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ON THE SCOPE OF THE STOCKHOLDER UNANIMITY THEOREMS

by

Mark A. Satterthwaite1

1. 1Introduction

If a firm is owned by several stockholders each of whom has different
risk preferences, then whose risk preferences determine whether the firm
accepts or rejects a.risky, proposed change in its production plan? It might
appear that this is a political problem whose resolution is necessarily
through political means such as proxy fights. This appearance, however, is
only partially accurate. Arrow [1964], Ekern [1973], Ekern and Wilson [1974],
Leland (1973, 1978], Baron {1977], and others have developed a theory show-
ing that if a sufficient variety of securities are traded on the stock market,
then conflict among stockholders does not occur. The reason is that if an
economy has enough different securities, then in equilibrium each stock-
holder's preferences towards risk is aligned with every other's stockholder's
preferences. Consequently stockholders are unanimous in their evaluations
of risky investment projects,

The purpose of this paper is to inquire if any reason exists why one
should expect a sufficient variety of securities to be traded on the stock-
market to achieve stockholder unanimity. The answer I propose is of a mixed
character. Within an economy that has no transaction costs an incentive
does exist to introduce a variety of securities onto the market that is suf-
ficient to assure stockholder unanimity for certain classes of firms' deci-

sions. A decision, for example, to increase production capacity for a

1The comments of David Baron, Robert Forsythe, and an anonymous referee
each contributed substantially to the development of this paper.
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currently marketed, successful product falls into this class. But it is im-
possible for a variety of securities to exist within an economy that is suf-
ficient to assure that stockholder unanimity exists for all classes of firms'
decisions. A decision, for example, to be the first firm to invest in a
radically different production technology ié not assured of unanimity.
TheAfirst, affirmative part of my answer appears to be well known by
those investigators who have been most active in this area of research, though
no one, to my knowledge, has explicitly stated it in a paper.2 The second,
negative part of my answer appears to be original. It is because the two
parts of my answer taken as a whole are fundamental to assessing the impor-
tance of the developing theory of stockholder unanimity that I derive both
parts here explicitly.
This paper is organized as follows. Section 2 describes the model that
is used throughout. It is a standard, frictionless, two-period, one good model
of an economy with firms and consumers, The one added feature that it contains
is a distinction between the observable component of the state of nature and the

unobservable component of the state of nature. The next three sections contain the

2Ross [1976], for example, comes close to explicitly stating this result
on two occasions. First, he states (p. 76):

Furthermore, in general, it is less costly to market
a derived asset generated by a primitive than to
issue a new primitive, and there is at least some
reason to believe that options will be created until
the gains are outweighed by the set-up costs.

and, second, he states (p. 78):

...we are neglecting the consideration that the
creation of markets in new assets will be costly...
If costs are sufficiently high, it will be ineffi-
cient to open all the markets even if it does per-
mit all the states to be spanned. (If costs are
low, however, unless markets have significant pub-
lic goods aspects, it is not clear why they will
not be open in competition.)



formal analysis of the model. 1In Section 3 I introduce the idea of span-
ning the observable component of the state space. In Sectioh 4 1 show
that an incentive exists for entrepreneurs to introduce new securities into
the economy as long as the observable component is not.spanned. That such
an incentive exists implies that the economy is not in full, long run equili-
brium whenever the observable component is not spanned.

In Section 5 I derive, based in particular on Leland's [1978] work,
two conditions that assure stockholder unanimity whenever, as is likely
according to Section 4's result, the state space's observable component is
spanned. In Section 6 I interpret these conditions on the assumption that
the observable component 1is in fact spanned and arrive aé the follow-
ing Eonclusion. Stockholders are likely to be unanimous towards a proposed
investment project if the returns it yields are only a function of the state
space's observable component and risks that are objectively assessable. If,
however, the proposed project's returns depend on the unobservable component
with probabilities that are primarily subjective, then stockholder unanimity
is no longer assured. Such an eventuality is possible because a proposed
investment project may, in effect, be a proposal for that firm to.conduct an
experiment that will maké observable an aspect of the state of nature that
was formerly unobservable under that and all other firms' original production
plans. For example, if initially no firm has a plan to implement a new and
very different production technology, then the economic feasibility (or
infeasibility) of that technology is an unobservable aspect of the state of
nature because no firm intends to do the experiment of trying that tech-
nology out and actually observing its economic feasibility. Moreover, if
the technology is different enough, then no objecfive assessment of the risks

involved may be possible, i.e. equally qualified engineers may disagree
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vehemently on the probability of success. Thus it is for the truly inno-
vative investment projects that stockholder unanimity probably breaks down,
not for the routine investment projects that firms most commonly consider.
Section 7 concludes the paper with a short discussion of some related ques-

tions that are beyond the scope of this paper.

2. The Model

Consider a one consumption good, two period economy with X'=_{L,...,K]
states of nature, ¥ = {1,...,F} firms, and J = {l,...}I} consumers.3 Let
firms, for the moment, have fixed production plans that determine how their
returns will vary with the state of nature. In the first period consumers
and firms are ignorant of the state of nature. At the beginning of the second
period'they“léarn;tﬁe identity of thevsubsét of X within which the true state is
contained. Where convenient and where confusion is unlikely the first
period is referred to as now and the second period is then. Transaction
costs are assumed to be zero.

Let each state of nature k € X be represented as an ordered pair

k = (st) where s € = {1,...,8}, t €T ={1,...,T}, and k = (s-1)T + t.

Given the firms' fixed production plans, the first component is called the

observable component of the state of nature and the second component is
called the unobservable component of the state of nature. An element s of

o is called the observable event s and, similarly, an element t of J is
called the unobservable event t. The observable compoﬁent identifies the
state in sufficient detail to determine how much each firm, given its current

production plan, will earn in period two. That component becomes common

All the conclusions of this paper remain valid in a multiperiod, many
good, rational expectations model of the type that, for example, Hart [1975] used.



knowledge of both firms and consumers at the beginning of period two. The
unobservable component, as its name implies, is not observable by any firm
or agent in either period and therefore no firm's returns can depend on its
identity.

The information that the observable component contains includes the
values of macro varigbles such as ‘the money supply, OPEC's pricing policies,
and Congressional action on regulatory policy. It also includes the values
of micro variables such as consumer demand for a new product that some firm £
will introduce in period two as part of its fixed production plan. This
last item is observable since at the end of period two consumers will have

revealed their preferences towards the product, which in turn affect the firm's

earnings.4

Therefore, given firm f's current production plan, investors
know its returns will be conditional upon the observable component s. Unob-
servable states contain information about contingencies that would be obser-
vable if the appropriate experihents were done. Nevertheless the several
firms' production plans are such that those experiments are not to be done.
For example, the unobservable component contains information about consumer
demand for radically different products.that no firm is offering in period
one or, given their fixed production plans, is planning to offer in period
two. It also contains information about the feasibility and cost of those

production technologies that no firm is currently using or planning to use.

In the first period (now) consumers receive initial endowments of the

4The example of a new product is formally inconsistent with the model's
assumption of a single consumption good except for the fact, pointed out in
footnote 3, that the assumption of a single consumption good is inessential
and is present only to simplify the notation.

5A'product is radically different if it is so differentiated from currently
marketed or planned products that it is impossible to do a Lancasterian [1971]
analysis of the demand for its attributes.



single consumption good and shares of each firm's stock. Trade takes place
in period one as each consumer, given the vector of market clearing prices,
adjusts his initial endowment of consumption good and stockholdings to that
portfolio of consumption and stockholding that is maximal according to his
preferencgs and budget constraint. In the second period (then) no trade
takes place: each consumer consumes the additional consumption good endow-
ment he receives then and the returns on his stockholdings. Let the endow-
ment of consumption good consumer i receives now be wi > 0 and the ‘endowment
he receives then if state k € X occurs is mé(k) > 0. Since the t component
of k = (st) is defined to be upobservable, necessarily wé(k) = w;(st) =
w;(sl) = .. = w;(ST) = w;(s)‘ where w;(s) is introduced as a convenient
notation. Let his consgmption of the consumption good be x{ now and

x;( sl) = ... = x;(ST ) = x;(s)} then if state k = (st ) occurs. The consump-

tion good can not be carried over from now to then. Let the endowment of

. . -1 .
firm f's stock that consumer i receives now be Z_ . Adopt the convention that,

f
for all £ € &, ;JZ;' = 1. Let consumer i's holding of firm f's stock now
after all trades are complete be z;. A negative z; is permissible and cor-
responds to a short sale of the stock. An individual i is called an initial

i > 0 and a final stockholder if zl > 0.

stockholder of firm £ if'?f £

Assume that each firm is under the direction of a manager who owns
stock in his firm and acts in the interests of stockholders (himself included)
whenever those interests are well defined.6 As alluded to above, assume each

firm £ has a production plan that specifiés what actions it plans to take

6Thus I assume that the moral hazard problem of providing managers with

incentives to act in the interest of stockholders does not exist. TFor a dis-
cussion of this problem see, for example, Jensen and Meckling [1976].



both now and, contingent on the state of nature, then. Given its production
plan, firm f pays a return then of af(s) = af( sl) = ... = af(sT ) units of
consumption good if state k = (st ) occurs. Thus at the beginning of the

second period, a final stockholder i receives ZE a_.(s) of consumption good

£
if state k = (st ) occurs. He pays z; af(s) of consumption good if he is a
short seller of firm £.

Let the price naw of firm f's stock be pg- Every individual i is a

price taker and picks his vector zi = [zi,...,z;] of stockholdings and vec-

tor xi = [xi, x;( ),...,x;( )] of consumption so as to maximize his
utility

. Cq g . i
(1) U [x]5%y (11) 5000, %y ( 1T) 500, %, ( ST)]

subject to budget constraints

(2) xi + ;? zé Pe < wi + §¥ Eg’ Pe 3

(3) x () < wg(k) +3, 2k a (), kK=1,...,K

and the observability constraints

(4) X;( sl) = x;( s2) = ... = xg( sT) = xg(s) s=1,...,S.

Assume that U' is i's strictly monotonic, continuously differentiable von
Neuman-Morgenstern utility function with the form:
i1 i ST 4 14 i
(5 U [x75...5%X,(BT)] =2 = T (st)u[x;,x,(st)]
1 2 s=1 t=1 1°72

i, . . , ;
where u~ is i's state independent utility for consumption now and then and

ﬂl(st) is i's subjective probabil ity of state ( st ) being realized.7

Consumers may generally be expected to have subjective probabilities con-
cerning the likelihood of unobservable states being realized. For example, I
have a subjective probability concerning the existence of intelligent 1life on
a planet. somewhere else im-the universe.
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Assume that for any set of strictly positive prices p = {pl,...,pF] the maxi-
mizing consumption bundle xi = {xi,...,xé(K)} has strictly positive components.

Let the only securities traded be the stocks of the F firms. A vector of
prices p = (pl,...,pF), a vector of consumption plans x = (xl,...,xI), and a
vector of stockholdings z = (zl,...,zI) is a F-equilibrium if (a) for all i € J,
the plan (ﬁi,zi) maximizes i's utility given the constraints (2), (3), and (4)
and (b) the market for:each firm's stock clears, i.e. ;J zé =1 for all £ € Z.
defer for the moment defining equilibrium when the set of securities traded is

not fixed with the set Z.

2. Equilibrium, Implicit Prices, and Spanning

Let & be the LaGrangian expression formed from i's maximization problem
(1). Given a set of prices p = (pl,...,pF), the first order conditions for i's
stockholdings zi = (zi,...,z;) and consumption plan xi = {xi,x%(ll),...,xé(ST)}
to be maximal are:

a2 _aul[x'] i _

(6) - = 0;
axi axi
a2 suirxly ;
(N = - 5L -5 =0, s€s={1,...,8} and
axz(st) . axz(st)
te€r={1,...,T)};
X At i -
(8) N T A P + %J ;Iﬁst af(st) 0,
Z¢ feF={1,...,F}.

The ST + 1 LaGrange multipliers Xi and éit have the usual interpretations:
AL is the marginal utility for i of a unit.of consumption good now and 6; is
the marginal utility for i of a unit of consumption good then if state st
occurs., Define Wit = G:t/Xi to be i's implicit price now for consumption
good then if state st occurs. It is how much consumption good now i is

willing to pay for one unit of consumption good then if state st occurs. .



Using (6) and (7) and the identity af(s) = af(s1)= ces = af(sT), the F

equations (8) may be rewritten for each consumer i as:
i i i

o £, “’it a,y(1) + “’;t ay(2) + ..o + 3, q;;_t a,(s) =

. . .
z, “’it ap(1) + 3y ¥y, 2 (@) + .on + 5, “’;t 2, (5)

Define wi = ;7 wit

Pp

to be i's implicit price now for consumption then if obser-

. i
vable event s 1is realized. It, analogous to wst’ is how much i 1is
willing to. pay now for one unit of consumption then if observable event s

occurs. System (9) may be rewritten in matrix form:

i
(10) Ay, = p
where
a, (1) a2 ... a ()] 47 ] (P, |
i 2D 2@ i | R
= ’ "’J = s P =
(D 2 ... (S vs | |

The observable component of the state space is spanned if rank A = S. 1In other
words, the observable component is spanned if there are at least as many firms
with independent return vectors a as observable events s € & = {1,...,8}.
Given the returns matrix A and the price vector p, ‘equation (10) may be
interpreted as an equilibrium restriction on each consumer's implicit prices
for observable events. The assumption that each consumer's utility function

. 3 L s . . s . i i .
is strictly monotonic implies that the implicit prices ¢st and ws are strictly

positive, Therefore the set of column vectors y that satisfy (10) in an ad-
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missible manner is QS-F = {y[y € Ri and Ay = p } where Ri is the S~dimensional
nonnegative orthant. This is a convex subset of Ri_with dimensionality (S - rank A)
that consists of a unique point only if rank A = S, i.e. all individuals
necessarily have identical implicit prices for each observable event s only if
the observable component is spanned. If the observable component is not spanned,
then two iﬁdividuals i and j who are in equilibrium may have different vectors
of implicit prices fo; the observable events,_i.e.~§erhaps Vj # til;

Note, however, that even if the observable component is spanned, the im-
plicit prices Wit for unobservable events st may not be identical. This is
because, for any s € o/,

. i _ 13 j
(11) Zpby ¥, =V =2

does not imply that ¢:t = ¢gt necessarily, i.e. ¢i

I .
St f ¥, quite possibly. Market

completeness, not spanniﬁg, guarantees that implicit prices for unobservable
events as well as observable events are identical across individuals. Com-
pleteness requires that the number of securities with linearly independent
return vectors equal ST, the number of states of the world. Existence of ST
linearly independent securities would require that the returns of securities
vary not only with respect to the observable component, but also with respect

to the unobservable component,. which is impossible by definition.

3. The Incentive to Achieve Spanning of the Observable Component

This section shows that an economy is not in full eguilibrium unless the
set of observable components is spanned. Specifically if the observable com-
ponent is not spanned, then entrepreneurs can make a riskless profit by intro-

ducing new securities, Therefore, if one is willing to assume that the economy

does tend towards equilibrium, then spanning of the observable component is a
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consequence of the market process, not an assumption may be arbitrarily made
about the market structure.

Permit any consumer i to issue a new security, labeled g, subject to the
requirements that its returns (a) be nonnegative and (b) be a function only of the
state space's observable component and not of its unobservable component.
Thus, exactly as for :each firm's stock, ag(s) Eag(sl) =ag(52) =,.. =ag(sT)20
for all s € o/. 1Issuance of such a security is feasible because the obser-
vable component is observable and thus contracts can be made contingent
on it. An F-equilibrium is a full equilibrium only if no consumer can make
a riskless profit by introducing a new security g onto the market. Thus if a
F-equilibrium is a full equilibrium, then each consumer i has exhausted his

. . . . . i .
opportunities for maximization with respect to his consumption plan x~, his

i

trading plan z—, and the possibilities of introducing new securities. 1In a

F-equilibrium each consumer takes the set of securities as given and maximizes
only with respect to his plans xi and zi.

The paper's first proposition is: 1in the absence of transaction costs, a
necessary condition for a F-equilibrium to be a full equilibrium is that the
stocks of the ¥ firms span the observable component. The only exception to

this occurs when the market states are not spanned and, at some F-equilibrium,

8Transaction costs prevent spanning from being perfectly achieved in real
financial markets. The practical importance of this imperfection is, however,
difficult to gauge because transaction costs far the creation of new financial
securities (options, etc.) are low.

The creation of new securities by entrepreneurs is a frequent occurrence in
United States' security markets. Two examples from recent history are the crea-
tion of options markets for certain common stocks and the creation of new futures
markets for some commodities. See Ross [1976] for an analysis of how the crea-
tion of an options market increases the number of limearly independent securities
even though options are based on existing securities. See Sandor [1973] for a
historical account of how the Chicago Board of Trade and the professional traders
who compose it established the market in plywood futures.
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all consumers by chance have the same implicit prices. This is an unlikely occur-
rence if consumers' utility functions, subjective probability assessments,

and endowment streams are heterogeneous. Demonstration of the proposition

is as follows.

Assume, contrary to the result, that the economy is in full equilibrium
without the obséfvablg_component ?eipg spanned. Therefore QS-F contains a
multiplicity of points and, unless consumers have identical‘utility functions
and endowment streams, almost certainly a pair of consumers i,j exist who have
unequal implicit prices over the observable component: ¢j # fj. Since the vec-
tors wj and ¢3 are distinct points in RS, they are also disjoint convex sets,
Therefore a hyperplane exists that separates them, i.e. a vector

ag = [ag(l) s ag(S)] > 0 and scalars pZ and p; exist such that either

i - + h
(12) 0< ;J ag(s)\yS < Pg < pg < QJ ag(s)wS
or

3 - + i
(13) 0 < ;J ag(s)'{fS < pg < pg < §J ag(s)wS

The components of a, may be chosen to be nonnegative because %i and ¢i are single
points within Ri. Assume without loss of generality that (12) is satisfied:.mmw
Suppose a_third.consumerl(@JFftﬁe enfrepfeneur--offers to sell at;price p+ and
buy at price p; the vector of returns ag(s). Let this return vector be called
security g. Given the offer price of p; individual j wants to buy from indi-

vidual k some quantity of security g because the utility he attaches to the

purchase of one unit of g at that price is:

. j. i ‘ j, i
dx7 (st) g g dx
2 1
s 5.8 a(s) -pta
J T st g g J
(14) _ i _
xj[z', ZJ. wst ag(s ) pg)

j +
ALz, b5 ag(s) - pp)e

>0
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The first line is a first degree Taylor series approximation of the utility
consequences of purchasing the unit of stock, which is accurate provided all
components of ag are small, The second line follows from equation (6) and
(7), the third and fourth lines follow from the definitionsof Wzt and Wz, and
the inequality follows from (12) because Kj > 0. Similarly, individual i
wants to sell to indiyidual k some quantity of g at price p;; If k astutely
selects the prices pZ and p;, then the quantities that i wants to sell and j
wants to buy will be equal and k can make a riskless profit of y(p;-fp;) >0
where y is the positive quantity traded. Therefore, the economy is not in
full equilibrium because k has an incentive to introduce a new security.

This contradicts the original assumption that the market is in equilibrium
and establishes the proposition.

After some entrepreneur has introduced security g, then a new F-equilibrium
may be achieved with individuals trading the F stocks plus the new security g.lo
Exactly as before, a necessary condition for this new F-equilibrium to be a
full equilibrium is that the F+1 securities being traded span the set of ob-
servable components. If they do not span the set of market states, then
entrepreneurs have an incentive to introduce another security g’ . .Clearly, in a

world of no transactions costs, this process continues until the variety of securi-

ties traded are sufficient to span the observable component of the state space.

4. Spanning and Stockholder Unanimityll

The preceding section, showed that the market process does tend to insure

Since security g is purely a set of transfers from one individual to another
and not a claim on the real returns of a firm, the market clearing condition for
securit is £,z =0, not & z' =1,

y 8 4 % s g %g

The case I treat here is called ex post stockholder unanimity in the literature.
If one is willing to make the strong assumption of perfect foresignt with respect
to equilibrium stock prices and implicit prices (as is the case in rational expec-
tations equilibria), then ex ante unanimity can also be shown. Baron [1977] pro-

vides a clear exposition and discussion of the intracacies of ex ante unanimity
versus ex post unanimity.
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that the observable component is spanned. This section derives two condi-
tions under which a firm's stockholders will be unanimous towards an invest-
ment project that constitutes a change in the firm's production plan and, if
adopted, will change the firm's vector of state contingent returns. The
first of these conditions is well know and the second was recently developed
by Lelan& [1978]. They are both deriﬁed here because in Section 6 they are
given a specific intérpretation that follows directly from the particular
derivations that are presented here. -
Throughout this section suppose that the state space's observable com-
ponent is spanned. Take the endowment streams of consumption goods for con-
sumers [wi,wé(ll),...,w;(ST)] as fixed. Suppose additionally that consumers'
initial endowments of stock [Ei,...,E;j together with their consumption
good endowments are such that they constitute an equilibrium allocatiom,
i.e. when the market opens no trades take place. Let p = (ﬁl,....ﬁF) be
the equilibrium price vector for this initial situation.12 Because the
observable component is spanned and the economy is in equilibrium, all con-

R S
sumers have identical implicit prices for the observable events, i.e. %J==¢

o
for all i,j € .

Now, turning to consideration of the first condition that guarantees
unanimity, suppose firm £ proposes a project such that its vector of returns
changes from ag = [af(ll),...,af(st),...,af(ST)] where af(sl) = L., = af(st)=
cee = af(sT) to a; + b= [af(ll) + b(ll),...,af(ST) + b(ST)] where b is a
ST-dimensional vector. Let b have two characteristics. First, let b, as

does ag, vary only with the observable component of the state, i.e.

2., - 1 51aae s s . . : . .
This equilibrium initial situation is the result of previous trading
activity that is not explicitly included within this model.
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b(s) = b(sl) = b(s2) = ... = b(sT). Second, let the magnitude of b be small
enough compared to the economy as a whole to justify price taking behavior.
In particular, assume that every consumer takes his-équilibrium implicit
prices W; as invariant with respect to a small change in firm £'s returns’
vector a. Given these assumptions, all stockholders of the firm are unani-
mous in approving or:disapproving the project.

This is seen by picking an arbitrary stockholder i and calculating the
effect the change b in the firm's returns has on his utility, Sincé~b is
small and since ;ib is how much his consumption in period two change, adop-

tion of b causes i's utility to change by the quantity:

o i i
avt =2 s n U (XD gy

£ 7 Bxl(st)
2
e T
=zg 2, Ty O D(st)

(15)

i1 i
= Zf >\ ZJ ZJ— ‘L’St b(St)

=zt s, 1l v

where the algebra parallels the ‘algebra of equation (14). Inspection of the
last line shows that AUi necessarily has the same sign for all stockholders
because (a) by definition ;% > 0 for all stockholders, (b) Ki = an/Bx% >0
since consumers are assumed to have strictly increasing utility functions,
and (c¢) the sum ;J Wi b(s) is invariant across individuals since spanning of

i j :
the observable component guarantees § = WJ for all pairs (i,j) of consumers,
Therefore the firm's stockholders unanimously approve or disapprove the pro-

ject. 1If, however, the state space's observable component had not been

i
spanned, then unanimity would not have been assured because { would not



- 16 -

necessarily have equaled wi for every pair of consumers.

Crucial to the above derivation of stockholder unanimity under spanning of
the state space's observable component is the requirement that the components of
b only vary with respect to observable events s, This méy be seen by supposing
that the firm proposes a project such that b(st’) # b(st”) for two states
st',st” € X. Spanning of the observable component only guarantees
Iy wit = vi = vg = Zs vgt for all s € &/ and all i,j € &, which does not im-
ply w:t = vgt. Therefore, for this case, the fourth.line of (15) does mnot
follow from the third line., Consequently ZJ ;7 wit b(st) and %J ;T Wgt b(st)
may be of different signs, which is to say that stockholder unanimity may
fail,

Leland [1978] in a significant and very interesting paper has developed
a condition that is sufficient for stockholder unanimity for this case where
the state space's observable component is spanned and the proposed project's
returns' vector b varies with the unobservable events t. It is: if all con-
sumers place identical cénditionalVprobabiliﬁies ﬂi(tls) = ﬂi(st)/;r ﬂi(st)
on the possibility of the unobservable event t being realized given that
the observable event s is realized, then unanimity is preserved. Moreover,
Leland shows, it is not really necessary that all consumers agree on these
conditional probabilities; rather all that is necessary is that they would
all agree if they had the same, better informatioq;gg_the f;zgig;mgnagement.

..Leiéﬁd;s'fé;uitwﬁ;y.be‘défivéd as foilowé;‘ ReéalL thaﬁué;md;fi;ition
Lo éi /ki and wi =3 ¢i . Substitution from equations (7) and (5) into
st st s J st

¥

these definitions and differentiation of U™ explicitly gives:
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. . aui[xi,xi(st)]
(16) vio= 4 nten =
A axz(st)
and G
. . ou [k ,%x,(st)]
(17) vioe ey —2—.
A sz(st)

The change in consumer i's expected utility resulting from adoption of a pro-

ject whose returns vector b varies with the unobservable component is therefore:

) i i
i_—1 AU [x ] )
att =Z5 x5, QU Ix 1 p(st) .
£ 77 ox; (st)

_i . aui[xi,xi(st)]
(18) = z; £,y M(st) i 2 b(st)
aXZ(St)

L AL (s)]

=z X - b ﬂi(st)b(st).
£/ ax;(s) 7

Line three follows from line two because the observability constraints (4)
i ’ i ) i 7o

guarantee that xz(st ) = xz(st ) = xz(s) for all s € o/ and all t',t" € J,

which implies that aul[x;,x;(st)]/ax;(st) = aul[xi,x;(s)]/axg(s). Moreover

this latter fact implies that (17) can be rewritten as

(199 du'x,x5(s)) ) Ayl

ax;(s) '— ;T ﬂi(st)

Substitution of (19) into (18) gives

. y i
(20) LD S R zj-(—-n—{s—tl—) b(st)
;yﬂ (st)

A Zi_ z, wi Z, 1 (t] s)b(st).

This expression implies unanimity whenever the observable component is spanned

and consumers have identical subjectiye"probabilities ﬂ(t}s) = ﬂl(t[s) = ...
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cee = ﬂI(tls) for all t € J and s € ». This is seen by defin-

= ntels)

1]

ing b’ (s) ;rﬂ(tls)b(st), which is the expected return of the project if

s is realized, and noting that (20) with b'(s) substituted is identical to
(15). Leland's further conclusion that if stockholders had the better infor-
mation that the firm's manager has, then they would be unanimous for or against

the project follows from the assumption that the manager is a stockholder who

acts solely in accordance with his interests as a stockholder.

6. Conclusions

Formally I have shown three results in the preceding sections. First,
if initially the observable component of the state space is not spanned, then
in a world of no transaction costs an incentive exists for individual entre-
preneurs to introduce new securities in sufficient variety to span the obser-
vable component of the state space. Second, given that the observable com-
ponent is spanned, stockholders of a firm are unanimous concerning the accep-
tance or rejection of any proposed project whose returns are a function only
of the observable component. Stockholders, however, may disagree concerning
production plan changes whose returns vary with the unobservable component as
well as with the observable component. Third, as Leland [1978)] originally
showed, unanimity remains assured even if the project's returns vary with the
unobservable component provided that (a) the observable component is spanned
and (b) all consumers place (or would place if they had the same, better infor-
mation that the firm's manager has) identical conditionai probabilities on
the unobservable events t € J,

The interpretation that I give these results is, as indicated in the

Introduction, that unanimity is likely to exist for proposed projects that are
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routine and are unlikely to be unanimous for proposed projects that are
truly innovative and represent a significant new experiment within the
economy. Examples of routine projects are (a) the expansion or contraction
of capacity for existing product lines and (b) the intrbduction of a new pro-
duct that_is only marginally different from already marketed products. Examples
of innovative projectg are (a) major investment in a new, radically different
production technology and (b) introduction of consumer product that is
genuinely different in concept and is not a variation on established themes.
Construction of a definition that (a) distinguishes between routine
and innovative projects and (b) demonstrates that that definition is consis-
tent with both the earlier section's formal results and this section's inter-
pretation is most efficiently accomplished by discussing an ex;mple of both
a routine project and an innovative project. Suppose, for the routine pro-
ject example, firm f is considering increasing its manufacturing capacity by
constructing a major plant addition. The paper's first fofmal result indi-
cates that the observable component of the state space is certainly spanned
for all practical purposes because, if it were not, financial entrepreneurs
would introduce new securities tntil spanning were achieved. This, however,
does not guarantee unanimity because the returns from construction of the
addition necessarily depend on the state space's unobservable component.
Specifically, the cost of the addition depends on, among other factors,
the stability of the soil on which the addition is to be built. If the soil
is unexpectedly unstable, then the cost of constructing'the foundations will
jump by an order of magnitude and correspondingly decrease the project's
returns. Clearly the soil conditions, unless the addition is actually built,

is an aspect of the state space that is unobservable. Consequently, for
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the purposes of this example, the state space may be described as o~={1,...,S],
the observable component, and J={1,2}, the unobservable component where t=1
denotes stable soil and t=2 denotés unstable soil. Moreover the soil stability
on which the addition will be built is a characteristic of nature; it does
not change with other contingencies within the economy. Therefore every con-
sumer wili regard the state space's two components as statistically indepen-
dent, f.e. Ti(st) = Ni(s)NL(e) and Ni(e|s) = Mi(t) for each i € .

Before firm f£'s manager makes his decision on whether to build .the plant
addition, he will secure an engineering report on the soil conditions at
the proposed construction site. This report will allow him to assess quite
objectively the risk that soil conditions will turn out to be unfavorable,
i.e. based on the report he will revise his prior probability judgments
ﬂ:(l) and ﬂ;(Z) concerning soii conditions at the plant site. Moreover, be-
cause soil engineering is a well developed profession, his judgment will be
objective in the sense that if all consumers read the engineering report
and other information used by the manager in making his probability judg-
ment, then they would agree very closely with his judgment. This means
that Leland's condition for unanimity is met: the state space's qbservable
componenf is spanned and all consumers would agree with the manager's prob-
ability assessment concerning the unobservable component if they had access
to the better information on which he bases his judgment. Thus routine
projects may be defined to be those projects for which generally accepted
techniques exist for objectively assessing the probabiiities of the rele-
vant unobservable events.

Consider, as an example of an innovative project, firm f's decision con-
cerning investment into a radical new technology for the smelting of iron ore,

Suppose that this technology has been tested in a pilot plant, but never
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implemented on a commercial scale, an endeavor that involves scaling up the
pilot by a factor of fifty. Moreover suppose that real technical controversy
exists as to whether the process can be successfully scaled up by such a fac-
tor, i.e. equally qualified and informed engineers disagree substantially
on what the probabilities of success are.13

Exaétly parallel to the first example, the state space's observable com-
ponent may be expect;d to be spanned, the state space may be described by
& =1{1,...,8} and J = {1,2} where t=1 denotes feasibility of the technology
and t=2 denotes infeasibility, and consumers probability judgments
{ﬂz(l),ﬂi(Z)} concerning the unobservable component are independent of their
probability judgments {ﬂi(l),...,ﬂi(S)] concerning the observable component.
The difference with the first example is that even if all consumers had
access to the same, better information that firm f's manager is using in mak-
ing his decision concerning the proposed technology, then consumers would still
seriously disdgree among themselves on what the probabilities of sﬁccess are.
This is because no generally accepted technical methodology exists for evaluat-
ing the probabilities. Consequently Leland's conditions are not met and stock-
holder unanimity is not guaranteed. Thus innovative projects may be defined

to be those projects for which generally accepted techniques do not exist for

13Currently.s-uch differences in opinion appéar to be prevalent in regard to

the commercial promise of fusion as an energy source.

Harsanyi [1968, p. 498-500] has argued that such differences in probability
judgments generally stem from differences in information. I disagree because
for the case of fusion. it seems evident, that two equally qualified engineers
might fail to agree on the chances of success even if they were given
unlimited time to exchange information. In other words, the source of such
disagreements is, at least in part, differences in fundamental beliefs, not
differences in information. The only way to get agreement in such cases is
to do the experiment of trying to develop fusion as a commercial energy source
and to observe the outcome.
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objectively assessing the probabilities of the relevant unobservable events.

In summary, this theoretical discussion suggests two conclusions regard-
ing stockholder unanimity. First, stockholder unanimity is likely for invest-
ment decisions such as plant expansion that essentially involve more of the
same. Second, decisions that involve substantial innovation such as the im-
plementafion of a radical technology are likely to create division among
stockholders., This iatter conclusion places absolute limits on the extent
that the market can mediate among stockholders diverse risk preferences and
subjective probabilities. Within a dynamic economy decisions of this lat-
ter, nonroutine type periodically face firms as new technologies are
discovered and new products are conceived. Stockholders inevitably will
disagree over which of these ideas are worth substantial investment. It is
their very newness that makes it impossible for the market to have estab-
lished a set of implicit prices by which managers can evaluate their

appropriateness for investment.

7. Some Unanswered Questions

The discussion above is incomplete in that it implicitly raises a num-
ber of important and interesting questions that I have not yet addressed.
Three of these questions follow. First, and of obvious significance, the
paper contains no discussion of welfare effects. In particular, what are
the welfare implications of the conclusion that the security market is
necessarily incomplete because securities can not be wfitten that depend
on the success or failure of innovations that no firm is trying. The work
of Hart (1975) and Grossman (1977) on optimality within incomplete markets
indicates that no simple answer is likely to exist to this question.

Second, this paper has taken the division of the state space into observable
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and unobservable components as exogenous, This is clearly inappropriate,
however, because the past choices of firms as to which innovations to adopt
has determined this division. Therefore an important question is under
what conditions a firm is likely to decide to go ahead with an innovative
project for which stockholder unanimity does not exist. Third, and depen-
dent on the answer to the second question, what do these limits on the scope

of stockholder unanimity imply for public policy towards innovation.

-
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