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Abstract

In this paper we reconsider the efficiency losses of monopoly by studying a monopolist’s incentives
to control production costs. To do so, we construct a model where a firm’s total cost of production
depends on output and the manager’s effort. Total cost increases with output but decreases with effort.
We analyse two separate cases with regard to ownership and control: (1) the owner of the firm manages
the firm; and (2) the owner hires a manager to operate the firm. We demonstrate that even in the case
where the owner is the manager of the firm, the effort level exerted by the owner-manager of a monopoly
is generally not first-best. The direction of the bias depends on the relationship between output and effort
in the cost function. The monopolist exerts too little effort if output and effort are complements in the
cost function. The reverse is true if output and effort are substitutes in the cost function. The separation
of ownership and control exacerbates monopoly slackness when output and effort are complements in the
cost function. If output and effort are substitutes, on the other hand, the separation of ownership and

control offsets the over-supply of effort by the owner-manager of the monopoly.
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“The best of all monopoly profits is a quite life”” Hicks (1935)
1. Introduction

The study of the efficiency losses of monopoly has a long tradition in economics. It is well
known that monopoly pricing leads to output distortion, with the resulting deadweight loss
“triangle”. However, the empirical significance of such output distortion was called into
question by Harberger (1954), who reports that his estimated “triangle” deadweight welfare loss
does not exceed 0.1 percent of the gross national product. In response economists have identified
two other likely sources of efficiency losses, namely, rent seeking activities and the loss of
productive efficiency. On the latter it has been suggested that monopoly may slack off and may
exert too little effort in reducing costs. However, despite its intuitive appeal, this idea has rarely
been rigorously analyzed. To the contrary, many economists react to such an idea with distress
and puzzlement (Farrell 1983). Why would a monopolist spare efforts to reduce costs when it
stands to reap all the incremental profits arising from the cost reduction (i.e. it does not have to
worry about the incremental profits being competed away)?

The two exceptional papers that responded to this challenge were by Farrell (1983) and
Nalebuff and Stiglitz (1983b). In both papers productive inefficiency was the result of
managerial slack arising from the separation of ownership and control. Furthermore, Nalebuff
and Stiglitz (1983b page 281) argue that monopoly does not cause productive efficiency loss in
an owner-managed firm. Both analyses, however, are very brief and highly stylized.?

The objective of this paper is to conduct a more detailed analysis of the loss of productive
efficiency caused by monopolist using a more general framework than those of Farrell (1983)
and Nalebuff and Stigliz (1983b). To be more specific, we study a model where a firm’s total
cost of production depends on output and the manager’s effort. Total cost increases with output
but decreases with effort. In contrast to Nalebuff and Stiglitz (1983b), marginal cost of
production in our model depends on effort as well. We analyze two separate cases with respect to
ownership and control: (1) the owner of the firm manages the firm; and (2) the owner hires a
manager to operate the firm.

We demonstrate that even in the case where the owner manages his firm, the level of effort
exerted by an owner-manager monopolist generally cannot attain the first-best. The direction of

the bias depends on the relationship between output and effort in the cost function. The

2 A separate but related strand of literature studies the effects of competition from entrepreneurial firms on the
managerial slackness in the managerial firms (Hart 1983 and Scharfstein 1988).



monopolist exerts too little effort if output and effort are complements in the cost function. The
reverse is true if output and effort are substitutes in the cost function. As a result, the monopolist
does not necessarily enjoy a “quite life”. Furthermore, the effort distortion leads to higher
marginal cost of production, which confirms Tirole’s (1988, p.75-76) conjecture in this regard.

In the case of separation of ownership and control, we show that managerial slack
exacerbates the monopolist’s effort distortion if output and effort are complements in the cost
function. On the other hand, if output and effort are substitutes, separation of ownership and
control offsets the over-supply of effort by the owner-manager of the monopoly. Using
numerical examples, we demonstrate that the agency costs in a monopoly firm are not
necessarily higher than in a competitive firm. Taking this into consideration, the total welfare
losses caused by a managerial monopolist are not necessarily larger than those by an
entrepreneurial monopolist, even in the case where cost and effort are complements.

This paper is organized as follows. In section 2 we present two general models: an owner-
manager monopolist’s profit maximization model (case 1) and a principal-agent model (case 2),
and we compare the monopoly equilibrium with competitive equilibrium in each of these two
cases. In section 3 we parameterize the two general models and study a number of numerical

examples. In section 4 we conclude.

2. The Model
Consider a product market characterized by the inverse demand function p(q). To study the

efficiency losses of monopoly, we will compare two situations, the one where the market is
controlled by a monopolist and the one where it is supplied by a representative competitive firm.
Each firm has access to a single-output technology associated with a stochastic cost function of
production C(gq,e,&), where ¢ is firm’s output quantity, e is cost-reducing effort and it is
assumed to be one-dimensional, and ¢ is an idiosyncratic, random variable reflecting exogenous
shocks to technology and giving rise to the stochastic fluctuations in the production cost. It is
assumed to be a nondiversifiable risk that is cannot be controlled by firms and contracting

parties. The set of possible realizations of & is denoted Q =[g,&]. The cumulative distribution
function of ¢ € Q and the associated probability density function are denoted respectively F(g)
and f(e) with its mean E[¢]=0, E[e,e,]=0 and variance o # 0 on its domain Q=g,],

and commonly known to all the firms. Some other basic assumptions are as follows.



Assumption 1: The firm’s cost function has the following properties: (a) C(g,e,&) is
continuous and twice differentiable atall ¢>0 and e>0. C(0,e,&)=0 and C(¢,0,&)>0 forall
g>0. (b) C() is a strictly increasing and convex function of g, i.e. C, (q,e,¢) >0, the cost is
increasing forall ¢>0;and C,_ (q,e,¢) >0, the marginal cost of output is nondecreasing for all
g>0. (c) C() IS a strictly decreasing and convex function of e, i.e. C,(g,e,e) <0 atall e>0,
the high effort reduces the firm’s cost. C, (q,e,¢) >0 atall e>0, the marginal cost reduction of
the firm’s effort is nonincreasing. (d) C_(q,e,¢)#0, which implies that the marginal cost of

production depends on effort. To be more specific, we will consider both the case where

C,.(q,e,&) <0and the case where C_,(q,e,¢)>0. Inthe former case, an increase in effort level

reduces the marginal cost, implying cost complementarities between output and effort. In the
latter case, an increase in effort level increases the marginal cost, implying cost substitutability

between output and effort. (e) C(q,e,&) is continuous at €€ Q and a strictly decreasing
function of ¢, i.e. C,(g,e,&) <0, the cost is strictly decreasing for all € € Q, this means that a

positive shock to technology will reduce the production cost.

Assumption 2: The owner or manager of a firm will incur a disutility from effort (the cost
of effort) when he exerts his cost-reducing effort in the production process. The disutility

function of effort (or the cost function of effort) expressed in monetary terms is denoted z//(e).
It is twice continuously differentiable, strictly increasing and strictly convex. 1//'(6) >0, the

cost-reducing effort is costly. w"(e)> 0, the cost of effort is convex. y'(0)=0, and

1//’(00) =00,

Assumption 3: The inverse market demand function p(q) is twice continuously
differentiable and strictly decreasing with p'(g)<0 and p"(g)<0 at all ¢>0, and
p’(O) >C,(0,e,8).

Assumption 4: The owner is a risk-neutral expected return maximizer, and the manager is a

risk-averse expected utility maximizer. The owner and the manager are identical in their firm



management ability and they will choose optimal levels of output and effort quantity to

maximize their objectives.

We will consider two separate cases with regard to ownership and control of the firm. In case

1 the owner of the firm also manages the firm. In case 2, there is separation of ownership and

control and the owner delegates the management of the firm to an agent.

2.1 Case 1: The Non-Separation of Ownership and Control
In this case the owner does not hire the manager and he runs the firm by himself.

The firm’s realized profit is
r(g.e.6)=pg-Clg,e.s).

The firm’s expected cost of production is
E[C(ges)l=[Clg.e.e)f (e)de ?

The owner’s expected return is the expected profit minus the cost of effort,
E[R(g,e.¢)]= Elz(g.e,)]-ve).

Monopoly Equilibrium

A monopoly firm has market power and takes the product market demand as given.

chooses the monopoly output and level of effort to maximize its expected return:

max E[R(q.e.)]= plads—[Clg.e.6)f(e)ds —v/(e)

q=0,e20
The first-order conditions with respect to output and effort are

OE [R((aq'eﬁ)] = p'(q)g + plq)- jcq(q,e,g) f(¢)de <0, with equality if ¢ >0.
q

8E[R(aq,e,€)] _ _J' C.(g.e,¢)f(e)ds —y'(e)<0, with equality if e > 0.
e

It

The monopolist’s optimal levels of output ¢,, and effort ¢,, satisfy the following two first-order

conditions:*

® In what follows, given a density function f(x) of x, the expected value of the function g(x) over the possible

realizations of the random variable x is given by E[g(x)]:jg(x)f(x)dx. For notational simplicity, we do not

explicitly write the limits of integration when the integral is over the entire range of possible realization values of

xeXz[)_c,f].



P'as s + plan )= ICq (q01,e0)1 ()de,
i.e., the marginal revenue is equal to the firm’s expected marginal cost, and
_ ICe(q:A L€y g)f(g)dg = y/'(e,’:/l ),

I.e., the expected marginal production cost saving from effort is equal to the marginal cost of
effort.

HY HY _ _ . I
Let A E{Hlé' Hl"ﬂ be the Hessian matrix of the second partial derivatives of the
21 22

monopoly firm’s expected return maximization problem, where
Hl'\l/I = p”(q)q + Zp'(q)— J.qu(q,e,é‘)f(e)d&‘ <0,
> 0if cost complementarities between output and effort
£ . . :
<0 if cost substiutions between output and effort

>0
<0’

HY ==[C,(q.e.8)f ()

Hyl =~[C,(q.e.6)f (¢ e

Hy =-[C.(q.e.8)f (e)ds —y"(e) <0.
A sufficient second condition for the monopoly firm’s expected return maximization problem is
that the Hessian matrix is negative semidefinite at the optimal ¢,, and e,,, and that the
determinant of H" is positive,
det(H™)=HY HY - HYHY > 0.
In what follows, the sufficient second condition is assumed to be satisfied.

The above two FOC equations characterize one output equation and one effort-exerting

equation of the monopoly firm:

q ZQM(e) and e:eM(Q)-

* For the reason of comparison convenience, in what follows, we use special notations of variables to indicate their
optimal values. Superscripts with one asterisk denote the optimal values of variables in the case of non-separation
of ownership. Superscripts with two asterisks denote the optimal values of variables in the case of separation of
ownership under asymmetric information. Subscripts with capital letters C, M and a lowercase letter n are used to
label respectively the representative competitive firm, the monopoly firm and the n competitive firms. Here, we
summarize the optimal values of output and effort that we will obtain in the model as follows:

Competitive Firm | Monopoly Firm
Case 1: The Non-Separation of Firm Ownership (qé,e;) (LIIA'EKA)
and Control
Case 2: The Separation of Firm Ownership and (q;*,e;*) (q;‘j.e:j)
Control




Using the comparative static calculation, we have:

LEMMA 2.1: By the properties of the Hessian matrix, H"

dqg  H}y >O0(ltisupward sloping if there is COSt complementarities)

) slopeof g, le)=—=——"3=
(i) slope of g(¢) de  H)Y <0 (Itis downward sloping if there is COSt substitutability)

and slope of ¢ (q) _ dq _ H}) >0 (It is upward sloping if there is COSt complementarities) .
M de H) <0 (It is downward sloping if there is COSt substitutability)

y det(H")> . C.(g.e,6)<0 . ,
(ii) slope of e, (¢)—slope of qM(e):—JHl'\E%<O if C:e(q,e,g) 20" i.e. the curve ey(q) is

steeper than the curve q,, (e). When two curves just have a single crossing point in {q,e} space,

and the unique stable equilibrium (q,’(,l o ) exists. [

Competitive Equilibrium

Consider now the perfect competitive product market in the short run with two cases: a
representative competitive firm and » identical competitive firms: each firm has the same cost
function of production and disutility function of effort as the monopoly firm.

(1) In the competitive product market, the representative competitive firm takes the market

price as given to choose the optimal quantity and effort to maximize its expected return:

max E[R(g,e.)]= pg— [Clg,e.)f (e)de —ye)

20,20

The first-order conditions with respect to output and effort are

aE[R(a(i],e,«?)] _p- J’Cq(q,e,g)f(g)dg <0, with equality if ¢ >0.
aE[R(aq, e¢)] _ _J C.(q.e.¢)f(e)de —y'(e)<0, with equality if e>0.
e

At the market equilibrium the representative competitive firm’s supply is equal to the market

demand,
9=0(p),
where O(p) is the market demand function, Q'(»)<0 and Q"(p)<0.

The representative competitive firm’s optimal level of output ¢. and level of effort ¢_ are

characterized by the following two first-order conditions:

plac)=[c,lgc. et e)f (e,



the market price is equal to the firm’s expected marginal cost,
- JCe(qé,eé,g)f(g)de = t//'(eé),

the expected marginal production cost saving from effort is equal to the marginal disutility of
effort.

H H . : : L
Let HCE{ lcl f} be the Hessian matrix of the second partial derivatives of the
21 22

representative competitive firm’s expected return maximization problem, where
chl = P'(Q)—Icqq (q,e, S)f(g)dg <0,

> 0 if there is cost complementarities
& )
<0 if there is cost substitutability
>0
<0’
HZC?_ = _I Cee (q’ e7 g)f(g)dg - l//”(e) < 0 '

A sufficient second condition for the competitive firm’s expected return maximization problem

H =—[C, (.6 /(o)

Hy, =—[C,,(g.e.8)f (e)ds

is that the Hessian matrix is negative semidefinite at the optimal ¢; and e;, and the determinant
of HC is positive,
det(H®)= HSHS, - HSHS > 0.
The above two FOC equations characterize one output equation and one effort-exerting equation
of the representative competitive firm:
q= QC(Q) and e = ec(Q)-

Using the comparative static calculation, we have:

LEMMA 2.2: By the properties of the Hessian matrix, H®

(i) slopeof g.(e)=—*=

dq  H, >0(ltis upward sloping if there is COSt complementarities)
de HS <0 (It is downward sloping if there is COSt substitutability)

dg H > >0(1t is upward sloping if there is C0St complementarities)

and slope of ec(q)sd—q -
e

H_§1< 0 (It is downward sloping if there is COSt substitutability)



det(H#°) > C.(q.e,e)<0 .
ii) slope of —slope of :J—2 0if * , i.e. the curve S
(ii) slopeof ec(q)-slope of gc(e) e < 7 C (e >0 e e e eclq) |

steeper than the curve qc(e). When two curves just have a single crossing point in {q,e} space,

and the unique stable equilibrium (qé,eé) exists. [

From Lemma 2.1 and 2.2 we have Lemma 2.3.

< <
LEMMA 2.3: (i) slope of ¢,, (e)>slope of ¢.(e) ique(q,e,e)>0, i.e. the output curve qy,(e) of the

monopoly firm is flatter than q, (e) of the competitive firm in {q, e} space.

(ii) slopeof e,, (q) =slope of e, (q), i.e. the effort-exerting curve ey, (q) of the monopoly firm
has the same slope as that of the competitive firm, so two curves, e (q) and e, (q) coincide in
{q,e} space.

(iii) At e=0, gq,, (O)< qc(O). qm (e) and qc(e) are strictly increasing or decreasing and

have no crossing point in {q, e} , so the curve q,,(e)is below the curve g, (). 0

Comparing the first-order conditions of the monopoly firm with those of the representative
competitive firm, we directly have the following proposition.

PROPOSITION 2.1: Under the assumptions made in our model, (1) the monopoly firm expends
lower (respectively higher) effort than the representative competitive firm if there are cost
complementarities (respectively cost substitutability) between output and the effort.

(2) The monopoly firm always produces less output than the representative competitive firm.
PrRoOOF: The proof is based on the first-order conditions of the expected return maximization

problem for the monopoly firm and of the representative competitive firm. Suppose that the

monopoly firm expends the same level effort, ¢:, as the competitive firm does. By assumption

3, p'(q)<0 forall g>0, so it follows from the first-order condition with respect to output for
the monopoly firm, p'(¢)g + p(q)= qu (q,eé,g)f(g)dg , that

pla)> [C,(g.ec.e)f (),



the price set by the monopoly firm is higher than the expected marginal cost. Let g,, (e;';) denote

the optimal level of output produced by the monopoly at e.. Comparing with the pricing rule of

the representative competitive firm under perfect competition,
plac)= qu(cIZ,eé,S)f(«?)d&

since p'(¢)<0 and C, (g,e,£)>0 forall ¢ >0, we know that

qulet) < at.
the output produced by the monopoly firm is /ess than that by the competitive firm, implying that
the monopoly leads to an output distortion. Thus, we know that

C,.(q,e,6)<0

—_[CE(QM(eé)veéig)f(g)dgi_.[Ce(qé’eé’g)f(g)dg " C,(g.e,6)>0’

it follows from the first-order condition with respect to effort for the representative competitive

firm,
- J.Ce(qé,eé,g)f(g)dg = l//'(eé),
that

C,.(q,e,6)<0

~[Clae)ec eltere -yt o T

By assumption, the Hessian matrix has a negative trace and a positive determinant, so the
sufficient condition for stability of the equilibrium output and effort is satisfied. Hence, it can
decrease or increase the levels of effort and correspondently decrease output to adjust to the

expected return maximum.
To see it, differentiating the expression, —J'Ce(qM (e).e,&)f (g)de —w'(e), with respect to

effort, we have

[ C el reelile)- [C.laulehes)r(eke -y

M M
:HE{—H”}+H2“§ _J_)det]:ﬂ] <0.

M =

11 11

So this expression is strictly decreasing in effort.

When —ICe(qM (eé ) eé,g)f(g)dg—w'(e§)< 0 (if C_.(g,e,¢) <0), then the monopoly firm can

decrease the levels of effort ¢_ to ey, and correspondently decrease the level of output qM(eé) to

10



g = qulen) (since g4, (e)>0 by Lemma 2.1) such that the first-order condition with respect to

effort for the monopoly firm,
—ICe(qM (e,f,, ), e 5)f(8)d5 - l,//’(e,’[,I ) =0
is satisfied.

When —ICe(qM(eé),eZ,g)f(g)dg—y/'(eé)>0 (if C..(g.e,¢)>0), then it can increase the
levels of effort e. to e, and correspondently decrease the level of output qM(eé) to gy (e’;,,)

(since ¢},(e)<0 by Lemma 2.1). Hence, we obtain

qu(q,e,3)<0.
C,(q,e,6)>0

e;’hie& gn <qe and g2 — gy > g5 — qules) if

Nalebuff and Stiglitz (1983b) in their simple model showed that managerial slack is the only
source of the productive inefficiency of monopoly. They showed that the owner-manager
monopolist expends the same first-best effort as competitive firms in the case of the non-
separation of ownership and control. Because of more managerial slack arising in the moral
hazard problem, monopoly firm expends lower cost-reducing effort than competitive firms in the
case of the separation of ownership and control.

However, PROPOSITION 2.1 states that even though managerial slack is absent in the case of
non-separation of ownership and control, the equilibrium effort expended by the monopoly firm
cannot achieve the first-best. Furthermore, the equilibrium effort level can be either higher or
lower than the first-best. In other word, the life of a monopolist may be “quiet” (expending lower
effort) or “hard” (expending higher effort). Monopoly causes not only the output distortion, but
also the effort distortion, so the monopoly firm is less efficient than the competitive firm in both
the allocative efficiency and the productive efficiency. Furthermore, the monopoly output
distortion leads to the effort distortion. This proposition shows that managerial slack is not the
only source of the productive inefficiency of monopoly.

Proposition 2.1 implies that when there is cost substitutability between output and effort, the
monopolist’s total cost of production, for any given output level, will be lower due to higher

effort level. However, the same cannot be said about the marginal cost of production.

COROLLARY 2.1: When the monopoly firm expends the inefficient level of cost-reducing effort,

it always produces a given output at a higher marginal cost than the competitive firm.

11



C,.(q,e,6)<0

PrROOF: From ProprosITION 2.1, we know that if ,
C,(q,e,6)>0

* < * -
then e, e.. So for given
>

g>0, Cq(q,e,’\‘,l,g)>Cq(q,eé,g). O

2.2 Case 2: The Separation of Ownership and Control

In this case for simplicity we assume that in each firm one owner hires one manager to run the
firm. The firm’s performance such as the realized profit, zr(q,e,g), not only depends on the
manager’s decisions on output quantity and his effort level, but also depends on the realizations
of the stochastic shocks to the production cost. Assume that both the owner and the manager
have no ex ante information about the exogenous random shocks to the production cost except
for its probability density function and distribution function. Furthermore, assume that the
owner even cannot observe its ex post realization.

The only asymmetric information between the owner and the manager is that the manager’s
actual effort level is unobservable to the owner. Although the owner can observe the realized
output, cost and profit, he cannot infer the manager’s effort level from the stochastic production
cost function C(g,e,&) because the actual ex post realization of shocks is unobservable to him
and only the realization of the outcome such output, costs and profit jointly determined by
output, effort and random shocks is observable. Therefore, the contract cannot be specified
based on the manager’s actual effort level.

Assume that it is very costly for the owner to monitor the manager, so that it is impossible for
him to do that. Since the outcome of unobservable effort — the realized profit is assumed to be
observable, explicit incentive contracts are possible and feasible. To induce the manager to
make desirable decisions, the owner will offer the manager an incentive compensation scheme
based on the observable realized profit ﬂ(q,e,é‘). For simplicity, following the linear incentive
scheme approach suggested Holmstrom and Milgrom (1987), we assume that the incentive

scheme is linear, s(7(q,e,¢))=an(q,e,s)+ B, where « is the incentive coefficient and

O<a <1, and gis the fixed wage.

12



By assumption 4, the owner is a risk-neutral expected return maximizer, and the manager is a
risk-averse expected utility maximizer, his utility function is continuously differentiable, strictly
increasing and concave, i.e.

u[s(z(g,e,€))—w(e)] with u’ >0 and u" <0,
where 1//(e) is the cost of the manager’s effort expressed in monetary terms.

The market demand, the production cost function, the owner’s and the manager’s
preferences, and the cumulative distribution function F(s) of the random shocks & and the
associated probability density function f (e) are assumed to be common knowledge to both the
owner and the manager in the sense of Aumann (1976).

In order to make a consistent comparison between the results obtained in case 2 and those in
case 1, we adopt the state-space formulation approach suggested by Wilson (1969), Spence and
Zeckhauser (1971) and Ross (1973) to express the principal-agent problem under asymmetric

information.

The Manager’s Problem
Given the compensation scheme s(7(g,e,&)), the manager chooses the output ¢ and effort e to

maximize his expected utility,

max E(u)= ju[aﬁ(q,e,5)+ S-we)lf(e)ds .

q=>0,e20
The first-order conditions with respect to output and effort are

OE(u) _ I“ QM} fle)de <0, with equality if ¢ >0.
0q i dq

OE) _ [w o 0rlg.ee) y/'(e)} fle)de <0,  with equality if e>0.
Oe Oe

The manager’s optimal choices ¢™ and e™ are characterized by the following two first-order

necessary conditions with equality for the manager’s expected utility maximization:

Iu'_aw}f(g)dg =0,

L oq

J‘u'_aw - w’(e**)}f(g)dg =0.

Oe

13



The Owner’s Problem

Assume that the manager market is perfectly competitive, and all the managers in this market
are identical, so the owner knows the managers’ reservation wages and their reservation utilities.
The participation constraint is that the manager gets the expected utility at least as great as his

reservation utility i ,

Julsrlg,e.2)-wlel]ehde =i

The incentive compatibility constraint is that the manager chooses output and effort, given

s(7(g,e,¢)), to maximize his expected utility,

g = argmax [uls(e(g.e.c)) - yle)l e e
and
e =argmax [u[s(z(g,e,)) -y ()] (¢)de -
Following the first-order approach suggested by Mirrlees (1974) and Holmstrom (1979), we can

replace the IC constraint by the two first-order conditions of the manager’s optimization

problem.
The owner’s problem is to design an optimal incentive scheme s(7(g,e,¢)) to induce the

manager to choose output and effort that the owner desires, taking into account of the manager’s

reaction to this incentive scheme,

max j[ﬂ(q,e,g)— s(ﬂ(q,e,g))]f(g)dg ,

s(7)20,¢>0,e>0

subject to

Juls(rla.c.e)-w el (el =

(I1C,) ju'a%j"g)}f(g)dg:o,
(1C,) J.u'_a%—w’(e)}f(g)dgzo.

The Optimal Output and Effort under Asymmetric Information

The first-order conditions of the manager’s problem can be rewritten in the expectation operator

E as,
E{u : (amﬂ =0 and E[u - [a% - t//'(e)ﬂ =0.

oq e

14



So we have

and

E{u’-(am—w’(e)ﬂ :Eu'.E(aMW’(e)}cov{uu[am_w'(e)ﬂ o

Oe Oe

LEMMA 2.4: (i) If Cov[u' : [a%ﬂ =0, then EP%J 0.
q q

(i) If COV{M' . (Q% - W'(e)j} =0, then E(Q% - l//,(e)j =0.

PrOOF: (i) Profit 7(g,e,¢) is a concave function of ¢ by the assumption of the convexity of

M >0. As output ¢ increases, M

C(g,e,&) in g. Suppose that
o9 oq

decreases, profit

7(g,e, &) increases, so the compensation scheme s(7(g,e,&)) increases according to 0<a <1
and u'[s(7(g,e,£))-w(e)] decreases by the assumption of risk aversion of the manager,
i.e.,u’'>0 and u" <0. The sign of the covariance indicates the direction of covariation of #" and

o 87z(q,e,8)

. Hence, we obtain
oq

colatrttzel] o

Eu' >0 and E(a%) >0 imply

q
o (o202,

this contradicts the first FOC equation.

or(g,e &) <0

Suppose that
oq

87z(q, e, 8)

; increases, profit z(q,e, &) increases, so the compensation
q

As output ¢ decreases,

scheme s(7(g,e,¢)) increases according to 0< a <1 and u'[s(z(g, e, £))—w(e)] decreases by the
assumption of risk aversion of the manager, i.e.,u’ >0 and #" <0. Hence, we obtain
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Eu'>0 and E(a%'e’g)) <0 imply

q
o a2ttt o,

this also contradicts the first FOC equation.
We conclude that
if Cov{u’-(a@ﬂ=o, then E[a%’e"cﬁjzo, the first FOC equation is hence
q q
satisfied.

The proof of Part (ii) is analogous to the proof of (i), so it is omitted. [

Now we can compare the two first-order conditions for the manager’s expected utility
maximization in case 2

J{aw} f(e)dz=0and | [aw - l//(e)} f(e)de =0

oq Oe
with those in case 1

| 2] o =0 an [ L2 ) oo =0

oq Oe
We find that the pricing rule is not affected by asymmetric information and it is the same as that
in case 1, but the effort-exerting rule is affected by asymmetric information. Hence, we obtain
the dichotomy property of the pricing rule and incentive under asymmetric information. Notice,
although the pricing rule is independent of informational problem, this does not imply that the

manager’s production decision does not depend on his effort-exerting decision.

Before turning to the efficiency losses of monopoly under separation of ownership and
control, we compare the effort and output levels in this case with those in the case where the

owner also manages the firm.

PROPOSITION 2.2: The effort exerted by the manager of the monopoly firm under separation of
ownership and control is less than that by a manager who also owns the firm. The equilibrium

16



output produced by the monopoly firm under separation of ownership and control is smaller
(higher) if there are cost complementarities (cost substitutability) between output and effort.

PROOF: Since O0<a <1, we have

e !

Oe

*

The assumption '(e)>0 and w"(e)>0 implies that the manager’s effort ¢™* in case 2 is less

than e” in case 1, z//'(e**)< w'(e*), so we have
e’ <e.
By the assumption of the cost complementarities or cost substitutions in output and effort,
j{a%’eﬂ}f(g)dg =0 and j{%’e"g)}f(g)dg =0 hold if the output ¢** in case 2 is
q q
less or greater than ¢ in case 1, i.e.,

**< * . Ce(q’e’g)<
7.1 lqu(qeg)> '
qe 1 &y

To analyze the efficiency losses of monopoly in this case, consider now the optimal solutions
for the monopoly firm and the competitive firm under asymmetric information. By Lemma 2.4,
for the interior solutions, two simplified first-order conditions for the manager’s expected utility

maximization under asymmetric information can be rewritten as

| {M} fle)de =0,

oq

o j[M} Fele—p(e)=0,

Oe

where ﬂ(q, e, g) = p(q)q - C(q, e, 5) .

(1) Monopoly equilibrium with moral hazard

At the equilibrium of the monopoly product market, the manager’s optimal level of output ¢,,

*ok

and level of effort e,, are characterized by the following two simplified first-order necessary

conditions for the manager’s expected utility maximization:
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P'(q:; G+P(QG)—IC (q;‘,’[,eM, )f(g)dg:O,

—ay [C.law ene)f (e —y (e )=0.
It follows from the above result that
C,.(q.e¢) <0

Ak * **< * -
ey < ey and qM>qM if C (q.e6)>
qe ) )

Note that the manager of the monopoly firm exerts less effort on cost reduction in case 2 than
that in case 1. Moreover, the decrease in his level of effort also causes the decrease or increase
in the level of output and the cost distortions. Although the manager of the representative
competitive firm has to bear some risk of his income, there is managerial slack due to the moral
hazard problem. Comparing with the first-best solution of the competitive firm, the managerial

monopoly firm engages in two types of slack: monopoly slack and managerial slack.

~u _|HY HY . . . o
Let HY = ~ =2 | be the Hessian matrix of the second partial derivatives of two
H21 H22
simplified FOC equations of the manager’s expected utility maximization problem, where by the

assumptions we have
I;ll\]/-l = p”(q)q + 2p'(q)_J.qu (q’ e, E)f({;‘)dg < 0 '

> 0if there is cost complementarities

aY =-c, d ’
12 J Ag.e.e)f(e) ‘<0 if there is cost substiutability

J qee dg>0

HY ——aJ. (g.e,&)f(e)de —y"(e)<0.
A sufficient second condition for the competitive firm’s expected return maximization problem
is that the Hessian matrix is negative semidefinite at the optimal ¢,, and e,,, and the determinant
of AV IS positive,
det(A7™ )= AYAY - AYAY >0.
The above two FOC equations characterize one output equation and one effort-exerting equation
of the monopoly firm:
q=qy(ea) and e=¢,(q;2).

Using the comparative static calculation, we have:

18



LEMMA 2.5: For any incentive coefficient, 0 < a <1, by the properties of the Hessian matrix,

HY, (i) Output increases or decreases with the incentive coefficient if there are cost

complementarities or cost substitutability in output and effort, i.e.

ule) el feaesione] o

C,(q,e,¢) <

C,.(q.e,8)>
(ii) Effort always increases with the incentive coefficient, i.e.

dey (a) __— [:-[1'\{'

da det(H M

)[—jCe(q,e,g)f(g)dg]>o, 0

LEMMA 2.6: Given incentive coefficient, 0 < a <1, by the properties of the Hessian matrix, HV,
()

slone of 7 ( ) dg I;Tl'\é' > 0 (It is upward sloping if there is COSt complementarities)
ea)=—=——-—
P u de HY <0 (It is downward sloping if there is cOSt substitutability)

and

slooe of & ( ) dg H gg > 0 (It is upward sloping if there is COSt complementarities)
4 o) )=—=——== .
P wid de H) <0 (It is downward sloping if there is cOSt substitutability)

det(g™ >q C,.(g.e¢)<

i , Le. the curve
-HYH) < C,(q.e8)>

(ii) slope of ¢, (¢;a)—slopeof g,,(e;a) =

e (q;a) of the monopoly firm is steeper than the curve q,, (e;a). When two curves just have a
single crossing point in {q,e} space, and the unique stable equilibrium (q,f,’;,e:,’r) exists.

(iii) slopeof g,,(e;a) =slopeof q,,(e), i.e. the output curve q,,(e;a) of the monopoly firm in
case 2 has the same slope as that in case I, so two curves q,, (e;a) and q,, (e) coincide in {q,e}

space.

C,(q,e6) <

C,.(q.¢) >0 , i.e. the effort-exerting curve e, (q; a)

(iv) slope of &, (q;a)ZsIope of e, (q) if

of the monopoly firm in {q,e} space in case 2 is steeper than e,, (q) in case 1, so the effort-

exerting curve of the monopoly firm rotates leftward. O

(2) Competitive equilibrium with moral hazard

19



At the equilibrium of the competitive product market, the manager’s optimal level of output ¢

sk

and level of effort e¢." are characterized by the following two simplified first-order necessary

conditions for the manager’s expected utility maximization:
JC qc e € ( Jde =0,

—acjc gc e e)f (e)de —y(er’)=0.
It follows from the above result that
< . C (qe¢)<
“<eland go g~ if * 0
€c <€ dc >‘]c qu(q,e,e) S

Note that under asymmetric information the manager of the representative competitive firm does
not exert the first-best effort. Moreover, the decrease in his level of effort causes the inefficient
level of output. Here, the effort distortion causes the quantity distortion and the cost distortions.
These consequences are referred to as managerial slack. However, the manager of the

representative competitive firm has to bear some risk of his income.
~. [HS HE
Let H®= Jcl JCZ be the Hessian matrix of the second partial derivatives of two
H21 H22

simplified FOC equations of the manager’s expected utility maximization problem, where by the
assumptions we have

j qeg d5<0

> 0if there is cost complementarities
<0 if there is cost substiutability ’

I;lcz = _J-qu(q'e7g)f(8)dg
HS =- '[ (g,e,6)f (¢)ds >0,

HS = aIC g.e,6)f(e)de —y"(e)<0.
A sufficient second condition for the competitive firm’s expected return maximization problem
is that the Hessian matrix is negative semidefinite at the optimal ¢." and e; , and the determinant
of HC is positive,
det(7°)= ASHS, - HSHS > 0.
The above two FOC equations characterize one output equation and one effort-exerting equation
of the monopoly firm:

q= §C(e;a) and e = Ec(q;a).
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Using the comparative static calculation, we have:

LEMMA 2.7: For any incentive coefficient, 0 < a <1, by the properties of the Hessian matrix,
HC, (i) Output increases or decreases with the incentive coefficient if there are cost
complementarities or cost substitutability in output and effort, i.e.

d‘?c(“) _ ﬁl(;
do det(HC

C,(q,e¢) <

)[—ICe(q,e,g)f(g)dg] ZO ique(%e’g) >

(ii) Effort always increases with the incentive coefficient, i.e.
de.(a) -HS
da det(H ¢

)[—ICE(q,e,S)f(E)dek 0.0

From Lemma 2.5 and 2.7, we have Lemma 2.8.

LEMMA 2.8: For any incentive coefficient, 0 < a <1,

a <dag > C (g,e,&)<
Q) qu(a) dqc(a) 0 (9:€.€) 0.
da > da < qu(q,e,e) >

(i) 0 < dey(a) _ dé(a) 0
da da

LEMMA 2.9 Given incentive coefficient, 0 <a <1, by the properties of the Hessian matrix,
[:'Ic
(i)
dq 1:[102 > 0 (It is upward sloping if there is COSt complementarities)

slope of go(e;a)=—" =——¢& . e S
de Hy; <0 (It is downward sloping if there is COSt substitutability)

and

slope of 3 (q' a) _ dgq _ _i > 0 (It is upward sloping if there is COSt complementarities) ‘
o de HS <0 (It is downward sloping if there is cOSt substitutability)
det(ﬁc ! > . qu (q’e’ g) <

i , Le the curve
- H Hj < C,.(q.e,8)>

(ii) slope of e.(q;a)—slope of g.(e;a) =

ec (q;a) of the representative competitive firm is steeper than the curve E]uc(e;a). When two
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curves just have a single crossing point in {q,e} space, and the unique stable equilibrium
(qé* : eé*) exists.

(iii) slope of Z]’C(e;a):slope of qc(e), i.e. the output curve ac(e;a) of the representative
competitive firm in case 2 has the same slope as that in case 1, so two curves ¢ (e;a) and q. (e)
coincide in {q,e} space.

. C.(ge¢)<

(iv) slope of Ec(q;a)ZSIOpe of e.(q) if 0, i.e. the effort-exerting curve e.(q;a)

C,.(q,e8)>
of the representative competitive firm in {q,e} space in case 2 is steeper than e (q) in case 1, so

the effort-exerting curve of the representative competitive firm rotates leftward.

From Lemma 2.6 and 2.9 we have Lemma 2.10.

LEMMA 2.10: Given incentive coefficient, 0<a <1, (i) slopeof g, (e;a)<S|0pe of ac(e;a) if
>

< -~ ~
qu(q,e,8)>0, i.e. the output curveq,, (e;a) of the monopoly firm is flatter than qc(e;a) of the

competitive firm in {q,e} space in case 2.

(ii) slopeof &,(q;a)=slopeof e.(q;c), ie. the effort-exerting curve e,(q,a) of the
monopoly firm has the same slope as Ec(q;a) of the competitive firm, so two curves e, (q;a),
and e;(q;@), also coincide in {g,e} space.

(iii) At e=0, §,(0;a)<q.(0;). qyle;a) and g.le;a) are strictly increasing or
decreasing and have no crossing point in {q,e}, so the curve E]“M(e;a)is below the curve

ac(e;a)’ o

Given the incentive coefficient « of the optimal linear incentive scheme,
s(7(q,e.e))=an(g,e,e)+ B, let g(a) and e(a) are the optimal output and effort of the

manager’s expected utility maximization.

C,.(q,e¢) <

PROPOSITION 2.3:  Given any incentive coefficient, 0<a <1, if 0, then the

C,.(q.e&)>

following relationships hold for the equilibrium efforts and outputs:
22



~

) 7). )< 7ele) an0 o)~ Gulc) > Gele) Gl

PROOF: Given incentive coefficient, the two simplified first-order conditions of manager’s

expected utility maximization are given by

j{aﬂ(a(o{), ‘é(a),e)} ez =0,

oq

~

o | TN )0y ) o,

Oe

where 7(7(a) e(a).¢)= p(q(a))g(@)-C(q(a)e(a)e).
The rest of the proof of this proposition is analogous to the proof of PRoPOSITION 2.1 by

using Lemmas 2.6, 2.9 and 2.10, and is omitted. 0

The owner’s expected return is E(R(a))= (1—a)Jﬂ((}‘(a),E(a),g)f(g)de—,B. The owner’s

problem is to choose the coefficients « and £, to maximize his expected return,
max (1-a)| 7(7(2) 2(@) &)/ (e)de - 4.
subject to
[ulan(G(a)e(a)e)+ p-v(E(a))]f(e)de 2.
When the manager’s participation constraint is binding, by inverting the function,
J.u[mr(&(a),é(a),eﬁ B —w(e(a))f(s)de =, we can express Bas a function of zand @,
p=plau).

So dple;it)  OEu/da  E(u'-x)

= 0.
da OEu/oa E(u') )

PROPOSITION 2.4: Assume that the variance of profit is constant. The incentive coefficient, o ,
set by the owner of the monopoly firm is less than that by the owner of the competitive firm if the
technology exhibits cost complementarities between output and the effort. The relative
magnitudes of « in these two cases cannot be determined if the technology exhibits cost
substitutability.

PROOF: By the envelope theorem, the optimal incentive coefficient, « , satisfies the first-order

condition of the owner’s expected return maximization,
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E(R’(a)):(l—a)ag—eﬂ%—Eﬂ—%zO.

Using Taylor first-order series expansion, we approximate the functions, E(x'-z) and E(u'),
based at the manager’s mean net income, w = aEx(g(a).2(a).¢)+ g -w(e(a)),
E( -7)=u'(W)Ex +u"(W)aE(n(z — Ex))=u'(W)Ex +u"(W)aVar(z),
E@)=u'(W)+u"(W)E(a(r — Ex))=u'(W).

Substituting these two expressions in the first-order condition, it is approximated by

E(R(a))= (- @) £C.(7(a)7(a) ) T2~ r(w)arvar(z) =o0.

da

where r(w)=—u"(w)/u'(W) is the Arrow-Pratt coefficient of absolute risk aversion at w .

For any incentive coefficient, 0<a <1, the owner’s expected marginal return of the
monopoly firm and the owner’s expected marginal return of the representative competitive firm

are respectively give by

B )= 0 e £ ) ) NSy, vy ),

E(R (o) = - EC.(Gel) 2l ]2 Y ).

Comparing each term in these two expressions of the owner’s expected marginal return, we

want to figure out which one is greater.

(1) Since gy (@), &,(a), gc.(a) and &.(a) are the optimal output and effort of the

manager’s expected utility maximization given the coefficients «, by PROPOSITION 2.4,

~ ~ - qu(q’elg)<
ey (a)>ec(a) if Colqiene) >

In addition, g(er) and e(a) satisfy the first-order conditions with respect to effort of the

manager’s expected utility maximization, — EC,(7(e),e(),&)=w'(e(e)), the convexity of (")

implies that
_ ~ : qu L
) WGl it 0
] 3 3 < _ _ . C,.(q,e¢) <
ence, —ECe(qM(a),eM(a),g)>—ECe(qc(a),ec(a),g)| C (g0 >0

(2) By LEMMA 2.8, for any incentive coefficient, 0 < <1, 0< dec“l" (a) < de;(a) .
o (24
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(3) For any incentive coefficient, 0 < <1, the managers’ mean net incomes minus the fixed

wage satisfies w,, — £, > W, — S by COROLLARY 2.4, but the manager’s participation constraint
is binding, ju[a;r(Zj(a),E(a),g)Jrﬂ—y/(E(a))lf(g)dg =ir. S0 W, =w. and B, < B.. We have
F(WM): ”(V_"c)-
(4) By the assumption of constant variance of the profit, Var(r,, )= Var(z.).
On the basis of the above four results, we obtain
E(R,(a))< E(R () if C,.(g,e,6)<0.

E(R, (a))iE(Ré(a)) if C,(g.e,2) > 0.

The optimal incentive coefficients, «,,, chosen by the owner of the monopoly firm must satisfy
this first-order condition,

E(Re(ay))> E(Ry(ay))=0,
the concavity of E(R(«)) implies that the owner can increases the incentive coefficient from o,
to a. such that his expected return attains a maximum, E(R.(x.))=0 at the optimal «.
Hence, we obtain

ay <ac if C (q,e,¢)<0.

By similar reasoning,

<
A Ao if C,(q,e,6)>0. O

PROPOSITION 2.5: Assume that the variance of profit is constant.
(i) If the technology exhibits cost complementarities between output and the effort, the
equilibrium effort and output of the monopoly firm are less than those of the competitive firm.

(ii) If the technology exhibits cost substitutability between output and the effort and o, < a.,

it is ambiguous as to whether the equilibrium effort and output of the monopoly firm is higher or
lower than those of the competitive firm.

(iii) If the technology exhibits cost substitutability between output and the effort and
ay > O, then the equilibrium effort exerted by the manager of the monopoly firm is greater
than that by the manager of the competitive firm but the equilibrium output produced by the

monopoly firm is less than that by the competitive firm.
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ProoF: (i) If C,(g.e,6)<0, then &,(cr)<&(cr) by PRoPOSITION 2.3. Now a, <a. by

de,, (0‘) < dgc(a)
da do

PROPOSITION 2.4 and 0 < by Lemma 2.8, implying that

ew EEM(aM)<EC(aC)Ee(*:*'

dgc(a) | diy(@)

By similar reasoning, g,,(er)< g.() by PROPOSITION 2.4 and
da da

>0 by Lemma

2.8, implying that
qu = é-M(O‘M)< ac(“c)E qc -

(i) If C,(g.e,£) >0, then &,(a)> & («r) by PRoPOSITION 2.3. Now «,, <, by PROPOSITION

2.4 and 0< dey (a) < deC(a) by Lemma 2.8, implying that
da da

By similar reasoning, g,,(e)< g.(a’) by PROPOSITION 2.4 and dq;(a) < dq; (@) <0 by Lemma
(24 (04

2.8, implying that
ek -~ <~ ke
du = QM(QM)>QC(QC)E qc -

(iii) If C,.(q.e,€) >0, then ¢, (a)> & (cr) by PROPOSITION 2.3. Now a,, > &, by PROPOSITION

25and 0< de,(a) < dec(a) by Lemma 2.8, implying that
da da

ey = EM(aM)> gc(O[c)E ec -

dac(a) < dqy, (a)

By similar reasoning, g,,(«)< g.(a) by ProPosITION 2.3 and
da da

<0 by Lemma

2.8, implying that

qy = 67M(05M)< ‘]c(ac)zqg- 4

A comparison of Proposition 2.1 with Proposition 2.5 suggests that under certain
conditions the effects of monopoly under separation of ownership and control are qualitatively
similar to those in the case where the owner manages the firm himself. That is, monopoly leads
to lower efforts if there are cost complementarities between output and effort; but the opposite is

true if there is cost substitutability.
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Another way of considering the effects of monopoly under separation of ownership and
control is to use the competitive entrepreneurial firm (i.e. the first best equilibrium) as the
benchmark. Combining the insights from Propositions 2.1 and 2.2 we see that separation of
ownership and control exacerbates the problem of monopoly if there are cost complementarities
between quantity and effort. On the other hand, if there is cost substitutability, separation of
ownership and control mitigates the problem of monopoly by offsetting the entrepreneurial

monopolist’s tendency to increase effort level and reduce output.

3. A Parameterized Model and Numerical Examples

To push further with our analysis, we consider a parameterized model in which demand
function is linear,

p=a-—bg,with a,b >0,
and the cost function is strictly convex in quantity,”
C(g.e,e)=¢° +(k—e)g—¢,with a >k >0.

Note that this cost function has the property that C., < 0, implying cost complementarities
between output and effort. Parameter & reflects an exogenous random shock to the costs of
production, and is assumed to have a normal distribution with mean zero and variance o.® The
firm or any contracting party has no information the ex post realizations of the random variable
except for its distribution.

Thus, the firm’s profit is

n(q.e.6)=pg-Clg.e.6)=pg—q’-(k—e)g+¢.
The disutility function of effort expressed in monetary terms is assumed to be quadratic,’
w(e)=(R/2)e?, with R >0,

where R is the parameter of disutility of effort.

> This is in contrast to the parameterized model of Nalebuff and Stiglitz (1983b), in which production technology
exhibits constant returns to scale.

® The restriction on the normal distribution of the random variable is to pair it with exponential utility when we
consider the case of the separation of ownership and control. Holmstrom and Milgrom (1987) suggested such a pair
is convenient to solve some examples of the principal-agent model. For the reason of comparison, we take the same
restriction on the distribution of the random variable.

" This specification of the disutility function of effort is inspired from the example of Nalebuff and Stiglitz (1983a),
the example of Holmstrom and Milgrom (1987) and Tirole’s (1988) example that is taken from Parsons (1984).
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Note that all the assumptions made in our general model are satisfied in the specifications of
these functions. As in section 2, we will consider both the case of an entrepreneurial firm and

the case of an managerial firm (i.e. separation of ownership and control).

Case 1: Non-Separation of Ownership and Control

The expected return or net profit of the owner-manager’s is

E(R)=E(n(g,e.€)~y(e)=pg—4° - (k—e)g —(R/2)e".
In the monopoly equilibrium, the first-order conditions of the expected profit maximization

problem are given by

a—2bq—3q° —k+e=0
and

g—eR=0.

The equilibrium output and effort are

. 1-2bR+12(a—k)R* + (2bR —1)?
dw = 6R )

. 1-2bR++12(a - k)R? + (2bR —1)’
M= 6R? '

From the first of the two first-order conditions we obtain the output as a function of effort,
qM(e):%(—b + \/3(a —k+e)+b’ )

which is strictly increasing in effort.

For a representative competitive firm, the first-order conditions of the expected profit

maximization problem are given by
a-bqg-3¢°-k+e=0
and
qg—eR=0.

The equilibrium output and effort are

. 1-bR+412(a - k)R* + (bR —1)°
e = 6R !

. 1=bR+12(a—k)R? + (bR -1’
= 6R? '
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We can make some interesting comparisons between our equilibrium outcome and the
outcome of the traditional model. Here by traditional model we mean the model where the effort
variable is not considered. In our framework we can obtain a version of the traditional model by
setting e=0. The monopoly equilibrium output and the competitive equilibrium output in this

traditional model are respectively

v, =%(—b+1/3(a—k)+b2),
qe :%(—b+\/12(a—k)+b2),

Then gy, < gy and ¢ < g&. In addition, the effect of effort on output for the monopoly firm and

competitive firm, evaluating at e=0, are

qu(e)| - 1
de |y \12(a—k)+4b*

and

dQC(e)| _ 1 1
de |y \12(a—k)+b?

implying

dale) _ dacle)
de L:O de

e=0
In other words, staring from e =0, as the level of effort increases, the increase in the level of
output produced by the monopoly is less than that by the competitive firm. Comparing the

equilibrium value of effort and output for the monopoly firm with ¢. and g:, we know that

monopoly causes a reduction in effort as well as a reduction in output. The monopoly indeed
engages in slack even in the absence of the moral hazard problem.
From the first of the competitive firm’s first-order conditions we obtain the output as a

function of effort,

qc(e)zé(—b+\/12(a—k+e)+b2),

which is also strictly increasing in effort. Then the output supposed to be produced by the

competitive firm at the inefficient level of effort ¢y, is

aeler)= %[—b ; \/12(a KR+ bPR? + 2(1— 2bR ++12(a — k)R? + (26R ~ 1) j /R} ,
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which is less than ¢; = qc(e;) since e, <eg.

Case 2: Separation of Ownership and Control
Let s((g,e,£)) denote the linear incentive contract offered to the manager. Then
s(z(g,e.¢))=anlg.e.e)+ B,
where « is a share of profit and Sis a fixed income. The manager’s net income is
w=s(7(g.e,)-y(e).
Suppose that the manager has a constant absolute risk averse utility function,®
u(w)=—-e",
where r is the constant coefficient of absolute risk aversion, and w is the manager’s net monetary

income. Then his expected utility is given by
Eu(w)=—e 020N = u[E(w)— (/2 ar(w)].
It follows that the manager’s certainty equivalent given s(;z) is given by
E(w)~(r/2)Var(w)= Es(z(q.¢.£)-y(e) - (r/2)a’c?,
where (r/Z)azo"f is the manager’s risk cost. His reservation wage is w, so the participation
constraint is
Es((g,e,8))-w(e)-(r/2)a’c? 2 w.
Since the expected utility is increasing in his certainty equivalent, the maximization of his

expected utility is equivalent to the maximization of his certainty equivalent.

Note that the owner is risk neutral, his expected return is

E[r(q,e,¢)-s(n(g.e.¢))].

Given the incentive contract, the manager chooses ¢ and e to maximize his certainty equivalent,
max S+ aE(r(q.e ¢))-w(e)-(r/2)a’c?,
q.e
The first-order conditions of this problem are

aE(ﬂ'(q,e,E)):O 1)
oq

and
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a——==2—y/(e)=0. )

Let g(a) and e(er) denote the equilibrium output and effort given the incentive parameter, c.

Totally differentiating two first-order conditions with respect to ¢, e and «, we have

0
H{dq}=[ CEx ]:0,
de - da

Oe
O°Erx O°Erx
oq° Oedq . . . N
where H = a?E 2 is the Hessian matrix of the second derivatives of the
a i a 27[ - ”( )
0qoe Oe

first-order conditions of the manager’s certainty equivalent maximization.

So the effects of the incentive parameter on output and effort are

0 0°En OEx
dq/da | oEx _ 1 Oedq Oe
de/da

~ 50 9%| det(H) _0’Ex 0Ex
e By e
oq° Oe

EC, EC,

= azEﬂ- y

det(H ) o EC,

where det(H ) is the determinant of H, which is positive.
Hence, we have

EC EC >0 if C, <0
ﬂzL:O if C, =0,
da  det(H) !

<0 if C, <0

2
ﬁ:—1 gEx Ef EC,<0.
da det(H)| oq

The owner’s problem is to choose the parameters of the incentive contract, « and g, to
maximize his expected return, subject to the participation constraint and to two incentive

constraints (1) and (2). When the participation constraint and two incentive constraints are
binding, the owner’s problem can be rewritten as

& The constant absolute risk averse utility function is a special case of mean-variance utility functions and the very
usual specification in the principal-agent literature. It is taken from Lazear and Rosen (1981), and Holmstrom and
Milgrom (1987).

31



max E(z(g,e,&))—w(e)-(r/2)a’c? —w

q9.e,x

s.t. M=O,

q

Elrlgee)) o),

a

The Lagrangian for the owner’s problem is

[Mjw(aw-«m}

e

L=E(z(q,e.6)-vle)-(r/2)a’c? —w+p

In the monopoly equilibrium with moral hazard, the first-order conditions for the manager’s
certainty equivalent maximization are given by
a—2bq,, —3q, —k+e, =0
and
g —emR =0.
Let g,,(e, ) and e, (a,,) denote the equilibrium output and effort given the incentive parameter,

O\ s

Qy — 2bR ++[12(a — k)R? + (2bR — ar,)?

QM(aM): 6R ,

ay\ay —2bR ++/12(a - k)R* + (2bR - a,,)*
):
6R?

ém (aM

The Hessian matrix is

oM -2b-6q, 1
- ay ~R|

det(H™ )= 2R(b+3gy ) - ay >0,

EC,=—q,,,

EC, =1,
2

0 Ef =—2(h+3q,,)<0.
dq

We obtain the effects of the incentive parameter on output and effort,

qu _ ECquCe _ qM
da,, det(H)  det(H™

)>0,
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dey _ 1 {GzEﬁ}E _2b+3guaw _
day, det(H™)| og*> | ¢ det(t")
It follows that the elasticities of output and effort with respect to the incentive parameter are
given respectively by
dq,, a a
and
_ dey ay _ 2b+3qy)ay o _ 2b+3¢u)R

Tew.com = da,, ey det(#") ey det(H™) '

The first-order conditions of the owner’s problem of the monopoly firm are
- 2(b +3qy, )yMl + oty =0,
v —euR + thyy — 14,R =0,
Fharzdn — 100, =0,
a—2bq,, —3q;, —k+e, =0,

oyqy —ewR =0.

In the competitive equilibrium with moral hazard for the representative competitive firm, the
first-order conditions for the manager’s certainty equivalent maximization are given by
a—bq.-3qt —k+e.=0
and
acq. —e.R=0.

Let g.(a.) and e.(a.) denote the equilibrium output and effort given the incentive parameter,

Oy s
e —bR+12(a—k)R? + (bR - o)’
%(ac)— 6R '
ac(ac — bR +12(a— k)R? + (bR — ) )
ec(ac): 6R> .

The Hessian matrix is
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e - -b—-6g. 1
o ~R|

det(F¢)= R(b+ 64 )—ac >0,

ECe :_qC'

EC, =-1,
2

OET _ (b+64.)<0.
oq

We obtain the effects of the incentive parameter on output and effort,

dqc _ EC,EC, -9 <
da. det(H®) det(H®)

de. 1 {azE”}EC B (b +6q.)gc -0

da,  det(H®) o7 | ¢ det(m®) T

It follows that the elasticities of output and effort with respect to the incentive parameter are

given respectively by

77 — dqc &: aC <1
o o q.  det(HC)
and
no - deg ag _(b+6qc)ge ac _ (b+6gc)R

da, e det(HC) ec det(HC)

The first-order conditions of the owner’s problem of the representative competitive firm are
- (b +6qc )ﬂm +acpc, =0,
qc —ecR+ iy — He,R =0,
Healc —racof =0,
a—bqg.—39:—k+e.=0,

acqe. —e.R=0.

Note that the first-order conditions of the owner’s problems in the cases of the monopoly
firm and the representative competitive firm are systems of nonlinear equations, more precisely,

systems of multivariate polynomial equations. Because of their complexity, we are not able to

34



obtain analytical solution for ¢, e and «. However, we can solve these systems of equations by
numerical methods.
In the base scenario we use the following parameter values:
a=60, b=10, k=10, R=1, 62 =081, w=1, rw=9.°

In addition, we also conducted sensitivity analysis by changing the parameter values one at a
time.

In Tables 1 to 4 we present a sample of these numerical exercises. In Table 1,
equilibrium values of quantity, effort, and, where applicable, the incentive parameter are
presented. In Table 2 are various aspects of efficiency losses.  The following are the

mathematical definitions of the notations in Table 2:

(
qu (e
DWL, = qu(el)[p(x)— EC, (x, e, 8)]dx - Lq(CZ)[p(x)— EC, (x, e,, 8)]dx ,

Ay = ‘//(61)_‘//(62)’

DWL, = ch e))[p(x)— EC, (x, e, 5)]dx :

ARC = (r/2)o? (aé —al, )

AE(NSW )= DWL, + DWL, — Ay — ARC .
In Tables 3 and 4 we take a more detailed look at the agency costs. Note that the equilibriums in
these four tables are associated with two sets of parameter values, the base scenario and

sensitivity analysis with the value of R being raised to 3.

Three interesting observations can be made from these tables. First, as expected, the
introduction of the effort variable increases the welfare losses of monopoly. As we can see from
Table 2, compared with the traditional model the welfare losses of monopoly are higher both in
the entrepreneurial firm (“case 1) and in the case of separation of ownership and control (“case
27).

Second, the moral hazard problem arising from the separation of ownership of control
does not necessary exacerbate the efficiency losses caused by monopoly. From the last two
columns of Table 2 (with the parameter value R = 3), we see that the efficiency losses arising

from a monopoly run by a manager are smaller than those from an entrepreneurial monopolist.

° rw is average relative risk aversion and its value is taken from Caballero’s (1990) numerical examples.
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Third and finally, it is not always the case that the agency costs are higher in a
monopolistic industry than in a competitive industry. As we can see from Tables 3 and 4, the
agency costs in the monopolistic industry can be higher (when R = 1) or lower (when R = 3) than
those in the competitive industry. This in part explains the second observation that the
separation of ownership and control does not necessarily make the efficiency losses of monopoly
larger.

4. Concluding Remarks

This paper is a work in progress. There is obviously much room for improvement. For
example, the numerical examples in section 3 are only for the case where quantity and effort are
complements in the cost function. It would be useful to study also examples for the alternative
case where the two variables are substitutes. In addition, there are a couple of avenues for future
research that we will explore. First, we will examine whether the adverse selection problem
would increase the monopoly inefficiency. By introducing heterogeneity among owners and
managers in their firm management ability into a model we can compare the efficiency loss of
entrepreneurial monopoly firm with that of managerial monopoly firm. Second, we will examine
whether yardstick competition would alleviate managerial slack to increase the efficiency of
competitive firms. Given that yardstick competition would not be possible for a monopolist
firm, the welfare loss of monopoly would be higher if yardstick competition can be used to

reduce the agency costs in a competitive industry.
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Table 1: The equilibrium values of output, effort and incentive parameter

Traditional Our Model
Models Model
Case 1 Case2 (R =1) Case 1 Case2 (R =23)
Firm (R=1) (R=3)
qo q* e* q** e** a** q* e* q** e** a**
Monopoly 1.94 20 | 20 | 196 | 0.68 | 0.35 | 1.96 | 0.65 | 1.94 0.10 0.15
Firm
Competitive 2.74 2.85(285|280|146| 052|278 093|275 0.24 0.26
Firm
Table 2: The welfare losses of monopoly
Traditional Our Model
Models Model
Welfare Losses Case 1 Case 2 Case 1 Case 2
(R=1) (R=1) (R=3) (R=3)

The Deadweight Welfare Loss from 8.066 8.452 8.198 8.192 8.085
Quantity Distortion, DWL,
The Deadweight Welfare Loss from N/A 2.407 2.177 0.758 0.3888
Effort Distortion, DWL,
Saving on the Cost of Effort, — Ay N/A -2.059 -0.838 -0.647 -0.070
The Saving on the Risk Cost, — ARC N/A N/A -0.556 N/A -0.163
The Expected Net Social Welfare Loss, 8.066 8.800 8.980 8.303 8.239
AE(NSW)
(The monopoly  firms  versus the
representative competitive firm)
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Table 3: The agency cost of the monopoly firm and the representative firm of our model (R =1)

Monopoly Representative
Firm Competitive
Firm
The Deadweight Welfare Loss from the Effort Distortion, 3.432 3.916
DWL, (q(e* ) q(e** ) e,e” )
The Saving on the Cost of Effort, -1.769 -2.990
~Avle’e”)=—ple )y le”)
The Incentive Cost, 1.663 0.996
IC = DWLe(q(e* ), q(e**), e, e**)— A l//(e*,e**)
The Risk Cost, RC = (r/2)a’c? 0.440 0.996
The Certainty Equivalent, CE =w 1.0 1.0
3.103 2.922

Total Agency Cost, AC(q*,e*): IC+RC+CE

Table 4: The agency cost of the monopoly firms and the representative firms of our model (R = 3)

Monopoly Representative
Firms Competitive
Firms
The Deadweight Welfare Loss from the Effort Distortion, 1.429 1.906
DWL, (q(e* ), q(e** ), ee” )
The Saving on the Cost of Effort, -0.625219 -1.202
—Avlee”)=—lyle’)-vle”)]
The Incentive Cost, 0.804 0.704
IC = DWLe(q(e* ), q(e**), e, e**)— A l//(e*,e**)
The Risk Cost, RC = (r/2)a’c? 0.079 0.242
The Certainty Equivalent, CE =w 1.0 1.0
1.883 1.946

Total Agency Cost, AC(q*,e*): IC+RC+CE
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