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1 Introduction

Orthodox economic theory treats firms as economic agents whose main ob-
jective is to maximize profits. However, already in the 1950s, Baumol (1958)
suggested a sales-maximization model of firms’ objective function as a real-
istic alternative to the profit-maximization one. More recently, Fershtman
and Judd (1987) argue that a proper analysis of the firm’s objective function
should be undertaken under the prism of the separation of ownership and
management.! They further argue that such an analysis should incorporate
the structure of the incentives that owners offer to managers in order to
motivate them.?

The purpose of this paper is precisely to study the endogenous emergence
of the structure of contracts that firms’ owners offer to their managers so as
to motivate them, and how this in turn influences market performance and
societal outcomes.

The strategic use of managerial incentive contracts has been introduced
in the literature by the path-breaking papers of Vickers (1985), Fershtman
(1985), Fershtman and Judd (1987) and Sklivas (1987). In this line of re-
search, each firm’s owner offers an incentive contract to his manager in order
to direct him to a more aggressive behavior in the market, so as to force
the competing manager to reduce output. In particular, in the above series
of papers, in two-staged oligopoly models, in the first stage of the game,
profit-maximizing owners choose compensation schemes for their managers
that are linear combinations of own profits and own revenues. In the sec-
ond stage, managers, knowing compensation schemes, compete in quantities.
FEach firm’s owner, when determining his manager’s incentives, has an op-

portunity to become a Stackelberg leader, provided that the rival owners do

I Managerial theories of the firm and agency theory have emphasized that the afore-
mentioned separation leads to inefficiencies due to asymmetric information and differing
objectives of managers and owners (e.g., Williamson, 1964; Jensen and Meckling, 1976;
Fama and Jensen, 1983).

2The role of non-profit incentives into managerial compensation practices is evident
from empirical studies in the agency tradition, such as those of Jensen and Murphy (1990)
and Lambert et al. (1991). These studies reveal that executive bonuses and salaries are
associated with both firm size and profit level, with the size correlations being the stronger
of the two.



not delegate output decisions to managers. In equilibrium, all owners act in
the same way at the game’s contract stage and firms end up in a prisoners’
dilemma situation.?

Regarding the structure of managerial incentive contracts, recent empiri-
cal evidence has highlighted new perspectives. Gibbons and Murphy (1990),
along with Joh (1999) and Aggarwal and Samwick (1999) support that in
most cases, firms’ owners, when constructing the incentive contracts for their
managers, take into account competitors’ profits along with their own profits.
Miller and Pazgal (2001; 2002; 2005) formalize this argument in what they
call “Relative Performance” contracts. In a two-staged game, firstly, owners
offer to their managers contracts that are linear combinations of own prof-
its and competitors’ profits. In the second stage, managers compete in an
oligopolistic industry. Equilibrium analysis suggests that when firms’ own-
ers manipulate their managers’ incentives, they direct the quantity-setting
(price-setting) managers to a more (less) aggressive behavior, compared to
the strict own-profit maximizing behavior that owners would exercise.

From another perspective, Peck (1988) mentions that market share is
highly ranked in managers’ objectives. In a survey for corporate objectives
among 1000 American and 1031 Japanese top managers, Peck (1988) doc-
uments that increasing market share is ranked third in the American and
second in the Japanese sample. Jansen et al. (2007) and Ritz (2005) formal-
ize the case of “Market Share” contracts. In a duopolistic market, in the first
stage of a two-staged game, each owner offers to his manager a contract that
is a linear combination of own profits and own market share. In the second
stage, managers compete either in quantities or in prices. Their main result
is that for the case of Cournot (Bertrand) competition, quantities (prices)
set from managers compensated with Market Share contracts are higher than
those set by strict profit-maximizing owners.

The literature, so far, seems to seek an explanation for the emergence

of the various types of managerial incentive contracts.* The core substance

3If managers compete in prices, Fershtman and Judd (1987) and Sklivas (1987) find
that owners encourage their managers to raise prices and keep sales low.

4A crucial assumption of the relevant literature is that delegation is observable. Katz
(1991) argues that unobservable contracts have no commitment value at all. Fershtman

3



of the present paper is an attempt to study the endogenous structure of
incentive contracts that firms’ owners offer to their managers, when these
contracts are linear combinations either of own profits and own revenues
(Profits-Revenues contracts), or of own profits and competitor’s profits (Rel-
ative Performance contracts) or, finally, of own profits and own market share
(Market Share contracts).

Our envisaged product market is a homogenous Cournot duopoly. The
examinations are restricted to firms with equally efficient production tech-
nologies, reflected in equal (constant) marginal production costs. In this
environment, we consider a three-staged game with observable actions: in
the first stage, each firm’s owner commits to one type of contract to compen-
sate his manager. In the second stage of the game, given that the types of
contracts have become common knowledge and can not be reset, each owner
sets the weight (managerial incentive parameter) between own profits and
either own revenues, or competitor’s profits, or, finally, own market share.
In the third stage of the game, managers compete a la Cournot.

The analysis suggests that each firm’s owner dominant strategy is to re-
ward his manager with a Relative Performance type of contract. Intuitively,
although the strategic use of managerial incentive contracts leads to a prison-
ers’ dilemma situation always, this situation is the least severe in case of the
Universal Relative Performance Contracts, implying that this configuration
is the least competitive and firms’ profits are the highest. A Relative Per-
formance contract makes a manager’s behavior less susceptible to strategic
manipulation by rivals. Less scope for strategic manipulation gives to the
rival owner less reason to provide incentives for aggressive behavior to his
manager and thus, competition remains softer. The analysis also suggests
that competition becomes fiercer the more Profits-Revenue managers are ac-
tive, as each one of them makes his rival relatively more aggressive. Thus,

competition under the Universal Profits-Revenue configuration turns out to

and Judd (1987) support that even if contracts are not observable, they will become
common knowledge when the game is being repeated for several periods. More recently,
Kockesen and Ok (2004) argue that to the extent that renegotiation is costly and/or
limited, in a general class of economic settings, strategic aspects of delegation may play
an important role in contract design, even if the contracts are completely unobservable.



be the most fierce.

Then, the analysis is extended towards the case where there is no ex-ante
commitment over the type of contract that each owner offers to his manager,
implying that each owner can independently shift from one type of contract
to another. In this environment, the following two-staged game with ob-
servable actions is studied: in the first stage, each owner chooses the type
of contract to reward his manager and sets the certain managerial incentive
parameter. In the second stage, given that the types of contracts and the
parameters that owners have chosen are common knowledge and can not
be reset, managers compete in quantities. Interestingly enough, it is found
that the magnitude of each individual owner’s incentive to deviate from one
type of contract to another is zero. Thus, each type of contract, namely, a
Profits-Revenues contract, a Relative Performance contract, a Market Share
contract is owner ¢’s best response to owner j’s choice. The intuitive expla-
nation behind this finding is based on the conditions that must be fulfilled
in equilibrium: firstly, since production decisions are taken by managers, in
equilibrium, their reaction curves must be intersected. Secondly, the fact
that firm ¢’s (firm j’s) owner offers an incentive contract to his manager, as
a strategic tool in order to become Stackelberg leader against firm j (firm i),
standard textbook analysis of the Stackelberg model implies that, in equilib-
rium, there must be tangency between firm i’s (firm j’s) isoprofit curve and
manager j’s (manager i’s) reaction curve. The two staged game is charac-
terized by multiplicity of equilibria. By employing focal point analysis, it is
found that each owner will finally choose to compensate his manager with a
Relative Performance contract.

With respect to the societal effects of the alternative managerial incentive
contracts, it is found that their use increases total welfare, compared to the
benchmark case where it is the owners of the firms that take the produc-
tion decisions. The strategic use of incentive contracts by owners increases
consumers’ surplus and decreases total industry profits. The latter effect is
found to be completely compensated by the former. Moreover, the Univer-
sal Profits-Revenues Contracts equilibrium leads to the highest total welfare,

since it is the most competitive.



Our paper contributes to the literature in two ways. Firstly, by investi-
gating the endogenous structure of incentive contracts that owners offer to
their managers, this is, to the best of our knowledge, the first paper that
compares market, as well as societal, outcomes of alternative types of man-
agerial incentive contracts. Secondly, this paper is among the first to extend
the literature on strategic managerial delegation by considering the case in
which there is no ex-ante commitment over any type of contract that each
owner offers to his manager

The rest of the paper is organized as follows: Section 2 presents the model.
In Section 3, the different subgames are solved and in Section 4, the subgame
Nash perfect equilibrium of managerial contracts is derived. In Section 5, a
welfare analysis is carried out and in Section 6, the case where there is no ex-
ante commitment over the types of contracts that owners offer to managers

is examined. Section 7 offers some concluding remarks.

2 The Model

We consider a homogenous good industry where two firms, denoted by i, j =
1,2,i # j compete in quantities. The (inverse) demand function for the final

good is linear, and is given by:

PQ)=A-Q (1)

where, A > 0 and Q) = ¢; + ¢ is the aggregate output. Firms are endowed
with constant returns to scale technologies and have constant unit cost ¢; =

¢; = c. Thus, firm 4’s profits are given by:

i=(A-q¢—q¢—0c)a (2)

In this industry, each firm has an owner and a manager. Following Fer-
shtman and Judd (1987), “owner”, is a decision maker whose objective is to
maximize the profits of the firm. This could be the actual owner, a board of
directors, or a chief executive officer. “Manager” refers to an agent that the

owner hires to make real time operating decisions.



FEach firm’s owner has the opportunity to compensate his manager by
offering to him a “take it or leave it” incentive contract.” Each owner can
choose one among three alternative types of incentive contracts to compen-
sate his manager. The first is the Profits-Revenues (PR) type of contract.
Following Fershtman and Judd (1987) and Sklivas (1987), under this type
of contract, the incentive structure takes a particular form: the risk-neutral
manager ¢ is paid at the margin, in proportion to a linear combination of
own profits and own revenues. More formally, firm ¢’s manager will be given

incentive to maximize:

UiPR = CZZPRHi + (1 — CLlPR)RZ‘ (3)
where II; and R; are firm 4’s profits and revenues respectively.®
aP® is the managerial incentive parameter that is chosen optimally by

PR
7 )

allowing even negative values. If aZ’"* < 1, firm i’s manager moves away from

firm 7’s owner so as to maximize his profits. There is no restriction on a

strict profit-maximization towards including consideration of sales and thus,
he becomes a more aggressive seller in the market. If al’”* = 1, manager i’s
behavior coincides with owner i’s objective for strict profit-maximization.
The second type of contract is the Relative Performance (RP) one. Fol-
lowing Miller and Pazgal (2001; 2002; 2005), under this type of contract, firm
7’s owner compensates his manager putting unit weight on own profits and a
weight —a*f on rival’s profits. Thus, manager ¢’s utility function takes the

form:”

® Although in real life the terms of managerial contracts can be determined via owners-
managers negotiations, it is a regular assumption in the strategic delegation literature
that the market for managers is perfectly competitive and the firms’ owners have all the
power during negotiations, i.e., they offer to their managers “take it or leave it” incentive
contracts (see Vickers, 1985; Fershtman and Judd, 1987; Sklivas, 1987; and Miller and
Pazgal, 2001; 2002; 2005).

SUEE will not be the manager’s reward in general. Since the manager’s reward is linear
in profits and sales, he is paid A;+B;ULT for some constants A;, B;, with B; > 0. Since he
is risk-neutral, he acts so as to maximize UiRP and the values of A; and B; are irrelevant.

"In Miller and Pazgal (2002), owner i compensates his manager putting weight of
(1 — afF) on own profits and a weight a?f on the difference between own profits and
the profits of the rival firm, implying that Uf** = (1 — al*P)II; + f*P(II; — I1;). This is
equivalent to eq. (4).



URP =11, — a1 (4)

(2

When the objective function is written in this manner, it becomes ap-
parent that if a/* > 0, manager i puts negative weight on the rival firm’s
performance. If a/* = 0, manager i’s behavior coincides with owner i’s in-
terest for own profit-maximization. Following Miller and Pazgal (2002), in
order to avoid the situation where a manager is more concerned with his rival
than the performance of his own firm, it is further assumed that af** < 1.

The third type of contract is the Market Share (M) one. Following Jansen
et al. (2007) along with Ritz (2005), under this type of contract, firm i’s
owner compensates his manager with a contract constituted by a linear com-
bination of own profits and own market share. In this case, manager ’s

utility function takes the form:

UM =11, + ) — 2 (5)

7

where the managerial incentive parameter, a, is a non-negative number
chosen optimally by owner 7 in order to maximize his profits.

In order to examine which types of managerial incentive contracts prevail
in equilibrium, consider a three-staged game with the following timing: in the
first stage, each firm’s owner commits to one of the three types of contracts
D, D = PR, RP, M for rewarding his manager. Then, in the second stage
of the game, given that the types of contracts have become common knowl-
edge and can not be reset, each owner sets the corresponding managerial

incentive parameter a”. In the third stage of the game, managers compete



a la Cournot.®? The equilibrium concept employed is the subgame perfect

equilibrium.

3 Equilibrium managerial incentive contracts

In this part of the paper, the alternative strategies of firms’ owners, regarding
the contracts that they will choose to reward their managers, are investigated.
The payoffs of the different subgames are presented in the following Payoff
Matrix.

The representation of the game in the strategic form

OWNER 2

PR RP M

PR HfR*, HgR* ngr—rp), HLST, TP ngr—m), ngr—m)

OWNER 1 | P [T 7, 157 |, [, i

M Hgm—pr) , Hgm—pr) Hgm—’l‘p) , Hém—?"p) H{M* ’ Héw*

3.1 Unawversal Profits-Revenues Contracts

Under the present candidate equilibrium configuration, in the first stage of

the game, firms’ owners simultaneously and non-cooperatively commit to

8 At this point, it is useful to bear in mind two alternative interpretations of the game.
According to the first one, following Fershtman and Judd (1987) and Sklivas (1987), an
owner hires a manager and directs him through an appropriate incentive contract. The
alternative interpretation is the one presented by Miller and Pazgal (2002). In the lat-
ter, the problem faced by the owner of each firm is to choose the best type of manager
among those that are available, while each manager is committed to behaving in a certain
manner by virtue of his personality type. More specifically, in Miller and Pazgal (2002),
potential managers take on a continuum of attitudes toward relative performance which
is captured by their type, ¢. However, the difference between Fershtman and Judd (1987)
and Miller and Pazgal (2002) is only semantic, since owners have all the bargaining power
(by assumption) when setting the contracts.

9 As a benchmark, the no-delegation case where production decisions are taken by firms’
owners, is considered. In this case, the reaction function is ¢° (¢§) = (A—c— qjc) /2 while
equilibrium output, profits and total welfare are ¢¢ = (A — ¢)/3, I = (¢¢7)? and
TWCY = 4(A — ¢)?/9 respectively. Diagrammatically, the benchmark Cournot case is at
point £, in Fugure 1.



Profits-Revenues contracts to compensate their managers. Thus, in the third
stage of the game, manager i chooses ¢; in order to maximize his utility
given by eq. (3), taking as given the output of his rival, ¢;, along with
the managerial contracts and the managerial incentive parameters set in the
previous stages. The first order condition of eq. (3) provides manager i’s

reaction function:

PR PR
A—a; " c—g;

PR( PRy _
R i ©)
When owner ¢ compensates his manager with a Profits-Revenues con-
. . . dgPR €y ...
tract, the slope of manager i’s reaction curve is dZ+pR = dg—’c = S, le. it is
i i

equal to the reaction curve’s slope in the benchmark case, where it is owner

i who decides for the level of production. From eq. (6), manager i, when
PR

choosing the output level of his firm, considers a; “*c as the marginal cost of

production. Owner i, by choosing an incentive parameter af® < 1, the afore-

Rc, is lower than that considered under owner

mentioned marginal cost, al
1’s strict profit-maximizing behavior, ¢. Thus, owner ¢ makes his manager
more aggressive, i.e. he directs him to produce output at a level higher than
that produced under a strict profit-maximizing behavior. Diagrammatically
(Figure 1), as owner i sets al’* — 0 he induces an outward and parallel shift
in his manager’s best response curve, from RCE (benchmark Cournot) to
RCPE.

Solving the system of the reaction functions, output levels are:

A+ c(af™ —2af")
3

In the second stage of the game, each owner 7 chooses a

gi "(af", ai") =

(7)

PR g5 as to max-

7

imize profits given by:

|:A+C(a,]PR—2a,iPR):| |:A+C(CL5)R+(I;PR—3):|
9

I (0™, a5™) =

(8)

The first order condition of eq. (8) provides owner i’s best response

function:

10



(A+c) (aF? —6)
" 9)

Solving the system of the best response functions, the (candidate) equi-

PR(oPR) —

a,; i

librium managerial incentive parameters are:

* _A + 6
alR <

- 1
P A (10
Plugging al’ Rin eq. (7) and (8), firm 4’s equilibrium output and profits
are: N
=249 (11)
)
Y
PR — 2(A—c¢) (12)
25

3.2 Unaversal Relative Performance Contracts

Under the present candidate equilibrium configuration, in the first stage of
the game, firms’ owners simultaneously and non-cooperatively commit to
Relative Performance contracts. Thus, in the third stage of the game, man-
ager i chooses ¢; in order to maximize his utility given by eq. (4), taking as
given the output of his rival, ¢;, along with the managerial contracts and the
managerial incentive parameters set in the previous stages. The first order

condition of eq. (4) provides manager i’s reaction function:

A—c— (14 altf)glt?
4 (") = 5 ’ (13)
When owner ¢ compensates his manager with a Relative Performance
dgl*t (1+af?)

contract, the slope of manager ¢’s reaction curve is W = — 35— <
J

> 0. From eq. (13), manager i, when choosing

dqic o oqu3 R
c PR
dqj dqj

the output level of his firm, considers —(1 + a?"") as the competing man-

RP

7

since a

ager’s best response to the level of output that he sets. By choosing an
incentive parameter a*"” > 0, the competitor’s best response considered by
the manager i, —(1 + af*f'), is lower than that considered under a strict own

profit-maximizing behavior, —qjC. Thus, owner ¢ makes his manager more

11



aggressive, i.e. he directs him to produce a level of output, higher than that
produced under a strict own profit-maximizing behavior. Diagrammatically

P — 1, he changes the slope of his manager’s

(Figure 1), as owner i sets af
reaction curve, compared with ¢ (¢f), from RC{ to RCJ*P.

Solving the system of the reaction functions, output levels are:

A— RP 11
quPm@RP’ aﬁp) - (RP ‘) (E?Ig +1~212 RP (14)

RP

In the second stage of the game, each owner ¢ chooses a;*" so as to max-

imize profits given by:

TIRP (FP oFP) = (A-¢) (@ +1) (1- azﬁpaﬁp)

: (15)
Y (34 afP + afP — aRPaP)?

The first order condition of eq. (15) provides owner i’s best response

function:
1 —aftf
RP( RP\ _ j
a;" (aj) = 71+3a§gp (16)

— ,RP _
_aj =

a®F. Hence, the symmetric equilibrium managerial incentive parameter is:

Now, exploiting the problem’s symmetry, it is assumed that af**

* 1
RPY = = 17
a; 3 (17)

Plugging a!*f " in eq. (14) and (15), firm 4’s equilibrium output and profits

are: 3(A )
* - C
@ = — (18)
. 3(A—c)?
" = 349 3 ) (19)

3.3 Unwversal Market Share Contracts

Under the present candidate equilibrium configuration, in the first stage of
the game, firms’ owners simultaneously and non-cooperatively commit to

Market Share contracts. Thus, in the third stage of the game, manager

12



i chooses ¢; in order to maximize his utility given by eq. (5), taking as
given the output of his rival, ¢;, along with the managerial contracts and the
managerial incentive parameters set in the previous stages. With respect to
the first-order conditions of eq. (5), for i, j, i # j, the equilibrium quantities

of the third stage of the game satisfy the following system of equations:

M
A2t gl s < ROMGY, ol o, ) =0
i (20)
A—C—qu—ﬁw*‘aym = RCy(a", ab', qi", ¢3") =0
1 2

This is a system of analytically non-solvable equations. Jansen et al.

(2007) prove that for any “feasible” pair (a}?, ad!) of weights, the reaction

curves are smooth and concave, intersecting once, say at [¢1 (af’, ad”), ¢} (a}’, ad")].
Then, since the Jacobian determinant:

T [gﬁ\} g(gé] B (g} +qb") {S(q{”+qé‘4)3+(q{”+3qé‘4)a{”} (e} +ad") (gl +3g" ) +alT]ad!
= —

>0

- 2
gq—l? gq% (g} +qb")
the Implicit Function Theorem implies that the functions ¢ = ¢M (a}?, ad)
and ¢} = ¢} (a}?, al?) have continuous partial derivatives with respect to the
weights a and a}!.!1® Plugging ¢} and ¢} in eq. (2), firm i’s profits in the

second stage of the game are given by:
H%(a{W,a/éW) = [A - qiw(ajlwv aéw) - qu(ale’ aéw) - Cj| quM(aiM, Clé\/[) (21)

Then, the first-order conditions for firms 1 and 2, for an equilibrium in

the second stage of the game, are formulated:

M, M M M .
ML) = ) = 907 (A—c—2gM — g}") — g} 2% =0

daM da
OTIM (a2, a1 g 0 (22)
2591194 =0 — aZZW (A—c—q —2¢)") —Q2MaZ§4 =0
Moreover,

10 Jansen et al. (2007) prove that the second-order conditions for the second stage of the
game do hold.

13



N OR,  ORy N dR,  ORy
9q7" _ -1 9aM g3t 95" -1 ogM  9aMt
9a — Tp det | on,  om, 9alt? T Tp det | o, om,
_8(1]1” aqéw | Bq{w ('?aiu
o B 8R1 8R1 T o aRl 8R1
Oq” _ -1 day"  dgy" Oa _ -1 9q}T  0alT
dal — Tr det | op, o, dad — T det | op,  on,
.8 8 8 agM . )
Plugging aZ}W, aZ%V“ 8(?” and aZ%Vf in eq. (22) and solving the system of
1 1 2 2

eq. (20) and (22), manager i’s equilibrium managerial incentive parameter

and firm i’s equilibrium output are:'!

- (2-10v2) (A—0)?

M
M 2
i - (23)
(:Il 14
Plugging ¢™" in eq. (2), firm i’s equilibrium profits are:
. (A—rc)?
= 49 (25)

TRV

3.4 Coexistence of Profits-Revenues and Relative Per-

formance Contracts

Consider the asymmetric candidate equilibrium configuration (pr—rp) where
firm 1’s owner compensates his manager with a Profits-Revenues contract
while firm 2’s owner rewards his manager with a Relative Performance one.'?
Under the present candidate equilibrium, in the third stage of the game,
manager 1 (2) chooses ¢; (¢2) in order to maximize his utility given by eq.
(3) [(4)]. The corresponding reaction curves for managers 1 and 2 are given
by eq. (6) and eq. (13) respectively. Solving the system of the reaction

functions, output levels are:

aq{% aqé\l aq{\l aqé\l
8alt’ 9a}’ dadt dadt

120f course, due to the symmetric industry structure, the reverse configuration where
owner 1 compensates his manager under a Relative Performance contract while owner 2
rewards his manager under a Profits-Revenues one, is as well (implicitly) proposed as a
candidate configuration.

and

HThe formulas for

are given in Appendix Al.
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(A+c)(1—2a)

¢ (af',ay’) = 3+ a? (26)
2
.o A(l+ayf)+c(a" — al"a? — 2)
iy, ap) = AT E) Tl - el @
2

In the second stage of the game, owners set the incentive parameters so

as to maximize profits given by:

(A+c—2cd")[A+c[(a]" — 1) as” + af" — 2]]
(3+ ay’)’

" (a", a3") =

(28)

15" (aY", a3") =

A +a") +c(ar” — aray” = 2)][A+cl(ar” +1)ay” —a” — 2]

(3+a}")”
(29)
The corresponding best response functions for owners 1 and 2 are:
A (ay —1)+c(3a +5)
pr( TPy _
ay (CL2 ) - 46( ab i 1) (30)
o o A+c(al" —2
ap(atn) = Sl ) (31)

A+c(2—-3d")
Solving the system of the best response functions, (candidate) equilibrium

managerial incentive parameters are:

A T | (32)
Note that aP"™™" = %" = 1. This implies that when owner i

compensates his manager with a Profits-Revenues contract, while owner j
compensates his manager with a Relative Performance contract, owner j’s
best response to owner ¢ is a manager who is concerned with firm ¢’s profits
as much as he is concerned with his firm’s profits. This implies that owner j’s
best response to owner ¢ is a manager whose behavior reaches its maximum

(pr—rp)*

level of aggressiveness, i.e. as = 1. At the same time, owner 7’s best

response to owner j is a manager with a strict profit-maximizing behavior.
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Plugging agpr‘”’)* and """ in eq. (26), (27), (28) and (29), equilib-

rium outputs and profits are:

r—rp)* A—c r—rp)* A—c
qu P) ( y ) qu P) ( > ) (33)
2 2
- _ (A—¢) - _ (A—0)
ITY 16 IT5 == (34)

Note that, ¢7"~™" > q§pr_rp)* and I > P 2" Intuitively,
when owner ¢ compensates his manager with a Profits-Revenues contract,
dgP R 1

= <. When

gt _
dq; 2
owner ¢ compensates his manager with a Relative Performance contract, the

RP 1+aRP . . ..
- 5—. Since /" > 0 always holds, it is

the slope of his manager’s reaction curve is given by

. . |d
corresponding slope is ‘ i
J

dqiRP > dqf R
dq; dq;

ager who is compensated under the Relative Performance contract is steeper

straightforward that

‘, i.e. the reaction curve of the man-

than that corresponding to the Profits-Revenues contract. In the present
configuration of contracts, the point where manager 1’s reaction curve inter-
sects manager 2’s reaction curve implies that the manager 2 sets output at a
level higher than the competing manager does, i.e. qép o)t ¢ which
results in ngr_rp)* > ngr_rp)

*

3.5 Coexistence of Profits- Revenues and Market Share

Contracts

Consider the asymmetric candidate equilibrium configuration (pr —m) where
firm 1’s owner compensates his manager with a Profits-Revenues contract
while firm 2’s owner rewards his manager with a Market Share one. Under
the present candidate equilibrium, in the third stage of the game, manager 1
(2) chooses ¢ (¢2) in order to maximize his utility given by eq. (3) [(5)]. The
equilibrium quantities of the third stage of the game satisfy the following

system of equations:
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A—allc—2¢" — g = RCP™(", ag, ¢, q5") =0

T pr r—m T m T m
—CT a4y — 4 2—p,,-qm2: 2p 1% 541,42 ) —
A—c—2¢0 —¢f ~|—am(q iq) RCY )(ap ay, ¢, qy) =0
1 2

(35)

This is a system of analytically non-solvable equations. Since the Jacobian

determinant:
8121 aRl ( ,m+3qpr)am
_ | 94" Oag | _ (@43 oy’
JF - 81%2 8_]322 =3 + (qfr+q£n)3 >0
ag)"  Oq¥*
the Implicit Function Theorem implies that the functions ¢*" ™™ = ¢{""~™
a?) and g™ = ¢ (a", o) have continuous partial derivatives with

respect to the weights af” and a3'. Plugging g™ and ¢ in eq. (2),
the first-order conditions, for an equilibrium of the second stage of the game,
are formulated. Then, following the procedure applied in the case of Uni-
versal Market Share Contracts, equilibrium managerial incentive parameters

and outputs are:'3

(pr—m)* _ 4A — 3c — \/ﬁ(A - C) a(pr_m)* (]_0 - \/]__7) (A - C)2

Qa =
1 c 2

(36)

L (3v17 — 11) (A—c¢) L (5- \/1_72) (A—c¢) (37)

Plugging qu ") and qép "™ in eq. (2), equilibrium profits for firms 1

and 2 are:
2
oy BUA= e _ (VI 5) (A0
IT; = — I15 = (38)
53 + 1317 8
13The formulas for %;1,1;, %,2;;, %ZLTT and %i:; are given in Appendix A2.
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3.6 Coexistence of Market Share and Relative Perfor-

mance Contracts

Consider the asymmetric candidate equilibrium configuration (m —rp) where
firm 1’s owner compensates his manager with a Market Share contract while
firm 2’s owner rewards his manager with a Relative Performance one. Under
the present candidate equilibrium, in the third stage of the game, manager 1
(2) chooses ¢ (¢2) in order to maximize his utility given by eq. (5) [(4)]. The
equilibrium quantities of the third stage of the game satisfy the following

system of equations:

A—c—2q7" —¢" + GQPW = RO ™ (ay, aff, ¢, q57) =0 (30)
1 2
A—c+(af —V)g —2g" = RCS" ™ (a7, a3, ¢, g57) = 0

This is a system of analytically non-solvable equations. Since the Jacobian

determinant:
R, D
PO PR o 1 e C0) B
P lory 0By | T 2 (q{”+q§p)3
g7 Oqy”
the Implicit Function Theorem implies that the functions q%mﬂp ) = q§m*”" )
ai?) and ¢\ = "™ (a™, aP) have continuous partial derivatives with
respect to the weights a}” and a3'. Plugging qgm‘“’ ) and """ ) in eq. (2),

the first-order conditions, for an equilibrium of the second stage of the game,
are formulated. Then, following the procedure applied in the case of Uni-
versal Market Share Contracts, equilibrium managerial incentive parameters

and outputs are:'*

a" =0 " =1 (40)

m—rp)* A—c m—rp)* A—c
4 p)z% 4 p):(2) (41)

Plugging qg”p ™ and qérp " in eq. (2), equilibrium profits for firms 1

¢t 093" 9qT"
dai*’ Oal"’ aagp

p
M The formulas for 82

and 537 are given in Appendix A3.
2

18



and 2 are:

L (A=0)? )
Hgm D) :( 160) Hgm p)* (42)

The fact that a{™ ™" = 0 while a{" """ = 1, implies that when owner j
compensates his manager with a Relative Performance contract, while owner
1 compensates his manager with a Market Share contract, owner j’s best
response to owner ¢ is a manager who is concerned with firm ¢’s profits as
much as he is concerned with his firm’s profits. Subsequently, owner j’s best
response to owner ¢ is a manager whose behavior reaches its maximum level
of aggressiveness, i.e. ai™ ™" = 1. At the same time, owner i’s best response
to owner j is a manager with a strict profit-maximizing behavior. This is the

reason why, ¢\ """ > ¢\ which results in 1" > (")

4 Equilibrium managerial incentive contracts

In this part of the paper, firms owners’ strategies in the first stage of the game
are investigated. In order to answer the question with respect of the optimal
structure of contracts that owners choose to compensate their managers,
firms’ profits under the different subgames are compared. The results are

summarized in the following Proposition:

Proposition 1 Under Cournot competition and ex-ante commitment over
the type of contract that each firm’s owner chooses, each owner’s dominant
strategy is to reward his manager with a Relative Performance type of con-

tract.

This Proposition establishes a strategic rationale for committing to Rela-
tive Performance contracts. The rest of this section is devoted for giving the
intuition behind this result in detail.

Comparing equilibrium output and profits under the three symmetric
subgames, i.e. the symmetric configurations of managerial contracts, with
those obtained in the benchmark case where production decisions are taken

by owners, the following Corollary summarizes the findings:
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Corollary 1 (i) ¢/'" > ¢ and TIF7 < 11",

(i1) ¢FF" > ¢ and TIEP" < TI¢".
(iii) ¢ > ¢ and TIM" < TI§".

The reason why the use of a managerial incentive contract increases out-
put is the following: owner ¢, by using an incentive contract strategically,
directs his manager to a more aggressive behavior in order to force the com-
peting manager to reduce output. Because each owner acts in the same way
at the game’s contract stage, firms end up in a prisoners’ dilemma situation.
Naturally, the increased market supply, in comparison to the no-delegation
case, leads to lower profits. These findings are in the spirit of the well-known
result in the industrial organization literature that firms competing in quan-
tities have no incentive to engage in Stackelberg warfare.

Then, equilibrium output and profits under the three symmetric configu-
rations of managerial contracts are ranked. The following Corollary summa-

rizes the findings:
Corollary 2 (i) ¢/ < M < ¢F'F.

(ii) TIRR* > TIM" > TIPR

Intuitively, the strategic use of managerial incentive contracts leads to
a prisoners’ dilemma situation always. This situation is the least severe
in case of the Universal Relative Performance Contracts candidate equilib-
rium. Moreover, it turns out that the Universal Market Share Contracts
candidate equilibrium is more (less) competitive than the Universal Relative
Performance ( Profits-Revenues) Contracts one. This implies that the former
equilibrium, when compared with the later, is characterized by higher output
and lower profits.

Considering the asymmetric equilibria as well, the results are the follow-
ing:

Corollary 3 qu’”*“’)* — qém*rp)* >

C*
q; -

(pr—m)* = (pr—m)* (pr—rp)* _ _(m—rp)*

d a >4 =dq
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With respect to ¢¥" """ = qém_rp )" and ¢ = an_rp )" recall that
when owner ¢ compensates his manager either with a Profits-Revenues con-
tract or with a Market Share contract and owner j compensates his manager
with a Relative Performance contract, owner j’s best response to owner 7 is
a manager whose behavior reaches its maximum level of aggressiveness. At
the same time, owner ¢’s best response to owner j is a manager with a strict
profit-maximizing behavior. This is the reason why the subgames (pr — rp)
and (m—rp) lead to identical firm-level quantities and profits. Note also that
@ € qu Tﬁm)*, qép Tﬁm)*], S = PR, M, RP, implying that in the symmetric
configurations of managerial incentive contracts, each manager sets output
at a level lower (higher) than the level set by the manager compensated with
the contract that intensifies the competition relatively less (more), since there
is no asymmetry that an owner can exploit.

Corollary 3 leads to the following ranking regarding the equilibrium prof-

its of the different subgames:

Corollary 4 TI¢" > I ™" = q1{™=")" > =" 5 qrler=m)" 5 pler—re)” =

Hgmfrp)* )

As for the equilibrium profits, IT7" € [ngr_m)*, Hépr_m)*], S = PR, M,
RP.

2
Regarding the industry-level equilibrium output (Q = Z qi> and total

i=1

2

profits (TH = Z Hi> , the results are the following:

i=1

Corollary 5 (i) QU > QWr—m)" > QM > QFEP™ > QWwr—mn)" = Q=) >
QY.

(i) TIIC* > TIRP* > TOer—e) = Trm=—re) > 7Iv° >

THer=m" > TIPR,
The results stated in Corollary 5 reveal the competitiveness of the al-
ternative configurations of managerial incentive contracts. Recall that al-
though the strategic use of managerial incentive contracts leads to a prison-

ers’ dilemma situation always, this situation is the least severe in case of the
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Universal Relative Performance Contracts, implying that this configuration
is the least competitive and firms’ profits are the highest. The intuition be-
hind this result goes as follows: a Relative Performance contract makes a
manager’s behavior less susceptible to strategic manipulation by rivals. Less
scope for strategic manipulation gives to the rival owner less reason to pro-
vide incentives for aggressive behavior to his manager and thus, competition
remains softer.

Note also that competition becomes fiercer the more Profits-Revenue
managers are active, as each one of them makes his rival relatively more
aggressive. Thus, competition under the Universal Profits-Revenue configu-

ration turns out to be the most fierce.

5 Welfare analysis

In this Section we perform a welfare analysis. More specifically, total welfare
under the alternative configurations of contracts is compared with total wel-
fare in the benchmark case where production decisions are taken by firms’
Owners.

Let total welfare TW be defined as the sum of firms’ profits and con-

sumers’ surplus.

TWP =Tn?+CSP, D= PR, RP, M, (pr—rp), (pr—m), (m—rp) (43)

with TTIP and CSP = % (QD )2 being the overall industry profits and
consumers’ surplus respectively. Using equilibrium results, total welfare for
each configuration of contracts is given in Appendix B. The results are sum-

marized in the following Proposition:

Proposition 2 Under Cournot competition:

(i) The use of managerial incentive contracts increases total welfare, i.e.,
TWP > Tw®,

(ii) The Universal Profits-Revenues Contracts (Universal Relative Per-

formance Contracts) equilibrium leads to the highest (lowest) total welfare,
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i.e., SWPE > SWeEr=—m) 5 WM > QR . Sy er=re) = Gy (m=re),

As far as the first part of the Proposition is concerned, it has already
been clear that, compared with the no-delegation case, the strategic use of
an incentive contract by an owner, in order to become Stackelberg leader,
distorts his manager’s incentives away from profit-maximization, increasing
output and consumers’ surplus. This tends to increase total welfare. Because
each owner acts in the same way, in equilibrium, the increased market supply
leads to lower industry profits than those obtained under the benchmark no-
delegation case. The reduced total industry profits tend to decrease total
welfare, but this effect is completely compensated by the higher consumers’
surplus. It is found that the positive effect of increased consumers’ surplus on
total welfare dominates the negative effect of decreased profits which results
in TWP > TW¢.

Regarding the second part of the Proposition, it has already been men-
tioned that competition becomes fiercer the more Profits-Revenue managers
are active, as each one of them makes his rival relatively more aggressive.
The fiercer the competition, the higher the consumers’ surplus and the lower
the firms’ profits. Note also that since it is the “consumers’ surplus” effect
that dominates on total welfare, the ranking of total welfare is identical with

the ranking of the industry-level equilibrium total output, stated in Corollary

5 (i).

6 Equilibrium managerial incentive contracts

under no commitment

So far analysis was grounded on the assumption that each firm’s owner com-
mits to a particular type of contract in the first stage of the game. In this
part of the paper, the case where there is no ex-ante commitment over the
types of contracts that owners offer to managers is investigated. In order to
examine which types of managerial incentive contracts prevail in equilibrium,
we consider a two-staged game with the following timing: in the first stage,

each firm’s owner chooses one type of contract to reward his manager and
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sets the corresponding managerial incentive parameter a”, D = PR, RP,
M. The crucial, yet (due to the symmetric industry) reasonable assumption
here is that the precise contract (the type of contract and the managerial
incentive parameter) that owner i sets is not observable by the rival owner,
before contract-setting is everywhere completed. Thus, each owner can inde-
pendently shift from one type of contract to another. In the second stage of
the game, managers compete a la Cournot. To investigate the conditions un-
der which, a candidate equilibrium configuration of strategies, in the types of
contracts (one for each owner) at the first stage, is proposed. Subsequently,
it is checked whether or not it survives all possible deviations. If yes, the
proposed equilibrium is a Subgame Perfect Nash Equilibrium.

Consider the symmetric configuration where both firms’ owners choose
to compensate their managers with Profits-Revenues contracts. Figure 1
offers the visualization of this candidate equilibrium (point E%). Note that
in equilibrium, two conditions must be fulfilled: firstly, since production
decisions are taken by managers, their reaction curves RCT® and RCIE
must be intersected. Secondly, the fact that firm 1’s (firm 2’s) owner offers
an incentive contract to his manager, as a strategic tool in order to become
Stackelberg leader against firm 2 (firm 1), implies that, in equilibrium, there
must be tangency between firm 1’s (firm 2’s) isoprofit curve IT* (I1?) and
manager 2’s (manager 1’s) reaction curve RCIT (RCER).

Universal Profits- Revenues Contracts is an equilibrium configuration only
if no owner has an incentive to unilaterally deviate by offering to his manager
either a Relative Performance contract or a Market Share one. Therefore,
two possible deviations have to be checked.

Regarding the first deviation, suppose that owner 2 sticks to the Profits-
Revenues contract, believing that owner 1 will offer to his manager the same
type of contract. In the first stage of the game, owner 2 sets the parame-
ter alft = % that corresponds to the Universal Profits-Revenues Contracts
equilibrium. Owner 1 deviates towards compensating his manager with a
Relative Performance contract. Thus, owner 1 uses his reaction function
a{"" ") (ay) with ay = al® = 3

manager’s contract. Thus, owner 1 sets:

to optimally adjust the parameter a; for his
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PR_1

ayq =3

The deviant owner 1’s profits will be IIZZ = I ") (a4, ), where a; =

PR _ PR _ 1
ayg and ag =ay " = 3.

2(A —c)?
25

Interestingly enough I1F7 = II7®" | implying that the magnitude of owner

PR __
Hld -

1’s incentive to deviate from the Universal Profits-Revenues Contracts equi-
librium towards compensating his manager with a Relative Performance con-

tract, is zero.
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FIRM 1'S
ISOPROFIT CURVE

Figure 1: Equilibrium under the benchmark Cournot, Universal

Profits-Revenues Contracts and Universal Relative Performance Contracts

Diagrammatically, when owner 1 deviates from the Universal Profits-
Revenues Contracts candidate equilibrium towards compensating his man-
ager with a Relative Performance contract, owner 1 directs his manager to the
Relative Performance reaction curve RCT¥ and, by readjusting the manager-

ial incentive parameter, optimally readjusts its slope until RC#". Compared
with RCTE, manager 1 under the RCFY" has now become a more aggres-
sive seller, because given ¢» he now produces more. However, the manager

of the deviant owner sets output at a level equal to the one he would set
under the candidate equilibrium (ET%)

Only at point EP% both of the
aforementioned equilibrium conditions hold. More specifically, only at point
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EPE the reaction curve RCEF” is intersected with RCY® and also, the firm
I’s (firm 2’s) isoprofit curve II* (I1?) is tangent to the manager 2’s (manager
1’s) reaction curve RCIT (RCT™). Note that neither point C; nor point C
can emerge in the subgame perfect equilibrium because the slope of the firm
1’s isoprofit curve II! is non-zero, i.e. points C; and Cy do not belong in the
manager 1’s reaction curve RCIF".

In the same lines, examining the second deviation, i.e., the case where
owner 1 deviates from the Universal Profits-Revenues Contracts candidate
equilibrium towards compensating his manager with a Market Share con-
tract, one finds that the magnitude of owner 1’s incentive to deviate from the
Universal Profits-Revenues Contracts candidate equilibrium towards com-
pensating his manager with a Market Share contract, is zero. With respect
to the subgame equilibrium of the game, the results are summarized in the

following Proposition:

Proposition 3 Under Cournot competition and no ex-ante commitment over
the type of contract that each firm’s owner chooses, each type of contract,
namely, a Profits-Revenues contract, a Relative Performance contract, a

Market Share contract, is owner i’s best response to owner j’s choice.

This result is driven by the fact that in equilibrium, two conditions must
be fulfilled: firstly, managers’ reaction curves must be intersected and sec-
ondly, each firm’s isoprofit curve must be tangent to the competing manager’s
reaction curve. The above conditions do hold for all the different types of
contracts that owners can offer to their managers, regardless the functional
forms of cost and demand. Therefore, assuming no ex-ante commitment over
any type of contract that owners will offer to managers, even a contract of
different type could be an owner’s best response to the competing owner’s
choice.

Note that the two-staged game is characterized by multiplicity of equi-
libria. Subsequently, the following question is addressed: which types of the
alternative managerial incentive contracts will finally emerge in equilibrium?
Using the results for equilibrium profits from Section 3, by employing focal

point analysis, it is found that rival owners would realize that it is in their
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mutual interest to move towards the equilibrium that ensures them the high-
est profits. Therefore it is expected that each owner will finally choose to

compensate his manager with a Relative Performance contract.

7 Conclusion

In this paper we have investigated the endogenous structure of incentive con-
tracts that firms’ owners offer to their managers, when these contracts can
be either of a “Profits-Revenues” type, or of a “Relative Performance”, or,
finally, of a “Market Share” one. The analysis suggested that each firm’s
owner dominant strategy is to reward his manager with a Relative Perfor-
mance type of contract. Intuitively, a Relative Performance contract makes a
manager’s behavior less susceptible to strategic manipulation by rivals. Less
scope for strategic manipulation gives to the rival owner less reason to pro-
vide incentives for aggressive behavior to his manager and thus, competition
remains softer, implying higher profits. Considering the case in which there
is no ex-ante commitment over any type of contract that each firm’s owner
offers to his manager, the analysis revealed that each type of contract is a
best response to the competing owner’s choice. This result is driven by the
fact that in equilibrium, two conditions must be fulfilled: firstly, managers’
reaction curves must be intersected and secondly, each firm’s isoprofit curve
must be tangent to the competing manager’s reaction curve. By employ-
ing focal point analysis, it was found that each owner will finally choose to
compensate his manager with a Relative Performance contract.

Regarding the societal consequences of the alternative delegation schemes,
the use of managerial incentive contracts is found to increase total welfare.
Moreover, the Universal Profits-Revenues Contracts equilibrium leads to the
highest total welfare, since it is the most competitive.

Our results have been derived in the context of a duopolistic market with
a linear demand and cost model. We are of the opinion that the duopolis-
tic market reveals all essential differences between the alternative types of
contracts. We are also aware of the limitations of our analysis in assuming

specific functional forms. However, the properties of the equilibrium condi-
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tions that drive our results that allows us to argue that these results will
also hold under general demand and cost functions. The use of more gen-
eral forms would jeopardize the clarity of our findings, without significantly

changing their qualitative character.
Appendix

Appendix Al: Universal Market Share Contracts
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Appendix A2: Coexistence of Profits-Revenues and Market Share Contracts

o 207 (4" +a5")

0ay" (" qy ) + (34 +ay )ag
o4 _ @t (" +a5")

00" 3(ql +ay) (3¢ ' )ay:

oo _ e[ (e o)~ ("~ |

dazr 3(qfr+q§”)3+(3qfr+q§")a§"

m  PT

2| 14+—20

ogp_ | (@)’
dayr ™ 3t (SquJrqé”)aé”
(q’f’“+q§”)3

Appendix A3: Coexistence of Market Share and Relative Performance Contracts
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