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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.2  

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). 

 2



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 . 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 

( )qp

),,( εeqC , where q is firm’s output quantity, e is cost-reducing effort and it is 

assumed to be one-dimensional, and ε 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 ε is denoted [ ]εε ,Ω = .  The cumulative distribution 

function of Ω∈ε  and the associated probability density function are denoted respectively ( )εF  

and ( )εf  with its mean 0][ =εE , 0][ =jiE εε  and variance  on its domain 02 ≠εσ [ ]εε ,Ω = , 

and commonly known to all the firms.  Some other basic assumptions are as follows. 
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Assumption 1: The firm’s cost function has the following properties:  (a) ),,( εeqC  is 

continuous and twice differentiable at all q nd e0≥  a .  0≥ ( ) 0,,0 =εeC nd ( a ) 0,0, >εqC r all 

>q b) ( )
 fo

.  (0 ⋅ isC  a strictly increasing and convex function of q, i.e.  0),,( >εeqCq he cost is 

increasing for all ≥q nd  

, t

; a0 0),,( ≥εeqCqq he marginal cost of output is nondecreasing for all 

≥q c) ( )

, t

.  (0 ⋅ is a <C   strictly decreasing and convex function of e, i.e. ,( 0),εeqCe 0>e , 

gh effort reduces the firm’s cost.  ),,(

 at all 

the hi ≥ 0εeqCee 0 , the m al cost reduction of 

the firm’s effort is nonincreasing.  (d) 0),,(

 at all argin>e

≠εeqCqe , w  that the marginal cost of 

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

),,( <

hich implies

0εeqCqe e where ),,( >and the cas 0εeqCqe mer 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) ),,(

.  In the for

εeqC  is continuous at Ω∈ε  and a tly decreasing 

function of ε, i.e. ),,( <

 stric

0εε eqC strictly decreasing for all Ω∈, the cost is ε , this m hat a 

positive shock to technology will reduce the production cost. 

eans t

 

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 ( )eψ .  

It is twice continuously differentiable, strictly increasing and strictly convex.  ( ) 0>′ eψ , the 

cost-reducing effort is costly.  ( ) 0>′′ eψ , the cost of effort is convex.  ( ) 00 =′ψ , and 

( ) ∞=∞′ψ .   

 

Assumption 3: The inverse market demand function ( )qp  is twice continuously 

differentiable and strictly decreasing with ( ) 0<′ qp  and ( ) 0≤′′ qp  at all , and 0≥q

( ) ),,0(0 εeCp q>′ .  

 

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 
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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 

( ) ( )εε ,, eqCpqq,e,π −= . 

The firm’s expected cost of production is 

( )[ ] ( ) ( )∫= εεε dfeqCq,e,εCE ,, .3

The owner’s expected return is the expected profit minus the cost of effort, 

( )[ ] ( )[ ] ( )eeqEeqRE ψεπε −= ,,,, . 

 

Monopoly Equilibrium 

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

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

( )[ ] ( ) ( ) ( ) ( )edfeqCqqpeqRE
eq

ψεεεε −−= ∫≥≥
,,,, max

0,0
 

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

( )[ ] ( ) ( ) ( ) ( ) 0,,,,
≤−+′=

∂
∂

∫ εεεε dfeqCqpqqp
q

eqRE
q , with equality if . 0>q

( )[ ] ( ) ( ) ( ) 0,,,,
≤′−−=

∂
∂

∫ edfeqC
e

eqRE
e ψεεεε , with equality if . 0>e

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

conditions:

∗
Mq ∗

Me
4

                                                           
3 In what follows, given a density function ( )xf  of x, the expected value of the function  over the possible 

realizations of the random variable x is given by 

( )xg

( )[ ] ( ) ( )∫= dxxfxgxgE .  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 
[ ]xxXx ,=∈ . 
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( ) ( ) ( ) ( )∫ ∗∗∗∗∗ =+′ εεε dfeqCqpqqp q ,, MMMMM , 

i.e., the marginal revenue is equal to the firm’s expected marginal cost, and 

( ) ( ) ( )∗∗∗ ′=− ∫ MMM ,, edfeqCe ψεεε , 

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

effort. 

Let  be the Hessian matrix of the second partial derivatives of the 

monopoly firm’s expected return maximization problem, where 

⎥
⎦

⎤
⎢
⎣

⎡
≡ M

22
M
21

M
12

M
11M

HH
HH

H

( ) ( ) ( ) ( ) 0,,2M
11 <−′+′′= ∫ εεε dfeqCqpqqpH qq , 

( ) ( )
effort andoutput between  nssubstiutiocost  if           0
effort andoutput between  aritiescomplementcost  if 0

,,M
12 <

>
−= ∫ εεε dfeqCH qe , 

( ) ( )
0
0

,,M
21 <

>
−= ∫ εεε dfeqCH eq , 

( ) ( ) ( ) 0,,M
22 <′′−−= ∫ edfeqCH ee ψεεε . 

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 , and that the 

determinant of 

∗
Mq ∗

Me
MH  is positive, 

( ) 0det M
21

M
12

M
22

M
11

M >−= HHHHH . 

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: 

( )eqq M=  and ( )qee M= . 

                                                                                                                                                                                           
4 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 

and Control 
( )∗∗

CC ,eq ( )∗∗
MM ,eq  

Case 2: The Separation of Firm Ownership and 
Control 

( )∗∗∗∗
CC ,eq ( )∗∗∗∗

MM ,eq  
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Using the comparative static calculation, we have: 

 

LEMMA 2.1:  By the properties of the Hessian matrix, MH , 

(i) ( )
)cos(     0

)cos( 0
 of slope M

11

M
12

M tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if thererd slopingIt is upwa

H
H

de
dqeq

<
>

−=≡  

and ( )
)cos(     0

)cos( 0
 of slope M

21

M
22

M tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if thererd slopingIt is upwa

H
H

de
dqqe

<
>

−=≡ . 

(ii) ( ) ( ) ( ) 0det of slope of slope M
21

M
11

M

MM <
>

−
=−

HH
Heqqe  if 

0),,(
0),,(

>
<

ε
ε

eqC
eqC

qe

qe , i.e. the curve ( )qeM  is 

steeper than the curve .  When two curves just have a single crossing point in {  space, 

and the unique stable equilibrium 

( )eqM }eq,

( )∗∗
MM ,eq  exists.    � 

 

Competitive Equilibrium 

Consider now the perfect competitive product market in the short run with two cases: a 

representative competitive firm and n 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: 

( )[ ] ( ) ( ) (edfeqCpqeqRE
eq

ψεεεε −−= ∫≥≥
,,,, max

0,0
)  

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

( )[ ] ( ) ( ) 0,,,,
≤−=

∂
∂

∫ εεεε dfeqCp
q

eqRE
q , with equality if 0>q . 

( )[ ] ( ) ( ) ( ) 0,,,,
≤′−−=

∂
∂

∫ edfeqC
e

eqRE
e ψεεεε , with equality if . 0>e

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

demand, 

( )pQq = , 

where  is the market demand function, ( )pQ ( ) 0<′ pQ  and ( ) 0≤′′ pQ . 

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

characterized by the following two first-order conditions: 

∗
Cq ∗

Ce

( ) ( ) ( )∫ ∗∗∗ = εεε dfeqCqp q ,, CCC , 
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the market price is equal to the firm’s expected marginal cost, 

( ) ( ) ( )∗∗∗ ′=− ∫ CCC ,, edfeqCe ψεεε , 

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

effort. 

Let  be the Hessian matrix of the second partial derivatives of the 

representative competitive firm’s expected return maximization problem, where 

⎥
⎦

⎤
⎢
⎣

⎡
≡ C

22
C
21

C
12

C
11C

HH
HH

H

( ) ( ) ( ) 0,,C
11 <−′= ∫ εεε dfeqCqpH qq , 

( ) ( )
bilitysubstitutacost  is  thereif           0

aritiescomplementcost  is  thereif 0
,,C

12 <
>

−= ∫ εεε dfeqCH qe , 

( ) ( )
0
0

,,C
21 <

>
−= ∫ εεε dfeqCH eq , 

( ) ( ) ( ) 0,,C
22 <′′−−= ∫ edfeqCH ee ψεεε . 

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 , and the determinant 

of 

∗
Cq ∗

Ce

CH  is positive, 

( ) 0det C
21

C
12

C
22

C
11

C >−= HHHHH . 

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

of the representative competitive firm: 

( )eqq C=  and ( )qee C= . 

Using the comparative static calculation, we have: 

 

LEMMA 2.2:  By the properties of the Hessian matrix, CH , 

(i) ( )
)cos(     0

)cos( 0
 of slope C

11

C
12

C tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if thererd slopingIt is upwa

H
H

de
dqeq

<
>

−=≡  

and ( )
)cos(     0

)cos( 0
 of slope C

21

C
22

C tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if thererd slopingIt is upwa

H
H

de
dqqe

<
>

−=≡ . 
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(ii) ( ) ( ) ( ) 0det of slope of slope C
21

C
11

C

CC <
>

−
=−

HH
Heqqe  if 

0),,(
0),,(

>
<

ε
ε

eqC
eqC

qe

qe , i.e. the curve ( )qeC  is 

steeper than the curve .  When two curves just have a single crossing point in  space, 

and the unique stable equilibrium 

( )eqC { }eq,

( )∗∗
CC ,eq  exists. � 

 

From Lemma 2.1 and 2.2 we have Lemma 2.3. 

 

LEMMA 2.3: (i)  if ( ) ( )eqeq CM  of slope of slope
>
< ( ) 0

>
<

q,e,εCqe , i.e. the output curve ( )eqM  of the 

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

(ii) ( ) ( )qeqe CM  of slope of slope = , i.e. the effort-exerting curve ( )qeM  of the monopoly firm 

has the same slope as that of the competitive firm, so two curves, ( )qeC  and , coincide in 

 space. 

( )qeM

{ }eq,

(iii) At , .  0=e ( ) ( )00 CM qq < ( )eqM  and ( )eqC  are strictly increasing or decreasing and 

have no crossing point in { , so the curve }eq, ( )eqM is below the curve . � ( )eqC

 

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. 

PROOF:  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,  for all , so it follows from the first-order condition with respect to output for 

the monopoly firm, 

∗
Ce

( ) 0<′ qp 0≥q

( ) ( ) ( ) ( )∫ ∗=+′ εεε dfeqCqpqqp q ,, C , that 

( ) ( ) ( )∫ ∗> εεε dfeqCqp q ,, C , 
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the price set by the monopoly firm is higher than the expected marginal cost.  Let ( )∗CM eq  denote 

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

the representative competitive firm under perfect competition, 

∗
Ce

( ) ( ) ( )∫ ∗∗∗ = εεε dfeqCqp q ,, CCC , 

since  and ( ) 0<′ qp ( ) 0,, >εeqCqq  for all , we know that 0≥q

( ) ∗∗ < CCM qeq , 

the output produced by the monopoly firm is less than that by the competitive firm, implying that 

the monopoly leads to an output distortion.  Thus, we know that 

( )( ) ( ) ( ) ( )∫∫ ∗∗∗∗ −
>
<

− εεεεεε dfeqCdfeeqC ee ,,,, CCCCM  if 
0),,(
0),,(

>
<

ε
ε

eqC
eqC

qe

qe , 

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

firm, 

( ) ( ) ( )∗∗∗ ′=− ∫ CCC ,, edfeqCe ψεεε , 

that 

( )( ) ( ) ( ) 0,, CCCM >
<

′−− ∗∗∗∫ edfeeqCe ψεεε  if 
0),,(
0),,(

>
<

ε
ε

eqC
eqC

qe

qe . 

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, ( )( ) ( ) edfeeqCe ψεεε ′−− ( )∫ ,,M , with respect to 

effort, we have 

( )( ) ( ){ } ( ) ( )( ) ( ) (edfeeqCeqdfeeqC eeeq ψεεεεεε ′′−−′− )∫∫ ,,,, MMM  

( ) 0det
M

11

M
M
22M

11

M
12M

12 <=+⎥
⎦

⎤
⎢
⎣

⎡
−=

H
HH

H
HH . 

So this expression is strictly decreasing in effort. 

When ( )( ) ( ) ( ) 0,, CCCM <′−− ∗∗∗∫ edfeeqCe ψεεε  (if 0),,( <εeqCqe ), then the monopoly firm can 

decrease the levels of effort  to  and correspondently decrease the level of output ∗
Ce ∗

Me ( )∗CM eq  to 
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( )∗∗ ≡ MMM eqq  (since  by Lemma 2.1) such that the first-order condition with respect to 

effort for the monopoly firm, 

( ) 0M >′ eq

( )( ) ( ) ( ) 0,, MMMM =′−− ∗∗∗∫ edfeeqCe ψεεε  

is satisfied. 

When ( )( ) ( ) ( ) 0,, CCCM >′−− ∗∗∗∫ edfeeqCe ψεεε  (if 0),,( >εeqCqe ), then it can increase the 

levels of effort  to  and correspondently decrease the level of output ∗
Ce ∗

Me ( )∗CM eq  to ( )∗
MM eq  

(since  by Lemma 2.1).  Hence, we obtain ( ) 0M <′ eq

∗∗

>
<

CM ee ,  and ∗∗ < CM qq ( )∗∗∗∗ −>− CMCMC eqqqq   if 
0),,(
0),,(

>
<

ε
ε

eqC
eqC

qe

qe .   � 

 

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. 
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PROOF:  From PROPOSITION 2.1, we know that if 
0),,(
0),,(

>
<

ε
ε

eqC
eqC

qe

qe , then .  So for given 

, 

∗∗

>
<

CM ee

0>q ( ) ( )εε ,,,, CM
∗∗ > eqCeqC qq . � 

 

 

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, ( )επ ,,eq , 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 ( )ε,,eqC  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 ( )επ ,,eq .  For simplicity, following the linear incentive 

scheme approach suggested Holmstrom and Milgrom (1987), we assume that the incentive 

scheme is linear, ( )( ) ( ) βεαπεπ += ,,,, eqeqs , where α is the incentive coefficient and 

10 << α , and β is the fixed wage. 
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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. 

( )( ) ( )[ ]eeqsu ψεπ −,, 0>′u  and 0≤′′u ,  with 

where ( )eψ  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 ( )εF  of the random shocks ε and the 

associated probability density function ( )εf  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 ( )( )επ ,,eqs , the manager chooses the output q and effort e to 

maximize his expected utility, 

( ) ( ) ( )[ ] ( )∫ −+=
≥≥

εεψβεαπ dfeequuE
eq

,,max
0,0
 . 

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

( ) ( ) ( ) 0,,
≤⎥

⎦

⎤
⎢
⎣

⎡
∂

∂′=
∂

∂
∫ εεεπα df

q
equ

q
uE ,   with equality if . 0>q

( ) ( ) ( ) ( ) 0,,
≤⎥⎦

⎤
⎢⎣
⎡ ′−

∂
∂′=

∂
∂

∫ εεψεπα dfe
e
equ

e
uE , with equality if . 0>e

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

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

∗∗q ∗∗e

( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
∂

∂′∫
∗∗∗∗

εεεπα df
q
equ , 

( ) ( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
′−

∂
∂′∫ ∗∗

∗∗∗∗

εεψεπα dfe
e
equ . 
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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 u , 

( )( ) ( )[ ] ( ) udfeeqsu ≥−∫ εεψεπ ,, . 

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

(( ))επ ,,eqs , to maximize his expected utility, 

( )( ) ( )[ ] ( )∫ −= εεψεπ dfeeqsuq ,,maxarg  

and 

( )( ) ( )[ ] ( )∫ −= εεψεπ dfeeqsue ,,maxarg . 

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 ( )( )επ ,,eqs  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, 

( )
( ) ( )( )[ ] ( )∫ −

≥≥≥
εεεπεπ

π
dfeqseq

eqs
,,,, max

0 ,0 ,0
, 

subject to 

( )( ) ( )[ ] ( ) udfeeqsu ≥−∫ εεψεπ ,, , 

( ) 1IC ( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
∂

∂′∫ εεεπα df
q
equ , 

( ) 2IC ( ) ( ) ( ) 0,,
=⎥⎦

⎤
⎢⎣
⎡ ′−

∂
∂′∫ εεψεπα dfe

e
equ . 

 

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, 

( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equE επα  and ( ) ( ) 0,,

=⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
∂

⋅′ e
e
equE ψεπα . 
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So we have 

( ) ( ) ( ) 0,,,,,,
=⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′=⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equCov

q
eqEuE

q
equE επαεπαεπα  

and 

( ) ( ) ( ) ( ) ( ) ( ) 0,,,,,,
=⎥

⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
∂

⋅′+⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
∂

⋅′=⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
∂

⋅′ e
e
equCove

e
eqEuEe

e
equE ψεπαψεπαψεπα

 

LEMMA 2.4:  (i) If ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equCov επα , then ( ) 0,,

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
q
eqE επα . 

(ii) If ( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
∂

⋅′ e
e
equCov ψεπα , then ( ) ( ) 0,,

=⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
∂ e

e
eqE ψεπα . 

PROOF:  (i) Profit ( )επ ,,eq  is a concave function of q by the assumption of the convexity of 

( )ε,,eqC  in q.  Suppose that ( ) 0,,
>

∂
∂

q
eq επ .  As output q increases, ( )

q
eq

∂
∂ επ ,,  decreases, profit 

( )επ ,,eq  increases, so the compensation scheme ( )( )επ ,,eqs  increases according to 10 <<α  

and ( )( )[ eeqsu ( )]ψεπ −′ ,,  decreases by the assumption of risk aversion of the manager, 

i.e.,  and u .  The sign of the covariance indicates the direction of covariation of u0>′u 0≤′′ ′  an  d

( )
q
eq

∂
∂ επα ence, we obtain ,, .  H

( ) 0,,
>⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equCov επα . 

0>′uE  and ( ) 0,,
>⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∂

∂
q
eqE επα  imply 

( ) 0,,
>⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equE επα , 

this contradicts the first FOC equation. 

Suppose that ( ) 0,,
<

∂
∂

q
eq επ . 

As output q decreases, ( )
q
eq

∂
∂ επ ,,  increases, profit ( )επ ,,eq  increases, so the compensation 

scheme ( )( )επ ,,eqs  increases according to 10 <<α  and ( )( ) ( )[ ]eeqsu ψεπ −′ ,,  decreases by the 

assumption of risk aversion of the manager, i.e., 0>′u  and 0≤′′u .  Hence, we obtain 
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( ) 0,,
<⎥

⎤
⎟⎟
⎞

⎜⎜
⎛ ∂
⋅′

eq επα

( )
⎦

⎢
⎣

⎡

⎠⎝ ∂q
uCov . 

 and 0>′uE 0,,
⎟
⎠

⎞
⎜
⎝ ∂q

eq επ
<⎟⎜

⎛ ∂E α  imply 

( ) 0,,
<⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equE επα , 

this also contradicts the first FOC equation. 

We conclude that 

if ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
⋅′

q
equCov επα , then ( ) 0,,

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂

∂
q
eqE επα , the first FOC equation is hence 

(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 

on in case 2 

satisfied.  

The proof of Part 

maximizati

( ) ( ) 0,,
=⎥

⎤
⎢
⎡ ∂
∫

∗∗∗∗

εεεπα dfeq  and 
⎦⎣ ∂q

( ) ( ) (,,
⎢
⎡

′−
∂

∫ ∗∗
∗∗∗∗

ψεπα feeq ) 0=⎥
⎦

⎤

⎣ ∂
εε d

e
 

with those in case 1 

( ) ( ) 0 ( ) ( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
′−

∂
∂

∫ ∗
∗∗

εεψεπ dfe
e
eq . ,,⎡∂ ∗∗π eq

=⎥
⎦

⎤
⎢
⎣ ∂∫ εεε df

q
 and 

We find that the pricing rule is not affected by asymmetric information and it is the same as that 

ort-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 

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 

in case 1, but the eff

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.  
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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 10 <<α , we have 

( ) ( ) ( )∗∗
∗∗∗∗

′>⎥
⎦

⎢
⎣ ∂∫ edf

e
ψεε . 

The assumption ( ) 0>′ e

⎤⎡∂ eq επ ,,

ψ  and ( ) 0>′′ eψ  implies that the manager’s effort ∗∗e  in case 2 is less 

than ∗e  in case 1, ( ) ( )∗∗∗ ′<′ ee ψψ , so we have 
∗∗∗e < e . 

By the assumption of the cost complementarities or cost substitutions in output and effort, 

( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
∂

∂
∫

∗∗∗∗

εεεπα df
q
eq  and ( ) ( ) 0,,

=⎥
⎦

⎤
⎢
⎣

⎡
∂

∂
∫

∗∗

εεεπ df
q
eq  hold if the output  in case 2 is 

less or greater than  in case 1, i.e., 

∗∗q

∗q

∗∗∗

>
<

qq  if 0
),,(
),,(
>
<

ε
ε

eqC
eqC

qe

qe . � 

 

To analyze the efficiency losses of monopoly in this case, consider now the optimal solutions 

titive 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 

 

for the monopoly firm and the compe

( ) ( ) 0,,
=⎥

⎦

⎤
⎢
⎣

⎡
∂

∂
∫ εεεπ df

q
eq , 

( ) ( ) ( ) 0,,
=′−⎥⎦

⎤
⎢⎣
⎡

∂
∂

∫ edf
e
eq ψεεεπα , 

where ( ) ( ) ( )εεπ ,,,, eqCqqpeq −= . 

 

(1) Monopoly equilibrium with moral hazard 

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

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

conditions for the manager’s expected utility maximization: 

∗∗
Mq  

∗∗
Me
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( ) ( ) ( ) ( ) 0,, MMMMM =−+′ ∫ ∗∗∗∗∗∗∗∗∗∗ εεε dfeqCqpqqp q , 

( ) ( ) ( ) 0,, MMMM e

∗∗∗ < MM ee  and ∗∗∗

>

=′− ∗∗∫ eψε . 

It follows from the above result that 

− ∗∗∗∗ dfeqC εεα

<
MM qq  if 

,(
),,(

0
), >
<

ε
ε

eqC
eqC

qe

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 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 th -best so on of the com e firm, the managerial 

cost distortions.  Although the 

e first luti petitiv

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

Let ⎥
⎦

⎤
⎢
⎣

⎡
≡

M
22

M
21

M
12

M
11M

~~
~~

~
HH
HH

H  be the Hessian matrix of the second partial derivatives of two 

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

assumptions we have 

( ) ( ) ( ) ( ) 0,,2~ M
11 <−′+′′= ∫ εεε dfeqCqpqqpH qq , 

( ) ( )
ilitysubstiutabcost  is  thereif           0

aritiescomplementcost  is  thereif 0
,,

<
>

εεε dfe , 

( )

~ M
12 −= ∫ qCH qe

( ) 0,,~ M
21 >−= ∫ εεεα dfeqCH eq , 

~ M −=H α ( ) ( ) ( ) 0,,22 <′′−∫ edfeqCee ψεεε . 

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 , and the determinant 

of 

∗∗
Mq ∗∗

Me

M~H  is positive, 

( ) 0~~~~~det M
21

M
12

M
22

M
11

M >−= HHHHH . 

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

of the monopoly firm: 

( )α;~
M eqq =  and ( )α;~

M qee = . 

Usi he comparatng t ive static calculation, we have: 
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LEMMA 2.5:  For any incentive coefficient, 10 <<α , by the properties of the Hessian matrix, 
M~H , (i) Output increases or decrea e incentive coefficient if there are cost 

complementarities or cost substitutability in output and effort,  

ses with th

 i.e.

( )
( ) ( ) ([ ,, ) 0  ~det

]
~~

M <
>

∫ εε
α

d
Hd e  if 0

),,(
),,(
>
<

ε

M
12M −= εα feqCHqd ε

eqC
eqC

qe

qe . 

ive coeff(ii) Effort always increases with the incent icient, i.e. 

( )
( ) ( ) ( )[ ] 0,,~det

~~
M

M
11M >−

−
= ∫ εεε

α
α dfeqC

H
H

d
ed

e . � 

 

LEMMA 2.6: Given incentive coefficient, 10 <<α , by the properties of the Hessian matrix, M~H , 

(i) 

( )
)cos(     0

)cos( 0
~
~

;~ of slope M
11

M
12

M tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if thererd slopingIt is upwa

H
H

de
dqeq

<
>

−=≡α  

nd a

( )
)cos(     0

)cos( 0
~
~

;~ of slope
M
22 ntaritiest complemeis if therelopingIt is uHdqqe

>
−=≡α M

21
M tabilityt substituiseng if therward slopiIt is down

rd spwa
Hde <

. 

(ii) ( ) ( ) ( ) 0~~
~det;~ of slope;~ of slope M

21
M

11

M

MM <
>

−
=−

HH
Heqqe αα  if 0

),,(
),,(
>
<

ε
ε

eqC
eqC

qe

qe , i.e. the curve 

)( α;~
M qe  of the monopoly firm is steeper than the curve ( )α;~

M eq .  When two curves just have a 

single crossing point in  space, and the unique stable equilibrium { }eq, ( )∗∗∗∗
MM ,eq  exists. 

(iii) ( ) ( )eqeq MM  of slope;~ of slope =α , i.e. the output curve ( )α;~
M eq  of the monopoly firm in 

cas as the same slope as that in case 1, so two curves ( )α;~
M e coincide in ( )eqM  q  and e 2 h  { }eq,  

(iv) ( ) ( )qeqe MM  of pe; of slope α  if 0
),,(
),,(
>

space. 

~
<
> <

ε
ε

eqC
eqC

qe
, i.e. the effor g curve slo qe t-exertin ( )α;~

M qe  

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

exerting curve of the monopoly firm rotates leftward. 

 

� 

(2) Competitive equilibrium with moral hazard 
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At the equilibrium of the competitive product market, the tput

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

 manager’s optimal level of ou  

conditions for the manager’s expected utility maximization: 

( )

 ∗∗
Cq

∗∗
Ce

( ) ( ),,− ∫ ∗∗∗∗∗∗ εεε dfeqCqp 0CCC =q , 

( ) ( ) ( ) 0,, CCC −− ∗∗∗∗∫ dfeqCe εεεα C =′ ∗∗eψ . 

It follows from the above result that 

∗∗∗ < CC ee  and ∗∗∗

>
<

CC qq  if 0
),,(
),,( >
<

ε
ε

eqC

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.  

Th as managerial slack.  However, the manager of the 

representative competitive firm has to bear some risk of his income. 

Let 
⎤

⎢
⎡

≡
C
12

C
11C

~~
~~

~ HH
H  be the Hessian matrix of the second partial derivatives of two 

eqC

qe

qe . 

ese consequences are referred to 

⎥
⎦⎣

C
22

C
21 HH

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

assumptions we have 

( ) ( ) ( ) 0,,~ C
11 <−′= ∫ εεε dfeqCqpH qq , 

complemecost  is  thereif 0~ >( ) ( )
ilitysubstiutabcost  is  thereif           0<

 aritiesnt
,,C

12 −= ∫ εεε dfeqCH qe , 

( ) ( ) 0,,~ C
21 >−= ∫ εεεα dfeqCH eq , 

~ C
22 −=H ( ) ( ) ( ) 0,, <′′−∫ edfeqCee ψεεεα . 

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 , and the determinant 

of 

∗∗
Cq ∗∗

Ce

C~H  is positive, 

( ) 0~~~~~det C
21

C
12

C
22

C
11

C >−= HHHHH . 

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

of the monopoly firm: 

( )α;~
C eqq =  and ( )α;~

C qee = . 
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Using the comparative static calculation, we have: 

 

LEM A 2.7:  For M any incentive coefficient, 10 <<α , by the properties of the Hessian matrix, 
C~H , (i) Output increases or decreases with the incentive coefficient if there are cost 

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

( )
( ) ( ) ( )[ ] 0  ,,~det

~~
C

12

<
>

−= ∫ εεε dfeqC
H

H
d e  if 

C
C

α
αqd 0

),,(
),,(
>
<

ε
ε

eqC
eqC

qe

qe . 

(ii) Effort always increases with the incentive coefficient, i.e. 

( )
( ) ( ) ( )[ ] 0,,~det

~~
C

11C >−
−

= ∫ εεε
α
α dfeqC

H
H

d
ed

e . � 

From

LEMMA 2.8:  For any incentive coefficient,

C

 

 Lemma 2.5 and 2.7, we have Lemma 2.8. 

 

 10 <<α , 

( ) ( ) 0   CM

<> αα dd
 if 0

),,( >

~~ >< αα qdqd ),,(
(i) 

<
ε
ε

eqCqe

qe . 
eqC

(ii) ( ) ( )
α
α

α
α

d
ed

d
ed CM

~~
0 << .  � 

 

LEMMA 2.9:  Given incentive coefficient, 0 1< <α , by the properties of the Hessian matrix, 
C~ , H

(i) 

( )
)cos(     0

)cos( 0
~
~

;~ o pe
C
12 rd

fslo C
11

C tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if there slopingIt is upwa

H
H

de
dqeq

<
>

−=≡α  

and 

( )
)cos(     0

)cos( 0
~
~

;~ of slope C
21

C
22

C tabilityt substituiseng if therward slopiIt is down
ntaritiest complemeis if thererd slopingIt is upwa

H
H

de
dqqe

<
>

−=≡α . 

( ) ( ) ( )(ii) 0~~
~det;~ of slope;~ of slope C

21
C
11

CC <−
=−

HH
eqqe αα  if 

>ε

C >H ),,( <
0

),,(
ε

eqCqe

qe , i.e. the curve 
eqC

( )α;~
C qe  of the representative competitive firm is steeper than the curve ( )α;~

C eq .  When wo  t
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curves just have a single crossing point in { }eq,  space, and the unique stable equilibrium 

( )∗∗∗∗
CC ,eq

(iii) 

 exists. 

( ) ( )eqeq CC  of slope;~ of slope =α , i.e. the output curve ( )α;~
C eq  of the representative 

com tive firm in case 2 has the same slope as that in ca o two curvespeti se 1, s ( ) α;~
C eq  and ( )eqC  

 in { }eq,  space. 

(iv) ( ) ( )qeqe CC  of slope;~ of slope
<
>

α  if 0
) >

coincide

,,(
),,( <

ε
ε

eq
eq

qeC
Cqe , i.e. the effort-exerting curve ( )α;~

C qe  

entative competitive firmof the repres  in { }eq,  space in case 2 is steeper than n c

the effort-exerting curve of the representative com ftw

�

mma 2.6 and 2.9 we have Lemma 2.10. 

LEM  2.10:  Given incentive coeffic  

( )qeC  i ase 1, so 

petitive firm rotates le ard. 

 

From Le

10 <<α , (i );e
<

 ifMA ient, ) ( ) (α ~ of slope;~ of slope CM qeq
>

 

( ) 0
<

q,e,εCqe , i.e. the output curve

α

>
( )α;~

M eq ( ) of the monopoly firm is flatter than α;~
C e f the 

{ }

q  o

competitive firm in  space in case 2. eq,

( )α;~
M qe(ii) ( ) ( )αα ;~ of slope;~ of slope CM qeqe = , i.e. the effort-exerting curve  of the 

( )α;~
C qe  of the competitive firm, so two curves monopoly firm has the same slope as ( )α;~

M qe , 

and ( )α;~
C qe , also coincide in  space. 

(iii) At )

{ }eq,

0=e , ( ) ( αα ;0~;0~
CM qq < .  ( )α;~

M eq  and ( )α;~
C eq  are strictly ing or 

decreasing and ha  crossing point 

increas

ve no in { }eq, , so the curve ( )α;~
M eq is below the curve 

( )α;~
C eq . 

Given the incentive coefficient α of the optimal linear incentive scheme, 

� 

 

(( ) ( )) βεαπεπ += ,,eqs , let ,,eq ( )αq~ ( )αe~ and  are the optimal output and effort of the 

manager’s expected utility maximizatio

PROPOSITION 2.3:  Given any incentive coefficient, 

n. 

 

10 <<α , if 0
),,(
),,(
>
<

ε
ε

eqC
eqC

qe

qe , then the 

following relationships hold for the equilibrium efforts and outputs: 
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( ) ( )αα ~~ ee
<

, ( ) ( )αα CM
~~ qq <  and ( ) ( )( ) ( ) ( )( )αααα CMCMMCCM >

~~~~~~ eqqeqq −>− . 

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

xpected utility maximization are given by e

( ) ( )( ) ( ) 0,~,~
=

⎤⎡∂ εεααπ deq , ⎥
⎦

⎢
⎣ ∂∫ εf

q

( ) ( )( ) ( ) (~,~,~
′−⎥

⎤
⎢
⎡∂∫ ψεεεααπα edfeq ( )) 0=

⎦⎣ ∂
α

e
, 

where ( ) ( )( ) ( )( ) ( ) ( ) ( )( )εααααεααπ ,~,~~~,~,~ eqqeq qCp −= . 

ted.  � 

 

The owner’s expected return is 

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 omit

( )( ) ( ) ( ) ( )( ) ( ) βεεεααπαα −−= ∫ dfeqRE ,~,~1 .  The owner’s 

problem is to choose the coefficients α and β, to maximize his expected return, 

( ) ( ) ( )( ) ( ) βεεεααπα
βα

−− ∫ dfeq ,~,~1 max
,

, 

subject to 

( ) ( )( ) ( )( )[ ] ( ) udf ≥εεαψ eequ −+∫ βεαααπ ~,~,~ . 

hen the manager’s participation constraint is binding, by inverting the function, W

( ) ( )( ) ( )( )[ ] ( ) udfeeq −+ αψβεαααπu =∫ εε~,~,~ , we can express β as a function of α and u , 

( )u;αββ = . 

( ) ( )
( ) 0;

<
′
⋅′

−=
∂∂
∂∂

−=
uE

uE
Eu
Eu

d
ud π

α
α

α
αβ

. So 

 

PROPOSITION 2.4:  Assume that the variance of profit is constant.  The incentive coefficient, α , 

technology exhibits cost complementarities r tive 

magnitudes of α in these two cases cannot be determined if the technology exhibits cost 

substitutability. 

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

ondition of the owner’s expected return maximization, 

set by the owner of the monopoly firm is less than that by the owner of the competitive firm if the 

between output and the effort. The ela

PROOF

c
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( )( ) ( ) ( ) ( ) 0;~
1 =−−

∂
∂

−=′
α
αβπ

α
απαα

d
udE

d
ed

e
ERE . 

Using Taylor first-order series expansion, we approximate the functions, ( )π⋅′uE  and ( )uE ′ , 

based at the manager’s mean net income, ( ) ( )( ) ( )( )αψβεααπα eeqEw ~,~,~ −+≡ , 

( ) ( ) ( ) ( )( ) ( ) ( ) ( )παππππαππ VarwuEwuEEwuEwuu ′′+′=−′′+′=⋅′ , E

( ) ( ) ( ) ( )( ) ( )wuEEwuwuuE ′=−′′+′=′ ππα . 

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

( )( ) ( ) ( ) ( )( )[ ] ( ) ( ) (π ) 0
~

,~,~1 =−−−=′ α
α
αεαααα Varwr

d
edeqECRE e , 

where ( ) ( ) ( )wuwuwr ′′′−≡  is the Arrow-Pratt coefficient of absolute risk aversion at w . 

For any incentive coefficient, 0 1<<α , 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 

( )( ) ( ) ( ) ( )( )[ ] ( ) ( ) ( )MM
M

MMM

~
,~,~1 πα

α
αεαααα VarwredeqECRE e −−−=′ , 

d

( )( ) ( ) ( ) ( )( )[ ] ( ) ( ) ( CC
C

CCC

~
,~,~1 πα

α
)αεαααα Varwr

d
edeqECRE e −−−=′ . 

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

wan r. 

marginal return

t to figure out which one is greate

(1) Since ( )αM
~q , ( )αM

~e , ( )αC
~q  and ( )αC

~e  are the optimal output and effort of the 

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

( ) ( )αα CM
~~ ee

>
<

 if 0
),,(
),,(
>
<

ε
ε

eqC
eqC

qe

qe . 

( )αq~  and ( )αe~  satisfy the first-order conditions with respect to effort of the In addition, 

manager’s expected utility maximization, ( ) ( )( ) ( )( )αψεαα eeqECe
~,~,~ ′=− , the convexity of ( )⋅ψ  

implies that 

( )( ) ( )( )αψαψ CM ee ′
>

~~ <
′  if 0

),,(
),,(
>
<

ε
ε

eqC
eqC

qe
, 

qe

Hence, ( )εααεαα ,~,~,~
CMM qECeqEC ee −

>
<

−  if 0
),,(
),(
>

( ) ( )( ) ( ) (~, Ce
,

)
<

ε
ε

eqC
qC

qe

qe . 

(2) By LEMMA 2.8, for any incentive coefficient,

e

 10 <<α , ( ) ( )
α
α

α
α

d
ed

d
ed CM

~~
0 << . 
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(3) For an entive coefficient, 10y inc <<α , the managers’ mean net incomes minus the fixed 

wage satisfies CCMM ββ −>− ww  by CORO  participation constraint 

is binding, 

LLARY 2.4, but the manager’s

( ) ( )( ) ( )( )[ ] ( ) udfeequ =−+ εεαψβεαααπ ~,~,~ .  So ∫ CM ww =  and CM ββ < .  We have 

( ) ( )CM wrwr = . 

( ) ( CM )ππ VarVar = .(4) By the assumption of constant variance of the profit,  

asis of the above four results, we obtain On the b

( )( ) ( )( )αα CM RERE ′<′  if 0),,( <εeqCqe . 

)( )( ) (( )αα CM RERE ′
>
<

′  if 0),,( >εeqCqe . 

centive coefficientsThe optimal in , Mα , chosen by the owner of the monopoly firm must satisfy 

this first-order condition, 

( )( ) ( )( ) 0MMMC =′>′ αα RERE , 

( )( )αRE  implies that the owner can increases the incentive coefficient from Mα  the concavity of 

( )( ) 0CC =′ αRE  at the optimal Cα such that his expected return attains a maximum, .  to Cα

Hence, we obtain 

CM αα <  if 0),,( <εeqCqe . 

By similar reasoning, 

CM αα
>
<

 if 0),,( >εeqCqe . � 

e that the variance of profit is constant.  

 (i) If the technology exhibits cost complementarities between output and the effort, the 

(ii output and th

 

PROPOSITION 2.5:  Assum

equilibrium effort and output of the monopoly firm are less than those of the competitive firm. 

) If the technology exhibits cost substitutability between e effort and M Cαα < , 

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. 

logy exhibits cost substitutability between output and the effort and  (iii) If the techno

CM αα > , 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 equilibri uced by the 

onopoly firm is less than that by the competitive firm. 

um output prod

m
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PROOF:  (i) If 0),,( <εeqCqe , then ( ) ( )αα CM
~~ ee <  by PROPOSITION 2.3.  Now  by CM αα <

PROPOSITION 2.4 and ( ) ( )
α
α

α
α

d
ed

d
ed CM

~~
0 <<  by Lemma 2.8, implying that 

( ) ( ) ∗∗∗∗ ≡<≡ CCCMMM
~~ eeee αα . 

By similar reasoning, ( ) ( )αα CM
~~ qq <  by P  2.4 and ROPOSITION

( ) ( ) 0 
~~

MC >>
α
α

α
α

dd

2.8

qdqd  by Lemma 

, implying that 

( ) ( ) ∗∗∗∗ ≡<≡ CCCMMM
~~ qqqq αα . 

(ii) If 0),,( >εeqCqe , then ( ) ( )αα CM
~~ ee >  by PROPOSITION 2.3.  Now CM αα <  by PROPOSITION 

( ) ( )α2.4 and 
αα

α
d

0 << plying that eded CM
~~

d

( ) ( ) ∗∗≡
>

 by Lemma 2.8, im

∗∗ <
≡ MM

~ee

By similar reasoning, 

CCCM
~ ee αα . 

( ) ( ) 0 
~~

MC <<
α
α

α
α

d
qd

d
qd( ) ( )αα CM

~~ qq <  by PROPOSITION 2.4 and  by Lemma 

2.8, implying that 

( ) ( ) ∗∗∗∗ ≡
>
<

≡ CCCMMM
~~ qqqq αα . 

(iii) If 0),,( >εeqCqe , then ( ) ( )αα CM
~~ ee >  by PROPOSITION 2.3.  Now CM αα >  by PROPOSITION 

2.5 and ( ) ( )
α
α

α
α

d
ed

d
ed CM

~~
0 <<  by Lemma 2.8, implying that 

( ) ( ) ∗∗∗∗ ≡>≡ CCCMMM
~~ eeee αα . 

By similar reasoning, ( ) ( )αα CM
~~ qq <  by PROPOSITION 2.3 and ( ) ( ) 0 

~~
MC <<
α
α

α
α

d
qd

d
qd  by Lemma 

2.8, implying that 

( ) ( ) ∗∗∗∗ ≡<≡ CCCMMM
~~ qqqq αα . � 

 

 A comparison of Proposition 2.1 with Proposition 2.5 suggests that under certain 

nopoly under

similar to those in the case where the owner manages the firm himself.  That is, monopoly leads 

output and effort; but the opposite is 

true if there is cost substitutability.  

conditions the effects of mo  separation of ownership and control are qualitatively 

to lower efforts if there are cost complementarities between 
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 Another way o the effects of monopoly under separation of ownership and 

benchmark.  Comb

f considering 

control is to use the competitive entrepreneurial firm (i.e. the first best equilibrium) as the 

ining 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 

sis, we consider a parameterized model in which demand 

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 analy

function is linear,  

bqap −= , with 0, >ba , 

and the cost function is strictly convex in quantity,5  

( ) ( ) εε −−+= qekqeqC 3,, , with 0>> ka . 

Note that this cost function has the property that Ceq < 0, implying cost complementarities 

between output and effort.  Parameter ε reflects an exogenous random shock to the costs of 

production, and is assumed to have a normal distribution with mean zero and variance 6  The 

zations of the random variable 

except for its distribution. 

2
εσ .

firm or any contracting party has no information the ex post reali

Thus, the firm’s profit is 

( ) ( ) ( ) εε = kpq,επ +−−−−= qeqeqCpqeq 3,,, . 

etary terms is assumed to be quadratic,7The disutility function of effort expressed in mon

( ) ( ) 22 eRe =ψ , wit

                                                          

h 0>R , 

where R is the parameter of disutility of effort. 

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

 of ownership and control.  Holmstrom and Milgrom (1987) suggested such a pair 

irole’s (1988) example that is taken from Parsons (1984). 

6 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
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. 
7 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 T
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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  (i.e. separation of ownership and control). 

 

The expected return or net profit of the owner er’s 

case of an managerial firm

Case 1: Non-Separation of Ownership and Control 

-manag is 

( ) ( )( ) ( ) ( ) ( ) 23 2,, eeqERE =−= ψεπ eRqekqpq −−−− . 

nd 

In the monopoly equilibrium, the first-order conditions of the expected profit maximization 

problem are given by 

032 2 =+−−− ekqbqa  

a

0=− eRq . 

The equilibrium output and effort are 

R6M
bRRkabRq )12()(1221 22 −+−+−

=∗ , 

2

22

M 6
)12()(1221

R
bRRkabRe −+−+−

=∗ . 

From the first of the two first-order conditions we obtain the output as a function of effort, 

( ) ( )( )2
M 3

3
1 bekabeq ++−+−= , 

which is strictly increasing in effort. 

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

maximization problem are given by 

and 

03 2 =+−−− ekqbqa  

0=− eRq . 

The equilibrium output and effort are 

R6C
bRRka )1()(12 22 −+−+ , bRq 1−

=∗

2

22

C 6
)1()(121 bR−∗

R
bRRkae −+−+

= . 
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We can make some interesting comparisons between our equilibrium outcome and the 

me 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 

 output and the competitive equilibrium output in this 

traditional model are respectively 

outco

setting 0=e .  The monopoly equilibrium

( )( )20
M 3

3
1 bkabq +−+−= , 

( )( )20
C 12

6
1 bkabq +−+−= , 

Then  and .  In addition, the effect of effort on output for the monopoly firm and 

com

 ∗< M
0
M qq ∗< C

0
C qq

petitive firm, evaluating at 0=e , are 

( )
( ) 2

0

M

412
1

bkade
edq

e +−
=

=

 

and 

( )
( ) 2

0

C

12
1

bkade
edq

e +−
=

=

, 

implying 

( ) ( )
00 == ee dede

In other words, staring from e as the leve

CM <
edqedq . 

, l 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 , we know that 

poly 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 

f effort, 

0=

∗
Ce ∗

Cq

mono

function o

( ) ( )( )2
C 12

6
1 bekabeq ++−+−= , 

which is also strictly increas t supposed to be produced by the 

competitive firm at the inefficient level of effort ∗
Me  is 

( )

ing in effort.  Then the outpu

( ) ( ) ( ) ⎥
⎤

⎢
⎡

⎟⎞⎜⎛ +−+−++−+−=∗ RbRRkabRRbRkabeq 2222
MC 1212212121 , 

⎦⎣ ⎠⎝
−2

6
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which is less than ( )∗∗ ≡ CCC eqq  since ∗∗ < CM ee . 

 

Case 2: Separation of Ownership and Control 

Let ( )( )επ ,,eqs  denote the linear incentive contract offered to the manager. Then 

( )( ) ( ) βεαπεπ += ,,,, eqeqs , 

where α is a share of profit and β is a fixed income.  The manager’s net income is 

( )( ) ( )eeqsw ψεπ −= ,, . 

Suppose that the manager has a constant absolute risk averse utility function,8

( ) rwewu −−= , 

 absolute risk aversion, and w is the manager’s net monetary 

come.  Then his expected utility is given by 

where r is the constant coefficient of

in

( ) ( ) ( ) ( )[ ] ( ) ( ) ( )[ ]wVarrwE 2− . 

It fo s that the m

uewEu wVarrwEr 2 =−= −−

llow anager’s certainty equivalent given ( )πs  is given by 

( ) ( ) ( ) ( )( ) ( ) ( ) 222,,2 εσαψεπ reeqEswVarrwE −−=− , 

where ( ) 222 εσαr  is the manager’s risk cost.  His reservation wage is w , so the participation 

constraint is 

( )( ) ( ) ( ) wreeqEs ≥−− 222,, εσαψεπ . 

Since the expected utility is increasing in his certainty equivalent, the maximization of his 

cted return is 

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

Note that the owner is risk neutral, his expe

( ) ( )( )[ ]επεπ ,,,, eqseqE − . 

Given the incentive contract, the manager chooses q and e to maximize his certainty equivalent, 

 

( )( ) ( ) ( ) 22

, εeq

The first-orde

2,,  max σαψεπαβ reeqE −−+ , 

r conditions of this problem are 

( )( ) 0,,
=

∂
∂

q
eqE επ       (1) 

and 
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( )( ) ( ) 0,,
=′−

∂
∂ e

e
eqE ψεπα .     (2) 

( )αq  and ( )αe  denote the equilibrium output and effort gLet iven the incentive parameter, α. 

Totally differentiating two first-order conditions with respect to q, e and α, we have 

0
0

=
⎥
⎥
⎦⎢

⎢
⎣ ∂

∂
−=⎥

⎦
⎢
⎣ απ d

e
E

de
H , 

⎤⎡⎤⎡dq

( )⎥
⎥
⎥
⎥

⎢
⎢ ∂∂∂= qeqH 22

2

 is thewhere 

⎦

⎤

⎢
⎢
⎣

⎡

′′−
∂
∂

∂∂
∂

∂∂

e
e
E

eq
E

EE

ψπαπα

ππ

2

22

 Hessian matrix of the second derivatives of the 

anager’s certainty equivalent maximization. 

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

first-order conditions of the m

( )
⎥⎦⎢⎣ ∂∂

−
eq2
⎥
⎥

⎢
⎢

∂∂
∂∂∂=

⎥
⎥

⎢
⎢ ∂
−=⎥

⎤
⎢
⎡ −

EE
eqe

HdEH
dde
ddq

ππαπ
α
α

2
1

det
1  

⎥⎢

⎦

⎤

⎣

⎡

∂⎦⎣ e

0
⎤⎡ ∂∂ EE ππ2

( )
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

∂
∂=

e

eeq

EC
q
E

ECEC

H 2

2

det
1

π , 

where  is the determinant of H, which is positive. 

we have 

( )Hdet

Hence, 

0  if   0 <> eqC

( )
0  if   0 <<
0  if  0

det
=== eq

eeq C
H
ECEC

d
dq
α

, 

eqC

( ) 0
det

1
2

2

<⎥
⎦

⎤
⎢
⎣

⎡
∂
∂

= eEC
q
E

Hd
de π
α

. 

The owner’s problem is to choose the parameters of the incentive contract, α and β, 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 

                                                                                                                                                                                           
averse utility function is a special case of mean-variance utility functions and the very 

n the principal-agent literature.  It is taken from Lazear and Rosen (1981), and Holmstrom and 
Milgrom (1987). 

8 The constant absolute risk 
usual specification i
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( )( ) ( ) ( ) wreeqE
eq

−−− 22

,,
2,,  max εα

σαψεπ  

( )( ) 0,,
=

∂
q

eqE επ , s.t. 

( )( ) ( ) 0,,
=′−

∂ e
e

eqE ψεπα . 

The Lagrangian for the owner’s problem is 

( )( ) ( ) ( ) ( )( ) ( )( ) ( )⎟
⎠
⎞

⎜
⎝
⎛ ′−

∂
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ ∂
+−−−= e

e
eqE

q
eqEwreeqEL ψεπαµεπµσαψεπ ε

,,,,2,, 21
22 . 

 

In the monopoly equilibrium with moral hazard, the first-order conditions for the manager’s 

certainty equivalent maximization are given by 

bqa  

and 

032 M
2
MM =+−−− ekq

0MMM =− Reqα . 

Let ( )MM αq  and ( )MM αe  denote the equilibrium output and effort given the incentive parameter, 

Mα , 

( )
R6

( )

bRRkabR
q

)2()(122 2
M

2
M

MM
αα

α
−+−+−

= , 

( )
2

2
M

2
MM

MM
2bR

e
αα

α
+−

=
6

)2()(12
R

bRRka α−+−
. 

The Hessian matrix is 

M 162
α

, ⎥
⎦

⎤
⎢
⎣

⎡
−

−−
=

R
qb

H
M

M

( ) ( ) 032det M >−+= αqbRH , MM

MqECe −= , 

1−=eqEC , 

( ) 032 M2

2

<+−=
∂
∂ qb

q
Eπ . 

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

( ) ( ) 0
detdet M

M
M

M

M >==
H

q
H
ECEC

d
dq eeq

α
, 
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( )
( )

( ) 0
det

32
det

1
M

MM
2

2

M
M

M >
+

=⎥
⎦

⎤
⎢
⎣

⎡
∂
∂

=
H

qqbEC
q
E

Hd
de

e
π

α
. 

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

given respectively by 

( ) 1
det M

M

M

M

M

M
, MM

<==
Hqd

dq
q

αα
α

η α  

and 

( )
( )

( )
)( 13232 MMMMMM >

detdet M
M

M
MM

, MM

+
=

+
==

HeHede
Rqbqqbde αα

α
η α . 

 

The first-order conditions of the owner’s problem of the monopoly firm are 

( ) 032 M2MM1M =++− µαµqb , 

0M2M1MM =−+− RReq µµ , 

02 =− σαµ rq , MMM2 ε

032 M
2
MM =+−−− ekqbqa , 

0MMM =− Reqα . 

 

In the competitive equilibrium with moral hazard for the representative mpetitive firm, the 

first-order conditions for the manager’s certainty equivalent maximization are given by 

co

03 C
2
CC =+−−− ekqbqa  

and 

0CCC =− Reqα . 

( )CC αq  and ( )CC αeLet  denote the equilibrium output and e ort given the incentive parameter, ff

Mα , 

( )
R

bRRkabR
q

6
)()(12 2

C
2

C
CC

αα
α

−+−+−
= , 

( ) ( )
2CC 6R

e . 

The Hessian matrix is 

2
C

2
CC )()(12 bRRkabR ααα

α
−+−+−

=
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⎥
⎦

⎤
⎢
⎣

⎡
−

−−
=

R
qb

H
C

CC 16
α

, 

( ) ( ) 06det CC
C >−+= αqbRH , 

CqECe −= , 

1−=eqEC , 

( ) 06 C2

2

<+−=
∂
∂ qb

q
Eπ . 

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

( ) ( ) 0
detdet C

C
C

C

C >==
H

q
H
ECEC

d
dq eeq

α
, 

( )
( )

( ) 0
det

6
det

1
C

CC
2

2

C
C

C >
+

=⎥
⎦

⎤
⎢
⎣

⎡
∂
∂

=
H

qqbEC
q
E

Hd
de

e
π

α
. 

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

given respectively by 

( ) 1
det C

C

C

C

C

C
, CC

<==
Hqd

dq
q

αα
α

η α  

and 

( )
( )

( )
( ) 1

detdet C
C

C

C
C

CC

C

C

C

C
, CC

>
66 +

=
+

==
HeHede

Rqbqqbde αα
α

η α . 

 

The first-order conditions of the owner’s problem of the representative competitive firm are 

( ) 06 C2CC1C =++− µαµqb , 

0C2C1CC =−+− RReq µµ , 

02
CCC2 =− εσαµ rq , 

03 C
2
CC =+−−− ekqbqa , 

0CCC =− Reqα . 

 

Note that the first-order conditions of the owner’s problems in the cases of the monopoly 

irm and the representative competitive firm are systems of nonlinear equations, more precisely, 

le to 

f

systems of multivariate polynomial equations.  Because of their complexity, we are not ab
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obtain analytical solution for q, e and α.  However, we can solve these systems of equations by 

numerical methods. 

In the base scenario we use the following parameter values: 

60=a , 10=b , 10=k , 1=R , 81.02 =εσ , 1=w , 9=wr .9

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

e. 

 

tim

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: 

( ) ( )[ ]( )

( )

eqC

)

∫ −=
eq qq dxexECxpDWL

M

,, ε , 

( ) ( )[ ]( ) ( ) ([ ]( )
∫ −−=

21

21 ,,,
eq

q

e

qe xeECpECxpDWL εε , ∫ − ,
q

dxxdxex
00

( ) ( )21 eψeψ∆ψ −= , 

( ) ( )2
MC2 αασε −= r∆RC , 

( ) RCDWLDWLNSW∆E eq

22

∆−∆−+= ψ . 

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.  Firs 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 

2”). 

e see that the efficiency losses arising 

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

                                                          

t, 

 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), w

fr

 
9 wr  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 

rger.  

 

ampl

s in their firm management ability into a model we can compare the efficiency loss of 

ntrepreneurial monopoly firm with that of managerial monopoly firm.  Second, we will examine 

 would alleviate managerial slack to increase the efficiency of 

com

la

 

4. Concluding Remarks 
This paper is a work in progress.   There is obviously much room for improvement.  For

ex e, 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 

manager

e

whether yardstick competition

petitive 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 

Model 
Our Model         

         Models 
 
 
 Firm 

 Case 1 
( 1=R ) 

Case 2 ( 1=R ) Case 1 
( 3=R ) 

Case 2 ( ) 3=R

 0q  ∗q  ∗e  ∗∗q  ∗∗e  ∗∗α  ∗q  ∗e  ∗∗q  ∗∗e  ∗∗α  
Monopoly 

Firm 
1.94 2.0 2.0 1.96 0.68 0.35 1.96 0.65 1.94 0.10 0.15 

Competitive 
Firm 

2.74 2.85 2.85 2.80 1.46 0.52 2.78 0.93 2.75 0.24 0.26 

 
 
 
 

Table 2: The welfare losses of monopoly 
 

Traditional
Model 

Our Model  
                                              Models       
Welfare Losses 
 

 Case 1 
( 1=R ) 

Case 2 
( 1=R ) 

Case 1 
( ) 3=R

Case 2 
( 3=R ) 

The Deadweight Welfare Loss from 
Quantity Distortion,  qDWL

8.066 8.452 8.198 8.192 8.085 

The Deadweight Welfare Loss from 
Effort Distortion,  eDWL

N/A 2.407 2.177 0.758 0.3888 

Saving on the Cost of Effort,  ∆ψ− N/A -2.059 -0.838 -0.647 -0.070 

The Saving on the Risk Cost,  ∆RC− N/A N/A -0.556 N/A -0.163 
The Expected Net Social Welfare Loss, 

 ( )NSW∆E
(The monopoly firms versus the 
representative competitive firm) 

8.066 8.800 8.980 8.303 8.239 
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Table 3: The agency cost of the monopoly firm and the representative firm of our model ( 1=R ) 

 Monopoly 
Firm 

Representative 
Competitive 

Firm 
The Deadweight Welfare Loss from the Effort Distortion, 

( ) ( )( )∗∗∗∗∗∗ eeeqeqDWLe ,,,  
3.432 3.916 

The Saving on the Cost of Effort, 
( ) ( ) ( )[ ]∗∗∗∗∗∗ −−=∆− eeee ψψψ ,  

-1.769 -2.990 

The Incentive Cost, 
( ) ( )( ) ( )∗∗∗∗∗∗∗∗∗ ∆−= eeeeeqeqDWLIC e ,,,, ψ  

1.663 0.996 

The Risk Cost, ( ) 222 εσαrRC =  0.440 0.996 
The Certainty Equivalent, wCE =  1.0 1.0 
Total Agency Cost, ( ) CERCICeqAC ++=∗∗,  3.103 2.922 
 
 
 
 
 

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

 Monopoly 
Firms 

Representative 
Competitive 

Firms 
The Deadweight Welfare Loss from the Effort Distortion, 

( ) ( )( )∗∗∗∗∗∗ eeeqeqDWLe ,,,  
1.429 1.906 

The Saving on the Cost of Effort, 
( ) ( ) ( )[ ]∗∗∗∗∗∗ −−=∆− eeee ψψψ ,  

-0.625219 -1.202 

The Incentive Cost, 
( ) ( )( ) ( )∗∗∗∗∗∗∗∗∗ ∆−= eeeeeqeqDWLIC e ,,,, ψ  

0.804 0.704 

The Risk Cost, ( ) 222 εσαrRC =  0.079 0.242 
The Certainty Equivalent, wCE =  1.0 1.0 
Total Agency Cost, ( ) CERCICeqAC ++=∗∗,  1.883 1.946 
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