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ABSTRACT

INTERNATIONAL TRADE POLICY AND THE NATIONAL
COOPERATIVE RESEARCH ACT

By

Julie Anne DeCourcy

In the United States firms engaged in cooperative research and
development (R&D) are accorded more lenient antitrust treatment of their
cooperative research activities. This more lenient treatment was granted
by the National Cooperative Research Act of 1984 (NCRA). One of the
intended goals of the NCRA was to give American firms a competitive
advantage over foreign firms. This dissertation seeks to determine
whether we should expect the NCRA to have the effect of improving
competitiveness and what has been the actual effect of the NCRA on the
competitiveness of American firms.

In chapters 1 and 2 a theoretical model is developed that combines a
traditional strategic trade policy model with a closed economy
cooperative R&D model. In chapter 1 it is assumed that firms are Cournot
competitors in the product market. Under this assumption, domestic firms
are always better off when they cooperate in R&D and foreign firms are
frequently worse off. In chapter 2 it is assumed that firms are Bertrand
competitors in the product market. Under this assumption, all firms are
better off when domestic firms cooperate in R&D. In contrast with

Cournot competition, however, foreign firms benefit more than do



domestic firms. While domestic firms are better off regardless of which
assumption is made, the optimal policy depends on whether firms are
Cournot or Bertrand competitors. In the case of Cournot competition, a
domestic government will want to actively pursue cooperative R&D as a
strategic trade policy. In the case of Bertrand competition, a domestic
government will want to encourage other countries to pursue cooperative
R&D.

In chapter 3, an empirical study is undertaken to determine what
effect the NCRA has had on the competitiveness of American firms. This
study takes advantage of the fact that firms wishing to receive the more
lenient treatment under the NCRA must register their cooperative venture
with the U.S. Department of Justice. Data on American firms engaged in
cooperative R&D is combined with data on the price and quantity of
American exports for the years 1985 — 1997 for 11 2-digit SIC industries.
The net effect on American competitiveness appears to differ across
industries. In two industries, the net effect of the NCRA is increased
market power with an average reduction in export quantity of 65.2% and
an average increase in export price of 15.7%. In another industry the net
effect is increased competitiveness with an increase in export quantity of
16.9% and a reduction in export price of 0.4%. A pooling of the data
suggests that the net effect of the NCRA as been to enhance the ability of

American firms to act anti-competitively.
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CHAPTER 1
COOPERATIVE R&D AND STRATEGIC TRADE POLICY WITH
COURNOT COMPETITION
1.1 Introduction
A movement began in the 1980s, in both the United States and

Europe, to change the way that cooperative research and development
(R&D) is evaluated under antitrust laws. The U.S. Congress, in 1984,
passed the National Cooperative Research Act (NCRA). This act changed
the way cooperative R&D is evaluated in two ways. The first is cases
brought against firms engaged in cooperative R&D are evaluated using the
rule of reason. The second is those firms certified by the U.S.
Department of Justice would only be subject to single damages, as
opposed to treble damages, if found to be in violation of antitrust laws.
Around this same time the European Commission (EC) began to modify its
competition policy in regard to cooperative research ventures. Article 85
of the Treaty of Rome puts forth a broad prohibition of collusion between
firms where that collusion affects trade between member states of the
European Union and has as its purpose a restriction or distortion of
competition (Jacquemin, 1988). If, however, sufficient social benefit is
perceived to accrue from a particular collusive activity, the EC will grant
an exception to that activity. For some aspects of industrial activity the
EC has granted block exemptions from the Article 85 prohibition. In
particular, the EC has granted an exemption for cooperative R&D and the

joint exploitation of cooperative research. In both the United States and



in Europe these exemptions were later extended to include joint
production ventures as well.

Firms in the United States argued, prior to the passage of the
NCRA, that the fear of antitrust prosecution prevented them from entering
into joint ventures that would increase their competitiveness. In Europe,
at the time the block exemptions were being considered, the EC
commented that cooperative R&D “stimulates competition within the
common market, and helps to strengthen the ability of European industry
to compete internationally” (Fourteenth Report on Competition Policy,
par. 28). The era in which these changes were made to antitrust policy
was one of high trade deficits, conflicts over foreign market access, and
concern about shrinking domestic market share. It was thought that by
allowing firms to work cooperatively on R&D the result would be
increased competitiveness of domestic firms relative to foreign rivals.

Beginning with d’Aspremont and Jacquemin (1988), there have been
numerous papers examining the effects of cooperation in R&D. Many of
these papers have been inspired by the changes to American and European
antitrust law regarding cooperative R&D. For the most part, these papers
seek to determine the effects of cooperation on the amount of research
conducted as well as the effects on product market variables. Until
recently, the literature on cooperative R&D has only been concerned with
the domestic effects of cooperation and has ignored the effects of

cooperation on competition with foreign firms. The few papers that have



examined cooperative R&D in an open economy setting include, Motta
(1996), Leahy and Neary (1999), and Neary and O’Sullivan (1999).

Motta examines the implications for both domestic and foreign
welfare when only domestic firms cooperate in R&D, when domestic firms
cooperate while simultaneously foreign firms cooperate, and when
domestic firms cooperate with foreign firms. The framework he uses is
similar to the strategic trade policy model of Spencer and Brander (1983)
in which firms are Cournot competitors in the product market. He
assumes there are spillovers from R&D and that these spillovers are the
same within a country and between countries. In addition he assumes that
production costs are declining in own and in rival R&D. In his model,
cooperation in R&D means that firms fully share the results of their
research. He finds that domestic firms are better off when they are
allowed to cooperate in R&D. In addition, he finds that both domestic
and foreign governments should allow their firms to cooperate in R&D
domestically and welfare can be improved further if firms are allowed to
cooperate internationally.

Leahy and Neary examine R&D subsidies, export subsidies and
cooperative R&D in the presence of local and international spillovers,
where these spillovers differ, using the Spencer and Brander framework.
They assume production costs decline in own and rival R&D and that
there are spillovers from both intra-industry rival R&D (international

spillovers) and inter-industry rival R&D (local spillovers). That is, there



are two types of spillovers — those between domestic firms and those
between domestic firms and foreign firms. In their model, they assume
cooperative R&D means choosing R&D in order to maximize joint profits.
They find that when domestic firms are allowed to cooperate in R&D that
these firms over-internalize the externality and over-invest in R&D. They
conclude that in addition to allowing cooperation that R&D should be
taxed.

Neary and O Sullivan examine the question of whether it is better
for a government to allow its firms to cooperate in R&D with foreign
firms or whether direct subsidization of exports is better in terms of
improving national welfare. Neary and O’Sullivan also use the strategic
trade policy framework of Spencer and Brander. They assume there are
only between country spillovers from R&D and that production cost is
declining in both own and rival R&D. As in Leahy and Neary, they
assume cooperation in R&D means choosing R&D to maximize joint
profits. Neary and O’Sullivan find that cooperative R&D raises welfare
when spillovers are relatively low, since it reduces the incentive to
strategically over-invest in R&D, and when spillovers are relatively high,
since it reduces the incentive to strategically under-invest in R&D. They
also find that subsidization with commitment is better than cooperation
except when R&D is highly effective and spillovers are near complete. In
addition, when spillovers are low it is welfare maximizing to choose a

level of subsidies that prevents entry of the foreign firm altogether.



A common approach among these open economy models of
cooperative R&D is to use a strategic trade policy framework in which
firms engage in Cournot competition in the product market. Where they
differ, apart from the policy question they seek to answer. is in their
treatment of cooperation in R&D. Kamien et al. (1992) have’identified
three possibilities for cooperative R&D. The first possibility is an R&D
cartel (RDC) in which cooperating firms choose R&D to maximize joint
profits. This is the approach taken by Leahy and Neary and by Neary and
O’Sullivan. The second possibility is a research joint venture (RJV) in
which R&D is chosen to maximize individual firm profits but the results
of the research are fully shared. This is the approach taken by Motta.

The third possibility is a research joint venture cartel (RJVC) in which the
levels of R&D are chosen to maximize joint profits and the results of the
research are fully shared. This chapter adds to the emerging literature on
open economy cooperative R&D by examining all three of these
cooperative arrangements in a strategic trade policy model where firms
engage in Cournot competition in the product market. This chapter is
primarily concerned with three questions. The first question is whether or
not we should expect cooperation in R&D to improve domestic welfare.
The preliminary evidence from the three papers mentioned previously
suggests that we should expect improved welfare. The second question is,
given that cooperation in R&D is beneficial, which cooperative

arrangement yields the highest welfare improvement. The third question



is whether or not a domestic government could achieve a higher welfare
improvement through the use of R&D subsidies instead of allowing
cooperative R&D.

The model analyzed here is most similar to the model analyzed by
Motta. The strategic trade policy framework of Spencer and Brander is
used, including the assumption that firms are Cournot competitors in the
product market. It is assumed that there are spillovers from R&D and
these spillovers are the same within a country and between countries.
Also, production costs are declining in own and in rival R&D. Under
these assumptions, domestic firms are always better off when they
cooperate in R&D regardless of the form of cooperation. It is the
research joint venture cartel, however, that yields the largest welfare
improvement. In contrast, Foreign firms are usually worse off when
domestic firms cooperate in R&D. These results diverge from those found
by Salant et al. (1983) for mergers in a quantity setting game. In that
paper, when a subset of the industry’s firms merge, those firms inside the
merger are usually worse off, while those firms outside the merger are
better off. Even when the insiders do benefit from a merger, the outsiders
benefit more. In this chapter, we can view the domestic firms, which
cooperate in R&D, as the insiders and the foreign firms, which are not
cooperating, as the outsiders. Unlike the analysis of mergers, the insiders
do benefit from cooperative R&D while the outsiders are usually worse

off. R&D subsidies are also effective in improving welfare, however,



allowing cooperative R&D yields a larger welfare improvement.
Consumers are also likely to benefit from cooperation in R&D since price
is lower and output is higher in the research joint venture cartel.

The plan for the remainder of the chapter is as follows. Section 1.2
gives a description of the model and the outcomes for the non-cooperative
equilibrium. Next, in section 1.3, there is an analysis of the cooperative
regimes that includes a comparison with the non-cooperative equilibrium.
Section 1.4 gives an analysis of R&D subsidies that includes a comparison
with both the non-cooperative and the cooperative equilibria. Finally,
section 1.5 gives some concluding remarks and some possible extensions.

1.2 Non-cooperative Equilibrium

It is assumed that there are only four firms, with two located in the
Home country and with the remaining two located in the Foreign country.
These firms are identical in every respect with the exception of national
origin. As is standard in strategic trade policy models, it is assumed that
all output is sold in a third country. This allows us to only examine firm
profits when analyzing welfare. The model to be analyzed is a three-stage
game where, in the first stage, the Home government decides whether to
allow cooperative R&D. In the second stage, firms make their R&D
choices given the government’s move and the R&D choices of their rivals.
In the third stage, firms choose output given all of the R&D choices of the

previous stage and the output choices of their rivals.



It is assumed that firms produce only one homogenous good with

inverse demand,

P(Q)=a-Q,

4
where Q = 3 q; and q; is the output of firm i. The total cost function is,
i=1

TCi (qi,x) = (c—xi —nyqui +%vxi2,

J#1
where x is the vector of R&D choices of all firms; x; is a unit of R&D
undertaken by firm i and x; is a unit of R&D undertaken by a firm other
than firm i; ¢ is the positive constant marginal cost of production with ¢ <
a; v is a positive constant marginal cost of R&D parameter; y indicates

the degree of spillovers from R&D done by rivals with 0 <y <1 (y=10is

no spillovers, y = 1 is complete spillovers).

The total cost of R&D, %vxiz, is quadratic to reflect the diminishing

returns that are thought to exist in R&D.' It is necessary to constrain the

marginal cost of R&D such that,

v2 %((201*{4 -598y3 +513y2 —l44y+64)' 2 - 3y? —7Y+16J.

This restriction ensures that all of the necessary conditions of both the
non-cooperative and cooperative regimes are satisfied. It provides a
lower bound on the marginal cost of R&D so firms do not undertake an

inefficiently large amount of R&D. The existence of diminishing returns

'See Dasgupta (1986) for a discussion of the returns to R&D.



to R&D makes undertaking an infinite amount of R&D sub-optimal. This
lower bound, however, is decreasing in the spillover parameter y. As
spillovers increase a single unit of R&D becomes more productive than it
would be otherwise. For this reason a higher level of R&D is desired and
therefore a larger marginal cost of R&D is not required. The production
costs of firm i are a function of its own output, its own R&D and the R&D
of its rivals. It is assumed that R&D is of the process innovation variety
and that unit production cost is decreasing in own and rival R&D. For a
particular firm i, a unit increase in own R&D reduces its own production
cost by that unit, while a unit increase in R&D by firm j (j#i) only
reduces the production cost of firm i by a fraction, y, of that unit.

The assumptions about demand and costs yield the following profit
function for firm i,
I'Ii(q,x)=[a—Q—c+xi +nyj]qi —lvxiz,

j#i 2

where q is the vector of output choices of all firms. As is standard for this
type of model the equilibrium solutions are found by backward induction.
The above profit function is maximized with respect to firm i’s output,
holding fixed R&D and rival output. The maximization problem yields

the following output reaction function for firm i,

1[1-qu+xi+nyjJ,

Qi(Q—i,X)= 5
j#i J#i



where q.; is the vector of output choices of all firms excluding the choice
of firm i and the expression a — ¢ has been normalized to 1. The output
reaction function is downward sloping. This means firms have a strategic
incentive to increase R&D in the first stage as a means of committing to
higher output in the second stage. Noting that the firms are symmetric
yields the following solutions for the output sub-game,

ai(x)= %[1 +(a-3y)x; -0 -2Y)ij],

j#i
2
Hi(x)=L 1+ (4 - 3y)x; —(l—ZY)ij -
25 j=i 2 !
Maximizing the above profit function with respect to the R&D of
firm i, holding fixed rival R&D, yields the following R&D reaction
function for firm i,

2(4-3y{1-(1-2y)zxj]

j#i

xi(x_j)=

b}

25v —2(4 - 3y)?
where x_; is the vector of R&D choices of all firms excluding the choice
of firm i. The slope of this reaction function changes from negative to
positive as y changes from y < 0.5 to y > 0.5. In order to understand why
this change in slope occurs, consider the following. Suppose that, ceteris
paribus, firm i increases its R&D by one unit. This causes the marginal

production cost of firm i to fall by one. The marginal revenue of firm i,

10



MR; =a-2q; - 2.q;,

j#i
is now greater than the marginal cost of firm i. As a result, firm i
increases its output by 0.5. The marginal revenue of firm j, due to
symmetry, falls by 0.5. The initial increase in R&D by firm i, however,
causes the marginal cost of firm j to fall by y. If y is less than 0.5, then
the marginal cost of firm j is higher than its marginal revenue. As a
result, firm j will decrease its R&D in order to produce less output. Ify
is greater than 0.5, then the marginal cost of firm j is less than its
marginal revenue. In this case, firm j will increase its R&D in order to
produce more output. The implication for the R&D reaction function is
that it is downward sloping for y < 0.5 and upward sloping for y > 0.5.

The second order condition for profit maximization is,
2 2
v>—(4-3y)°.
55 4-3)

The stability condition, which guarantees that the R&D reaction curves

intersect, is
2
v> g(l —y)X4 -3y).

Both of these conditions are satisfied for the range of v under
consideration.

Solving the R&D reaction functions for x;, again noting that the
firms are symmetric, yields the following solution for R&D,

- 2(4 —3y)
25v-2(1+3y)4-3y)

11



This solution for R&D is decreasing in the spillover parameter, y. An
increase in spillovers leads firms to undertake less R&D since more of
their R&D spills over to rivals. Substituting the equilibrium solution for
R&D into the output sub-game solutions yields the following results for
output, profits and price,

_ Sv
25v-2(1+3yX4-3y)’

_— (25v _24-3y2 b

(25v -2(1 +3y)4-3y)?

qi

P Sv—2(1+3y)4-3y)
25v-2(1+3y)f4-3y)

1.3 Cooperative Equilibria

There is a positive externality caused by spillovers that is socially
beneficial but privately harmful. A unit of R&D done by firm i lowers
firm i’s marginal cost by that unit but also lowers its rival’s marginal cost
by a fraction of that unit. Therefore, in a decentralized equilibrium, we
would expect firms to undertake too little R&D relative to the social
optimum. While the fraction of R&D that spills over is constant across
firms, the externality can be divided into two components. The first is
spillovers between firms in the same country and the second is spillovers
between firms in different countries. One of the purported goals of
allowing cooperative R&D is to have firms internalize the positive
spillover externality by centralizing decision-making. Whether or not the

centralization of decision-making occurs depends on the particulars of the

12



cooperative arrangement. In an R&D cartel and a research joint venture
cartel, R&D decisions are centralized, while in a research joint venture
they are not. The way in which cooperative R&D is organized may lead
to additional under-provision problems that are not present in the non-
cooperative equilibrium. In the research joint venture and research joint
venture cartel firms completely share their R&D. As a result, we might
expect under-provision of R&D due to a free rider problem. The
centralized decision-making of the R&D cartel and the research joint
venture cartel serve to combat under-provision problems. but in the
research joint venture regime, with decentralized decision-making, we
would expect under-provision problems to persist. In all cases, however.
the positive spillover externality between Home and Foreign firms is
unaffected. Therefore, even with centralized decision-making, we would
never expect to see the spillover externality fully internalized. There is
also a drawback to encouraging centralized decision-making and that is it
tends to lead to an increase in market power for the cooperating firms.
Therefore, these firms have an incentive to restrict their R&D as a means
of decreasing output and raising price. Potentially combating this
incentive, however, is the fact that Home firms continue to compete with
Foreign firms for market share. As a result, there is an incentive to
increase R&D in order to increase output and market share at the expense

of Foreign firms. The direction of the different effects on Home R&D,

13



and the cooperative arrangements in which we expect them to occur, are

summarized in Figure 1.1.

Type of effect (Direction of effect) RDC | RJV |RJVC
Centralized Decision-making (+) v v
Free Rider Problem (-) v v
Between Country Spillovers (-) v 4 v
Market Power (-) v v
Foreign Competition (+) v v v

Figure 1.1 — Expected effects on Home firm R&D
1.31 R&D Cartel Equilibrium

In this cooperative arrangement, Home firms choose their levels of
R&D to maximize joint profits. Since there is no cooperation in output
and the underlying parameters of the model remain unchanged, the output
sub-game solutions for this arrangement are the same as in the non-
cooperative equilibrium. In the R&D sub-game, Home firms maximize
joint profits with respect to both firms’ R&D, holding fixed the R&D of
Foreign firms. The Foreign firms continue to maximize their individual
profit functions with respect to own R&D, holding fixed rival R&D.
Noting that firms from the same country are symmetric yields the

following R&D reaction functions.

2(3-y)1-2(1-2y)xFi)
25v-2(3-y)

Xpi(XFi) =

.

14



ey ) = 287310 =200~ 2y )
FH sy =23 -4 -3y)

where the H and F subscripts refer to Home and Foreign respectively. As
in the non-cooperative equilibrium, these reaction functions are downward
sloping for y < 0.5 and upward sloping for y > 0.5. The second order

condition for Home firm profit maximization is,
2 ( o)

v>—|13y° - 28y+17),
25 Y Y )

while the stability condition is,

v> %(l—yXZi—y).

The second order condition for Foreign firm profit maximization and the
stability condition for Foreign firms remain unchanged from the non-
cooperative equilibrium. Both of the above conditions are satisfied for
the range of v under consideration. Solving the system of R&D reaction

functions yields the following solutions for R&D,

Xy = 2(3-y)Sv-2(1-y)X4-3y))
| g1(v.v)

.

_2(4-3y)5v-2(1-v)3-7)
g(v.v)

XFj

)

where gl(y,v)=l25v2 —10(3—yx7—4y)v+4(l—yXl+3yX3—yX4—3y).
These solutions are decreasing in the spillover parameter, y, as in the non-

cooperative equilibrium. Substituting the solutions into the output sub-
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game solutions from the non-cooperative equilibrium yields the following

results for output, profits and price,

_5(v-2(1-y)4-3y)W

qH
l 81(%‘/)

b

_5(5v-2(1-y)3-y)V ,

QFi
: gi(r.v)

My; = QSV - 2(3 —y)2 XSv— 2(1 _YX4‘3Y))2V ’

(g 1 (Y, V»2

Mf; = QSV -2(4- 3y)2 XSV - 2(1 - y)(3 _ Y))z v

(g1 (v, V)

b4

p_ 25v2 —10(1+ Y7 - 4y)v + 4(1 -y X1 + 3y)3 - yX4 - 3y)

g1 (v,

v)

A comparison of these results with the non-cooperative equilibrium is

summarized in Table 1.1. The R&D cartel solutions are denoted by a

RDC superscript and the non-cooperative solutions are denoted by a NC

superscript.

Table 1.1 - R&D Cartel and Non-cooperative Solution Comparison

Yy <0.5 y> 0.5
R&D xp;RPC > xiNC > xHiRDC Xuit0¢ > xgRPC > x;N¢
Firm Output qrRPC > q,N¢ > quiRPC quiRPC > qpiRPC > g, N¢
Profit iRPC > MERPC > NC | e RPC > g RPC > N

Market Output

RDC NC
Q™ <Q

RDC o ANC
Q" >Q

Price

PRDC > pNC

PRDC < PNC
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In the case where spillovers are low (y < 0.5), we have that
cooperation leads Home firms to undertake less R&D relative to the non-
cooperative equilibrium. When spillovers are high (y > 0.5) cooperation
has the opposite effect and Home firms undertake more R&D. In the first
instance the effects of increased market power and between country
spillovers dominate, and in the second instance the effects of centralized
decision-making and competition with Foreign firms dominate. One
method of isolating these different effects is to restrict the spillover
parameter, y, to be zero and then examine the resulting equilibrium levels
of R&D. This exercise allows us to examine the effects of increased
market power and of Foreign competition simultaneously without the
effects from centralized decision-making and between country spillovers.
We find that in the case of no spillovers Home R&D is lower relative to
the non-cooperative equilibrium. This result indicates that the effect of
increased market power outweighs the effect of Foreign competition.
Therefore, when spillovers are low, it must be the case that raising price
is more important to increasing profits than is increasing market share.
Restricting R&D in order to raise price is not as costly when spillovers
are low since the harm from not internalizing the externality is lower.
When spillovers are high, however, we must have that the effect of
Foreign competition and the effect of centralized decision-making
combined are larger than the effect of increased market power. That is,

the benefit from internalizing the externality combined with the effect of
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Foreign competition, exceeds the benefit from restricting output. Again,
this is expected because when spillovers are high the harm from not
internalizing the externality is greater.

Home firms are always better off when they participate in an R&D
cartel. When spillovers are low (y < 0.5), Home firms have lower R&D,
lower output and higher profits in the face of a higher price. Home firms’
profits are higher primarily because they have lower total cost. Total cost
is lower first, because the total cost of R&D is lower, and second, because
Foreign firms undertake more R&D which spills over to Home firms. The
increase in price also helps to raise profits. The increase in price alone,
however, is not sufficient to raise Home profits without requiring a higher
restriction on the lower bound of the marginal cost of R&D. When
spillovers are high (y > 0.5), Home firms have higher R&D, higher output
and higher profits in the face of a lower price. Total cost in this case is
lower for Home firms because both Home and Foreign undertake more
R&D. Even if Home firms did not benefit from the additional R&D done
by Foreign firms, the decrease in total cost from their own increased R&D
is sufficiently large to compensate for a lower price.

Not only do Home firms benefit from their participation in an R&D
cartel but Foreign firms benefit as well. Which firms benefit more is
dependent on the degree of spillovers. When spillovers are low (y < 0.5),
Foreign firms have lower profits than Home firms. Since Foreign firms

undertake more R&D than Home firms when spillovers are low, the cost
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of R&D is higher for Foreign firms. In addition, since spillovers are low
and Home firms are undertaking less R&D, Foreign firms do not receive
much benefit from Home firms. These factors taken together lead Foreign
firms to have lower profits than Home firms. When spillovers are high (y
> 0.5), Foreign firms have higher profits than Home firms. Since Home
firms undertake more R&D than Foreign firms when spillovers are high,
the cost of R&D is higher for Home firms. In addition, since spillovers
are high, Foreign firms receive more benefit from Home R&D at no added
cost. The Foreign firms receive the benefit of a public good while the
Home firms incur the cost of providing that good. As a result, Foreign
firms have higher profits than Home firms.
1.32 Research Joint Venture Equilibrium
In this cooperative arrangement, Home firms choose R&D to
maximize individual firm profits but fully share the results of their R&D.
Since spillovers are complete we have y = 1 and the following expression
for the profit of Home firm i,
2 2 1
nHi(qsx)=(a“Q_c+iz_lei +YEXFi]qu —EVX%H-
The problem for Foreign firms remains unchanged from the non-
cooperative equilibrium and therefore their profit function is also
unchanged. Maximizing each firm’s profit function with respect to its
own output, holding fixed R&D and rival output, yields the following

output reaction functions.
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i 2 2
qni(aFi-x)= 5[1—2% + Y Xy +YZXFi]~

1 2
qri(Qpi-x) = 3[1 —2qy; + XFj H{XFj + ani]]-

i=1
where again, a — ¢ has been normalized to one. As in the non-cooperative
equilibrium and the R&D cartel equilibrium, these reaction functions are
downward sloping. Noting that firms from the same country are

symmetric yields the following solutions for the output sub-game,

qpi(x)= 1[1 +(3- 2Y)§,Xm - ‘ZY)éxFi]s

5 i=l

qu(x)=l[1—(z-sy)ixm - —(1-zy)xpj}

5 i=1

1 2 2 . 2
nHi(x)=_[]+(3—2Y)szi“(1‘2Y)§xFi) ~ 5 VXhi»

25 il

2
M (x) = 2L5[] ‘(2_3Y)ixHi +(4-3y)xg - _ZY)XFj) —lzvx%i.

i=l
In the R&D sub-game, each firm maximizes its own profit function
from above with respect to its own R&D, holding fixed rival R&D.
Noting again that firms from the same country are symmetric yields the

following R&D reaction functions,

_ 2(3-2y)1-2(1- 2y)xFy)
25v —4(3 - 27)?

XHKXH)

2(4 - 3y)1 - 2(2 - 3y)x ;)
25v-2(3-yX4-3y)

xFi(xHi)=

20



As in the non-cooperative equilibrium and the R&D cartel equilibrium,

the slope of the reaction function for Home firms changes from negative

to positive as y changes from y < 0.5 to y > 0.5. The slope of the reaction
function for Foreign firms, however, changes from negative to positive as
y changes from y < 0.67 to y > 0.67. This results in a third possibility for
the combination of these curves that is not present in the non-cooperative
equilibrium and the R&D cartel equilibrium. For values of the spillover
parameter in the range 0.5 <y < 0.67, we have that the reaction curve for
Home firms is upward sloping, while simultaneously the reaction curve
for Foreign firms is downward sloping. Home firms have a strategic
incentive to increase R&D in order to raise their profits at the expense of
Foreign firms. An increase in R&D by Foreign firms, however, raises the

profits of all firms. These possibilities are demonstrated in Figure 1.2.

XHi 4 XHid
F F
Fy
hy
hy
Hy
fa
H, H fy
Fy T
Panel A Panel B

Figure 1.2 — Possible R&D reaction functions and iso-profit curves in
a research joint venture
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In Panel A, an increase in Home R&D shifts the reaction curve of Home
firms from H, to H;. This causes the iso-profit curve of Home firms to
shift from h, to the higher curve h,. The iso-profit curve of Foreign firms
shifts from f; to the lower curve f;. In Panel B, an increase in Foreign
R&D shifts the reaction curve of Foreign firms from F, to F;. This causes
the iso-profit curve of Foreign firms to shift from f, to the higher curve
f,. The iso-profit curve of Home firms shifts from h; to the higher curve
h;.

Given these R&D reaction functions. the second order condition for

Home profit maximization is,
2 2

v>—(3-2y),
55 3-29)

while the second order condition for Foreign firms remains unchanged

from the non-cooperative equilibrium. The stability conditions are,

8
= (1=y)3-2y).
V>25( YX3-2y)

14
—~(1-yX4-3y),
v> 2 ke -3y)

for Home and Foreign firms respectively. All of the above conditions are
satisfied for the range of v under consideration. Solving the system of

R&D reaction functions yields the following solutions for R&D,

xyy; = 28275V =20 -v)4 - 3)
' 25 (y.v) ’

kg, = 24 =375V - 40 -v)3-2y))
' g2(r.v) ’
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where g5(1,v)=125v2 =102 -y )X15-11y)v +8(1 -y X1 + 2y )3 - 2y X4 - 3y).

As in the non-cooperative equilibrium and the R&D cartel equilibrium,
these solutions are decreasing in the spillover parameter, y. Substituting
the solutions for R&D into the output sub-game solutions given above

yields the following results for output, profits and price.

_5(5v—2(1-y)4 -3y)pv

M k)
ari = 5(5v - 4(1 - yX3 - 2y))v
! g2(r.v) '

Ny, = (25V - 2(3 - 2}’)2 XSV - 2(1 _YX4" 3Y))2 v

(22(r.v))’ ’

Mg = (25v - 2(4 - 3y)2j5v - 4(1 -v)3- 27))2 v |

(221 v))

p_ 25V +1003y2 +3y—10)v+8(1 — YN +2y)3-2y)4 -3y)
g2(v.v)

A comparison of these results with the non-cooperative equilibrium is
summarized in Table 1.2 where the research joint venture solutions are
denoted by a RJV superscript.

In a research joint venture, cooperating Home firms undertake less
R&D relative to the non-cooperative equilibrium for all values of the
spillover parameter. This means the incentive for Home firms to free ride
and the effect of between country spillovers exceeds the incentive to gain
market share at the expense of Foreign firms. Home firms are always

better off when they participate in a research joint venture. Home firms
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have higher output and profits regardless of the level of spillovers.

Table 1.2 - Research Joint Venture and Non-cooperative Solution
Comparison

y<0.5 y > 0.5 \
R&D V> xRV > kMY 1N > xp Y > xRV X
Firm Output quRJV > g > gV QHiRJV > ChNC > unRJV \
Profit MY > N> e RY g RV > o s Ry
Market Qutput QMY > QN¢ QMY < QN¢ \
Price pRIV < pNC 1B pRIV 5 pNC W

Lower R&D on the part of both Home and Foreign firms would
seem to suggest that all firms should have lower output. While less R&D
would normally raise marginal production cost, we have that the marginal
production cost of Home firms is actually lower. This is due to the fact
that a unit of R&D done by a Home firm in a research joint venture is
twice as effective in lowering marginal production cost for Home firms,
whereas in the non-cooperative equilibrium a unit of R&D done by a
Home firm is only (1 + y)-times as effective in lowering marginal
production cost. Therefore, the negative effect of decreased R&D on
marginal production cost is outweighed by the increase in the

effectiveness of R&D.2 As a result, Home firms have higher output

?For Yy 2 0.67 we also require

1
4- LY
AT REw 3’; ){1 Iy? +25y—54—(12ly4 +1990y3 -3203y2 —23OOY+3396) 2| in order for
-3y

marginal production cost to be lower. If the marginal cost of R&D becomes too high,
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relative to the non-cooperative equilibrium. A lower marginal cost of
production and a lower total cost of R&D lead Home firms to have a lower
total cost for most parameter values. While in some instances total cost is
not lower, higher total revenue for all parameter values leads Home firms
to have higher profits relative to the non-cooperative equilibrium.

A precise derivation of the effect of between country spillovers is
somewhat difficult, but we can get a sense of the effect by looking at the
changes in price and total output. Home firms always have higher output
and Foreign firms always have lower output regardless of the level of
spillovers. Price, however, is lower when spillovers are low (y < 0.5).
and it is higher when spillovers are high (y > 0.5). Therefore, when
spillovers are low, the increase in Home output exceeds the decrease in
Foreign output, causing total output to be higher. As spillovers increase,
however, the effect of the externality becomes more important. Higher
spillovers imply, all else equal, less R&D and therefore less output. For
the reasons mentioned above, Home firms continue to increase their
output, but when spillovers are high they do so by a smaller amount. As a
result, the increase in Home output is no longer sufficient to lead to an
increase in total output.

It should be noted that when Home firms participate in a research
joint venture, Foreign firms always have lower profits. For this reason, a

strategic trade policy that encourages Home firms to participate in a

t.hen the benefit of increased spillovers is outweighed by the fact that too little R&D
is being undertaken.
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research joint venture may invite retaliation on the part of the Foreign
government.
1.33 Research Joint Venture Cartel Equilibrium

In the case of a research joint venture cartel, Home firms choose
R&D to maximize joint profits and share the results of their R&D. Since
vy = 1, as in the research joint venture equilibrium, the solutions for the
output sub-game from that cooperative arrangement are applicable here as
well. In the R&D sub-game, Home firms choose their levels of R&D to
maximize joint profits, holding fixed the R&D of Foreign firms. Foreign
firms maximize their individual profits with respect to their own R&D,
holding fixed rival R&D. Noting that firms from the same country are

symmetric yields the following R&D reaction functions,

)= 4(3—2YX1‘2(1—2Y)XH)’

X i (X Fi
e 25v - 8(3 - 2y)?

2(4-3y)1 - 22 - 3y)xpy;)

xpilxpi) = 25v-2(3 - yX4-3y)

As in the research joint venture equilibrium, the slope of the Home
reaction function changes from negative to positive as the spillover
parameter changes from y < 0.5 to y > 0.5, while the slope of the Foreign
reaction function changes from negative to positive as y changes from y <

0.67 to y >0.67. The second order condition for Home firm profit

maximization is,

4 2
v>—(3-
25( 2y)”,
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while the stability condition for Home firms is,

v> —(l Y)3 - 2y).

The second order condition for Foreign firms remains unchanged from the
non-cooperative equilibrium, while the stability condition for Foreign
firms is the same as in the research joint venture equilibrium. The above
conditions are satisfied for the range of v under consideration. Solving

the system of R&D reaction functions yields the following solutions for

R&D,

-2y -20-a-)
| g3(y.v) ‘

s = 24=31)5v-8(1-v)3-2v))

g3(v.v)
where g3(y.v)=125v> -10(19y2 —61y+48)v+16(1 —yX1+2y)3-2v)X4-3v).
A sufficient condition for these solutions to be decreasing in the spillover

parameter, as in the other equilibria, is,
8 5.2
V>EIS‘Y —-46y +29).

Substituting these solutions into the output sub-game solutions from the

research joint venture equilibrium yields the following results for output,

profits and price,

5(5v—2(1-y)X4-3y)V

i = g3(v,v) ’
4 = 5(5v-8(1-y)X3-2y)v ’
g3(v.v)
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(25v ~8(3-2y)? }SV —2(1-vX4 -3y))%v

(e3(r.v)

My; =

.

1 = (25v ~2(4-3y)? XSV -8(1-y)3-2y)v ’
(g3(r.v))?

2502 1100372 + 7y - 16)v +16(1 - )1 + 2¢)3 - 2y X4 - 3y)

P
g3(y.v)

A comparison of these results with the non-cooperative equilibrium is
summarized in Table 1.3. The research joint venture cartel solutions are
denoted by a RJVC superscript.

Table 1.3 — Research Joint Venture Cartel and Non-cooperative
Solution Comparison

y <0.77 y>0.77
R&D xHiRJVC > XjNC > XFIRJVC X}[iRJVC > XFjRJVC > XiNC
Firm Output quRJVC > qiNC > quRJVC quRJVC > quRJVC > qiNC
Profit nHiRJVC > niNC > HFiRJVC nHiRJVC > I—[FiRJVC > HiNC
Market Olltpllt QRJV(‘ > QNC QRJVC > QNC
Price PRJVC < PNC PRJVC < PN('

In a research joint venture cartel, Home firms undertake more R&D
relative to the non-cooperative equilibrium. The effect of centralized
decision-making and the effect of Foreign competition dominate the effect
of increased market power and the free rider problem. An examination of
the resulting solutions when Foreign firms are excluded allows us to

examine the effect of centralized decision-making, the effect of increased
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market power and the free rider problem simultaneously without the effect
of Foreign competition. This exercise reveals that Home firms continue
to undertake more R&D relative to the non-cooperative equilibrium. This
implies that the effect of centralized decision-making is larger than the
effects of increased market power and the free rider problem.
Coordinating R&D decisions not only eliminates the free rider problem
but it also dominates the benefits of increased market power.

Home firms are always better off when they participate in a
research joint venture cartel. They undertake more R&D, have a higher
output and higher profits in the face of a lower price. For Home firms,
the decrease in price is offset by a decrease in marginal production cost.
The decrease in marginal production cost is sufficient to lead Home firms
to have higher profits. Unless spillovers are relatively high (y > 0.77),
Foreign firms will have lower profits when Home firms participate in a
research joint venture cartel. Therefore, as in the research joint venture
equilibrium, a strategic trade policy that encourages Home firms to
participate in this type of cooperative venture may invite retaliation on
the part of the Foreign government.

1.34 Comparison of the Cooperative Equilibria

While consumers have not been considered explicitly in this model
we can make some comments on their welfare by looking at the
implications for market output and price in each cooperative arrangement.

Market output is higher and price is lower relative to the non-cooperative
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equilibrium in a research joint venture cartel, in a research joint venture
when spillovers are low (y < 0.5), and in an R&D cartel when spillovers
are high (y > 0.5). It is, therefore, these instances in which we would
expect consumers to be better off as a result of cooperation by Home
firms. Market output is the highest and price is the lowest, however,
when Home firms participate in a research joint venture cartel. A
research joint venture cartel is best for consumers and it is the
cooperative arrangement that Home firms would prefer. Among the
different cooperative arrangements, Home profits, output, and R&D are
all higher in the research joint venture cartel than in either of the other
two cooperative arrangements.

There are primarily two reasons why the research joint venture
cartel appears as the preferable cooperative arrangement. The first is it
enhances the positive spillover externality. In the R&D cartel, only a
fraction of each firm’s R&D spills over to the other firm. In a research
joint venture cartel, however, spillovers are complete. All else equal, this
makes a research joint venture cartel a preferable cooperative
arrangement. In a research joint venture spillovers are complete as well.
The research joint venture, however, has the concomitant free rider
problem. The second reason the research joint venture cartel is the
preferred cooperative arrangement is because the existence of centralized

decision-making eliminates this problem. Therefore. the research joint
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venture cartel is the only arrangement in which the positive spillover
externality can be improved and internalized simultaneously.

Other comparisons between cooperative solutions that might be of
interest are less straightforward. While Home firms always prefer the
research joint venture cartel, Foreign firms only prefer this cooperative
arrangement when spillovers are very high (y > 0.9). Home firms prefer a
research joint venture to an R&D cartel provided spillovers are not very
high (y < 0.86), while Home R&D is usually higher in an R&D cartel than
in a research joint venture. Finally, Foreign firms have the lowest profits
when Home firms participate in a research joint venture. From the above
comparisons we can conclude that Foreign firms will most likely be
harmed when Home firms cooperate in R&D. The cooperative
arrangements that bring the highest profits for Home firms generally bring
lower profits for Foreign firms. As mentioned previously, such a result
suggests that the Foreign government may have an incentive to retaliate
against the use of cooperative R&D as a strategic trade policy.

1.4 Analysis of R&D Subsidies

Another solution to the under provision problem caused by the
positive spillover externality may be the use of R&D subsidies. The
subsidization of R&D is an alternate strategic trade policy tool the
government could use in its attempt to increase welfare. Spencer and
Brander analyze the use of this tool and find the use of positive R&D

subsidies allows domestic firms to gain at the expense of foreign firms.
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Their model differs from the one presented here, however, in that they do
not consider the existence of spillovers. The traditional analysis of
positive externalities suggests that the use of subsidies will force firms to
internalize the externality they are creating. In the traditional analysis,
however, firms are perfectly competitive and price is fixed to the firm. In
the present analysis, price is not fixed and firms have a strategic incentive
to vary their R&D in order to affect price. A government considering a
subsidy cannot be ignorant of this incentive and must take this into
consideration when determining the optimal policy. The government must
consider the trade off between imposing a subsidy, which puts the
importance of internalizing the externality above strategic considerations,
and imposing a tax, which puts strategic considerations first. Since the
under-provision problem caused by the externality becomes more severe
as the level of spillovers increase, we would expect strategic
considerations to be more important when spillovers are low and
internalizing the externality to become more important as spillovers
increase.

It is assumed the Home government can credibly commit to an R&D
subsidy before firms choose their levels of R&D. In this way firms
cannot affect the level of the subsidy through their R&D choices. The
entire game continues to be solved by backward induction as before, with
the final stage in the solution process being the determination of the

optimal subsidy. The profit function for Home firm i is as follows,
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2
HHi(q’x)=(a‘Q‘C+xHi H{XHJ' +leFij]qu —%\’Xfﬁ +SRXHi-

i=
where sg in the final component of this function is the R&D subsidy. The
profit function for Foreign firms remains unchanged from the non-
cooperative equilibrium. Since the existence of R&D subsidies does not
directly affect the output sub-game, the reaction functions and solutions
for that sub-game are the same as in the non-cooperative with the
exception that the solution for Home profits has the additional subsidy
component.

In the R&D sub-game, each firm maximizes its own profit function

from the output sub-game with respect to its own R&D, holding fixed

rival R&D. Noting that firms from the same country are symmetric yields

the following R&D reaction functions,

25sg +2(4 - 3y)1 - 2(1 - 2y))xi
25v-2(3-y)4 -3y)

XHKXH)=

9

() = 2873000 =202y
R sy 2B -y )4 -3y)

where, again, the expression a — ¢ has been normalized to 1. As in the
non-cooperative equilibrium, the slope of these reaction functions changes
from negative to positive as y changes from y < 0.5 to y > 0.5. The second
order condition for profit maximization is the same as in the non-

cooperative equilibrium. The stability condition is,

2
v> (4 - _
55 4-37)6-5v),
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and is satisfied for the range of v under consideration. Solving the system
of R&D reaction functions yields the following solutions for R&D as a

function of the subsidy level,

e 1 Ssr N 25sg +4(4-3y)

B o sv=—20-9)4-3y) 25v-2(1+3y)4-3y))
o) -5sg N 25sg +4(4 -3y)

o a(5v=_20-y)4-3y) 25v-2(1+3y)¥4-3y))’

The R&D of Home firms is increasing in the subsidy and, as we would
expect given the R&D reaction curves, the R&D of Foreign firms is
decreasing in the subsidy for y < 0.5 and is increasing in the subsidy for y
>0.5.

The Home government chooses the subsidy level that maximizes the
following expression for Home welfare,
W(sr )= 2(My;(sg ) - srx i sk )-
which is the sum of Home firm profits less the cost of providing the

subsidy. The resulting optimal subsidy is.

= 2(1-2yX25v —2(4 - 3y X7 - 9y))X5v - 2(1 - y X4 - 3y)v
5g4(y,v) ’

where g4 (y,v) = 625v> =503 —y)11-7y)v2 —4(3 -y )4 - 3y)(27y2 ~Ty- 22)v
~8((1-y)1+3y)4-3y))* .

The optimal subsidy is negative for y < 0.5 and is positive for y > 0.5.

SR =

That is, R&D is only truly subsidized when spillovers are high (y > 0.5).
When spillovers are low (y < 0.5) the optimal policy is to impose an R&D

tax. The optimal subsidy is increasing in the level of spillovers as we
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would expect. When spillovers are low, however, strategic considerations
are more important to raising profits than is internalizing the externality.
Substituting the above value of the subsidy into the expressions for R&D

yields the following solutions,

2(5v—2(1-y)4=3y)X5B - y)v—2(1 - y)1 +3y)4 - 3y))
g24(y.v)

XHi

b

_ 2(4—37)(25v2 —23-vX9-8yv+4(1-7)*(1+ 3yx4-3y))
ga(y,v)

XFj

For a given value of the subsidy, these solutions are decreasing in the
spillover parameter, as in the non-cooperative equilibrium. The

corresponding solutions for output, profits, and price are as follows,

_ (5v=2(1-y)4 - 3y))25v - 23 - y)4 - 3y)v
' g4(Y,V) '

_ 5(25\/2 ~2(3-yX9 - 8y)v +4(1-y)*(1+3y)4 —3y))v
g4(1.v)

9qH

qFi

b4

Myy; = gs(r.v)5v-20-y)4-37))’v ’
5(24(v,v))

M = [a5v = 2(a = 3y)? Jasv? ~ 23— y¥0 - 8y)v + 41—y 1+ 3y¥a-31)] v

(24, V)1

b

125v + 10(1 7y% -2y~ 47)«2 +4(4- 37)(3y3 ~70y% +39y + 32%]

p_ (=81 - 7)1+ 3v)4-3v))’
g4(v.v)

where g5(y,v) = 3125v3 - 250(3 - y)13 - 11y)v* +20(2 + )4 - 3y)(51y2 ~106y + 59)v
—8(1-y)1+3y)4-3y) (21y2 ~36y +19).
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Our ultimate interest is whether the use of R&D subsidies is
superior to allowing cooperative R&D for improving welfare. It is
worthwhile, however, to first assess the merits of R&D subsidies relative
to the non-cooperative equilibrium. A comparison of the R&D subsidy
results with the results from the non-cooperative equilibrium is made in
Table 1.4. The R&D subsidy solutions are denoted by a SR superscript.

Table 1.4 — R&D Subsidy and Non-cooperative Solution Comparison

Yy <0.5 y> 0.5
R&D XEioT > x> xR Xpi R > X C > x°Q
Firm Output QFiSR > QiNC > quSR quSR >qrit ¢ > q:°?
Profit ISR > N > SR | SR > N > 1,89
Market Output QR < QN* QSR > QN¢
Price pSR > pNC PSR < pNC
Home Welfare wiR > whN¢ WSR > WNC

Recall that welfare in the non-cooperative equilibrium is simply the sum
of firm profits, while in the presence of R&D subsidies welfare is the sum
of firm profits less the cost of providing the subsidy.

Relative to the non-cooperative equilibrium, Home firms undertake
less R&D when spillovers are low (y < 0.5) and more R&D when
spillovers are high (y > 0.5). This result is straightforward considering
how the sign of the optimal subsidy changes from negative to positive as
the value of the spillover parameter changes from y < 0.5 to y > 0.5. The

R&D reaction curves indicate that this leads Foreign firms to always
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undertake more R&D relative to the non-cooperative equilibrium. The
contrast between the use of R&D subsidies and cooperative R&D is Home
firms need not be better off. The use of an R&D tax when spillovers are
low allows Home firms to credibly commit to a lower level of R&D in
order to raise price. The problem for Home firms, however, is they bear
the cost of raising the price while Foreign firms benefit as well. The
Home firms bear the explicit cost of the R&D tax and the implicit cost of
higher marginal production costs. On the positive side, they do have a
lower total cost of R&D and the benefit of higher Foreign R&D. The
benefit of higher Foreign R&D is small, however, since spillovers are
low. Unfortunately for Home firms, a higher price, a lower total cost of
R&D, and higher Foreign R&D are not sufficient to outweigh the
increases in their costs. Since Home welfare is higher, however, Home
firms can be made better off if the government returns the tax proceeds to
firms in a lump sum manner. In contrast to the case of low spillovers,
Home firms are always better off when spillovers are high. Home firms
have higher R&D, higher output and higher profits in the face of a lower
price. Total cost is lower for Home firms because both Home and Foreign
firms undertake more R&D. Unlike the R&D cartel equilibrium, the
increase in R&D by Home firms is not sufficient to compensate for a
lower price without the help of the additional Foreign R&D. The use of
R&D subsidies differs from cooperative R&D in that Foreign firms are

always better off. Foreign firms have higher profits regardless of the
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level of spillovers. For this reason we would not expect the Foreign
government to undertake retaliatory measures as we might with
cooperative R&D.

It is clear R&D subsidies will also achieve the objective of raising
Home welfare. It remains to be determined, however, which policy,
allowing cooperative R&D or subsidization of R&D, leads to the largest
increase in welfare. Among the different cooperative arrangements
considered, the research joint venture cartel is most preferred by Home
firms. If we assume firms can choose the type of cooperative
arrangement, we should expect the research joint venture cartel to prevail.
Therefore, in order to assess these competing policies, the results for
R&D subsidies should be compared with the results for the research joint
venture cartel. This comparison is made in Table 1.5. The comparison
can only be made for y < 0.9 without requiring any additional restrictions
on the marginal cost of R&D. The conclusions concerning Home profit
and welfare, however, continue to hold for y > 0.9.

Again, while not considering consumers explicitly, we can make
some comments about their welfare. Market output is higher and price is
lower in the research joint venture cartel equilibrium relative to the R&D
subsidy equilibrium. Therefore, we would expect consumers to be better
off under the research joint venture cartel than under the R&D subsidies.
This expectation may not be reasonable, however, if the Home

government were to redistribute the tax revenue to consumers. A more
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complete analysis of these different policies would certainly need to
include consumers explicitly in order to come to any reasonable
conclusions about their welfare.

Table 1.5 — R&D Subsidy and Research Joint Venture Cartel Solution
Comparison

Home Foreign
RIVC SR SR RIVC
R&D XHi > XHi XFi > XFi
. RIVC SR SR RIVC
Firm Qutput qui > Qi qri° > qFi

I'lHiRWC > I'IHiSR for y < 0.81

i SR RIVC
Profit nHiSR S HH,RWC for y > 0.81 IIg;”" > I,
Market Output QRJvc > QSR
Price pSR 5 pRIVC
Home Welfare WRIVC 5 SR

The conclusions for Home profits are somewhat mixed as well. For
most values of the spillover parameter (y < 0.81), Home profits are higher
in the research joint venture cartel equilibrium. For very high spillovers
(y 2 0.81), Home profits are higher in the R&D subsidy equilibrium.
Home welfare, however, is highest in the research joint venture cartel
equilibrium regardless of the level of spillovers. In order to understand
why welfare is highest under the research joint venture cartel equilibrium
it is necessary to examine the cases of low spillovers (y < 0.5) and high
spillovers (y > 0.5) separately. When spillovers are low, profits are

increased in the R&D subsidy equilibrium by raising price. In the
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research joint venture cartel equilibrium, profits are increased by
lowering total cost. The increase in profits in the R&D subsidy
equilibrium, inclusive of the tax revenue, do not outweigh the decrease in
total cost in the research joint venture cartel equilibrium that is afforded
by complete spillovers. All else equal, total cost is higher in the R&D
subsidy equilibrium, inclusive of the tax revenue, than in the research
joint venture cartel equilibrium. That is, enhancing the positive spillover
externality is more important to raising profits than are strategic
considerations. When spillovers are high, both cooperation and subsidies
lead firms to internalize the positive spillover externality. For most
values of the spillover parameter, total cost is lower in the research joint
venture cartel equilibrium than in the R&D subsidy equilibrium. It is for
this reason that profits are higher in the research joint venture cartel even
though price is lower. As y approaches one, however, total cost is lower
in the R&D subsidy equilibrium. This lower total cost, combined with a
higher price, leads firms to have higher profits when spillovers are very
high. Once the cost of providing the subsidy is included, however, total
welfare remains highest in the research joint venture cartel.
1.5 Conclusion

The changes to antitrust policy in regard to cooperative research
ventures in the United States and Europe can be viewed as a form of
strategic trade policy. In the framework established, allowing domestic

firms to work cooperatively on R&D raises their profits relative to, and
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often at the expense of, the profits of foreign rivals. Domestic firms
achieve the highest level of profits when they participate in a research
joint venture cartel. While consumers are not considered explicitly here,
we would expect the benefit to consumers of higher output and lower
prices in the research joint venture cartel would increase national welfare
beyond the increase in profits. There are potentially negative
consequences of allowing cooperative R&D as a strategic trade policy.
The fact that foreign firms are usually worse off in the cooperative
regimes that domestic firms prefer could lead to retaliatory policies by
foreign governments. In contrast, when the domestic government uses
R&D subsidies both domestic and foreign welfare improves. While not
the preferred policy, the use of R&D subsidies may be better since it is
less likely to invite retaliation. Given these conclusions it is important to
examine the effects of both countries allowing cooperative R&D.

There are other important extensions of the present model that
should be considered as well. One might be how the results of the present
model compare with the use of export subsidies in place of, or in addition
to, R&D subsidies. Others might be how changing the number of firms or
how changing the strategic variable in the second stage of competition
affects the foregoing results. To the extent that the present model
conforms to reality, however, there exists a strategic trade policy

motivation for allowing cooperative R&D.
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CHAPTER 2
COOPERATIVE R&D AND STRATEGIC TRADE POLICY WITH
BERTRAND COMPETITION
2.1 Introduction
Beginning with d’Aspremont and Jacquemin (1988), there have been

numerous papers examining the effects of cooperation in research and
development (R&D). Many of these papers have been inspired by changes
to American and European antitrust law in the 1980s that granted a more
favorable antitrust environment to cooperative R&D. For the most part,
these papers seek to determine the effects of cooperation on the amount of
research conducted as well as the effects on product market variables.
One frequently stated objective of the legislative changes regarding
cooperative R&D was to improve the competitive position of domestic

3 Until recently, the literature on

firms relative to foreign firms.
cooperative R&D has only been concerned with the domestic effects of
cooperation and has ignored the effects of cooperation on competition
with foreign firms. The few models that examine cooperative R&D in an
open economy setting include, Motta (1996), Leahy and Neary (1999),
Neary and O’Sullivan (1999) as well as the model in Chapter 1 of this
work.

All of these models use a framework similar to the strategic trade

model of Spencer and Brander (1983) in which firms are Cournot

competitors in the product market. They assume that R&D reduces

*See Jacquemin (1988) and Hamphill (1997).
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production costs and that there are spillovers from R&D. This means that
production costs are decreasing in own and rival R&D. Where these
papers differ, apart from the policy questions they address, is in the
assumptions that are made about cooperation in R&D. Kamien et al.
(1992) have identified three possibilities for cooperative R&D. The first
possibility is an R&D cartel in which cooperating firms choose R&D to
maximize joint profits. This is the assumption made by Leahy and Neary
and by Neary and O’Sullivan. The second possibility is a research joint
venture in which R&D is chosen to maximize individual firm profits but
the results of the research are fully shared. This is the assumption made
by Motta. The third possibility is a research joint venture cartel in which
the levels of R&D are chosen to maximize joint profits and the results of
the research are fully shared. Chapter 1 examines the implications of all
three of these possibilities for cooperation in R&D.

Motta examines the implications for both domestic and foreign
welfare when only domestic firms cooperate in R&D, when domestic firms
cooperate while simultaneously foreign firms cooperate, and when
domestic firms cooperate with foreign firms. He assumes that the
spillovers from R&D are the same within a country and between countries.
He finds that domestic firms are better off when they are allowed to
cooperate in R&D. In addition, he finds that both domestic and foreign

governments should allow their firms to cooperate in R&D domestically
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and welfare can be improved further if firms are allowed to cooperate
internationally.

Leahy and Neary examine R&D subsidies, export subsidies and
cooperative R&D in the presence of local and international spillovers
where these spillovers differ. They assume that there are spillovers from
both intra-industry rival R&D (international spillovers) and inter-industry
rival R&D (local spillovers). That is, there are two types of spillovers —
those between firms in the same country and those between domestic
firms and foreign firms. They find that when domestic firms are allowed
to cooperate in R&D that these firms over-internalize the externality and
over-invest in R&D. They conclude that in addition to allowing
cooperation that R&D should be taxed.

Neary and O’Sullivan examine the question of whether it is better
for a government to allow its firms to cooperate in R&D with foreign
firms or whether direct subsidization of exports is better in terms of
improving national welfare. They assume that there are only between
country spillovers from R&D. Neary and O’Sullivan find that cooperative
R&D raises welfare when spillovers are relatively low, since it reduces
the incentive to strategically over-invest in R&D, and when spillovers are
relatively high, since it reduces the incentive to strategically under-invest
in R&D. They also find that subsidization with commitment is better than
cooperation except when R&D is highly effective and spillovers are near

complete. In addition, when spillovers are low it is welfare maximizing

44



to choose a level of subsidies that prevents entry of the foreign firm
altogether.

Chapter 1 examines the implications for domestic and foreign
welfare when only domestic firms cooperate in R&D. It is assumed that
the spillovers from R&D are the same within and between countries. In
that chapter it is shown that domestic welfare is always higher when
domestic firms cooperate in R&D and that foreign welfare is frequently
lower. The research joint venture cartel yields the largest welfare
improvement among the three possibilities for cooperative R&D. Chapter
1 also examines the use of R&D subsidies and shows that while R&D
subsidies are beneficial, they are not as effective in improving domestic
welfare.

Strategic trade policy models are frequently criticized because the
results that were obtained under the assumption of Cournot competition
are often overturned when the same problem is examined under the
assumption of Bertrand competition.* This chapter adds to the emerging
literature on open economy cooperative R&D by examining the effects of
cooperation in R&D among domestic firms in a strategic trade policy
model where firms engage in Bertrand competition in the product market.
While similar to the other models of open economy cooperative R&D in
the use of a strategic trade policy framework, the assumption of Bertrand

competition allows us to evaluate whether the usual criticism of this type

* See Eaton and Grossman (1986).
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of model is valid when the policy instrument is cooperative R&D. The
goal of the chapter is to determine whether a domestic government would
want to allow cooperative R&D as a strategic trade policy when firms are
Bertrand competitors in the product market.

The model analyzed here is most similar to the model analyzed in
Chapter 1. The strategic trade policy framework of Spencer and Brander
is used, however, it is assumed that firms compete in price in the product
market. There are spillovers from R&D and these spillovers are the same
within a country and between countries. Also, production costs are
declining in own and in rival R&D. Of the different possibilities for
cooperative R&D, it is assumed that cooperating domestic firms
participate in an R&D cartel, which means that R&D is chosen to
maximize joint profits. Under these assumptions, both domestic and
foreign firms benefit when the domestic government allows its firms to
cooperate in R&D. Not only do the firms of both countries benefit, but
foreign firms benefit more than do domestic firms. This is due to the fact
that the domestic firms do all the work to raise profits, either through
raising price or increasing R&D, while foreign firms free ride on those
efforts. These results are analogous to those found by Deneckere and
Davidson (1985) for mergers in a price-setting game. In their paper, when
a subset of the industry’s firms merge, all firms benefit but those firms
outside the merger benefit more than those inside the merger. In this

chapter, we can view the domestic firms, which cooperate in R&D, as the
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insiders and the foreign firms, which are not cooperating, as the outsiders.
Just as in the analysis of mergers, all firms benefit but the outsiders
benefit more than the insiders. Consumers may also benefit from
cooperation in R&D through lower prices and higher output, but only
when R&D spillovers are high.

The plan for the remainder of the chapter is as follows. Section 2.2
describes the model and gives the outcomes for the non-cooperative game.
Following the discussion of the non-cooperative solutions, in section 2.3,
is an analysis of the cooperative solutions. Section 2.4 compares the
cooperative solutions of this chapter with those from Chapter 1. Finally,
section 2.5 gives some concluding remarks.

2.2 Non-cooperative Equilibrium

It is assumed that there are only four firms, with two located in the
Home country and with the remaining two located in the Foreign country.
These firms are identical in every respect with the exception of national
origin. As is standard in strategic trade policy models, it is assumed that
all output is sold in a third country. This allows us to only examine firm
profits when analyzing welfare. The model to be analyzed is a three-stage
game where in the first stage the Home government decides whether to
allow cooperative R&D. In the second stage, firms make their R&D
choices given the government’s move and the R&D choices of their rivals.
In the third stage firms choose prices given all of the choices in the

previous stages and the price choices of their rivals.
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It is assumed that each firm produces one variety of a differentiated
good, where the demand for firm i’s variety is,
ai(P)=1-p; -5 -p-i).
and q; is the output of firm i; p is the vector of prices charged by all
firms; p; is the price charged for firm i's variety; p_; is the mean of the
prices charged by all firms other than firm i. This demand function is a
variation of the one found in Deneckere and Davidson where the
substitutability parameter has been set equal to 5. Since the effects of the
substitutability of the firms’ products is not of primary interest, a specific
value for the substitutability parameter was chosen in order to simplify
the solutions that follow. The value chosen is sufficient, in addition to
other parameter restrictions, for all of the non-cooperative and
cooperative solutions to be non-negative. While the choice of a particular
value affects the final form of the solutions, it does not affect the results
of the model in a meaningful way.

The total cost function is,
TCi (qi,x) = [C—Xi -Yijqu +lvx$,

j#i 2

where x is the vector of R&D choices for all firms; x; is a unit of R&D
undertaken by firm i and x; is a unit of R&D undertaken by a firm other
than firm i; ¢ is the constant marginal cost of production, 0 <c <1;visa
positive constant marginal cost of R&D parameter; y indicates the degree

of spillovers from R&D done by rivals, 0 <y <1 (y = 0 is no spillovers, Y
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=1 is complete spillovers). The production costs of firm i are a function
of its own output, its own R&D and the R&D of its rivals. It is assumed
that R&D is of the process innovation variety and that unit production
cost is decreasing in own and rival R&D. For a particular firm i, a unit
increase in its own R&D reduces its own production cost by that unit,
while a unit increase in R&D by firm j (j#i) only reduces the production

cost of firm i by a fraction, y, of that unit. The total cost of R&D, %vx?,

is quadratic to reflect the diminishing returns that are thought to exist in
R&D.?
The assumptions about demand and costs yield the following profit
function for firm i,
I;(p,x)=| 1 6-+§Z- P —CHX{ Y DX LI,
iP.X)=[1-0p; 3..p_] Pi —C+Xj Y‘.J > Vi
j#i J#i

The above function is maximized with respect to firm i’s price, holding
fixed R&D and rival prices. The maximization problem yields the
following price reaction function for firm i,

1 5
pi(p_i,x)=— 2-6 X _szj +—ij 5

12 jei 3%
where p_; is the vector of price choices excluding the choice of firm i and
¢ has been set equal to 1/6 in order to simplify the solutions that follow.

The price reaction function is upward sloping. This means that each firm

’See Dasgupta (1986) for a discussion of the returns to R&D.
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has a strategic incentive to increase R&D in the first stage as a means of
committing to a lower price and thereby undercutting its rivals in the
second stage. If firms could collude, however, they would prefer to
restrict R&D as a means of committing to higher prices. Solving the
system of price reaction functions, noting that the firms are symmetric,
yields the following solutions for the price sub-game,

{

pi(x)=——2— 41-3(26 +157)x; - 3(5+36y) X x; |.
287 oy

qi(x)=L 205+ 6(131-90y)x; —6(30- 71y)X_x; |,
287 e

2
1 1.2
;(x) = 494214[205+6(l31—907)xi —6(30-71y)zxj] -V

j=i
Maximizing the above profit expression with respect to the R&D of
firm i, holding fixed rival R&D, yields the following R&D reaction
function for firm i,
2(131- 907{205 -6(30-71y)3Y x j]
j#i

xix_i)= :
e 82369v —12(131-90y)?

where x_; is the vector of R&D choices excluding the choice of firm i.
The slope of this reaction function changes from negative to positive as Y
changes from y < 30/71 to y > 30/71. The turning point for the slope of

the reaction function is directly related to the value chosen for the

substitutability parameter in the demand function. As the substitutability
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of the goods increases, the range of y for which the reaction function is
positively sloped decreases. When the substitutability of the goods is low
the range of y for which the reaction function is positively sloped is
relatively large. When the substitutability of the goods is high the range
of y for which the reaction function is positively sloped is relatively
small. When the goods are unrelated the reaction function is always
positively sloped and when the goods are perfect substitutes the slope of
the reaction function is always negative. Therefore, choosing a particular
value for the substitutability parameter in the demand function only
affects where the change in slope of the reaction function occurs and not
whether it occurs. The second order condition for profit maximization is,

12
131-90

> 52369 17
The stability condition, which guarantees that the R&D reaction curves

intersect, is,

1932
-yX131-90y).
> B39 - TN31-907)
Solving the system of R&D reaction functions, noting again that the
firms are symmetric, yields the following solution for R&D,

10(131-90y)
2009v —-12(1+3y)131-90y)

Xj=

The equilibrium level of R&D is decreasing in the spillover parameter y.
An increase in the rate of spillovers leads firms to undertake less R&D

since more of their R&D spills over to rivals. Substituting the
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equilibrium solution for R&D into the price sub-game solutions yields the
following results for price, output, and profits,

_ 574v—12(1+3y)131-90y)
Pi = 2009v —12(1+ 3y)131-90y)"

o 1435v
4 = 2009v —12(1+ 3y{131-907)"
2
I, = 25(82369v—12(131—90y) )v

6(2009v —12(1 + 3yX131-90y))®

The non-negativity constraints for the final solutions require,
v>—13(1+3y)(131—90y),
574

for y > 0.03 in addition to the second order and stability conditions. This
non-negativity constraint is binding.
2.3 Cooperative Equilibrium

There is a positive externality caused by R&D spillovers that is
socially beneficial but privately harmful. A unit of R&D done by firm i
lowers firm i’s marginal production cost by that unit but also lowers its
rival’s marginal production cost by a fraction of that unit. Therefore, in a
decentralized equilibrium we would expect firms to undertake too little
R&D relative to the social optimum. While the fraction of R&D that
spills over is constant across firms, the externality can be divided into
two components. The first is spillovers between firms in the same
country and the second is spillovers between firms in different countries.

One of the purported goals of allowing cooperative R&D is to have firms
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internalize the positive spillover externality by centralizing decision-
making. We would expect the effect of such centralization to be an
increase in the level of R&D. Even with centralized decision-making,
however, we would never expect to see the spillover externality fully
internalized. This is due to the fact that the spillover externality between
Home and Foreign firms remains unaffected when Home firms cooperate
in R&D. There is also a drawback to encouraging centralized decision-
making and that is it tends to lead to an increase in market power for the
cooperating firms. Therefore, these firms have an incentive to restrict
their R&D as a means of raising price. Potentially combating this
incentive, however, is the fact that Home firms continue to compete with
Foreign firms for market share. As a result, there is an incentive to
increase R&D in order to lower price and gain market share at the expense

of Foreign firms. The direction of the different effects on Home R&D

discussed above is summarized in Figure 2.

[ Effect TDirection of Effect on R&D
[Centra]ized Decision-makingT Increase
[Between Country Spillovers ] Decrease
LMarket Power ] Decrease
Eoreign Competition ] Increase

Figure 2 — Expected effects on Home firm R&D

Cooperation in R&D by Home firms means that these firms choose

their levels of R&D to maximize joint profit. Since there is no
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cooperation in the product market, the price sub-game solutions are the
same as in the non-cooperative equilibrium. In the R&D sub-game, Home
firms maximize joint profits with respect to both firms’ R&D, holding
fixed the R&D of Foreign firms. The Foreign firms continue to maximize
their individual profit functions with respect to own R&D, holding fixed
rival R&D. Noting that firms from the same country are symmetric yields
the following R&D reaction functions,

)= 2(5(4141-779y)-12(30 - 71y {101 = 19y)x ;)
82369v - 12(101 ~19y)?

L}

le(xFl

X (x _)=2(131—9ny205—l2(30—7ly)xHi)
R HI ™ 82369y —12(131 - 90y X101 ~19y)

The H and the F subscripts refer to Home and Foreign respectively. As in
the non-cooperative equilibrium, these reaction functions are downward

sloping for y < 30/71 and upward sloping for y > 30/71. The second order

condition for Home profit maximization is,

1314172 — 27840y +18061
82369( y© 278401+ )

while the Home stability condition is,

1 —_
82369 ———(1-yX101-19y).

The second order condition for Foreign profit maximization and the
Foreign stability condition are unchanged from the non-cooperative

equilibrium. Solving the system of R&D reaction functions yields the

following solutions for R&D,
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9

. 10(101-19yX11767v - 276(1 - yX131-90y))
i fi(y.v)

‘o 10(131-90yX11767v — 276(1 —y X101 -19y))
: fy(y.v)

N

where ) (y,v) = 23639903v> - 3444(101-19y)(232 - 109y )v
+3312(1 -y )1+ 3y)101-19y)X131-90y).

These solutions are decreasing in the spillover parameter y. as in the non-

cooperative equilibrium. Substituting the solutions for R&D into the

price sub-game solutions yields the following results for price, output and

profits,

6754258v2 + 3444(4729}'2 ~ 4948y - 9867}v
+3312(1 -y 1 + 3y {101 -19yX131-90y)
PHi =
fi(v.v)

b

+3312(1-y X1 + 3y 101 =19y 131~ 90y)

( 6754258v2 + 344436642 —3433}/—10317}«]
PFi =
' fi(y,v)

1435(11767v - 276(1 - y {131 -90y)v
QHi = ,
fi(y,v)

1435(11767v —276(1 - y 101 -19y))v
qri =
fi(v.v)

My = 25(82369v —12(101-1 9y)2j1 1767v -276(1-yX131~90y))* v
| )
6(fl (Y’ v»z

b

e — 25(92369\/ —12(131-90y)? h 1767v —276(1 -y X101 -19y))* v
6(t; (v.v))

The non-negativity constraints for these solutions require,
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10317 + 3433y — 3664y>

V> —— AR
1767\ | (52125616y* ~ 313013432/ + 397430217y — 41440830y + 6625825) 2

fory <30/71 and

9867 + 4948y — 4729y

V> ——— 1
1767( , (s1064161y% - 334654592y> + 392408322y % ~ 14633520y - 2456975 ) 2

for y > 30/71 in addition to the second order and stability conditions.
These non-negativity constraints are binding. A comparison of the
cooperative equilibrium with the non-cooperative equilibrium is
summarized in Table 2. The cooperative solutions are denoted by a C
superscript and the non-cooperative solutions are denoted by a NC
superscript.

Table 2 — Cooperative and Non-cooperative Solution Comparison

vy < 30/71 y > 30/71
R&D xpi& > xiNC > xpi© xuil > xp" > xN©
Price pmc > pFiC > piNC PiNC > PFiC > pHiC
Output QFiC > qin¢ > qui© qui< > qri > T
Profit M€ > My © > ¢ Me© > M€ > N

In the case where spillovers are low (y £ 30/71), we have that
cooperation leads Home firms to undertake less R&D relative to the non-
cooperative equilibrium. When spillovers are high (y > 30/71),

cooperation has the opposite effect and Home firms undertake more R&D.
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In the first instance, the effect of increased market power and the
continued existence of between country spillovers dominate, and in the
second instance the effect of centralized decision-making and the
continued existence of competition with Foreign firms dominate. One
method of isolating these different effects is to restrict the spillover
parameter, y, to be zero and then examine the resulting equilibrium levels
of R&D. This exercise allows us to examine the effect of increased
market power and the effect of Foreign competition simultaneously
without the effects from centralized decision-making and between country
spillovers. We find that in the case of no spillovers Home R&D is always
lower relative to the non-cooperative equilibrium. This result indicates
that the effect of increased market power outweighs the effect of Foreign
competition. Therefore, when spillovers are low it must be the case that
raising price is more important to increasing profits than is increasing
market share. Restricting R&D in order to raise price is not as costly
when spillovers are low since the harm from not internalizing the
externality is lower. When spillovers are high, however, we must have
that the effect of Foreign competition and the effect of centralized
decision-making combined are larger than the effect of increased market
power. That is, the benefit from internalizing the externality combined
with the effect of Foreign competition, exceeds the benefit from
restricting output. Again, this is expected because when spillovers are

high the harm from not internalizing the externality is greater. These
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results are similar to the R&D cartel results from Chapter 1 where
cooperative R&D is analyzed in a quantity-setting game.

Home firms are always better off when they cooperate in R&D.
When spillovers are low (y £ 30/71), Home firms have lower R&D, a
higher price, lower output and higher profits. It is not obvious that Home
firms should have higher profits when spillovers are low. The fact that
Home firms undertake less R&D has two competing effects on their total
costs. One component of total cost, the cost of R&D, is now lower,
however, the second component of total cost, the cost of production, is
now higher.® Only for low values of y in this range does the decrease in
the cost of R&D outweigh the increase in the cost of production. The fact
that R&D is decreasing in y means that the cost of R&D falls at a
decreasing rate, while the cost of production rises at an increasing rate.
Therefore for low values of y total cost is lower, but for higher values of y
total cost is higher. In those instances where total cost is higher, total
revenue is also higher to compensate for an increased total cost. This
leads profits to be higher for all values of y in this range. When
spillovers are high (y > 30/71), Home firms have higher R&D, a lower
price, higher output, and higher profits. The profits of Home firms are
higher relative to the non-cooperative equilibrium because their total cost

is lower. Total cost in this case is lower for Home firms because both

®In regard to production costs, Home firms do benefit from additional R&D done by
Foreign firms through spillovers, however, the increase in Foreign R&D is not
sufficient to outweigh the decrease in R&D by Home firms. As a result the
production costs of Home firms increase.
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Home and Foreign firms undertake more R&D. The additional R&D
undertaken by Home firms, in the absence of any additional Foreign R&D,
however, does not lower total cost sufficiently to compensate for a lower
price.

While we are not explicitly interested in the outcomes for Foreign
firms, a few of the results merit some explanation. When spillovers are
low (y < 30/71), Foreign firms have higher R&D, a higher price, higher

output, and higher profits. These results for Foreign firms are interesting

because we normally think of R&D and output as moving in the opposite
direction of price. While the total R&D undertaken by Foreign firms is
higher, the net R&D -- the R&D of Foreign firms plus the R&D that spills
over from Home firms -- is lower as a result of the reduction in R&D by
Home firms. Therefore, Foreign firms have a higher cost of production
and, as a result, higher prices. This would seem to imply that Foreign
firms should have lower output. Total output in the market is lower
relative to the non-cooperative equilibrium due to the higher prices
charged by all firms. Since the price charged by Home firms is higher
than that charged by Foreign firms, Foreign firms have a larger share of a
smaller market. The output of Foreign firms is increased relative to the
non-cooperative equilibrium because these firms now charge a lower price
relative to Home firms even though the Foreign price has risen relative to

the non-cooperative equilibrium. |
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Another interesting result relating to Foreign firms is that they are
always better off as a result of Home firms’ cooperation in R&D. Not
only are Foreign firms better off, but they benefit more than do Home
firms. Essentially, Home firms do all of the work to raise profits while
Foreign firms reap the benefits. When spillovers are low (y < 30/71)
Home firms restrict R&D in order to raise price. Foreign firms are then
able to take advantage of higher Home prices by raising price themselves.
When spillovers are high (y > 30/71), Home firms undertake more R&D
than Foreign firms causing Home firms have a higher cost of R&D. Since
spillovers are higher, Foreign firms receive more benefit from Home firm
R&D at no added cost. In both cases, Foreign firms receive the benefit of
a public good while Home firms incur the cost of providing that good. As
a result, Foreign firms have higher profits than Home firms.

While consumers have not been considered explicitly in this model
we can make some comments on their welfare by looking at the
implications for output and price in the cooperative equilibrium. When
spillovers are low (y < 30/71) firms from both countries charge higher
prices and Foreign firms produce more output while Home firms produce
less. The welfare of consumers is not clear in this situation. The prices
of all varieties are higher but now more of the Foreign variety is being
produced. Depending on consumers’ preferences over varieties they may
be better off but are not necessarily better off. When spillovers are high

(y > 30/71) firms from both countries charge lower prices and produce
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more output. Since all firms have lower prices and produce more output,
we would expect consumers to be better off.
2.4 Comparison with a Quantity-Setting Game

The main criticism of strategic trade policy models, that the policy
implications are reversed when price-setting games are considered, is not
entirely valid in regard to cooperative R&D. The similarities between the
model analyzed here, and that analyzed in Chapter 1, allow for some
general comparisons between quantity-setting and price-setting games.
While Home welfare is improved in both settings, the policy implications
of these models are somewhat different. In the quantity-setting game,
Foreign welfare is usually lower. In those instances where Foreign
welfare is higher, the Home country usually benefits more than does the
Foreign country. In the price-setting game Foreign welfare is higher and
the Foreign country benefits more than does the Home country. These
results imply different roles for policy-makers depending on the type of
competition in the product market. In a quantity-setting game there is an
active role for the Home government since allowing cooperation in R&D
increases Home firm profit often at the expense of Foreign firm profit.
The results from the price-setting game suggest a passive role for the
Home government. Since Foreign firms benefit more when Home firms
cooperate in R&D, the Home government should encourage cooperation

among Foreign firms while discouraging cooperation among Home firms.
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These implications for policy are interesting given the environment
in which the antitrust exemptions to cooperative R&D were first
formulated. American firms, in the early 1980s, were losing both
international and domestic market share to Japanese firms. Policy-makers
in the United States viewed lax antitrust enforcement in Japan as one of
the factors contributing to the success of Japanese firms.” This was one
of the motivating factors for allowing more lenient antitrust treatment for
cooperative R&D in the United States. This action on the part of the
United States seems justified given the pol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>