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Abstract

This paper examines the incentives of firms in a Cournot duopoly to form a Research Joint Venture (RJV) when one of the firms has a first-mover ability in its research and development (R&D) investment. When firms simultaneously choose their R&D, a RJV is weakly preferable to R&D competition. Leadership in R&D, however, may imply that the profits from competing in R&D exceed those from choosing R&D co-operatively and also from simultaneously choosing R&D, especially if R&D is relatively inexpensive. On the other hand, if spillovers are high, there may be a second-mover advantage as the follower can ‘free-ride’ on the leader’s R&D investment. Alternatively, the leader can choose to deter the entry of the follower, though the costs of doing so may be prohibitive.
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1. Introduction


In recent years there has been a great increase in the literature on Research Joint Ventures (RJV’S) between firms in particular, or indeed different, industries. Such ventures typically involve the sharing of costs and information associated with the Research and Development (R&D) of these firms. The justifications for such arrangements range from the sharing of risk, overcoming the inappropriability of R&D problem by internalising spillovers and elimination of research duplication. While firms can undertake R&D in order to improve the quality of their product (product innovation) or reduce the costs of producing a particular good (process innovation), this paper focuses on the latter.


In general, the existing literature is favourable towards such ventures for the reasons outlined above, as such ventures often lead to greater incentives to undertake R&D, more efficient R&D, greater information sharing, greater industry profits and, depending on spillovers, greater national welfare.


This paper looks at the incentives to form RJV’s when a firm has a first-mover ability in undertaking R&D investment. While the effects of having a first-mover ability are understood in relation to setting capacity, output and prices, its effect on R&D investment, especially when there are R&D spillovers between the firms, is much less so. Given the public-good nature of R&D, it is quite conceivable that the second-mover may ‘free-ride’ on the decision of the leader and actually be better off than if the firms simultaneously undertake R&D investment and also, more importantly, better off than the leader.


This paper examines a one-shot game where two, symmetric, output-setting firms that produce a homogenous good undertake marginal cost reducing R&D in the face of certain demand. Each firm must incur the costs of such R&D and each firm receives an exogenous spillover from the other, the effect of which is to reduce marginal production costs. The firms are assumed to remain rivals in the output market, in accordance with antitrust regulations. At the R&D stage, however, the firms may either compete against, or co-operate (form RJV) with, each other.


This paper uses the D’Aspremont and Jacquemin (1988) paper as it starting point. The relevant model of this paper is where the firms simultaneously choose their R&D and output levels at each stage. The relevant finding of this paper is that, for the firms, forming a RJV is at least as profitable as competing in R&D for all spillovers. Other authors like Kamien, Muller & Zang (1992), Roller, Siebert & Tombak (1997) and Salant & Shaffer (1998) have found similar results. In this paper, the interesting question is whether a firm that has a first-mover ability in R&D will also choose to co-operate in R&D with its output market rival.


Many previous papers have looked at the effects of a firm having a first-mover advantage, though mostly with regard to output in the presence of uncertain demand. Spencer and Brander (1992) examined the case where firms had first-mover opportunities in output in the face of uncertain demand and found that a leader may prefer to wait until any uncertainty is resolved. If demand is certain, however, a firm will choose to move first. Dewit and Leahy (2000) allow for a first-mover ability in choosing marginal cost reducing capacity levels and show that a firm may forego leadership if the uncertainty is large enough, but again go first if demand is certain.

This paper combines the models of D’Aspremont and Jacquemin and Dewit and Leahy in that in the presence of certain demand, a firm can engage in marginal cost reducing R&D before its rival, but the rival also benefits from such investment through exogenous spillovers. This is the first paper that this author is aware of that combines these characteristics.


 Section two of the paper introduces the model. Section three analyses the basic two-stage game where two firms, facing certain demand, simultaneously choose their R&D and output levels in each stage. Section four introduces R&D leadership. Section five compares the simultaneous and sequential R&D cases when the leader accommodates the follower. Section six looks at the case of entry deterrence and compares deterrence to accommodation. Section seven concludes.   

2. The model
The starting point for many R&D models is the D’Aspremont and Jacquemin (1998) paper. For the purposes of this paper, the relevant model is that of a two-stage game where two, symmetric, output-setting firms produce a homogenous good and can choose to either compete or co-operate at the R&D stage. The firms remain rivals in the output market, in accordance with antitrust regulations, and are assumed to be profit maximisers. 


This paper follows Spencer and Brander (1992) and Dewit and Leahy (2001) in that it assumes that the firms face a linear inverse demand function of the form
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where Q = q + q* is total industry output. In (1), 
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is defined to be a uniformly distributed demand shock with an expected value of zero and variance of 2. This paper assumes that the firms choose their R&D and output levels after the shock is revealed, so that E(u) and 2 will not affect the firms’ decisions. 

Marginal production costs are a function of own and rival R&D and are given by



c(x,x*) = A – (x + x*)

c*(x,x*) = A – (x + x*)
(2)

where 0 (  ( 1 is an exogenous R&D spillover. It is assumed that that 0 < A < (a + u), c ( 0, c* ( 0, Q ( (a+u)/b. R&D costs are strictly increasing and convex in R&D, thereby exhibiting diminishing returns, and are given by x2/2 and x*2/2 ( > 0) for the respective firms.


The authors compared the cases of R&D competition and R&D co-operation (RJV formation). One of the main results of the paper was that the firms weakly preferred to form a RJV, as it is at least as profitable as R&D competition for all spillover levels. By co-operating in R&D, the firms internalise the exogenous R&D spillover to overcome the problem of being unable to fully appropriate the benefits of their own R&D when R&D is chosen competitively.

This paper will examine the effects of a firm being an R&D leader by choosing its R&D before the other firm. Some interesting questions emerge. If a firm chooses to be a leader, will it accommodate the follower in the industry or will it attempt to deter its entry? Will accommodation and/or entry deterrence increase profits relative to the simultaneous R&D case? Will the leader’s profits always exceed those of the follower? Finally, will a leader’s profits when the firms compete in R&D exceed its profits when the firms co-operatively choose R&D? If the latter occurs, a leader will prefer to compete in R&D rather than form a RJV, thereby contradicting one of the main D’Aspremont and Jacquemin results. For simulation purposes, b and [(a – A) + u] will be normalised to unity.

3.Simultaneous R&D

This is identical to the D’Aspremont and Jacquemin case, except for the amendment to the inverse demand function and revelation of a demand shock before the firms make their investment decisions. It is a three-stage game where, firstly, the demand shock is revealed to the firms.
 Secondly, the firms simultaneously choose their R&D levels. Finally, the firms simultaneously choose profit maximising output levels. Backward induction is used to solve for the subgame perfect equilibrium outcome in each case. One of the firms is denoted by *.

Stage 3 – output

The objective function of the representative firm is
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so that the firm’s first-order output condition is
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(4)
Given (1), (2) and (4), we can derive profit maximising output levels
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(5)
The demand shock and own R&D have a positive effect on own output for all spillover levels. As the firms’ R&D reaction functions are downward (upward) sloping in R&D space when  < (>) ½, R&D is a strategic substitute (complement) when  < (>) ½. The expressions in (5) remain constant, irrespective of whether the firms compete or co-operate in R&D, though actual output values will depend on what happens at the R&D stage.


From (3) and (4), profits for the representative firm can be written as
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Welfare is defined as the sum of consumer surplus and total industry profits and is given by
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(7)
Using (5) in (6) we can solve for profit maximising R&D levels in the second stage. This enables R&D, output, profit and welfare levels to be derived in terms of the spillover, R&D cost and demand shock parameters. The competitive R&D game is denoted by N (non co-operation) and the co-operative game by C.

Stage 2 – R&D competition

In this game, each firm chooses its R&D in order to maximise its own profits. As firms remain rivals in the output market, there will be strategic considerations to each firm’s R&D choice. The representative firm’s first-order R&D condition is given by
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(8)
The direct R&D effect is the marginal benefit of R&D, the reduction in own marginal production costs, less marginal R&D cost, the cost of an extra unit of R&D. The strategic R&D effect is the change in rival output due to a unit change in own R&D times the change in own profits due to a unit change in rival output. Using (1), (2), (3) and (5) in (8) implies
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(9)
where N is the marginal return to R&D per unit of output if the firms compete in R&D. From (1), (2), (3) and (8), efficient R&D investment requires N = 1, so efficient R&D levels are
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(10)

which are increasing in the spillover. From (9), it can be shown that the firms will over (under) invest in R&D when  < (>) ½. Given (5) and firm symmetry, R&D levels are
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(11)
and are decreasing in the spillover parameter.
 As spillovers increase, a firm increasingly benefits from its rival’s R&D and this reduces each firm’s incentive to undertake R&D. Solving for output levels in (5) and substituting into (6), we can derive profit levels
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Except for the range of R&D costs and spillovers where 
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, profits are increasing in the spillover due to the benefits from rival R&D and lower own R&D costs.
 Solving for welfare implies
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which is increasing in the spillover
, except, again, for a range of R&D costs and spillovers where 
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Stage 2 - R&D co-operation

In this game, the firms choose their R&D to maximise the sum of joint profits. Each firm takes into account the effect of their own R&D on their rival’s profits. Despite this, there will still be some degree of strategic R&D investment as the firms remain rivals in the output market. The representative firm’s first-order R&D condition is now given by
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(14)
The marginal benefit of an individual firm’s R&D is now the sum of the reductions in marginal production costs of all RJV members. From (1), (2), (3) and (5), (14) implies
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(15)
Efficient R&D investment requires C = (1+), so that efficient R&D levels are given by
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(16)

From (15), it can be shown that the firms will always under-invest in R&D. As the firms remain rivals in the output market, they will profit-shift by free-riding on their RJV partner’s R&D. Given firm symmetry, substituting (5) into (15) implies
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(17)
R&D is now increasing in the spillover, in contrast to the competitive R&D case.
 As the firms are internalising the spillover, the own profit effect of R&D exceeds the cross profit effect so that R&D increases joint profits. The higher the spillover, the greater the incentive to undertake R&D as R&D is a strategic complement when  > ½.


Solving for profits, we can derive
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(18)
Profits are increasing in the spillover for all R&D costs, as lower marginal production costs from own and RJV partner R&D offset higher R&D costs. Welfare is given by
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(19)
and is increasing in the spillover for all R&D costs. As firms’ profits are rising, so too is consumer surplus as increasing R&D levels reduce marginal production costs and raise output, thereby reducing price.


Stage 1 – demand shock revealed

In this stage, the true level of the demand shock becomes known to each firm.

R&D competition v R&D co-operation

Comparing R&D levels in (11) and (17), it can be shown that
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(20) 

For low spillovers ( < ½), over-investment in R&D due to profit-shifting when the firms compete in R&D dominates under-investment due to free-riding when the firms co-operate in R&D. For high spillovers ( > ½), however, R&D co-operation gives a greater incentive to undertake R&D due to the effects internalisation of spillovers on joint profits.

Comparing profit levels in (12) and (18), we find that 
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(21)

Firms will weakly prefer to form a RJV as it is at least as profitable as R&D competition for any spillover level, and will strictly prefer it when  ( ½.


Perhaps the most interesting question is how the formation of a RJV will affect welfare. Given stability conditions, comparing (13) and (19) implies
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At low spillovers ( < ½), R&D competition implies over-investment in R&D and higher absolute R&D levels than in the co-operative case. This leads to lower marginal production costs and, consequently, higher output and lower prices that raise consumer surplus. This higher consumer surplus offsets the higher profits effect of R&D co-operation and so overall welfare is higher. The opposite holds for high spillovers ( > ½) as the internalisation of spillovers effect dominates and R&D, profits and consumer surplus are higher when the firms co-operate in R&D. Hence, a RJV will only raise welfare for high spillovers ( > ½).

4. R&D leadership (sequential R&D)

In this section, we wish to look at the effect of one firm being a R&D leader. When accommodating the follower firm, the leader can either compete or co-operate in R&D with the follower. If the leader is deterring entry, however, it just competes in R&D with the follower and specifically chooses its R&D level to ensure that entry is unprofitable for the follower firm. In both cases, the leader takes the follower’s R&D reaction function into account when choosing its own R&D level. In what follows, the leader and follower are denoted by L and F, respectively.


There are four stages to this game. Firstly, the true level of the demand shock is revealed to both firms. Secondly, the leader firm chooses its R&D level and either accommodates or deters the entry of the follower firm. Thirdly, the follower firm, given the leader’s R&D choice, chooses its own R&D level. Finally, both firms simultaneously choose their profit maximising output levels. The interesting question is: will the leader’s profits when competing in R&D exceed those of where the firms co-operate in R&D in both the simultaneous and sequential R&D games. If so, the leader will not wish to form a RJV.

Marginal production costs are as in (2) but are now described by



cL = A – (xL + xF)
,
cF = A – (xF + xL)

(23)

while R&D costs are 
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 for the leader and follower, respectively. The firms’ profits can now be written as
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where Q = qL + qF, while the welfare expression is now given by
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(25)
Entry Accommodation – R&D competition

Stage 4 – output

The output stage is as in the certainty case, but (5) is amended to
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Stage 3 – Follower R&D

When the firms compete in R&D, the follower’s first-order R&D condition is
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(27)

As the follower’s strategic incentives vis-à-vis the leader are identical to those in the simultaneous R&D game, it will again over (under) invest in R&D for  < (>) ½. Using (1), (23) and (26) in (27), we can derive the follower firm’s R&D reaction function
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(28)
Again, R&D is a strategic substitute (complement) when  < (>) ½ as the firms’ R&D reaction functions are downward (upward) sloping.
 The expression in (28) determines the follower’s best R&D response to any R&D level of the leader. The leader will therefore take this reaction into account when undertaking its own R&D.


Stage 2 – Leader R&D

The leader firm chooses its R&D in order to maximise its own profits, but its incentives differ from the simultaneous R&D game due to its first-mover ability. Consequently, its first-order R&D condition is now given by
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(29)
The leader’s R&D now directly affects the follower’s R&D choice and, indirectly, its output level. Both of these will then impact on the leader’s profits. The leader chooses its profit maximising R&D level, subject to the follower’s R&D reaction function, so that it is a Stackelberg leader in R&D.


Using (1), (23) and (26), (29) can be reduced to
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(30) 

Efficient R&D again requires LN = 1.  From (30), it can be shown that the leader will choose the efficient R&D level if  = ½. When  < ½,the leader will 
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so that, given the stability conditions, the leader will always over-invest in R&D at these spillover levels.
 When  > ½, the leader will 
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, the leader will under-invest in R&D at these spillover levels. 

When  < ½, the follower’s benefit from the leader’s R&D is relatively low and so the leader will choose a relatively high R&D level to give itself a relative cost advantage and shift profits from the follower. For  > ½, the free-riding effect mostly dominates profit-shifting for the leader, so that despite its first-mover advantage, the leader does not always use its position to over-invest in R&D because of the relatively large benefits that accrue to the follower at these spillover levels. If R&D costs are very low, however, the leader will over-invest in R&D in order to profit-shift from the follower.

Solving for the leader’s R&D level gives us
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(31)
To derive the follower’s R&D level, substituting (31) into (28) implies 


[image: image40.wmf][

]

[

]

[

]

{

}

[

]

[

]

0

)

1

(

6

9

)

2

(

2

)

2

(

2

9

9

)

1

(

6

9

)

1

)(

2

(

6

)

2

(

2

9

9

)

(

)

2

(

2

2

2

2

2

2

2

2

³

-

-

-

-

-

-

-

-

-

-

-

-

-

+

-

-

=

b

g

b

b

g

g

b

g

b

b

b

g

g

b

b

b

b

b

b

b

u

A

a

x

FN


(32)
From (31) and (32),
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(33)
The leader uses its position to ensure that its R&D is at least as great as the follower’s. This implies that the leader’s marginal production costs will never be greater, and its R&D costs never lower, than those of the follower.


It may seem surprising that the leader’s R&D will not strictly exceed that of the follower. The reason for this is that in xL-xF space, the Cournot-Nash and Stackelberg points coincide at spillovers of ½ as the leader’s R&D reaction function is vertical while that of the follower is horizontal.

The firms’ profit levels can be shown to be
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(34)
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(35)
for the leader and follower, respectively, which implies that
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(36)

From the stability and non-negative R&D conditions, the [.] term in (36) can be shown to be positive and increasing in the spillover. Given this, we can conclude that profits are identical when  = ½ and that the leader makes greater profits than the follower when  < ½. Conversely, when  > ½, the follower’s profits will exceed those of the leader so that there is a second-mover advantage at these spillover levels (see Figure 1). The follower benefits from the leader’s relatively high R&D without having to incur the expense of such R&D. In this situation, the leader would prefer to be a follower but is unable to choose such an action.

Solving for welfare implies an extremely detailed equation from which no definitive conclusions can be drawn and so is omitted from the analysis.


Stage 1 – demand shock revealed

In this stage, the demand shock occurs and the true level of demand becomes known to the firms.

R&D competition: Simultaneous v sequential R&D games


Looking first at R&D levels, we can derive from (10), (11), (31) and (32) that
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(37)
(see Figure 2). Choosing R&D first ensures at least as high a R&D level as moving simultaneously while being a follower leads to lower (higher) R&D when  < (>) ½. Interestingly, we note from Figure 2 that when  > ½, the leader over-invests in R&D by a lesser degree than in the simultaneous R&D game.

Comparing profit levels, (12), (34), (35) and (36) show that
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(38)
(see Figure 3). Being a R&D leader is always at least as beneficial as having to simultaneously choose R&D levels, though not as beneficial as being a follower when  > ½. From (38), we seen that when  > ½, both the leader and follower are better off compared to the simultaneously R&D case, but the leader would prefer to be a follower. If both firms could choose to be a leader, then the firms would face a ‘Prisoner’s Dilemma’ situation at these spillovers because if both firms became ‘leaders’ or ‘waited’, they both will be worse off than if one firm undertakes its R&D before the other. Given this, it would be in the firms’ interests to sequentially choose their R&D levels and agree to equally share total industry profits. In other words, one firm should ‘bribe’ another to let it choose its R&D first, the size of the bribe being half the difference between the leader and follower’s profits.

It can also be shown that 
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. Given the stability and non-negative R&D conditions, output in the sequential R&D game will exceed that of the simultaneous game for all spillovers. As total industry R&D and profits are higher when  > ½, consumers also gain from lower prices so that total welfare will be higher by the firms forming such an agreement when R&D levels are chose sequentially. For  < ½, a comparison between total industry profit levels leads to a complicated result from which no simple conclusion can be drawn. Hence, it is omitted from the analysis, as is a welfare comparison between the two cases.


Entry Accommodation - R&D co-operation 

Stages one and four are as in the competitive R&D case as the demand shock is revealed before the firms undertake their R&D decisions and the firms remain rivals in the output market. Given this, the expressions in (26) remain valid.


Stage 3 – Follower R&D
When the firms co-operate in R&D, the follower’s first-order R&D condition is
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(39)

As the follower’s strategic incentives vis-à-vis the leader are again identical to the simultaneous R&D case, the follower will under-invest in R&D for all spillovers. Given (1), (23) and (26), the follower’s co-operative R&D reaction function is given by
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(40)
with R&D again a strategic substitute (complement) when  < (>) ½.
 

Stage 2 – Leader R&D

The leader firm’s first-order condition is now given by
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(41)
where the first term on the right-hand side of (41) is given by (29). We can re-write (41) as
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(42)
The expression in (42) is identical to the leader’s first-order condition in the simultaneous R&D game. This implies that when the firms co-operate in R&D, there is no first-mover R&D advantage and the game is identical to that when firms simultaneously choose their R&D levels. This is due to the fact that when the firms co-operate in R&D (form RJV), the shape of firms’ iso-profit curves ensures that the highest profit that the leader can attain, subject to the follower’s R&D reaction function, is at the Cournot-Nash equilibrium. As there is no first-mover advantage, R&D, profit and welfare levels are given by (17), (18) and (19), respectively, and the firms under-invest in R&D for all spillover levels.

5. Simultaneous v sequential R&D

As there is no first-mover advantage when the firms co-operate in R&D, we just need to compare the case where the firms choose their R&D sequentially and compete in R&D to that  where they co-operate in R&D in the simultaneous R&D case. This comparison will indicate whether RJV formation is desirable for a R&D leader. From (31) and (17), we can derive the condition that
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(43) 

From (20) and (37), xLN > xC when  < ½. Given the stability and non-negative R&D cost conditions, the {.} term in (43) is positive at  = 0 and increasing in the spillover for all  so that xC > xLN when  > ½. Hence, we can state that
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(44)
Similarly, we can compare the follower’s R&D to that in the co-operative R&D game. From (20) and (37), we cannot definitively come to any conclusion about the relative R&D levels but can show that
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(45)
As [9b - 2(2-)(1+)] > 0 for all spillovers, we can derive the conditions that when  < ½, xFN > xC, except for a narrow range of R&D costs and spillovers when 
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(see Figure 4). Intuitively, the lower are R&D costs and spillovers, the greater the leader’s R&D level and the lower is the follower’s. If  and  are low enough, the leader’s R&D choice will push the follower’s R&D level below that of what would be chosen in a RJV. Conversely, (37) and (44) show that xC > xFN when  > ½. 

The most interesting aspect of this comparison is how profit levels compare as this determines the firms’ incentives to form a RJV. From (21) and (38), we can deduce that
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(46)
so that profits are equalised when  = ½. From (46), it can be shown that when  < ½, C > LN, except for a narrow range of R&D costs and spillovers when 
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. Over this range of , the greater R&D of the leader reduces its marginal production costs below the level that occurs when the firms co-operate in R&D. This offsets the higher direct R&D costs so that profits are higher for the leader. Hence, if  and  are low enough, a leader will not wish to form a RJV as doing so will lead to a lower level of profits than competing in R&D (see Figure 5). This is in contrast to the D’Aspremont and Jacquemin result that firms will always prefer to form a RJV than compete in R&D. When  > ½, C > LN for all  and  and the leader will prefer to form a RJV.

Comparing the profits of the follower to those of the co-operative case, we can deduce from (21) and (38) that 
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. For  > ½, comparison of (18) and (35) shows that
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(47)

For stable R&D costs, it can be shown that the expression in (47) is positive so that C > FN for all spillovers. Hence, a follower will weakly prefer to be part of a RJV.

If it is the case that LN + FN > 2C at a particular combination of  and , total industry profits when the firms sequentially choose competitive R&D levels exceed those of co-operative R&D. In such a scenario, it is again in the firms’ interests not to form a RJV but to agree to sequentially choose R&D and equally share total industry profits. Given our expressions in (46) and (47), this outcome could only occur at very low values of  and . Unfortunately, comparing industry profits leads to a complicated solution from which no simple solution can be determined. Hence, it is omitted from the analysis. 

An equally important question is how do welfare levels compare. Given the complexity of the individual welfare expressions, however, a comparison is equally complex and no firm conclusions can be drawn. Hence, it is also omitted from the analysis.

6. Entry Deterrence – R&D competition


Stages 1, 3 and 4 are as before given that the demand shock is revealed to both firms simultaneously, the follower’s strategic incentives vis-à-vis the leader are unchanged and the firms remain rivals in the output market.


Stage 2 – Leader R&D


In deterring the entry of the follower firm, we assume that the firms just compete in R&D as the co-operative R&D case is unrealistic. The leader chooses its R&D level to ensure that the follower optimally chooses not to produce any output, thereby making entry unprofitable. The leader is able to determine this R&D level, given the output expressions in (26) and its knowledge of the follower’s R&D reaction function from (28). There is no first-order condition for the leader as its R&D choice may not be ex-post profit maximising but it does ensure that entry is unprofitable. The leader does not choose its R&D to ensure that the follower chooses not to undertake R&D, as it may then still be possible for the follower to enter the industry if autonomous marginal productions costs (A) are low, or if exogenous spillovers () are high.

In choosing its R&D level, the leader substitutes the follower’s R&D reaction function in (28) into (26) so that output levels are now solely a function of the leader’s R&D choice. To ensure that the follower chooses not to produce any output (qFD = 0), the leader chooses
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(48)
As R&D must be non-negative, the leader’s R&D level is undefined for  > ½. Intuitively, for relatively high spillovers ( > ½, the leader will not wish to undertake R&D as the cost of R&D required to deter entry becomes prohibitive. To derive the follower’s optimal R&D choice, substitute (48) into (28) to derive xFD = 0. Interestingly, the leader’s R&D choice is not a function of the R&D cost parameter (). This is due to the fact that a certain, relatively large, level of R&D must be undertaken to ensure that the follower does not enter the industry. From (48), the entry-deterring R&D level is increasing in the spillover. This is because as the spillover increases, the follower’s benefit from the leader is increasing and so the leader must undertake a higher R&D level to ensure that the cost difference between the firms is maintained and entry remains unprofitable.


As the follower is deterred from entering the industry, the leader can choose the monopoly output level given by qm = (a + u – cL)/2b. Given (23) and (48), the leader produces an output level of


[image: image62.wmf][

]

0

)

1

2

(

)

1

(

)

(

³

-

-

+

-

-

=

b

b

b

u

A

a

q

LD




(49)
From (24), (48) and (49), the leader’s profit level is given by
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(50)
so that for defined R&D levels
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(51)
Given this condition, and the fact that the leader’s R&D choice is undefined for  ( ½, we find that entry deterrence is a profitable strategy only if R&D costs are very low (see Figure 6). Intuitively, the leader’s high, but relatively inexpensive, R&D level will reduce marginal production costs to such an extent that offsets higher R&D costs and leads to positive profits. From (51), entry deterrence will never be profitable when  ( 2, as the relatively large R&D costs required to deter entry will offset any higher operating profit from having sole control of the market. This threshold level of R&D cost is decreasing in the spillover. Even if deterrence is profitable, whether the leader undertakes this action will depend on how profits from deterring compare to those when accommodating the follower.


From a welfare point of view, we can derive the condition that:
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As above, welfare will tend to be negative except for relatively low R&D costs and spillovers. We can see from (52) that there will be a positive welfare level even when deterrence is not profitable due to the presence of a positive output level that ensures some degree of consumer surplus. However, such a situation will not occur as it is not profitable for the leader.


Entry accommodation v entry deterrence

To determine whether the leader will seek to accommodate or deter the entry of the follower, it is necessary to compare profit levels in (34) and (50). Unfortunately, this leads to a complicated solution from which no simple conclusion can be formed. An alternative is to compare profits in the simultaneous R&D and entry deterrence cases. As LN > N when  < ½, if it can be shown that N > LD then it must be the case that leadership profits will exceed those of deterrence. From (12) and (50), it can be shown that 
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This comparison is only valid for  < ½ and stable values of .  It can be shown that the expression in (53) is positive when  = 0 and that N is increasing in  while LD is decreasing in the spillover so that N > LD for all spillovers. Given this, we can conclude that the profits from being a leader and accommodating the follower exceed those of deterring entry for all spillovers and R&D costs. The reason for this is that the R&D cost of deterring entry is so high that greater profits accrue to the leader when it accommodates the follower, even though there is product market competition when this occurs.

7. Summary and conclusions

This paper has attempted to examine the effects of R&D leadership on Research Joint Venture formation in an industry where two, symmetric output-setting firms that produce a homogenous good can either compete or co-operate in R&D. The firms are assumed to remain rivals in the output market, in accordance with antitrust regulations.


In the presence of certain demand, the firms will weakly prefer to form a RJV when they simultaneously choose R&D and output levels, as the profits from such RJV formation are at least as great as those from R&D competition. Given firm symmetry, R&D and profit levels will be identical for the two firms.


The main question of this paper is how does the ability of one firm to undertake its R&D investment before the other firm affect its incentive to form a RJV? Certain other questions emerge. Will the leader’s profits exceed those of the follower? Will the leader accommodate or attempt to deter the follower’s entry into the industry? Will a leader’s profits exceed those of where the firms simultaneously choose their R&D levels?


Some interesting conclusions emerge. Looking firstly at the entry accommodation case, there is no first-mover advantage if the firms co-operate in R&D. If the firms compete in R&D, then the leader, despite its first-mover advantage, will still choose to under-invest in R&D for relatively high spillovers, except for very low R&D costs. For low spillovers there is a first-mover advantage, both in relation to the follower and the simultaneous R&D case. For high spillovers, however, there is a second-mover advantage as the follower makes greater profits than the leader, though the leader again increases its profits relative to the simultaneous R&D game. Also, if both firms can choose to be a leader, the firms face a Prisoner’s Dilemma as each firm will prefer the other to be the leader and end up making lower profits by ‘waiting’. In such a case, it is in the firms’ interests to agree to choose R&D sequentially and to equally share total industry profits.


Regarding the incentive to form a RJV, we find that co-operative profits exceed those of leadership, except for a narrow range of inexpensive R&D costs and low spillovers. At these R&D cost and spillover levels, a leader will prefer to compete in R&D, thereby contradicting the D’Aspremont and Jacquemin result the co-operation is at least as profitable as R&D competition. Conversely, a follower will always prefer RJV formation.


For the leader, entry deterrence is only profitable if R&D costs are relatively low, with the threshold value of R&D cost decreasing in the spillover. The reason for this is that the leader must undertake a large level of R&D to ensure that entry is unprofitable for the follower so that this strategy is only profitable if R&D is relatively cheap. Even when deterrence is profitable, however, it will never be as profitable as accommodating entry, despite the leader being a monopoly in the product market.
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� D’Aspremont and Jacquemin implicitly assume that u = 0.


� Each firm’s second-order R&D condition requires [9b - 2(2-)2] > 0. From this, it can shown that [9b-2(2-)(1+)] > 0 for all spillovers.


� Profits are increasing (decreasing) in the spillover when 27b(1-) – 2(2-)3 > (<) 0.





� Welfare is increasing (decreasing) in the spillover when 9b(4-5) - 2(2-)3 > (<) 0.


� Each firm’s second-order R&D condition requires [9b - 2(1+)2] > 0.


� The follower’s second-order R&D condition requires [9b - 2(2-)2]> 0.


� Stability conditions require [9b - 2(2-)2] > 0 and 9b[9b - 2(2-)2]2 – 2(2-)2[9b - 6(1-2)]2 > 0.


� The follower’s second-order R&D condition requires [9b - 2(2-)2 – 2(2-1)2] > 0.
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Figure 5 - xFN v xC
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Figure 6 - pLN v pC
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Figure 8 -  pLD (> 0 if h 2(1-b)2-bg > 0)
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Figure 9 - pLN v pLD
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Figure 1 - pLN v pFN
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