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1. INTRODUCTION

Incentives for producing and disseminating information have been
analysed in many different contexts. Kihlstrom [6], for example, develops a
Bayesian framework to analyze the properties of demand functions for
information about product quality. From an entirely different perspective,
Spence [8, 9] demonstrates the private value of “signalling” information.
Similarly, Wilson [10] considers the value to the firm of producing techno-
logical information and the effect of such production on equilibrium theory.

This paper is concerned with the incentives for and social value of informa-
tion production and distribution where ownership and management of a
firm are separated, and control over information decisions is placed with
management. In the spirit of Jensen and Meckling [5], we consider two agents,
a consuming-investing (CI) agent who supplies all inputs for the firm’s
production process, and a producing-managing (PM) agent who determines
the actual production level. In such a framework, of course, the PM-agent
may retain some of the investment of the Cl-agent for consumption as
perquisites,

The wage contract of the PM-agent is represented as a state-independent
sharing rule such that wages are proportional to output. Such an arrangement
is typically a suboptimal but realistic representation, and thus all results are
constrained by this form of contract.

Information is characterized as having potential value in three dimensions.
First, information regarding states of nature may have productive value if
the production function is state-dependent. This may be called “‘internal
information” which the PM-agent uses to improve his decision regarding the
optimal level of production. Second, the same state information may be
delivered to the Cl-agent at the option of the PM-agent, reducing informa-
tional asymmetry between the two, thus eliminating or reducing some of the
uncertainty of the consumer-investor. Finally, information may serve a

* The authors would like to thank an anonymous referee for valuable suggestions.
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214 STOCHASTIC DOMINANCE

control function, reducing the ability of the PM-agent to consume perquisites
at the expense of the Cl-agent. As we show, the PM-agent may have incentives
to distribute such “monitoring’ information if he can thereby induce the
Cl-agent to invest additional resources in the firm.

In Section 2 the model is developed. Section 3 contains a description of the
family of probability density functions considered and the definition of
stochastic dominance, In Section 4, we derive conditions under which informa-
tion has positive private and social value. Conclusions follow in Section 5.

2. DESCRIPTION OF THE EcoNomy

The economy consists of two economic agents (CI and PM), two periods,
and a single commodity. At the beginning of the first period, the Cl-agent
holds a positive amount of the commodity which can be either consumed
during the period or invested in the production process for future (period 2)
consumption. The production technology is assumed to be available only
to the PM-agent. Assuming absence of futures markets and the inability to
store the commodity for future consumption, the Cl-agent must invest in the
production process of the PM-agent to insure future consumption.

Let « represent the ownership fraction or contractual right of the Cl-agent
to claim the produced output, and let z denote the value of the production
process of the PM-agent, or the amount of the current resource the Cl-agent
is willing to transfer in exchange for the fractional ownership «. The invest-
ment level z is, in general, a function of the ownership share held by the
Cl-agent. The quantity « in this formulation ultimately depends on the rela-
tive bargaining power of the economic agents involved.

The production output, y, is assumed to be a function of the input x and
the state of world: y = y(x, s). Thus, economic decisions are made under
uncertainty, and we assume that the agents are expected utility maximizers.

The decision model of the PM-agent is postulated by the following stochas-
tic optimization problem:

V* — V*(«, z)
~ max fs(y(s) v(z — X) -+ (1 — @) y(x, 5))) du(s),

0z

2.H

where
() ¢>0andv" <0}
(2) S = {s]sis a possible state of the world},
1 For a real-valued function f = f(¢), we shall use the notation: (1) f>> 0 means that

f(t) > 0forallz, (2) f> 0 s equivalent to the conditions that f > 0 and f(#) > O for some
t, and (3) f> 0 requires that f(z) > O for all «.
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(3) v is the subjective probability measure on S,

4) y: R* x S— R+ is the (technologically efficient) production
function (where R* = {x|x = 0}), with y' >0, y" <0, where the prime
indicates differentiation with respect to x,

(5) ~:S8—10, 1]is increasing and concave,

(6) « is the fractional ownership claim of the Cl-agent against the
produced output y(x, s).

Throughout our discussion we shall freely make use of the differential
calculus, taking for granted that the functions involved are differentiable
up to the desired orders.

The optimization formulation (2.1) represents expected utility maximiza-
tion, which is an atypical representation of the firm’s objective function.?
However, the formulation is quite general, depending on the specific values
assigned to the parameters. If y = 0, (2.1) is reduced to maximization of
expected value of the reward (wage), (1 — «)y(x, s), to the PM-agent. In
such a case, the PM-agent assigns no utility to the consumption of perquisites.
Suppose, on the other hand, that (1) v(t) = ¢ for all ¢z == 0 (linear utility), (2)
s represents the future price relative to the current price, (3) y(x, s) = y(x) - s
is the revenue of the firm, and (4) y = (1 — «). Under this set of conditions,
(2.1) is parallel with expected profit maximization.

Equation (2.1) may be interpreted as the utility of the PM-agent achieved
from consumption of perquisites (state-dependent), v(s)o(z — x), and wages,
v[(1 — a)y(x, 5)]. Since the PM-agent, after having received z, may choose
to consume or produce according to (2.1), he may fail to act in the best
interest of the Cl-agent.

Assuming an interior solution to (2.1), the unique optimal production
input x* that the PM-agent will choose must satisfy

'z —x) = fs V(1 — o) p(x, N — o) ¥'(x, 5) dv(s) 2.2)
where the quantity
7= [ ¥s) duts)

is assumed to be positive.
We can now summarize the properties of the PM-agent’s behavior, demon-
strating that (2.1) is a reasonable representation.

THEOREM 2.1. Given (o, z), let x* = x*(a, 2) be the optimal production
input that the PM-agent selects.

? The firm’s decision problem under a regime of incomplete markets is unresolved, See,
for example, Ekern and Wilson [1].
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ox*

(1 0<——-<1
8[/* 82‘/*
VL
(3) O <0if g =0,
Too

(4) oV*/oo > 0 for all expectations v on the uncertain states S if and
only if the inequality (1 — «) y'(x*, 5) 8z/0a > p(x*, 5) holds in S.

Proof. For the proof of (1), take the partial derivative of the optimality
condition (2.2) with respect to the variable z:

ox*

7' — 291 = ) = [ 0 =000 — Oy

+ 01— o))l — )y } dV(S)

where the arguments (x*, s) of the functions y, y’, and y” are suppressed for
notational ease. Simplifying the above equation, we obtain:

ox* yv"
oz "’+(1 —a) [s{v"(d — ) (¥ )2+ vy }av(s)

The assertion (1) now follows from our assumptions that »' >0, v" < 0,
>0,y <0,and 0 < << L.
To prove assertion (2), we differentiate equation (2.1) with respect to z:

= [ hove = ot = Z5) + v = 20 — 0y 25 i)

Since x* must satisfy equation (2.2), the above expression is reduced to:

3
8;/ =y0'(z — x*)> 0.

Differentiating the above with respect to z again, we deduce:

2y ax*
A AV} R _
g =W —x )(1 oz ) <0.

In order to see (3) and (4), we take the partial derivative of (2.1) with
respect to «:
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a;: = [ vo)ve- "‘*)(_SBZZ - %) v+ [ o = 2) yx4,9)

X ((1 — a) y'(x*, 5) % — yx*, s)) dv.

Using the optimality condition (2.2), we can rewrite this expression in the
form:

~

da'; " fs v (1 — ) p(x*, I — @) y'(x*, s)g—i-y(x*, ) du(s).

Therefore, the proof of Theorem 2.1 is completed.

Assertion (1) simply says that, as the CI-agent increases his investment z,
the PM-agent increases both his production input x* and his perquisite
consumption (z — x*). Since the PM-agent draws utility from both his
perquisite and wage, at his optimum he increases both as the Cl-agent
invests more in the firm. Assertion (2) confirms that the PM-agent’s utility
increases as the investment level increases. Assertion (3) demonstrates that,
if the CI-agent’s share of the output increases, ceteris paribus, the PM-agent’s
wage decreases, and he is made worse off. However, this is typically not the
case, since z is a function of «; hence assertion (4) shows that as « increases,
the PM-agent’s utility increases as long as the effect of the increase in invest-
ment outweighs the loss due to wage reduction.

The consumer-investor holds an initial endowment ¢ > 0. His economic
decision is to determine an optimal allocation of this resource between
current consumption and investment for future consumption. This allocation
decision is assumed to be made in terms of the additive utility function
u(c,) + Pu(cy), where u(cy) represents utility on his current consumption ¢,
and u(c,) designates utility on his future consumption which depends on his
commodity holding c, at the end of the period. The quantity § is assumed to
be constant with 0 << B < 1, so the Cl-agent prefers to consume a positive
amount of the commodity in the future (8 > 0), but his preference on current
consumption is greater than on future consumption (8 < 1).

The Cl-agent invests z > 0 for future consumption and retains (¢ — z) > 0
for current consumption. If the PM-agent places the entire investment z
into the production process, the resulting output will be y(z, s) depending
on the state s that occurs. Since the PM-agent may consume a positive
amount of the investment in the form of perquisites, the actual output will
lie between zero and the maximum possible output y(z, s), that is, y =
¥(z, 5) - ¢ where 0 < ¢ < 1. The Cl-agent is uncertain about both s and g,
characterized by the random vector (s, ¢) € S x I, where I is the unit interval
[0, 1]. The implication of this formulation is that since the PM-agent strives
to maximize his own utility, he produces additional risk (via a random gq)
for the CI-agent beyond state uncertainty.
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Formally, the consumption-investment decision model of the Cl-agent is
postulated by the stochastic optimization model:

U* = U*(a)
= max fule —2) + B[] uey ) duts g . 23
SRE Sal

where
() «>0andu” <0, and
(2) p represents the Cl-agent’s probability assessment on (s, g).
As in the case of the PM-agent, we assume an interior optimum and deduce

the following necessary and sufficient condition: the optimal investment
level z* satisfies

wle—2) =B [[  wle(s)9) /(e ) g duls, 4) 24

Since « denotes the fractional ownership of the output held by the CI-
agent, a larger o should be desirable from his point of view, all else held
constant. This assertion is formally demonstrated in the following theorem.

THEOREM 2.2. As his ownership fraction « is increased, so is the expected
utility of the Cl-agent: oU*[0x > 0.

Proof. In equation (2.3), substitute for z the optimal investment level z*
determined by equation (2.4) and then take the partial derivative of the
resulting expression with respect to the variable a:

ou* o 07F
Ju =—ule—z9 oo

’ % * % oz*
+ B[ Wt ) DpE 9+ 0/ )| duls, o)
Szl o
Since z* satisfies equation (2.4), we can further simplify the above and
obtain:

aéi* =B ﬁsw u'(ay(z*, 5) q) ¥(z*, 5) q dud(s, ).

which is easily seen to be positive.

Although Theorem 2.2 demonstrates that a larger « is preferred by the
Cl-agent, it is not clear what his response for various values of « will be in
terms of current consumption and investment. We now establish necessary



KWON, FELLINGHAM, AND NEWMAN 219

and sufficient conditions under which the Cl-agent increases his investment
as his ownerhsip fraction « increases. Since the outcome of the investment
decision is uncertain, whereas current consumption is not, such conditions
must depend on the risk-taking behavior of the agent.

THEOREM 2.3. The investment level chosen by the Cl-agent is an increasing
function of his ownership fraction « for all his expectations regarding the
uncertain investment opportunity if and only if the relative risk-aversion of the
Cl-agent is less than one.

Proof. Take the partial derivative of the optimality condition (2.4) with
respect to the variable «:

—u'(e —z 8@ =f ff u”(avq)(yq + oy q

) ay’q duls, )
+ B ff u (ayq)( y'q+ oy q )du(s, q),

where we have omitted the arguments for y(z*, 5), y'(z*, 5), and y"(z*, s).
Solving the above in 8z*/0a, we obtain:

oz* B [ ser y'q{u (0yq) + u"(2pq) ayg} du(s, ¢)
o u'(e — z%) + B [[su it (yq) y'q + o(y'q)* u"(oyq)} duls, g)

Since the denominator is negative, it is seen that 0z*/8« > 0 for all 4 if and
only if:

fs Iy’qiu’(ocyq) + u'(oyq) ayq; du(s, q) >0

for all u. A simple mathematical proposition yields that the latter holds if
and only if the relative risk-aversion is less than one: #'(t) + w'(¢) > 0.
This completes the proof.

We will assume that the sharing rule « is Pareto optimal in the analysis
to follow. Of course, as has been noted, such optimality is constrained by
the fact that only state-independent contracts are available.?

3 The sharing rule « is not necessarily Pareto-optimal. The following condition is necess-
ary and sufficient to guarantee Pareto-optimality of «:

a %*
(1 — )y (x*, 5) —g— < Yx*,s) in S
(6

Since oU*/ox > 0 for all « by Theorem 2.2, a state-independent sharing rule « is Pareto-
optimal if and only if 8V*/oa < 0. Theorem 2.1 yields the conclusion.
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3. ORDERINGS ON PROBABILITY DENSITY FUNCTIONS

Itisimportant to fix the ranking of probability distributions to be considered
if any positive statement regarding information value is to be obtained.
Consider the family M of probability density functions f{z) for = > 0, where
z is some random prospect. In order to reduce the mathematical arguments
involved, we assume that every density f(z) € M has the following properties:
(1) f(z) is piecewise continuous in the sense that it is continuous for all
z > 0, except possibly at finitely many points, and (2) f(z) has a compact
support, that is, f(z) = 0 for all z > n, where r is a positive real number
which may depend on the density function.

Following Hadar and Russell [3], we define an ordering on the family M.

DEerFINITION.  Given f, ge M, f = gif and only if:

fy (f(2) — g(2)) dz < O for all y = 0.
0

If f = g, we say that the density f(z) stochastically dominates the density

£(2).
It can be shown that this ordering has all the properties of a partial
ordering.

PropositioN 3.1.  The ordering = defines a partial order on the family M
of probability densities: ‘

(1) Reflexive Property: f = f,
(2) Symmetric Property: f 2 g and g = [ imply that f = g with proba-
bility one,

(3) Transitive Property: f = g and g = h imply that [ = h.

To provide an intuitive interpretation of the ordering, we state without
proof two propositions defining its relationship to the preference ordering
on M made by an expected utility maximizer.

ProposiTION 3.2. Let f, ge M. Then f = g if and only if
jo " w2 f2) dz > fo u(z) g(2) dz
Jfor all nondecreasing functions u.

ProPOSITION 3.3. Let u(z) be a real-valued continuous function for z = 0.
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Then the function u(z) is nondecreasing if and only if

) " u(z) f(2) dz > ) " u(z) g(2) dz

forall f,ge M withf = g.

For the proof of these propositions, see Hadar and Russell [3] and
Fishburn [2].

Propositions 3.2 and 3.3 are useful representations of stochastic dominance.
Expected utility given density function f is greater than or equal to that for
density function g given any arbitrary increasing utility function if and only
if the dominance relation strictly holds. Similarly, the utility function is
nondecreasing if and only if its expected utility is not less for f over g for all
f = g These propositions will, in some settings, allow an ordering over
information production alternatives, as is demonstrated in Section 4.

4. INFORMATION PRODUCTION AND DISTRIBUTION

As noted in the introductory section, information may have value in at
least three capacities in the model developed. First, it may improve productive
decisions of the PM-agent. Second, it may reduce the risk faced by the CI-
agent by reducing the informational asymmetry between producing and
investing agents. Finally, a monitoring function may be served by information,
reducing the range of alternatives available to the PM-agent. Each alternative
will be examined in this section.

The extent of an agent’s information will be evaluated in terms of stochastic
dominance.? We realistically assume that the PM-agent is “more informed”
than the Cl-agent regarding the probability distribution over states of nature
in S. Denoting the respective subjective beliefs of the CI-agent and the PM-

* Another more intuitive way of considering the productive value of information is
to suppose that it is technological in nature. Letting A represent the “amount of informa-
tion,” we suppose:

yalx, 8) = n(x, s)

for any fixed x and all s. Thus, we can suppose that the PM-agent’s technology is superior
to that of the Cl-agent, which is correspondingly superior to some arbitrary technology.
Similarly, by producing technological information, the PM-agent can improve output
in every state of nature for a fixed input, by increasing the efficiency of the production
process. It is easy to see that if (1) y(x, s) is increasing in 5 and (2) fi(s), fi(s) are two
probability density functions with £y = f-, then

J]; yx, HH(s) ds > ﬂs Wx, $)fi(s) ds.
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agent by g(s) and f(s), we say that the PM-agent is “‘more informed” than the
Cl-agent if and only if f(s) strictly dominates g(s) in sense of the stochastic
dominance relation: f(s) = g(s) and g(s) £ f(s). To illustrate, assume that
the random variable s is distributed by the probability density function
m(s) e M. If the PM-agent has perfect information, i.e., that which is free
of noise, we must require f = =, . A totally uninformed Cl-agent would
imply that his belief g(s) is identical to the uniform distribution s). A
typical situation would be the ordering m = f = g = m,, which we assume
to hold before additional information is produced.

The Cl-agent is also uncertain regarding the PM-agent’s production pian,
with the uncertainty represented by the density function A(g). Information
then may be produced for the following purposes: (1) to improve the subjec-
tive belief f(s) of the PM-agent toward m(s); (2) to shift the Cl-agent’s
density g(s) toward f(s) (and, thereby, toward m(s)); and (3) to reduce the
risk perceived by the Cl-agent via revision of A(gq).

Before analyzing the incentives for information production, we utilize
several simplifications on the decision models of the CI and PM-agents. As
stated, let g(s) denote the Cl-agent’s subjective probability density function
of the productive uncertainty s € S, and let /(g) represent his belief regarding
the uncertain production decision of the PM-agent. Assuming that the random
variables s and ¢ are independently distributed over the interval {0, 1] and
the production function has the form y(x, s) = y(x)s, we can restate the
decision molel (2.3) as follows:

U* = max fnl f: {ule — z) + Bu(wy(z) 59)} g(s) h(q) ds dg.  (4.1)

O<iz<e

The corresponding optimality condition (from (2.4)) is:

w2 = of [ [ W) )y s ) dsdg. @2)

Assuming f(s) designates the PM-agent’s subjective probability density
function of the random variable s, the decision model of the PM-agent is
postulated by:

J* = max fl {yo(z* — x) + v((1 — «) y(x) 5)} f(s) ds. (4.3)
0

O <z*

where z* is assumed to have been selected by the Cl-agent by use of his
optimality condition (4.2), and his preference y on perquisites is assumed
to be state independent. The optimal input x* is determined by the equation:

pier =0 = (=) [ (1= )0 )Y@ s (@
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A. INFORMATION PRODUCTION

Given this framework, we examine first the case of information production
for the purpose of improving the PM-agent’s probability assessments. Recall
that all information-related decisions are made by the PM-agent. Assume
that internal information systems can be characterized in terms of the param-
eter A;: 0 <CA << 1. If the PM-agent utilizes system A;, his subjective
probability density is assumed to be revised to:

Sils) = F(s) + Amy(s) — f(5))

where f < m; . Of course, A, = 0 means that the system provides no new
information since the prior and posterior densities of the PM-agent coincide
with each other. But A; = 1 implies that the PM-agent can obtain perfect
information from the system.

Based on this revision process, an inquiry can be made into the incentives
and effects of producing such internal information. We do so in the following
theorems.

THEOREM 4.1. The PM-agent’s expected utility increases with an increase
in A, if he possesses imperfect information.

Proof. Since the utility function of the PM-agent, yv(z — x) + v((l — )
y(x)s)is an increasing function of the random variable s, and L= £, Proposi-
tion 3.3 assures us that expected utility increases as A, increases.

THEOREM 4.2. Given the investment decision z made by the Cl-agent, the
PM-agent increases his production input x as he becomes more informed if
and only if the relative risk-aversion of the PM-agent is less than one.

Proof. Differentiating the optimality condition (4.4) with respect to the
parameter A, , we deduce:

—pv"(z — x* %}; — fol v"{(1 — &) p'(x*) s}? %fh(s) ds
1 *
[ v —a _v”(x*)s%;—l fils) ds
1
[ = 0 e sm(s) — 100 ds
0

Given that v >0, y' > 0, v” < 0, and y” < 0, it is not difficult to see that
ox*[oA; > 0 if and only if:

fl v'((1 — o) y(x*) s) slmy(s) — f(s)) dls >0

for m = 1.
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Now let us multiply the above inequality by the expression (1 — a)p(x*) ==
0. We then have:

fol P((1 — @) p(x*) s)I — o) y(x*) sTm(s) — f(5)} ds >0,

This is seen, from Proposition 3.3, to be equivalent to the condition that the
function #v'(¢) is increasing; that is, the relative risk-aversion of the PM-agent
is less than one.

Theorem 4.1 assures us that the PM-agent has incentives to privately
produce information for productive purposes, when the stochastic dominance
criterion holds. The optimal level of information chosen is dependent on its
cost, which we ignore for ease of presentation. Theorem 4.2 establishes
conditions under which the PM-agent increases production levels as he
becomes more informed. Since dU*/6x* > 0 always (the CI-agent is always
made better off given a fixed « and z if production is increased), we deduce
from Theorem 4.2 that 6U*/0A, > 0 if and only if the relative risk aversion
of the PM-agent is less than one. Under such conditions, information has
unequivocal social value since everyone prefers its production.

B. INFORMATION DISSEMINATION

The PM-agent privately holds the internal information generated. Condi-
tions are now established under which he has private incentives to reduce
the informational asymmetry existing between himself and the Cl-agent by
publishing the information. Since we have assumed that f > g, the PM-agent
is more informed than the Cl-agent. The value z* of the production output,
determined by the Cl-agent, depends on his subjective beliefs. By disseminat-
ing information to the Cl-agent, the PM-agent may be able to influence the
investment decision of the Cl-agent. If the information reveals that the risk
involved in the production process is less than previously perceived, the
Cl-agent may choose to increase his investment rather than consuming more
during the current period.

Assume that the level of information released by the PM-agent can be
characterized in terms of the parameter A, , where 0 <C A, <C 1. As A, becomes
larger, the corresponding level of information disclosed is greater. Upon
receiving information through the system A,, the Cl-agent is assumed to
reassess his subjective beliefs on s in the form:

g:(8) = g(s) + ALf(s) — g(s)). (4.4)

If Ay =0, then g, =g and the subjective beliefs of the Cl-agent remain
unchanged. As A, approaches one, the subjective beliefs gha(s) of the Cl-agent
move closer to that of the more informed PM-agent.
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The decision of the PM-agent regarding information dissemination depends
on the response to such information by the CI-agent. We establish the desira-
bility of information from the Cl-agent’s viewpoint in Theorem 4.3 and
establish conditions under which his investment level will increase in Theorem
4.4. Recall that the PM-agent is assumed to be more informed than the
Cl-agent.

THEOREM 4.3. The utility of the Cl-agent increases as additional informa-
tion is received.

Proof. Since g, =z g for all A, >0, Proposition 3.3 insures that the
Cl-agent prefers more information to less.

THEOREM 4.4. Upon receiving information regarding S, the Cl-agent will
increase his investment for all expectations g < f and h if and only if his
relative risk-aversion is less than one.

Proof. The Cl-agent determines his optimal investment level z* according
to the condition:

wle— 2 = of || [ (e 50) ) 50 80(6) ha) ds dg

where the density of s, given by equation (4.4), represents the posterior
assessment of the Cl-agent after he has received information through the
system A, .

Differentiating the above condition with respect to A, , we obtain:

" P a—Zj — 1 1 " % ’ * 2%’_“_ h d d
we — 2975 =B [ [ w'(r@)s) aly'@) 41 5 £, (5) o) ds dg
1,1 , oz*
+oB [ [ wle(z*) sq) y'(2%) 5 39 £,(5) hq) ds dg
0 Y0 2
1 »1
o [ w59 () sai ()~ g(5)) hg) ds da.
Therefore, it is seen that dz*/dA, > 0 if and only if the inequality holds:
1 .1
fo fo u'(ep(2*) 5q) y'(z%) sq{f(s) — &(s)} hlq) ds dg > 0.
Since this inequality can be written as:
1 A1
fo f ' (ay(z*) 5q) ay(z*) sq{f (s) — g(s)} () ds dg > 0,

642[20(2-7
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Proposition 3.3 yields that z*/0}, > 0 for all expectations g < f'and 4 if and
only if the function #/(¢) is increasing, that is, the relative risk-aversion of the
Cl-agent is less than one. The proof of Theorem 4.4 is now completed.

From Theorem 4.4 and Theorem 2.1, we know that &z*/oA, >0 if and
only if the R.R.A. of CI < 1 and éV*/0z > 0. It follows that the expected
utility of the PM-agent increases with information released if and only if the
relative risk-aversion of the Cl-agent is less than one. Under such circum-
stances a reduction of information asymmetry has positive social value
(subject to cost) in that everyone’s position is improved.

C. INFORMATION AS A MONITORING DEVICE

In addition to the productive uncertainty S, the Cl-agent faces another
source of uncertainty resulting from the utility maximizing behavior of the
PM-agent. The PM-agent is assumed to draw utility not only from his
contractual share (1 — «) of the produced output, but also from his consump-
tion of the invested resource in the form of perquisites. To the extent that this
behavior is expected by the Cl-agent, he may discount such activity in terms
of reduced valuation of the production process. The PM-agent may choose to
produce information which effectively restricts his range of consumption
alternatives if, by doing so, he can influence the valuation of the CI-
agent.

Assume that such a control system is indexed by the parameter p, where
0 < p < 1. Here, p is meant to indicate the effectiveness of monitoring.
Assume that, as a result of employing control system p, the posterior assess-
ment of the Cl-agent regarding utilization of the invested resource by the
PM-agent has the form:

1 -1
i[ ) da}  hig) for p < g <1 @5

0 otherwise.

h D(Q) =

If p = 0, the system is totally ineffective. As the value of p approaches one,
the support of 4,(q) shrinks, and the Cl-agent is more certain that the PM-
agent will allocate more of the invested resource to the production process
as input. The term [ﬁ h(q) dq]! serves to insure that A,(g) is a properly
defined density function.

Given this revision process, we now inquire as to the effect of monitoring
on the behavior of the Cl-agent.

THEOREM 4.5. The expected utility of the Cl-agent is an increasing
function of effectiveness, p, of the monitoring system.
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Proof. As we have postulated, the expected utility of the Cl-agent is
given by:

vt = f: f: {(u(e — 2%) + Bu(oy(z*) sq)} &(5) h,() ds da.

Since the function u(e — z*) + Bu(ay(z*) sq) is increasing with g, it suffices
to show from Proposition 3.3 that h, Z A, if 0 <p, < pr < 1.
Observe that:

_ — —hpz(q) for 0 < q < P1
@ =1 = | b o, < <

where
1
A= [ hg)dg

Py

for i = 1, 2. Since p, > p, implies A, > 4, , it is seen that:

) " {h, (@) — (@)} dg <O

for all 0 < r < 1. Therefore, we conclude that A, = h, for p; = p,. This
completes the proof.

THEOREM 4.6. As the monitoring system becomes more effective, the
Cl-agent invests more into the production process for all expectations g(s) and
h(q) if and only if the relative risk-aversion of the CI-agent is less than one.

Proof. In order to avoid unnecessary complications, we shall provide a
proof under the simplifying assumptions that the Cl-agent perceives no
uncertainty regarding the random variable s and his belief 4(g) on the sole
uncertainty g is continuous everywhere.

Effectively, the decision model (4.1) of the Cl-agent is reduced to:

U* = max fol {u(e — z) + Bu(ay(2) 9)} h{q) dq

[ E9-£

and its optimality condition will now bave the form:
1
u'(e — z%) = off fo u'(ay(z*) q) y'(z*) qh,(q) dq,

where the density function #,(g) is defined by equation (4.5). Let us rewrite
this optimality condition in the form:

we— ) [ Kaydg = of [ w((@) )y ah@)yda  (@6)
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Differentiating the above with respect to the parameter p, we obtain:

ok o]
~u'(e — z%) ”;p [ Ma)dg — w(e — z%) (p)

! ” ’ o oz*
= af [ wlan(z%)g) aly'(z¥) 41 5 hlg) dg
E P
1 82*
+ af f W (ow(z*) 9) ¥"(z*) g 7 hq) dq
p P
— af u'(ap(z*) p) y'(z*) ph(p).
One can now show that dz*/dp > 0 for all 4 if and only if:
w(e — 2%) — ofu'(ay(z)p)y'(z)p > 0 4.7

for all &. Combining expressions (4.6) and (4.7), we then conclude that
dz*/ép > O for all & if and only if:

[ ez @) ahi@) da — wey(¥) p)p [ Waddg >0 (48)

P

for all A.
On the other hand, the integration by parts yields that:

[ W 0 ahta) da = [~ ) a || a) ]

+ f (W (@24 g) + 1) ) (@) ) ; f: h(q) dq$ dq
=u(pz*) p) p fl h(q) dq + f W (@) ) + W' (o(z) 9) () )

X 3 f: q) dq: dg.

This equation together with (4.8) shows that dz*/ép > 0 for all 4 if and only
if:

f: {U'(oy(z*) @) + u'(p(z*) q) op(z*) q}; fq ' (q) dq; dg >0

for all A. Since the latter is seen to be equivalent to #'(¢) + t"(¢t) > 0, we
have completed the proof.

It is clear that the Cl-agent prefers monitoring information. However,
it is never to the PM-agent’s advantage to agree to such a device when the
relative risk aversion of the Cl-agent is greater than one. Since the decision
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is made by the PM-agent, this is an important result. Of course, the Cl-agent
would prefer p = 1, in which case the PM-agent would consume no per-
quisites. However, the PM-agent would never allow such an effective monitor-
ing device to be used. He is now subject to the additional constraint:

xef{x|y(x) = py(2)}

due to the monitoring device. He will increase p only to the point at which
the marginal utility of income [due to increased z (by Theorem 4.6)] is
equal to the marginal utility derived from perquisite consumption (due to the
restrictions on his input prerogatives). In the case where the Cl-agent’s
relative risk-aversion is greater than one, the PM-agent will choose p = 0,
since any increase in monitoring will decrease investment.

5. CONCLUSIONS

The private and social value of information production and distribution
has been examined in many settings. In this paper, three distinct issues regard-
ing information utilization have been analyzed, where the effect of informa-
tion can be characterized in terms of stochastic dominance of the resuiting
probability density functions. In general, if the utility functions of the agents
in the economy are characterized by appropriate risk-taking characteristics
(in particular, relative risk-aversion less than one), information choice by
the producer-manager is seen to benefit all agents. Such benefits may derive
from (1) the production implications of the information, (2) reduction of
informational asymmetry between agents, or (3) reduction of perquisite
consumption by the producer-manager. Of course, the ultimate selection of
an information production level depends crucially on the costs of the
information.
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