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1 Introduction

There are numerous papers that analyze markethighprivate and public firms compete
(see, for example, De Fraja and Delbono, 1989, 19%Mher, 2001; Barcena-Ruiz and
Garzon, 2005). However, the literature that anaytteese markets has dedicated little
attention at investigating whether firms’ ownersnivéo decide incentive contracts for
managers sequential or simultaneously. Thus, thgep analyzes this issue assuming
Bertrand competition with heterogeneous goods amdix@d duopoly. This analysis is
highly relevant since endogenous timing of decisi@an important issue to be analyzed
since a sequential order of moves may give risggaificantly different results from those

obtained in a simultaneous game.

The literature on industrial organization has anadlywhether the owner of firms take
price or quantity decisions sequential or simultarsty when firms are privately-owned
(see, for example, Gal-Or, 1985; Dowrick, 1986; Htam and Slutsky, 1990; Matsumura,
1999). This literature shows that in a private dugpif both firms have upward-sloping
reaction functions and one firm prefers to be daglér, the other firm must prefer to be the
follower; as a result, firms take decisions seqgadyt If both firms have downward-
sloping reaction functions, each firm prefers beimg leader to being a follower, implying

that firms take decisions simultaneously.

The above analysis has been extended to congidertlte owners of the firms hire
managers to who delegate price or quantity dedsisee, for example, Vickers, 1985;
Fershtman and Judd, 1987; Sklivas, 1987). Thisatitee analyzes the strategic value for
shareholders of publicly observed and irreversientive contracts based on sale revenues
and profits (not only profits).In this framework, Lambertini (2000) analyzes wieetfirms’
owners want that managers decide quantities (cegrisequential or simultaneously. He

shows that under Cournot competition quantitieschi@sen simultaneously and that under

1t is shown that under Cournot competition ownemsourage their managers to produce beyond thé prof
maximization level. Under Bertrand competition withterogeneous products, owners will encourage thei

managers to raise their prices above the pricdsysatofit maximizer firms.



Bertrand competition prices are chosen sequenti8lrcena-Ruiz and Espinosa (1996)
study, considering a duopoly model and a two prtdacgame, whether firms want to
choose short-term contracts or a long-term conti@ctheir managers. In the first case
incentive parameters are chosen in each of thepevods; in the second case, incentive
parameters for the two periods are chosen at thiariag of the first period. They show that
under Cournot competition the owners of the firease long-term incentive contracts and
thus incentive parameters for the two periods &esen simultaneously. Under Bertrand
competition one owner chooses a long-term con@ackt the other short-term contracts,
which means that owners choose incentive paramtderthe first period simultaneously

while they choose incentive parameters for therseperiod sequentially.

The above cited papers have been extended todennsixed markets since in many
countries private firms compete in the product retiriot only with other private firms but
also with public firms. Given that the objective mfivate firms is to maximize profits
while the objective of public firms is to maximiz®cial welfare, the order of moves
chosen by firms in a mixed oligopoly differs frommat in a private oligopoly. Pal (1998)
shows that, under Cournot competition, the ownéthe firms take production decisions
sequentially while in a private oligopoly firms dée quantities simultaneouslyUnder
Bertrand competition, Barcena-Ruiz (2007) showd tha owners of the firms decide

prices simultaneously in a mixed duopoly.

The above analysis is applied by Barros (199f)uestigate the use of incentive contracts
as strategic variables in a mixed duopolyhite (2001) shows that when firms have the choice

of whether or not to hire managers, in equilibriamly the private firms do so. In this

2 Matsumura (2003) and Lu (2006) also obtain thatipction decisions are taken sequentially consideri
that the public firm competes with foreign privdirns. Moreover, Barcena-Ruiz and Garzon (2010 mckt
the above analysis considering a firm jointly owrmsdthe public sector and private domestic shadshsl (a
semipublic firm) rather than a private firm; thelgtain that there is an equilibrium in which the ewsof the
firms take production decisions simultaneously.

% She shows that the owner of the public firm enages its manager to behave more aggressively figan t
owner of the private firm since only the first fittakes consumer surplus into account. As a consegquéhe

public firm obtains a larger market share and méalkgiser profits than the private firm.



equilibrium, only private firms produce output, ¥ehia public firm exists only to impose

discipline on the private firms. Barcena-Ruiz (208@dies the decision of firms as to whether
or not to hire managers in a mixed duopoly and shibvat under Bertrand competition both
firms hire managers. Moreover, Nakamura and In@0€9) extend the above analysis and

show that when firms’ owners hire managers, paceshosen simultaneously.

One issue that remains to be analyzed is wheiimes’ fowners want to decide incentive
contracts sequential or simultaneously under Bett@mpetitiorf. In order to analyze this
issue, | assume two firms that produce a heteragsngood with identical constant marginal
cost of production. | consider two cases: firstng are privately-owned (private duopoly);
second, one firm is privately-owned and the otBgpublicly-owned (mixed duopoly). The
owners of the firms hire managers to who delegate plecisions. The owner of the public
firm maximizes social welfare, the owner of thevate firm maximizes profits and the
managers maximize a linear combination of profitd sale revenues. Finally, firms’ owners

decide whether to set incentive contracts sequemtsamultaneously.

It is obtained in the paper that in the privatemhly the owners of the firms choose
incentive contracts sequentiaflythis result is due to the fact that both prices iacentive
parameters are strategic complements. Thus, tderléam chooses an incentive parameter
greater than in the simultaneous case to reduckemeompetition since the follower firm
will react by also setting an incentive parametegatgr than in the simultaneous case.
Therefore, the prices set by firms in the sequegéme are greater than in the simultaneous
one, and both firms obtain greater profits in tingt tase. As a result, in equilibrium firms

decide incentive contracts sequentially.

“ It is easy to see that, under Cournot competitisnonly the private firm hires a manager (see &/i001)

and given that incentive parameters are choserrédoédkiing production decisions, the private firntcdomes

the leader in incentive contracts.

® A similar result, for the incentive parameterstd second production period, is obtained by B&adeuiz

and Espinosa (1996) assuming two production perdodsthat firms choose short-term contracts omg-lo

term contract for their managers.



In the mixed duopoly, and in contrast to the rieshbtained in the private duopoly, it is
shown that the owners of the firms choose incentivatracts simultaneously since it is a

dominant strategy for the owners of both firmse&adime leaders in incentive contracts.

When the public firm is the leader in incentiventacts, as this firm takes consumer
surplus into account, it chooses a lower valuetf@ incentive parameter than in the
simultaneous case in order to increase market ctiiope As incentive parameters are
strategic complements, the follower firm (the ptevéirm) also chooses a lower incentive
parameter than in the simultaneous case. This nthahboth firms set lower prices when
the public firm is the leader, and thus the prafitthe private firm is greater in the
simultaneous case. Besides, the consumer surpimeaser and the producer surplus lower
when the public firm is the leadeks the consumer surplus has a greater effect aalsoc

welfare than the producer surplus, social welfargreater in the simultaneous case.

When the private firm is the leader in incentiaegmeters, as this firm maximizes profits,
it chooses a greater value for the incentive patemntiean in the simultaneous case in order to
reduce market competition. As incentive parameiegsstrategic complements, the follower
firm (the public firm) also chooses a greater itisenparameter than in the simultaneous
case.This means that both firms set greater prices wherprivate firm is the leader, and
thus the profit of the private firm is greater hretfirst case. Besides, the consumer surplus
is greater and the producer surplus is lower indineultaneous casés the consumer
surplus has a greater effect on social welfare thanproducer surplus, social welfare is

greater in the simultaneous case.

The rest of the paper is organized as followsti@e@ presents the model. Section 3
analyzes whether firms choose incentive parameteggiential or simultaneously in a
private duopoly. Section 4 analyzes whether firingose incentive parameters sequential

or simultaneously in a mixed duopoly. Conclusiores@grawn in section 5.

2 The model



We consider a mixed market comprising one pubiim fand one private firm, denoted by
0 and 1, respectively. On the consumption sidegetiea continuum of consumers of the
same type and the representative consumer maxirttieedifference between the utility
obtained by consuming the goods and the total ampoaid by themU(q,, 9;) — P9y —
p,0;, Whereg,20 is the amount of the goacndp, is its price (= 0, 1). The functiotJ(q,,

0,) is assumed to be quadratic, strictly concavesgnuimetric ing, andd;:

1
U(go &) = a(gg + ;) —5((%)2 +2bgya, + (0y)?), 150>0.°

where parametdy measures the degree to which goods are substifdabsng the problem
of the representative consumer the following in@etemand functions are obtained:

p=a-gq; —bq;,i#ji,j= 0, 1. Then, demand functions are given by:

_ald-b)-p +bp,
1-b?

A Z)50,)=0, 1. (1)

The marginal cost of production of the two firnssgiven byc, which means that both

firms are equally efficient. The profit of firimis given by:

m=(P-9q,i=0,1, (2)

whereq; is given by (1). As usual, the public firm maxim&zsocial welfare and the private

firm maximizes its profit. Social welfare is meastiras the sum of consumer surpld§,

and producer surpluBS
W=CS+PS (3)
wherePS= 75 + 7z and consumer surplus is given by:

2a(l-b)(@= po — 1) +(Po)” ~ 208 p1 +(Py)*

2(1-b?) )

CS=U(do, ) — R Uo— P10y =

® We consider a simplified version of the model usgd/ives (1984), considering thia£1 to ensure that the

functionU(q, ;) is strictly concave.



The owners of the firms delegate price decisianthéir managers. The owners offer
linear incentive schemes to their manadeasd the managers, who are risk neutral, are
paid on the margin according to a linear combimatad profits and sales revenue.

Formally, the manager of firm(manager) has the following objective function:

O=an+1-a)S.i=01, 5)

where ;7 and§ are profits and sales revenue, respectively,ansl the incentive parameter

chosen by the owner of firilowneri).?

Given that7=(p—C)q, andS=p,q;, the objective function of managecan be written as:
O=(p—a,c)g;. Thus, managerconsidersac as the marginal cost of production when setting

the price of firmi. Then, owner can make his manager to set a lower (greate®,gree be

more (less) aggressive than a profit maximizer,fiognchoosing an incentive parameter,

lower (greater) than one. If parameters one, the managemaximizes profits.

| propose a three stage game with the followingrg. In the first stage, the owners of
the firms decide whether to set incentive schemdsna t=1 or at timet=2. In the second
stage, the owners of the firms choose the incermgar@ameter of their managers. If both
owners choose incentives in the same period, iveenparameters are chosen
simultaneously, otherwise they are chosen sequlgntinally, in the third stage, the
managers of the firms decide the firms’ prices.obtain a subgame perfect equilibrium, the

game is solved backwards.

3 Private duopoly

" This is a standard assumption when assuming adnofigopoly in which the owners of firms delegate
decisions to managers (see Barros, 1995; Whitel;2Bércena-Ruiz, 2009).
8 As in Fershtman and Judd (1987), each owner offermanager “take it or leave it” incentive scheme

Manageri receives a payo\+50;, whereA; and 5 are constant3>0; thus, manager maximizesO,. The

owneri choose#\ and/ so that the manager gets only his opportunity, edsth is normalized to zero.



We consider first, as a benchmark case, that botisfare privately owned. Given the

symmetry of the model and that incentive parametars be chosen either sequential or
simultaneously, there are two cases. First, bothessvdecide incentive simultaneously at
t=1 or att=2. Secondly, one firm is the leader in incentiaggmeters and the other the

follower; the leader chooses the incentive paranatel and the follower at2.

In the third stage, managethooses the value pf that maximizes his objective function,

given by (5). Solving this problem I obtain theatan function in prices of firni

o :%(aa—b)+caf+bm),i¢ﬁhj=(11- 6)

It is easy to see from (6) that price decisiores strategic complements (i.e. reaction

function in prices are upward sloping). From (6ptain:

_a(2+b)(1-b) +2ca; +bea;
4-b?

JZ50,)=0,1 ()

3.1 Owners decide incentive parameters simultagous

In the second stage, the owners of the firms cheosealtaneously at=1 (denoted by
superscript 11) or at=2 (denoted by superscript 22) the incentive pataméhat
maximizes their profits. Solving these problemsbtain the reaction function in incentive

parameters of the firms:

_ab?(2-b-b%) +c(8-6b” +b*) +cb’a,

i e
a. 2207 ,i4, 1,j=0, 1. (8)

It can be seen from (8) that incentive paramedegsstrategic complements. From (8) |
obtain:
o =1, 20D @=0) | _
(4-2b-b?)c

1,2. (9)



As incentive parameters are strategic complemémespwner of each firm choose an

incentive parameter greater than ore' & ), Which implies that managers consider a

marginal cost of production greater than the reaskt @and set a higher price than a profit
maximizing firm. Therefore, the owners encourageirttmanagers to reduce market

competition in comparison with the case in whiegin8 maximize profits.

From (9), the following is obtained:

i _2a(l-b)+c(2-b?) i = 2(1-b)(2-b?*)(a-c)* . _
= , = ,1=1,2
4-2b-b? (1+b)(4-2b+b?)?

3.2 Owners decide incentive parameters sequentially

In the second stage, the owner of firm O (the |Bacleoses the incentive parameter=dt
and the owner of firm 1 (the follower) &2. | denote the leader (follower) firm by
superscript 12 (21). | solve first the problem lud follower. The owner of firm 1 chooses

the incentive parametes; that maximizes its profit. Solving this problem,obtain
expression (8) for=1 andj=0. The owner of the firm 0 chooses the incentiveupetera,

that maximizes its profit taking into account (8 =1 andj=0. Solving | obtain:

412 14 D (4=20-37 +b%)(a-)

= a?t=1+ (1-b)b? 8+ 4b-4b* -b®)
(16-16b +3b*)c

(a-¢
2(16-1602 +3b*)c - (10)

As under simultaneous decisions, incentive pararaetre greater than one. From (10),

the following is obtained:

012 = a(l-b)(4+2b-b%) +c(+b)(4-2b-b?)
2(4-30?)
o2t = a(l-b)(8+4b-4b* —b*) +c(8+4b—-8b* —3b* + 2b*)
(2+b)(2-b)(4-3b?)
A2 1-b)(2-b?)(8+4b-4b? -b%)?(a-c)? e (1-b)(4+2b-b?)?(a-c)?
2(L+b)(2+b)(2-b)(4-3b?) ’ 4(1+b)(2+b)(2-b)(4-3b?)




3.3 Owners’ decisions as to whether to choose thaeparameters at1 or att=2

It remains to solve the first stage of the gamehis stage, the owner of each firm decides
whether to choose incentive parameters=ator att=2. From the results obtained in the

two cases considered, the following is obtained.

Lemma 1.When firms are privately owned, in equilibrium:
I) 0'12 > a,21 > 0’11 — a,22 >1;
”) p12 S p21 S pll — p22.

This Lemma shows that the leader sets a greatentive parameter than the follower
who chooses an incentive parameter greater thdheirsimultaneous case. As incentive
parameters are strategic complements firms chowssniive parameters greater than one
to reduce market competition. Moreover, the ledder chooses an incentive parameter
greater than in the simultaneous case since thenet firm will react by also setting and
incentive parameter greater than in the simultagpem@se. A greater incentive parameter
implies that the managers of the firms considereatgr production cost. This means that
the manager of the leader firm sets a greater piiae the manager of the follower firm,

who sets a greater price than in the simultaneass.c

Proposition 1. When firms are privately owned, in equilibrium ooener chooses

incentive parameters at t=1 and the other at t=2

It is proved in the appendix that*> 77> 77°2= 77'*. Therefore, both firms obtain greater
profits if they set incentive parameters sequdptiather than simultaneously. As a result, in
equilibrium firms take decisions sequentially. disito be noted that there are two equilibria:

in each of them one firm take decisiong=dt and the other dat2. However, agr?'> 12

both firms prefer to be the follower rather tharb&othe leader. This result is due to the fact,
as Lemma 1 shows, that when firms set incentivarpaters sequentially prices are greater
than when they set incentive parameters simultatgotihis reduces market competition

increasing the profit of the two firms. But as tleader firm sets a greater price than the

follower, it obtains lower profits.

10



4 Mixed duopoly

Given that incentive parameters can be chosenresiguential or simultaneously, there
are three possible cases in the mixed duopoly.t, Hosth owners decide incentive
simultaneously at=1 or att=2. Second, the public firm is the leader in inoerd. Finally,

the private firm is the leader in incentives.

The third stage of the game is the same for theetltases. In this stage managers
choose simultaneously the price that maximizesr tbikjective functions, given by (5).
Solving these problems | obtain expression (7).tNlerlve the second stage of the game in

the different cases considered.
4.1 Owners decide incentive parameters simultarmgbus

In the second stage, the owner of the public finases the incentive parametgrthat
maximizes social welfare. Simultaneously, the ownérthe private firm chooses the

incentive parametar; that maximizes its profit. Solving these probleishtain:

(1—b)(8—8b2 -2p3 +b4)(a—c) i b2 @aL- b)(2—b2)(a—c)
2 4 oy =1+ 2, 4
(8-8b”“ +b™)c (8-8b° +b™)c

ah =1- i=1,2.(11)

In the mixed duopoly, the owner of the privatanfichooses an incentive parameter
greater than onea("Li >1,i=1, 2) while the owner of the public firm providecentives for
its manager to produce more than a profit maximfzen only if the degree to which
products are substitutes is low enoug;ﬂ)i €1 if and only ifb<0.9429,i=1, 2). This is

explained by two effects. First, as in the privdteopoly, the private firm chooses an
incentive parameter greater than one to reduceeahadmpetition. As prices are strategic

complements, if the private firm rises its price thublic firm does likewise. Secondly,

° This case is analyzed by Barcena-Ruiz (2009).

11



given that the manager of the public firm doestake consumer surplus into account, the
only way for the government to increase market catitipn is by choosing an incentive
parameter lower than one for its manager. As praresstrategic complements, if the
public firm lowers its price the private firm doékewise. These two effects influence

prices in opposite directions and it remains ted&en which of the two effects dominates.

For the owner of the private firm the first effelminates, which means that chooses
an incentive parameter greater than omé X1) to reduce market competition. The
government chooses an incentive parameter lowerdha for its manager if parameter
is low enough (73 <1 if and only if b<0.9429). In this case, as the degree to which

products are substitutes is low enough, the seetfedt dominates$® Thus the public firm
chooses an incentive parameter lower than one fsetothe reduction in market
competition caused by the behavior of the privata.fWhen the degree to which products
are substitutes is high enough (i.e. whe1.9429), as market competition is high, the first

effect dominates and the public firm chooses aantige parameter greater than one.

Finally, as the owner of the private firm triesredluce market competition while the

owner of the public firm seeks to increase it, frévate firm chooses an incentive
parameter greater than that chosen by the puliit Q‘h'f >a'(i)i ). As a result, the public

firm is more aggressive in the product market tthenprivate firm.

From (11), the following is obtained:

i = 2abli- b) +c(8— 2b—6b2 +b?) i = 2a(l-b)(2-b?) +c(4+4b—6b? - 2b% +b*)

° 8-8b +b* ’ 8-80 +b* '
i = 2bA-b)(8+ 2b—-8b? - 2b® +b*)(a-c)? = 2(1-b)(2-b?)3(a-c)?
° (1+b)(8-8b* +b*)? " @+D)(8-8b% +b?)?
cgi = @0+ 8b- 780 -18° +500* +12° -120° - 2b” +b®)(a-c)? |

(1+b)(8-8b° +b*)?

19 parameteb can be interpreted as an imperfect measure adefjeee of competition in the product market

since the higher the value of paramétés, the greater the competition is in the produatket between firms.

12



_ 2(Ll-b)(8-10b?% + 2b° + 2b* -b°)(a- c)
(8-8b% +b*)?
(56+8b-1147 —14b° + 74b* + 6b° —160° +b®)(a— c)

(1+b)(8-8b? +b*)?

PS' =

Wi = 1, 2.

In this case, as the public firm is more aggressivthe product market than the private

firm, it sets a lower priceffy" = p5< pi* = p??) and produces more.

4.2 The public firm is the leader in incentive paehens

In the second stage, the owner of the public fihmoses the incentive parametet=it and
the owner of the private firm &2. We solve first the problem of the follower. Ttvener

of the private firm chooses the incentive parametethat maximizes its profit. Solving
this problem, | obtain expression (8) fefl andj=0. The owner of the public firm chooses

the incentive parameter, that maximizes social welfare taking into acco(8)t for i=1

andj=0. Solving | obtain:

A-b)2-b)B+4b-8°-5)@-0) 1 _,, A-bb’@-F’)(@-c)
2=

) . 12
(16— 20b% +5b%)c (L6- 20b% +5b*)c (12)

ay’=1-

It can be shown that the incentive parameter efnlanager of the public firm is lower

than one &3°<1) if and only ifb<0.9617, and the incentive parameter of the manaiyer

the private firm is greater than one® >1); finally, a?*>ag?.

From (12), the following is obtained:

oi2 = 2ab(l-b)(2-b%) +c6—-4b- 16b2+2b3+3b4)

0 16— 200> + 5p*
o7 = 2a(l-b)(4-3b%) +c(2-b)(4+6b-4b* - 5b3)
16-20b? +5b*

Az - 20A-b)(2- b?)(16+ 4b — 20b% — 4b® + 5b*)(a— c)2
0 (1+b)(16- 2007 +5b*)?

13



2o 2(1-b)(2-b*)(4-3b%)*(a-c)? cgiz - 10+ 2b-12b% - 2b° + 3*)(a-c)?

! (1+b)(16-200% +5b%)% (1+b)(16- 20b% +5b%)
pai? = 2(1-b)(2-b?*)(a-c)? wiz = @4 2b-1&? - 2b® +5b*)(a-c)?
16-200%*+5b* (1+b)(16-200% + 5b*) '

In this case, as the public firm is more aggresshan the private firm, it sets a lower

price (p;°< p') and produces more.

4.3 The private firm is the leader in incentive paeters

In the second stage, the owner of the private hooses the incentive parametet=it
and the owner of the public firm &t2. We solve first the problem of the follower. The

owner of the public firm chooses the incentive patera, that maximizes social welfare.

Solving these problems, | obtain:

_a(2-b-b?)?+c(8-4b-6b? +b® +b*) +cb’a,
a, = .

° (4-3b?)c 12)

The owner of the private firm chooses the incenpaeametera; that maximizes its

profit taking into account (13). Solving we obtain:

2o, (@-47-b)a-0) ,_  ba-o

o AL+b)c 'L T 4a+b)c (14)

It can be shown that the incentive parameter efianager of the public firm is lower
than one (7021<1) if and only ifb<0.9032, and the incentive parameter of the manaiger
the private firm is greater than one;¢>1); finally, a;*>aZ'. From (14), the following is

obtained:

s1_ab+c(d+30) 1, a@-b?)+c(2+4b+b?) i _b(A+b)(a-c)’

0 41+b) A(L+D) P 16(1+h)®
e (2-b%)(a-c)? oozt - 0+ 24p+5b%)(a-c)?
8l+h)> 32(1+b)?
oot (4+ 4b-b*)(@-c)* | 21 _ (28+3D+3’)(a-c)’
161+b)? 32(1+b)? '
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In this case, as the public firm is more aggresshan the private firm, it sets a lower

price (p3*< pi?) and produces more.

4.4 Owners’ decisions as to whether to choose thaeparameters at1 or att=2

It remains only to solve the first stage of the gamm this stage, the owner of each firm
decides whether choose incentive parameterrslabr att=2. From the results obtained in

the three cases considered, the following is obthin

Lemma 2.In the mixed duopoly, in equilibrium:

) adt>ayt=al’>a’>1and oy’ >at =a? > aft > 1;
I 21 11 _ 22 12 12 11 _ 422 21.

i) po">P =P > P and pi” > py = po>pr;

i) CS>Cs*, cs?>Ccs??, pSt < PS?! and PSY? < PS?,

When the public firm is the leader in incentivagmaeters, as this firm takes consumer
surplus into account, it chooses a lower value tha incentive parameter than in the
simultaneous case in order to increase market difftope As incentive parameters are
strategic complements, the follower firm (the prevéirm) also chooses a lower incentive
parameter than in the simultaneous case. Thghe=ag” > a;” >1 and ay' = a?? > > 1.
Thus, both firms are more aggressive in the prodizrket when the public firm is the leader
than in the simultaneous case, which means thhtflvots set lower prices in the first case:
pet = P32 > pg? and pit= p# > p?’. Finally, as market competition is greater whea th
public firm is the leader than in the simultanecase, the consumer surplus is greater and

the producer surplus is lower in the first c668™ > CS?* and PS™ < PS?).

When the private firm is the leader in incentiaggmeters, as this firm maximizes profits
it chooses a greater incentive parameter thandnsiimultaneous case in order to reduce
market competition. As incentive parameters aratesgic complements, the follower firm

(the public firm) also chooses a greater incentigeameter than in the simultaneous case.

15



Then: ai' > ag' =ai? and ai? > al* = a??. Thus, both firms are less aggressive in the

product market when the private firm is the leatlan when incentive parameters are chosen

simultaneously, which means that both firms setatgre prices in the first case:
pat > pgt = pZ? and pi? > pit = p?2. Finally, as market competition is lower when the
private firm is the leader than in the simultanecase, the consumer surplus is lower and the

producer surplus is greater in the first 88" > CS?* and PSH < PS?).

Proposition 2. In the mixed duopoly, in equilibrium both ownersoase incentive

parameters simultaneously at t=1

It is proved in the appendix thav">W?*, W*>W?, m'>7" and 32> 752,
Therefore, it is a dominant strategy for the ownardéoth firms to choose incentives at

t=1, which means that in equilibrium firms chooseeintives simultaneously.

As we have seen in Lemma 2, when the public fgrthe leader in incentive parameters

competition in the product market is greater thathe simultaneous case. This implies that

the profit of the private firm is greater in thest@ase f5>77). Besides, Lemma 2 shows
that CS™ is greater thartCS** and PS' is greater tharlPS?; as the consumer surplus has a

greater effect on social welfare than the prodsceplus it is obtained thal/*? is greater

than W?2. On the other hand, as we have seen in Lemma &y wWie private firm is the
leader in incentive parameters competition in thedpct market is lower than in the

simultaneous case. This implies that the profithef private firm is greater in the first case

(752> 75?). Besides, Lemma 2 shows tl@8*! is lower thanCS™ and PS?! is greater than
PS': as the consumer surplus has a greater effect ¢al s@ifare than the producer surplus

it is obtained thatv?* is lower tharW*!,
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5 Conclusions

The literature that analyzes mixed oligopolies tiegicated little attention at investigating
whether firms’ owners want to decide incentive cacis for their managers sequential or
simultaneously. Thus, this paper analyzes thiseigmsuming Bertrand competition with
heterogeneous goods and a mixed duopoly. Endogetioiisg of decisions is an
important issue to be analyzed since a sequenti@ddroof moves may give rise to

significantly different results from those obtained simultaneous game.

The literature on industrial organization has aredlywhether the owners of the firms
take decisions sequential or simultaneously assyutath a private duopoly and a mixed
duopoly. This analysis has been extended to cangidé firms’ owners hire managers to
who delegate price or quantity decisions. Howeopg issue that remains to be analyzed is
whether firms’ owners want to decide incentive cacts sequential or simultaneously under
Bertrand competition. Thus, in this paper | assiwee firms that produce a heterogeneous
good with identical constant marginal cost of prithn. The owners of the firms hire
managers in which delegate price decisions. Fiongiers decide whether to set incentive
contracts sequential or simultaneously. It is olgdithat in the private duopoly the owners of
the firms choose incentive contracts sequentid@lys is in contrast with the result obtained
under Cournot competition where firms decide catgrasimultaneously. In the mixed
duopoly, and in contrast to the result obtainedhi private duopoly, it is shown that the
owners of the firms choose incentive contracts kanaously. This is due to the fact that it is

a dominant strategy for the owner of each firmdodme the leader in incentive parameters.

Appendix

Proof of proposition 1. Given that 0%<1, then:

Ty b> 16— 20b% —b® +5b*)(a-c)?
1~ 2 2 >0
4(1+b)(16-16b° +3b")

Al 21 b®(2-2b-b? +b’)(64-64b% +12b* +b°)(a-c)? sor -
2(L+b)(4-2b-b?)? 16-1602 +3b*)2

2 oo b®-b)(a-c)’
- 4(1+b)(4—2b—b2)2(16—16b2+3b4)>O
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Proof of proposition 2. Given that 0b<1, then:

21 b' (64-1120% + 52" -3°)(@a-0)* _ | Wiz = 20°@+b)-b’@a-c)’

Wll_W -
32(1+b)?(8-8b? +b*)? (8-8b% +b*)? (16— 20b% +5b%)

0

b®(2-b?)(a-c)?
1

1 o1 _80°(l-b)’ (64-144° +114" -3M° +4b°)(a-c)* _ ., ;A% — 7722 = ]
i (8-807 +b)2 (16— 2002 + 5b7)?2 07 8(L+b)?(B-8b* +b*)?
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