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1 Introduction

The literature that analyzes the formation of cartels in oligopolistic markets usually treats firms as entities

whose sole objective is to maximize their own profits. However, modern companies are characterized by a

separation between ownership and control, and top managers do not necessarily aim at strict profit maxi-

mization. In the meantime, it is well know that in industries where firms are interdependent, managerial

non-profit maximizing behavior may serve the interests of profit-maximizing owners. The purpose of this

paper is to investigate whether delegating control to managers who are given incentives different from pure

profit maximization increases, or decreases, the likelihood of collusion among rival firms.

The strategic delegation literature is interested in the compensation contracts that owners of competitive

firms offer to their managers and the way in which these incentive schemes affect the outcome of the market

game. This literature builds on the seminal papers of Vickers [18], Fershtman [4], Fershtman and Judd [5],

and Sklivas [17]. Typical strategic delegation models consist of a static two-stage game in which owners

design managerial contracts and managers play the market game, given their incentive schemes. It is shown

that within Cournot competition regime, delegating control to a manager whose objective function is a linear

combination of profits and sales (CPS for short) can be advantageous in that it may give rise to Stackelberg

leadership. The resulting equilibrium involves all firms delegating control in order to achieve a dominant

position. In other words, all firms would prefer the rivals not to delegate, and the equilibrium is affected by

a prisoner’s dilemma type problem with all firms putting positive weight on sales.

Lambertini and Trombetta [12] have extended this setting in two directions. First, they make the delega-

tion decision explicit. Second, they analyze strategic delegation in a dynamic framework, with the assumption

that the entire game is infinitely repeated. Their goal is to analyze cartel stability under Cournot competition

in a duopoly where each owner can decide to delegate control, or not, over their firm’s assets to a manager

who is interested in sales in addition to profits. They show that delegation has no effect on cartel stabil-

ity when collusion takes place between managers (the critical discount factor is the same as in a standard

Cournot game without delegation), while it may hinder cartel stability when collusion takes place between

owners (the critical discount factor is higher than the one in standard non delegation Cournot game). They

also show that if managers are not able to collude, i.e. their discount factor is high, then owners’ delegation

decision is non-monotone in their own discount factor.

What is the impact of managerial compensation systems on the relationship between delegation and firms’

ability to collude? Are the results derived by Lambertini and Trombetta [12] robust to different incentive

schemes? These are important issues that we investigate here. To do so, we change the payoff function

of managers in the analysis of Lambertini and Trombetta. More precisely, while these authors consider

managerial payoff functions based on profits and sales (i.e., manager i’s payoff is proportional to πi + θiqi,

where πi is the profit of firm i and θi the weight on the sale volume qi), we use compensation schemes based

on relative performance evaluation instead (i.e., manager i’s payoff is proportional to πi + θiπj with θi the

weight given to πj , the profit of firm j).

While RPE has been widely studied during the last two decades1, only few papers investigate the impact

of RPE between rival firms on the likelihood of collusion. Joh [10] underlines that using θ < 0 in manager

contracts may hinder collusive behavior in the product market. However, when compensation is positively

1The large majority of papers on RPE belongs to two groups. The first group studies RPE as a strategic and risk sharing
mechanism (See for example Holmström [9], Fumas [7], Kapur and Timmermann [11] ) while the second one focuses on the
RPE puzzle (See for example Aggarwal and Samwick [1] and Celentani and Loveira [2]).
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linked to the rival firm’s performance (θ > 0), the manager’s incentive to deviate from product market

collusion decreases. In the same vein, Lundgren [13] argues that if θ = −1, managers are in fact engaged

in a zero-sum game and have no incentive to collude. Conversely, if θ = 1, firms have a goal of joint

profit maximization and collude in the product market. Matsumura and Matsushima [15] go further in that

direction and show that a decrease in θ from 1 to −1 causes more instability in collusive behavior. While

these results are interesting and comparable to those obtained in the literature on partial cross ownership and

tacit collusion (see e.g., Malueg [14] and Gilo, Moshe and Spiegel [8]), all those papers deal with exogenous

weights on RPE.

In what follows, we introduce delegation decisions and contracts based on RPE in the analysis of cartel

stability. We follow the approach developed by Lambertini and Trombetta, where manager’s compensation

combines profits and sales instead. We obtain results that are similar to and results that are distinct from

those of Lambertini and Trombetta. In particular, we show that if incentive schemes are based on RPE,

the critical level of the discount factor which makes collusion between managers sustainable at the market

stage is no more independent of delegation and is decreasing in the weight of the RPE. In the same vein,

we show that the discount factor at which collusion between owners can take place is higher than the one

obtained by Lambertini and Trombetta. In other words, collusion between owners in setting managers’

payoff functions is harder to sustain with RPE as compared to the case with CPS. Finally, in the case where

managers are unable to sustain collusion at the market stage, i.e. they have a high discount factor, we obtain,

like Lambertini and Trombetta, a non monotone relationship between owners’ delegation decision and their

own discount factor, but the discontinuity and then the sustainability of collusion, occur at higher discount

factors.

The paper is organized as follows. Section 2 presents the model and explains the game. In Section 3, we

solve the game. Section 4 concludes.

2 Firms and Relative Performance Evaluation

Consider two firms producing homogenous goods and competing in quantity. Let qi be the quantity produced

by firm i (i = 1, 2). The inverse demand function is given by p = 1−q1−q2 and the marginal cost is constant

and equals 0. Then, firm i’s profit function is given by πi = (1− q1 − q2) qi.

Firm owners can choose to manage production themselves (strategy e for entrepreneurial) or to delegate

production to a manager (strategy m for managerial). If owners are entrepreneurial, they decide what

quantity to produce and face the traditional Cournot game. However, if owners decide to delegate, they

will try to influence manager incentives by offering a relative performance evaluation contract (RPE). Firm

i manager’s compensation is given by

yi = αi (πi + θiπj)

where αi is a scale parameter and θi is the relative performance evaluation parameter.2 We assume that

their labor market for managers is highly competitive. Consequently, manager reservation value is low and

2In this paper, the notation used expresses delegation with relative performance evaluation compensation. However, it it
possible to obtain the same model by using different approaches. First, one can suppose that, instead using RPE, owners choose
their managers which differ on their attitudes toward relative performance (see Miller and Pazgal [16]). Another model is the
possibility for owners to use cross-holding to manipulate managers’ incentive (see Clayton and Jorgensen [3]). However, those
alternatives don’t change the results or conclusion of this paper using RPE.
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then αi is set close to 0. The result is that manager compensation does not affect firm profits.

If θi is positive (negative), then compensation increases (decreases) with the other firm’s profit. In other

words, when θi is positive (negative), the manager of firm i has a positive (negative) externality on the other

firm’s profit. We restrict θi to belong to the interval [−1, 1]. The reason is owners cannot put more weight

on a rival’s profit than on their own.

We suppose that owners choose their θ before making any decisions on production. We also assume that

the θ are publicly disclosed and hold for a given period.

To summarize, the model consists of an infinite horizon non-cooperative three-stage game. At the first

stage, firms simultaneously decide to be either entrepreneurial or managerial. At the second stage, if man-

agerial, the firm sets θ. At the third stage, production decision makers (PDMs), who are managers if firms

are managerial or owners if firms are entrepreneurial, set the quantities to produce. Figure 1 summarizes

the three-stage game.
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Figure 1: The Dynamic of the game.
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3 Solving the Game

In this game, there are three possibilities for collusion. The first one is collusion on the type of firm structure

owners want (collusion on delegation decision). Second, if owners delegate, they can agree on their choice of

θ with the objective to influence managers and obtain monopoly profits (collusion on θ). The third type of

collusion takes place between PDMs on the production level (collusion on production).

As we consider an infinite horizon game involving the prisoner dilemma at each period (at any stage), we

need to define the discount factors involved: let these be δo ∈ (0, 1) and δm ∈ (0, 1) for owners and managers

respectively.

Assumption 1 Owners (managers) have the same discount factor δo (δm).

Assumption 2 Discount factors δo and δm are known by managers and owners.

Before studying collusion, it is important to know how agents will react in case of deviation.

Assumption 3 Owners and managers use “grim” strategies, i.e. players collude until deviation of the other

player is detected and thereafter a Nash-equilibrium is played.3

Consequently, the threshold at which collusion on production is sustainable is given by

δ? =
V D − V C

V D − V N

where V D, V C and V N are the value functions under, respectively, deviation, collusion and Nash-equilibrium.

If the agent’s discount factor is higher than δ?, then collusion is sustainable.

We solve this game by using backward induction. Consequently, we start our analysis at the production

stage.

3.1 Production (Stage 3)

Production can be set by owners, managers or both. Depending on the situation, the dynamic is different.

Consequently, we must study them separately.

3.1.1 Managers Set Production (subgames 1 and 2)

When owners decide to delegate, they influence manager production decisions through RPE contract. We

can write manager i’s problem as follows.

max
{qti≥0}∞t=0

∞∑
t=0

(δm)
t [
πi
(
qti , q

t
j

)
+ θtiπj

(
qtj , q

t
i

)]
(1)

where θti denotes the RPE parameter of firm i at period t. Suppose that θti is constant over time, i.e. θti = θi.

Before going further, we introduce another assumption.

Assumption 4 If θi 6= θj, then managers do not collude on production and play the Nash-equilibrium.

3We will see below that for some situations, a continuum of Nash-equilibriums exists.
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This assumption is similar to Assumption 2 of Lambertini and Trombetta [12]: if θi 6= θj and managers

maximize joint profit, then only one manager produces (the manager with the lower θ). Consequently,

managers receive asymmetric compensations. In order to split joint profit equally, a side payment must be

made which is quite unrealistic.4

We simultaneously analyze subgames 1 and 2. They are similar in the sense that managers’ decisions

depend only on the level of θs.

Proposition 1 Suppose that θi = θj = θx. If δm ≥ δm (θx) with

δm (θx) =
(3 + θx)

2

(θx)
2

+ 14θx + 17
(2)

then, managers collude on production and profits are given by π1 = π2 = πC = 1
8 . Otherwise, profits are

πN (θx, θx) = 1+θx

(3+θx)2
. Furthermore, δm (θx) is decreasing in θx.

Proposition 1 differs from Lambertini and Trombetta [12]’s Proposition 1. When owners use CPS, the

level of θ does not affect manager decisions to collude. In their framework, Lambertini and Trombetta argue

that the incentive scheme, as perceived by managers, shifts the marginal cost. Since the shift affects profits

under collusion, deviation and Nash-equilibrium proportionally, it does not affect cartel stability.

Under RPE, owners can influence cartel stability by establishing a positive or negative value for θ. If we

take the derivative of (2) with respect to θx, we find that the likelihood of collusion on production between

managers increases (decreases) when θx increases (decreases). This result is consistent with Matsumura and

Matsushima [15].

3.1.2 Owners Set Production (subgame 5)

Owners set production only if they are entrepreneurial. When owners decide not to delegate, they set

themselves the optimal quantity to produce in order to maximize their own profit function:

max
{qti≥0}∞t=0

∞∑
t=0

(δo)
t [(

1− qti − qtj
)
qti
]

i = 1, 2, i 6= j

where qti is the quantity produced by firm i at time t.

This problem corresponds the traditional Cournot model with homogenous goods. It is easy to demon-

strate that the threshold for the discount factor supporting collusion on production between owners is given

by δo = 9
17 . Consequently, if δo ≥ 9

17 , owners collude on production and get π1 = π2 = πC = 1
8 . Otherwise,

they get 1
9 .

It is interesting to underline that, if we set θi = θj = 0 and introduce them in (2), then we obtain

δm (0, 0) = 9
17 , which is the threshold for the Cournot model for homogeneous goods. This makes sense since

this situation is equivalent to the case of entrepreneurial owners. Also, we have πN (0, 0) = 1
9 which is the

Cournot profit.

4There exists a literature on the possibility of collusion when firms face asymmetric cost. Friedman [6] introduces the concept
of “balanced temptation” equilibrium which is an equilibrium where all firms are equally tempted to defect. Even if it is possible
to introduce this concept in the paper, this complicates the presentation of our results. For a deeper discussion on balanced
temptation with RPE, see de Lamirande and Guigou (mimeo).
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3.1.3 One Manager and one Owner set Production (subgames 3 and 4)

When only one owner delegates, production is set by one manager and one owner. It is important to

understand that an entrepreneurial owner faces the same profit maximization problem as the manager’s

compensation maximization problem when θ = 0. For the same reason we used for the case of two managers,

we assume that collusion on production between an owner and a manager can be sustainable only if the

manager’s θ equals 0. This case is identical to the traditional Cournot model. Consequently, collusion on

production between a manager and an owner occurs only if δm, δo ≥ 9
17 .

3.2 Contract Design (Stage 2)

During Stage 2, owners set their θ if they decide to delegate the production decision to a manager. The

owners’ problem can be described as

max
{θti∈[−1,1]}∞t=0

∞∑
t=0

(δo)
t
πi
(
q∗i
(
θti , θ

t
j

)
, q∗j
(
θtj , θ

t
i

))
(3)

where q∗i
(
θti , θ

t
j

)
is the optimal quantity set by manager i when owners choose θti and θtj . The game at Stage

2 is represented by Subgame 6.

Here, there are two possibilities: either both owners delegate or only one delegates. We consider those

two cases separately.

3.2.1 Both Owners Delegate

Owners must choose between collusion or playing the Nash-equilibrium. However, whenever they make their

decisions regarding both the choice between entrepreneurial and managerial strategies as well as collusion

on θ, owners consider the possibility of collusion on production between managers during Stage 3. Collusion

between managers can arise when owners do not collude on θ if the managers’ discount factor is high enough.

Before studying the possibility of collusion on production between managers when owners do not collude,

we must find the level θN when owners play the Nash-Equilibrium. First, we replace optimal quantities to

produce by managers when they do not collude on production into (3). We obtain the per-period firm i’s

profit

πN (θi, θj) =
(1− θjθi) (1− θi)

(4− (1 + θi) (1 + θj))
2 (4)

Second, we solve (4) for both owners. Fumas [7] and Miller and Pazgal [16] find a continuum of Nash-

equilibria solving (4). For the purpose of keeping the presentation simple, we focus our attention on the

unique symmetric solution given by θN = − 1
3 .

If we replace θi and θj by −1/3 into (2), we obtain the following proposition.

Proposition 2 Managers collude if δm ≥ δm
(
θN , θN

)
= 4

7 whatever owners decide about the level of θ.

If the manager discount rate is high enough, the owners’ decision about θ does not matter: managers

will collude on production.

If we compare this threshold with the Cournot model’s threshold, we find that δm
(
θN , θN

)
= 4

7 ≥
9
17 .

This means that collusion on production between managers is more difficult to sustain than in the Cournot

model.
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When the manager discount factor is low (δm < 4
7 ), there is a big incentive for owners to collude.

Collusion on θ between owners involves setting θ to maximize their joint profit. It is easy to show that the

optimal θ under collusion is given by θC = 1.5

Now, we can state the condition to observe collusion on θs.

Proposition 3 Assume that δm < 4
7 . Collusion on θ is sustainable if

δo ≥ 4

5

This threshold is higher that the Cournot’s threshold ( 9
17 ), making collusion more difficult to sustain.

The reason is that profits under deviation are large enough when the other owner plays θj = 1 to compensate

for the loss from punishment.

To summarize, we find that

• if δm ≥ 4
7 , then managers collude and owners get πC = 1

8 ;

• if δm < 4
7 and δo ≥ 4

5 , then owners collude on θ and get πC = 1
8 ;

• otherwise, owners get πN
(
− 1

3 ,−
1
3

)
= 3

32 .

From this result, we find that RPE decreases cartel stability. Relatively to the Cournot threshold, collu-

sion is more difficult to sustain when owners use RPE. Our finding differs from Matsumura and Matsushima

[15]: they considered the possibility of partial collusion between owners while we do not. In this paper, we

suppose that, if owners collude on θ, then they set it at 1.6

3.2.2 Only One Owner Delegates

When only one owner delegates, production decisions are taken by one manager and one owner. Even if

this situation is technically possible, it is unlikely to occur. The managerial owner has high incentive to

set his θ different from 0. Then, from section 3.1.3 we know that PDM will not collude. Consequently, the

entrepreneurial owner will choose to hire a manager in order to maximize his profits. Consequently, this

situation can only be transitionary. However, we have to compute profit for the firm using delegation since

we will need it later to study collusion during the delegation decision stage.

The firm using delegation (assuming is firm i) maximizes πN (θi, 0) = (1−θi)
(3−θi)2

. We find that the optimal

θ∗(0) = −1. Introducing θi = −1 and θj = 0 in (4), we obtain πN (−1, 0) = 1
8 .

3.3 Decision between Managerial and Entrepreneurial

During the first stage of the game, owners have to decide between being managerial or entrepreneurial. If

owners decide to use managers, then they would have the possibility to manipulate managers’ incentives and

potentially get more profits. However, owners can also make lower profits in the case where both managers

decide to produce more than the optimal quantity of the Cournot model. Consequently, it could be profitable

for owners to collude about delegation and be entrepreneurial.

If owners are entrepreneurial, they face the classic Cournot game. We find that,

5We concentrate our attention on perfect collusion. No partial collusion occurs.
6The question of partial collusion is beyond the scope of this paper.
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• if δo ≥ 9
17 , then owners collude on production and get πC = 1

8 ;

• if δo < 9
17 , then owners do not collude on production and get πN (0, 0) = 1

9 .

Profits are lower when firms are managerial and owners are not able to collude on θ than when firms are

entrepreneurial and managers are not able to collude on production (πN
(
θN , θN

)
= 3

32 < πN (0, 0) = 1
9 ).

Therefore owners could agree not to delegate. Even if owners cannot collude on production (δo < 9
17 ), they

can agree upon being entrepreneurial. Suppose that δo < 9
17 and δm < 4

7 . In this case, neither managers

nor owners can collude on production. However, owners can collude in avoiding delegation.

Proposition 4 Suppose that δm < 4
7 . Owners collude to be entrepreneurial when δo ∈

[
4
9 ,

4
5

)
. They collude

on production and get πC = 1
8 when δo ∈

[
9
17 ,

4
5

)
or they compete à la Cournot and get πN (0, 0) = 1

9 when

δo ∈
[
4
9 ,

9
17

)
. Moreover, owners are managerial, do not collude on contract design and get πN

(
θN , θN

)
= 3

32

if δo < 4
9 .

The last case to investigate is the situation when owners can get collusion profit πC = 1
8 being en-

trepreneurial or managerial. This could happen if δo ≥ 4
5 (owners can collude on production if entrepreneurial

or on the contract design if managerial) or if δo ≥ 9
17 and δm ≥ 4

7 (owners can collude on production if en-

trepreneurial or managers on production if managerial). If we face the situation where owners get collusive

profit independently of their decision during the first stage of the game, it is not obvious which of those two

equilibriums will be played. Let represent this game in the normal form.

Owner 1 , Owner 2 Managerial (M) Entrepreneurial (E)

Managerial (M)
(
1
8 ,

1
8

) (
1
8 ,

1
16

)
Entrepreneurial (E)

(
1
16 ,

1
8

) (
1
8 ,

1
8

)
This problem is a coordination game. There are two Nash-Equilibria but playing managerial is a weakly

dominant strategy. Consequently, (M,M) is the most likely outcome for this game.7

Assumption 5 If discount factors are high enough to leave owners with collusive profit being managerial

or entrepreneurial, owners delegate.

With this last assumption, we can summarize the decision process.

Proposition 5 If δm ≥ 4
7 , then owners delegate, managers collude on production and owners get πC = 1

8 .

If δm < 4
7 and

• δo ≥ 4
5 , then owners delegate, collude on θs and get πC = 1

8 ;

• δo ∈
[

9
17 ,

4
5

)
, then owners are entrepreneurial, collude on production and get πC = 1

8 ;

• δo ∈
[
4
9 ,

9
17

)
, then owners are entrepreneurial, do not collude on production and get πN (0, 0) = 1

9 .

Otherwise, owners delegate, do not collude on θs, managers do not collude on production and owners get

πN
(
− 1

3 ,−
1
3

)
= 3

32 .

7This result is in line with Lambertini and Trombetta’s findings. However, Lambertini and Trombetta say that (M,M) is
subgame-perfect and not (E,E). In fact, both are subgame perfect. However, this problem involves a coordination problem.
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We can see that, if δm < 4
7 , the decision about delegation is not monotonic. This result is in accordance

with Lambertini and Trombetta (Proposition 4). The following graphs illustrate the difference between CPS

and RPE in terms of collusion.

Figure 2: Possibilities of Collusion under RPE and CPS. (A = Collude
to be Entrepreneur and no Collusion on Production, B = Collude to be
Entrepreneur and Collusion on Production, C = Collude to be Managerial
and Collusion on θ)

Clearly, it is more difficult for owners to get collusive profit under RPE than CPS. Since the region where

collusion between managers is larger under CPS than RPE. However, when managers are impatient, owners

can still get collusive profit by being entrepreneurial (B) or managerial (C). If we consider those two regions

for CPS and RPE, we find that the threshold is the same (δo ≥ 9
17 ). Consequently, the type of contract

does not affect firms’ profit when δo ≥ 9
17 but can affect the delegation decision. Indeed, if owners use RPE,

they will less likely use manager than under CPS. Finally, the market is more likely to be more competitive

under RPE than CPS. Region A and region “No collusion” are larger under RPE than under CPS.

4 Conclusion

Relative performance evaluation cannot help to increase cartel stability. Relatively to the threshold under

Cournot model, collusion is more difficult for managers when owners are impatient. Under RPE, the gain from

deviation is big enough to compensate the lost from punishment. This finding is different from Lambertini

and Trombetta [12]. CPS does not affect the threshold for collusion between managers. This is because

RPE affects managers’ incentive to collude whereas CPS does not. Nevertheless, Proposition 5 is similar to

Lambertini and Trombetta’s: the decision to delegate is none-monotone in owners’ discount factor.

An avenue for future work is to study the effects of partial collusion on cartel stability in the context of
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RPE. Since RPE affects managers’ decisions, owners could have an incentive to partially collude (setting θ

different from 1).

Appendix

Proof of Proposition 1. First, we study collusion profit. By Assumption 4, collusion occurs only when

θ1 = θ2 = θx. If this condition is fulfilled, then managers will maximize the sum of joint compensations and

split the production equally. Consequently, the level of θ does not influence the decision about the level of

production. We find the optimal level of production by solving

max
q1,q2

(1 + θx) (π1 (q1, q2) + π2 (q2, q1))

We find q1 = q2 = qC = 1
4 and the profit under collusion

πC =
1

8
(5)

Second, consider the situation where managers do not collude. Profits are given by solving (1) for both

producing firms simultaneously. We obtain the value functions for owners.

πN (θi, θj) =
(1− θjθi) (1− θi)

(4− (1 + θi) (1 + θj))
2

In the case where θ1 = θ2 = θx, we find

πNi (θx, θx) =
1 + θx

(3 + θx)
2 (6)

Third, we establish if managers collude is to determine the optimal deviation from the collusion. The best-

response function is found by solving the manager’s maximization problem taking into account that the

other manager produces the quantity qC . Without loss of generality, we assume that firm 2 plays qC and

firm 1 deviates. Firm 1’s profit maximization problem becomes

max
q1

π1
(
q1, q

C
)

+ θxπ2
(
qC , q1

)
We find the optimal quantity during the deviation phase for firm 1 is qD1 = (3−θx)

8 and profit under deviation

πD (θx) =
9− (θx)

2

64
(7)

Using (5),(6) and (7) to compute managers’ compensations, we find the threshold for collusion between

managers

δm (θx) =
(3 + θx)

2

(θx)
2

+ 14θx + 17

11



For the second part of the proposition, we take the derivative of δm in respect to θx.

∂δm

∂θx
= − 8 (3 + θx) (1− θx)(

17 + 14θx + (θx)
2
)2 < 0

Proof of Proposition 2. Introduce θN = − 1
3 in (2). We obtain δm

(
− 1

3

)
= 4

7 . Since owners has no

incentive to set θ < − 1
3 , if δm ≥ 4

7 , then collusion between managers is sustainable.

Proof of Proposition 3. We already know that RPE parameters, when owners and managers do not

collude, are given by θ1 = θ2 = θN = − 1
3 . Equation (8) gives profit while managers play Nash and owners

play θ1 = θ2 = θx. If we replace θx by θN , then we find that

πN
(
−1

3
,−1

3

)
=

3

32
(8)

Now, we have to determine profit under deviation. Without any loss of generality, assume that firm 2 plays

θ2 = θC = 1 and firm 1 deviates. Firm 1’s profit during the deviation phase is given by maximizing (4) with

θ2 = 1. We find that the firm 1’s best-response function is R (θ2 = 1) = −1.

Then, firm i’s profit when deviating from collusion is

πD (1) =
1

4
(9)

Using (5), (8) and (9), we find that collusion is sustainable if

δo ≥ 4

5

Proof of Proposition 4. By Proposition 3, we know that if δm < 4
5 and δm ≥ 4

5 , then owners delegate and

collude on θ. Let compute profit when owners are entrepreneurial and cannot collude on production. The

situation where owners are entrepreneurial is equivalent to the traditional Cournot model. If owners collude

not to delegate, then they get πN (0, 0) = 1
9 . If the delegate and no collusion is possible thereafter, then profits

are πN
(
θN , θN

)
= 3

32 . Now, we compute the optimal deviation when the other owner is entrepreneurial. In

this case, profits are given by πD (0) = 1
8 . At the end , we find that owners collude to be entrepreneurial if

δo ≥ 4
9 . When owners can collude on production, the lost from deviation is worse. Consequently, collusion

not to delegate is stronger.
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