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Abstract

Should R&D policies within an economic union be centralized or decentralized
to each individual country? Do non-cooperative policies - typically implying policy
competition between countries - always give rise to too high R&D subsidies in a de-
centralized policy regime? Should small countries subsidize R&D more than larger
countries? To address such questions, we construct a simple model with horizontally
differentiated consumer goods, where each firm may invest in quality-improving
R&D. Assuming that the goods are produced in different countries within an eco-
nomic union, we compare non-cooperative and cooperative R&D policies. We show
that non-cooperative policies imply too small R&D subsidies for horizontally differ-
entiated goods and too high subsidies for goods that are close substitutes. Further-
more, small, net exporting countries of R&D intensive goods have less incentives to
subsidize R&D than large countries, resulting in an unwarranted vertical product
differentiation between goods produced in different countries. Coordination of R&D
policies at the union level helps overcome some of these problems. However, if only
a subset of countries cooperate, union welfare may be lower than if there is no R&D

cooperation at all.



1 Introduction

Research and development (R&D) plays an important role in many industries. R&D
and policies to stimulate R&D may benefit both firms and consumers by improving
the quality or reducing the cost of products. Such policies may also affect the
competitiveness of firms in international markets. Hence, in many countries R&D
policies are considered to be of vital importance for the industrial development. To
mention just one example, the National Technology Agency of Finland (TEKES)
states that its “primary objective is to promote the technological competitiveness in
Finnish industry and the service sector ....(and) increase production and exports.”
Similar objectives form the basis for public funding of industrial R&D in many
countries.

There are a number of reasons why R&D policies receive so much attention.
First, of course, it is simply due to the fact that R&D is potentially very important
for economic development and growth, and thus an area in which policies may
have a great impact. Secondly, there are typical characteristics of R&D — such as
spillovers, externalities and public-goods aspect of the activity — that may render a
market solution inefficient from a national point of view. Thirdly, R&D investments
may be used strategically in multi-period games between firms, and we know that
there may be a role to play for the government in affecting the outcome of such
games. And last, but not least, while other types of trade and industrial policies are
now more and more regulated internationally, R&D policies still remain a national
responsibility and concern, with little or no supranational regulation or coordination.

Even within economic unions, like the EU, R&D policies seem to belong to the
domestic domain. However, given the potentially strong strategic impact of such
policies, as well as important welfare implications, there may be good reason to con-
sider the need for international coordination or regulation of R&D policies in similar
ways as we see for many other policy areas. Yet, the question of international coor-
dination of R&D policies has received little attention in the literature. While there
is a solid and growing literature on the need for and effects of R&D policies to cor-

rect for various market inefficiencies, and also a literature on how R&D cooperation



between firms may be beneficial even from a national point of view, there seems to
be much less focus on the need for international policy coordination. This paper
is a first attempt at throwing light on whether international policy cooperation is
always beneficial, and how various types of cooperation affect the market outcome.
In particular, we address the question of policy competition and coordination be-
tween asymmetric countries, as well as policy cooperation between only a subset
of countries within an economic union - these are questions that to the best of our
knowledge have not been studied before.

From the literature on R&D policies in oligopolistic markets (see next section
for a short and selective review) there are basically three reasons for active policies
towards profit maximizing firms’ R&D investments: Spillovers, strategic behaviour,
and consumer surplus considerations. The former (spillovers) and the latter (con-
sumer surplus) typically imply a need for policies that stimulate to more R&D than
a market solution would give, while strategic behaviour by firms may work in both
directions, depending on the exact market conditions. In an international setting,
the literature shows that there may be close similarities between R&D policies and
strategic trade policies. In particular, if export policies are prohibited (e.g. by inter-
national agreements) policies to stimulate R&D may be used as a second-best option
to capture the strategic-trade-policy benefits. In fact, some studies show that R&D
subsidies may be a more robust recommendation than export policies, in the sense
that the effects are less sensitive to the exact type of competition in the markets
(Cournot versus Bertrand) and also to the type of R&D (cost reducing versus qual-
ity improving). However, most of the strategic trade policy effects of both export
and R&D policies are sensitive to the assumption that only one country uses active
policies. Once several countries are active on the policy arena, the outcome may
well be a policy competition of the prisoners’ dilemma type, with no net benefits
for any of the countries. This is particularly true if the basis for active policies in
the first place is solely of the strategic type. If, on the other hand, policies are there
to correct for externalities or to take care of consumer surplus effects, the outcome
may be a different one. In either case, however, we find it interesting to see how

international policy coordination may affect the market and the overall welfare of



R&D as well as R&D policies. In particular, we think it is of great relevance to
focus on coordination of R&D policies within economic unions, since such unions
typically have coordinated or common policies for a number of related policy areas,
like trade and industrial policies.

To study R&D policies within an economic union, we construct a simple model
with horizontally differentiated consumer goods, where firms may invest in R&D
to improve the quality of and hence the demand for their products. We assume
that the goods are produced in different countries within an economic union, and
analyze the implications of non-cooperative and cooperative R&D policies across
the countries. To simplify, we assume that there is only one firm in each country (in
the industry in question), and that there are no spillovers. In the model, there are
thus two channels through which R&D subsidies may affect the country’s welfare:
By increasing consumer surplus through enhancing the overall quality of products,
and by improving the competitive position of the domestic firm at home and abroad.
While the former may be a good reason for R&D subsidies both at the national level
and for the economic union as a whole, the latter is a “profit shifting” argument that
possibly leads to a detrimental policy competition between national governments.
In this setting we compare non-cooperative and cooperative R&D policies within
the union.

We analyse several different cases, depending on the net export position of the
countries. Countries with relatively small home markets will typically focus on how
their R&D policies affect export income, while countries with relatively large home
markets will emphasise the effects on domestic consumers as well as export income.
In particular, we show that net exporters of R&D-intensive goods have relatively
small incentives to provide R&D subsidies, possibly resulting in an unwarranted
vertical product differentiation between goods produced in different countries. Such
problems may partly be solved if R&D policies are centralized at a union level. With
R&D policy cooperation between only a subset of countries, on the other hand, union
welfare may in fact be lower than if there is no R&D coordination at all. However,
independent of the producer countries’ net export position, non-cooperative R&D

policies tend to give rise to too small subsidies for horizontally differentiated goods



and too high subsidies for goods that are close substitutes.

1.1 Related literature

R&D policies in imperfectly competitive markets have been studies in a number of
important contributions, focussing on various aspects of R&D. D’Aspremont and
Jacquemin (1987) show that with spillovers between firms, it may be welfare en-
hancing to allow oligopolistic firms to cooperate at the R&D stage of production,
while being competitors in the output markets. The reason is simply that with
positive externalities between firms, a competitive solution implies too little R&D
as the individual firm does not take into account the positive effect on other firms.
In a cooperative solution, R&D levels in the firms will be set to maximize industry
profits rather than the profits of the individual firms.

Neary and Leahy (1997), like D’ Aspremont and Jacquemin (1987), abstract from
how international trade may affect R&D policies. However, they give a more compre-
hensive analysis of R&D policies and R&D cooperation between firms in oligopolistic
markets. They show how the role and type of policies depend on the interaction
between a number of factors: the degree of spillovers between firms, the strategic
behaviour of firms, and the ability to commit to future actions for firms as well as
for the government. If firms can commit fully to future actions, there is no room
for strategic behaviour; and if firms in addition are allowed to cooperate on R&D,
there is no need for coordinating R&D policies, even if there are strong spillovers.
If, on the other hand, firms cannot commit fully to future actions, first-period R&D
investments may be used in a strategic way to affect the future market game.

In an international setting, there are close links between R&D policies and strate-
gic trade policies. In a two-period model with R&D investments in the first period,
and a “standard strategic trade policy model” with Cournot duopoly and exports
to a third market in the second period, Spencer and Brander (1983) focus on the
strategic effects of R&D investments and the potential role of various types of poli-
cies. If the government can tax or subsidize both R&D and exports, the optimal

policy would be to tax R&D to counteract the strategic investments by firms, while



subsidizing exports in the “standard” strategic trade policy way. However, if exports
subsidies cannot be used, Spencer and Brander show that it is optimal to subsidize
R&D. Leahy and Neary (2000) — in a more general framework — emphasize that
the R&D subsidy result is a second-best one, given that export policies cannot be
used. However, they argue that it may be a particularly relevant second-best case,
since international institutions and agreements, like the WTO, limit the use of ex-
port subsidies, while R&D policies are still allowed. Bagwell and Staiger (1994) and
Brander (1995) conjecture that R&D subsidies may in fact be a more robust result
than export subsidies, in the sense that R&D subsidies may be optimal both with
Cournot and Bertrand competition in the second period. Leahy and Neary (2001a)
focus directly on the robustness result, and confirm the conjecture from Brander
(1995) that (when export policies are not available) subsidizing R&D investments
remains an optimal policy for a number of different cases; it is robust for various
types of competition and for cost-reducing as well as for demand-raising R&D.

Most of these contributions, however, limit the analysis to unilateral policies.
Several of them emphasize that if two or more countries use active policies, the
policy competition that follows will typically give too high subsidies and hence too
high R&D investments (see e.g. Spencer and Brander, 1983, Brander, 1995 and
Leahy and Neary, 2001a).

We do not include all the dimensions stressed in previous contributions in our
model. Our focus is on the need for and effects of cooperation between governments
when it comes to R&D polices. For that purpose we choose one particular framework
in which active R&D policies would typically be the outcome in a non-cooperative
solution. Like Spencer and Brander (1983) (and a number of related papers, as dis-
cussed above), we focus on the international dimension with one firm in each country,
and we stick to the case where exports policies are not available. Hence, governments
may find it beneficial to subsidize R&D for strategic trade policy reasons. However,
contrary to many of these contributions, we do not make the simplifying assumption
of just looking at exports to third markets; we explicitly include consumption and
the effects on consumer surplus. Furthermore, we allow for active policies in all

countries, as our main concern is the interaction and coordination of such policies



between countries within an economic union. Hence, R&D policies may partly be
in use for strategic reasons, and partly due to consumer-surplus considerations.

To simplify, we ignore spillovers. Leahy and Neary (2001b) study the rationale
for international policy coordination in a model with spillovers between firms and
with policies to stimulate cost-reducing investments. Depending on the degree of
spillovers, national welfare-maximizing governments may either over-subsidise or
under-subsidize investments in their model. In either case, there is a need for
international policy coordination. While their focus is thus similar to the one we
have in this paper, in the sense that they study policy coordination, the models
and the mechanisms differ significantly. In our model goods are both horizontally
and vertically differentiated, and R&D investments improve the quality of products.
The degree of horizontal differentiation is decisive both for the incentives to invest
in R&D from the firms’ point of view, and for the efffect of policy cooperation.
Furthermore, while Leahy and Neary only focus on symmetric countries, we also
study asymmetric cases.

Before turning to the model, a short note on the terminology we use may be
helpful. We talk about non-cooperative policies when national welfare-maximizing
governments determine their R&D policies simultaneously and without any coordi-
nation. Cooperative R&D policies is the term used for policies that are set jointly
by the producing countries to ensure that they maximize their collective welfare.
Hence, with cooperative policies the danger of policy competition between the coun-
tries is eliminated. Finally, centralized policies are policies that are determined by
the economic union as a whole, thus taking the welfare of all (member) countries
into account. Cooperative and centralized policies may coincide, if all producers
and consumers are equally distributed between the cooperating countries. If, on the
other hand, countries differ in size or in their net export or import position, there

may well be a difference between the centralized and the cooperative equilibria.



2 The Model

Demand side
There are two identical groups of consumers, and the population size in each
group ¢ = 1,2 is equal to 1. The consumers demand two possibly differentiated

goods, A and B, and have a quadratic utility function given by

e & 1
Ui = aagai + asqsi — 1—_‘_[) ? + % + bgaigei (1)

where gaj and gg; are the quantity of good A and B, respectively. Let ¢ = gj1 + gj2
denote aggregate consumption of good j.

The parameter b € [0, 1] in equation (1) measures the degree of horizontal differ-
entiation between the goods; the goods are completely independent if b = 0, while
there is no horizontal differentiation between them if b = 1. More generally, the two
goods are closer horizontal substitutes from the consumers’ point of view the higher
the value of b.! Finally, the variable aj > 0 (j = A, B) is a measure of the objective
quality of good j; the higher the value of a;j the better the consumers perceive the
good to be. The goods are thus vertically differentiated if aa # ag.

Letting pji denote the price of good j in country i, we may express consumer
surplus as C'Sj = Uj — paiqai — prigsi. Total consumer surplus is thus equal to C'S =
CS;1 + CS,. Optimal consumer behavior implies that 0CS;/dpai = 0C'S;/Ipei = 0,

from which we find that the inverse demand curve in country ¢ = 1, 2 equals

gji + baxi . .
=0 — AT Hd k=A DB, j#k). 2
Dji j 1+0b (j Jj#k) (2)
1é more general formulation of the utility function would be U; = aaqa; + apqp; —

11—:% ‘—1%1 + gzﬂ +bqaiqp; - If B = b, we have a standard quadratic utility function where an
increase in b both implies that the goods become less differentiated and that the total size of the
market decreases. With 8 = 0, on the other hand, the total size of the market is independent of b.
Thereby the parameter b becomes a one-dimensional measure of product differentiation. Since the
focus of this paper is on how horizontal product differentiation as such affects R&D incentives, we

have assumed that g = 0.



Supply side
The goods are produced by two independent profit maximizing firms. Each firm
may invest in R&D in order to improve the quality of the good it offers, leading to

a positive shift in the demand curve. Specifically, we let
aj = + Tj (3)

where a > 0 is a constant and zj > 0 is an objective quality measure. We follow
D’Aspremont and Jacquemin (1988) and assume that the firms have a quadratic
R&D cost function given by C(zj) = qujg, where ¢ > 0 is a constant. This formula-
tion reflects the reasonable assumption that there are diminishing returns to R&D
expenditures.

Suppose that firm j receives a subsidy equal to s for each unit zj of R&D. If the
(contant) marginal production costs of the final good are equal to ¢, we can then

write the profit function of firm 5 as
i = (pj1 — O)gi1 + (pj2 — ¢)qj2 — dxF + sy, (4)

The two first terms on the r.h.s. of equation (4) are equal to the operating profit
of selling good j in country 1 and 2, respectively, the third term is R&D costs, and
the fourth term R&D subsidies.

2.1 Social optimum

Assume that the consumers and producers are all located within an economic union,

where welfare is given by
W = CS—I-?TA—I—?TB — SAZA — SBIB-

In social optimum the price of each good will be equal to marginal production costs;
pji = c. To find the optimal R&D investment level we further note that the aggregate
consumer benefit of a marginal quality improvement is equal to 1 per unit they
consume of a given good (0 (U + Uy) /Oxj = gj), while the marginal cost of a quality

improvement is equal to 2¢x;j. This gives ¢j = 2¢xj. The first-order conditions for



social optimum, which technically is found by setting OW/0xj = OW/0q; = 0, thus
equal

pji =cand g = 2¢z5  (j = A, B). (5)

Equation (5) characterizes the social optimum, provided that the second-order con-
ditions hold. However, the second-order conditions will not hold for sufficiently high
values of b. To see why, assume that b = 1. Then there is no horizontal differen-
tiation between the goods, and it obviously cannot be socially optimal to invest in
quality improvements of both of them. Thus, there will potentially exist one high-
quality good and one low-quality good. However, the low-quality good will not be
produced, since marginal production costs are assumed to be independent of the
quality level (and pj; = c in social optimum).

The higher the value of ¢, the larger is the value of b above which it is optimal
to invest in quality improvement of only one good (see proof of Proposition 1 in the
Appendix). To see the intuition for this, think of two alternative ways of ensuring
high consumer surplus: either by supplying two horizontally differentiated products
of "lower” quality, or by producing one ”high-quality” product. If ¢ - and thus the
marginal quality improvement costs (2¢xj) - is “high”, the former solution is the
welfare-maximizing one. If ¢ is ”small”, on the other hand, the social planner may
sacrifice horizontal differentiation and instead invest more in quality improvement
of the remaining good.

It can be shown that also the market economy will provide only one good (with
a relatively high quality) if ¢ is small and the goods are sufficiently close horizontal
substitutes, while both goods will be produced even if they are only slightly hor-
izontally differentiated if ¢ > 4. Since we are not concerned about the question
of whether the market economy produces too many or too few varieties, we will in
the following for simplicity assume that ¢ = 4. Moreover, for the questions that
we are interested in, it is illustrative to impose the restriction that both goods are
produced in positive quantities for all values of b also in social optimum. Given this

restriction, we can use equations (2), (3) and (5) to find (see also Appendix):

Proposition 1: Given the restriction that gji > 0 for all b € [0,1], social



optimum 1is characterized by zj = (1/3)(a —¢) , ¢j = (8/3)(av—¢c) and W =

(8/3)(c = ).

Below, we shall see that the important insight from Proposition 1 is that quan-
tities, quality levels and welfare are independent of the degree of horizontal differ-

entiation in social optimum.

3 The firms’ R&D and output decisions

In the rest of the paper we consider the market equilibrium, modelled as a two-stage
game where R&D subsidies are set at stage 1, and the firms decide on investments
in R&D and compete in quantities at stage 2 (Cournot competition). Other timing
structures are discussed in Section 5.

We solve the game through backward induction, and thus start with stage 2
where the first-order conditions are given by Onj/0¢ji = Onj/0xj = 0. It is now
instructive to analyze the maximization problem with respect to quantities and
qualities separately. First, solving 0mj/0gji = 0 simultaneously for the two firms we

find
1+5b 1+5b

:2—+b(a—c)+m(2$j—b$k) (4 #Fk) (6)

The first term in equation (6) is increasing in b. This reflects the fact that the

gji

competitive pressure increases as the goods become less (horizontally) differentiated,
resulting in a lower price and higher quantity. We further see that dgji/0xj > 0 and
9%gji/ (0zj0b) > 0. This means that a higher quality of good j increases output of
the same good, and more so the larger the value of b. The reason for the latter is
that the smaller the horizontal differentiation between the goods, the more prone are
the consumers to shift to good j if the quality of that good increases. Conversely,
an increased quality of good £ has a larger negative quantity effect on good j the
closer horizontal substitutes the goods are.

As explained above, a marginal increase in the quality level of a good increases
the consumers’ willingness to pay for that good by one unit for each unit they

consume. Since the cost of a marginal quality improvement for firm j is equal to

10



2¢xj minus R&D subsidies sj, we thus have 0mj/0zj = ¢j — 2¢xj + sj = 0. Setting
¢ = 4 (in which case the second-order conditions are satisfied) we consequently find
dj + Sj
Tj = —+ 7
] 8 ( )
Since quantity is increasing in b, it follows from equation (7) that also quality in-
vestments are increasing in b, other things equal.

By combining equations (6) and (7) we can now write the outcome of stage 2 as

140 2(7—b—20%)sj —b(1+b) sk
i oA 2(7+3b)1(7—5b) (®)
and
R R (7 —b) sj — 4bsk
G = A @ C>+(1+b)2(7+3b)1(7—5b) (9)

The more firm j receives in R&D subsidy, the more it will invest in quality improve-
ment (0zj/0sj > 0) and the higher its output will be (9gji/0sj > 0). This in turn
implies that a unilateral increase in R&D subsidies for one firm makes the rival less
competitive (0gji/Osk < 0), reducing the incentives for that firm to invest in quality
improvement. Thereby we have Oxj/0sk < 0.

From equations (8) and (9) we further find that

02gji 0%x; 49 + 14b + 13b2

abél;; B 4(%8;,- Bt ++3b)2 (;r_ T (10
which means that an increased subsidy for firm j has a larger effect on that firm’s
output and R&D investments the higher the value of b. This reflects the fact that an
R&D subsidy reduces the marginal costs of quality improvements, and that a larger
share of this cost reduction accrues to the consumers the higher the competitive

pressure between the firms.

To sum up, we have:

Proposition 2: Other things equal, output and RED investments are higher the
less horizontally differentiated the consumer goods (0gji/0b > 0 and Oxj/0b > 0).
FEach firm will invest more in RED and produce a higher quantity the more it receives
in RE€D subsidies and the less the rival receives in RED subsidies. The absolute effect

of higher R€D subsidies on quantities and qualities is increasing in b.
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In the market economy we thus see that both quantities and R&D expenditures
are increasing in b, reflecting the fact that a higher (horizontal) substitutability
between the goods increases the competitive pressure. This is in contrast to social
optimum, where the quality level as well as output of each good are independent of
b. However, it is easily confirmed that both R&D expenditures and output are too
low from a social point of view in the market economy. This indicates that union

welfare may increase if the firms are granted R&D subsidies.

4 R&D policies

In this section we derive the producer countries’ equilibrium R&D policies, and will
see how supranational coordination of such policies may affect the market. As the
motivation for and effects of R&D policies may vary depending on the net export
position of the countries, we have to study alternative cases. A country that has
an insignificant home market for the goods we consider, will be labelled a ”small”
country. Countries that have a significant home market for the goods we consider,

on the other hand, will be labelled ”large” countries.

4.1 Two small countries

R&D intensive industries typically require large markets. Thus, countries with a
small home market are often dependent on exports to make R&D investments prof-
itable. In this section we investigate the equilibrium R&D subsidy policy in two
small countries, A and B, that produce goods A and B, respectively. In order to
highlight the forces at work, we shall assume that all output is exported to consumers

in a third country.
Welfare in country j = A, B is equal to the profit level of the domestic firm net

of R&D subsidies:
Wj = mj — 8jj (11)
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4.1.1 Non-cooperative R&D policies

At stage 1 the governments in each of the two producer countries simultaneously
set the R&D subsidy level for its home firm in such a manner that it maximizes
domestic welfare. The first-order conditions are thus 0W;j/0sj = 0 for j = A, B.
From Proposition 2 we know that a partial increase in the subsidy level to firm
j makes that firm invest more in R&D and produce a higher output, while the
other firm will invest less in R&D and reduce its output. This suggests that the
government in country j will take two different effects into account when it sets the
subsidy level. The direct effect of an increased subsidy s;j is that firm j will invest
more in quality improvement, thus increasing the consumers’ willingness to pay for
the good. The second effect, which we label the business stealing effect, is that a
higher quality of good j reduces the competitiveness of good k. Other things equal,
the business stealing effect leads to a higher price and larger demand for good j. In
the Appendix we show that we may write the first-order condition for the subsidy

level in country j as

oW; 1 (gj — 8xj) + 40 g L i — " aqk.” 0 (12)
.. — 5 _ 7 \4j T odj CEE RS | 5. — Y

{z
Direct effect Business stealing effect

From equation (7) we know that the first-order condition for firm j is to invest in
quality improvement until z; = (gj + sj)/8, which means that (gj — 8zj) = —s;j.
We thus see that the direct effect of a marginal increase in sj, expressed by the first
term in (12), is equal to —s; /(7 — b). The direct effect of a positive subsidy level is
thus negative and decreasing in both b and s;. This indicates that an R&D subsidy
sj > 0 has a negative welfare effect for country j, and more so the less horizontally
differentiated the goods are.

From equation (12) we further see that the business stealing effect vanishes if
b = 0; in that case the two goods are completely unrelated, and a change in the
quality of one good does not affect demand for the other good. However, the less
horizontally differentiated the goods are, the more prone are consumers to change

from a low-quality to a high-quality good. Thus, in order to steal business from firm

13



k the government in country j has stronger incentives to pay subsidies the higher
the value of b (see Appendix for a formal proof).

Inserting for (8) and (9) into (12) and solving for the two countries we find that
(for j = A,B):
83,—
- >
0b

2 16 (1 + b)

- _ o) 0 13
i = b o T — 102 a8 (@ 9 (13)

We thus see that the equilibrium subsidy level is equal to zero if b = 0, because
there is no business stealing effect in this case. For higher values of b, however, the
subsidy level is positive and strictly increasing in b. This reflects the fact that the
business stealing effect is more dominating the closer (horizontal) substitutes the
goods are. Using equations (8) and (9) we further find that equilibrium quantities

and quality levels are given by

- 8(1+b)(7T—b—2b) N
G = 49 14b— 1962 — QB3 (a —c) and zj =

(14+0)(7—0)
49 4+ 14b — 19b% — 813

(Oé—C),

which are both increasing in b. This is true for two reasons: Profit maximizing
output and R&D investments are increasing in b and the subsidies are increasing in
b.

Since the countries provide R&D subsidies only in order to allow their respective
domestic firms to steal profit from each other, welfare in the two producer countries
is lower with subsidies than without subsidies (see Appendix). We thus have the

following result:

Proposition 3: Suppose that the consumer goods are produced by firms located
in two small countries. With a non-cooperative RED policy, the governments in the
two producer countries will subsidize RED unless the goods are completely unrelated
(sj =0 for b=0 and sj > 0 for all b > 0). R&D investments and subsidy levels are
higher the closer horizontal substitutes the goods are (Oxj/0b > 0 and Osj/0b > 0).
Welfare in the producer countries is lower if they provide RéID subsidies than if both

countries abstain from subsidization.
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4.1.2 Cooperative R&D policies

The subsidy game analyzed above results in a prisoners’ dilemma, where the pro-
ducer countries end up providing R&D subsidies even though this reduces their
welfare. Suppose now that the two countries cooperate in their subsidy policy. In
this case the countries will maximize the sum of profit minus R&D subsidies. Solving

8(WA+WB) /85A:8(WA+WB) /853 = 0 we find

sj:—%(a—c); %«). (14)
As shown above, the direct effect for the producer countries of granting R&D subsi-
dies is negative (c.f., equation (12)). The producer countries will therefore optimally
levy a tax on R&D if they coordinate their policies at stage 1 and internalize the
business stealing effect. This is why s; < 0 for all b > 0 in equation (14). Indeed,
in the cooperative equilibrium the governments in the producer countries have in-
centives to reduce the product-market competition between the firms. Since the
competitive pressure is increasing in b, the governments will therefore set a higher
R&D tax the closer substitutes the consumer goods are; hence Jsj/0b < 0.

The output and R&D investments in this case equal

1+5b %

T @ gy <0 (15)
and
4(1+b)(b+2) Jgj
S A 1
5= o @7 Gy 20 (16)

The governments in A and B cannot prevent the firms from competing, and
therefore output is increasing in b. However, the R&D taxes imply that R&D in-
vestments are lower the closer substitutes the two firms produce.

Even though it may be difficult to implement a policy where R&D is taxed,
welfare in the producer countries is unambiguously highest if that is possible. Other-

wise, the next best solution is to set the subsidy level equal to zero. We now have:

Proposition 4: Suppose that consumer goods are produced by firms located in

the two small countries. With a cooperative RED policy, the governments in the
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two producer countries will optimally tax RED undertaken by the two firms unless
the goods are completely unrelated (sj = 0 for b = 0 and sj < 0 for all b > 0).
RED taxes are higher and RED investments lower the closer horizontal substitutes

the goods are (0xj/0b < 0 and 0sj/0b < 0).

Figure 1 plots the subsidy levels given by equations (13) and (14)2. The equilib-
rium subsidy level at b = 0 is zero whether the countries cooperate or not. Otherwise
the optimal policy behaves quite differently in the two regimes. Larger values of b
mean that the competitive pressure between the firms increases, and this gives the
countries an incentive to grant larger subsidies if the countries do not cooperate.
However, if the countries do cooperate, they will instead tax R&D in order to re-
duce the (from these two countries’ point of view) destructive competition between

the firms.
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Figure 1: Cooperative and non-cooperative RED subsidies for two small countries.

4.2 Two large countries

Next, assume that the consumers are located in the producer countries. More specif-

ically, suppose that half of the consumers are located in the country that produces

2The actual subsidy levels are (o — ¢) times the values shown in the figure.
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good A, while the other half of the consumers are located in the country that pro-

duces good B. Welfare in country j = A, B can then be expressed as

VVJ‘ :CSj+7Tj—8j.in. (17)
4.2.1 Non-cooperative R&D policies

At stage 1 the governments in each country simultaneously maximize the sum of
domestic consumer surplus and profit net of R&D subsidies. This yields the first-

order condition

%_L(._gzp.)+4—b”L ._x.ﬂu_%ﬂ aCSj_O (18)
63,— _F—b %JZ 1 r—b l—l—bqj{7 ] 65,-} 63,— o
Direct effect for firm j Business stealing from firm k

The first two terms in (18) are the same as those that characterized the first-order
condition for the subsidy game between two small countries, where we showed how
the business stealing effect implied that the optimal subsidy level for each country
was positive and increasing in b. The third term is the change in consumer surplus
in country j subsequent to an increase in sj. Other things equal, also this term is
positive and increasing in b, since larger R&D subsidies lead to improved product
quality.
Solving (18) simultaneously for j = A, B we find

~ 8(140b)(3V* +2b+7)

N s
17189 + 47b — 7302 — 2703

b

(e —¢) >0, 0. (19)

The subsidy level is thus increasing in b, as was the case when we analyzed the

subsidy game between two non-cooperating small countries. However, the inclu-

sion of domestic consumer surplus gives the countries an extra incentive to provide

subsidies. In particular, this means that the subsidy level is positive also at b = 0.
Combining (8) and (19) we further find

o (14 b) (35 — 2b — 5b%)
b7 189 + 47b — 73h2 — 2703

Oz

(a—c¢), 5 0. (20)

In the previous section we found that two small countries observed a welfare

loss by providing R&D subsidies. However, the same is not necessarily true in the
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present case where we consider two large countries (so that consumer surplus is
included). On the contrary, welfare is higher with subsidies than with zero subsidies
if b < b* ~ 0.91 (see proof of Proposition 5 in the Appendix). The reason for this
is that the firms will have relatively small investments in R&D for low values of b,
which is bad for the consumers. The governments can correct for this by granting
R&D subsidies. However, since the business stealing effect becomes increasingly
stronger as b increases, the countries overprovide R&D subsidies when b is large.?

‘We now have:

Proposition 5: Suppose that consumer goods A and B are produced in two large
countries. With a non-cooperative RED policy, the governments will then always
subsidize RED (sj > 0 for all b > 0). R&D investments and subsidy levels are
higher the closer horizontal substitutes the goods are (O0xj/0b > 0 and Osj/0b > 0).
Welfare is higher with subsidies than without subsidies if b < b* =~ 0.91, while it is
lower if b > b*.

It is straightforward to prove that due to higher competition, the profit levels
of the firms are decreasing in b if they do not receive any R&D subsidies. But zero
subsidy is not an equilibrium; equation (19) makes it clear that the subsidy levels are
positive. Indeed, inserting for (19) it can be shown that the subsidy levels increase
so fast in b that the equilibrium profit levels of the firms are actually higher the
closer substitutes they produce. This is illustrated in Figure 2, which in particular
shows that the firms make a lower profit as monopolies (b = 0) than as duopolists
producing perfect substitutes (b = 1).

In this paper we treat the degree of horizontal differentiation as exogenous. How-
ever, the result that the governments have stronger incentives to provide R&D sub-

sidies to their domestic firms the higher the product market competition, indicates

3This does not mean that R&D investments and product quality are too high per se. On the
contrary, comparing z; in equation (20) with the socially optimal quality level given by Proposition
1, we find that the quality level is higher in social optimum. However, given the second-best nature
with relatively low output in the market economy, the R&D subsidies are so large that the firms

invest too much in R&D if b > b*.
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that R&D subsidy games between governments may give firms excessive incentives

to produce close substitutes.

7
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Figure 2: Two large countries. Profit levels with and without subsidies in an RED

subsidy game.

4.2.2 Cooperative R&D policies

Suppose now that the two countries coordinate their R&D policies, and choose

subsidy levels that maximize aggregate welfare in the two countries. We then have
W:CS+7TA+7TA—SA$A—SBI‘B. (21)

Solving 0W/0sj = 0 for j = A, B we find a unique equilibrium, with a subsidy rate
given by
. 8(140)
113+ 126 + 302
Differentiating sj with respect to b we further see that
83,—

0S;i
. ! J : /
—fb >0ifb<b and—b <01fb>b,

(v —c). (22)

where b’ = % 3 — 1 = 0.15. To see the intuition for this result, note first that in

social optimum an improved product quality will result in higher output, while the
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consumer price will be unchanged. The reason for the latter is that the socially
optimal price is equal to marginal production costs ¢, which in particular are inde-
pendent of R&D investments. In the market economy, on the other hand, a quality
improvement leads partly to a higher quantity and partly to a higher price (higher
mark-up). The higher mark-up represents a deadweight-loss for the society, which
reduces the social gains from the quality improvement. Other things equal, the price
increase is smaller the less market power the firms have. In our context the market
power of the firms is decreasing in b. This in turn implies that the private gains
(measured as the sum of increased consumer surplus and profit) of an R&D subsidy

are increasing in b. More precisely, in the Appendix we prove that

>0, (23)

where A = CS + wa + g and s is a common subsidy level. The equation thus
indicates that the firms should be granted higher subsidies the larger the value of
b, and this explains why 0sj/0b > 0 for b < b'. However, from Proposition 2 we
know that the firms invest more in quality improvement and have a larger positive
response to R&D subsidies the higher the value of b. This effect, which indicates
that the need to subsidize R&D decreases in b, dominates for b > b'.

Inserting for sj from (22) into (8) we find that

— (3+b)(1+b)' 0z;j
T 7134126+ 3027 0b

The quality level is thus monotonically increasing in b, even though the same is
not true for the subsidy level. It can further be shown that the profit levels of the
firms are now decreasing in b, unlike the case where the countries do not coordinate
their R&D policies.

Figure 3 compares the subsidy levels with non-cooperative and cooperative R&D
policies in a context with two large countries. The subsidy levels are then given by
equations (19) and (22), respectively. The figure makes it clear that in general
we cannot be sure whether the subsidy levels are higher with or without policy
cooperation. In the non-cooperative equilibrium each government will subsidize its

home firm taking into account the positive effect that a subsidy has on domestic
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consumer surplus, but will disregard the effect on the foreign consumer surplus. In
the cooperative equilibrium, on the other hand, the governments will set subsidy
levels that maximize aggregate welfare. In particular, this means that they will
take into account the positive consumer surplus effect of an R&D subsidy in both
countries for each good. This is the reason why the subsidy level is higher in the
cooperative equilibrium for b < b” in figure 3*. The reason why the subsidy levels
are lower in the cooperative than in the non-cooperative equilibrium for b > b”, is
the fact that the governments will internalize the business stealing effect when they
maximize aggregate welfare. This effect is stronger the closer substitutes the goods

are, and will therefore dominate when b is relatively high.
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Figure 3: Cooperative and non-cooperative R€D subsidies for two large countries.

The results can be summarized as follows:

Proposition 6: Suppose that consumer goods are produced by firms located in
two large countries. With cooperative RED policies the quality levels of the goods are
increasing in b, while the firms’ profits are decreasing in b. The cooperative subsidy
levels exceed the non-cooperative levels for b < b” while non-cooperative policies yield

higher subsidies when b > b".

. . _ 3 1 ~
*Comparing (19) and (22) it follows that " = —3 + 3v/17 ~ 0.56.
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4.3 Asymmetric countries

Finally, we consider the case with one small and one large country. We then assume
that firm A is located in country A, and that this firm exports all its output to
country B, where firm B and all the consumers are located. Welfare in the two

countries is then equal to
WA:T('A—SAQIA and WB :CS+7TB—SB.I‘B. (24)

The equations in this case are quite complex, and are given in the appendix.
However, it is straight forward to show that the government in country A has no
incentives to grant subsidies to its home firm if b = 0 (in which case the firms
are monopolists), while country B will subsidize its home firm in order to increase
consumer surplus. This is what we should expect from the previous analysis. The
business stealing effect further indicates that both countries have incentives to subsi-
dize their home firms if b > 0. However, we should expect the incentives to subsidise
quality-improving R&D to increase faster in b for the large country (B) than for
the small one (A). To see why, recall that a quality improvement results partly in a
higher quantity and partly in a higher price (where the latter represents a deadwight
loss); the price increase is, however, smaller the stronger the competitive pressure
between the firms. The fact that a given quality improvement has a relatively small
price effect for high values of b is bad for country A, which cares only about producer
surplus (net of subsidies), but good for country B, which also cares about consumer
surplus. This in turn implies that R&D investments will be higher in country B

than in country A, and more so the higher the value of b. We thus have:

Proposition 7: Suppose that good A is produced in a small country, while good
B is produced in a large country. The goods will then be vertically differentiated.
Country B will provide larger R€SD subsidies than country A, and produce goods of

a higher quality. The difference in product quality is increasing in b.

Proposition 7 is illustrated in Figure 4, which measures the difference between

zg and za on the vertical axis and the extent of horizontal differentiation on the
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horizontal axis. The figure shows that the closer horizontal substitutes the firms
produce, the larger the vertical product differentiation will be.

It should be noted that the vertical product differentiation is not due to dif-
ferences in, e.g., consumer preferences or other factors that could make it socially
beneficial to produce both high-quality and low-quality goods®. Rather, the qual-
ity differentiation is due to the fact that the each country sets R&D subsidy levels
that maximize domestic welfare instead of aggregate welfare for the union, and that
the small country has ’insufficient’ incentives to provide R&D subsidies. Indeed,
to maximize union welfare a cooperative solution identical to the one discussed in
section 4.2.2 is called for, with the subsidy levels in both countries given by equation
(22). Such a centralized or cooperative solution would not yield quality differences
in equilibrium.
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Figure 4: Vertical product differentiation.

®See Park (2001) for an analysis of strategic R&D policy between countries hosting firms that

produce vertically differentiated goods.
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5 Concluding remarks

Though this paper has focused on implications of cooperative and non-cooperative
R&D policies in economic unions in general, we believe that the analysis is of par-
ticular relevance for the EU. One reason for this is that the EU consists of R&D
intensive industries located in countries with relatively small home markets as well
as in countries with large home markets. Firms located in countries with large
home markets typically sell a significant share of their output domestically, while
high innovation costs often imply that export profitability plays a crucial role for
firms located in countries with small home markets. A prime example of this is the
Finnish mobile telephone company Nokia and its Swedish competitor Ericsson; they
both have far too small home markets to cover their large R&D investments through
domestic sales.

A second reason why we think our analysis is of particular relevance for the
EU, is that this union to a larger extent than for instance NAFTA and ASEAN has
an institutional framework that potentially provides it with means to coordinate
R&D policies. The union has a common policy on a wide range of areas, including
trade policy, regulation policy and competition policy. Moreover, The European
Commission has the authority to prevent national governments from implementing
industrial policies that may distort competition in a smaller or larger part of the
union. Thus, the Commission may for instance overrule national governments and
prohibit mergers between domestic firms, and it may prohibit more or less hidden
production subsidies. However, the Commission’s attitude seems to be more laissez-
faire when it comes to national R&D policies. This is a bit surprising, since it is clear
that countries may use R&D policies to improve the competitiveness of domestic
firms. An illustrative example of this, which we mentioned in the Introduction, is
the National Technology Agency of Finland (TEKES). Each year Tekes gives about
380 million euros in R&D subsidies to domestic firms, and on its web page it writes
that its primary objective is to promote “competitiveness in Finnish industry ....
and increase [Finnish] production and exports”. It does not take much imagination

to interpret this as partly representing (not very well hidden) distortive subsidies.
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In this paper we have shown that an R&D subsidy game between two pro-
ducer countries does not necessarily hurt the union as a whole. However, compared
to optimum for the union, R&D subsidies tend to be too small for horizontally dif-
ferentiated goods and too high for goods that are close substitutes. An interesting
question is therefore whether the EU should encourage producer countries to coop-
erate when they set R&D subsidies. Our analysis indicates that this might be a
dangerous path to follow. In particular, cooperation between net exporters of R&D
intensive goods may have detrimental welfare effects for the union, even though it
may be favourable for the producer countries. The optimum R&D policy for the
union as a whole must be one that corrects for the consumer-surplus effects of R&D
in imperfectly competitive markets, whereas the business-stealing effects are elimi-
nated. To achieve such an optimum, either centralized R&D policies, or a complete
policy coordination between all involved parties (i.e. both producer and consumer
countries) would be necessary.

In order to make the model tractable, we have made a number of simpli-
fying assumptions. First, we have abstracted from the presence of any third (i.e.
non-union) countries. We do not believe this to be very serious; for instance, the
tendency that competing union members pay too high R&D subsidies on close sub-
stitutes should still hold. Second, we have assumed that quantities and qualities
were determined simultaneously at stage 2 of the game, and we thus abstracted
from strategic competition in R&D investments by the firms. However, it can be
shown that most of the results also survive if we assume that firms commit to their
R&D levels before they choose quantities. The major difference is that the firms
will have stronger incentives to invest in R&D. Third, we have abstracted from
uncertainty and knowledge spillovers, and assumed complete information in a basi-
cally static framework. It would be interesting to relax on these assumptions, but
this we shall leave for future work. Fourth, we have taken the degree of horizontal
differentiation between the goods as an exogenous parameter. We think it would
be very interesting to make this an endogenous choice of the firms. One reason
for this, is that our results indicate that governments have stronger incentives to

support their domestic firms with R&D subsidies the stronger the competition from
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foreign firms. Indeed, we have shown that with uncoordinated R&D policies the
firms might therefore make higher profit if they produce close substitutes than poor
substitutes. Does this, in a richer framework, imply that firms have incentives to
artificially reduce the extent of product differentiation?

While there is a large strand of literature that analyses consequences of R&D
cooperation between firms, there are very few studies of likely effects of R&D policy
cooperation between countries.® Given the substantial amount of R&D grants given
by governments in different countries, there is a need for more work on this topic.
For instance, do large countries on average pay relatively higher R&D subsidies than
small countries? And how essential are the profit-shifting motives for national R&D
policies in practice? The quote from TEKES’ web page indicates that they are quite
important, which is also the impression one gets from political discussions in most
countries. Still, the European Commission has only shown a moderate interest in
the question of regulating or coordinating national R&D policies. Although common
EU research initiatives like the framework programmes and the European research
area receive a lot of attention, there is very little focus on the strategic effects of
national R&D policies and the accompanying policy competition between member

states.

6 References

Bagwell, Kyle and Robert W. Staiger (1994): “The Sensitivity of Strategic and Cor-
rective R&D Policy in Oligopolistic Industries.” Journal of International Economics
36 (December); 133-150.

Brander, James (1995): "Strategic trade policy." In Grossman and Rogoff (eds):
Handbook of international economics, vol. 111, chapter 27.

D’Aspremont, Claude and Alexis Jacquemin(1987): “Cooperative and Nonco-
operative R&D in Duopoly with Spillovers” American Economic Review 78 (5);
1133-1137.

6One exception is Leahy and Neary (2001b). With their focus on cost-reducing investments

and spillovers between firms, the approach could be regarded as complementary to our analysis.

26



Leahy, Dermot and J. Peter Neary (1997): “Public Policy Towards R&D in
Oligopolistic Industries.” American Economic Review 87 (4); 642-662.

Leahy, Dermot and J. Peter Neary (2001a):” Robust Rules for Industrial Policies
in Open Economies.” Journal of International Trade and Economic Development 10
(4); 393-409.

Leahy, Dermot and J. Peter Neary (2001b): "International industrial policy
games." Paper presented at European Economic Association’s annual meeting, 2001.

Neary, J. Peter and Dermot Leahy (2000):” Strategic Trade and Industrial Policy
towards Dynamic Oligopolies” Economic Journal 110 (April); 484-508.

Park, Jee-Hyeong (2001): “Strategic R&D Policy under Vertically Differentiated
Oligopoly” Canadian Journal of Economics 34 (4); 967-987.

Spencer, Barbara J. and James A. Brander (1983): “ International R&D Rivalry
and Industrial Strategy” Review of Economic Studies 50 (4); 707-722.

7  Appendix

Proof of Proposition 1

The first-order conditions for social optimum are given by 0W/0q; = OW /0xj =
0. Whether we solve for quantities and R&D investments simultaneously or in two
stages is irrelevant, but it is most illustrative to start with 0W/dq; = 0. For b # 1

we then find
(a—c) (1 —=0)+ zj — by
1-0 ’

where the second-order conditions hold for all b < 1. However, by inserting for g;

gy =2

we have

H 11
orw d(1—b)—1 ,
" —2 = < 0if ¢ > 1/(1- )
o WHor M w T ap-npa-n -y Lo
0x? 03 0x1077 n 1—5b 1—0b’

from which it follows that the second-order conditions do not hold for all b € [0, 1]

for any finite value of ¢. We further see that the critical value of b above which the
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second-order conditions do not hold increases in ¢.

If both goods are produced, they will be sold at price equal to marginal costs.
Using this it is straight forward to show that a requirement of ¢; > 0 implies that we
have a unique symmetric equilibrium where the second-order conditions hold, with

quantities and quality levels as stated in Proposition 1.

Proof of equation (12)

In order to distinguish between the direct effect and the business stealing effect
of providing R&D subsidies, we calculate the first-order conditions drj/dgji = 0 and
Omj/0zj = 0 separately. From this we find respectively

(1+b)zj+ (@ —c) (1 +0b) — bgxi
2

gji =

and
_ Qj1 T gj2 T Sj
flfj — T.

Total differentiation of these two first-order conditions yields

140 b
dqji = Tdaij — §dq“ (25)
and
1 1
dil?j = Zdei + gde (26)

Combining (25) and (26) for j = A, B and i = 1,2 we find

1+
dgii = 7—b)ds; — 4bd 27
qJ' 2(3b+7) (7—5b) [( ) SJ Sk] ( )
and
1 £ j ,¢ o
dil?j 2 7—b—2b de—b(l—l—b)dSk . (28)

~ 2(3b+7) (7 — 5b)
In the non-cooperative equilibrium the countries set the subsidy levels simultane-
ously, which means that dsy/dsj = 0 in equilibrium. In calculating the first-order

condition for the government in country j we can thus combine equations (25) - (28)

to find
dei _ 1+ B 8b dqxi (29)
de 2(7— b) 2(7— b) de
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and
dej 1 b dg
de _7—b 7—bd8j (30)

The direct effects of an R&D subsidy are now given by the first term on the r.h.s. of

equations (29) and (30), while the business stealing effects are given by the second

term. Using that

dWi _ 2qj dgin | 2g52 dgja z%
dsj 1+bdsj 1+0b dsj Vds;

(31)
we can thus combine (29), (30) and (31) to find equation (12).

Proof that the size of the business stealing effect is increasing in b
To show that the business stealing effect in isolation makes it optimal to pay

higher subsidies the larger the value of b, we define (see equation (12))

4b H 1 T“J 8qkﬂ

b QAU TY oy

QjE

which can be rewritten as

16b% (1 + b)
(7 — 5b) (3b+7)?

8b (1 + b)
(7 —5b)% (7 + 3b)* (7 — b)

(a—c) + (bsk + 4bsj — Tsk) .

j =

From this we find

oY 320% (14 b)
dsj  (7—15b)%(7+ 3b)* (7 —b)
and
02 1286% (7 +b) (49 + 42b — 231?)
= 3 3 7— > 0.
sj0b (7 —5b)° (74 3b)° (7 — b)
Q.E.D.

Proof of Proposition 3
Using equations (8), (9), (11) and (13) we find that welfare in the two producer
countries equals

4 (14 b) (343 — 147b — 203b? + 31b% + 32b%)
(863 + 1902 — 14b — 49)?

2

VI/J_S>O _ (Of _ C)

if they provide equilibrium subsidies, while it is equal to

ppamo _ A(T=b)(1+1)

j (7 + 30)° (a-¢)
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if sn = sg = 0. Since
ps=0 _ pps=o _ O46° (1+ b)? (49 + 28b — 5b? — 4b°)
! ! (7 4 3b)% (8% + 1962 — 14b — 49)°

we thus see that welfare in the producer countries is higher without than with

(a—¢)* >0,

subsidies.

Proof of Proposition 5
Using equations (8), (9), (17) and (19) we find that welfare equals
4 (14 b) (8183 — 637b — 5594b> — 634b> 4 9796* + 231°)
(189 + 47b — 73b2 — 27b3)?
if they provide equilibrium subsidies, while it is equal to
VVJ-SZO _ 4 (11 + 3b) (12+ b) (o — 0)2
(7+3b)

if sn = sg = 0. We thus find
16 (1 + b)2 (7 + 2b + 3b%) (287 — 16b — 230b* — 96b> — 9b*)

(189 4 47b — 7362 — 27b%)% (7 + 3b)?

M/j5>0 — (a — C)Z

IViS>O_IViS=O — (OJ _ 0)2 )

. ) (32)
From (32) it is clear that sign W% — WS=0 = sign{Z}, where Z = 287 — 16b—
23062 — 960> — 9b*. We immediately see that Z is positive for b = 0 and negative
for b = 1, and that 0Z/0b = —16 — 460b — 288b* — 36b° < 0 for b € [0,1]. From
this it follows that Z = 0 for exactly one value of b € [0, 1]. Defining b* such that
Z(b*) = 0 we find b* ~ 0.91. We thus have that welfare with equilibrium subsidies is

higher than with zero subsidies if b < b*, while welfare with zero subsidies is higher

if b > b*. Q.E.D.

Proof of equation (23)

Maximizing welfare in equation (21) with respect to sa and sg, and checking the
second-order conditions, we find that we have a unique and symmetric equilibrium,
with sa = sg (see equation (22)).

Setting sa = sg = s for an arbitrary common subsidy level we can use (4), (8)

and (9) to find

o (1+b)(7—b)(4a—4c+s)(a—c)+7+6b+b252 and CSi —
! (7 + 3b)° 2(7 + 3b)° !

(1+ b)2 (8ar — 8¢ + 5)2‘

4(7 4 3b)
(33)
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This means that R&D subsidies increase profits, but that the increase is smaller the

larger the value of b;.

0%j 4b (8ar — 8¢ + 5)

omj (140 (7T—0b)(a—c) T7+6b+ b
> +s

— > d —
ds (7+3b) (T30 O Obds (7+3b)°
(34)
From equation (33) we further find
. 2 _ 2 - —
9Cs; _ (14+0)° (8« 826+3) - 0 and °CS 4(1+0b) (8 380+s) -0,
ds 2 (7 + 3b) 9s0b (7+3b)
(35)

so that R&D subsidies have a positive effect on consumer surplus, and more so the

larger the value of b.7

Adding (34) and (35) we find

(3+1b) (5 + 3b) 82\

ON  2(11+3b)(1+0b)
— = >—5 and 950 = 3
(7+ 3b) s0b (7 + 3b)

s (7 +3b)°

(8av — 8¢+ s),

(v — )+

which shows that the private gains from R&D subsidies are increasing in b. The rea-
son for this is that the consumer effect dominates over the profit effect, as explained

in the main text. Q.E.D.

One small and one large country: Equilibrium subsidy and quality levels.

Solving sa = argmax W and sg = arg max Wpg in equation (24) simultaneously,

we find
) 16 (14 b) (91 — 90b — 17b? + 20b%)
spa="b (v —¢)
4459 — 29400 — 3598b2 + 1548b3 + 1123b* — 2000° — 1200°
and
— 2b) (1 + b) (49 — 14b — 34b* + 2b® + 5b*
o 8(7 ) (1+b) (49 34b° + 2b° + 5b*) (a—c).

4459 — 2940b — 359862 + 154863 + 112364 — 20065 — 1206

Inserting for these subsidy levels into (8) and (9) we find

"Technically, the signs given in (34) and (35) could be reversed if s is sufficiently negative.
However, it can be shown that this would imply such high taxes that investments in R&D would

be negative. This does not make economic sense.
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B (7= b) (1 + b) (91 — 90b — 17b2 + 205°) -0
"~ 4459 — 2940b — 359802 + 154863 + 112364 — 20065 — 1206

A

and

~ (1+b)(1029 — 861b — 465b% + 369b% + 56b* — 40b°)
4459 — 2940b — 3598b2 + 1548b% + 1123b% — 2006° — 12065

(—c).

B

Figure 4 plots the difference between za and xg, which is uniquely determined

except for the multiplicative term (a — c¢).
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