si(t, t)+
s D} ' '

c) the sale of shares gq(t+2) {si(t, t)+si(t, t+1)},

d the redemption of the bonds purchased in the middle-aged
period bi(t, t+1).

His budget constraint for this period is,

(3. 3) For given si(t, t)+si(t, t+1) and bi(t, t+1),
BCt+2) (t, t+2) —{d(t+2)+q (t+DHs (L, O+siCt, t+1)}
~bi(t, t+1) < 0 where x.i(t, t+2) > [.

In order to make notations light, let
P(t) ={p(t) =(F(D), q(t), #i(t), #I(D)} ' RE+/*,

be the space of (L—1) goods prices, a wage rate, J share prices,
selling price of bond and lending price of loan by the monetary
authority. The reason to distinguish two prices 7i(t) and #i(t) will be
given in Section 5. The set P(t) will be simply called the iprice
space of period t. For the notational convenience, write - ' , .
2i(a, P =(F(a, B, si(a, P, bi(a, P, 0) € Xi(a, f) C REHI®

where 8 =a, a+1, a+2. It is clear that under the assumption
(a. 1) Xi(e, B) is also closed, convex and bounded from below. Then,
the budget constraints (3. 1) — (3. 3) are written as
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(3. 1%) p(b) xi(t, t) <

(3. 2¢) p(t+1) =i, t+1> d(t+1) s'(t, D=bi(t, t) = 0, where
si(t, t) and bi(t, t) are given and si(t, t)+si(t, t+1) = 0,

(3. 3%) p(t+2) xi(t, t+2) —{dt+2) +q(t+2)Hs (L, +si(t, t+D}
—bi(t, t+1) £ 0, '
given si(t, t)+si(t, t+1) and &i(t, t+1).

Then, the budget correspondences of consumer i(t) is defined as

3. 4 Bi: PxR/M-Xi c RL++2
given by _ ,
Bi(t, t) ={«'(t, t) | (31) or (3.1*) holds}
Bi(t, t+1) ={xi(t, t+1) | (3. 2) or (3. 2*) holds for given
si(t, t) and &i(t, )}
Bi(t, t+2) ={xi(t, t+2) =[(&(t, t+2), 0,..., 01| (3. 3) or
(3. 3*) holds for given {si(t, t) -+ si(t, t+1)} b&i(t, t+1}

Now, the following lemma is due.

Lemma 3. 1 _ _
The budget correspohdence defined by (3. 4) is continuous and
non empty.for p = int P under the assumption (a. 1).
. (Proof) It is enough to give a proof for the second 'period’s corre-
.spondence. For the simplicity of notation, the time subscript (t, t+1)
is dropped. ' ' '
Con51der a sequence of pr= (B ¢, ri¥, ri¥) € P, v = 1,23,...
converging to p° = (p°, ¢° 7, #i°) & int P and the corresponding
sequence of x'= (% s* b, 0) € Bi(»") w1th{(p x¥)} converging
to (p°, x°). Letting v — oo, .
PP x° < p® ¥’ forany ¥’ € {x € X|x = x°}

Therefore,

(p°, x°) € the graph of Bi(p).
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Hehce, Bi'has a closed graph. Since the set X is compact by’ the
assumption (a. 1), the correspondence Bi is upper semicontinuous.

For the lower semicontinuity, it is enough to show that x € B¢
and {p*} — p° imply the eXistence {x*} converging to x° such that
x¥ € Bi(p¥). Now, there exists x* & X' such that p x* < p %.
The convergence of {p”} to p implies that for large v, p* x* < p*%.
Therfore, x* € Bi(p¥) for large v. Let x** be an arbitrary point of
Bi(p¥). Define ‘

x¥ =t x4 A=) x*

~where ' € [0,1] is a maximal real number ‘s'uch that x* € Bi(p*).
It remains to show .that the sequence { x” } converges to x**. From
the definition of x*, this is true if and only if { # } — 1. Suppose
the contrary. Since ¥ € [0, 1], there exists a subsequence { #” }
converging to #* < 1. But from the definition of #*’

PV 2V = p¥ x* for any .

Suppose the sequence of x” converges to x* as the price sequence
{pV’} — p° Therefore, ‘

P = p0 L x4 (1—t%) ¥} = p°%
Here, p° x° < p° %, hence p° x* > Z)° x. That is
x* ¢ B (p%,

which leads to a contradiction.
Suppose
L+J

p = (ﬁ; q,. 7i, ri) = (T’—ly Ti’ 7’7)

which clearly lies in the interior of the price space P. Assme that si(t,
t) and bi(t, t) are gi\(en non-negative vectors. Then, there exists a
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vector of consumer’s demand

x(t, t+1) = EJE"_(t, t+1), si(t, t+1), bi(t, t+1), 0)
L~2 T2

=6 0., 0, —¢ 0., 0)

where —& g {. Since this satisfies (3. 2) or (3.2*), the non-empty-
ness follows. (q.'e.d.)

The behavior of consumer i(t, ) of the t th generation in period
r is fully described by a‘vector of consumption demand, labor supply,
stockA investment and bond purchase of that pe'riod:

xi(t, ) =&, o), s'(t, ), bt o), 0.

. As a consumer lives for three periods with the object of maximizing
his utilities over lifetime, he purchases shares and/or bond, though
they do not have direct utilities, in -order to save out of current
income- for future consumptions. Furthermore he has to make deci;
sions on his behaviors over his life at each moment of time even
though he does not know what will be the environments in the
future. Namely, he must forecaslt future environments in order to
plan his lifetime behavior. Thus a new concept that appears in a
model of temporary equilibrium, compared to the traditional general
equilibrium model, is an expectation functidn which describes how:
a consumer forecasts fﬁt’ure environments, especially price vectors,
from information available for him at given time of moment.

An individual consumer has his own expectations about the
future \prices he will face in the second and third periods. Suppose
the available information he has is summarised in the price vector
of the preserit period. Then the individual’s subjective beliefs or
expectations about future price vectors are given by a mapping,

(3.5) ¢i: P — J(PxP, P(PxP)),
where M(PxP, B(PxP)) is the set of all probability meas-
ures on Px P and its Borel o-field.
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The followings are assumed on the expectation mapping (3.'5).

(b. 1) The mapping ¢i: P > F(PxP, B(PxP)) is continuous in
\ the weak topology.
(b. 2) For all p(t) = (B, q(t), ri(t), #vi(t)) € P(t),
oi(p(X)) (int PxP) =1,
(b. 3) For all p(t) P(t),
int co supp ¢'(p(t)) +4.
iel(t— l)UI(t)
These are originally introduced by Green (1973) and Grandmont
(1974, 1977) in their two period models. (b. 1) says that the forecast
of price vectors moves slightly if the current price changes slightly.
(b. 2) ‘rules out the possibility of zero expected prices at future
dates, which in effect places some limits on speculative trade.
Grandmont(1974) calls this conditi\on the “tight” expectation and ex-
plains as an “inelastic” expectation so that forecasts do not depend
“too much” on current prices. (b. 2) simpliﬁés‘the existence proof
of a temporary equilibrium [ Grandmont (1974, 1977)]. Ruling out the
point expectation, (b. 3) means that there is some agreemeht among
consumers about the prlces to be established i in the future, namely,
roughly speaking, all consumers have similar expecta’uons Without -
(b, 3), the aggregate excess demand correspondence may not be de-
fined [Green (1973)1
A consumer ranks possible consumption plans o{zer his life span

accordimgly to theirexpected- utilities. The preference relation is
represented by a complete preordering »=; definedon the space of
all consumption streams of commodities and leisure, i. e, on (RIx
RLxRL) x (RLxREXRL). It is assumed that:

(¢) The preordering »>; defined on R*% xR is continuaus, convex

(6)
and strictly monotone.

(6) The strict monotonicity may be too strong 'since this implies p € int P.
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It is known that under the assumption (c) there exists a numerical

representation of =, given by
u' .'REXRLxR:L - R

which is continuous, concave, strictly monotone and bounded. This
is called a von Neumann-Morgenstern utility. '

Lemma 3. 2
Under assumptions (b. 1) and (¢), there exists an expected utility
function (Bernouui index) of lifetime consumption plan '

(3.6 vi: REXP() - R
~ with
vI(ECL, 0, p()
= [uat, ©, #1141, FE t42) dgip)

which is continuous, concave, strictly monotone and bounded.
(Proof) See Grandmont (1972, 1977). (q. e. d.)

Let me difine the decision correspondene of consumer i,

(3.7 D': P— XixX xXt
given by ‘
DiIH)) = {&™*(t, D&, t+1), a7 (t, t+2)) |
#*(t, ) € Bi(t, 7)), t = t, t+1, t+2 and
wl (F*(t, £), #FH(E, t+1), (L, t4+2))

= i (&L, 0,8, t+1), #(t, t+2))
for any xi(t, ©) € Bi(t, r)} p

Lemma 3. 3 ,
The decision correspohdencé Di . P - XixX'x X is upper
semicontinuous (hence, compact Valued);
(Proof) By the definition (3. 7) . o
’ Di(p(t)) = [Bi(t, t)x Bi(t, t+ 1) xBi(t, t+2)1 N Ci(p(L)
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where Ci(p(t)) =Az eXixXixX [ 4i(z) > u'(w) for any w €
XXX x X% ‘ '
Since Bi(t, ),z = t, t+1, t+2 is shown to be lower semicontinu-
ous in.Lemma 3. 1, it remains to prove that the correspondence Ci
is continuous on the price P, which is convex and compact. »
The upper semicontinuity of C' follows from the assumptions
(B. 1) and (c) (Lemma 3. 2). For the lower semicontinuity, it suffices
to show that the existence of z € C? and the convergence of {p*}
to p imply that there exists a sequence {2z} converging to z such
that 2¥ € Ci(p*). Now, there exists z € Xix Xix X’ such that ui(2)
> ui(2) and {p*}— p imply that #i(z¥) > ui(z) for large v. There-
fore, z € Ci(p®) for large v. Let 22 be an arbitrary point‘ of Ci,
Define :

2V =tV 2 + (1-tY) 2
where t¥ & [0, 1] is a maximal real number so that ¥ e Ci.
Claim that 2" — 2. From the definition of z”,‘ this is true if and

only if {#*} — 1. Suppose not. Then, there exists Ja subsequence {*'}
of {t'}, converging to ' << 1, Suppose

2 e Ci(p”") — z as p= P.
But by the continuity (b. 1) of expectation and the convexity (c)

of preference relation, z € Ci(p), which leads to the desired contra-

diction. .
~ Finally, the compactness follows from the upper semicontinuity

as the correspondence' is non empty and bounded (Lemma 3. 1).
(g. e. d) ‘

"Lemma 3. 4 ‘
The correspondence D? : P - Xix X'x X? does not have a tem-
porary equilibrium with price vector at the boundary of the price

space. Namely, consider a sequence {p*} in P ltending to some
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P’ € bdry P and the corresponding sequence of [x%*(t, t),

xir(t, t+1), xik(t, t+2)] e D (p(t)) Then, for every P € P,

D x**(t, t) —oo,
(Proof) Suppose not, then there exists a sequence of p* € P tending
some p’ € bdry P and a corresponding sequence of (xie(t, t), xi*
(t, t+D), xir(t, t+2)) D"(pk). And one can also find p € P such
that the value of p x¥*(t, t) is bounded above. But it is easily shown
that, in-such a case, the sequence {(x**(%, t), x**(t, t+1), x¥*(t, t-FZ)}
is itself bounded. The ésymptotic cone of the above sequence re-
duces-to the origin. Without loss of generality, assume that the se-
quence in question converges to(x°(t, t),x°(t, t+1), x“’(t t+2)). By the
continuity of D, this implies

&, £, 29t t+1), 29t t+2) € D),

leading to a contradiction to the assumption (c) and Lemma3 3,
since p’ € bdry P. (q. e. d.) O '

4. Firms

The presence of uncertainty poses a fundamental question on
the behavior of firm; on what basis does a firm select its production
plan? Profit maximization answers this in non stochastic environ-
ments, but under uncertainty it is no longer a meaningful criterion
of firm’s behavior since profits do depend on an unknown state of
nature of future dates as well as other factors common to the cer-
tainty case. Especiélly, in a temporary equilibrium theory, the mat-
ters are even worse because not only the choice of production
plan but also the decisions on investment and its finance should be

@) .
made at the same time. Now, a new theory of firm is urgently

(7) Modigliani and Miller (1958, p. 152) already pointed out the ambiguity
concerning with the objective of firm under uncertainty. Grandmont
(1977) suggested the particular difficulties associated with a temporary
equilibrium model of production. '
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searched for which describes the decision making process of firm
There may be better ways of organizing production activities
through the stock market. Throughout this study, a firm is consid-
ered as.an economic institute which' has a longer operation span
than life of eaph consumer and which is owned by consumers through
the stock market. This hypothesis enables us to treat explcitly
several interesting problenis about firm: the fixed capital stock as
production facilities, the stock and its floatation, and the decision
making among shareholders of different ages and with various fore-
casts (together with the assumption of three périod life). This also
makes clear contrast to other temporary equilibrium models with
production (see Table 4. 1), although most of studies so far done
focus on pure exchange case and production model is minor in- the
fields. All of models listed in the table assume that both consumers
and firms’ ‘enjoy the same length of life and do concern about

Table 4.1
Production Models in. Temporary Equilibrium Theory

a, Maximization of expected utility

Stigum (1969a, b, 1972) Manager n periods Utility of 'dividends, in-
vestment and debt/asset
. ) structure :
Radner (1972) Manager 2 periods Utility of profit
Sondermann (1974) » .Manager 2 periods Utility of market value

Chetty & Dasgupta (1978) Manager T periods Utility of sequence of
’ : R accumulated profits

b, Maximization of market value

Dréze (1974b) ' Manager 2 periods
Douglas Gale (1976) Manager 2 periods
Gevers‘ (1974 ’ Manager 2 periods Perceived market value

Grandmont & Laroque (1974) Manager 2 periods .
Hart (1976) Manager 2 periods Calculted market value
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circulating capital, if any.

Suppose simply that firms operate forever. Consider ﬁrm FARL
is assumed that it takes for the firm one period to complete the
production process and there exists-uncertainty in the process. In
production the firm uses the fixed capital and flow of variable in-
- puts (including labor). The capital stock Ki(t) of the firm is given by
the history of past investments 4Ki(z), = = 0, 1,...,(t—1), made by
it. Since it is assumed that there is no depreciation of capital stock,
the fixed capital available for the production in period t is simply
given by the sum of past-investments upto period (t—1) :l

t-1

4.1 Ki(t) = Ki(t~1) +4Ki(t—-1) = Z} AKJ(r

z'._

where 4K7(0) is given.

The capital stock Ki(t) defined as above determines the set of
feasible combinations (%/(t), 7i(t+1)) of flows of variable inputs
and outputs, which is called the.production possibility set and written
Yi(Ki(t)) emphasizing the dependence on the capital expllcltly

The flow input vector J/(t) R+, purchased and put into pro-
duction in period t, yields a vector 7/(t+1) R+ of outputs in the
subsequent period (t+1). The relation between input Z/(t) and
output ¥7(t+1) is described by the production possibility set Y/(K/
(t)) which is subject to the fixed capital stock K7(t):

(vx’i(t), F(t+1) € YICKI(D) € R,

The following assumptions are made on the production possibility set
8

Yi(t) = YI(K/(t)

(8) Notice that this prodcution possibility set is different from that of
Arrow-Debreu-Mckenzie in two aspects: (1) fixed capital stock and @
time structure which involves uncertainty.
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(d.1) The production possibilityset Y7(K/(t)) is continuous with
respect to the capital stock K7(t). For given level of capital
stock, Y7(t) is convex and closed. '

(d.2) The labor input is necessary for all production pfocesses; i.e.,

xip(t) > 0 for all j and t.

The continuity (d.1) is going to be used in the prc_)bf of Lemma
4.2. (d.2) guarantees positive value of consumer’s endowment and
implies . '

Y n{¢eRr|e=<0}={0}.

To finance the investment 4K7(t) on the fixed capital stock and
the purchase #/(t) of flow inputs, two methods are available to the
_ﬁrm. One is the public offering #/(t) of new shares at the going
market price ¢7(t) of its share and the other the borrowing from
the monetary authority It is assumed that all the loan is one-period-
loan and that one unit of loan is worth 7i(t) dollars and should be
repaid one dollar as the principal plus the interest in the folldwing
period. That is, if firm j borrows 5/(t) units of loan which is worth
of r7(t) 4/(t) dollars in period t, it must return b/(t) dollars in period
‘(t+1). Then, the budget constfaint of firm 7 is

, ' @
(4.2) p {AKj(t)*i-ﬁ’f('t)} = @/(t) ni(t) + () bi(D).

(9) If it assumed that the investment is financed through the floatation
meanwhile the input purchase by the loan, the budget consiraint (4.2)
is replaced with a pair of inequalities:

P ) 4K (1) <g/ () n (D),

5@ < (© b,
One who is familiar with the famous Modigliani-Miller (1958) proposi:
tion (especially Proposition III, p. 289), might claim such an institution
is superficial, but it is not the case here because they presume that

- alt (both current and potential) shareholders agree each other with
respect to the distribution of expected return. This is true in their
model since they assume that firms can be divided into “equivalent
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It is also assumed:

(e.1) The objective of firm is to maximize the expected ' return

on a share (= expected dividend payment per share) plus

(0]
expected price of next period.

_(e.2) All profit, defined as the revenue of sales after the redem-
ption of borrowing, is distributed among shareholders as
dividend ‘payments. '

The assumption (e.1) reflects one characteristic of the stock market
.economy that shareholders only concern about the return on share-
holdmg and that some of them 11ve for two more penods while
some for just another perlod (though the firm itself operates for-
ever). Under the assumption (e.2) of proﬁt distribution which is a
natural consequence of (e.1), the firm does not retain any profit
and the dividend per share is given by ’

4.3) @ity =2® &;(—tg — bi(t—1)
3 ni(e)

T=
» where #/(0) is given.
Then, the budget correspondence of firm j's decision making on

input purchase, increment of fixed capital stock and their financing
(call a vector of thém a policy) is given by,

(4.4) Bi: P — R¥%*

return” classes such that the return on shares issued by any firm in
any given class is proportional to (and hence perfectly correlated with)
the return on shares issued by any>othevr firm in -the same class
{Modigliani-Miller (1958, p. 266)). Though they doubt the usefulness of
certainty equivalent approach on one hand (p. 262), this assumption
makes them one of this category.

(0 Malinvaud (1972) for example, gives a justification for this ob]ectwe
of firm in a large economy model with uncertainty.
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defines as _ : v
Bi(p()) ={pi(t) = (&7 (0, 4Ki(t), ni(t), 67(t)) | (4.2) holds}

The set Bffp(t)) is called the set of feasible policies of the firm j.
The limit of commodity supplies imposes the upper bound on the
set B/ and the assumption that deccumulation is prohibited implies -
the lower bound. Write

(4.5 BI(p() ={p/()=(F ), 4KI(1), ni(t), bI(t)) € Bi(p(D) |
F()+ 4Ki(t) <Y ]yf(t), n/(t) and bi(t)> 0}.
1=

Then, Bi(p(t)) is bounded below by (0,...,0) and also above.

Lemma 4.1

Under the asumption (d.1), the correspondence of feasible

policies (4. 5) is continuous for p(t) € int P.
(Proof) In order to simplify the nonation, time subscripts are drop-
ped. First, let me show the upper semicontinuity. Consider a price
sequence {[;”}V__=1 9 in .P and a corresponding sequence
{P"y}p=1 o of policies such that pi"= (%", 4K, ni¥, bi¥) & Bi(p*) for
any v. Suppose { p” } converges to p° € int P. Then, there exists
p’° = Bf(p") such that the corresponding sequence {p/"} converges
to p7°. Hence, (4.5) is upper semicontinuous.

Next, to show the lower semicontinuity, -suppose a sequence
{p* },_1 9 converges to p° € int P and p/° € Bi(p"). Consider

T Ay Ly
a corresponding sequence { p/” },_y o such.that o/ € Bi(p*)
. Ly Lyeae .
for all v. In order to show that the limit of this sequence is 07’
take a subsequence { p/*’ }v’—l 2 of the original sequence { p/” }
=1,2,...
such that S
i)‘v (ﬂ”’—i—AKf”’) :qu %jvs_l_rjv b,-w.

Then, the pairwise convergence implies the subsequence converges



Stock Market Economy Under Uncertainty( 1) o 63 .

to p7% as { p” } converges to p°. Hence (4.5) is lower semicontinuous.
(q. e. d.)

Following the objective (e.1) to maximize the expected return
;¢ (t+1)=expectation, [di(t+1) +¢/(t+1)] per share, firm j chooses
a policy p/(t) = (Fi(t), 4K/(t), ni(t), 67(t)) from the set Bt
of feasible policies. Here, uncertainty should be taken into account
of at the scene of decision on policy, since the production process
involves risk and since the current investment will not be in effect
for production until next period. When the decision is made based
on forecasts of ‘future state of the world, it becomes important
. whose expectation is adopted as the firm’s forecast because there
are many sharéholders and all of them have different expectations.
One way to get around the difficulty of group decision making
among shareholders is to assume a manager in each firm, which I
employ here. Some consequences of the “manager” assumption will
be discussed at the end of this section. Elsewhere I have proposed
more " “democratic” rule, which at the same time satisfies properties
desired by Arrow (1951)[Kodaira (1979)]. The rule called the “mini-
max rule of group decision making” is democratic in the sense
that the chosen policy reflects all the opinions among shareholders.
Since it is continuous, we can employ the minimax rule here without
making any essential change in the result as well as in the proof.

A manager is assumed to be a sole decision maker in his firm
persuing the objective (e.1). He is also assumed to have a subjective
expectation defined as (3.5) with properties (b.1) — (b. 3) and a
continuous, convex and strictly monotone preference over the expected
return. o '

Given the fixed capital K/(t) (heﬁce, the production possibility
set Yi(Ki(t)) ), the manager chooses the. production plan (Z/(t),
§(t+1) from the set Yi(t) € R2Z, Although there-is uncertainty

“in the production process, the maximization of the expected return
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on share is epuivalent to the maximization of expected value of
. output, because a firm can not change its plan, the outstanding
‘number of shares and the borrowing amount once the productibn
starts. For given finance plan, the production correspondence is

(4.6) A/ : PxRL - Yi c RfL
defined as

Af(l’(t), Ki(£). ={ (#/(t), #(t+1) € YiI(Xi(t)) |
i) = (F (1), 4Ki(t), n/(1), b7 (1))
€BI(L), ;pt+1) F(+1) = ;p(t+1).
¥7(t+1) for any (&7'(1), 57(t+1))
e Yi(Ki(t)) and p7 ()=(&" (1), 4K’ (V)]
ni(t), bi(t)) €Bi(t)}.
where ;f(t+1) is the expected price by the manager.

Lemma 4.2
The productlon correspondence (4. 6) is- uppersemicontinuous
and compact valued. »
(Proof) Consider a sequence {(#7(t), ij(t+1))}v=1,2 _in the pro-

duction- set Y/(K7(t)) converging to (#°, 5/°) € Y’. Then, by the
definition of A4, for any (&°(t), 3’ (t+1)) € Yi(t).

BUAD FPHHD > B+ 5D
The pointwise convergence of {(%/¥ 7} to (%/° 7/°) implies

BCEHD) 57 = BCE+1) F7CE+1).
’ Hence, the correspondence A/ : PxRL — V7 is compact valued since
the set A7(p,K7) is a closed subset of compact set Y7, '

Next, consider a sequence {(§”, Kf”)}y='1,2’min PxRL and a

\

correspondi'ng sequence {(#7¥, 7} _ such that
v=1,2,..

(&®, 57y e Ai(p*, K¥) for any v, :
with {(3”. K*)} and {(&?”, )} converging to (p° K°) and (%,
#7°) respectively. Letting v — oo

P’y = p° I
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Henée, Ai(p, K') has a closed graph since (p, K7, ¥/ 3/) lies in the
graph of Y7. As the production set is compact, the correspondence

A7 . PxRL — Y7 is upper semicontinuous. (q. e. d.)

Now, let me define the decision correspondence of firm with
manager. The manager of firm j manipulates, based on his forecast,
the expected return ;¢/(p’;¢7) on a share in next period for each
potential choice of policy pi(t) = (:?i(‘t), 4AKi(t), ni(t), bi(t)) ofb
"input purchase, investment on fixed capital and finance plans.

4.7 /(I (t); $I(p(D) = ;A7 (E+1) + pi(t+1)

First, deﬁne the manager’s expected dividend per share of -
- firm j when fche policy o’ = (X, 4K, w), b/) € Bi is chosen:

(4.8) ;d7: Bi(p) - R

given by
iy = [ RAD AL = WO gica pce1 | pe)
mit) + 20 ni(e) : >
T:

v .
where (GEF(L), ;57/(t+1)) € YiI(Ki(t) + 4Ki(t))
p? = GE) 4K, mi(t), ;6/(1)) € B/(p(L).

» Lemma 4.3
The correspondence (4.8) of expected dividend is continuous
under the assumptions (b.1), (b.2) and (d.1).
(Proof) By (b.1) and Lemma 4.1, both pi(p) and Bi(p) are continuous
with respect to p. (b.2).and the definition of B/(p) imply that they
are compact, too. Hence the plfoposition follows. (q. e. d.)

Next, using (4. 8) define the manager’s expected return .per
share when the policy p/.is selected.
(4.9) ;¢ B/(p) —~ R
as given by
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1707 (D)) = ;& (%7 (P))+ 47 (E+1).

Lemma 4. 4
Under the assumptions (b.1), (b.2) and (d.1) the expected
return (4.9) is continuous.

(Proof) It follows from Lemma 4.2 and (b.D). (q. e. d)

Last, define the manager’s action correspondence as the firm’s
decision making process.

(4.10) D’ : P — B/
given as .
Di(p(t)) = { p’= (&, 4K, n, b’) € Bi(p) | for any p”
€ BI(p), i’ (p? ¢7(P)) = ;4707 ¢7 (P H

Theorem 4. 5
Under the assumption (b.l), (b.2) and (d.1), the decision cor-
respondence (4.10) is continuous.
(Proof) Since ;¢/(p?; ¢/(p)) is continuous (Lemma 4.4) and the
budget set B’ is compact, the maximal exists. The continuity of
(4.10) follows immediately. (q. e. d.)

Note: If the manager maximizes the expected utility of return per
share rather than the expected return itself the decision making"
correspondence®(4,10) is replaced with:

Di(p()) =A{ p' = (&, 4K', v/, ) € Bi(p) | for any p”
B, wW(¢ (s ¢F(0)) = w57 (o7 ¢7 ()}
In this case, too, the continuity of the decision correspondence easily

follows from Lemma 3.2,
Finally, let me define the aggregate behavior of firms.

(411) F . P - Ritisz
with
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y@® = (DI — #F) - 4KD} nD), 0, 2 6 (.
: jel ‘ el

where /(t) = (H(L), AK(t) w(t), (D)) € D))
n(t) = (n(t),... #/()] ‘

Lemma 4. 6 . _ :
The_ mapping (4.11) of firms’ aggregate behavior is compact
valued and upper semicontinuous under the assumptions (b.1)
— (b.3) and (d. D).

(Proof) The proposition follows from Lemmata 4.1—4.4 and Theorem

4,5, (q. e. d.)

Before closing this section, some discussion is in order on the
consequence of the “manager” assupmtion. Here, the objective of
manager j is regarded as the definition (4.10) and that of consumer
i as (3.7). Since shareholders’ opinions on the manager’s work are
only reflected in the share p.rice ¢’ (1), positive shareholding (si(t—1,
t—1) + si(t—1,t) > 0 and/or s(t, t) > 0) at an equilibrium ‘im-
plies shareholder’s “approval” on the manager’s choice 'among policies,
in the sense that shareholder i & L) ={i e IG&-1) | si(t—1,
t—1) + st-1,t) > 0}Yu{ i € I(t) |si(t, t) >0} does not oppose
the manager strong enough to sell out holding shares of firm 7y
though he may not agree with the manager completely. Otherwise
his sale of shares leads to the decline of share price ¢/ which in
turn lowers the expected (utility of) return of the manager, hence
such a policy cannot be an equilibrium choice of policy. But it should
be noted that this “quasi” —unanimous support to the manager’s
decision among shareholders does not necessarily imply the efficiency
in-the firm, because everything discussed here isin terms of expec-
tations and there is no guarantee for forecasts to be realized (in

other words consumers forecast correctly).
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5.  The Monetary Authority

There exists a monetary authority of which task is to smooth
out economic activities of consumers and firms by centralizing the .
flow of “money” or more precisely purchasing power. The monetary
authority furnishes funds to firms which enable them to purchse
fixed capital and/or flow inputs. All loans are assumed to mature
. next period and to be made according to the rule that for éach r/(t)
dollar to be. lent, one dollar is repaid in perlod (t+1). Namely,
the borrowing rate of interst is [1—7/(t)1/#/(t). To make the lending
fund, the monetary authority sells one period bonds to consumers.
A bond is sold at the price of )f"(t) dollars and paid one dollar back
at the mature date (next period), which is guaranteed by the au-
thority. It is assumed that;

(f) The monetary authority sets the selling price of bond 7i(t)
and the borrowing rate of interest [1—7/(t)J/7(t) (i.e. r’(t))
so as to clear the monetary market,
> bh(G—-1,t) + Zb(tt) - () =0.

I(t-1) I(t) J
(See Figure 5.1) In general
ri(t) +r/ (1.

The difference | ri(t) — #/(t) | is partially explained as the insur-
ance premium of the loan to firms and guarantees the redemption
of bonds since some of firms might go bankrupt and be unable to
repay the loan with the interests. It is assumed that the monetary
authority does not consume any commodities and services.

Moreover, the authority uses the pair (7#(t), #?(t)) of prices as
policy variables to control -the economic activities through the
money supply. The mechanism of interest rate control is following.
In perlod t, the authority sells bonds to amount to

SUbi(t—1,t) + 20 bi(t, ) (=b(t) for ‘the Slmpl1c1ty)
ael(t-1 iel(t)

at the price 'r"(t)' and makes the loan to firms which amounts to
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‘ri(t)g

Shit)
J

)
S bi(t-1,t) +0bi(4,t)
- It-1) ()
b(t) amount
Figure 5.1
PINAC
I€]

at the price of 7/(t). By the assumptibn.(f), ‘
Cb(t) = X2 V(D).
: ieJ

Therefore, the fnonetary authority collects'r':(t') b(t) of “money”
from consumers and lends #/(t) &(t) of “money” to firms. In the
following period &5(t) of money is repaid by firms and it will be
i)
channelled to consumers to redeem the bonds held by them.
>

: 1 .
(5.1) the “money” supply {-—»} if 7 (t) {——} ri(t) + <the msurance>
. ! <

premium
-In Section 9, another method of policy, credit rationing is

explained.

6. The Existence of Temporary Equilibrium

_As it has been discussed in the above, the consumer hbehaves so

(1) This may be named as the zero reserve at the redemption point of
time,
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as to maximize his expected utility over his lifetime subject to his
budget set based on his subjective expectation, meanwhile the firm
operates so as to maximize its expected return on share subject to
.its production possibility set. Before starting the derivations of the
existence proof, let me clarify the notations. Table 6.1 summerizes
the notations defined in the previous sections.

Under assumption (b.3), market clearing conditions are:\

a) the commodlty market

6.0 Ex‘ t—2, t) +23% (t— 1 t) +I%ag‘ @, t)

iel(t—2) ieI(t—1)
~2{F () —% () 4K (D} = 0,..,00
JES

b) the stock market

(6.2) - STosi(t—=1,t) + 3 st t) — X {st (t—2, t—2)
iel(t-1) iel(t) iel(t—-2)
+s5i(t—2, t=-1DF —-n () = 0,...,0),
or
(6.3) > {st (t Lt—1) +s(t 1, t)} + Z si(t,t) —Z‘, n(z),
cielt-1) eI(t) =0
due to the assumption of impossibility of degreasmg shares once .
issued. , ‘ o :
(6.4) 23 {si(t—2, t—2) +sit—-2, t—D}F+ st (11, t—-1)
ieI(t-2) ieI(t-1)
t—1
= 31 n (7).
=0 -

¢)- the bond market, which is always cleared by the assumption (f).

(65) LS Bt=1, ) + X8t t) — 3Bi(t) = 0.
eI(t—1) T el 1=y ,
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‘Table 6. 1

Consumer 7 of generation « in period B,

#i(e,p) € R the demand vector for commodities
si(e,f) € RJ the demand vector for stocks
bi(e,p) € R the demand for bond

2 (ap) = (& (ap, si(e,B), b'(a,f), 0] & RE+/*2

Firm j in period t, '

(#(t—1), (1)) €Yi(K(t—1)) the relation between the flow
input of period t—1 and the output of pe-
riod t subject to the production possibility -

: . . set

A}{f(t) e RL the investment on fixed capital

w(t) € R the number of' newly issued shares

b(t) € R the number of loans from the monetary’
authority -~

Firms in period t,

n(t) = [#'(t),..., #/ ()]
O = (2 V@ — ¥ -4 K} nt), 0, 23 (1)), eRe+/+
jeJ el :

Prices,
p(t) € RE the commodity price vector
g(t) € RJ the share price vector
ri(t) € R - the selling price of bond
ri(t) & R the lending price of loan

p = P, q(v), 7i(L), /(1)) e RL+/+
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Even though each firm is assumed not to retain its profit
(assumption (e.2)), the Walras’' law does not hold for equations (6.1)
‘to (6.5), since the monetary authority may change. the “money”
supply by controlling the pair (' (t), 7' (t)). Of course, if the
 retained money in the monetary authority .is taken into account;
the Walras’ law holds.

An array [(xi(t—2, ’c))l-(t_~2> ’ (xi(t—l,t))i(t_i),(x"(t,'t)) i,
i) —#({) —4Ki()}, ni(t), bf(t))]-] ‘is called a feasible
allocation in commodity market if '

(i) %z, t) ©lr, t) satisfies the budget constraints (3.1)— (3.3)

‘ or (3.1*) — (3.3*) for given portfolio vectors sf (z, t) and
bt (z, t) , t=t-2, t—1,'t. :

(i) EFE-=1D , ). eYi(Ki(t)) for a givén flow input vector
#(t—=1). ‘ '

(ii1)  # () and 4Ki(t) satlsfy the budget constraint (4. 2),
pt) (UK () +& (L)) =g/(t) nf(t) +7i(t) bi(t) for given
ni(t) and bi(t).

(iv) the commodity market is cleared, that is (6.1) holds.

And an array .is called a feasible program if

(*)  (F(x, t), si(e, t), bi(e, )] sa’tisfies the budget constraints
(31)—(33)0r(31*)—(33*) o

(ii) as before.

(iii*) pi(t) = (F (L), AK’(t), ni(t), bi(t)) EB’(t)

(iv) as before..

. v : (13
(v) the stock _market is also cleared, i. e, (6.2) or (6.3) holds.

A témpamry equilibrium for this economy is .defined as a fea-
“sible program with the supporting price system [{x(t—2, t)) i(t—2)

@ The assumption (f) tells that tha bond market is always cleared,
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(=1, 01y E D)yepy, @O~ B —dKID}, wi (D),
bi(t));, p(t)] such that '
(1) #(z, t) € Di(p), t=t—2, t—1, t.

(1) (F@-1, (1)) €Yi(t-1) for given zi(t—1),

Gi)  (# (1), 4K/(1), (), bi(£)) eDi(p(t)),

(iv) all markets are cleared, f. e, (6.1) and (6.2) hold.

Define the excess demand corrqspondenbe under (b.3),

(6.5) z: P-RL¥J ]
where z(p) = (zy..., 2r+7) with the first (L—1) components
standing for the excess demands of goods, the Lth for that
of labor, the last / components for those of stocks given

by

Zp= SV EL(E-2, 1) + 2 EL(t-11) + 2 x’k(t t)
ze[(t 2) iel(t—1) el(t)
= 245 —#,() 4K (D}

ieJ
for k=1,..,L.
Czi= Z‘, Sae(t=1, 0 + 2 sk L(t, £) —nAL(t)

ieI(t—1)
zeI(t— )

for k=L+1,...,.L+].

It can be easily shown that the excess demand correspondence (6.5)
is positively homogeneous of'degreev zero since the demand -corre-
spondence is hdmogeneous of degree zero for commodities and shares
and of degree one for demand of bond. And the Walras' law does
hold if the monetary authority sets #/(t) and 'W'(t) so that there is
no retained “profit”. ' , '

Lemma 6. 1
Suppose that assumptions (a.1), (b.1) — (b.3) ‘and (d.1) are
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satisfied. Then, the excess demand correspondence (6.5) is upper

semicontinuous, and compact valued for the first L components.
(Proof) Since aggregate excess demand is meaningful under (b.3),
it is immediate from Lemmata 3.1 and 4.6. (q. e. d.)

Theorem 6. 2
There exists a temporary equilibrium for 'this economy. under
- assumptions (a.1), (a.2), (b.1) — (b.3), (c), (d.1), (d.2), (e.1),
(e.2) and (). » |
(Proof) The only difficulty arises from the fact that the space of
public offering (=new shares) is not bounded. However, this can be
solved by taking the ratio of newly issued shares to the total;

J . _
0,..0) = s*(a, t) EMs @D, a=t—1, t.

Z n(r)
=0

0 < J*(t) — n’(t)é 1
Z ni(z)

together with the consxderatlon that the productlon possibility set
of next period is bounded.
Now, define the modified excess demand correspondence

(6.5%) % P—RL*J

given by
%,,..., 4, are as same as z,,..., 2, of (6. 5)
2, = 2 3”}; L (t=1, t) + 2 S‘*k L(t t) -—n‘k D (1)
€I(t—-1 iel
- 2 Ast* L (t—2, t=2) +s¥*,, (t—2, t—1D}
ieI(t—2)

for k=L+1,..., L+].
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Clearly the modified correspondence defined by (86.5*) is an upper
semicontinuous mapp_ing from a compact, convex set to a compact,
convex set. Applying the Kakutani’s fixedpoint theorem, there exists
a fixedpoint [(xi(t-2, tDz‘(t—Z)’ (xi(t—1, t) it—1y (xi(t, t))i(t)’

{7 —2@) —4KI(D}, n/(t), b());, p(1)],. which satisfies the
conditions (i) — (iv) of a temporary equilibrium. (q. e.d.)

[To be continued)
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