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The endogeneous choice of delegation in a duopoly with
outsourcng to the rival

Abstract

In a market in which a vertically integrated producer (VIP) also supplies an essential input to a
retail rival, we explore the role of managerial delegation when it shapes downstream firms'
incentives and determine the endogenous choice of delegation under both Cournot and Bertrand.
The equilibrium choice of acting as a managerial firm, which is a standard result in literature of
strategic delegation, is shown to be robust to the presence of a VIP in both the quantity competition
and the price competition framework, regardless of the degree of product differentiation. The paper,
however, highlights the different motives pushing the integrated firm and the independent retailer
towards delegation, which also revert the standard result that delegation causes a prisoner's
dilemma-type equilibrium under Cournot and a more profitable outcome under Bertrand. This result
sheds new light on the role and implications of the managerial delegation in the real-world market
structures.

JEL codes: D43, L13, L21

Keywords: Strategic delegation, outsourcing, Cournot competition, Bertrand competition, vertical
integration



1 Introduction

Starting from the pioneering works by Vickers (1985), Fersthman (1985), Fer-
sthman and Judd (1987) and Sklivas (1987) (VFJS hereafter), the need for
managerial compensation on the basis of sales’ maximization, stemming from
separation of ownership from management in large companies (Berle and Means,
1932) and widely recognized in corporate governance literature (e.g., Baumol,
1958), has been reconsidered in a strategic context. The VFJS approach draws
on the use of incentive contracts designed by firms’ owners to manipulate their
managers’ behavior on the product market and attain a strategic advantage.
Their main findings are that owners find optimal to distort their managers from
profit maximization in order to commit to a more (less) aggressive behavior re-
spectively under quantity (price) competition. Literature on strategic delegation
has also extended the above basic models to explicitly model the endogenous
choice of delegation in a duopoly, showing that the choice of hiring a man-
ager emerges as the Nash equilibrium solution of both the Cournot game and
the Bertrand game (e.g., Basu, 1995, Lambertini, 2017).! While in the former
game firms face a prisoner-dilemma situation due to higher competition induced
by the equilibrium quantities exceeding the profit-maximizing level,? in the lat-
ter the cooperative effect of delegation on equilibrium prices leads them to enjoy
higher profits with respect to no-delegation. Such a result is also sustained by
the fact that unilateral delegation induces a Stackelberg outcome which raises
the delegating firm’s profits and reduces those of the rival under Cournot, while
it results in higher profits for both firms under Bertrand.

The above works hinge on the assumption that delegation to managers oc-
curs within an integrated firm sourcing inputs and selling output, while it has
never been assumed in a vertical structure in which an independent retailer
buys an input rather than makes it. More generally, strategic delegation has
received less attention in the literature on firms’ vertical relationships, with the
exception of Park (2002) and Moner-Colonques et al. (2004). The objective
of this paper is to revisit strategic delegation of market decisions to managers
in both a Cournot and a Bertrand duopoly in which one retailer is integrated
with a manufacturer providing a key input to a downstream rival. This assump-
tion is common in the Industrial Organization literature which focuses on the
profit and welfare consequences of vertical integration (Riordan, 1998; Kuhn

1 Most recent literature on strategic delegation has extended the VFJS framework to allow
for R&D investments (Zhang and Zhang, 1997, Kopel and Riegler, 2006), firms’ unionization
(Fanti and Meccheri, 2013), endogenous timing (Lambertini, 2000; Fanti, 2017), mergers
(Gonzalez-Maestre and Lopez-Cunat, 2001), to quote a few examples. See Lambertini (2017)
for a comprehensive overview of strategic delegation in oligopoly games.

2For instance, as regards the Cournot competition, this is clearly resumed in the words
of Berr (2011, p. 251): ”Unfortunately, this [i.e. the use of managerial delegation] results in
lower payoffs for both owners than in a standard Cournot game, and a prisoner’s dilemma
situation emerges, i.e. although both owners would benefit by abstaining from the use of
incentives and, hence, play a normal Cournot game, they will not.” Instead, in this paper we
will show that both owners would benefit from the use of incentives in a standard Cournot
game.



and Vives, 1999; Chen, 2001; Arya, 2008; Moresi and Schwartz, 2017).> Out-
sourcing to a vertically integrated rival also fits many real-world cases. For
example, in the telecommunications and in the railway industries, vertically in-
tegrated incumbent operators routinely supply key inputs (e.g., telephone loops
and fixed railway network) to retail competitors. Also the electronic industry is
a typical real-world example of “giant” firms purchasing key inputs from direct
competitor: as reported by Chen (2010, p. 302) “in 1980s, IBM outsourced
the micro-processor for its PC to Intel and the operating system to Microsoft”.
Moreover, as also noted by Arya et al. (2008, pp. 1-2), other firms such as soft-
drink producers, cereal manufacturers, and gasoline refiners have long supplied
key inputs both to their downstream affiliates and to retail competitors.

Within the above framework, this paper examines the strategic choice to
hire a sales-interested manager or not. This choice is made by firms’ owners at
a preplay stage of a Cournot and a Bertrand game. At the second stage, the
vertically integrated producer (VIP) charges the independent retailer a whole-
sale price. At the third stage, each owner decides upon the degree of discretion
to include in a managerial contract (if any), while quantity or price competition
with managers acting as decision-makers takes place at the last stage of the
game.*

The results of the paper are as follows. We find that a Nash equilibrium
with symmetric delegation is the equilibrium choice also in the presence of a
integrated firm . Such a presence, however, reverses the payoff sequence popu-
larized by the established literature leading unilateral delegation by each firm to
also benefit the rival in the Cournot model and to harm the rival in the Bertrand
model, which causes a Pareto-improving equilibrium arising in the former and
a prisoner-dilemma in the latter, contrasting with the standard result with in-
dependent firms. Such a result is driven by the VIP’s incentive to manipulate,
under delegation, downstream interactions and induce a greater demand of in-
puts from the rival at a sufficiently high wholesale price, both in Cournot and
Bertrand. The latter ensures sufficiently high profitability for the VIP in both
scenarios in which the greater demand of input is achieved at the cost of a rela-
tively low production on its direct channel in Cournot (due to strategic substi-
tutability), and through relatively low retail prices in Bertrand (due to strategic
complementarity). Delegation by the independent firm, however, by causing its
higher (lower) aggressiveness under Cournot (Bertrand), benefits (harms) the
VIP through a higher (lower) demand of inputs. Based on the above considera-
tions, unilateral delegation turns out to be profitable for one firm regardless of
the mode of competition, and to also benefit the rival only under Cournot where
firms’ interactions lead firms’ objectives to coincide. Strategic substitutability
of delegation (Bulow et al., 1985), by allowing the VIP (independent firm) to

3See Wu (1992) for an analysis concerning the strategic impact of vertical integration in
oligopolistic markets. See also Lafontaine and Slade (2007) for empirical evidence on the
consequences of vertical mergers, and Abiru (1988) for some implications for anti-trust laws.

4In this work we assume that managerial contracts are publicly observable. For a discussion
on the observability and commitment problems in delegation models, see Kockesen and Ok
(2004) and literature therein.



further reduce (enhance) its downstream aggressiveness with respect to unilat-
eral delegation, implies that the equilibrium with symmetric delegation is more
profitable for both firms with respect to no-delegation. By contrast, the con-
flict between opposite objectives arising in Bertrand lets unilateral delegation
be profit-detrimental for the rival, which also causes a prisoner dilemma under
symmetric delegation, due to strategic complementarity of delegation.

This paper contributes to the literature in several ways. First, in contrast
to the existing literature, a market structure rather relevant in the real-world
is considered. Second, the implications of the outsourcing between rival firms
on the effects of the managerial delegation, so far not explored, are analysed.
Third, it is shown a profit-enhancing role of the unilateral delegation for both
rival firms, which has not been evidenced in the established literature.’

The reminder of the paper is organized as follows. Section 2 develops the
model under Cournot competition and under Bertrand competition, discussing
the main results. Section 3 draws some conclusions.

2 The model

We assume that firm 1 is a vertically integrated producer (VIP) that is the
sole producer of an essential input supplied to its downstream unit and to its
downstream independent competitor, firm 2. Assumptions on firms’ technology
are that each retailer can convert one unit of input into one unit of output
at no cost, and sustains output production costs implying constant marginal
costs, equal to ¢; and ¢y respectively for firm 1 and firm 2 (with ¢; < ¢;),° and
zero fixed costs. Without loss of generality, firm 1’s cost of input production is
normalized to zero.

We introduce the following demand for differentiated product faced by firm
i (1 =1,2), as in Dixit (1979) and Singh and Vives (1984):

Pi=a—74; —q;

where ¢; and p; are respectively firm 4’s retail output and retail price, while
the parameter v € (0,1) captures imperfect substitutability.
Therefore, firm’s profits are given by:

m1=2¢+ (1 —c)q (1)

To=(p2—2—c2) @ (2)

5One partial exception is the result by Fanti and Meccheri (2017), according to which at the
equilibrium of the standard Cournot game “the more efficient firm may obtain higher profits
provided that the degree of cost asymmetry between firms is sufficiently large” (p. 279).
However such a result concerns only one firm and holds only under appropriate conditions,
while the present one always applies to both rival firms.

6Indeed, as standard in this literature (see also Arya et al., 2008), we assume that the VIP
is at least as efficient as its downstream rival.



Indeed, the VIP’s profit m; is the sum of the wholesale profit gained from
supplying the input to firm 2 at a unit input price z and the profit accruing
from its own retail sales, while w5 reflects the firm 2’s retail profits.

The model is described by a multi-stage game solved in the usual backward
fashion. We assume that at stage 0 (i.e., a pre-play stage) firm i’s owner chooses
whether to maximize profits, thus acting as an entrepreneurial firm, or to hire
a sales-interested manager who is offered the following compensation contract:

u; = T + Nig; (3)

where parameter \; (i = 1,2) represents the weight attached to the volume
of sales and is optimally chosen by firm ¢’s owner on a profit-maximizing basis
(Vickers, 1985).7 The higher (lower) the assigned \;, the more (less) aggressive is
the manager’s behavior on the product market, with A\; = 0 capturing pure profit
maximization and A; > 0 (\; < 0) implying more (less) aggressiveness than
under profit maximization, i.e., managers are allowed to care about (penalized
for) sales. At stage 1, firm 1’s owner sets the input price charged to firm 2,
while at the stage 2 she chooses the compensation scheme, i.e., the optimal
A; to assign her manager, if any. The last stage of the game identifies product
market competition in which managers or owners, depending on the choice made
at stage 0, simultaneously decide upon the optimal level of market variable, price
or quantity.

According to the choice at stage 0, the following configurations may arise,
which lead to the four market subgames described in the following subsections:

- (M M), where ’M’ stands for 'managerial’: each firm delegates retail choices
(output or prices) to a manager;

- (E'E), where 'E’ stands for ’entrepreneurial’: both firms are profit-maximizers,

- (ME): firm 1 hires a manager and firm 2 does not (thus behaving as a
profit-maximizer);

- (EM): firm 2 hires a manager and firm 1 does not (thus behaving as a
profit-maximizer).

The solutions of the subgames in the hypothesis of quantity competition are
derived in Subsection 2.1, which also addresses the question regarding the firm’s
structure, managerial or entrepreneurial, endogenously determined at stage 0,
while Subsection 2.2 solves the game under the hypothesis of price competition.

2.1 The quantity competition case

2.1.1 Symmetric behavior

Symmetric delegation (MM)

"In our model, using the managerial objective function introduced by Vickers (1985) is for-
mally equivalent to using that defined by Fershtman and Judd (1987) as a linear combination
of firm’s profits and revenues.



Given the above-mentioned timing of the game and given the objective func-
tion in (3), under symmetric delegation the two managers solve the following
maximization problems:

maxu; = w1+ A\qq
q1

maxus = 7o+ Aogo
q2

yielding the following reaction functions, respectively for firm 1 and firm 2:

a—c1—vg¢+M
2
a—co—7vq1 + A — 2
2

qg =

42 =
which exhibit strategic substitutability. Solving the system of the two reac-

tion functions, we obtain the optimal quantities as functions of the input price
z and the incentive parameters Ay and As:

2(a—c1)—v(a—c2)+v(z— X)) + 2\

a = 4—~2 (4)
o = 2(‘102)7(‘140_1)727)\12(2)\2) (5)

At the second stage of the game, i.e., the delegation stage, owner i (i = 1,2)
maximizes with respect to A; her own profits obtained after substituting (4) and
(5) respectively in (1) and (2), thus choosing the optimal extent of delegation
to assign each manager. We get the following reaction functions:

v (2y(a—c1) =72 (a—c2) =22 (2—7%) —7*X2)

o 4(2—9%)
A _ 72(2(0’_02)_’7(04_01)—22—’)/)\1)
’ 12—

Notice that —lgi < 0 and —Zgi < 0, which implies strategic substitutability of
. 2 1
delegation.

We get the following solutions of the delegation stage:

o Y(v(4=7?) (a—c1) —29*(a — c2) — 22 (4 — 34?)) ©)
L= T2 1 10)

B 72 ((4 — 72) (a—c2)—2v(a—rc1) — 22 (2 — 72))
Az = (74 — 1292 1 16) @)




2v(4-3+?) <0

N
In this regard, also notice that <t = G A=) =

Mo _ 2v*(2—+%)
and G2 = —goamaneay = 0

At the first stage of the game, by maximizing firm 1’s profits in (1) calculated
at the optimal quantities and the optimal delegation parameters with respect to
z, we solve for the equilibrium wholesale price charged to firm 2 in this setting :

M 16 (2—12) (4=37}) (a—c2) +7" (a — 1)
2 (128 + 48y* + ~6 — 16072)

The equilibrium incentive parameters are:

AMM _2’7(4*72+2’y) (4772—27)(11*027(@,(31)7)
! 128 + 48~y + 46 — 1602

AMM 72 (16*74*8’)/2) (CL*CQ*(a—cl)f)/)
3 =

128 4 48v* + 46 — 160~2

The quantities at the subgame perfect Nash equilibrium (SPNE) are there-
fore:

v (128495 4891 —969%) (a— 1) — 8y (8 — 57?) (a — c2)
@ = 2 (48v% 1 128 + 16 — 16072
AV 2(16 —v*—8y*) (a—c2 —v(a—c1))

] =

128 + 48y4 + 6 — 1602

which reveals that a non-foreclosure condition for firm 2 (i.e., g3 > 0) applies
when v < 4=2. Under such a condition, we find MM < and MM >0, for
any -y, which shows that at equilibrium ﬁrm 1’s manager is penalized for sales
(Fershtman and Judd, 1987, p. 938), while firm 2’s manager is allowed to
consider sales to some extent.

Finally, we calculate the equilibrium profits:

My a?(4—y2—29) (48— +29° 2447 —8v)+cF (128445 +167* —96+7)
4(128+48v4+~6—-160~2) -
2c1a(128+327° 4% —96+2+167" —647)+32c2(2—7%) (2a(1—7) —ca+2¢17)
4(128+48~1+~6—-160+2)
mm 2(2=92) (16— —87)* (a(1—y) —ca+c17)?
(12844874 +~6—160~2)>

Symmetric no-delegation (EE)



We solve the game under the EE configuration in which at the market stage
the profit-maximizer owners directly make their output choices, by placing A\; =
0 and Ay = 01in (4) and (5). By running the above model under such conditions,
we recover the solutions identified by Arya et al. (2008), which are as follows:

LEE 42-9") (a—c2)) +7*(a—c1)

2(8-37%)
EE _ (8_72) (a—c1) —2y(a—c)
o 2(8-377)
EE _ 2(@—c; —v(a—c1))
2 8 — 3,2
EE _  (8+7°)(a—c1)’+4(a—c2)’—8y(a—c1)(a—c2)
T = 1(8=372)
<BE  _  Ae—c2)—y(a—c1))?
2T (8-372)?

The comparison between the two settings of symmetric delegation and no-
delegation under quantity competition allows us to introduce the following re-
mark.

Remark 1 Symmetric delegation under quantity competition implies that
the VIP behaves at the market stage less aggressively and the independent
retailer more aggressively than under no-delegation. This result relies on the
higher incentive of the VIP to gain from a higher demand of inputs from the
rival upstream than from downstream competition, and the incentive of firm
2 to achieve a competitive advantage through an output expansion induced by
delegation to a more aggressive manager

2.1.2 Unilateral delegation

We now derive the SPNE of the game in the two frameworks which assume that
only one of the two firms delegates output decisions to a manager.

Unilateral delegation by firm 1 (ME)

When only firm 1 delegates the output choice to a manager and firm 2 is a
non-delegating (profit-maximizing) firm, the solutions of the quantity stage of
the game are obtained posing A; = 0 in (4) and (5). Running the model under
this assumption, we obtain the following solutions:

a — Co
ZME:
2



AME _ a—co—(a—c1)y
e

2(2-7%)
ME  _ a(2—r)—2c; + e
a 2(2—?)
ve _ a(l=—7)—c+tya
e 22-)

Notice that )\{VI E < 0 under the non-foreclosure condition, i.e., when v <

a—cy 8
a—cy '’

The equilibrium profits are:

7TME _ a?(3—27)—2cpa(1—7)—2ac; (2—7)+2c2 +c2—2cave1
o= 2—?)

aME  _ (a(l—y)+vye1—c2)?
2 - 4(2—+2)*

Remark 2 Unilateral delegation under quantity competition alters the trade-
off between the VIP’s incentive to behave aggressively downstream and the
incentive to exploit a higher demand of inputs upstream as follows. We find
)\{W M < )\f/[ E <0, regardless of v, which reveals that firm 1 assigns lower dis-
cretion to its manager under unilateral delegation than under no-delegation,
thus competing less aggressively downstream and exploiting to a greater extent
the profit margin on a higher demand of inputs induced by strategic substi-
tutability of quantities. Indeed, the manager receives an overcompensation for
profits, as under symmetric delegation. The latter, moreover, implies a fur-
ther reduction of firm 1’s aggressiveness, due to greater aggressiveness of the
managerial rival and strategic substitutability of delegation.

Unilateral delegation by firm 2 (EM)

When firm 2 is assumed to delegate market discretion to a manager and
firm 1 is a profit-maximizing firm, the solutions of the last stage of the game
are obtained by assessing (4) and (5) at Ay = 0. Given that, the solutions of
this subgame are as follows:

EM __ 2(47372) (a*62)+73(a701)
°T 2(8—572)

81t can be easily checked that the solution of the delegation stage of the game, which
yields firm 1’s incentive parameter as a function of the wholesale price z, is A\ =
Y(2v(a—c1) =% (a—c2) —22(2—12)) / (4(2—~?)) and that dA1/8z < O for any v in
the considered interval.



A\EM _ 72(06—02—’7((1—01))

2 8 — 572
v a(247)(4—37) 4+ 2yc2 — a1 (8- 3%
neoT 2(8=57)
¢EM = 2(a—cx—y(a—c1))
2 8 — 57?2

Notice that )\ZE M > 0, under the non-foreclosure condition, i.e., when v <

a—co 9
a—cy '

The equilibrium profits are:

EM 4(3a2+c§+255)785211(177)7851a(277)772(a751)2787(a2+5251)
™= 13572
<EM _ 2(2—°)(a(l—7)+vye1—c2)®

2 - (8—572)*

Remark 3 According to a standard result in the literature on managerial
incentives under quantity competition, unilateral delegation by the indepen-
dent retailer allows it to commit to a more aggressive behavior than under
no-delegation, namely to instruct its manager to put a positive bonus on sales.
Indeed, we get 0 < )\QEM < )\é\/[M , regardless of . This also implies that
symmetric delegation induces firm 2 to compete more aggressively than under
unilateral delegation, due to lower aggressiveness of the managerial VIP and
strategic substitutability of delegation.

2.1.3 The Cournot delegation game

In this section the endogenous choice of whether to act as a managerial firm or
not is identified with the equilibrium of the delegation game described in the
following matrix.

Figure 1
The pay-off matrix of the Cournot delegation game
[1/2] M [ E |
[M [ 7 o™ [ a7 a3
LE | =~ o™ [ o« gt

91t can be easily checked that the solution of the delegation stage of the game, which
yields firm 2’s incentive parameter as a function of the wholesale price z, is Ao =
Y2 (2(a—c2) —(a—c1)y —22) / (4(2—~?)) and that dA2/dz < 0 for any ~.



We can state the following proposition:

Proposition 1. Managerial delegation emerges as the endogenous choice made
by both firms in the Cournot game of delegation, regardless of the degree of
product differentiation . Indeed, it represents a dominant strategy for each
firm, which leads the symmetric choice (M M) to arise as the unique subgame
perfect Nash equilibrium and to Pareto-dominate the symmetric outcome with
no-delegation.

Proof.

Let us consider the following profit differentials:

2 )2

rf® P = SRR > 0
My _eMm V(167" =87*)(a(1—7)+rye1—ea)?

T T T (128+48yT+5-1607%)(8=57%) | 0

- qBM _ g BE _ 27" (4 37()8(523;/))2(&@332);%1 c2) >0

MM mE _ 7 (10244128+* —12807°4+3207°—8175—84'") (a(1—7) —ca+c1v)?

ST T T = 4(128+4873 +~6—16072)%(2—2)7

>0

The above inequalities prove that M is a dominant strategy for both firms.
Also, consider the following inequalities:

oMM _ _EE _ 72 (48-247" 1) (a(l—y)—catern)? 0
1 1 7 (128+4874+~6-160+42)(8—342) =
L aMM _ BB _
29° (a(1—7)—ca+c17)?(8192—13 824> +79367" —19847°+4167° —807'° —9'?)
(128+487*+~5—-16072)*(8—3+2)>

>0

which prove that the equilibrium (M M) Pareto-dominates (E'E).

In order to capture the forces shaping firms’ incentives to act as a managerial
firm, we compare the market variables in the four subgames.

sEM ~ ,EE o .MM ~ ,ME
MM ME EM EE
® 4 <@g <gr <q
EE ME EM MM
o 7 < gy <aqr < g
WIEE < W{\/[E < WJIEM < W{WM

° 7('2EE S’/TQEM SW%VIE S’/TéWM
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The above inequalities, which hold regardless of v, demonstrate the exis-
tence of an incentive for firm 1, when it unilaterally delegates, to gain from
the upstream market by limiting downstream aggressiveness. This lets a higher
demand of input accrue from the rival due to strategic substitutability of quan-
tities and a relatively high wholesale price charged (OA1/0z < 0). A lower ¢;
(higher go) is then observed in (M E) than under (E'E) . With respect to (M E)
, moreover, symmetric delegation (M M) further reduces firm 1’s aggressiveness
through higher firm 2’s aggressiveness and due to strategic substitutability of
delegation, which limits its ability to set a higher input price. This causes z, as
well as ¢1(gz2), to be lower (higher) in (M M) than in (MFE). Conversely, firm
2’s output is higher in (EM) than in (EFE) due to its greater aggressiveness
under unilateral delegation. The Stackelberg leadership firm 2 gets under such
circumstances also induces firm 1, which is unable to affect downstream interac-
tions since it chooses the optimal output by taking as given the rival’s output,
to produce less than under (E'E) and exploit firm 2’s greater demand of inputs
through a lower z (0A2/0z < 0). Symmetric delegation (M M) enhances firm 2’s
aggressiveness with respect to (EM) : in this case, indeed, also firm 1 delegates,
becoming less aggressive downstream and setting a higher z upstream, which
makes the rival more aggressive due to strategic substitutability of delegation.
As a result, ¢1(g2) will be lower (higher) in (M M) than in (EM).

The above effects also explain the reasons for (M M) to arise as an equi-
librium under quantity competition. Indeed, acting as a managerial firm is a
dominant strategy for firm 1 since it allows it to pursue the objective of gaining
from a higher input margin rather than competing aggressively downstream,
independently of the rival’s strategy. Similarly, it is a dominant strategy for
firm 2 which succeeds, thanks to delegation, in gaining higher profits through
an output expansion. Consequently, a deviation from (M M) is never profitable
for any firm. Indeed, for firm 1 it would imply a higher output and a reduced
profit margin on the upstream market under (EM), while for firm 2 it would
imply both a lower output and a higher wholesale price charged under (M E). In
such a framework of quantity competition, therefore, unilateral delegation not
only represents a mechanism through which firm 1 (firm 2) gains higher profits
on the upstream (downstream) market, but also a strategy allowing the rival
to benefit from a competitive advantage downstream (a higher profit margin
upstream). This leads (M M) to Pareto-dominate (E'E).

2.2 The price competition case

In the price competition framework, we consider the following direct demand
function faced by firm i (¢ = 1,2):

o= L= =Pty
' (1-192)
We keep the assumptions on technology and managerial contracts of the

previous section and solve the subgames under the same market configurations
as above.

11



2.2.1 Symmetric behavior

Symmetric delegation (MM)

Given the manager’s objective function in (3), symmetric delegation under
price competition implies the following maximization problems:

maxu; = w1+ A\q1
P1
maxus = 72+ Aogo
P2

We obtain the following reaction functions:

a(l—7)+ci+yp2 — M + 2y

P = 5 (8)
a(l—7)+co+ — X+ 2z
Py = (1-7) 22 YP1 2 9)

which exhibit strategic complementarity, and the following solutions of the
price stage:

a4+ (A =7)+7(c2=A)+2(c1 — A1) +327
4 —~2
a+7) Q=) +v(c— M) +2(c2— X)) +2(24+72)
4 —~2

At the delegation stage, profit maximization by each owner gives the follow-
ing reaction functions:

P 7(72((1*62 (2 72) (a—c1) +72)\2+4z(177 ))
1 =

4(2—9%)
o 72(7((1_01 ( ’72)(a—02)+7)\1+22(1— ))
C 4(2—7?)

Notice that g—i; > 0 and %f > 0, i.e., the reaction functions exhibit strategic
complementarity.

The solutions of the delegation stage are the following:

I Y(ay(1=7) (4= +27) —e17(4=37%) +c2v* (2—7%) —22(1—7") 2—7) (2+7))
L= - @2 2v)(d—*=2v)
)\2 _ _'yz (a(lf'y)(4772+2'y)+52 (37274)+c17(2772)74z(1772))

(4—72+27)(4—2-27)
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. O 2y(14)(1—7)(2—7)(2+
Notice that %2+ - 7(517]2)&27)7()477}1(27)7) >0
My 4y2(1—y)(+
and F2 = (4—7’;7(27)’81(77227) > 0.

Finally, at the first stage of the game, by maximizing firm 1’s profits in (1)
calculated at the optimal prices and the optimal delegation parameters with
respect to z, we solve for the equilibrium wholesale price charged to firm 2 in
this setting :

2
LSMM _ 77(0'_01)4_8(4_’72) (2_'72) (a_CZ)
2 (128 + 64~* — 745 — 160’)/2)

The delegation parameters at the SPNE are:

MM _ T2-") (A=Y +27) (4= —-2y)(a—c2— (a—c1)7)
! - 128 + 6474 — 795 — 1602

e _ P 160 9%) (e~ (0= 1))
2 — _

128 + 64~y% — 746 — 160~2

while equilibrium prices are:

My a(4=72+29) (37 +107° 2472 —167+32) —4eay® (277 ) +1 (128— 1175 +729* —160~7)
Py = 2(128+6473—775—16072)

MM 4a(48—27%+4214* —567%)+2co (4—7%)(2—77) (4=37%) = (64(1—7*) ++* (20—7?) ) (a—c1)
P2 = 2(128+64v1—7~6—160~2)

A non-foreclosure condition < ﬁ‘f also applies under price competition.

Under such a condition, we find )\{W M >0 and )\é\/[M < 0, for any +, which
shows that at equilibrium firm 1’s manager is instructed to care about sales, to
some extent, while firm 2’s manager is penalized for sales.

Finally, we calculate the equilibrium profits:

My a2(192-32072—317°+1767%) — (a—c1)?75 —8ca (2—7%) *(2a—c2)
4(1—~)(1+~)(128+64v*—7v5—16072) -
16v(2—7? )3 (a—cz)(a—c1)+c1(2a—c1)(128—23~5+1287* —224~7)
4(1—) (147) (1284641 —7~6—160~2)
MM 2(2772)(16+5’y471672)2(a(lf'y)chJrclw)2
- (1—7) (14+7)(128+64~% — 776 —160~2)?

Symmetric no-delegation (EE)
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We solve the game under the EE configuration in which at the market stage
the profit-maximizer owners directly make their output choices, by placing A\; =
0 and Ay = 01in (8) and (9). By running the above model under such conditions,
we obtain the following equilibrium market variables:

pe_ 8la—c)+7°(a—ca)

z =
2(8+7%)
oFE = 8(a+ci)+2v(a—c2) — 7 (a—3c1)
! 2(8+12)
5B _ 2072 +4(Ba+c2) =y (4+7%) (a—c1)
" 2(8+7?)
gE _ @2(1=7)@+7)(¥* —7+6)+4ea(ca—2a(1—7))
me= AT E) +

2cia(y—1) ('yg+'y2 +4’y+8) —8cayer +c? (—74—3'\/2—1-8)
4(1—=72)(8+7?)
EE _ (a(l=y)+yci—c2)*(244°)°
(1-92)(8+42)?

The comparison between the two settings of symmetric delegation and no-
delegation under price competition allows us to introduce the following remark.

Remark 4 Symmetric delegation under price competition implies that the
VIP behaves at the market stage more aggressively and the independent retailer
less aggressively than under no-delegation. This result relies on the higher
incentive of the VIP to gain from a higher demand of inputs from the rival
upstream than from downstream competition, and the incentive of firm 2 to
relax downstream competition through delegation to a less aggressive manager.

2.2.2 Unilateral delegation

Unilateral delegation by firm 1 (ME)

When only firm 1 delegates the output choice to a manager and firm 2 is a
non-delegating (profit-maximizing) firm, the solutions of the quantity stage of
the game are obtained posing A2 = 0 in (8) and (9). Running the model under
this assumption, we obtain the following equilibrium market variables:
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MEiaa*CQ

\ME y(a—ca—7(a—cy))

ME o CL+C1
pl - 2

ve _ a@B—=7)+ya+te
P2 =

4

Notice that )\{W E'> 0 under the non-foreclosure condition, i.e., when v <

a—cz 10
a—cy '

The equilibrium profits are:

ME a2(3+’y)(1—’7)—}-03—202(a—'~/(a—cl))+cf(2—’72)—201a(2+'y)(1—'y)
™= 8(1—72)
aME  _ (al—y)+ya —c2)®

2 - 16(1—77)

Remark 5 Unilateral delegation under price competition alters the trade-
off between the VIP’s incentive to behave aggressively downstream and the
incentive to exploit a higher demand of inputs upstream as follows. We find
0< )\{W M < )\{W E regardless of ~, which reveals that firm 1 assigns greater
discretion to its manager under unilateral delegation than under no-delegation,
thus competing more aggressively downstream and exploiting to a greater extent
the profit margin on a higher demand of inputs induced by strategic complemen-
tarity of prices. In this case, as in the symmetric delegation case, the manager
is instructed to put a positive weight on the volume of sales. Symmetric dele-
gation, however, implies a reduction of firm 1’s aggressiveness with respect to
unilateral delegation, due to lower aggressiveness of the managerial rival and
strategic complementarity of delegation.

Unilateral delegation by firm 2 (EM)

When firm 2 is assumed to delegate market discretion to a manager and
firm 1 is a profit-maximizing firm, the solutions of the last stage of the game are

10Tt can be easily checked that the solution of the delegation stage of the game,
yielding firm 1’s incentive parameter as a function of the wholesale price z, is A\ =
(=7 (z(1+7) —ay(2+7) +va (2—9%) —72%c2) / (4(2—~?)) and that dr1/0z >
0.
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obtained by assessing (8) and (9) at A; = 0. By solving the subsequent stages,
we obtain the following market variables at the subgame perfect equilibrium:

e (1-9) =17 (@=en) + (0= 1)
2(y* — 5792 +8)

A\EM _ ’72(61—02—7((1—01))
s =

vt —5v2 +8
e 20(44+9 7)) —Pa(T+7) —7ye2 (2—9%) + ¢ (8 —392)
P = 2(v* — 572 + 8)
v 204+ +7) —Ya(T+7) —ve2 (2—97) + a1 (8 —372)
P = 2(7* — 512 + 8)

Notice that )\ZE M- < 0, under the non-foreclosure condition, i.e., when v <

a—ca 11
a—cy '
M @20=)(2v* =797 +4v+12) +cF (842v* —9+7)
= TT=72) =572+ +
2c1a(771)(747737572+4'y+8)+52(2772)2(27(a751)+¢:272a)
4(1-7?)(8-57>+~*)
SEM _ 2(2) @iy —c)?
2 - (1=92)(8-572+7%)°

Remark 6 According to a standard result in the literature on managerial
incentives under price competition, unilateral delegation by the independent re-
tailer allows it to commit to a less aggressive behavior than under no-delegation,
namely to instruct its manager to put a negative weight on sales. Indeed, we get
)\f M < )\éw M < 0, regardless of ~. This also implies that symmetric delegation
induces firm 2 to compete more aggressively than under unilateral delegation,
due to higher aggressiveness of the managerial VIP and strategic complemen-
tarity of delegation.

11Tt can be easily checked that the solution of the delegation stage of the game, which
yields firm 2’s incentive parameter as a function of the wholesale price z, is Ao =
Y (a@+7y)(v—1)+e2 (2—72) —ve1 +22 (1 —~2)) / (4 (2 —+?)) and that dA2/0z > 0.
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2.2.3 The Bertrand delegation game

In this section the endogenous firm choice of whether to act as a managerial
firm or not is the equilibrium of the following delegation game.

Figure 2
The pay-off matrix of the Bertrand delegation game
[12] M | E |
[ [ ™ 7 [ a7« ]
[ [ P «F™ [ aFF «fF ]

We can state the following proposition:

Proposition 2. Managerial delegation emerges as the endogenous choice made
by both firms in the Bertrand game of delegation, regardless of the degree of
product differentiation . Therefore, (M M) is the unique subgame perfect Nash
equilibrium in dominant strategies, which turns out to be a prisoner-dilemma-
type equilibrium.

Proof.

Let us consider the following profit differentials:

2 a—Cco— a—c 2
R
oMM _ EM _ P2 (16008 (amcar(ame))?

1 1 (172 (71572 18) (12816477 — 770 —1607%) =
- gEM _ _EE _ 7*(64—467% —57*+6+°—7%) (a—ca—y(a—c1))? >0

2 2 (1= (v1=57>+8)* (8+7?)” =
L RMM oM 7*(1024—497° 49615 4 3847* —128072 ) (a(1—) —c2+c17)?

16(1—~2)(128-+64~4 —7~6 —16072)2

>0

The above inequalities prove that M is a dominant strategy for both firms.
Also, consider the following inequalities:

MM __FE _ _ 2(16-82-37"42%) (a(l—y)trei—ea)? 0
- ™ T = T T A (8172) (12816471 —740—16072) | =
_ oMM _ _EE _

2 2 -

—v*(a(1=7)+vye1 —c2)? (497* — 65072 +33287'° —25607° — 2777675 +91 6487* —1116167° +49152)
(1—92)(8+72)* (128+647% —770~16072)*

<0
which prove that the equilibrium (M M) is a prisoner dilemma.

Let us compare the market variables in the four subgames in order to capture
the forces leading (M M) to arise as an equilibrium.
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pME < pMM < pBE < pEM

pME < plP < phIM < pbM

7F1EM < W{WM < 7r1EE < 7({\/[E

’/TéVIE < ’/TéVIM < ’/T2EE < ’/TQEM

The above inequalities, holding regardless of v, demonstrate the existence of
an incentive for firm 1 under unilateral delegation to compete more aggressively
downstream by setting the lowest retail price, which lets a higher demand of in-
put accrue from the rival due to strategic complementarity of prices. This allows
firm 1 to set the highest wholesale price (0A;/9z > 0). With respect to (M E),
symmetric delegation, by reducing firm 1’s aggressiveness (firm 2 also delegates
in this case, becoming less aggressive and thus limiting the rival’s aggressive-
ness due to strategic complementarity of delegation), restricts its ability to set
a higher wholesale price which is indeed lower in (M M) than in (MFE). The
same forces lead both retail prices to be higher in (M M) than in (M E). Con-
versely, unilateral delegation by firm 2 leads to its highest retail price due the
incentives towards its lowest aggressiveness. The latter, moreover, by softening
downstream competition (i.e., both retail prices are higher under (EM) than
under (F'FE), leads firm 1 to optimally react to the reduced demand of inputs by
setting the lowest wholesale price (OAy/9z > 0). That is, due to the impossibil-
ity for the non-delegating firm 1 to affect downstream interactions through an
appropriate choice of the retail price, which is conversely chosen by taking the
rival’s price as given, it strategically induces a higher demand of input through
a lower wholesale price as compared to (EE). With respect to (EM), finally,
symmetric delegation, by enhancing firm 2’s aggressiveness due to greater firm
1’s aggressiveness, positively affects firm 1’s ability to set a higher input price
under (MM). The same forces lead both retail prices to be lower in (M M)
than in (EM).

We are now able to discuss the properties of the equilibrium (M M) under
price competition. Indeed, to delegate to a manager is a dominant strategy
for firm 1 since it allows it to gain a higher profit margin upstream rather
than competing for a downstream competitive advantage, independently of the
rival’s strategy. It is also a dominant strategy for firm 2 which succeeds, thanks
to delegation, in gaining higher profits by relaxing downstream competition.
Therefore, a deviation from (M M) is not profitable for neither firm 1, which
would face a reduced profit margin upstream and a higher retail price under
(EM), nor firm 2 which would set a lower retail price and would be charged
a higher wholesale price under (M E) Despite unilateral delegation represents
a profit-enhancing mechanism through which firm 1 and firm 2 exploit higher
profitability respectively on the wholesale and on the retail market, it hurts the
rival by weakening firm 2’s competitive position downstream and reducing firm
1’s upstream profit margin. This leads (M M) to emerge as a prisoner dilemma
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3 Concluding remarks

In this paper we have highlighted the role of a vertically integrated producer
(VIP), which supplies a key input to a downstream rival, in defining the firms’
strategic incentives towards delegation. Indeed, literature on managerial incen-
tives has focused on the profit-enhancing character of delegation as a means
for independent firms to credibly commit to a more or less aggressive conduct
respectively under Cournot and Bertrand, which weakens the rival but leads
to a more competitive market outcome in the former and softens overall mar-
ket competition in the latter. As a result, a prisoner-dilemma-type equilibrium
arises under Cournot and a more profitable equilibrium outcome arises under
Bertrand. Conversely, in our scenario we have shown that delegation represents
the equilibrium choice made by both the independent firm and the integrated
firm since it works as a mechanism through which the former exploits the com-
petitive advantage on the product market, while the latter orients downstream
interactions to fully exploit its market power on the upstream market. In such
a context, managerial delegation turns out to be beneficial to the rival under
strategic substitutability of quantities and to be detrimental under strategic
complementarity of prices, which results in higher profits for both firms under
Cournot and causes a prisoner dilemma under Bertrand. Our findings rely on
the assumption that the integrated firm sets the wholesale input price prior to
the optimal choice of the managerial contract(s). The analysis of the decision
concerning the optimal firm structure when delegation also affects the upstream
monopolist’s choice of the wholesale price, as well as the analysis under different
assumptions on the vertical structure of the industry (e.g., assuming competi-
tion on the upstream market or vertical separation between the upstream and
downstream units), are left to future research.
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