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Introduction

Incentives and Risk Sharing in a
Stock Market Equilibrium

A. Introduction

Economists have long been ambivaent on the merits o the stock market. On the one hand,
the capital asset pricing moded (CAPM), which is the basis for the modern theory o finance,
emphasizes the merit o the stock market for diversifying the idiosyncraicrisks and sharing the
aggregate risks o productive activity. On the other hand, the traditional view d the classica
economists, revived in modern times by Adolph Berle and Gardiner Means (1932), Micheel
Jensen and William Meckling (1976) and the ensuing agency-cost literature, emphasized the
negative effect on incentivesd the separation of ownership and control implied by the corporate
form o ownership. This paper provides a framework for reconciling these two perspectives and
showsthe circumstancesunder which tthe stock market can provide an optimal trade-off between
the beneficial effect d risk sharing and the distortive effect on incentives.

The risk-sharing role d the stock market can not be studied without a general equilibrium
model. We adopt the simplest model which permits the simultaneous analysisd production,
risk-sharing and financing decisons—namey the two-period general equilibrium model o Peter
Diamond (1967). In the spirit o Frank Knight (1921) we model the firm as an entity arising
from the organizational ability, foresight and initiative o an entrepreneur. The activity d a
firm consists in combining entrepreneurial effort and physical input (the vdue d capital and
non-managerial labor) at an initial date: this gives rise to a random profit stream at the next
date. In addition to entrepreneursthere is another classd agents which we call investors: they
have initial wealth at date 0 but no productive opportunities.

Consider the typical situation where entrepreneurs do not have sufficient initial wealth to
pay for the capital investment required to operate their firns, and would furthermore like to
find some way o sharing the risks involved in their productive activity. Al the dements o
mutually beneficial exchange are present, and it is the role o financial markets to make such
exchange possible. Suppose however that the trades on the financial markets are made before
entrepreneurs choose the level o effort to invest in their firms, and moreover, that this effort is
not observableor verifiable by other agents. Theseare realistic assumptions, sincearrangements
for financing have to be made before production can take place, and in an uncertain world it
is difficult to assess to what extent a high leve of output isdue to a high leve d effort or to a
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favorable exogenous shock. In these circumstances, exchange on the financial markets may lead
to a moral hazard problem: an additional friction must however be present in order for this
tooccur. In the standard general equilibrium model uncertainty is described by an underlying
state space which represents the exogenous shocks which can affect the output o the firrs.
If insurance contracts could be written contingent on the occurrence of these states of nature,
then the problem o financing (investment and risk sharing) could be solved without distorting
incentives, by leaving every entrepreneur the full owner of the output to which his effort gives
rise (see Section 1). Thiscould only happen in the idealized and rather unlikely situation where
the businessri sks to which entrepreneurs are exposed are essentially exogenous, and sufficiently
simple so that they can be foreseen and described in advance and verified (by third parties) ex
post. If business risks were indeed of this kind, we would never observe equity markets: they
would not be needed for risk sharing and would only distort inceutives.

To have a model consistent with what we observe — namely equity markets — the risks to
which businessmen are typically exposed must be sfficiently complex and difficult to identify
to make it unpractical to write insurance contracts contingent on their occurrence. Since the
realized output o firmsisreadily observable, it is not surprising that the principal instruments
for financing business activity and sharing its risks, namely debt, equity and bankruptcy are
contracts contingent on the output of firms. In this paper we assume that debts are aways
repaid, leaving the analysisd bankruptcy for subsequent research. This permits us to study a
model which lies close to the traditional risk-sharing model of finance, while at the same time
incorporating the new effects introduced by moral hazard and incentives.

The concept o equilibrium that we propose for the stock market can be understood as taking
to their logical conclusion, in a general equilibrium model, the ideas introduced by Jensen and
Meckling (1976) in a partial equilibrium framework. They argued that the owner-manager o
afirm has less incentive to make effort! the smaller his ownership share — and that investors,

'The moral hazard problem studied by Jensen and Meckling, and most of the subsequent literature, is the
consumption of perquisitesout of the firm's available funds. We fed that the effort (initiative, resourcefulness,
planning and follow through) invested by an entrepreneur in his firm is more fundamental in determining its
output, and hence that of the economy as a whole, than the extent to which he draws perquisites out of thefirm
Strangely, although their whole analysis isexpressed intermsof perquisites, thiswasalso their opinion. '‘We shall
continue to characterize the agency conflict between the owner-manager and outside shareholders as deriving from
the manager's tendency to appropriate perquisitesout of the firm's resources for hisown consumption. However,
we do not mean to leave the impression that this is the only or even the most important source of conflict.
Indeed, it islikely that the most important conflict arises from the fact that as the manager's ownership claim
falls, hisincentive to devote significant effort to creative activities such as searching out new profitable ventures
fdls" (Jensen-Meckling, 1976, p. 313).
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knowing this, will reduce the price they are prepared to pay for the firm. In turn, the owner-
manager chooses the optimal amount of equity to sell, fully aware that the more equity he sells,
the smaller the price the market will accept, to pay for his shares. In our general equilibrium
model more variables enter than just the ownership share — each entrepreneur decides on the
capital investment for his firm, how to finance it by a combination o debt and equity, and how
to diversity his risks by buying shares in other firms. All these investment-financingdecisions
influence the entrepreneur's choice d effort, and thisin turn influences the payoffs that outside
investors will obtain.

In the spirit o rational expectations, agents are assumed to correctly anticipate the outputs
o the firms — this amounts to assuming that they can deduce the effort that entrepreneurs
will invest in their firms. The new element in the concept o equilibrium is the formalization
o the last (and crucial) feedback — namely, that when choosing their investment-financing
variables, entrepreneurs take into account the fact that the market uses their observed trades
on the financial markets to deduce what their associated effort will be. To formadize this idea
we introduce the concept d price perceptions. To decide whether an investment-financing plan
isoptimal, an entrepreneur needs to evaluate what would happen if he were to change this plan.
His price perceptions describe how he perceives that the price o his equity would change, were
he to change his investment-financing plan. We assume that these price perceptionsare rational
(i.e. entrepreneurs think that investors will correctly deduce from their investment-financing
decision what their effort and the associated output o their firm will be) and competitive (when
an entrepreneur sells the same "product” as other firms — in our modd this means the risk
profile o the profit stream, which is the same for all firms operating in the same sector — then
they think that the priced this "product” does not depend on their individual supply). Putting
these ideas together leads to the concept d equilibrium (introduced in Section IT) which we call
a stock market equilibrium with rational, competitive price perceptions (an RCPP-equilibrium).

An important advantage of a general equilibrium model is that it permits the normative
propertiesof markets to bestudied. How wel does the stock market perform in balancing incen-
tives, risk sharing and inducements to invest? To answer this question we need an appropriate
criterion of efficiency: the concept we use in Section III is the natural extension d the concept
of constrained efficiency introduced by Diamond (1967); it respects both the limited available
set of financial securities and the incentive constraintsimposed by the nonobservability of effort.
In Section III we show the rather surprising result that an RCPP-equilibrium is constrained
efficient: the price perceptions provide precisely the nonlinear prices (incentive schemes) that
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induce entrepreneurs and investors to efficiently allocate effort, investment and risk sharing.

An additional advantage d the concept of a stock market equilibrium that we introduce, is
that it makes it possible to integrate two branches o the literature: the classical literature on
portfolio choice and security pricing (the standard general equilibrium model o finance) and
the literature on agency costs and their relation to capital structure, which following Jensen-
Meckling (1976), have been studied in partial equilibrium models. Having a model with in-
centives which contains the classical risk-sharing model as a special case, permits one to study
how the predictionsd the standard model are modified by the presence of incentive effects. In
Section IV we giveexamplesd RCPP-equilibriaand compare their predictionsd portfoliosand
security prices with thosed the standard finance model: we find that in an RCPP-equilibrium
diversification is less extensive for entrepreneurs, since incentive considerationsinduce them to
retain a larger share d their own firm and a smaller share d the equity d other firms than
would be required solely on the basis o risk diversification: furthermore, incentivesinduce en-
trepreneurs to make much more extensive use o debt than would be predicted by the standard
model. These differencestranslate into higher interest rates and lower risk prerniaon the risky
securities.

B. Related Literature

The study of the way ownership structure in business enterprise affects incentives has a
long tradition in economics. The classical economists were uncompromisingly in favor d sole
proprietorship, arguing that shared ownership has a negative effect on incentives (Adam Smith?
(1776), John Stuart Mill® (1848), Alfred Marshall* (1890)). The idea that share systemscan be
explained as a compromise between risk sharing and incentiveswas introduced in the sharecrop
ping literature by Steven Cheung (1969) and Joseph Stiglitz (1974): for a more recent discus-
sion of shared ownership (and the stock market) versussole proprietorship see Peter Hammond
(1993). The paper by Stiglitz was an early contribution to the literature on the principal-agent
problem which subsequently gave rise to an extensive literature (see for example David Sap-
pington (1991) for a survey). Although our paper is not set up as a principal-agent problem,

2See Book III, Chapter II of the Weaith of Nations for a criticism of the metayer system, the share system
used in Continental Europe, by which the farmer and the landowner each obtained one half (metarius) of the
output of thefarm See Book V, Part III for a vehement criticism of joint stock companies.

3See Book II, Chapters VI-VIII of Principles of Political Economy for a more balanced assessment of the
metayer system and Book |, Chapter IX for a discussion of joint stock companies.

4See Book VI, Chapter X and Book IV, Chapter XII of Principlesof Economics.
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as we explain in Section III, the problem of constrained Pareto optimality can be viewed as a
type of principal-agent problem, with the planner acting as a "benevolent” principal.

The ideathat financial decisionsadf agents transmit information about characteristics or ac-
tions of agents that are not directly observable or knowable by the market, has been extensively
explored in the finance literature. Concepts of equilibrium based on this idea and the idea of
rational expectations have been used in many partial equilibrium models: for adverse selection
in the signaling models of Stephen Ross (1977), and Hayne Leland and David Pyle (1977),
and the subsequent literature (see Milton Harris and Artur Raviv (1992) for a survey); for
problems of moral hazard by Michael Jensen and William Meckling (1976), Sanford Grossman
and Oliver Hart (1982), and James Brander and Barbara Spencer (1989). This paper differs
from these latter contributions in that it makes explicit in a general equilibrium setting with
moral hazard how the market can resolve (or at least mitigate) the incentive problems created
by asymmetry o information; it also provides a framework in which the risk-sharing function
of financial markets and their disciplining role in attenuating the agency costs o firms can be
studied simultaneously. This permits the agency costs and benefits of equity and debt to be
balanced against the risk-sharing benefits and costs o these securities.

A simpler concept o rational expectations is present in all the literature on general equi-
librium with incomplete markets (GEI) which began with the papers of Kenneth Arrow (1953)
and Peter Diamond (1967), and subsequently evolved into an important branch d equilibrium
analysis (for a survey o results in this area see Michael Magill and Wayne Shafer (1991)). We
have chosen the simplest verson of the GEI model with production, namely Diamond's model,
to study how the agency theory o the firm could be incorporated into a genera equilibrium
analysis. It is wel-known that a stock market equilibrium in Diamond's modd is constrained
efficient but that such a result can not in general be expected to hold in more complex GEI
models. Since the problem o constrained inefficiency arising in an incomplete markets model
with many goods or many periods is not directly related to the problems posed by incentives,
we have chosen to take as a benchmark the simplest model in which financial markets lead to
constrained efficiency in the absence of incentive effects.

An alternative approach to incorporating asymmetric information into general equilibrium,
which is tantamount to extending Arrow-Debreu theory directly to a world with moral hazard
and adverse selection has been proposed by Edward Prescott and Robert Townsend (1984a,
1984b). The contracts they consider are lotteries on an abstract consumption space. For the
moment it is not clear to us how the two approaches are related: the contractsthey study seem
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very different from the standard debt and equity contracts which are the focus o our anaysis.

The paper is organized as follows. Section | presents the basic model and considers the
idealized (reference) case o complete insurance markets and sole proprietorship, where there
is no conflict between risk sharing and incentives. Section II, which studies the more realistic
setting where risk sharing involves adistortion of incentives, introduces the concept of an RCPP
equilibrium. Section IV examines its normative properties and Section V presentsexamplesd
RCPP equilibria, contrasting them with the equilibriaof a standard finance model.

I. Complete Insurance Markets and Sol e Proprietor ship

We begin by outlining the basic model of a two-period (t = 0,1) production economy,
in which there are two types of agents, entrepreneurs and investors. An entrepreneur is an
agent who contributes the effort (and initiative) required to undertake a productive activity:
entrepreneurial effort, when combined with an investment of physical capital at date 0 leads
to output at date 1. Two important features o the economy are that the effort that an
entrepreneur investsin his firm is not observable by other agents, and that the date 1 output
is uncertain. This creates two requirementsfor the efficient functioning of the economy: some
way must be found to provide entrepreneurs with appropriate incentivesto invest effort in their
firms, and the productive risks of the economy must somehow be shared among the agents.
In general, there is a conflict between these two requirements. In this section however, we
study the ideal (reference) case where the ownership structure d firms (sole proprietorship)
provides appropriate incentives for entrepreneurs, while financial markets permit risks to be
shared optimally without distorting incentives.

A. The Model

Consider a two-period one-good model of an economy in which an investment o capital
and effort at date 0 gives rise to an uncertain income stream at date 1, the uncertainty being
modelled by states of nature (s = 1,...,S). There are | agents: each agent i has an initial
wedlth w) at date 0, and if the agent is an entrepreneur, by investing capital (an amount d the
good (income))and effort e at date 0, he can obtain the uncertain stream o income at date 1
given by

F(Z,¢') = (Fi(z', ¢),..., F5(z', €))

where F*(-) isan increasing function o (2*, €') defined on R%. When agent i is an investor, we

6
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set F* = 0. Each agent has a utility function U*, where Ui(z?, &) is the utility associated with
the consumption stream x' = (zj, 2%, ...,z%) and the effortlevel €. U*, whichisdefined on the
domain R3*! x R4, isincreasingin X' and decreasingin €. Sincetheeffort € o aninvestor isnot
productive, it will ways be set equal to zero. Each agent is thus characterized by (U*, wh, F).
Let £(U, wy, F) denote the resulting economy with characteristics U = (U',. ..,U’), wp =
(w,...,wd), F=(F!,...,FY).

B. Incentives and Risk Sharing

The output of a firm is the result of a joint investment o effort (by an entrepreneur) and
physical capital, where the latter may be provided by the entrepreneur or by outside investors.
How should the output d the firm be shared by the entrepreneur and the outside investors?
From the point d view d incentivesit has long been understood that any sharing of output
between the provider d effort — here the entrepreneur — and the providers d capital, will
distort the incentives d the entrepreneur, since he bears 100% d the marginal cost of his
effort, and if he shares output with other agents, will receive less than 100% o the marginal
benefit o his effort (see footnotes 2-4 above). Thus from the point o view d incentives, sole
proprietorship is the sole form o ownership structure which does not distort incentives.

On the other hand, since sole proprietorship o firms leaves entrepreneurs fully exposed to
the risksd their line d business, it must be complemented by some form o i nsurance markets
on which the production risks o the economy can be shared. If the outcomeis to be efficient,
such insurance markets must not themselves be a new source d distortion o agents' incentives.
For example, a contract providing insurance against low output for a firm, would certainly
decrease the incentives o the entrepreneur to exert effort: thus the insurance contracts must
be contingent on events whose (probability of) occurrence is independent o the actions of the
agents. In the framework d this modd this essentially means that the contracts would need
to be based on the states d nature (exogenous shocks) whose occurrence is determined by
"nature" rather than the economic agents. In practical terms this means that the business
risks to which the firms are exposed would need to be sufficiently smple so that they can be
traced to ex-ante describable and ex-post verifiable causes (states) which are independent of
agents' actions, so that enforceable contracts can be written conditional on their occurrence.
As the next proposition shows, if the business risks to which entrepreneurs are exposed are of
this kind, then sole proprietorship combined with a system d insurance markets leads to an
efficient outcome.
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C. Complete Insurance Marketsfor Business R sks

If thestatesof natureare easy todescribeand verify, and if contractsare costless to introduce
and enforce, then we may without loss d generality assume that the market structure consists
o acomplete set of insurance contracts: an insurance contract® for state s pays one unit o
income at date 1 if state s occursand nothingotherwise and its pricer, is payableat date 0. F
the ownership structure o firms consistsd sole proprietorship, then entrepreneur i will decide
on the amount o capital Z to invest in hisfirm on the effort €* to exert and on the portfolio
d securities & = (&%,..., &) needed to finance the firm and smooth his consumption stream
zt = (2§, zi,...,7%), S0 asto maximize his utility U'(z*, €'). Moreprecisdy, if # = (my,...,7s)
is the vector o security prices, then the agent' s opportunity set is given by

Ty S wp —wE - 2
B(m;wh, F*) = ¢ (2f,¢') € R‘i,” <&+ Fi(d,e),s=1,...,8
(,6) €Ry xR®
We say that (z, ¢') finances (x',€') if together they satisfy the equations defining B(m; w§, F*),
and we write (x',€; 2,£*) € B(w, w), F).

A sole-proprietorshipequilibrium with completeinsurance markets for the economy € (U, wg, F)

isa par
(2,2, &), 7)

consisting o actions by the agents and prices for the securities such that
(i) (&, &7 &) € argmax{v'(z', &) | (x,€') € B(m,wh, F)}, i=1...,l
Io_
(i) &=0, s=1,...,8
i=1

(i) simply means that (x', &) is an optimal consumption-effort decison d agent i, and that
thisis financed by the investment-portfolio decision (2‘,?). (i) requiresthat every buyer o an
Arrow security s is matched to asdller, for s =1,...,S. Note that these equations imply that

%also called an Arrow security.
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the feasibility conditions

1 1 1

Yz < wp— 2 (1)
i=1 =1 =1

I . I . . .

Yz, < Y Fi(,€), s=1,...,S (2)
i=1 i=1

are satisfied at the equilibrium.

Proposition 1: A sole-proprietorship equilibrium with complete insurance markets for the
economy £(U, wo, F) is Pareto optirnal.

I, #) is.not Pareto optimal. Then thereis a
feasible allocation (x, &) such that w*(&*, &) > ui(&,&"),i = 1....,1 with strict inequality for
at least onei. The feasibility o (&, &) implies that there exist capital and effort allocations
(3,6, such that (1) and (2) are satisfied with (2, &) replaced by (3*,d'). For each agent
i, the portfolio of Arrow szecuritiaséi =z} — F'(7',&"), where 2} = (&i,..., %), ensures that
(&, é, 2",?) satisfies the date 1 budget equations. Since this action was not chosen by the
agent under the price vector 7, it cannot be affordable at date 0. Thus

Proof: Suppose the equilibrium ((%, &, 7, &)

i . _,si ~ .
g >wy—7wE — 3 i=1,...,1

with strict inequality for an agent who strictly prefers (&, é'). Since there is at least one such

agent

|, i .. .
since Y & < 0 and, by monotonicity o agents preferences, #s > 0 for every state. This
i=1
contradicts the feasibility o (z,¢) at date 0, completing the proof. A

D. Interpretation of Proposition 1

Theinteresting featured this proposition isthat it requiresthat the ownership structure of
firmconsist of sole proprietorship when incentive effects are present. It shows that the stan-
dard formulation d the First Theorem o Welfare Economicsin an Arrow-Debreu production
economy in which there is shared ownership o firms is rather mideading. The usual argument
is that shared ownership does not present a problem since, with complete markets, all share-
holders agree that the firmshould maximize the present value d its profit; to be correct this

9
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reasoning requires that the realized profit o a firm does not depend in any way on managerial
effort, initiative and resourcefulness— in short, the entire managerial element in the running
of afirmmust be factored out. Clearly the result is not at all robust: for once it is recognized
that firms are run by entrepreneurs (managers) who need to be rewarded to perform efficiently,
and that typically there is a small subset of high level managers — in our idedlized case a
single entrepreneur — who is ultimately "in charge” and accounts for the successful operation
d afirm then shared ownership no longer leads to Pareto optimality. For if there is shared
ownership then the choice d effort by an entrepreneur isdetermined by the first-order condition

i o) /Bpi i
out(zt, €')/0e _H:iﬁ_san‘(z,e)

Dui(zt, et) [0zl Oet

s=1

where 6; is the entrepreneur's ownership share o the firm. Proposition 1 impliesthat the first-
order condition for Pareto optimality is the same as the first-order condition for an equilibrium
with sole proprietorship: but this implies that 8; must equal one. Thus if there are complete
insurance markets and if decison making in each firm is concentrated in the hands of a single
entrepreneur, then sole proprietorship is necessary as well as sufficient for Pareto optimality.
The insurance markets take care d risk sharing and sole proprietorship provides the right
incentives. in such an economy shared ownership has no role to play and would only serve to
distort the entrepreneurs incentives.

II. The Stock Market and Moral Hazard

The previous section has identified an ideal ownership and financing structure for solving
society's problem d providing incentives and sharing risks for the entrepreneurial economy
under consideration. While it is clear that sole proprietorship provides excellent incentivesfor
entrepreneurs, it ismuch lessclear that the insurance markets which are needed to complement
this type d ownershipstructure can be made to function. In practice the eventswhichdetermine
the success or failure of businesses are not only influenced by the actions d entrepreneurs,
but are 0 numerous and o such complexity that they make the writing and enforcement of
contingent contracts to all intents and purposes, unpractical.

Given the unfeasibility d such insurance markets, perhapsthe most important way o coping
with society's production risks in a modern economy is through the shared ownership o firms
achieved by trading equity contracts on a stock market. However as we saw in the previous
section, shared ownership inevitably affects the incentivesdf entrepreneurs. The object d this

10
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section is to introduce a concept of equilibrium which explicitly takes into account the incentive
effects of trading ownership shares o firmson a market.

A. Assumptions

We begin by introducing some additional assumptions on the characteristicsdf the economy
E(U,wq, F).Agents utility functions are taken to be separable

Ui(a,€) =ui(h) T uf(h, ..., z5) - c(@)

where the functions «$, u} are strictly concave increasing, and ¢ is convex increasing. These
functions are differentiable on their domains, and satisfy the boundary conditions 6

ug(z) — o0 if ¢ — 0, || Vui(z!) H_ oo if 2§ — BR‘f,’ and ¢/(0) =0.

In short, consumption is essential in dl states and effort is essentialy costless for small levels
d effort.

On the production side, we assume that the economy is composed of A sectors (production
activities) a = 1,..., A with A < |. All entrepreneurs operating in the same sector a are
exposed to the same risks, the risks in sector a being characterized by the positive income
stream n* = (nf,...,n%). Each entrepreneur i is assumed to have the ability and experience
required to operate in one sector a = af(i), and the entrepreneur's date 1 profit function has
the multiplicative form

Fi(7,et) = fi(2, e ) (3)
the function f* expressing the specific ability d agent i for transforming an initial investment
o capital and effort (2!, €) into a profit streain at date 1. To permit the same notation to be
used for both investors and entrepreneurs we introduce a dummy sector, called sector A +1,
whose income stream is zero i.e. n* =0 if a= A +1 Wheni isan investor (F* = 0), then
by convention a(i) = A + 1. f'(Z', €) isassumed to be a differentiable, increasing function of
(ti,€) whichsatisfies f*(0,€) = f*(z!,0) = 0 (both inputs are essential). While f* isconcavein
z* reflecting decreasing returns to capital, concavity in € is not needed as long as the marginal
cost of effort increases faster than its marginal product (see Assumption MCMP(a) below).

SVul = (——-Lg:, yeres —Lgf. ) denotes the gradient of »{ and 8R% is the boundary of the non-negative orthant of
1 s
RS.

11
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The multiplicative factor structure’ in (3) was first introduced by Diamond (1967). Its
principal advantageis that it leads to a competitive pricing of sectoral risks which is well-defined
even if the financial markets are incomplete. By altering his actions (z*, €'), entrepreneur i can
influence the expected vaue d the profit stream of his firm, but if there are many other firms
operating in the same sector, whose shares are traded on the stock market, then he cannot
influence the "risk price" d the profit stream that hesdllsi.e. the price that investorsare willing
to pay for the basic income stream (factor) n*®) o his sector. More general risk structures for
the production functions F* introduce difficulties for a competitive pricing d risks in a model
with incomplete markets, which we want to avoid in this paper in order to concentrateon the
new element introduced by incentives.

In thissection we accept as a fact that the complexity d businessrisks, when combined with
the unobservability d entrepreneurial effort, makes the writing and enforcement o contracts
contingent on states unfeasible. We assume that the opportunities for sharing the production
risks in the economy are those that can be obtained through shared ownership d the firms.
There is thus a stock market on which entrepreneurs, who have the initial property rights to
the profit streams d their firms (since this is the result o their effort and initiative) can sdl
a part o their ownership shares to obtain funds for capital investment, and can buy shares
in other firms in order to diversfy their risks. We assume that after selling ownership shares
d their firms, entrepreneurs remain the sole managers o their firms even though they hold
less than 100% d the shares: they are thus "owner-managers' in the sense d Jensen-Meckling
(1976). In addition to obtaining funds by issuing equity, we assume that firms can aso issue
debt. To smplify the analysis we assume that the penalty for bankruptcy is infinite: there is
thus a single instrument traded on the bond market, which is the "default-free’ bond.

B. Budget Sets

To make clear how the timing d agents decisions takes place we divide date 0 into two
subperiods 0, 02. In subperiod 0; entrepreneurs use the financial markets to obtain the capital
required to set up their firms and to diversity their risks: in the second subperiod 02, after the
investment and financing decisions have been made, firms become " operative" and entrepreneurs
decide on the appropriate effort to invest in the running o their firms. At date 1 “nature”
chooses a state o the world (shock): production takes place and profit is realized.

"This isin essence a nonlinear version of activity analysis, the vector g constituting the “activity” (i ncone
stream) of sector a(see Tjalling Koopmans (1951)).
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In subperiod 0, entrepreneur i decideson the amount of capital z* to invest in his firm, on
the amount to borrow b (if b' > 0, lend if & < 0), on the share (1- %) o hisfirm to sdl and
on the shares 8, o other firms k # i to buy: let 8 = (Of,..., %) denote the agent's portfolio
d equity contracts. Let go denote the price o the bond and let Q = (@, -..,Q) denote the
vector of pricesd the firms’ shares: thusQ; isthe priced full ownershipdf firm i, and if agent i
is not an entrepreneur i.e. if F(z',€) =0, then Q; = 0. The accountability of agent i requires
that the following budget equations be satisfied

gy = wh+gb =) 6Qk+(1-6)Qi 2 (4)
k#i
g = —b'+ Y0 e n2® LGl F( e)ne®, s=1,...,8 ()
k#i

the consumption in each state being non-negative. If sf = (xi,...,z%) denotes the date 1
consumption stream, and if 1. = (1,...,1) denotes the riskless income stream at date 1, then

the S equations in (5) can be written in the more condensed vector form
=—b'1+ ZB 1R, e )ne®) 1 6t fi (2, ey (6)

k#i

The agents financia transactions (z',b', 8*)/_, carried out in subperiod 0, are assumed to
be mutually observable. Thus an investor who spends money buying shares d firm i, knows
exactly how this money is used by entrepreneur i: how much is invested in the firm (z*), how
much goes to private consumption (z3), €tc ... ; he aso knows agent i’s sources d income
at date 1, his debt payment —b*, and the dividends he will receive from the different firms
in the economy. What the investor cannot observe when buying his shares in firm 1 is the
effort entrepreneur i will invest in hisfirm this decison will be made by the entrepreneur in
subperiod 02, and the best the investor can do is to form an expectation about what € will be.

C. @tinal Effort Function

Consider how entrepreneur i chooses his optimal effort in subperiod 0. Given that this
decision is made after the financing decision (2%, b, 8*) has been chosen, the entrepreneur will
choose the effort level € which maximizes ui(z%) — c'(¢'), the date 1 consumption stream z*
being given by (6). If agent ¢ correctly anticipates the effort o other entrepreneurs (k # i),
then he will correctly anticipate what his date 1 outside income stream m* will be, where

mi = mi¥, (Gh)esi) = Y1+ Y 0L FF (", ek )ne®
k#i
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The agent's choice d effort is thus the solution of the problem

?% {Ui (:mi +9:'fi(zi,ei)na(i)) _ ci(ei)} (E)

where the parameters (m', 2*,8) € RS x RZ must be such that m' + g: fi(2, e )n*() > 0 for
some e* > 0: let D denote thisdomain.
To ensure that the problem (E) has a solution and that each entrepreneur's technology is

sufficiently productive relative to his cost of effort to make it worthwhile to put hisfirminto
operation, we make the following assumption.

Assumption MCMP (marginal cost-marginal product).
(@ Foralr' >0,c() Q}}Q is increasing and tends to m when € m.
(b) There is asmooth path e* : [0, 1] R2 with €/(0) = 0 and €¥(t) > 0 such that

_oft ' TR AN
Jim. ey (t, €'(t)) = o, tI_ILnoc'(e (t))e'(t) <m.

An entrepreneur who invests more effort in hisfi rmbecomes more productive, but effort also
becomes more costly. Part (a) o the above assumption ensures that the percentageincreasein
the marginal cost o effort exceeds the percentage increase in its marginal product i.e. that the
elasticity condition

(et P fi(2e') /0% |

(et} > ( Oft(zt, et)/Det ) €

issatisfied. Since the marginal cost o effort rises faster than its marginal product, the optimal
choice problem (E) has a solution: the monotonicity assumption ensures that the solution is
unique (see Proposition 2). Part (b) o the assumption ensures that both at an equilibrium
(defined in part (D)) and at a constrained Pareto optimal allocation (defined in Section III)
every entrepreneur investsa positiveamount o capital and effort in his firm: (b) ensuresthat if
the entrepreneur were to operate at (z*, e') = (0, 0), there would be a way d dightly increasing
capital (z* =t) and effort (¢ = €/(t)) so that the increasein marginal utility arising from the
increase in output exceeds the small marginal increase in the cost o effort: given the nature
o the surface defined by f'(Z',€), the path €'(t) must be chosen so as to make capital very
productive (typicaly e¥(t) — m ast — 0) by exploiting the fact that the cost o effort
remains very small for small levels o effort.

Example. If fi(z%,€) = (2})(e!)” and ci(e) = (e*)?, then MCMP(a) is satisfied if § > ~ and

14
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MCMP(b) is satisfied if 6> 1—:13 The higher the power 6, the flatter is the cast curve at zero,
and the more readily MCMP is satisfied.

Proposition 2 (i) If Assumption MCMP(a) is satisfied, then for each (m',Z',6}) € D the
problem (E) has a unique solution

e(mi,zi,ef) = axg(;’nax{u‘i (m' + Hzf’(zi,e‘)na(i)) - c‘(ei)} (7)

and €' is differentiablewhenever &(m', Z', 6¢) > 0.
(i) If Assumption MCMP(b) holds, then for all X' = (zf,z}) € R3*! with z§ > 0, there
exist (z*,€') > 0 such that

uh(zh - 2+ (2 + F(2, €0 = d () > wi(zh) +u'(z)) ®)
Proof (See Appendix).

(7) expresses the fact that the effort exerted by an entrepreneur depends on his ownership
share 8¢ o his own firm, on the amount o capital that he has invested in it, and in addition
depends on the stream d outside income m' that he receives which is independent of his own
effort. Note that since m* is afunction d his borrowingand d his equity sharesin other firms
(¥, (8L)k2i), the optimal effort of entrepreneur i is well-defined once he has chosen his financial
variables (', b, 6*).

D. Stock Market Equi | i brium

Consider an investor who is thinking d buying shares o entrepreneur i's firm and can
observe his financial decisions (2%, b, 6'). It would be "irrational" for the investor not to use
this information to deduce what the most likely effort o entrepreneur i will be. To be able to
deduce € (2%, b, 8'), however, the investor would need to know in addition to the entrepreneur's
financial decisions, his characteristics (u}, ¢, £, n*®). In the analysisthat follows we make the
strong assumption that the agents characteristics are common knowledge. Thus the investor
can deduce from the financia variables (z', b, 8*) the effort that entrepreneur i will choose: in
short, we suppose that every investor knows the entrepreneur's effort function € (24, b, 8). In
practice agents will probably not have such a precise knowledge of other agents characteristics
— however they arelikely to have agood idead "what makesentrepreneurstick”. Experienced
investors are not readily fooled: they know that an entrepreneur who retains only a small share
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o hisfirm and has a lot d outside income typically does not exert much effort to make his firm
productive.

I investors correctly anticipate, through the price they are prepared to pay for each firm i,
the effect of the financial decisions of entrepreneur : on the effort that he invests in his firm,
then it seems reasonable to suppose that each enirepreneur Vill come to understand this. Hence
our second assumption: entrepreneurs know that investors will use their financia decisions as
"dgnas' d the effort that they will exert in their firns. The next step is to incorporate these
two assumptions into a concept of equilibrium.

The description o an equilibrium consists of two parts. The first is the standard part
which enumerates the actionsd the | agents, the prices o the | + 1 securities and the mutual
compatibility o their actions under these prices. The second part describes the entrepreneurs
perceptionsd the way their financial decisions affect the pricethat the "market" will pay for the
shares o their firms, and ensures that these perceptions are compatible with the equilibrium
prices. Let

Q::RixRxRL ~ Ry, i=1, .1

denote the price perception d each entrepreneur i and let Q = (Qy, ..., Q). ThusQ: (2%, b', 8*)
denotes the price that entrepreneur i expects to receiveif he sdlsthe share 1 - 6: of hisfirm
when his other financial decisonsare given by (z',b, (6%)kx)-

Definition 1: A stock market equi li bri umwith price perceptionsQ is a triple
((z.2,2,5,8),(%Q): Q)

consisting o actions, prices and price perceptions such that
(i) for eech agenti,(x',&") maximizesU*(x, €) among consumption-effortstreams such

that ® o . S o
zh = wy + Qb — Y Qi + Qi(24,b,0(1 - 6}) - 2
ki
o= —b'1+ > 6L fF(2*, e )nB + 6l F (et
k#1

for some (2%,5,6') € Ry x R x RL
(i) Qi=Qi(#,b,8),i=1,...,1

I - I _
iii b =0 i 1 k=1,
( )?;:1 (V) X6 =1,

8Whenever k is not an entrepreneur, since F*{(z*,eX) = 0, the shares 8}, arefictitious: they aresharesof the
zero vector. | n thiscase weset 8} = 1, 8, = 0,i # k, so that the market clearing condition (iv) can be written
symmetrically for all agents.
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Thus in an equilibrium with price perceptions Q, each entrepreneur takes the prices and pro-
duction plans o the other entrepreneurs as given, and correctly anticipates the effort they
invest in their firms; he chooses his own actions, anticipating that those which are observable
(his financial decisions) will influence the price that outside investors are prepared to pay for
their shares in his venture, in the way indicated by the function Q;(z*, b', 8*). By (ii), the price
perceptions are consistent with the observed equilibrium prices Q, and by (iii) and (iv), the
bond and equity markets clear.

Without more precise assumptions on the price perceptions Qi(z",b", '), this concept of
equilibrium only incorporates the first assumption that we discussed above — namely that
investors have correct expectations —- but it does not yet explicitly incorporate the second —
namely that entrepreneurs are fully awared thisfact. For example, the equilibrium concept in
Definition 1 would be compatible with myopic expectations of the form Q;(z*,b,6") = Q;,i =
1,..., 1. Atfirst glance thismight seem like the natural candidatefor aconcept d "competitive"
equilibrium. However thisis not a legitimate use d the assumption o price-taking behaviour,
since Q; isnot a "per-unit” price, but rather is the price o the whole firm. Competition means
that identical goods, supplied by competing firms, have the same per-unit price and this price
is perceived to be independent o the supply of any particular firm. The "goods' which are
being supplied here are profit streams d the form f'(z', e)n*(®). The factor n* is identical
for all firms operating in the same sector a: competition thus implies that entrepreneuri takes
the price of the income stream n1* as gwen and independent d the amount that he supplies to
the market. The notion d competition does not however explain how an entrepreneur should
perceive that the “market” will evaluate the personalized part f!(z*,€), namely the "amount”
o n> that he will supply when € is not observable. To answer this part, the concept o rational
expectations s more appropriate than the concept o competition. We are thus led to the
following concept o equilibrium.

Definition 22 A stock market equilibrium with rational, competitive price perceptions, (RCPP)
isan equilibrium ((z, &, z, b, 9), (4o, Q; Q) with price perceptions in which the perception func-
tions satisfy the following condition: there exist prices (gi,...,44) for the sectoral income
streams such that fori =1,...,1

éi(ziybivai) = QQ(i)fi(Zivéi(mi:zivoz)) (9)
where m' = —4'1 + ZBifk(fk, e yn® (10)
Py
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Thus to check if hisfinancia decision (%, 8) at equilibrium is optimal, entrepreneur i forms
expectations about what the price Q; would be if he were to make an alternative financial
decision (z, b',8). To form these expectations he takes the price oy of one unit o his
sectoral income stream n*(*) as given?, and calculates that the market price o hisfirm will be
t'3a@), T the market anticipates his profit will be tn*®). To evauate m* in (10) he takes as
given the effort & that other entrepreneurs (k # i) make given their financial choices (&¥ =
ek (mX, b*,85)). Thisis the competitive part of his calculation.

To evaluate what the market anticipates his "output” t' will be, he draws on his knowledge
o investor rationality: he anticipates that the market will deduce from (m', z¢,8!) what his
optimal effort Wl be, and thus anticipates that t* will be equal to f*(z,&(m',Z',8})). Thisis
the rational-expectations part of his calculation.

An RCPP equilibrium!® describes a situation where entreprer.curiai effort is not observable,
but where all participants on the market use all availableinformation to deduce the likdly vaues
o the hidden (moral hazard) variables — and all agents know this. in short, there is common
knowledge d rationality.

9Note that the "competitive" price §. can be deduced from the observable market prices @, only if thereis
at least one entrepreneur who is active in sector a. For if f'(z',&') > 0 for some ¢ with a(i) = a, then (ii) in
Definition 1and (9) imply that §, = Q:/f*(z*,&'). However if f(z*,E) =0 for all i with a(i) = a, then (ii) and
(9) imply Q: = 0, so that §, isindeterminate. In this latter case, the concept of equilibrium does not guarantee
that the price ¢. used by an entrepreneur in sector a to reach the decision (z*,&') = 0 is “reasonable”, since it
does not correspond to an objective market signal. Assumption MCMP(b) avoids the conceptual difficulties that
arise in these cases.

191n this paper wedo not enter into a proof of the existence of an RCPP equilibrium. We can however indicate
the ideas that can be usad to establish existence. From the technical point of view, the main difference between
this concept and a standard concept of competitive equilibrium isthat the budget sets are not convex: both the
nonlinear price perceptions Q' (z*,b', 8*) and the multiplicative terms 8} f*(z*, ') introduce nonconvexities in the
budget sets described in (i) of Definition 1. When the characteristics aresuch that, at given prices (go, ¢1,.--,q4)
for the factors, theoptimal choice of each agent is unique, then an equilibrium exists: we found that this property
of uniqueness is satisfied for all the examples of equilibria of the type considered in Section IV that we have
computed. When at some prices an agent' s optimal choice can be multivalued, since the choice correspondence
is not convex valued, discontinuities in aggregate excess demand may arise which can prevent existence of an
equilibrium. In thiscase, using the convexifying effect of large numbers, or more precisely the Shapley-Folkman
theorem, we can prove that an approximate equilibrium exists, in which markets clear, up to a per-capitaerror,
which can be made as small asdesired by making the number of agents sufficiently large (see for example Arrow
and Hahn (1971)). In thisconstruction the sectoral income streams become the A basic goods that are traded on
markets: the fact that the number of sectorsis fixed, while the number of agentsI becomes very large, serves the
dual role of justifying the competitive pricing of the sectoral income streams and of ensuring that the per-capita
error in the matching of supply and demand for these streams become small.
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II1. Constrained Efficiency

A wadll-knownresult d Diamond (1967) asserts that in a model similar to the one considered
in this paper, but in which there are no incentive effects, the stock market leads to efficient
investment and risk sharing, the efficiency being relative to the existing structure o securities
— inshort, he proved that a stock market equilibrium is constrained efficient. When the firms’
profit functions f(z',€) are independent o €, so that the effort variables are omitted, the
model we are studying reducesto Diamond's model of the stock market. Does the constrained
efficiency result carry over to the more general version of the model in which entrepreneurs
incentives are ezxplicitly taken into account? Since the stock market cannot achieve risk sharing
without distorting incentives, the question arises whether this trade-off is achieved in an optimal
way at an equilibrium. In their attempt to diversify their risks, do outside shareholdersacquire
excessively large holdingsin thefirms, leading to undue distortion d the entrepreneurs' incen-
tivesto invest effort in their firms? Or, on the contrary, are the entrepreneurs unduly reluctant
to sacrifice ownership shares in their profit streams, thus robbing other agents d potential
opportunities for risk sharing? To answer these questions we need to generdize the concept
o constrained efficiency introduced by Diamond to the context o this modd. This means
introducing a concept d constrained feasible allocations, which respects the limited trading
opportunities achievable by asystem d bond and equity markets, and in addition respects the
incentive constraints imposed by the nonobservability o effort. Applying the Pareto ranking
criterion to this constrained feasible set leads to the concept o a constrained Pareto optimum.

Definition 3 An alocation (z,e) = (x',e')L_, is constrained feasbleif there exist inputs and
portfolios (r b,8) = (z*,b*,089)_, € RL x R’ x RY such that

I I I
Z.’c“ = Zw(i) - Z z (11)
i=1 i=1 i=1
I
S8 =0 (12)

i=1

I
S0 = 1, k=1,...,1I (13)
t=1
and for each agent i =1,..., 1
. . I .
zh = —b'1+ 6 fF (e, )™ (14)
k=1
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e = &(m', 7 6}), m' = —p'1 + Z gL f*(2F, e )n>® (15)

k#e
An allocation (z,€) is constrained Pareto optimal (CPO), if it is constrained feasible, and if
there does not exist any alternative constrained feasible allocation (Z, &) such that U¥(z*, &) >

Ui(z*,e),i=1,...,1 with strict equality for at |east onei.
A. Constrained Efficiency d Stock Market

We can think of a CPO allocation as being achieved by a "planner” who chooses the
investment-portfolio variables (¢, b, 8*) in place of the agents, without having to respect their
date 0 budget constraints, since he chooses their date 0 consumption (zf) directly. The planner
has to respect the fact that entrepreneurs will personally choose their effort levels based on the
incentives created by his choice of investment-portfolio variables (z', 4, 8*).

Although it might seem unlikely that a competitive price mechanism could lead to a con-
strained Pareto optimal allocation in the presence of incentive constraints, it turns out that
Diamond's result on constrained efficiency o the stock market does extend to the present
model. The key to making this possible is the concept of rational, competitive price percep-
tions, which as we will explain in more detail after the next proposition, plays the role o an
"incentive contract” designed by the outside shareholders for each entrepreneur.

Proposition 3: If £(u,wq, F) is an economy satisfying the assumptions of Section II, then
every RCPP equilibriumis constrained Pareto optimal.

Proof: If the equilibrium ((X &, 2, b,8), (g%, Q); Q) is not CPO, then there is a constrained
feasible allocation (X,e, z, b,8) satisfying (11)-(15) such that u'(z?, €') > u*(z*,&'),i =1,..., |
with strict inequality for at least one i. By Proposition 2, Assumption MCMP implies that in
an equilibrium all entrepreneurs invest a positive amount of capital and effort in the sector in
which they are productive: as a result all income streams

{nal a=a(i) and F* #0 for somei }
can be traded in an equilibrium. Thus the date 1 consumption stream

i =-b1+ Zﬂif"(z", e Yne®) 4 gi fi(2, et
k#i
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would have been available to agent ¢, (when he in fact chose the equilibrium consumption ),
had he chosen the investment, debt and ownershipin his own firm (Z, b, B:f), and the portfolio
o shares in other firm (8%)ki given by

Gif*(2* k) = 6L fH(*, ).

Given the outside income m! derived from debt and other firms securities, by constrained
optimality, his choice of effort e = & (m?, 2, 8%) would then have been optimal. Since (z*,e')
is preferred or indifferent for dl agents and. strictly preferred by at least one agent, the date 0
consumption must be at least as expensive.,and strictly more for some agent: thus

-Z'O > ‘u)o + %b - ZQkok + Q;(z b‘l (01 )k#;,ei)(l - 0, - Z 'l = 1 I (16)
k#i

with strict inequality for somei. Note that by (9), and (ii) in Definition 1
Qb = o) fF (25, )6 = Fack) F (25, €5)6; (17)

Qi(zivbi7(§;)kr#ia9:) = ga(i)fi(zi9 ei) (18)

Summing (16) over i, usng (17) and (18) gives

I
ZI0>Zw0+qOZb - (ja(,)f z et <29k—1)—22i (19)
i=1

—1

| | .
By feasibility b =0 and > 6f =1, i = 1,...,1. But then (19) implies 3z}, >
i=I i=1

zljl wh — _lel z*, contradicting the constrained feasibility of (z, e,z, b,8). A

The standard framework for studying the optimal trade-off betweenrisk sharing and incen-
tives is the setting d a principal-agent problem. It is thus d some interest to note that the
planner's problem o finding a CPO can be expressed as a generdized principa-agent problem.
A principal (the planner), who can be thought of as owning all the resources, looksfor a way o
rewarding agents in the economy through the choiced consumption, investment and portfolio
variables, so as to maximize a weighted sum d the agents utilities under constraints which
limit the risk-sharing possibilities at date 1 (constraints (14)), the incentive constraints (15),
and subject to areservation leve o utility for himsdf equal to zero. Thi s latter constraint ex-
presses the fact that the principal appropriates no resources from the economy for himself, and
isequivalent to the resource availability constraints (11)-(13). In thisterminology, Proposition 3
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asserts that decentralized trading on the stock market leads to the solution of a principal-agent
problem.

As isoften the case, thefirst-order condition approach is more instructive than the abstract
proof given above to understand what isinvolved in solving the CPO (principal -agent) problem
and how this is achieved by the equilibriurn concept described in Definition 2.

B. First-Order Conditions for CPO

In view of the boundary assumptions on the utility functions and assumption MCMP,
at a CPO all the variables x' are positive and, for entrepreneurs, the variables (z%,e') are
also positive. The only non-negativity constraints which need to be taken into account in
deriving the first-order conditions (FOC) are the no-short-sales constraints §, > 0. The
FOC are more convenient to derive if the .variables (x,e; z, b,8) are replaced by the variables
(x,e;z,b, ((u;;)k#,eg){:l) where the relation between the two sets o variablesis given by

pe = 0L (2* ), i#k

The new variables (4} )4 reflect the fact that the production of firmk affectsagent i only inso
far asit affects hisoutsideincomem'. In these new variablesan allocation (z, €) is constrained
feasible if there exist (z, b, ((uk)exi, 09)1.;) € RL x R x R such that

I I 1
Z Th = Z wh — Z z (20)
i=1 i=1 i=1

I
YB =0 (21)
=1
Youi < (L=0)f(de), 1=1,...,1 (22)
k#i

and for eechagenti =1,...,1

gp = b1+ umn® +01(2 e (23)
ki
¢ = F(=H1+) a2, 6) (24)
k#i

A constrained Pareto optimal allocation is a solution d the problem
1
max Y v (uh(zh) + wi(x}) - ¢'(e))
i=1
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subject to the constraints (20)-(24), where i; is the relative weight attached to the utility of
agent i. To express the cost of each constraint in units of date 0 consumption, we divide all
the multipliers by the multiplier Ao induced by the date 0 constraint (20). Thisgives a set of
normalized multipliers (1,90, (¢*, 7, €'){_;) associated respectively with each o the constraints
(20)-(24), where 7t = (xt,...,7%). The first-order conditions with respect to the variables
(=%, €, 2',b,ut,8) o an entrepreneur i are

?“I_u/gafg_ = 7l s=1,...,8 (25)
'/ . - . . . i I3

S = (a-oisaato) L (26)
T W\ Off 8¢
— Y AP i i, a(4) bt 1Y

1 ((1 0,)? +0,-7r 07} ) 57 +€ e (27)

@ = w®-1+¢V,e-1 (28)

& > won® pév & on*F) k£ (29)

qi - 7ri . na(i) + eilz?_ (30)

f o8,
where V,,,: & isthe vector d partial derivatives (thegradient) of the effort function & (m', z, 6)
with respect to m! = (mi,...,m%) and where (29) holds with equality if z; > 0. To these
equations should be added the FOC for the choice of optimal effort by entrepreneur i

ci/(ei) = § Tui (mi +0@f1'(zi ei)na(i)) .na(i) ?_Ji(zi ei)

i 1 i ’ el !

Thisis just the marginal way d expressing the incentive constraint € = &(-) in (24). Dividing
this equation by  to make it comparable with (25) - (30), gives

cil P . afi
= 05 (31)

The first-order conditions with respect to the variables (X', xt) d an investor are (25) and
go=m""1 (28")

¢ 2 n®®) (= i >0), k#4 (29)
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C. Economic Interpretation d FOC

Equation (25) defines the present-value vector & = (n%,...,7%) o agent i: for any date
1 income stream v = (v1,...,vs), ® - V is the present value to agent i o the income stream
v. The variables (go,4%,...,¢’) are the socia values (shadow prices) o the income streams
(securities) (1,7°(1), ..., p*(D). ¢ which is the social cost of the incentive constraint (24), is
the social vaue d (one unit of) effort by agenti. The equations (28) - (30) and (28) - (29'),
i.e. the first-order conditions with respect to (b, u}, 6%), express the limited sense in which
there must be equalization d marginal rates of substitution to achieve a CPO allocation, full
equalization being prevented by the fact that income can only be distributed indirectly using
securities, and that the incentive constraints o the agents must be satisfied.

For each security, 1. or n®(® the private benefit to agent i of an additional (marginal) unit
o the security isw* - 1 or 7 -7 _If agent i is an investor, then the private benefit coincides
with the socia benefit and (28) and (29) express the equalization o socia (marginal) benefit
and social (marginal) cost — these are the standard FOC for an optimal portfolio problem.
Suppose now that agent i isan entrepreneur and i # k. Anadditional unit of security 1. or )
creates more than just a direct marginal benefit: since the agent is an entrepreneur, an increase
in his outside income has an indirect effect — for it changes his effort by Ae' = V& .1 or
Vi - n%*) and since this effort has a socia value €, the social vaue o this indirect effect
ise!Aet. If i =k, in order for agent i to receive an additional unit of the security o his own
firm, his holding 6 f*(z*, &) must increase by one unit: thisis equivalent to increasing 8 by 71-
This increase in the shareholding of his own firm increases! his effort by (1/f") (8€*/96%), the
social value d which is ¢! (1/f*) (8¢'/86%). Thus (28)-(30) express equalization at the margin
d the socia cost and the socia benefit of an additional unit of 1,7** or n®), where the
social benefit is equal to the private benefit to entrepreneur i minus the indirect social cost o
his changed effort.

The social value ¢ d an additional unit of effort by entrepreneur i is defined by equation
(26) which can be written as

i i/
s (o w02 - o

¢* is the differencebetween the social marginal benefit 87 &t -n*® 24 +(1-6) ¢* 3L, namely the
benefit to entrepreneur ¢ plus the benefit to "outside investors” who receive the share (1- 6})

Tn the text we take the most intuitive case where 8¢*/88% > 0 i.e. increased ownership leads to increased
effort. It can happen, when b is sufficiently large, that income effects make this term negative (see Section IV).
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o his output, and the socid marginal cost, which here coincides with the private cost ¢//u¥,
since entrepreneur i istheonly oneto bear the cost o hiseffort. Sinceeffort is chosen optimally
by entrepreneur i, by the "envelope theorem™, or more precisaly by the FOC (31), the welfare
effect on the entrepreneur d a marginal change in hiseffort is zero. Substituting (31) into (26)
gives )

d=(1-0)q e (32)
The social value of an additional unit of effort by entrepreneur i is the value to agents other
than himself of the additional output that this effort would create'?: thus & > 0 (= 0) if and
only if 8 <1 (= 1). When ¢} < 1 the effort of entrepreneur i affectsdl those agents j who
obtain a share d his profit stream: there is thus an external effect, The incentive constraint
impliesthat thisexternal effect is not taken into account when agent i makes his effort decision
and this creates a cost €, which is the cost o separating ownership and control. This cost is
however explicitly taken into account by the planner when he chooses (2%, b/, 8*).

The logic underlying the FOC (27') for the socialy optimal investment in firm i should now
be clear: the socia cost d one unit of:investment at date O must equa the direct social benefit
(thefirst term on RHS d (27)) plus the indirect socia benefit (¢f §€'/8z*) from the increased
effort by agent i induced by this increment to the capital input d hisfirm.

It is also easy to check that the multipliers (¢*,...,¢") lead to well-defined shadow prices
(q1,...,q4) for the sectoral income streams (%, ...,n4). For if entrepreneurs k and k' are in
the same sector i.e. if a(k) = a(k’), then ¢* = ¢*'.}3 Thus the shadow priced n* is defined by
ge = ¢* for al ksuch that a(k) = a.

D. How the FOC for CPO are Achieved at Equilibrium

Since a stock market equilibriumis constrained Pareto optimal, entrepreneurs must — just
like the planner in a CPO problem -— be induced to take into account the external effect of
their effort on the wefare d others, namely the terms in ¢ in equations (26)-(30). In the
standard model of competitive equilibrium, where prices are assuned to be independent o
the quantities chosen, the price system cannot cope efficiently with externalities. However,

2Note that their benefit isevaluated using q°, and not w/n>(* for j # %, and thus incorporates the incentive
cost of giving them a marginal increment in the income stream 7,

131f both 6% and 8% are less than 1, this follows from the FOC(29) or (29') for the agents who hold positive
shares in at least one of these firms. |f 8% = 8% = 1, this follows from (29)-(30) for the agentsk and K (with
" =¢*' =0). If 05 < land 8% = 1, it follows fom (29)-(30) for entrepreneur k', and from (29) fa agents with
a positive share in firmk.
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ITII1. Condrained Efficiency

in an RCPP equilibrium, there is a "non-competitive'" part, namely the rational-anticipations
component d the perception function Q: while entrepreneurs take the prices (ga)4_, o the
factors (n*)A_, as given, they recognize that the price that the market Wl pay for their shares
depends on investors expectationsd the effort that they Wl make. Sinceinvestorscan deduce
from the entrepreneurs' financial decisions what their effort Wl be, financial decisons end up
playing the role d signals: in the process o choosing their "signals’, entrepreneursare led to
internalize the externality.

The way in which the price perceptions force entrepreneurs to internalize the externality,
can be clearly understood by matching the FOC at an equilibrium with the FOC for a CPO
alocation. Consider the maximum :problem of an entrepreneur in a stock market equilibrium
((i) in Definition 1). Let X' = (), A, ..., AL) € RS*! denote the vector of multipliersinduced
by the S+ 1 budget constraints: the normalized vector

=1 1 i i =1
771:'53()\1,-‘ ,Xs) = (71,...,75)

is the present-value vector d agent i at the equilibrium. The first-order conditionsare

107 _ 4 os=1,..8 (33)
Ug
C_ — t =i oafi) YJ af
i o OF o)
= fiwt.pel) 2L .y
1= iwtnet oy 51 02 (35)
= 7t i Qi
® = w1+ (1-6)E (36)
T o N .
Qe > ® - *MfF+(1-6; 30, = if 6, >0), k#1 (37)
- s aQ
;= F :!(t) At t 38
Q Fra-m%2 (5)

By paying attention to the way potential shareholdersreact to hisfinancial decisons(z*, b', 6%),
through the partial derivatives(a@/az‘, etc... ), entrepreneur 1 isled to take their interests
into account. With the rational, competitive price perceptions Q; defined by (9), these partial
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IV. Qualitative Properties of Stock Market, Equilibria

derivatives are given by

Qs aff . of o¢

ozt a(i) 82 + qﬁ(‘) det Hz} (39)
au _ _ of —

bt —  Gai) —ag Vi€ -1 (40)
8Q: _ . B L amgk :

89;: - qd(i) 361 vm‘e n f 1 k 7é t (41)
9Q: . 3fioe

o6° %) §a ot (42)
Substituting (39) - (42) into (33) - (38), and setting ¢* = Gagy, € = (L— 6%) gy %§ for
i=1,...,1gvesthe FOC (25)-(31) for a constrained Pareto optimal alocation.

In letting himself be guided by the price perceptions Q;(z*, b',6%), an entrepreneur under-
stands, for example, that if he doubles the share (1- 9;-') of hisfirm that he sdlls, this will not
double the income he receives. for shareholders know that when his ownership share fals, the
effort that the entrepreneur will invest in his firm will fall, and this is reflected in the smaller
price Q; that shareholders will pay for the shares. He also knows that if he uses the proceeds
of thesale for personal consumption or to buy shares in other firms, he will get less than if he
uses the proceeds to finance capital expenditure for the firm.

There is an interesting connexion between Proposition 3 and the conditions for constrained
(second best) optimality in an insurance market with moral hazard (Hellwig (1983), Henriet-
Rochet (1991), Lisboa (1996)). In the insurance models, nonlinear prices are needed to obtain
constrained optimality, and in such models the insurance companies are the natural interme-
diaries for implementing such "second-best optimal™ nonlinear pricing. In the stock market,
price perceptions induce nonlinear prices: thus rational behavior and anticipation on the part
of agents can act as an alternative mechanism for achieving constrained efficiency to having
intermediaries that charge explicit nonlinear prices.4

I'V. Qualitative Properties of Stock Market Equilibria

We have computed the equilibria of many familiesdf economies by varying the parameters
o the model and find that they behave in a regular way. In this section we report on some o

41n practice the underwriterswho undertaketo float an issueof shares on behalf of a firm help to makeclear
to the company how the market is going to evaluate their issue of shares. From the perspective of our model,
in addition to matching supply and demand, their role is to help "entrepreneurs’ to form rational, competitive
price perceptions.
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these results, focusing on the differences between the properties of stock market equilibria with
incentives and those o the familiar risk-sharing models of the CAPM type. The results which
are summarized in Tables 1-4 show two types of equilibria for economies with the following
characteristics:

e there are three (typesof) agents, two entrepreneurs (agents 1 and 2) and one investor
(agent 3)

¢ there are three states d nature of equal probability
¢ the agents have additively separable utility functions

3
Ui(¢07¢172:27x37e) = Ui(l‘O) + 61' 2(1/3)'0‘(2:3) - ci(e)

vog=]

v (z) = VT —ai, a1 =az =0, a3 =50, & =0.9, c'(e) =Be?, =18 v=2

Thus the utility functionsfor date 1 consumption are expected discounted utility, with v! taken
from the LRT (linear risk tolerance) family!®. All agents have the same coefficient of marginal

risk tolerance (equal to 2) and agent 3, with a negative intercept, is less risk tolerant than the
others.

¢ the entrepreneurs production possibilities are given by

22 [30
F'(z,e) = (2)Y%(e)¥*n* withnp! = |15], n? =110
] 14

Thus activity 1 with mean E(n') = 15 and standard deviation o(n') = 5.7 is less productive,
but less risky, than activity 2, for which E(n?) = 18 and ¢(n?) = 8.6. The two activities are
positively correlated with correlation coefficient cor(q', n?) = 0.76.

¢ the economy has a fixed date 0 wealth
w§ + wE + wd = 400
We consider two distributions o initial wealth between entrepreneurs and investorsgiven by

(80'80,240)  and (20,20, 360)

15For an expected utility function E(v(z)), the risk tolerance is defined by T(z) = —v'(z)/v"(z). The function
v isin the LRT family if T(z) = A+ Bz. A isthe intercept and B is the coefficient of marginal ri sk tolerance.
Here Ay = A; =0, A3 = —100and B; = 2 for all agents.
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IV. Qualitative Properties of Stock Market Equilibria

To show how the incentive effects change the predictions of the modd with respect to risk
sharing, security prices, and the use of debt versus equity, when compared with the standard
CAPM-like moddl o finance, we computed two types of equilibria. First, the RCPP stock
market equilibrium (Tables 1 and 3); second, the risk sharing equilibrium o the associated
finance economy in which firmns have the same physical investment and output (z',y") asin the
RCPP equilibrium, but where the production plans are taken as fixed and independent of the
consumption-portfolio choices o the agents. The consumption-portfolio choices and security
prices o this latter equilibrium are those that would be predicted by an outside observer
knowing the agents' risk-impatience characteristics and the firms production plans, but who
is not aware of the feedback between the entrepreneurs’ financial decisionsand their choices of
effort. Since we have chosen utility functionsin the LRT family and since there are well-known
propertiesfor the equilibriad a finance economy with such preferences, we call thislatter type
d equilibrium an LRT equilibrium (Tables 2 and 4).

A. Comparing RCPP and LRT Equilibria

Consider firg the case where there is a relatively even distribution o initial weath between
entrepreneurs and investors (Tables 1 and 2). For both equilibria the agents have essentialy
the same date 0 consumption and the same mean consumption at date 1. Even though the
aggregate risk is the same for the two equilibria, what differs is the way the risk is distributed
among the agents. In the RCPP-equilibrium, agent 2, who operates the riskier (and more
productive) firm carries more than twice the risk d agent 1 and more than three times that
o agent 3; in the LRT equilibrium while agent 2 still carries a dightly larger share than the
others, much d his risk has been spread to agents 1 and 3.

A similar result hold for Tables 3 and 4, although now it becomesclear that the way risk is
shared in both types d equilibriadepends not only on the initial risks d the agents, but also
on the way the initial wealth is distributed among them. In the RCPP-equilibrium agent 2 has
roughly twice the risk o agents 1 and 3, but in the LRT equilibrium the risk is shifted from
agents 1 and 2 to the much wedlthier agent 3.16

Thefact that entrepreneurs end up holding a larger share of the aggregaterisk in a RCPP-
equilibrium than in an LRT-equilibrium comes from the rather different'forces at work in the
two types o equilibria. An LRT-equilibrium is a classical risk-sharing equilibrium, and by a

18Note that a similar result about the way risks are shared among the agents in the equilibria of Tables 1-4
holds if we use a(z})/E(z}), namely risk per unit of mean, as a measure of an agents exposure to risk.
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Tablel: RCPP Stock Market Equilibrium
wo = (80, 80, 240)

zo |z | 2o [ 73 |E(@) [o(@) || € | 2] b |6 (%) ][0 (%R)
agent1 || 64 |107| 68 | 28] 68 | 3 || 098|43) 17| 8 | O
agent2 || 83 |201| 20 | 64 || 98 | 74 || 12485/ 57| 0 | &0
agent3 || 126 158|108 | 111 126 | 23 || 0 | 0 | -74| 13 | 20
esgregate® || o73 | 466 | 205 | 203 || 202 | 124 78| a7 | 73
returns®(%)

% aggregate consumption at each dat e in each state which for date 1 isequal to aggregate output
b the last rowof the “b” column gives the interest rate r (percent); the last r ow of the 8; col urm gives the risk premium

r; — r (percent) for each firm i = 1,2.

Table2 LRT Equilibrium
wo = (80, 80,240)

T, o)) T3 E(:z:l) 0'(21) b 91 (%) 92 (%)

To
agent 1 64 | 119 4 | 44 69 b 14 29 29
agent 2 84 | 157 | 59 | 59 92 47 19 38 38
agent 3 125 | 190 | 102 | 102 131 42 -33 33 33

t a
PBETCEM 1 273 | 466 | 205 [ 203 || 202 | 124 | 64| 81 | 118
returns®(%)

@b sane definition as in Table 1

Table3 RCPP Stock Market Equilibrium
wo = (20, 20, 360)

To | 7 | T2 | z3 || E(zy) | o)) e z b | 6, (%) | 9, ()
agent 1 2| @6 4 | 31 [[16]s] 7] 71 0
agent 2 51 [169] 9 | 4L || 73 | 6 |141]86| 2| O 67
agent3 [186| 2741801 | 212 | 44 [ o [o]-100] 20 [ 33
288egate” || 560 | 525 | 233 | 228 || 320 | 130 185 | 49 | 72
returns®(%)

%% Same definition as in Table 1

Table 4 LRT Equilibrium
wy = (20, 20, 360)

zo | 71 | 7o | z3 [|E@) |o@) ]| 2 |6 (%) ]8 (%
agent 1 Bl 42 | 2 7| 15 | 15
agent2 112 43 42 66 3B . 24

agent 3 185 342 162 159 221 & -19

t a
ogETeEml® 260 | 525 | 233 | 228 || 320 | 139 {158 | 87 | 125
returns® (%)

same definition asin Table L
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well-known result in the finance literature® " , in such an equilibrium agents have fully diversified
portfolios, more precisely, 64/65 = 1, i = 1,2,3 : this result is clear in Tables 2 and 4.
By contrast, in the RCPP-equilibrium there are limits to how much o their production risks
entrepreneurs can diversify away by sellingshares o their own firms and buying those of others:
the market knows that the effort exerted by an entrepreneur depends on the ownership share
o his firm that he retains. Entrepreneurs retain a higher proportion of their firm in a RCPP-
equilibrium than in an LRT-equilibrium: as a result, entrepreneurs typically make more use o
debt to finance their capital investment in a RCPP-equilibrium than in an LRT-equilibrium.
This qualitative difference in the financial choicesd the entrepreneurs has consequencesfor
the dual variables, namely the prices o the securities. Since what matters for securities are
their rates o return, we follow standard practice and express these properties in terms of the
rate of interest (r) on the bond, and the risk premia (r; — r) on the securities, where
E()
Qi ’
and y' = (4,...,y%) is the date 1 profit stream of firm i. The risk premium on security i is
the excess return per unit o income invested in security ¢ over of the riskless return (14 r) on

1+r=L, 1+7m = 1=1,2
Q

the bond, — the excess return being the compensation required for carrying the risk associated
with security i (at equilibrium).

Since entrepreneurs typically borrow more and sell asmaller proportion d the share of their
firms in a RCPP-equilibrium, the mte o interest is higher and the risk premia on securities
are | over in a RCPP-equilibriumthan in an LRT-equilibrium. Entrepreneurs by restricting the
supply o their firms shares that they offer for sale, drive up the prices d equity contracts,
thus lowering their risk premia 8. The entrepreneurs who need outside funds to finance their
capital investment resort to increased borrowirg thereby increasing the rate o interest.

B. Comparing RCPP Equilibria

Further insight into the forces at work in an RCPP-equilibrium can be obtained by com-
paring the outcomes when the distribution o initial wealth is shifted avay from entrepreneurs
towards investors (Tables 1 and 3). Even though for the equilibrium o Table 3 entrepreneurs

For a summary of the propertiesof LRT economies, see for example Magill and Quinzii (1996, Section 17).

18This result seens to make the " equity premium puzzle" even more of a puzzle. However the observed high
return on equity comes from capital gai ns rather than a high dividend yield, and capital gai ns are not present in
our two-period model. A multiperiod model would be needed todeter mine whether theincentive-basedrestriction
of the supply of equity could be a factor contributing to large capital gains

31



IV. Qualitative Properties of Sock Mrket; Equilibria

have much less initial wedlth at their disposal, a egate output is increased. This increased
output comes from the increased effort o the entrepreneurs, for their capital investment is
(essentially) unchanged. Their reduced initial wealth forces them to draw more extensively on
the equity and bond markets for outside sources of funds. If the entrepreneurs were to rely
principally on equity to finance their capital expenditure, then there would be a substantial
drop inthe pricesdof thefirms shares — for the market knows that asignificant reduction in the
ownership shares o the entrepreneurs will lead tiggm to invest much less effort in their firms.
The entrepreneurs are thus unlikely to find it optimal to finance their capital expenditures
exclusively by thesae d equity.

But if salling equity has a negative effect on incentives (and thus on price), incurring debt
has exactly the opposite effect. For a one unit increase in debt leads to a one unit decrease
in consumption in each state at date 1 and thus to an increase in the marginal utility of
consumption in each state, thereby increasing the payoff (marginal benefit) o effort: thus more
debt leads to more effort. This explains why the market interprets an increase in debt as a
"favorablesignal”. There is however aso a limit to how much debt an entrepreneur will want
toincur: for alarge debt leads to the threat of bankruptcy, and since (in this model) the cost
o bankruptcy is infinite, he will be forced to make an enormous effort to be sure o paying
back the debt in the most unfavorable state. Ultimately it is the cost o effort which limits
the extent to which an entrepreneur resorts to debt as an outside source d funds. Given that
in Table 3 entrepreneurs have less initial wealth than in Table 1, the optimal way d financing
their capital investment involves both selling more equity and incurring more debt: the equity
shares fall from about 90% to 70% for entrepreneur 1, and from 80% to 70% for entrepreneur
2, while debt increases by 100% and 25% respectively. However the effect d debt dominates
that o equity in that both entrepreneurs end up making more effort in the latter equilibrium.

Theincreased effort, by leading to greater productivity d the economy (for the same capital
investment, output increases by ®% in Table 1 and by 22% in Table 3) leads to a substantial
increase in the rate d interest (from 7.8 to 18.5%). Even though the entrepreneurs sell more
of their shares, the equity premia are essentially unchanged, since the outside investor is much
wealthier and thus more tolerant to risk (more willing to invest in the stock market).

C. Qualitative Properties of Effort Function

The way in which debt and ownership jointly induce effort is made precise by the effort
function which is shown in Figure 1. If we fix the capital investment d entrepreneur : at its
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IV. Qualitative Properties of Stock Market Equilibria

equilibrium value z* = z* in Table 1, and if we note that he does not invest in the other firm
(7;'- = 0, then his optimal effort can be expressed as a function of his ownership share 8! and his
debt ¥
e = hi(8 b)) = &(=b'1, 2, 6Y).
Figure 1 shows entrepreneur 2's effort function e? = h2(83,5%) viewed as a function of 62

for different fixed values o b%. Thegraph of the effort function of entrepreneur 1 has the same
general form.

Effort Function

effort

0 0.2 04 0.6 0.8 1
ownershup share

Figure 1: Graph o the effort function o entrepreneur 2 for different values of b2 starting with the top curve the
values areb?= 102 87, 72, 57, 37, 22, 7, -8, -93, -393.

For any fired ownership share 8¢, increasing debt leads to an increase in effort!®: further-
more, the smaller the ownership share the greater the increase in effort induced by the increase
indebt. Whenb' is either zero or negative (agent i is alender) then effort isanincreasing func-

9Tt iseasy to see, by differentiating the first-order condition defining the optimal effort function & that the
property de'/3b' > 0 holds generally when uj is an expected utility

33



IV. Qualitative Propertiesof Stock Market Equilibria

tion of ownership and the more the agent lends the less effort he exerts; for any fized positive
level of debt, there is always a critical level 5}(!)) of ownership share such that for 8} < @, effort
is a decreasing function of 6, and for 8! > 8¢ it is an increasing function®. The increasing
curve OC in Figure 1 defines these critical levels thus §€*/86¢ < 0 in the region N above OC
and 8¢ /86 > 0 in the region P below OC. The negative slope o the optimal effort function
in the region N is akin to the income effect dominating the substitution effect in a standard
microeconomic choice problem (interpreting effort as labor and 8¢ as a wage, since the reward
for effort is proportional to 8 f*(3*,e)). The equation determining entrepreneur i’s optimal
effort is

S

o . (pt 2\ 8f° ) . S .
ct/(ei) — 0; 1(?1)17&(1)) i with z' = =b'1 + ezf:(z:’ez)na(z)
( ozi " det !

s=1
Increasing the agents ownership share #; has two effects: the direct (substitution) effect is to

increase the marginal benefit from an addition unit d effort; the indirect (income) effect is to

increase date 1 consumption z{ and thus to decrease du'/dz’ (assuming additive separabil-

ity), thus decreasing the marginal benefit o effort. When z! is small (small ; and large b'),

the marginal utility d consumption decreases fast and the negative indirect effect dominates,

leading to the apparently paradoxical result that a reduced ownership share leads to increased

effort. When z! is large (large 82 and small or negative b*) marginal utility changes very little
with an additional unit of consumption, and the direct positive effect dominates: hence the
intuitive result that increased ownership leads to increased effort.

In the region N the effort curves are asymptotic to the vertical axis, implying that effort
must increase enormously when 8¢ -— 0: this is the no-bankruptcy effect. Since in this model
the cost of bankruptcy is infinite, to be sure that the inequality —b + 84 (2", e')n2® > 0 is
satisfied for all states, the smaller 62, the greater the effort agent i must expend to stay out
d bankruptcy. While shareholders o firm i would be happy to see entrepreneur ¢ incurring a
large debt and owning only asmall share o his firm, the entrepreneur in choosing his financial
variables (2, b, 6%) will normaly try to stay out of this region!

In the equilibrium o Table 1, agent 2 islocated at the point A: his ownership share 80% is
essentially at the critical level for the amount borrowed b* = 57. For the equilibrium d Table
2, which can be represented by the same graph, since 82 = 0, and #; is essentialy unchanged,
agent 2 islocated at the point B: his low initial wealth forces him to borrow so much that he

*9This behaviour of de*/88} holds for LRT utility functions with a zero intercept and a coefficient of marginal
risk tolerance greater than one (v*(z;) = (x})* with 0 < a <1).
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is on the decreasing segment o his effort curve.
Note that for z2 fixed and 82 = 0, the perception function Q- is a function d (b?,63)

Q2(0%,63) = —~q2 F3(22, h2(b?, 62))

0 that up to a monotonetransformationd the vertical axis, thesame graph illustrates the per-
ception function Qg(b2, 62). Thus the genera qualitative properties o the way effort responds
to debt and ownership share translate into equivalent properties for the perception function
Qg(bz,(fg’). In particular sdlling equity can aways be achieved without a drop in the price,
provided debt isincurred at the same time.

V. Conclusion

With the exception d the well-known papers of Prescott and Townsend (1984a,b), general
equilibrium theory and the economics o asymmetric information are two branches d economic
theory which have remained surprisingly separate. With some exaggeration genera equilibrium
studies circumstances under which markets “work”, while the theory of asymmetric informa-
tion reveals the circumstances which make markets "fail". Prescott and Townsend argue that
in principle markets can resolve problems posed by asymmetry o information: however, to
establish this result, they postulate the existenceof an extensive array o marketsfor contracts
(which rather like Arrow-Debreu contracts) are difficult to identify in the real world.

The approach d this paper is somewhat different: it seeks to formalize in a genera equil-
brium setting why the marketsthat we actually observe for debt and equity may perform rather
wdl even in the presence d moral hazard. The main requirement, in addition to perfect com-
petition, isthat participants on these markets be rational, and that this rationality be common
knowledge. This is formalized in the concept d rational, competitive price perceptions. it is
the anticipatory aspect o perceptions which provides the disciplinary forces, or more precisdly,
the incentive schemes needed to motivate agents in the appropriate way.

APPENDIX

Proof of Proposition 2. (i) Thefirst-order condition for the problem (E) is given by

c(€) o 3’“'1 i i i ivanaa(i)), al)
%g(zi’e‘.)zo:;g;g(m + £, MmO g (A1)
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with equality if € > 0. Since fi(Z',-) is increasing, and a_%i_g._) is decreasing by concavity of
ui, the RHS of (Al) is adecreasing function of €', while LHS is increasing by MCMP(a). ff
at et = 0, LHS exceeds RHS then €' = 0 is the solution; in the opposite case, since LHS
goes to oo there is a unique € > 0 satisfying (Al) with equality, and the differentiability of
this solution follows by applying the Implicit Function Theorem noting that MCMP(a) implies
iy > 8L AL

(i) Let AU' denote the differencein utility in (8) between investing (z, €'(z')) in activity
a(z) and investing (0, 0), wheree'(-) isthefunction defined in MCMP(b) and z* < min {z}/2,1}.
Then

avi=- | z‘:ug(a:f,—t)dt -/ " ) Ot |
[ vidat + rie ) [@a, (o) + 2L (ee(t)

dzt Oet n&(i) dt

Set k = uf(zh/2),K = Vui(z! + f'(1,(1))n*®) . no@ then since 2L > 0, 2L > 0,

3
Azt b ae‘
e > 0 and u§ and u} are concave

AU > / <K§£ (t, e (t)) — k- ci’(e‘(t))e"’(t)) dt
0
By MCMP(b), for z* > 0 sufficiently small this expression is positive. A
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