Abstract

This paper compares adversarial with cooperative industrial and trade policies in a dynamic
oligopoly game in which a home and foreign firm compete in R&D and output and, because of
spillovers, each firm benefits from the other’s R&D. When the government can commit to an
export subsidy, suchapolicy raiseswelfare relative to cooperation, except when R&D is highly
effective and spillovers are near-complete. Without commitment, however, subsidisation may
yield welfare levels much lower than cooperation and lower even than free trade, though
qualifications to the dangers from no commitment are noted.
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Beat 'Em Or Join 'Em?. Export Subsidies Versus
| nter national Resear ch Joint Venturesin
Oligopolistic Markets

J. Peter Neary and Paul O’ Sullivan

1. Introduction

Governments everywhere see international success for domestic high-technology firms as a
desirabl e objective and measures to encourage such firms as an important component of economic
policy. Whilethis perspective suggests adopting an adversarial approach to promoting ‘ national
champions', governments are also aware of the potential benefits to home firms of cooperative
arrangements such as research joint ventures with foreign firms. Finally, both domestic
governments and international regulatory bodies (such as the EU Commission) are increasingly
conscious of the need to formulate and enforce guidelines for pro-competitive behaviour at the
international aswell as at the national level.

Developing an analytical framework to deal with theseissuesposesformidablechallenges.
Atthevery least, it requiresthe application of anumber of sub-disciplinesin economics, drawing
on work in the fields of industrial and trade policy, technology policy and competition policy. In
this paper we take a small step in this direction by combining the insights from two strands of
recent literature, the theory of strategic trade policy, associated especially with Brander and
Spencer (1985), and the analysis of R&D cooperation in oligopolistic markets pioneered by
d’ Aspremont and Jacquemin (1988). In particular, wetry to throw light on the relative merits of
adversarial and cooperative approaches. From the perspective of domestic welfare, should
governments encourage home firms to adopt a ‘Beat 'Em’ or a‘Join 'Em’ approach to foreign
rivals?

Thetheory of strategic trade policy has shown that intervention in oligopolistic markets can
raise domestic welfare if governments use their superior commitment powers to ‘ shift profits
towards home firms (at least when firms engage in quantity competition). While the limitations
of the theory’ sinterventionist thrust have been well documented, it remains one of the few strictly
economic justifications for policy activism. However, the merits of subsidising exporting firms
have to be re-examined in the light of two key considerations in the recent literature. First, a
number of authors have noted that the benefits of strategic intervention may be reduced if the
government cannot commit in advancetoitspolicy.! Second, the benefits of adversarial policies
need to be reconsidered in the light of the potential gainsfrom cooperation between firms. While
the effects of R& D cooperation in the presence of R&D spillovers has been extensively studied
in a closed-economy context, its implications in open economies have been little studied as yet.?

The objective of this paper isto extend the analysis of strategic trade policy to this richer
environment and to compare the effects of export subsidieswith those of international cooperation
on R& D through the formation of research joint ventures. We do thisin acanonical model which

1. Aspectsof thistheme have been explored by Maskin and Newbery (1990), Goldberg (1995), Karp and Perloff
(1995), O’ Sullivan (1995) and Leahy and Neary (1998).

2. Exceptions to the general neglect include Motta (1994), Guffens (1995), Qiu and Tao (1995) and Leahy and
Neary (forthcoming 1999).



isintroduced in Section 2. Thisabstractsfrom issues of domestic competition policy by assuming
aduopoalistic market in which a single home firm competes with aforeign rival and all output is
exported. We also consider arestricted range of policies, ignoring direct subsidiesto R&D and
assuming that export subsidies are not provided at al if firms cooperateon R& D.® Section 3100ks
at the incentives firms face to invest in R& D with and without R& D cooperation, while Section
4 |ooks at the role of export subsidies with and without government commitment. Section 5
compareswelfare level s between the four equilibriaand Section 6 shows how the comparisonis
facilitated and the results considerably strengthened when special functional forms are assumed.
Section 7 draws conclusions while the Appendix gives the technical details of the model’s
solution.

2. The Mod€l

We consider atwo-period Cournot duopoly model, in which ahome and aforeign firm export a
homogeneous commodity to a third country which consumes all of the good. Period 1 is the
pre-market R& D phase and period 2 isthe output phase. The home and foreign firms choose R& D
levelsx and X™ respectively in period 1 and produce output levelsg and g respectively in period
2.

R&D incurs up-front costs in period 1 given by G(x) and G'(x") for the home and
foreign firm respectively. The benefits comein the form of lower marginal costsin period 2, but
not all the benefits accrue to the firm which carries out the R&D. We assume that marginal costs
are independent of the level of output but depend negatively on R&D levels:

c"c(xx9), c "&?, c, " &R?

cC " c{x(x), cx(( " &?(, cl " areC,

(1)

Here? and ? " measure the effectiveness of each firm’'s R&D in reducing its own costs and 3
and B (which lie between zero and one) measure the extent to which R& D has beneficial
spillover effects on therival firm's costs. The inverse demand function is given by:

p " p(g%q9), p)/ &b, (gugplip) / r, (2)

where b is the dope (not necessarily constant) of the demand function and r is a measure of the
concavity of demand. Summing costs and sales revenue and adding any export subsidy payments
received (where sisthe per unit subsidy) gives the profits of the home firm:

p " {p(ghq€)&c(x,x)%stq & Gx). (3)

The foreign firm' s profitsp” are determined in the sameway, except that it receives no subsidies.
Finally, with no home consumption, national welfareissimply profits net of subsidy payments (if

3. R&D subsidies are considered by Spencer and Brander (1983), Muniagurriaand Singh (1997) and Leahy and
Neary (forthcoming 1999), while subsidies to cooperating firms are studied by Qiu and Tao (1995).
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any):

W * p&sg ° (p&c)q & Gx). (4)

Inall the gameswe consider, the two firms engage in Cournot product-market competition
in period 2. Hence, with production costs determined by past decisions on R&D and facing a
given home export subsidy (possibly zero), output levels are determined by the first-order
conditions:

Py - P&c%hs&bg " O (5)

pg¢ © p&cl&bgt " 0 (6)

for the home and foreign firm respectively.

We consider four distinct games, which differ in terms of whether or not firms cooperate
in their choice of R& D and whether or not the home government offers an export subsidy and can
commit to it in advance of firms' R&D decisions:

(i) GameF: Freetrade, with no cooperation on R&D. In this benchmark two-stage game, firms
choose R&D levelsin period 1 and outputsin period 2.

(it) GameC: Freetrade, with cooperation on R&D. Themoveorder isthesameas GameF. The
differenceisthat firms cooperate in their choice of R&D so asto maximise the sum of their joint
profits. However, outputsin period 2 are still chosen in anon-cooperative Cournot-Nash manner.
This game has been extensively examined in a closed-economy context, stemming from the work
of d’ Aspremont and Jacquemin (1988).

(iif) Game G: Government commitment to an export subsidy. In this three-stage game the
government chooses the subsidy to maximise domestic welfare (4). Crucidly, the government sets
its subsidy before the firms' choice of both R&D and exports.

(iv) GameS. Subsidisation without commitment. In this game the government also provides an
export subsidy to maximise (4) but, unlike Game G, it cannot commit to the subsidy level before
firms choosetheir R& D levels. Inthisthree-stage game, firmsfirst choosetheir R& D levels, then
the government chooses its subsidy, and finally firms choose their output levels. This game has
been considered by Karp and Perloff (1995), O’ Sullivan (1995) and Grossman and Maggi (1997).

Notwithstanding the differences between the four games we consider, they share the
property of subgame perfection. Thus at each stage in each of the four games, agents take into
account the effects of their current decisions on the future decisions of al other agents.

3. Strategic Investment With and Without Cooperation

We consider first the two games where the home government does not intervene. Our analysis
follows Leahy and Neary (1997), who consider ageneral multi-firm model of aclosed economy,
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allowing for both quantity and price competition. Specialising to the case of Cournot duopoly
permits a significant strengthening of the results. For convenience, we concentrate in the text on
the case wherethetwo firmsareidentical. Allowing for asymmetries haslittle qualitative effect
ontheresults but necessitates additional notation which isdetailed in Section A.1 of the Appendix.

Inchoosing its optimal level of R& D, each firm takes account of the direct cost-reducing
effect and also of the strategic effect of R& D onits rival’s output in the second stage. Thus, in
Game F (the benchmark free-trade game with no cooperation on R& D) the home firm’ sfirst-order
condition for R&D is:

dp . 0 dg¢ .
— Vi i 0. 7
dx P ” Py dx ("

Here the direct or non-strategic effect of R& D, p,, equals ?q!Q\; ie the gain from areduction in
the firm’s production costs less than the direct cost of the R& D itself. When this effect is zero,
R&D isat itsefficient level from the home country’ s perspective. Hencethereisover- or under-
investment in R& D depending on whether the second term on the right-hand side is positive or
negative. Sincethe homefirm unambiguoudly gainsfrom afall inforeign output (p,-= 1ba<0), the
sign of the second term depends on whether additional home R& D raises or lowersforeign output.
Following Leahy and Neary (1997), we show in the Appendix, Section A.1, that this in turn
depends on the following expression:

¢ r _
pdat . g BB, 0<B/ <1, @)

where the threshold parameter R is positive provided foreign output is a strategic substitute for
domestic output. (Strategic substitutability, equivalent to downward-sloping reaction functions,
is the normal configuration in Cournot competition, implying r>12. We assume it holds
henceforward.) We also seethat & reducesto “2when demandislinear (r=0); and that it isgreater
than or less than %2 depending on whether demand is concave (r>0) or convex. Pulling together
the different components of the first-order condition (7) we obtain:

d . wFg&G " 0, where: V4 1%&_3 ?. (9)
dx 1%R

uF isthe marginal returnto R&D per unit output in free trade. Equations (8) and (9) show that,
when spilloversarelow (3<R), higher home R& D lowers foreign output and so the homefirm has
anincentivetoover-invest in R&D (uF>?).* Conversely, when spilloversare high (3 >R), higher

4. Spencer and Brander (1983) drew attention to this effect in the case of zero spillovers. d’ Aspremont and
Jacquemin (1988) considered spilloversin alinear model and showed that in that case the threshold val ue of the
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home R&D raises foreign output and so the home firm has an incentive to under-invest in R&D
(uF<?). Of course, theforeign firm facesidentical incentives. Subject to technical qualifications
which can be relegated to a footnote,® we may conclude that, in symmetric equilibria, both firms
invest less the higher the spillover parameter 3 and invest more the greater the concavity of
demand.

Figure 1 illustrates how the strategic effect of investment in R&D depends on the size of
the spillover parameter. The curves HH and FF, with intersection at A, represent the home and
foreign output reaction functions respectively in the absence of any R&D. The curve HVHN
represents the home reaction function when R&D is at its efficient level (where p,=0). Point B
(with the same level of foreign output as A) therefore gives the home firm’s output level when it
does not invest strategically in R&D. [If spillovers are zero, the foreign reaction function is
unaffected by home R& D and so the actua equilibriumwould beat C. Anticipating thisfal ind,
the home firm therefore has an incentive to increase itsinvestment beyond the non-strategic level
underlying HNHN. By contrast, if spillovers are complete, then from symmetry, theforeign reaction
functionshifts out to FNF\ by exactly as much as the home one, and the new equilibrium would be
at D. Anticipating thisrisein g’, which will lower its profits, the home firm therefore has an
incentive toreduce its investment below the non-strategic level underlying HVHN. By continuity,
the conclusion is clear. Provided the foreign reaction function FF is downward-sloping (ie
provided home output is a strategic substitute for foreign output) there is some threshold level of
spillovers, between zero and one, a which the strategic effect on investment in R&D is exactly
zero.

The incentivesto invest in R& D are very different in Game C when cooperation by firms
leads each of them to choose its R&D so as to maximise their joint profits. The first-order
condition for the home firm’s choice of R&D is now:

d(p%p9 - %o JAN o Jocy pcdal - g
aprp) s = . 10
dx Pt Pacgrp 1P P (10)

This takes account of both direct and strategic effects on foreign as well as home profits.
Similar calculations to those already given for the no-cooperation game, show that this can be
written as:

) _
d(%p) - uwqg& G " 0, where: ¢ 7/ (1%8)2—8_’?. (11)
dx 1%M3

spillover parameter is Y.

5. The direct comparison in the text is exact with no further qualifications when the parameters?, RandR (ie, r)
are constants. More generally, the values of the two marginal returns to R&D may differ between the two
equilibriato be compared. Sufficient conditions to justify this comparison are provided in Leahy and Neary
(1997), Section I1.B. It is shown there that, in symmetric equilibria, output and R&D are higher with strategic
behaviour than without if: (i) equilibrium of each typeis unique; (i) u™>?, where both parameters are evaluated
a the same equilibrium (either the strategic or the non-strategic equilibrium); and (iii) the profit functions
corresponding to the other equilibrium exhibit the Seade (1980) stability condition when these functions are
evaluated at al points along the locus of oligopoly equilibriain (g,x) space between the two equilibria
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Now, the margind returnto R& D and hencethelevel of investment in symmetric equilibria
is increasing in the spillover parameter 3. However, it is not true that cooperation fully
internalises the externality arising from R& D spillovers. Because of strategic behaviour thefirm
may either under- or over-invest in R& D from anational point of view.® Indeed, thefina strategic
termin (10), pyda/dx, isaways negative and for low spilloversit dominates, ensuring that the firm
under-investsin R&D. To seethis explicitly, we may rewrite u€ in aform which brings out its
symmetry with u* in (9):

ue 7/ {1&@}? where: 4 &B (12)

1%R 2R

This shows that under-investment (U°<?) is more likely when spillovers are low and demand is
convex (ie r<0, implying R<¥%, which in turn implies that B >4, since R and R always lie on
opposite sides of %%).

Will cooperation lead to more or less investment than non-cooperation? To answer this,
we need only compare the values of thetwo marginal return to R& D parameters, uF and i, subject
to the same sort of technical qualifications given in footnote 5. The difference between themis:

wew = EBlge 1 (o (13)
1% 1%28R

Thus cooperation leads to more R&D if the spillover parameter exceeds a new threshold,
1/(1+2R). Thislieson the opposite side of ¥2from &, coincideswith it when demand islinear, and
rangesfrom a (when demand is so concave that R approaches one) to one (when demand
isasconvex asis possible, given strategic substitutability, so £=0).

These results areillustrated in Figure 2, which shows how pF and p€ vary as functions of
R for different values of the demand concavity parameterr.” Higher spilloverslead to more R& D
when firms cooperate but |esswhen they do not; and R& D is higher in both regimes when demand
is concave (as shown by the solid lines) than when demand is linear (dashed lines) or convex
(dotted lines).

Thefinal question to be addressed iswhether cooperation raiseswelfare. Sincewe have

6. From aworld point of view, equation (11) shows that the cooperative always under-investsin R& D: because
of the strategic effectsin (10), U islessthan (1+R)?, whichisthe marginal world social returnto domestic R&D.
Thisisaspecial case of Proposition 2 in Leahy and Neary (1997).

7. Of course, for al but linear or iso-elastic demand functions, the degree of concavity will change as3varies.
(For convenience ? is normalised to equal unity in the Figure.)
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assumed, following the conventions of the strategic trade policy literature, that all output is
exported, and since both Games F and C are free-trade equilibria, welfare and home profits
coincide.® Moreover, since the equilibria are symmetric, it follows that home profits must be at
least as great with cooperation as without, since the aggregate profits of the two firms are
maximised inthe former case. Cooperation must lead to higher profits unless the two equilibria
coincide, which occurswhen the spillover parameter 3 equal sthe threshold given in equation (13).

4. Export Subsidies With and Without Government Commitment

We turn next to equilibriawith government intervention. In Game G, where the government can
commit to its export subsidy prior to decisions on R&D, the behaviour of firmsisthe sameasin
the non-cooperative free-trade game of the last section. Anticipating this behaviour, the
government in the first stage chooses the export subsidy to maximise welfare, given by equation
(4). To seetheimplications of this, totally differentiate that equation:

dW * & sdg & bgdqg¢ % (?q&G)dx % R?qdx €. (14)

The first two terms on the right-hand side are fairly standard. The first reflects the
deadweight loss from increased exports whenasubsidy isin place, while the second reflectsthe
standard rent-shifting gain in welfare, astheforeign firmis pushed down itsreaction function. The
other two terms are less familiar.® Thetermin dx can also be written, from (9), as (?!u)qdx,
showing that it reflects the divergence between marginal social and privatereturnsto R&D. When
these differ, thereisamotive for subsidisation to offset in part the inefficient investment which the
home firm carries out for purely strategic reasons. Of course, thisterm can be either positive or
negative: when spillovers are low, the home firm over-invests strategically so an offsetting tax is
warranted, and conversaly when spilloversare high. Finaly, the fourth term reflectswhat we may
call inter-temporal rent-shifting, as opposed to the conventional intra-temporal kind represented
by the second term. When spillovers are strictly positive, home profits and welfare are directly
affected by foreign R&D. If we make the plausible assumption that foreign R&D depends
negatively on s, then this term tends to encourage an export tax: government commitment to an
export tax raisesforeign R& D and so (because of spillovers) brings about arisein profitsthat the
home firm cannot credibly attain by itself.

Whileinterpreting thetermsin (14) isinsghtful, not much more can be said about their net
impact on the sign of the optimal subsidy at this level of generaity. We can of course set the
equation to zero to obtain an expression for the optimal subsidy:

8. If instead we take a world welfare perspective, then the closed-economy results of Leahy and Neary (1997)
apply. In particular, with low spillovers, the reduction in output brought about by R& D cooperation reduces
consumer surplusto such an extent that total welfare (profits plus consumer surplus) falls.

9. Our discussion of the remaining two terms follows Neary and Leahy (1997).
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&l
s - dg bg—— dg ¢ B& q X o f3°q— (15)
ds 1%3 ds ds

This throws some light on the determinants of s. However, itsinterpretation is hampered by the
fact that, in general, we cannot even be sure that the various derivatives take their expected signs.
(We would expect an increasein sto raise x and g and to lower X" and ".)° The one thing we
can be sure of is that the ability of the government to commit to an export subsidy must increase
welfare relative to the free-trade level.

The situation is very different in Game S, when the government cannot commit to its
subsidy level until after firms choose their R&D. It therefore chooses the export subsidy to set to
zero equation (14) without the R& D terms. Thisleadsto the standard static rent-shifting subsidy
first derived by Brander and Spencer (1985):

sxx9)  * & bgZd- 2 (16)

where dq'/dq, the slope of the foreign firm’ s static reaction function, is negative provided foreign
output is a strategic substitute for domestic output. We write the subsidy asafunction of the two
R&D levels, becausethey are chosen prior toit. Inthefirst stage of the game, both firms anticipate
this dependence and, in a subgame perfect equilibrium, take it into account in choosing their
optimal R&D levels. Thusthe first-order condition for home R&D is now:

(
B g p, L p s

0. (17)
dx dx Mx

A higher subsidy must raise profits (ps=0>0), so the impact of the additional final term on the
margina profitability of R& D hingeson the effect of R& D on the magnitude of the optimal subsidy,
Ms/Mx. Leahy and Neary (1998) derive a necessary and sufficient condition for this term to be
positive and show that thisisthe normal case.! Assuming for concreteness that this is the case,
the home firm over-invests further in R& D with aview to obtaining a higher subsidy. It doesso
both because of the direct effect of the third term in (17) and because, as shown in the Appendix,
apositive value for Ms/Mx rai ses the effectiveness of home R& D in lowering foreign output (ie it
makesdq’/dx more likely to be negative). Finaly, the foreign firm facesasimilar incentive. Its
first-order conditionis:

dp¢ .

( cdg .
aC P PPge T a8

10. The principal technical difficulty isthat u” and the corresponding marginal return for the foreignfirmarein
general functions of all the endogenous variables, x, X', q, " and s. In the linear-quadratic case considered in
Section 6, these two parameters are constant.

11 Over-strong sufficient conditions for Ms/Mx to be positive are that both the demand curve and the foreign
reaction function are non-convex. These conditions are satisfied if demand islinear, asin Section 6 below.
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Foreign profitsare not affected directly by changesin the home subsidy. However, the magnitude
of dg/dx” depends on the responsiveness of the subsidy to foreign R& D, Ms/MX'. Just aswe would
expect higher home R& D to mandate a higher subsidy, so we would expect higher

foreign R& D to mandate alower subsidy. Thisin turn makes it more likely that dg/dx” will be
negative and so encourages over-investment by the foreign firm too. (See Appendix A.1.)

What is the effect on welfare of these additional incentivesto engage in R& D which both
firms face as aresult of the endogeneity of the subsidy? In general, we can be sure that in this
model the government’ sinability to commit cannot raise welfare relative to the commitment game
and will lower it if R&D has any effect on costs. We can say something further by inspection of
(14). Thethird term (substituting from (17) for the margina return to R&D in this game) shows
that extrainvestment by the home firm lowers welfare except when spillovers are high. Asfor
extrainvestment by theforeign firm, it has a direct effect tending to raise welfare, provided there
are positive spillovers. However, it also hasan indirect effect on thelocation of theforeignfirm’'s
period-2 reaction function. This effect tends to increase foreign output and is not offset by the
subsidy (which, from (16), only neutralises the effects of foreign output changes along a given
foreign reaction function). Except for high spilloversthiseffect islikely to dominate, so reducing
home welfare further.

5. Comparing Welfare Across Equilibria

The results of the two previous sections for the levels of welfare in the four games may be
summarised as follows:

WS $ WF < WG $ WS (19)

From Section 3, cooperation cannot lower welfare relative to free trade and will raise it except
when the spillover parameter 3 equal s the threshold value given in equation (13). From Section
4, commitment to an optimal export subsidy always raises welfare relative to free trade; and it
raises welfare relative to an optimal subsidy without commitment except when R& D isineffective
(when the commitment issueis irrelevant).

These results are interesting but they leave open two crucial questions. First, when will
intervention without commitment raise welfare relative to free trade? Clearly, if R&D is
ineffective, thereisno cost to the government’ s inability to commit and so WSexceeds WF.
However, when R&D is effective then, as Karp and Perloff (1995), O’ Sullivan (1995) and
Grossman and Maggi (1997) have shown, over-investment by the home firm with a view to
manipulating the export subsidy can lower welfare relative to free trade.

The second question which theinequalitiesin (19) leave unanswered, isthe one posed in
thetitleto thispaper. Whenwill optimal intervention raise welfarerelativeto international R& D
cooperation? Thisin turn implies two sub-questions, since intervention may be with or without
commitment. We can infer from (19) that intervention with commitment dominates cooperation
when 3 equals the threshold given in equation (13). Moreover, intervention without commitment
dominates cooperation when R&D is ineffective. To go beyond these very weak sufficient
conditions we must assume particular functional forms for the demand and cost functions.



6. TheLinear-Quadratic Case

Inorder to throw further light on the questions discussed in the last section, we simplify the model
by assuming that the behavioural functionstake special forms.'? Specifically, we assume that the
demand function islinear:

p(ag9) " a&b(qhqo). (20)

We also assume that each firm’s margina production cost function is linear in its own and its
rival’sR&D:

cxxO) 7 ¢, & ?2(x%Rx)  and c((x(x) T ¢, & ?(x(%RX) (21)

for the home and theforeign firm respectively. Finaly, we assumethat the R& D cost functionsare
quadratic in R&D:

QX " X2 and (x9 " Ax9Y2. (22)

(All the parameters a, b, ¢, ?, Band ? are constant.) The detailed solutions under these
gpecifications are given in the Appendix. Probably the most insightful way to explore their
implications is by simulating the levels of welfare in the four games. Fortunately, comparisons
between the four games with symmetry depend on only two parameters. the degree of spillovers
3 and anew parameter ?, defined as. ?/?2/b? Following Leahy and Neary, this can be
interpreted as the relative effectiveness of R&D, since ? gives the reduction in unit production
costs per unit R& D, ?isthe marginal cost of R&D and b (the slope of the demand function) isa
measure of the size of the market. Figures 3to 8 comparethelevelsof welfarein each of the four
gamesasfunctionsof ? and 3. InFigures3, 4, 5and 7, whichillustrate thelevels of welfarein the
four equilibria, units are chosen so that welfare in free trade is unity when ? is zero.*3

Figure 3 shows how welfare in free trade varies with ? and 3. (The exact expressionis
given by equation (34) in the Appendix.) Welfare fals with ? in the absence of spillovers, as
additional strategic over-production benefits consumers at the expense of firms* However,
welfareriseswith ? for moderate or high spillovers and (provided ? is strictly positive) always
riseswith 3. (Though recall from Figure 2 that with higher spilloversfirmsengageinlessR&D.)
This may be compared with the level of welfare when firms cooperate on R& D, shown in Figure

12. Theeffectsof asymmetriesbetween firmsin similar modelsare considered in Neary (1994), Karp and Perl of f
(1995) and Leahy and Neary (1998).

13. From equation (34) in the A ppendix, thisimpliesthe normalisation (a! ¢,/=9%. Copiesof the GAUSS program
used to calculate the equilibria are available on request.

14. Thisresult was also noted in Leahy and Neary (1996), footnote 6.
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4. (The exact expression is given in equation (36) in the Appendix.) Now welfare riseswith ?
evenwith no spillovers. (Of course, in this case, cooperation has no cost-saving implication and
is purely a strategic device which avoids over-investment and so leads to lessR&D.) Welfare
rises even more rapidly when both parameters attain moderate or high levels, reaching a value of
9.0 (truncated from the figure to facilitate presentation) when both ? and 3 are unity.

We know from Section 3 that cooperation awaysraiseswelfare, except when 3 attainsits
threshold level R, which with linear demands equals¥2. Comparison of Figures 3 and 4 showsin
addition that the gains from cooperation are increasing in ? and in the gap between 3and %2. (It
is shownin the Appendix, equation (37), that the ratio WS/WF is symmetric in 3 around the R=2
threshold.) Recall however, that the reason for the superiority of cooperation isvery differentin
the low- and high-spillover cases. For low spillovers, it dlowsthe firmsto reducetheir R& D and
avoid strategic over-investment; whereas for high spillovers it has the more natural effect of
increasing investment, though till not to alevel which is efficient from aworld perspective.

Turning next to thetwo caseswherethe government i ntervenesto provide an export subsidy
(Gand S), acomplication arises. If R&D is even moderately effective, the effect of the subsidy
may be to drive the foreign firm from the market. For parameter vaues at which this happens
(intermediate or high values of ? and low values of 3) we assume that the home government offers
asubsidy just sufficient to drive foreign profits to zero. In Game G, the government commitsin
advance of R& D decisionsto the entry-preventing subsidy. Moreover, for some parameter values
an optimal rent-shifting equilibrium may exist, in which the foreign firm earns strictly positive
profits, and yet entry prevention yields higher welfare. The reason isthat, with entry prevention,
home investment in R&D is always at the efficient level (defined by ?g=Ql ), since, if theforeign
firm does not enter, the home firm has no incentive to over-invest for strategic reasons.

The outcome of these considerations (the detailed calculations for which are given in the
Appendix) isthewelfare function for Game G shown in Figure5. Itisclearly the upper envelope
of two single-peaked functions. That covering the larger part of the parameter space corresponds
to the rent-shifting equilibrium. It starts at 1.125 (=9/8) when there is no R&D and increases
relatively gently in both ? and 3 thereafter. The other function correspondsto the entry-prevention
equilibrium. It applies when R&D is highly effective (so subsidisation causes the home firm to
expand alot and squeeze out foreign output) and spilloversarerelatively low (so theforeign firm
does not benefit from home R&D). Itisclearly strongly increasing in ? and decreasing in (3.

We know from general principles that the welfare level attainable when the government
commits to a subsidy must exceed that in free trade. However, comparing Figures3 and 5, it is
striking that the gains from an optimal rent-shifting subsidy are relatively modest: 12.5% in the
static case when ? iszero, aswe have seen, and even lesswhen both ? and 3 are high. By contrast,
the gains from entry prevention (when ? ishigh and 3islow) are considerable. Figure 6 shows
that entry prevention also leadsto large gainsrelative to cooperation. However, with rent shifting
the gains are much smaller and when spillovers are high and R&D very effective rent-shifting is
inferior to cooperation. This figure provides one answer to the question posed in the title of the
paper. Commitment dominates cooperation for most parameter values, though only modestly
except when it enables the home government to deter entry by the foreign firm.

Of course, the assumption that the government can commit in advanceto its export subsidy
prejudices the comparison against cooperation. The story isvery different when the government
cannot commit to its subsidy, asillustrated in Figure 8. Once again, there is both a rent-shifting
and an entry-prevention regime. However, since the government moves second, it is effectively
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the home firmwhich determineswhich regime prevails.® In the entry-prevention case, the home
firm chooses alevel of investment which isjust sufficient to lead to asubsidy that will drive the
foreign firm’s profits to zero. Asin Game G, the rent-shifting regime prevails over most of the
parameter space. Welfare is lower the more effective is R& D, though it falls less rapidly for
higher spillovers. This contrasts sharply with the entry-prevention regime, which asin Game G
is the dominant policy when R&D is highly effective and spillovers are low. Welfare now
increases rapidly in ? and declines rapidly in R.2 Note that thereis awide range of parameters
(high ? and intermediate to high (3) for which welfare is negative, often highly so. (Of course,
home profits are always positive.) Comparing Figure 7 with Figures 3 and 4, the rent-shifting
equilibrium in Game S yields higher welfare than either free trade or cooperation only for low
values of ?, although if entry prevention occurs Game S may yield considerably higher welfare.
Thelast issue we address diagrammatically istherelative size of the subsidiesin the G and
Sequilibria. Theseareillustrated in Figures 8 and 9 respectively. Therelatively flat portion of
Figure 8 correspondsto the optimal rent-shifting subsidy with government commitment. Although
the vertical scale masksits variation, itisincreasing in ? for low 3 and decreasing in ? for high
3; while for positive ? it is a U-shaped function of (3. These patterns reflect the complicated
interaction of the different motives for subsidisation discussed in connection with equation (15)
(and illustrated for the linear-quadratic case in equation (40)). However, al this variation is
dwarfed by the contrast with, first, the entry-prevention subsidy in Game G, which is typicaly
much larger and is strongly decreasing in both ? and (3; and, second, the optimal subsidy in both
regimes of Game Sillustrated in Figure 9. (Once again, some extremely high values of the optimal
subsidy have been truncated to facilitate viewing the figure.) For all positive values of ? the
optimal subsidy without commitment is considerably greater than the corresponding subsidy with
commitment. Thissuggeststhat asimple deviceto avoid the welfare losses from non-commitment
would be to place a celling on the subsidy rate or on the total amount of subsidy payments.

7. Conclusion

This paper has compared adversarial with cooperativeindustrial and trade policiesin adynamic
oligopoly game in which a home and aforeign firm compete in R& D and output and, because of
spillovers, each firm benefits from the other’sR&D. We have shown that the relative merits of
assisting domestic firms versus facilitating international research joint ventures depend on three
key features:. the effectiveness of R&D in reducing costs, the extent of spillovers between firms,
and the degree to which the government can commit to its export subsidy policy in advance of
firms investment decisions.

Concerning the effects of R&D cooperation, we drew on the results of Leahy and Neary
(1997) to show that it raises profits and hence (ignoring home consumption) raises domestic

15. This does not mean that, for parameter values where entry prevention dominates, the home firmisactually a
Stackelbergleader, although (just asin the static Brander-Spencer game) the outcomeisthe oneit would choose
if itwere. Inthefirst stage of the game, the entry-preventing level of investment by thehomefirm and azero level
by the foreign firm are best responses to each other.

16. With no spillovers, the no-commitment case dominates free trade for low and high values of ? but not for
intermediate values. a U-shape also found by Grossman and Maggi (1997) but for different reasons. In their
model, only the home firm invests in R&D and when ? is high the extra subsidy-induced investment has a low
socia cost. Inour symmetric model, the U-shapereflectsthe higher welfare attainablewith entry prevention when
? ishigh.
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welfareif spilloversare either relatively high or relatively low. However, the reasonsit does so
differ between the two cases. When spillovers are low, an individual firm has an incentive to
over-invest in order to give itself a strategic advantage against its rival in subsequent product-
market competition. Cooperation over-internalises this externality, serving in effect as an anti-
competitivedevicetorestrict R& D and output. A supra-national body concerned with encouraging
competition at the international rather than merely the domestic level should not view cooperation
as desirable in this case. By contrast, when spillovers are high, each individual firm faces an
incentive to under-invest, since otherwise its foreign rival will enjoy the benefits of its cost-
reducing investments. In this case, cooperation leads to over-investment from anational point of
view, to the benefit of foreign consumers. At some intermediate level of spillovers these two
incentives offset each other and thereis no social or private gain from R&D cooperation.

Provided the government is able to commit to an export subsidy before decisionson R& D
are taken, and so avoid strategic manipulation by firms, such a policy typicaly yields modest
welfare gainsrelativeto R& D cooperation. Two exceptionsto thisgeneralisation (highlightedin
Figure 6) were noted. First, if R&D is highly effective and spillovers are near-complete,
cooperation on R&D is sure to raise welfare considerably more than subsidisation. Second, if
R&D ishighly effective but spilloversarerelatively low, welfare may be maximised by apolicy
which subsidises exports sufficiently to prevent theforeign firm from entering the market. Insuch
cases, the welfare gains from exploiting a monopoly position where R&D greatly reduces costs
are considerably greater than the benefits from cooperation. Of course, such a policy would be
vulnerable to pressures from international regulatory bodies and to retaliation by foreign
governments. Nevertheless the scale of the potential welfare gains draws attention to the
incentives which government face to engage in such predatory policies. The answer to the question
posed inthetitle of this paper therefore seemsto bethat ‘Beat 'Em’ ismildly better than ‘ Join 'Em’
but, if you can get away withit, ‘Kill 'Em’ is best of al!

A key determinant of the implications of our results for policy making is the magnitude of
the spillover parameter. Empirical evidence, reviewed by Griliches (1992), tends to find that
between 20% and 40% of the cost savings from R& D expenditures cannot be appropriated by the
firmswhich carry out the investments. Thiswould suggest that relatively low values for the key
parameter 3 in our results are appropriate, implying that adversarial strategies are likely to be
preferable to cooperative ones. On the other hand, many authors have suggested that the degree
of spillovers should be viewed asachoice variable. Kamien, Muller and Zang (1992) go further
and argue that cooperative synergieswill always ensure that spillovers are complete (3=1) when
cooperation occurs. (They reserve the term ‘R&D cartel’ for the type of cooperation we have
considered, where the size of I3 is unaffected by the decision to cooperate.) Which of these
arguments dominates presumably depends on the particular industry to which the model is applied.
However, in all cases the caveat noted in Leahy and Neary (1997) should be borne in mind:
cooperation always raises profits relative to non-cooperation, so the relevant issue for policy is
whether cooperation should be prohibited rather than whether it should be encouraged.

Thefinal issue on which our resultsthrow light isthelikelihood and size of welfare losses
fromstrategic trade policy in cases where the government cannot commit to its subsidy in advance
of firms' investment decisions. In such circumstances, both firms have incentives to ater their
investment levels, typically upwards, so asto influence the magnitude of the export subsidy. Such
strategic investments are socially wasteful, of course, and even for moderate levels of R&D
effectiveness, the resulting welfare losses may more than offset the gainsto strategic trade policy,
leading to welfare levels lower than would be attainable had the government committed to free
trade. (The possibility of such immiserising intervention was independently noted by Karp and
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Perloff (1995), O’ Sullivan (1995) and Grossman and Maggi (1997).) Our simulations show that
the welfare losses resulting from an inability to commit to future policies may indeed be
substantial. However, they also point to two qualifications to this argument. First, if R&D is
relatively effective and spillovers are low, the home firm may be able to engage in a level of
investment which preventsthe foreign firm from entering the market. The surprising feature of this
outcome is not that the existence of a strategic trade policy programme leads to a monopoly
position for the home firm even though both firms are ex ante identical. Rather it is that the
monopoly profits which accrue to the home firm when R&D ishighly effective may raise welfare
above the leve it would have reached even with R&D cooperation. Second, we noted that,
whether the foreign firm enters or not, the subsidy level which emerges in equilibrium is many
times greater than that which would be provided if there was no R&D and/or if the government
could commit in advance. This suggests that capping the level of subsidy payments may be a
simple but effective way of avoiding the capture of subsidy programmes by domestic firms.
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Appendix
A.1l Strategic Investment with and without Cooper ation

To caculate the strategic effects on R& D choice in equations (7) and (10), we need to solvethe
period-2 output game. Totally differentiating the first-order conditions for output, (5) and (6):

? 3?

P Poa< | d
oo [q] ) dx ¢ &

pc(l(q pc(l(q( dq

‘dx &

( )
ds . 23

R(A(C 1

The diagona elements in the coefficient matrix are negative from the home and foreign second-
order conditions and the determinant must be positive for stability:

? /PPl & PPy > O (24)

Solving (23) with X" fixed and defining ?,/Ms/Mx yields:

I)

d R, & (P%?,)p.
QI . qq Al (25)

dg¢

(?%?X)p;(q & R,

These can be smplified by calculating the profit function derivatives explicitly. (For example,
Poq= 1B(2+sr), ?=b%(3+r), etc where s isthe market share of the homefirm.) Setting ?, equal to
zero the expression for dq'/dx can be simplified to:

_ _p¢ _ 1%sC
pda - g BB, g s 2Pa . R AST

. (26)
dx 2R Pyq 2%sr

where 5/ 2 /7" and s” is the foreign market share. The denominator is positive from the home
firm’ s second-order condition and the numerator is positive provided foreign output isastrategic
substitute for domestic output. Imposing symmetry (3 =1, B*=R, s=s'=15) ensuresthat R is less
than one and takes the special form given in equation (8).

To caculatethefirst-order condition for R& D in Game C, we a so need the expression for
dg/dx from (25). Substituting in (10) with ?, equal to zero gives:

05 2R€ 2 ( — 1%sr
W 7y o 1028 {B(& ' }?(q—, where: B¢/ PmC e 225 o0

18 | 1%28¢  d Pigc 2%
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Imposing symmetry (so R*=R, ?"=? and g'=q) gives equation (11) in the text.
In Game S, these cal culations may be repeated with a non-zero value for ?,. This shows
that the expression for dq'/dx, equation (8), becomes:

C R(?%?)&R?
AN G

X (28)
dx %R

This shows that, other things equal, a positive value for ?, tends to reduce dqg’/dx and so to
increase theincentive for the homefirmto over-invest. A similar seriesof derivations showsthat
the same is true for the foreign firm, assuming that Ms/MX" is negative.

A.2 Product-Market Competition With Linear Demands

With linear demands given by (20), the first-order conditions for output, equations (5) and (6),

smplify to:
2 1| | bg a&chs
' (29)
1 2| |bg¢ a&c ¢
Solving for g and " and substituting from the cost functions (21) gives:
A% (2&R)?x & (1&2R)?xC % 2
3bq 6 (2&1R)?x & (1&2R) os’ (30)
q¢ A% (2&R)?x < & (182R)?X & s

where A/alc,. These equations apply in al four equilibria. In symmetric free-trade equilibria
(Games F and C) they smplify to:

3bg " A% (1%R)?X. (31)

A.3 Non-Cooperative Choice of R&D in the Linear-Quadratic Case

Calculaing dg'/dx from (30) and substituting into the R& D first-order condition (7) gives equation
(9) specialised to the linear-quadratic case:

20



%(2&8) 29 " X (32)

With symmetry, g=q" and x=X", so the full solution for Game F can be found from (31) and (32).
The level of welfare can then be obtained by substituting from the first-order condition for output
(5) into the welfare function (4):

W " p " Dbg?& %%2. (33)
Calculating this explicitly for the free-trade case gives:

982(28R)%? A2
[982(1%R)(2&R)?]2 b

wWF -

(34)

Sincewelfareand profitsareidentical, thisexpression cannot be negativeif both firmsareto enter
the market, which requiresthat ?#9/2(21R)2. If thisconstraint isto bind for all admissible values
of 3, then ? cannot exceed 1.125 (=9/8). Within this range, WF isincreasing in 3 for ?>0 and
increasing in? if and only if 273>2(1+(3)(213)>?. Normalised by itszero-R& D value (A%/9b), W
F equals 0.36 (=9/25) when ?=1 and 3=0 and equals 2.52 (=63/25) when ?=1 and [3=1.

A.4 Cooperative Choiceof R&D in the Linear-Quadratic Case

Whenthe two firms cooperate on their choice of R& D, thefirst-order condition for R& D, equation
(10), becomes:

2q %M—sz‘?(q&zq() "X (35)

Imposing symmetry and combining with the first-order condition for output (5) and the expression
for welfare (33), allows usto calculate welfare explicitly in this case too:

1 A
9&2(1%R)?? b
As before, ? cannot exceed 1.125 for W€ to be non-negative at al admissible valuesof B. W€is
increasing in both ? and R. Normalised by its zero-R& D value (A%/9b), W equals 1.29 (=9/7)

when ?=1 and 3=0 and equals 9.0 when ?=1 and R=1. Finally, the ratio of W° to WF may be
calculated from (34) and (36) as:

we T (36)

we . 18(1&2R)%?
WF [982(1%R)2?] [982(2&R)?7]

(37)
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which equa s unity when [3=2 and elsewhere is greater than unity, increasing in ? and symmetric
around the 3=%% threshold.

A.5 Government Commitment to a Subsidy in the Linear-Quadratic Case

With government intervention the equilibrium is not symmetric, so we need to distinguish X from
x and " from g. When the government can commit to a subsidy we need to set equation (14) to
zero and solve for the optimal subsidy. Thefirst step isto use the two first-order conditions for
R&D (equation (32) for the home firm and the corresponding equation for the foreign firm) to
eliminate dx and dx” from (14). Thisyields:

w - & {s% §(1&2r3)(2&r3)?bq} dq & {1 & ge(z&e)?} bdq €. (38)

The next step is to calculate the slope of the foreign firm’s generalised output reaction
function, which shows, from the perspective of the home government, how theforeign firm'’ s output
responds to changes in home output, taking account of the foreign firm’s anticipatory adjustment
in R&D. For given levels of R&D the familiar static reaction function is the second equation in
(29). Using thetwo first-order conditionsfor R& D once again to eliminatex and x’, we can solve
for the generalised reaction function:

2[1&&(2&3)? q¢ " Ab& [1&%3(2&3)? q. (39)

The slope simplifiesto 1v2when R&D isineffective (?=0). Substituting for dq’/dqg from (39)
into (38) and equating to zero, we can solve for the optimal subsidy:

2 2
. Il& 2R(281) ]2
2 1&-;(2&8)?

& —3(1&28)(2&8)’? bq. (40)

Thefirst term in parentheses represents the rent-shifting motive for subsidisation (both inter- and
intrartemporal) and is aways positive; while the second represents the consequence of offsetting
the strategic over- or under-investment by the homefirm, and isnegativeif and only if 3islessthan
%. Along with the four first-order conditions, we now have five equationsin the five unknowns,
g, g, x, X and s. While explicit solution is not insightful, it is straightforward to calculate the
results and substitute them into the expression for welfare, which in the presence of a subsidy is
not (33) but rather:

W " (bg&s)g & ?x2. (41)
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A.6 Subsidisation without Government Commitment in the Linear-Quadratic Case

Withlinear demandsthe static optimal subsidy (16) becomessimply:s=bg/2. Substitutingthisinto
the first-order conditions for output (30) allows us to calculate the key derivatives needed to
assess the firms' choice of R&D:

ds . 288, dql . g 2838, do . o 1828,

dx 4 dx ab dx € 2 (42)

Using these results in the home and foreign first-order conditions for R&D, (17) and (18), we
obtain:

(28R)?9 * X, (43)

-;(3&28) 2q¢ = xC (44)

Once again, we have five equationsin the five unknowns, g, q’, X, X and s. It ismost convenient
to reduce the system to two equationsin g and ', which may be solved for:

, [q lz & (1&R) (382R) ? % (45)
q¢ 1&2(2&R) (1&R) ?| ©
where:
?2 7/ {2&(2&R)} {4&-;(3&28)2?} & —;(1&28)(3&28)(2&8)(2&38)?2. (46)

The solution for g can be used to calculate welfare, since from (41) and (43):

WS " [1&(2&R)%7] _ng. (47)

Sincefirms movefirst in this game, we a so need to check that profits are positive. Home profits
may be calculated in asimilar manner to welfare as:

P> * [1&1(28077] bo?. (48)

This is positive throughout the relevant parameter space. As for foreign profits, they are
proportional to foreign output. Hence, from (45), we see that the foreign firm is driven out of the
market for relatively low values of ? when spillovers are low; as low as ?=0.25 when 3=0.
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Moreover, because the home firm over-invests so much in this game, there are some parameter
values at which welfareis negative even though theforeign firmisstill profitable. (Homewelfare
fallsto zero at the same value of ? (0.25) as foreign output when spillovers are zero but at lower
values when spillovers are positive.)

A.7 The Entry-Preventing Subsidy in Game G

If foreign R& D and output are zero, the first-order conditions for home and foreign output (29)
smplify to:

2bg " A% X %s and bg * A% ?x. (49)

To these must be added the home first-order condition for R& D which, since there is no foreign
output to be strategically manipulated (dg’/dx=0) is simply the efficient condition ?g=2x. These
three equations may be solved to give smple expressions for home output, the subsidy and
welfare:

cor 1 A oo. 18(18R?, 4 e . (1828)? A?
1&R3? b 1&R? 2(1&R?)% b

(50)

Which of the entry-prevention or rent-shifting regimes prevails depends on whether the level of
welfare W€ is greater or less than that in the rent-shifting Game G of Section A.5 above.

A.8 Entry-Preventing Investment in Game S

If the foreign firm isto be just deterred from entering, the first-order conditions for output given
in (49) continue to apply. In addition, the subsidy must still obey the static rule s=bg/2. These
three equations can be solved for the entry-preventing level of investment (which isindependent
of ?) and theimplied levels of output, profits and welfare:

cs-_1 A _s . 2(1&R) A
283R ?° 283R b’
ose BIERPEI AT \ms. A1&R7&1 A2 (51)
2(283R0)%? b 2(283R0)2? b

In this case, which of the entry-prevention or rent-shifting regimes prevails depends on whether
thelevel of profits pS isgreater or lessthan that in the rent-shifting Game S of Section A.6
above. The reguirementsthat both output and profits must be positive mean that entry prevention
cannot occur unless R<2/3 and ?>1/8(11R)>.
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