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Abstract
Under international agreements the tools for active government policies with respect to international
trade are becoming fairly limited. In such situations, less standard and less regulated means how to
shift or gain competitive advantage become more appealing for governments. Whereas certain
measures replacing former tariffs and quotas have rather limited applicability - such as import-strict
technical standards or environmental and workplace regulation – government involvement in the field
of R&D is rather unregulated area under the WTO. Recent development in the European Union
connected with the implementation of the Lisbon agenda highlights the fact that an increased attention
is being paid to the R&D issue by European governments. The thesis develops a theoretical model on
a North-South basis where the motivations for the developed country to subsidize R&D are examined
even when there exist international spillovers benefiting foreign competitors at the expense of
developed country’s innovators. It is shown that in such case the North cannot apply the standard
methods prescribed by the third-market strategic trade policies, however the government may still play
an important role in motivating the firms to invest in R&D or shaping the welfare effects of innovation
through promotion of intra-national or intra-union technology spillovers. The implementation of the
Lisbon strategy is then weighted against particular recommendations of the theoretical model to
analyze to which extent the European strategy fits even for the modeled situation.

Abstrakt
Vzhledem k existujícím mezinárodním úmluvám se nástroje pro aktivní vládní politiky ve vztahu
k mezinárodnímu obchodu stávají více a více omezenými. V takových situacích mnohé státy hledají
nestandardní a méně regulované způsoby jak změnit či získat komparativní výhody v jednotlivých
odvětvích. Zatímco některá opatření nahrazující dřívější cla a kvóty mají pouze úzkou použitelnost –
jako například striktní technické standardy na importované zboží či nároky na ochranu zdraví
zaměstnanců a ochranu životního prostředí – aktivní vládní zapojení se v oblasti podpory výzkumu a
vývoje je spíše méně regulovanou oblastí a to i v rámci Světové obchodní organizace. Nedávný vývoj
v Evropské unii související se snahou o implementaci Lisabonské strategie zdůraznil fakt, že evropské
vlády začínají přikládat výzkumu a vývoji větší roli jakožto prostředku ke zlepšení evropské
konkurenceschopnosti. Tato práce rozvíjí teoretický model na bázi modelů Sever-Jih a zkoumá
důvody, které mohou vést vlády vyspělých zemí k podpoře výzkumu a vývoje i v případech, kdy
existující mezinárodní toky znalostí a informací umožňují zahraničním konkurentům benefitovat na
úkor domácích inovujících firem. Za pomoci tohoto modelu je ukázáno, že v případě modelu Sever-Jih
nelze v některých případech užít standardní odůvodnění pro podporu výzkumu a vývoje na základě
teorie o strategických obchodních politikách. Nicméně vlády přesto mohou hrát důležitou roli
v motivování domácích firem investovat do výzkumu a vývoje či mohou ovlivnit domácí blahobyt
skrze podporu domácí či vnitrounijní výměny informací a vědecké spolupráce. Na základě výsledků
teoretického modelu je posléze posouzena dosavadní aplikace Lisabonské strategie a je v obecné
rovině posuzováno, do jaké míry jsou východiska Lisabonské strategie v souladu s doporučeními
daného modelu.
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1 Introduction
One of the questions of today’s international economy is whether globalization of international trade
naturally leads to a less activist international trade policies of the individual countries. It may be
argued that the progressing globalization and trade liberalization limit the sphere of any potential
strategic activities of governments. On one hand, tariffs and quotas have been to a large extent
negotiated away or are subject to complex international agreements such as the WTO (World Trade
Organization). Also, exchange rates among the main industrialized countries are to a large extent
primarily subject to market forces and with largely independent central banks activist monetary
policies offer less appeal than before. On the other hand, the pattern of international trade has changed
over the last decades and those other factors such as technologies and communication started to play a
more significant role. These areas are for obvious reasons subject to less international regulations and
therefore a potential subject of government activism in attempts to shape competitive advantages,
welfare and trade flows between countries.
Over the second half of 80’s and first half of 90’s the predominant policy approach has been one of
trade liberalization, privatization etc. Industrial policies in developed countries seemed to be relicts of
the old era and government intervention in the markets was considered as a potential handicap. The
skepticism about the ability of government to engage in welfare improving industrial policies was due
to the fact that governments were proved to be unable to pick the winning sectors and companies, were
vulnerable to be captured by specific lobbies and interest groups and the political economy approach
also highlighted the fact that there was the risk that the governments would follow their own,
politically-motivated agenda. However, over the same period the successes of more proactive policies
of East Asian tigers proved that the successes of Japan with its governmental activism were probably
more than just an exception from the rule. Indeed, impressive growth rates were achieved quite often
by countries that did not blindly follow what became known as the Washington consensus of purely
liberal economic politics, but rather countries that gradually adjusted their policies to local institutional
framework and used the visible hand of governments where they considered it to be appropriate.
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Clearly, the evidence of government involvements is not a story of pure successes, but the concept of
more activist industrial policies gained more attention even in developed countries again.
In addition, over the last twenty years, some new arguments for governmental trade and industrial
policies emerged also under the new theory of international trade providing some justification for
activist policies going beyond the old arguments of infant-industry protection or export substitution
policies. The proponents of this trend such as Brander, Spencer or Krugman used the advances made
in the industrial economics and introduced into the international trade concepts like market
imperfections, role of research and development, learning curves, dynamics of innovation, economies
of scale etc.
Nevertheless, would the above discussed “evidence” and theoretical progress in the field of
international economics be a reason for a trend reversal towards more activist and potentially
protectionist policies? There are several reasons why not, let us only put two major reasons. First, the
benefits of trade liberalization, diversification and technological dynamism would certainly be
impossible without the striving international trade and any attempts to reverse this would seriously
harm the welfare of both the developed and developing world and there are certainly not many
economists who would see state planning and public investment as the very driving force of economic
development. Second, the international agreements limiting the use of industrial policies via trade
policies were to a large extent designed by developed countries. These countries cautiously analyzed
the impact of these agreements on their own economies and saw these rough trade policies as harming
the international trade. However, as Weiss (2003) puts it, developed countries did not tie their hands
completely and there is still enough room for them to maneuver, potentially in areas where the
developing world cannot keep pace.
So what will be the paradigm for the next decade(s) – more or less activism? When describing the
opinions on developmental policies of today, Rodrik commented that we are now confront a rare
historic opportunity where “the softening of convictions on both sides presents an opening to fashion
an agenda for economic policies that takes an intelligent intermediate stand between the two
extremes” (Rodrik, 2004, pg. 2). A neat example of such a policy design could be the Lisbon agenda
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of the European Union. A combination of on one hand liberal approaches aiming at achieving market
and allocative efficiency, but at the same time committing the governments into a more active role in
areas such as R&D or education. The European goals in terms of R&D could be seen both as
reflection of international trends but also as a special brand of industrial policy whose objective is to
increase the research and innovation capacity of European economies, translated into the 3% target of
R&D on GDP by 2010.
Here we come to the focus of this paper, namely to analyze the motivations for state activism in one
area that has been receiving more and more attention and resources from governments in developed
nations and yet is subject to limited international regulation – innovation, research and development
policies (R&D policies). At least since Solow it is undisputed that improvements in technologies and
innovations are the key driver behind the economic growth of countries, as well as competitiveness
and job creation. However, the discussion on the optimal government involvement in this process, if
any, is far from over. Very often, the arguments of under-investment by private sector due to risks or
non-appropriability of all the fruits of research and development activities are used as the main reasons
for the need of a public action. In this study, we will try to look at the potential as well as some
difficulties any public policies in this area have to face. This study has the ambition to summarize
some of the most recent literature on the effects of R&D and in a theoretical model connecting some
recent advances made in international and spatial economics weight the optimal policy
recommendations, especially for circumstances when the aspects of intellectual rights protection and
intra- and inter-national knowledge and technology spillovers significantly affect the innovation
activity. The non-appropriability argument may look very differently from a country’s perspective
than it does from the firm’s perspective. From the country’s perspective, the fruits of R&D activities,
should they be supported, can return to the country through various channels, such as profits of
domestic firms, increased quality of products, job creation, increased consumer surplus or through
positive knowledge spillovers. It will be argued that unless the institutional framework and knowledge
channels within the country (e.g. clusters) are not developed sufficiently, the additional costs incurred
by the government in R&D support may not be justified when part of the generated knowledge spills
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over to competitors. As will be argued, the optimal policy is a multi-parameter issue where one-sizefits-all policies or best-practice Xerox may prove welfare detrimental but at the same time policies
focused on specific sectors or branches might be even harder to prove beneficial without deep
knowledge of the underlying processes of innovation. The theoretical findings will then be applied for
an assessment of the ambitious goal of the European union’s Lisbon strategy to motivate an overall
increase of R&D efforts and capacities in European countries in order to become the most competitive
economy of the world by 2010.
As regards the structure of the paper, in the first part we analyze why is it that so much attention
shifted towards R&D policies and reflect upon the basics of the Lisbon agenda. We also analyze in a
separate section the purposefully lax legal framework for R&D subsidies, both under the WTO
regulations as well as the state aid rules of the European Commission. The second part reviews the
existing literature on the properties of knowledge, its diffusion and effects of technology spillovers. In
addition, several empirical studies are reviewed that recently analyzed different aspects of R&D
investment motivations and technology diffusion. The third part then reviews the literature on the
North-South models with innovation and most importantly presents a stylized duopoly model where
two firms compete in the world market. The motivations to conduct R&D on the firm level and
potential for its subsidization will be examined within a framework of different levels of spillovers
between countries of varying sizes. The fourth part compares the results of a simple North-South
duopoly model with a model with two sectors, both with duopolistic competition. In this more
complex model, other aspects such as intra-national and inter-industrial technology diffusion are
accounted for and the relevant conclusions on firms’ optimal R&D decisions are derived. It is also
analyzed what the room for an efficient government action would be under such more complex setting.
In the fifth part we then draw some conclusion about the features R&D policy should have in order to
be welfare enhancing and look whether the European-wide as well as national policy designs can
succeed or fail to achieve their goals in this multidimensional territory.
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2 The European situation and visions
Reflecting the poor performance of European economy in comparison to the US and also having in
mind the euphoria then prevailing about the prospect for the growth of the knowledge and information
economy, European heads of state and government declared in March 2000 at the European Council in
Lisbon their intention to make the European Union “the most competitive and dynamic knowledgebased economy in the world, capable of sustainable economic growth with more and better jobs and
greater social cohesion” (European Commission, 2002, pg. 1). This was a kick-start of what became
known as the Lisbon Strategy of economic and structural reforms.
According to the European Commission (2005), one of the main drivers behind the adoption of the
Lisbon strategy was the conviction of the European leaders that the challenges and need for farreaching reforms could only be effectively applied by a concerted approach involving all member
states and many policy areas. The initial objectives were sustainable economic growth, more and
better jobs, and greater cohesion. Nowadays, The Lisbon strategy is understood to cover beside the
wide variety economic and social dimensions also a third, environmental dimension that was added at
the Gothenburg European Council in June 2001. We could distinguish the following agendas under
the Lisbon strategy: to continue in liberalization by completion of the single market, secure efficient
and integrated market of financial services, create information society for all, improve network
industries such as telecommunications, utilities or transport, improve enterprise environment, develop
European Area for innovation, research and development, increase social inclusion through higher
employment, education while keeping social protection or enhance sustainable development.
Let us review some basic figures that probably more clearly show what the motivation was behind the
ambition to carry out deep structural changes. The European economy seems to prove the catch-up
theory for the European countries in relation to the US not to be valid even in the long-run. At least
this must be the impression when one looks at the development of European GDP in PPS (purchasing
power standards) in comparison to the one of the United States. The European GDP broadly stabilized
after 1970s on about 70 per cent of the US value. Even worse for the European economy, since the
beginning of 90’s the trend had rather a negative direction.
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Figure 1: EU GDP per capita in PPS (US = 100)
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But GDP is not the only indicator that should worry the European policy-makers. As shown in the
figure below the overall trend of the growth of labor productivity per hour has reversed at the
beginning of 1980s and the catching-up by European countries was in mid-1990s replaced by a
diverging effect between the US and European growth of this indicator.

Figure 2: Growth of labor productivity per hour (moving average)
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The lower productivity growth has been beside some structural or cultural aspects generally attributed
to lower investment in research, development, innovations or education by European countries. In
11

addition, the lower expenditures were matched with lower ability to transform European research
advances into marketable products and processes.
Indeed, the gap in R&D expenditures between the EU-average and the levels achieved by Japan or the
US is quite significant when measured as a proportion of GDP spent on R&D. However, the
proportion varies greatly within the European Union. The largest disparity in R&D intensities is
between the leading group of Nordic countries and the accession or Southern European states, yet even
the core economies of European Union invest only around 2 percent of their GDP in R&D.
Nevertheless, the high R&D intensities for Sweden or Finland also show that under certain
circumstances the gap between Europe and the US or Japan may be bridged over, even under socially
receptive government policies.

Figure 3: R&D Intensity in selected countries
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The mid-term review of the Lisbon strategy is under way but as the European Commission recently
accepted, “the objectives are far from being achieved” (European Commission, 2005, pg. 8). The
European Commission blames specifically the slow pace of structural reforms and insufficient
commitment by individual states that in Commission’s view contributed to the failure to achieve the
goals envisaged under the Lisbon agenda. One of the reasons for the failure, and we do not want to
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elaborate too much on this, might be the breadth of the scope and issues the Lisbon strategy has the
ambition to deal with. It is a completely different project from earlier initiatives with more precisely
defined programs such as the internal market or the economic and monetary union.
For our purposes, we restrict the analysis solely on the proposals concerning the promotion of research
and development within the European area. The European Union has set itself the ambitious
benchmark of the US. When looking at the statistics the advantage of the United States in terms of
total R&D spending is quite obvious and even the trend does not speak in favor of a European
catching-up. Besides the absolute terms, European Union fares worse even in relative terms: the
Europeans invest only about 4 per cent of GDP in R&D, software and higher education as opposed to
the US’s 6,8 per cent. When looking solely at the differential with respect to R&D investment, the US
spend roughly 2,8 per cent of its GDP compared to only 1,9 per cent in Europe. This yields a
difference of 300 000 researchers in favor of the US, with a more pro-business composition of 80 per
cent researchers being employed by American businesses compared to mere 50 per cent in Europe
(European Commission, 2005).

Figure 4: Investment into R&D in the Triad
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Now we come to the main focus of this study, namely to analyze some of the appropriate policies with
respect to investment in R&D and innovation. The European Commission (2005) sees three main
drivers to be activated to make the knowledge-based economy a reality:
-

investment in education and training;

-

investment in R&D and innovation;

-

production and use of information and communication technologies.

Given the lag behind the United States in terms of investment into R&D, the Barcelona Council in
2002 set the ambitious goal for the European Union to increase its R&D spending towards 3 per cent
of GDP by 2010, with only one third coming from the public sector and two thirds from the
businesses. According to estimates of the European Commission (2005), an increase in EU R&D
spending from 1,9 per cent of GDP in 2002 to 3 per cent in 2010 should result in an increase of 1,7 per
cent of GDP by 2010 in comparison to no increase in R&D spending. In addition, total factor
productivity should thanks to the R&D spending increase by additional 0,8 per cent by 2010,
employment by 1,4 per cent and income levels by 3 per cent. In the long term, the GDP should be up
by 4,2 per cent in 2015 and 7,5 per cent in 2020 and 12,1 per cent in 2030, equivalent to a growth
surplus of about 0,5 per cent per year.
While the estimates are promising bright future for the European economy, the key issue nowadays is
how to make this significant shift towards knowledge-based economy a reality. Five years into the
Lisbon agenda, European Union still suffers from fragmentation of its research activity, lack of
mobility of researchers induced by labor market fragmentation and rigidities, and low ability of
bringing innovations into the marketplace. In addition to that, EU has lagged behind in the sectoral
productivity growth in comparison to the US especially in the high-tech sectors such as the
information and communication technologies, which have been subject to extraordinary gains in
productivity over the period of existence of the Lisbon agenda. The Kok report of November, 2004
had to admit that so far only two countries – Finland and Sweden, met the target of the R&D to GDP
ratio (Kok, 2004).
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The reason why this thesis argues that more attention should be paid to the way the European R&D is
supported and motivated is the fact that already nowadays most European governments spend
proportionately much more on R&D than the private sector in the countries most progressive in terms
of R&D intensities. From the data in the next Figure we can deduct, that there are in fact only three
countries within the EU where the contribution of business sector to R&D as a percentage of total
R&D spending is higher than in the United States and none with business contributions higher than
Japanese companies. Together with the data on R&D as a percentage of GDP, this shows a serious lag
of European companies in their investment into R&D that is only to a limited extend offset by higher
contributions of the public sector.

Figure 5: R&D expenditure by main sources of funds for selected countries
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One of the questions we can logically pose after the generally negative mid-term review is whether
mistakes have been made by setting too ambitious and unachievable goals or by wrong policy
implementations and insufficient reforms. In this paper, we analyze the motivations, incentives and
risks of direct and some forms of indirect support of industrial R&D. European countries have a wide
arsenal of tools at hand that they can apply to boost R&D intensities of their economies. The reason
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why we will focus beside some recommendations stemming from the understanding of spillovers on
direct subsidies is not only thanks to the fact that they are easier modeled than most of the other R&D
support vehicles, but also because R&D subsidies are specific subsidies that are allowed both under
the WTO and the European Union regulations. In contrary to other forms of state aid, subsidies of
R&D up to a certain level of total R&D expenditure (in some instances up to 100 per cent) are
basically exempt from the ban on direct state aid support of firms and therefore play an important role
in the strategies of many European countries. It is also interesting to observe that in some instances the
otherwise state-aid-strict European Commission (when one forgets about agriculture, cohesion and
regions for a moment) comes with its own initiatives that complement, compete with or replace some
national R&D policies. The open door to state activism in the R&D area and the exceptionally stateinvolvement friendly international regulations under the WTO and the specific European regulations
are described in more detail in Appendix I.
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3 R&D Dominance
3.1

Role of R&D

Why is it that so much attention shifted recently towards R&D policies? Haaland and Kind (2004)
have defined four major reasons for this trend. Firstly, it is of course the importance of R&D for
economic growth and development in general and the expectations that policies in this field may have
a great impact. Secondly, some of the typical characteristics of R&D such as spillovers, externalities
and public-good aspect may cause the market solution to be inefficient from a country’s perspective
and hence some correcting policies may be seen as justifiable. Thirdly, R&D may be used strategically
in games between firms internationally and the government may affect the outcome in favor of the
domestic firms and consumers. And last, but not least, it is the already examined argument that while
other types of trade and industrial policies are more and more regulated internationally, R&D still
remain preliminarily in the national domain with limited supranational regulation or coordination. All
these arguments are certainly worth further exploration and we will focus on their specifics in the next
part of the chapter. The first point will not be discussed in detail since there exists sufficient literature
proving the importance of R&D for long run growth. However, to theoretically assess the impact of
any economic policies aiming at R&D advancement, we look closer at technology spillovers,
externalities and effects of size and in view of strategic games played both by firms and governments
and try to analyze, what the optimal policy outcome could be.

3.2

R&D distribution and knowledge diffusion

Technological innovation has been identified by many economists as the most important factor behind
the labor productivity growth over the last decades. Across the globe, innovation is becoming a more
important contributor to the economic development and to the preservation and strengthening of the
comparative advantages of industrialized countries. The logical question that follows is: To which
extent is the comparative advantage created trough innovation, research and development sustainable?
On one hand, the openness of the world economy opens wider space for making use of the R&D
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achievements. On the other hand, the increasing interconnection of businesses worldwide accelerates
technology diffusion. Any analyses of policies attempting to increase competitive advantage through
R&D have to take these developments into account. Technology spillover may potentially spread
through sectors, space and time and affect productivity and growth worldwide. However, we can
observe large disparities in innovation and productivity growth among individual countries. This
points to the fact that there are additional factors, which limit the diffusion of knowledge and
technology, both external and internal. The aim of this chapter is to selectively review existing
literature on this topic to prepare ground for a model that would be able to reflect the diffusion of
knowledge between innovators and imitators. As the most important factors for the knowledge
diffusion, the following ones are usually considered:
1) Transferability and excludability of knowledge, intellectual property rights and patents;
2) The spatial aspects such as distance and cross-border permeability;
3) The amount of available stock of knowledge and technology – absorptive capacity;
4) Amount and quality of foreign direct investment.
Transferability and excludability of knowledge, intellectual property rights and patents
What is our understanding of the transferability of knowledge? As is well known, technology bears
many of the characteristics of a public good, since more firms can use the same information at the
same time at no extra cost – the non-rivalry of knowledge. It may be difficult for the industrial
innovators to define and perfectly enforce property rights, so that they cannot exclude the use by
others of the knowledge that they may have created. There are different theoretical approaches that
aim to distinguish the appropriable and non-appropriable knowledge. Romer (1990) distinguishes
these two types of knowledge, whereby each research project generates not only a patentable
blueprint, but also a non-appropriable contribution to the stock of general knowledge. Yet even where
the knowledge is patentable and the patents are strictly enforced, such protection is rarely perfect. As
Grossman and Helpman put it: “there are tremendous incentives for followers to imitate the
technological leaders and little prospect that the legal authorities will be able to prevent all forms of
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reverse engineering and ‘inventing around the patent” (Grossman, Helpman, 1994, pg. 57). Even
though imitation and plagiarism as a form of technology transfer is often even in developed countries,
they play an important role in trade between North and South, especially because firms in the South
have in general limited abilities to develop innovative products on their own and second while
governments of less developed nations have been more lax in the enforcement of foreign intellectual
property rights. An attempt to improve the situation and to respond to the complaints of technology
intensive firms from developed nations the agreement of the Uruguay round of GATT introduced the
Trade Related Aspects of Intellectual Property Rights agreement (TRIPS), which has called for a
standardization of intellectual property rights (IPR) protection among all member of the WTO.
Before looking at the particular empirical and econometric evidence of transferability of knowledge in
the next section, we should make one qualification on the definition of technological spillovers.
Grossman and Helpman (1992) define by technological spillovers first the ability of firms to acquire
information created by others without paying for that information in a market transaction, and
secondly the fact that the creators (or current owners) of the information have no effective recourse,
under the prevailing laws, if other firms utilize information so acquired. However, most recent
empirical and theoretical studies often include in the definition of spillovers also the voluntary
exchange of knowledge and technology (as in e.g. De Bondt, 1999).
The spatial aspects such as distance and cross-border permeability
One of the key factors in the analysis of spillover effects is the distance between the individual centers
of innovation, research and technology. As highlighted by Bottazzi and Peri (1999), the marginal cost
of transferring information across geographic space has been made invariant by the
telecommunications revolution. However, the marginal cost of transferring knowledge, especially tacit
knowledge, rises with distance. Or as Glaeser et al. (1992) put it “intellectual breakthroughs must
cross hallways and streets more easily than continents and oceans”. There have been conducted
several recent empirical studies (e.g. Bottazzi, Peri, 1999 or Keller, 2001) showing that the ideas
spread first in the proximity of the place where they have been generated and only later in the rest of
the word. This is especially true when the face-to-face interaction is necessary to effectively learn
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from other people’s ideas or when we consider applied and non-codified knowledge. It is also often
assumed, that technology moves across national borders when intermediate goods embodying new
technology are traded. The trade among nearby locations is obviously easier to take place than across
larger distances, resulting in better knowledge dispersion among neighboring countries (Grossman,
Helpman, 1991). It can be also shown that geographically close regions tend to be technologically
more similar. The conclusion these studies make is that while general information is more easily
diffused, specific knowledge justifies the concentration of innovation in space, to take advantage of
externalities.
The actual results of the spatial effects on spillovers may significantly vary according to sample of
countries as well as time period. The estimates of Keller (2001) based on a sample of the most
developed countries (G7) are that the distance after which half of the technological knowledge
originating from the technology sending country has disappeared is between only 800 – 1900
kilometers. He also finds that the localization of technology diffusion has declined substantially, by at
least two thirds, over the period 1970 to 1995. Even though the study does not provide any conclusive
arguments about the main reasons of this development, the qualitative change of communication
technologies and expansion of international trade and foreign direct investment are the most obvious
culprits of this trend.
The spatial effect can be shown also with the help of the study conducted by Bottazii and Perri (1999).
According to their results, the spatial spillovers (computed on the basis of cross-regional variation in
patenting in European regions) are significant for R&D carried out within only 200 kilometres of the
region. They show on the example of two regions of different locations the efficiency of spending in
R&D. They compare two European regions, Madrid and Hamburg, both with approximately the same
amount of average total R&D spending. When comparing the efficiency of R&D spending in terms of
patenting per worker, the peripheral region of Madrid produced about one-tenth of the patenting per
worker in comparison to the central region of Hamburg in the period 1985-1995. In light of the results
of Keller (2001), the effects of knowledge spillovers over distance seem to be quite low especially
given the fact that they are computed for regions within a rather integrated economic area. A very
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much interesting result of Bottazzi and Peri (1999) was that beside the local level of R&D spending
also the national level of R&D has a very significant impact on the innovation activity. It is quite
logical to expect that ideas could spread more easily within a country than across, both due to the
common language or similar educational background. If one looks at the regression results, it is
striking (and by the authors surprisingly commented only as “strong evidence that within country
spillovers matter”) that the national level of R&D spending plays in some cases even a greater role
than the spending within the region (β for own, regional spending around 0,8, national R&D around
1). However, the inclusion of national spending on R&D did not significantly affect the overall results
that implied spillovers quickly decreasing with distance.
Peri (2003) went on and tried to separate the flow of knowledge (based on patents and citations) from
the knowledge spillovers (having effects on productivity) using data on patents and scientific citations
for a panel of 113 European and North American regions. He concluded that for high-tech sectors or
drugs knowledge flows substantially further and so does knowledge generated by technological
leaders (top 20 regions in R&D). Beside the regional and national borders, the results of Peri (2003)
also show that differences in technological specialization are another hurdle to the knowledge flows.
As for the knowledge spillovers, Peri (2003) estimated that the external effects of R&D conducted by
the top 20 technological leaders are roughly 50 per cent larger than the own effect for R&D conducted
in the remaining regions, which he assumes to be a result of higher quality of R&D in the
technologically most advanced regions.
In addition, there are several studies showing the differences of spatial organization between different
industries. Breschi (1998) showed on an analysis of Italian regions that even though both
manufacturing and innovation tend to be spatially concentrated, innovations are considerably more
clustered than production. With respect to different industries, his finding clearly showed that
concentration was relatively low in most mechanical engineering and industrial equipment sectors,
however it is more concentrated in the technology-super-intensive sectors such as electronic and drugs
sectors.
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The amount of available stock of knowledge and technology – absorptive capacity
There have been several attempts to empirically verify the idea of absorptive capacity introduced by
Cohen and Levinthal (1989) who suggested that the positive externality generated by international
technology flows will crucially depend on the recipient country’s ability to understand and exploit
external knowledge. Here, we only quickly review two of the most recent studies. Mancusi (2004)
empirically estimates with the help of quotation observation in six developed nations that absorptive
capacity (proxied by self-citations as indicators of previous research in the scientific field) increases
the elasticity of a country’s innovation to both national and international spillovers. However the
effect depends on the country’s position with respect to the world technological frontier: the larger the
gap of a country with the technological leaders, the lower is its ability to absorb and exploit external
knowledge, but the larger is its potential to increase this ability. In a more general setting, Crespo,
Martín and Velázquez (2005) examined the contribution of the international technology spillovers,
which are transmitted through imports within the OECD countries. Their results revealed the existence
of international technology spillovers with favorable impact on the economic growth of the OECD
countries, albeit to a much lesser extent than the stock of own technological capital. They interpret this
result to show that the capacity of countries to take advantage of spillovers transmitted through trade
largely depends on the country’s endowment in both human and R&D capital. Their recommendation
is therefore to give more importance to educational and R&D policies for achieving potential
improvements in productivity and growth entailed in international technology spillovers. This is
certainly another aspect that can be applied to the technology transfer models, however in later stages
we only review implications of absorptive capacity in the model of Leahy and Neary (2004) as to its
prediction of optimal R&D policies, however do not include this aspect into the model developed in
the next chapters.
Amount and quality of foreign direct investment
One of the often-quoted arguments in favor of high-technology FDI attraction is the expected effect of
positive knowledge spillovers for the rest of the host economy. Again, the actual impact may be a
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double-edged sword. Perez (1997) tested the empirical evidence from the UK. He showed that when
domestic firms excel in a particular technology, they benefit from in-coming FDI in this sector
because the technological competition between domestic and foreign firms creates room for a large
amount of technological spillovers. By the rapid absorption of foreign technologies, indigenous firms
reduce the original gap and spur foreign multinationals to import more advanced technology.
However, indigenous firms lagging far behind foreign competitors are in the penalized by inflowing
FDI because they do not have the ability to efficiently absorb the inflowing technology.

3.3

The effects of size on effectiveness and amount of R&D

As many researchers have pointed out, size matters not only in terms of the size of R&D expenditures
but also in terms of the host country of the firm. It may be argued that strategic trade policies are best
suited for the greatest world economic powers when they aim at the control of global imperfect
markets in the most dynamic products and areas, such as information technologies and other hightechnology industries. As Silva and Faustino (2000) claim, in the Triad countries “important projects
in the spirit of strategic trade policy have been launched through large amounts of R&D subsidies or
other forms of public aid, which are mostly unthinkable for many smaller and/or developing nations”
(Silva, Faustino, 2000, pg.1). But the size matters even among the Triad countries. Eaton, Gutierrez
and Kortum (1998) provide empirical evidence showing that for the most part, research productivity in
Europe is as high as or higher than in the USA or Japan. According to their results, smaller market size
for innovative products rather than lower research productivity explain Europe’s lower rate of private
research effort. These findings are also supported by Botazzi and Peri (1999), where the market size is
proxied by the size of population in given region. In their model, the size of the market explains about
25% of cross regional variation in investing in innovation. Given the above-mentioned results of their
estimation of spillover inefficiency over greater distances, they see this as a generator of higher
polarization of innovation.
One of the often-used arguments in the debates on the R&D support is the fact that the rates of return
on R&D are comparatively higher than e.g. investment in capital equipment. Helpman (1997)
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estimated that in some countries the average rate of return on R&D investment is more than twice the
rate of return on investment in capital equipment. Helpman (1997) further tries to estimate the rate of
return of R&D investment when not only the benefits appropriated by companies are taken into
consideration, but also the spread of benefits from the R&D activities in the form of spillovers.
According to this analysis, seen from the social rate of return, spillovers across firms that operate in
the same sector on average double the rate of return and when the spread of benefits from R&D
activity to technologically close sectors are estimated, the social rates of returns may well exceed 100
per cent. However, there is a significant difference between the returns of small and large countries.
The estimates of Helpman (1998) yielded the following results: 120 per cent rate of return for G7
countries and about 85 per cent for smaller industrial countries. Even though these may be rather
imperfect estimates as they the results are sensitive to the estimates of initial stock of R&D in
individual countries, it is nevertheless another indication that there are additional benefits for larger
countries to engage in R&D support.
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4 Duopoly R&D Model with Spillovers
4.1

Review of existing literature on R&D within the North-South framework

Over the last decade there has been an impressive growth of literature on the topic of North-South
relationship with respect to firms’ R&D behavior and IPR protection with a handful of policy
implications for governments. The reason why we restrict our theoretical analysis on the North-South
duopoly type of models is twofold: firstly, the imperfect competition between Northern and Southern
firms may arguably better capture the recent trade and production patterns where new competitors
from developing countries seem to endanger the position of established companies even in technology
more intensive production, and secondly, the rivalry type of R&D competition in the international
markets have been analyzed in the literature on strategic trade policies and it is our ambition to
examine to which extent the recommendations on government involvement would be applicable in a
setting where the strategic commitment by the innovating country may have limited effect on the
behavior of the competing and purely imitating firm.
Before coming over to our model, we briefly review in the following part the most relevant literature
on different types of North-South imperfect-competition models with existing spillovers.
Duopoly R&D models with spillovers
One of the first models dealing with the effects of knowledge spillovers on the optimal level of R&D
spending by firms competing in quantities was introduced by D’Aspremont and Jacquemin (1988).
They have shown that when spillover effects exist between firms, it may be welfare-improving to
allow these firms to cooperate at the R&D stage and keep the competition between them in the
marketing stage. This result is caused by the fact that individual firms do not take in their decisionmaking into account the positive effects of their own R&D on other firms and hence under-invest in
comparison to what would be the industry-optimal level.
Leahy and Neary (2001) analyze the strategic incentives for investment or R&D subsidies/taxes in a
duopoly setting with both purely exporting firms innovating while allowing for the existence of

25

spillovers. They show that the strategic-trade-policy recommendation to subsidize R&D rests on the
assumption that cost-reducing R&D investments are likely to be unfriendly (=higher foreign
investment reduces domestic profits) and strategic substitutes (=higher home investment lowers the
marginal profitability of foreign investment). In this setting, encouraging more domestic investment
reduces equilibrium foreign investment, which in turn shifts profits towards the home firm. However,
when spillovers exist, R&D investment will typically be strategic complements with higher investment
by one firm encouraging the rival to increase its own investment level. Hence the recommendation to
subsidize (as e.g. in Brander, Spencer, 1985) based on the concept of strategic substitutes and
unfriendliness of rival’s investment is not robust anymore. However, Leahy and Neary (2001) show in
their new setting that even though firm conduct and market behavior are greatly affected by spillovers,
investment subsidy continues to be the optimal policy in all symmetric cases, albeit for another
reasons than in Brander and Spencer (1985).
Duopoly models with spillovers and IPR protection in a North-South setting
Probably the first paper dealing with the IPR protection within the context of strategic behavior by
firms was Chin and Grossman (1990). In their two-countries duopoly model they assumed the North to
be conducting R&D activities while the South could according to the level of IPR protection either
imitate the inventions of the Northern firm or not. They showed that there is a clear conflict between
the interests of North and South since the North always benefits from tighter IPR protection while the
South is harmed by the tighter protection unless its market share is very large. Žigić (1998) extends
this model to allow for different levels of IPR protection and finds that this conflict holds for low
levels of R&D efficiency, however for higher levels of R&D efficiency even the Northern government
could prefer a lax IPR protection as a disciplinary device to its firm, which would otherwise behave as
pure monopoly substantially harming domestic consumer surplus. Žigić (2000) elaborates on his
original model and allows for yet another instrument of potential strategic policies by the government
– the imposition of tariffs on the Southern production. He shows that in the framework where tariffs
are considered as the only choice of government action, optimal tariffs would be always higher than in
the simple duopoly model since tariffs do not serve here only as profit shifting devices but also as
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instruments influencing innovative activity, generate scale economies and countervail the IPR
violation of the South. The strategic aspect of the analysis is the way the punitive tariffs are imposed
on goods imported to the North to deal with the violation of property rights in the South. He also
concludes that positive tariffs may be desirable from the point of the world welfare. However, the
results of Žigić (2000) are subject to the assumption that the markets are segmented. Alongside similar
lines, Qiu and Lai (2004) have further elaborated on the North-South model by allowing for
innovation and imitation and showed that the introduction of tariffs in the North may have lesser
negative impacts than tariffs in the South, as Northern tariffs may generate additional profits of
Northern firms to be spend on R&D. Additional spending on R&D has then the additional benefit that
it not only increases Northern firms’ profits but also Northern consumers’ surplus. They conclude that
for the North it could be beneficial to keep higher tariffs in the North while subsidizing Southern
markets liberalization for the sake of global welfare. In a most recent paper, Žigić (2003) shows in a
slightly different setting of North-South duopoly that as a second-best policy tool it might be
beneficial for the Northern government to use R&D subsidies.
Another interesting North-South model was put forward by Diwan and Rodrik (1991) who take into
account different tastes of Northern and Southern consumers. In their model, the North and South have
different preferences over the direction technological progress should take. In such a case, a more
stringent protection of IPR in the South can induce Northern innovators to invent products more to the
Southern consumers’ liking, whereas under lax IPR protection it would be otherwise.
Duopoly models with spillovers and location concepts
Naghavi (2002) analyzes within a two-country setting the implications of IPR protection on the
location decisions of the Northern firm. He assumes that the South can gain access to the Northern
technology only after production has been moved to the South. The Northern firm then faces the
dilemma whether to serve the Southern market only by imports to avoid imitation or whether to go
multination to avoid trade costs but at the risk of knowledge spillovers to Southern producers. Naghavi
(2002) concludes that unless the R&D efficiency is very high, the South should always prefer a very
strict IPR enforcement. Along similar lines, Dinopoulos and Segerstrom (2004) develop a dynamic
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equilibrium model of the North-South trade, where Northern firms devote resources to innovative
R&D to improve the quality of existing products and Southern firms devote resources to imitate the
state-of-the-art quality of Northern products. They conclude that stronger enforcement of IPR
protection moderates the effects of globalization and leads to less copying of Northern products,
slower technological change and higher wage inequality between South and North. Dinopoulos and
Segerstrom (2004) further show that a small country in the South can increase its wage level above the
wages prevailing in the rest of the South by strengthening of the IPR protection, because in such
situation the small Southern country becomes more attractive for Northern FDI. One of the latest
contributions to this literature has been Naghavi (2005) who uses the models of Chin and Grossman
(1990) and Žigić (1998). Naghavi (2005) focuses in his five-stage model solely on the effects on the
Southern welfare. In the model, where first the IPR protection level is chosen by the Southern
government and based on the location decision of the Northern firm a Southern trade policy is chosen,
he shows that although the South may desire a lower level of IPR protection to reach its first-best
welfare, the Northern firm’s credible threat of exporting rather than undertaking FDI induces the South
to a stricter IPR regime. In other words, Naghavi (2005) concludes similarly as Dinopoulos and
Segerstrom (2004) that contrary to most of the existing literature, the South may under the specific
circumstances of his model prefer a stricter IPR protection that might be close to the level desired by
the North.
Duopoly and patent protection with spillovers
There is also a growing literature on the impacts of different types of patent protection when licensing
is another option to in-house R&D. Mukherjee (2002) shows that in a duopoly situation where both
firms can conduct research, strong patent protection increases R&D investment of at least one firm but
the effect on R&D investment of both firms is ambiguous. The impact of the possibility of licensing
by both firms’ has also an ambiguous effect on R&D levels, which may not increase in all situations.
Grossman and Lai (2002) associate the level of intellectual protection with the duration of a country’s
patent within a model of a two countries of different sizes with ongoing innovation process. They
found that larger market for innovative products typically enhances a government’s incentive to grant
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longer patents. The incentive for longer patent duration may also come from the R&D efficiency or
capacity. Therefore, in a non-cooperative equilibrium, their model predicts patent duration to be longer
in the North than in the South if the North has a larger market for innovative products and a greater
capacity for R&D. Vishwasrao, Gupta and Benchekroun (2004) let the Southern government choose
the optimal length of patent protection in combination with Southern tariff and FDI to show, that in
such a case the South may have motivation to protect patents over longer periods however never to the
extent Northern countries have.
R&D spillovers and absorptive capacity
Leahy and Neary (2004) analyze the effects of absorptive capacity of a firm when acquiring external
knowledge. They assume that acquiring results of R&D requires effort by the recipient firm, so that
spillovers are not purely exogenous, but the recipient firm has to invest in its absorptive capacity to be
able to realize R&D spillovers from other firms. This means that the level of usable rival R&D may be
less than the actual level of R&D carried out by other firms in the industry and the ratio depends on
firm’s own level of investment in R&D. In such setting, the dependence of absorptive capacity on own
R&D raises the effectiveness of own R&D but lowers effective spillovers. Leahy and Neary (2004)
see the effect of absorptive capacity as a motivation device for firms to actively participate in R&D
activities that may to some extent eliminate the original disincentive caused by firm’s own R&D
spilling over to competitors. In addition to that, Leahy and Neary (2004) show that an increase in
external knowledge has an extra strategic effect, which implies an additional strategic pay-off to
policies that raise the general level of research in the economy.
Other models with R&D spillovers
Dixit (1988) in his R&D competition model tried to incorporate uncertainty of R&D outcomes,
spillovers, crowding out, heterogeneous firms, sunk costs and recurrent costs of R&D and examined
the balanced of these forces. Even though his model was based on a different basis that those
previously mentioned, the interesting feature is that he allows for heterogeneous firms and countries.
According to his results, the optimum policy of the government will in general be firm-specific –
larger firms will be offered greater awards for winning. Similarly, in international competition a large
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country internalizes more of the negative externality in the form of R&D hazard rate and therefore
would be more cautious about subsidizing R&D, than a smaller country.
R&D duopoly models with differentiated goods and countries of different sizes
Haaland and Kind (2004) analyze the incentives for coordination of R&D policies within an economic
union while allowing for horizontally differentiated goods. They show that for two small innovating
countries (domestic consumption negligible) that do not cooperate, the subsidy game may end up in a
prisoners’ dilemma, where the producer countries end up providing R&D subsidies even though this
reduces their welfare. When they have the possibility to cooperate, then taxes would be optimal for
them (the closer horizontal substitutes the goods, the higher the R&D taxes) in order to reduce the
destructive competition between the firms. On the other hand, for two large countries both the cooperative and non-cooperative equilibrium yields positive subsidy improving their countries welfare.
The co-operative level of subsidy may be both higher and lower as non-cooperative depending on how
close substitutes are the two produced goods. Two countries of different sizes will in both cooperative
and non-cooperative situations end up with the larger country providing higher subsidies than the
smaller country.
Summary
To sum up the literature, we could say that there is an amount of literature focusing on the strategic
behavior of both the Northern and Southern governments in actively setting the level of IPR protection
and this way influencing the level of spillovers between the countries. In addition, the strategic game
is in this setting usually played by the Southern government that attempts to maximize its country’s
welfare, on one hand through stricter enforcement of IPR protection to motivate R&D activity in the
North or to attract FDI to the South or on the other hand through looser IPR protection when domestic
welfare can benefit more from increase of technology spillovers from the North. When a strategic role
was modeled for the Northern government in the IPR games, then the focus was rather on the
possibilities of the Northern government to punish to South through punitive tariffs rather than
analyzing the incentive structure for the North to subsidize R&D in the North-South setting.
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In the model developed in this paper, the strategic player is similarly as in Leahy and Neary (2001) the
Northern government that may decide to take strategic actions in the form of R&D subsidies in
response to existing levels of IPR protection and spillovers to improve Northern welfare. The reason
why we focus on the trade policy measures rather than IPR protection measures is that changes in IPR
standards usually take a long time to enact while subsidies can be introduced relatively quickly and
allow easier for cross-industrial differences.
4.2

Pure duopoly case

The part on the pure duopoly case without state involvement is built on the model of Chin and
Grossman (1990) and its modification by Žigić (1998) with two firms in two countries, where only
one firm conducts R&D activities. One firm is located in developed North and the second one in the
developing South. Both firms are assumed to operate in an integrated world market, so that there is
only one efficient world demand. Both firms compete in quantities.
The Northern firm conducts R&D and the Southern firm benefits from Northern R&D through
spillovers, without engaging itself in own R&D activity. It is also important to note that as shown
below in the scheme on R&D motivation, the R&D efforts in the model are translated into unit cost
reduction rather than product innovation or quality improvement of the existing products. In light with
existing literature, spillovers are assumed to occur at no cost, whereas e.g. imitation would imply an
active and costly process in order to disentangle the original innovation. In Chin and Grossman (1990)
only two situations were compared. First, in which there was basically no IPR protection and the
Southern firm could at no cost copy the innovations of the Northern firm and second, where there was
a full patent protection with no effective spillovers. Žigić (1998) and accordingly also Cukrowski and
Cabelka (1998) use a concept where not only these two extreme cases are allowed, but where the level
of spillovers (strength of IPR protection) is considered to be a continuous interval with outcomes also
between the two extremes. Technological spillovers are considered in this model to have the form of
“disembodied spillovers” in the terminology of Griliches (1991), who qualifies spillovers as
“embodied” if they relate to the purchase of goods and services whereas “disembodied” when the
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results of research in one firm are transferable to another firm without any trade having to take place
(which will be the case in this paper).

Figure 6: R&D motivation and internalization cycle of a firm
Demand pull

Firm
Profits

Internal R&D

Productivity, cost reduction

Product innovation, quality

Spillovers –
External Knowledge

Both the models of Chin and Grossman (1990) and Žigić (1998) are constructed as two-stage game –
first stage when the Northern firm chooses its R&D expenditure and second, when the firms compete
in quantities. In this paper, an additional stage will be added, in which the Northern government
decides about an R&D subsidy. The decision on the level of subsidy will occur in the first stage and in
the jargon of strategic trade policies will be considered as committed (“government program stage”),
the decision of the Northern firm about the level of its R&D activity will take place in the second stage
(“research stage”) and firms compete in quantities in the third stage (“marketing stage”).
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The Model and its dynamics
Let us follow the two-stage model first. Here, the strategic variable for the Northern firm is its level of
expenditures on R&D. We assume here perfect information on the side of the Northern firm that
chooses the level of R&D expenditure taking into account the subsequent competition in the world
market and also the spillover effects. In line with Žigić (1998) we assume a single world market with a
linear inverse demand function. Furthermore the initial pre-innovative cost of production of both the
Northern and Southern firm are assumed to be equal. As stressed by Cukrowski and Cabelka (1998),
this could also represent the case when the Northern firm is represented by a subsidiary, which is
physically located in the South and faces the same labor costs as the Southern firm. The unit cost
function of the Northern firm is following:

C ( x) = a − gx

(1.

Where a is a parameter representing the pre-innovative unit cost and the second expression describes
the R&D production function displaying diminishing returns with g (assumed to be non-negative)
representing the efficiency of the innovation process and x the actual amount of R&D investment. For
the unit costs to be non-negative, the condition x < a 2 g has to hold. The Southern firm with the same
level of pre-innovative costs of production benefits from the research activity of the Northern firm
through the spillover effect in the following way:

c( x) = a − β gx

(2.

Here, the parameter β represents the level of spillovers (in the purely North-South setting often
proxied by IPR protection) and moves within the interval 0 and 1 (with 1 representing no effective IPR
protection and 0 for a situation where no spillovers occur). In line with Žigić (1998) the linear inverse
demand function has the form:

P(q ) = A − (q s + q n )

(3.

Parameter A reflects the size of the market and qs and qn denote the corresponding outputs of the
Southern and Northern firms, subject to conditions A ≥ (q n + q s ) ≥ 0 and a ≤ A.
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We start our analysis of the firms’ behavior through backward induction from the marketing stage.
The level of R&D expenditure chosen, the firms would engage in Cournot-Nash competition. The
profit maximization problem of the Northern firm would look as follows1:

max π n = max[P(q n + q s )q n − C ( x)q n − x n ,0]

(4.

and for the Southern firm:

max π s = max[P(q n + q s )q s − c( x)q s ,0]

(5.

The reaction function of outputs of both firms can be rewritten as a function of R&D investment in the
following way:

q n ( x) =

A + c( x) − 2C ( x)
3

(6.

q s ( x) =

A − 2c ( x ) + C ( x )
3

(7.

P( x) =

A + C ( x) + c( x)
3

with price being set:

(8.

We can introduce these reaction functions into the profit function of the Northern firm and obtain the
Northern firm’s profit function in terms of R&D expenditures:

πn

2
A + c( x) − 2C ( x) )
(
=

9

− xn

(9.

If we now substitute into this expression equations (1) and (2) and maximize with respect to x n , we
obtain the optimal level of R&D expenditures of the Northern firm2, for an analysis of the parameter
values, see Proposition 1:

1

This condition is used similarly as in Cukrowski and Cabelka (1998), where for all economically reasonable
sets of parameters of the model the non-negativity profit condition holds in the equilibrium.
2
The second-order condition holds for all permissible values of parameters, the optimal value of R&D
expenditure is always positive (Cabelka, Cukrowski, 1998).
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g ( A − a ) (2 − β )
2

*
n

x =

[g (2 − β )

2

−9

2

(10.

]

2

To show the internal dynamics of the model, Figure 7 reviews on the example of a particular setting of
the key parameters the effects of investment in R&D and the spillover effects. The Northern firm can
shift its reaction function outwards thanks to the investment into cost reducing R&D. Correspondingly
shifts the reaction curve of the Southern firm, depending on the level of spillovers. As the shift of the
Southern firm’s reaction function occurs at no cost, there is a clear disincentive for the Northern firm
to invest into R&D when the level of spillovers increases, since this would in fact decrease Northern
firm’s terms of trade.
Proposition 1: In the North-South setting, when there is only the Northern firm investing in R&D, an
increase of North-South spillovers is always detrimental for Northern firm’s level of R&D spending
and profits when g < 3 (2 − β )(1 − β ) .
The condition for g comes from the requirement of the profit of Southern firm to be non-negative,
when the duopoly has to be maintained. The Southern firm’s profit can be after substitution of

x n* expressed as:

π

*
s

( A − a )2 [3 − g (2 − β )(1 − β )]2
=
[9 − g (2 − β )2 ]2

As this expression holds only for duopoly, it is valid only until the profit of Southern firm reaches 0 as
a result of increasing efficiency of Northern research, g. Hence, for duopoly to hold, the condition

g < 3 (2 − β )(1 − β ) has to be satisfied.
In duopoly, for reasonably low g from the interval (0,2) and g < 3 (2 − β )(1 − β ) , the effect of
increased spillovers on Northern firm’s R&D investment is always negative ∂x n* ∂β < 0 . This is
easily shown when we substitute optimal level of R&D into the Northern profit function and obtain:

π

*
n

2
A − a)
(
=
2
9 − g (2 − β )
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Figure 7: Reaction functions of Northern and Southern firms (for A=10, a=8,
g=0,5, β=0,5)
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It can be easily shown that since increasing spillovers decrease the motivation of the Northern firm to
invest into R&D, relaxation of the IPR protection leads to a decrease of consumer surplus in the world
market. Similarly as in the existing literature on this topic, country’s welfare will be computed as the
sum of domestic firm’s profit and domestic consumers’ surplus. The dominant strategy of the North
with respect to IPR protection in this model is clear: the Northern firm’s profit as well as domestic
consumer surplus decrease with higher level of spillovers, the North would always prefer a strict
enforcement of IPR protection. The dilemma for the Southern government is more complex in this
case: increasing spillovers on one hand increase the profits of the Southern firm, however through the
disincentive effect on Northern firm’s R&D spending reduce the Southern consumer surplus. It can be
therefore argued that for high share of South consumption, stricter enforcement of IPR protection
might be a dominant strategy of the South (however, for lower levels of g, the share had to be more
than 90 per cent, for details, see Žigić, 1998).
The interesting outcome of this model is the fact, that in terms of the optimal world welfare, there is a
positive level of spillovers, which on one hand does not allow the Northern firm to misuse its position
as the only innovator in the market, but on the other hand does not bear to many disincentives for the
Northern firm to invest into its own R&D. This is graphically shown in Figure 8 below.
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Figure 8: World Welfare in the duopoly model (for A=10, a=8, g=0,5)

Total welfare
1,98
1,96
1,94
1,92
1
0,5
1

0,8

0,6

0,4

0,2

1,88

0

1,9

market share

0

level of spillovers

From the analysis above the standard result about the harmful effect of spillovers on the profit and
total Northern welfare is obtained. This is also in line with the conclusions made by Chin and
Grossman (1990) where indeed the South generally benefits in terms of its social welfare from no IPR
protection.
There have been several theoretical attempts to show that there might be situations where the interests
of North and South coincide at a certain level of spillovers β. Žigić (1998) shows that for high
efficiencies of g (above 1,5) the South may on a limited interval of g and certain levels of consumption
benefit from a more rigorous enforcement of IPR protection. However, to obtain this result one would
have to make an additional assumption that the world market is divided between North and South
only. In his analysis, the North can benefit from relaxation of the IPR protection only in the case when
the Northern firm engages in strategic predation. In such a case, the Northern firm, faced with the
threat of entry, charges a lower price and invests more in R&D the higher the level of spillovers. When
the Northern share of consumption is not zero, then the losses in the North firm’s profits may be more
than offset by the increase of domestic welfare if g is sufficiently high. Nevertheless, the general
finding for the duopoly situation was that the North benefits from lowering the parameter of spillovers.
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The model of Žigić (1998) has been approached by Cukrowski and Cabelka (1998) from a slightly
different angle using an evolutionary concept assuming that firms do not have perfect information
about the competitors and are not perfectly rational. Interestingly, they came to the conclusion that
producer and consumer surpluses, as well as social welfare in each country increase if the level of
spillovers increases. Such a conclusion clearly contradicts the outcome of the game-theoretical model
of Žigić (1998) as well as earlier literature on this topic. However, as will be shown in the next part of
this study, the departure from purely duopoly setting may lead to similar results about the positive
aspects of increased spillovers even in the game-theoretical models.

4.3

State-involvement duopoly case

In the previous part, the only way the government could influence the competitive outcomes in the
market were through its influence on the level of spillovers by strengthening or relaxing the IPR
protection in order to maximize its country’s welfare. However, as has been shown in the first part of
this paper, governments have a broader arsenal of tools. The tool that receive more and more attention
over the last time and that we focus on are different forms of R&D stimulation of own firms. The
motivations may have very different forms, ranging from tax brakes to different governmental
programs focused on particular industries. Effective R&D motivation may be also covered behind
state procurement of high-tech products from domestic firms.
Let us first analyze if there is any motivation in the existing framework for the government to
subsidize R&D. There are three main areas or reasons why a government could decide to subsidize
R&D costs of domestic firms:
1) Strategic improvement of domestic firm’s position in the market;
2) Strategic R&D subsidies improving domestic welfare;
3) Other benefits resulting from R&D conducted domestically.
The strategic improvement of domestic firm’s position in the market stands in fact for what may be
called the “third-market strategic trade policies”. Here, according to existing theory (Brander, Spencer,
1983) a subsidy in a form of export or R&D subsidy might shift the competitive outcome from the
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Cournot quantity competition to what would be the Stackelberg equilibrium, where the subsidized
domestic company would be the Stackelberg leader. According to Brander and Spencer (1983), in
situations where export policies are prohibited by international agreements, R&D subsidies may be
used as a second-best option to capture the benefits of strategic trade policies. The cost of the subsidy
would then be more than compensated by the additional profit or rent gained by the subsidized
domestic company and hence domestic welfare could be improved this way. However, in our setting
where one company is able to some extent appropriate R&D developed in the other company, the pure
strategic trade policies cannot be applied. It can be easily shown that even though a positive subsidy
would improve domestic firm position in the market, the subsidy would not be sufficiently
compensated in domestic company profit as long as duopoly remains in the market. One of the main
conditions for a positive subsidy to be introduced as a mean of profitable rent shifting was the
determent effect of increased domestic R&D spending. For this policy to be profitably applicable, an
increase in domestic R&D spending would have to be compensated by lower R&D spending by the
competitor in a duopoly setting (∂x2/∂x1≤0, see e.g. Brander, Spencer, 1983). Only in such situation,
the positive effects on domestic firm profit can more than outweigh the additional costs incurred by
the government through R&D subsidies. However, the fact that the strategic policies are not a
beneficial option in North-South duopoly case does not exclude the potential of the government to
improve domestic welfare through other strategic policies when the setting is different. For more
formal analysis, see Propositions 2 and 4. One of the few papers so far taking into account the
potential for a strategic policy action within the IPR protection models was Žigić (2000) who focuses
on the possibility of the North to introduce punitive tariff on goods exported from the South to the
North when the South violates Northern property rights. According to his analysis, such strategic
behavior of the Northern government could improve Northern firm’s position close to what was
predicted by strategic trade policies. Also the recommendations on optimal policies and optimal R&D
subsidies given by Leahy and Neary (2001) are not very useful in the North-South setting, since
spillovers do not perform their strategic role as they do not motivate the Southern firm to invest more
into R&D as it is only a passive recipient of Northern R&D advances. In a more recent study, Žigić
(2003) looks at the differences in outcomes of strategic R&D policies when the actions of the
39

government are committed vs. non-committed. He shows that the non-committed government
generally achieves a higher welfare and levies a lower optimal tariff than the committed government.
For the purposes of this study, the most interesting result of Žigić (2003) is that he shows in a more
general setting, that for the North-South duopoly, R&D subsidies may have as a second-best policy
tool positive effect on Northern welfare regardless whether accompanied or unaccompanied by
optimal tariff on Southern production.
The effect of R&D subsidies that we will take into account in the following analysis of the duopoly
model is the second aspect, namely the positive effect of higher R&D on domestic welfare. In the
duopoly case the effect of R&D subsidies would be reflected in the impact on domestic firm’s profit
and domestic consumers’ surplus. But how should the government find an optimal subsidy? The
function that the government is now maximizing is the function of domestic welfare, defined as a sum
of domestic firm profit and domestic consumers’ surplus. We can use the backward induction used for
calculating the solution in the previous part. In the marketing stage, it is reasonable to assume that the
firms would follow the profit maximization conditions described in the previous section. An R&D
subsidy could only alter the outcome, however not the motivation. So we have to move towards the
development phase. Here, the company sets the level of R&D expenditure that maximizes its own
profit. However, it takes into account just the effect of x on price, own and competitor’s production
and its own profit. It does not include into its decision making the R&D effects on lower prices and
hence higher domestic consumers’ surplus. But it is reasonable to expect that an optimal subsidy
should be able to shift the company to what could be achieved when the company would have taken
whole domestic welfare into account (its own profit, consumer surplus and all costs of R&D). The idea
of taking into account the domestic consumer welfare has not received much attention yet within the
literature on strategic actions by governments when subsidizing R&D. Christoffersen (2002) analyzes
the cross-dependency between domestic company’s profit and domestic consumer surplus in a
Bertrand competition where both governments may act strategically. She considers similarly as we
will in the following part the difference between the optimal reaction function of the government and
the domestic firm. In her model, the incentives for the government to subsidize R&D increase even in
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the face of strong foreign rival, if there are sufficient consumers in the home market. Christoffersen
concludes that even though much has been written on innovative activity and subsidies for investment
in R&D, national strategic research agendas ignore the consumer and demonstrates that “the location
of the consumers of the goods produced by the subsidized firms is critical in determining the
optimality of such subsidies” (Christoffersen, 2002, pg. 47).
There may be also additional arguments in favor of R&D subsidization such as the effect of new job
creation or the creation of high-skilled jobs in the research sector. However, these effects are quite
difficult to be measured or assessed and therefore they are not included in our further analysis. The
difficulty with estimates of potential effects of strategic trade and industrial policies on e.g. the wage
level can be demonstrated by the results of the econometric analysis conducted by Dickens (1995)
who concluded that the effects of policies to favor high-wage sectors are likely to be very small in
developed economies.
The following diagram aims to summarize the above discussion about the individual factors the
government may take into account in its decision making on its optimal involvement in the R&D
process. Similarly as in the diagram on optimal R&D expenditure by individual firms, the continuous
lines indicate the parameters that will be incorporated in our analysis. We can look at the challenge of
the Northern government similarly as at the appropriability problem of an individual firm. The only
way the firm can benefit from conducting R&D activities is the expected increase of its own profit.
However, for the government the issue is more complex. R&D can result not only in higher profits of
domestic firm, it may have positive impact on domestic consumers’ surplus or lead to other benefits
within the host country economy.
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Figure 9: Northern country’s internalization problem with one innovating firm
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Let us construct a situation, where the Northern government would be able to induce such spending on
R&D, which would maximize its objective function (domestic welfare as a sum of consumer surplus
and profit). We focus here solely on the motivations and strategies of the Northern government in
terms of potential welfare improvement via R&D subsidies. For this reasons we take the level of
existing spillovers as given and analyze solely the optimal use of R&D subsidies by the Northern
government. The focus on purely Northern welfare enables us to departure from the rather strict
condition usually found in the North-South literature, where the world market is assumed to be split
between the North and South only. On one hand such assumption can be helpful when there is an
attempt to show that there might be a mutually beneficial level of R&D spillovers for both the North
and South when the individual consumer surpluses in both countries are taken into account (e.g. Žigić,
1998), however on the other hand to expect consumption to occur only in producing countries is as
such not fully justifiable. A more general approach applied in this paper where we focus only on the
share of consumption of the North without any implications for Southern consumption share enables
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to cover even situations where besides the producing country in the North and producing country in
the South other countries participate in the consumption of the good. Similarly as in reality, for the
decision-making of the Northern government, the split of consumption among other countries than
North does not enter into the analysis of welfare maximization of the North and the distribution of
foreign consumption does not influence the optimal R&D expenditure and production levels
The Model and its dynamics
Let us define the share of the Northern country consumption on the total consumption of given good
as θ (0 ≤ θ ≤ 1) . The Northern country welfare function taking into account the share of Northern
consumer surplus would have the following form:

Wn = θ * CS n + π n

(11.

We now construct a hypothetic situation in which the company would take in its decision making on
optimal R&D expenditure into account beside its own profit also domestic consumer surplus. The
post-R&D behavior in the market would be the same as in the previous case hence the reaction
functions (as defined in equations 6 and 7) of the competing firms remain the same, the welfare
function of Northern firm (Northern firm profit function where both firm’s profit and Northern
consumer surplus are taken into account) would look as follows:

1 θ (2 A − C ( x) − c( x) )2 + ( A + c( x) − 2C ( x) )2
Wn = 2
− xn
9

(12.

After substitution of equations (1) and (2) into the welfare function and deriving with respect to x n we
obtain the following formula for the optimal amount of R&D:

g ( A − a ) [(2 − β ) + θ (1 + β )]
2

x

*
nθ

=

[9 − g (2 − β )

2

2

2
− 1 gθ (1 + β )
2

]

2

(13.

From the expression of optimal level of R&D spending when domestic consumers’ welfare is taken
into account, it is clear, that the impact of larger market share θ on the optimal amount of research
conducted will always be positive for the range of g where duopoly holds. It is logical to expect that
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with higher motivation to invest into R&D due to the existence of consumer surplus, the Southern firm
might be driven out of the business if the spillovers are rather low and when the efficiency of Northern
R&D (g) is high. Since now the Southern firm’s profit would have the form of:

π s*θ =

( A − a )2 {9 − g (2 − β )[3(1 − β ) + θ (1 + β )]}2
2 2
9[9 − g (2 − β ) ]

(14.

the condition for g could now be given by g < 9 (2 − β )[3(1 − β ) + θ (1 + β )] . Whenever g does not
satisfy this condition, the Southern firm’s profit would be negative and it would opt to leave the
market and monopoly of the Northern firm would be created.
Now, using the above-developed framework, we can consider a case where the government decides to
subsidize R&D of the domestic company. Probably the most straightforward way to model the subsidy
is to let the subsidy (1-s) be expressed as a fraction of total R&D costs covered by the government
(this yields for zero subsidy s=1 and for situation when all R&D expenditures would be covered by the
government s=0). Such arrangement can in fact cover even a situation where the actual decrease of
R&D costs is achieved through tax brake. However, to keep the analysis simple enough, we deal only
with R&D subsidies, yet the findings could be easily transferable even for the tax-break situation. The
decision-making of the Northern firm would then look as follows:

max π ng = max[P (q n + q s )q n − C ( x)q n − sx n ,0]

(15.

If we followed here the same logic as in the no-state involvement duopoly case and added just the
subsidy into the framework, we would receive an equation of optimal R&D spending in the following
form:

g ( A − a ) (2 − β )
2

x

*
ng

=

[g (2 − β )

2

− 9s

]

2

2

(16.

If the government were to motivate the company to invest into R&D as if it took into account also
domestic consumer surplus, then the level of the subsidy had to create equation between the optimal
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levels of R&D as given in the equations (13) and (16).3 The welfare function of the Northern
government would now incorporate also the cost of subsidy that is born by the Northern government
and would have the following form:
*
Wng = θ * CS n + π ng − (1 − s ) x ng

(17.

Finally, a calculation of optimal subsidy maximizing Northern country welfare for given level of R&D
spillovers would yield the following formula:

[

2
(2 − β ) 9 − g (2 − β )2 − 12 gθ (1 + β )2
g (2 − β )
s =
+
9
9[2 − β + θ (1 + β )]
*
θ

]

(18.

This equation reflects the effects of the share of domestic consumption, whereby a larger share of
domestic consumption favors higher optimal subsidy. Figure below shows the values of the R&D

(

)

subsidy 1 − sθ* in per cent of total R&D spending for particular values of g. We can observe that for
no domestic consumption share the optimal subsidy would be 0 per cent ( sθ* = 1 ). It also shows that
for other situations, it may be beneficial for the government to compensate some of the losses the
company incurs through spillovers. This motivation to subsidize is significant especially if the
domestic share of consumption is high, because higher domestic spending on R&D leads to higher
efficiency even in the foreign firm and this is positively reflected in the decrease of price and increase
in domestic consumers’ surplus values.

3

Note that for the Northern government, the distribution of benefits between the domestic firm’s profit and
domestic customers is unimportant in this setting.
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Figure 10: Welfare optimizing level of R&D subsidy in per cent (for g=0,5)
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After substitution of the optimal R&D subsidy into our analysis, we can observe the welfare effects.
Since we optimized in terms of domestic effects, it is certainly no surprise that the total effect of the
subsidy on domestic welfare is either zero or positive. More interestingly, it is clear from the chart that
for low levels of spillover effects, the subsidy does strengthen domestic company at the expense of the
foreign one. The stronger competitive position of domestic company does lead to such decrease of
foreign company’s profit so that it decreases even the total welfare.

Figure 11: Effect on Domestic Welfare of optimal R&D subsidy (for A=10, a=8,
g=0,5)
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Figure 12: Effect on Total Welfare of optimal R&D subsidy (for A=10, a=8, g=0,5)
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We obtain the interesting outcome that even though increasing spillovers and more relaxed intellectual
rights protection reduce domestic welfare as such, strategic subsidization of domestic R&D may
reduce these effects and for very large share of domestic consumption in the total market the negative
impact of spillovers may became almost negligible.
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Proposition 2: 1) In a North-South duopoly setting where only the Northern firm innovates, there is
no reason for strategic trade policies in the form of Northern R&D subsidies in a third-country market
model (both North and South pure exporters) as the subsidies do not have the strategic deterring effect
and the cost of these subsidies is larger than the accrued benefits in the form of rents and profits of the
Northern firm. 2) There is however a potential for Northern welfare-improving R&D subsidies when
there exists consumption in the North and when Northern consumers’ surplus is taken into account.
1) The standard rent-shifting effect described by Brander and Spencer (1983) predicts an optimal
export or R&D subsidy when foreign output is a strategic substitute for home output, in other words
commitment of one firm to larger output reduces the output of the other firm in that industry and raises
first firms profits and welfare. However, in our case when only one firm invests into R&D, the
*
from the duopoly model into the Northern firm’s
situation is quite different. When we substitute x ng

profit function we obtain:

π

*
ng

=

s( A − a )

2

9s − g (2 − β )

2

If the assumption of strategic trade policies according to Brander and Spencer (1983) were to be valid
in this case, then additional government subsidy should convey additional strategic benefit increasing
Northern firm’s profit by more than the cost of the subsidy. The Northern welfare function with no
domestic consumption can be rewritten as follows:

Wng =

s( A − a )

2

9 s − g (2 − β )

2

− (1 − s ) =

( A − a )2 [9s 2 − g (2 − β )2 ]
[9s − g (2 − β )2 ]2

The condition on optimal subsidy ∂Wng ∂s = 0 yields that the Northern country’s welfare function is
maximized when s = 1 , or in other words, when there is no subsidy. ( ∂ 2Wng ∂ 2 s < 0 holds always
for given parameters).
2) If there is no consumption in the North, the national welfare is defined only by the profits of the
Northern firm and is maximized by the firm itself and hence the optimal subsidy after substitution
for θ = 0 is always zero ( s = 1 ). The optimal subsidy always increases with the increase of Northern
market share ( ∂sθ* ∂θ > 0 ). ■
What are the implications of the fact that the optimal R&D subsidy depends not only on the type of
market competition but also on the level of spillovers and the market share of domestic consumers in
the world market? The model clearly shows that even under the simplified assumptions of the model,
there is nothing like one-size-fits-all policy with respect to R&D promotion. Large countries (with
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larger market share in the world market) have a greater motivation to subsidize R&D than smaller
countries. This in fact magnifies what we call the demand-pull effect. Not only have firms in large
countries the advantage of proximity to a large market that has been in some econometric studies
identified as crucial for high innovation rates, but in addition to that even the governments of larger
countries have higher incentives to subsidize research in comparison to governments of smaller
countries, other things being equal. In fact, an attempt of smaller countries to subsidize research to the
extent large countries do proves within this framework as welfare detrimental, unless there are not
additional benefits from R&D activities not captured in the setting of this model.
This is in light with the conclusions of the model of Haaland and Kind (2004) with no spillovers,
where they analyze the optimal R&D policies depending on different country positions. They show
that 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 emphasize the effects on
domestic consumers as well as export income.
This natural disadvantage of small countries could be arguably compensated through two different
ways. One way would be a higher integration into a larger international structure either in the form of
joint research projects or through an international redistribution of governmental resources, as can be
observed in e.g. some European-wide research projects. The other way how small countries could
eliminate the governmental intervention would be to extend the prohibition of subsidies even for the
area of R&D subsidies, which would level the playing field for firms from small and large countries.
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5 Two-sector R&D Model with Spillovers
In this part we try to look beyond the results of a standard duopoly model by an introduction of a
second duopoly sector to the analysis. The theoretical framework developed in the existing literature
on the North-South R&D games does not provide sufficient room to deal with the positive effect of
domestically conducted R&D such as domestic inter-industry spillovers. In the empirical part of this
study, conclusion from empirical analyses were presented, according to which spillover effects are
observably higher within one country and relatively rapidly decrease with distance. The current
literature is usually split between studies dealing with geographic locations of firms and studies
analyzing the effects of R&D in imperfect markets in international rivalry. It is the ambition to
connect these two branches of existing literature and to draw some conclusion from this that could
shed more light into what governments can do in response to the spatial distribution of production. In
addition, the discussion shows the effects of region’s or country’s specialization and excellence in
close technologies beyond the standard one-champion-type analysis.
Before presenting the model we briefly review here some relevant literature that dealt with spillover
effects between companies conducting R&D in duopoly or oligopolistic setting. One of the founding
papers on this issue was presented by Spence (1984) who examined the interdependency of optimal
R&D expenditure for firms in a particular industry under the existence of spillovers. He analyzed the
incentives and disincentives of spillovers on R&D spending and argued that due to the public good
nature of R&D output it is preferable to supply the public good publicly or subsidize the private
supplier of this public good. D’Aspermont and Jacquemin (1988) analyze a simple duopoly model
with symmetrically acting firms and show that the impact of level of spillovers on increase or decrease
of R&D expenditure depends on the form of competition/cooperation in between the firms, with
cooperation in the research stage giving generally the best outcome in terms of welfare. De Bondt,
Slaets and Cassiman (1992) present a particularly interesting study on the effect of the level of
spillovers and the number of competitors in oligopolistic industries. They show that for rivals in an
oligopolistic market, the spillovers that maximize profits are larger than the leakage at which welfare
is maximized. This is due to the fact that for high spillovers, the competitors may free ride on
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inventions of each other. Both profitability and welfare are maximized in their setting for an
intermediate magnitude of spillovers in homogenous oligopoly or a differentiated industry with many
rivals. For differentiated oligopolies with few rivals, only perfect spillovers maximize profits and
welfare. An analysis that goes into a similar direction as this study in combining domestic and
international spillovers is Leahy and Neary (1997). They have focused on the strategic options of
government in a setting where they allowed also for inter-industry spillovers on the local level and
intra-industry spillovers internationally. As they considered preliminarily interactions between
domestic and foreign innovators, they showed that when strategic behavior of the firms exists, the
incentives to subsidize R&D may be overruled and R&D tax may be justifiable. In the absence of
intra-industry spillovers a home firm tends to over-invest strategically in R&D and so an R&D tax is
justified. However, for large intra-industry spillovers, domestic firms tend to under-invest in R&D and
an R&D subsidy is justified, even though the spillovers accrue to a foreign firm.
In the model presented below, we analyze how these theoretical conclusions would fare in a NorthSouth setting where only one firm in a given industry performs R&D activities and the other free rides.

5.1

Two-sector model with R&D activity in both sectors

In order to keep the analysis clear and transparent enough, we have to make several concessions to
generality. We assume throughout this part that that are two sectors (Industries) that have the same
duopoly market structure, each face the same linear world demand as in the duopoly case and have the
same structure of their costs. In both sectors, there is one Northern firm and one Southern firm, with
the Northern firms investing into R&D and the Southern firms benefiting from Northern R&D
activities through spillovers.
Similarly as in the previous model, we allow for spillover effects between North and South, but in
addition we introduce parameter γ that reflects the level of inter-industry spillovers within North. As
the Southern firms are again assumed not to be conducting any own research, Northern firms benefit
only from other Northern firm’s R&D while the Southern firms benefit from R&D conducted in both
Northern firms. In contrary to the standard view of the North-South literature on spillovers, we do not
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necessarily restrict ourselves in the following discussion to consider spillovers defined strictly as
externality (as e.g. in Grossman, Helpman, 1992) but use a more recent definition that comprises also
the voluntary exchange of useful knowledge (as in e.g. De Bondt, 1999). For simplification we do not
consider specific situations of joint research ventures but merely analyze alongside similar lines the
impact of knowledge dispersion, both voluntary (for simplification however without any positive
payoff for the innovator) and involuntary.
For the cost functions of the Northern firms we can therefore write the costs functions as functions
depending on firm’s own spending but also depending on the R&D of the other Northern firm
multiplied by the spillover parameter reflecting how technologically close the two sectors are and how
easily the knowledge and technology flows between these two firms. For simplicity of the model we
assume that the spillover effects have the same value from industry 1 to industry 2 as well as from
industry 2 to industry 1. The above assumptions give for the unit costs functions of Northern firms the
following expressions:

C ( x)1 = a − gx1 − γ gx2

(19.

C ( x) 2 = a − gx2 − γ gx1

(20.

where γ stands for inter-industry spillovers in the North. The Southern firms benefit similarly as in the
pure duopoly case from the R&D activities, both in the Northern firm that is the direct competitor but
also from the other Northern firm. Again, we assume here that the North-South spillovers within one
sector are the same for both Industries and also the inter-industry North-South spillovers are for both
sectors equal. The Southern cost functions have then the following forms:

c( x)1 = a − β gx1 − β 2 gx 2

(21.

c( x) 2 = a − β gx 2 − β 2 gx1

(22.

with β standing similarly as in the duopoly model for intra-industry spillovers from North to South
and β 2 for inter-industry spillovers from North to South.
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The profit maximization problem of Northern and Southern firms will follow the same sequence as in
the duopoly example. We use the backward induction again, first maximizing with respect to
quantities and then with respect to R&D. Given the fact that we assumed the same structure as in the
duopoly case, the quantity maximization would yield the same results, as the specific forms of the cost
functions enter the analysis only in the R&D maximization stage. For any of the Northern firm we can
therefore express the profit function as:

( A + c( x) − 2C ( x) )2

π 1n =

9

− x1n

(23.

Now we assume that both firms simultaneously choose their optimal levels of R&D spending. For
both sectors we follow a similar procedure as we did in the pure monopoly case. Given the fact that
the cost functions and hence the optimal level of R&D spending depend always also on the other
Northern firm, we obtain for simultaneous optimization the following expression for the optimal R&D
spending:

g ( A − a ) (2 − β )
2

x1*n =

2

(24.

[9 − g (2 − β )(2 − β + 2γ − β 2 )]2

This solution is in our simplified setting symmetric for both sectors. When looking at the stability of
the Nash-equilibrium, it can be easily shown that the condition of local stability (according to e.g.
Tirol, 2003)

(∂ π
2

1n

)(

) (

)(

∂ 2 x1n ∂ 2π 2 n ∂ 2 x 2 n > ∂ 2π 1n ∂x1n ∂x 2 n ∂ 2π 2 n ∂x 2 n ∂x1n

)

always holds

for 2γ > β 2 . In such a case, the R&D expenditure by one firm is regarded as strategic complement by
the other firm because the other firm’s R&D expenditure positively contribute to firm’s own profit.
When this condition is not satisfied, the stability of the equilibrium depends on the parameters of the
model. However, it is quite reasonable to assume that domestic spillovers between the Northern firms
should reach at least half of the outgoing intra-industrial spillovers. To keep the further analysis more
simple and without a major loss of generality, we assume permissible parameters of the model to be
the ones for which holds the condition 9 > g (2 − β )(2 − β + 2γ − β ) . This means in other words that
we control for too high levels of R&D efficiencies.
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The Figure below depicts the reaction functions of the two innovating Northern firms when they set
the optimal level of R&D expenditure. As discussed above, R&D expenditure is in this setting
strategic complement and hence the reaction curves are positively sloped. The Figure shows the effect
of an increase of γ from 0,5 to 0,6. The increase of intra-national spillovers in the North has a similar
effect as an increase in the efficiency of Northern research and as such leads to an increase in optimal
level of R&D expenditure.

Figure 13:

Reaction functions of Northern firms when setting optimal level of R&D (for
A=10, a=8, g=0,5, γ1=0,5, γ2=0,6)
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The profit function of the Northern firm can be after substitution of the optimal R&D spending into
the Northern firm profit function rewritten as:

π

*
1n

2
2
(
A − a ) [9 − g (2 − β ) ]
=
[9 − g (2 − β )(2 − β + 2γ − β 2 )]2

(25.

Similarly, for the Southern firm the profit can be expressed as:

π

*
1s

( A − a )2 [3 − g (2 − β )(1 + γ − β − β 2 )]
=
[9 − g (2 − β )(2 − β + 2γ − β 2 )]2
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(26.

Proposition 3: In a two-sector North-South symmetric duopoly setting where both Northern firms are
innovating and simultaneously choose their R&D expenditure, the optimal R&D expenditure and
profits of Northern firms increase in comparison to one-sector setting whenever intra-national
spillovers between the Northern firms are at least half of the inter-industrial spillovers from North to
South. In addition to that, when the spillovers between Northern firms are higher than inter-industry
spillovers from North to South, Northern firms are more likely to achieve a monopoly position in the
world market.
Substitution of 2γ = β 2 into the equation of optimal R&D investment and into the optimal profit
formula yields the same expressions as in the pure duopoly case. Hence, it is clear that when the
equation 2γ = β 2 holds, then, ceteris paribus, the optimum R&D investments and Northern profits
remain unchanged. As both ∂x1*n ∂γ > 0 and ∂π 1*n ∂γ > 0 , any increase of γ above 2γ = β 2 would
result in a positive effect on both optimal R&D expenditure and profits.
The duopoly in both symmetric markets remains maintained whenever the Southern firm generates
non-negative profits. This holds for g < 3 (2 − β )(1 + γ − β − β 2 ) and the Southern firms’ profit can
be written as:

π

*
1s

( A − a )2 [3 − g (2 − β )(1 + γ − β − β 2 )]2
=
[9 − g (2 − β )(2 − β + 2γ − β 2 )]2

From the non-negativity condition of the Southern profits in the two-sector model in comparison to
the pure duopoly situation, we can easily derive that when γ > β 2 , the critical value of g decreases
for given parameters of the model and therefore Northern firms are more likely to achieve a monopoly
position in the market than they would be able to in the pure duopoly setting. ■

In the chart below three situations of Northern firm’s optimal R&D expenditure are presented. The
black line depicts the optimal choice according to the pure duopoly decision making from previous
chapter. The red and blue lines characterize the situation when the Northern firm takes into account the
positive spillovers coming from the other Northern firm. The red line represents a situation when both
domestic and international spillovers are equal (γ = β = β 2 ), the blue line a situation where domestic
spillovers are twice as high as international spillovers (γ = 2 β = 2 β 2 ). It can be easily seen, that
higher spillovers between Northern firms compensate to some extent the negative effect of
international spillovers.
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Figure 14: Optimal R&D spending in pure duopoly and in a two-sector setting (for
A=10, a=8, g=0,5, γ1=β= β2, γ2=2β= 2β2)
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5.2

State-involvement two-sector model with R&D activity in both sectors

In the simple duopoly model in previous chapter we concluded that when there is no domestic
consumption of the good and when there is no strategic reaction on the side of the foreign firm in
terms of R&D expenditure, it would be welfare detrimental for the Northern government to subsidize
R&D. The subsidies became welfare-improving only when they could be reflected in an increase of
Northern consumer surplus. In this part, we have the ambition to analyse whether the conclusions from
the simple duopoly model hold in the two-sector model too and whether there could not be another
reason for subsidizing R&D beyond what was discussed in previous chapter when intra-national
spillovers are part of the analysis.
The internalisation problem of the North remains very similar to the situation of simple duopoly,
however the existence of two Northern innovating firms adds one more dimension into the Northern
country’s decision making. We make the analysis simpler here by excluding domestic consumer
surplus from the analysis. We do exclude again from the analysis other potential benefits from R&D
activities for the North. Still, as will be shown below, the analysis does not lose on its complexity and
yet yields new insights into the problem.
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Figure 15: Northern country’s internalization problem with two innovating firms
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The Model and its dynamics
There are two ways in which an R&D subsidy could be introduced in this setting. The Northern
government could either decide to subsidize R&D expenditures equally in both firms or give different
weights to R&D activities in individual firms. Here, we analyze the first option that allows us to
maintain the symmetric solution. The profit maximizing problems of individual firms would then have
the following form for the Northern firm operating in Industry 1:

max π 1ng = max[P (q1n + q1s )q1n − C ( x)q1n − sx1n ,0]

(27.

and for the Southern firm from the same Industry

max π 1sg = max[P (q1n + q1s )q1s − c( x)q1s ,0]
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(28.

This will analogically apply also for the second sector with its Northern firm solving the maximization
problem given by:

max π 2 ng = max[P (q 2 n + q 2 s )q 2 n − C ( x)q 2 n − sx 2 n ,0]

(29.

and the Southern firm

max π 2 sg = max[P (q 2 n + q 2 s )q 2 s − c( x)q 2 s ,0]

(30.

Following the same logic as in previous calculations with competition in quantities and maximizing
for the two Northern firms in R&D expenditures, we obtain the following expression for the optimal
R&D expenditure by Northern firms:

g ( A − a ) (2 − β )
2

x1*ng =

2

[9s − g (2 − β )(2 − β + 2γ − β 2 )]2

(31.

Here again, for permitted parameters of the model (in the case of subsidy in the two-sector model

9s > g (2 − β )(2 − β + 2γ − β 2 ) ), the subsidy would lead to an increase of optimal R&D by
individual Northern firms. After substitution of the optimal R&D into the Northern firm’s profit
function we get:

[

s ( A − a ) 9s − g (2 − β )
2

π 1*ng =

2

]

[9s − g (2 − β )(2 − β + 2γ − β 2 )]2
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(32.

Proposition 4: In a two-sector North-South symmetric duopoly setting where both Northern firms are
innovating and simultaneously choose their R&D expenditure, there exists an optimal R&D subsidy
that leads to an increase of Northern country welfare even if there is no domestic consumption in the
North. The optimal subsidy is positive as long as intra-national spillovers between the Northern firms
are at least half of the inter-industrial spillovers from North to South.
The welfare of Northern country, when there is no domestic consumption and when both firms’ R&D
is subsidized on an equal basis, has the following form:

(

Wng = π 1ng + π 2 ng − (1 − s ) x1*ng + x 2*ng

)

After substitution for profits and subsidies and setting ∂Wng ∂s = 0 we obtain the expression of
Northern welfare-optimizing subsidy in the form of:

s=

2−β
2 + 2γ − β − β 2

Clearly, for given parameters of the model, this subsidy is always positive and is smaller than one as
long as 2γ > β 2 . In other words, this means that as long as the spillovers between the Northern firms
are at least half of the inter-industry spillovers between North and South, it is beneficial for the
Northern government to subsidize their firms’ R&D. The second-order condition ∂ 2Wng ∂ 2 s < 0
holds for all permissible values of the parameters of the model. ■

What is the logic behind the conclusion that in the two-sector setting there are arguments for strategic
R&D subsidies even if there is no domestic consumption and subsidies have no deterring effect on
competitors? In fact, Northern companies under-invest in R&D in comparison to what would be the
socially desirable outcome because they do not internalize the spillover effects generated by their own
R&D activities. In our setting, both Northern firms do take into account only the effects of the other
Northern firm’s R&D on their own position, however for reasons of non-appropriability could not
internalize the positive spillovers generated by themselves. Nevertheless, the government is in a
different position. Under the assumption of perfect information, the government could internalize in its
decision making all effects resulting from firms’ activities and decide to subsidize R&D whenever the
firms’ R&D spending threats to end below the social optimum.
To show the impact of the above-derived conclusions, there are two particular scenarios below that
show the effects of spillovers between Northern firms when strategic subsidization of R&D by
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Northern government takes place. In the first case (red line), all spillovers are assumed to be equal

(γ = β = β 2 ), in the second case (blue line) spillovers in the North are assumed to be twice as high
as international spillovers between North and South (γ = 2 β = 2 β 2 ). Let us first look at the level of
optimal R&D subsidy. From the expression of optimal subsidy it follows that the higher the domestic
spillovers in comparison to international ones, the higher the optimal subsidies by Northern
government.

Figure 16: Northern country’s optimal level of R&D subsidy (for A=10, a=8, g=0,5,
γ=β=β2 and γ=2β=2β2)
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Let us now closer look at the situation where the spillovers are all equal (γ = β = β 2 ) . The chart
below compares the optimal R&D investments undertaken by Northern firm in response to observed
spillovers and subsidy level. Precisely for these parameters, the optimal subsidy moves away all the
disincentives of increased international spillovers and enables the Northern firm to invest the same
amounts of money as it would if there were no leakages to the Southern firm.

Figure 17: Northern firm’s optimal level of R&D expenditure (for A=10, a=8,
g=0,5, γ=β=β2)
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Similarly, when all spillovers are equal, the optimal subsidy enables the Northern government to keep
Northern welfare at the same level regardless of the increased spillovers from North to the South. This
is due to the fact that even though the Northern government has to spend money on R&D subsidies,
the North benefits from increased profits of the subsidized firm. The firm’s profits rise because at the
same level of R&D spending it benefits more from increasing spillovers from the other Northern firm.
If we substitute the optimal subsidy into the Northern welfare function, we obtain the following
expression:

W1*ng

γ =β =β2

=

g(A − a)
9 − 4g

2

(33.

It is quite easy to see that indeed the Northern welfare in this case is not negatively influenced by the
increase of spillovers.

Figure 18:

Northern country’s welfare attributable to one Northern firm – profit minus
subsidy (for A=10, a=8, g=0,5, γ=β= β2)
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The situation becomes even more interesting when we analyze the second scenario where spillovers in
the North are greater than those from North to South (γ = 2 β = 2 β 2 ). What does make us believe
that the difference between intra-national and inter-national spillovers could be so persistent and high?
In the previous parts, empirical studies were reviewed that estimated the effect of distance on the
efficiency of spillovers. If we proxy the spillovers by the flow of knowledge between countries and
regions, we can support the above consideration by e.g. the results of an analysis by Peri (2003) who
showed that on average in all analyzed industries, 15 per cent of the generated knowledge is absorbed
within the country of origin, whereas only 9 per cent of this knowledge can be traced internationally.
A similar relationship holds according to Peri (2003) even for some specific industries with a
generally higher level of flow of knowledge such as the computers: 40 per cent is used within the
country of origin while 20 per cent efficiently leaks outside the country of origin. For the purposes of
this analysis, the 1:2 ratio is taken here as a benchmark that should enable us to see the effects of
different levels of spillovers between different actors in the economy.
The chart below shows the optimal level of R&D spending of Northern firm as a response to observed
spillovers. In the chart only the interval for β between zero and 0,5 is presented, as the level of
domestic spillovers, assumed to be twice as high as β, cannot breach the limit of 1. It strikes
immediately that in this setting the Northern companies have additional incentive to invest into R&D
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when the government is subsidizing it. Even if there are no subsidies, the decrease in Northern R&D
spending is not as rapid as in the pure duopoly case.

Figure 19: Northern firm’s optimal level of R&D expenditure (for A=10, a=8,
g=0,5, γ=2β=2β2)
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To analyze the impact of Northern R&D subsidy on Northern welfare we again substitute the optimal
subsidy into Northern welfare attributable to one company, which yields:

g(A − a)
9 − g (2 + 2β )
2

W1*ng

γ =2 β =2 β 2

=

(34.

In this case, the optimal subsidy does not only move away the negative effects of inter-national
spillovers, rather enable the companies to take fully advantage of the increased general level of
spillovers. The positive effects of intra-national spillovers do in this case outweigh the negative effects
of the inter-national ones. As can be seen in the chart below, the positive effect of increasing spillovers
on domestic welfare (Northern firms’ profits) can be observed even in the case of no-government
involvement.
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Figure 20: Northern country’s welfare attributable to one Northern firm – profit
minus subsidy (for A=10, a=8, g=0,5, γ=2β= 2β2)
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It can be easily seen, that in contrary to previous pure duopoly model, here the effect of spillovers as
such does not necessarily have to be negative when allowed for intra-national spillovers and even in
the case of no-domestic consumption an R&D subsidy may be justified. The model shows that the
optimal policy depends on how embedded is the subsidized firm in the local economy, or in other
words the policy depends on the nature and scope of intra- and inter-national spillovers. The existing
literature on firm’s choice of R&D investment usually focused on the effects on spillovers within one
industry only. This had two drawbacks. First, this led to the fact that R&D investment had usually the
role of strategic substitutes for reasonably low levels of spillovers (e.g. D’Aspermont, Jacquemin,
1988), which could not explain the clustering nature of many R&D activities. Second, simple duopoly
models could not play with the card of the positive appropriation effects of the generated knowledge
within other sectors of the host economy. As put by Leahy and Neary (1997), when allowed in the
analysis for inter-industry spillovers in an open economy, the issues connected with setting the
appropriate R&D policy become “inherently more complex”.
The model presented in this paper incorporates the possibility that the loss incurred due to spillovers to
the Southern company can be more than compensated by the benefits resulting from the acquired
knowledge from firms located within the same country. This indicates, that a creation of efficient
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information exchange (formal or informal) that leads to a creation of what we may call an efficient
domestic cluster, can together with the consequent snowballing effect more than offset the negative
effects of knowledge leakages to competitors. This result also to some extent undermines the proposal
for a strict IPR protection as being unanimously the best option for the North. When IPR protection
rules are applied that motivate firms to share knowledge and technology without losing motivation to
invest in R&D and does not lead to huge leakages to foreign or direct domestic competitors, then a
more efficient use of domestically generated knowledge can lead to an increase of domestic welfare.
Therefore, any policy setting is quite complex and it could be seen that the optimal policy has to be
reviewed according to the nature of existing competition as well as according to existing spillover
linkages, both nationally and internationally.
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6 The Lisbon R&D agenda and theory confronted
Based on the model developed in previous chapters, the challenge a particular country is facing when
choosing optimal R&D policies can be viewed similarly as the appropriation problem of an individual
company. However, where the company has the possibility to internalize the benefits of R&D
expenditure only through its profit, a country has a wider arsenal at hand. A country can internalize the
R&D benefits not only through profits of domestic firms but also through the effects on domestic
consumers, knowledge spillovers in the rest of the economy or through other benefits such as creation
of high-skilled high-wage jobs. It has been shown by examining the first two of these arguments in the
model that large countries with higher share in the product market have inherently higher incentives to
subsidize R&D that positively reflects in domestic consumers’ surplus and hence in domestic welfare.
But it has been also shown that when there are efficient linkages or knowledge leakages between
domestic firms that are not directly competing with each other in the market, an R&D subsidy may
still be welfare improving even for a small country with marginal participation on the final
consumption. Nevertheless, it is also quite obvious that an attempt to implement policies aiming at
R&D support have to be preceded by careful analysis, since support of R&D in an export oriented
sector where it generates minimum local spillovers and where the products are subject to plagiarism in
third countries may be rather welfare detrimental.
In general, there are two policies that can contribute to higher R&D intensity of industries in the
setting of our model: the first set of policies deals with an active shaping of spillovers between
individual subjects within and outside the country, while the second set of policies is directed at an
optimal direct support of R&D activity once the knowledge flows have been identified. With respect
to active participation in shaping the spillovers, it has been highlighted by Spence (1984) that (i)
differences across countries in dealing with spillovers and R&D externalities will lead directly to shifts
in relative competitive positions among countries, (ii) one way spillovers have the same effect, and
(iii) that certain forms of cooperative or quasi-cooperative behavior among firms and among countries
are required for dynamic efficiency. We may therefore look at the government as an active player who
could shape the competitive positions of domestic companies by maximizing efficient spillovers
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flowing between domestic companies and from abroad while trying to minimize the spillovers to the
outside world and competitors. The maximization of incoming spillovers can be done through
different channels. One of the channels, parallel to the absorptive capacity argument on the firm level,
would be to invest into general R&D so that potential new foreign technologies and trends can be
detected, developed and applied domestically. The other channels of technology and spillovers inflow
that may be supported by the governments are the creation of joint research ventures with foreign
companies or the attraction of technology-intensive FDI.
Obviously, the model that was developed in the previous chapters cannot give due to its limitations
definite answers on how the policy should be run on the European union level. Nevertheless, there are
several implications for applied research support that we may try to compare with the proposals of the
European Commission and individual states to see whether the adoption of the Lisbon strategy in this
field have the features we would recommend given the results of the theoretical model.

6.1

More or less cooperation on the European Union level?

Lisbon strategy
One of the key elements for the assessment of the Lisbon strategy is the proposed way of its
implementation. Whereas the Lisbon strategy is considered to be a European-wide strategy, the
responsibility for its implementation has been to a large extend shifted on the national governments.
As the European Commission comments, “while the need to coordinate at the EU level the reforms to
be undertaken was clearly acknowledged, there was also a clear perception that each Member State
was facing different challenges and that the idiosyncrasies of each economy had to be considered in
implementing such a strategy” (European Commission, 2005, pg. 8). The European Commission calls
this institutional innovation launched in Lisbon as the ‘new open method of co-ordination’ and this
was seen as a tool to achieve momentum by only monitoring progress of individual Member states on
a continuous basis and at specified time intervals by the European Commission and the European
Council. European Commission (2005) outlined the open method of co-ordination to involve:
-

fixing guidelines for the Union combined with specific timetables for achieving the goals
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-

establishing, where appropriate, quantitative and qualitative indicators and benchmarks
against the best in the world as a means of comparing best practices

-

translating these European guidelines into national and regional policies by setting specific
targets and adopting measures

-

periodic monitoring, evaluation and peer review organized as mutual learning processes

Assessment
As Collignon et al. (2005) comment, the Lisbon strategy and the hailed open method of co-ordination
was a second best option stemming from the reluctance to co-ordinate their national economic policies
and this also reflected on the other areas covered under the label of the Lisbon strategy. The problem
of the open method of co-ordination is the fact that it cannot overcome some divergences in policy
preferences of individual Member States. It is also not able to prevent them from trying to reach an
outcome, which favors them nationally rather than an outcome, which would be optimal for the EU. In
addition, the fact that the coordination of the Lisbon strategy is largely based on indicators and targets
creates incentives for window dressing. Countries may strive to respect the target in the short term or
overestimate domestic results in order to get a better score, rather than engaging in serious long-term
reforms (Collignon et al., 2005).
A step in the direction of more coordination under the Lisbon strategy is the creation of a European
Research Area (ERA). The aim of this proposal is to reorganize scientific research at the European
level to encourage greater collaboration between European research centers and to more effectively
coordinated the research policy of member states. The implementation of ERA with appropriate range
of measure and instruments was envisaged in the Commissions’s 6th Framework Program for research
from November 2002. It should especially focus on removal of remaining obstacles to researchers’
mobility or benchmarking of R&D policies of Member States. Given the limits on the European union
budget under the new financial perspective, it is undisputable that in terms of financial contribution to
achieving the Lisbon target of one per cent of GDP going to R&D from the public sector national
governments will have to play a key role. Nevertheless, beside the coordination role the European
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Commission may make an impact on the national innovation strategies in smaller cohesion countries.
Ulnicane (2004) comments in this respect that when the various funds from the EU sources for
research development and innovation policies (under the framework program, structural funds etc.) are
summed up, these European resources can make sizeable contribution to the R&D capabilities of
smaller countries.
In terms of direct government support, the European Commission has the authority to prevent national
governments from implementing industrial policies that may distort the competition within the
European Union. However, so far the Commission’s attitude towards national R&D policies used to be
more laissez-faire. This might be a bit surprising, since it is clear that Member States can use R&D
policies to improve the competitiveness of domestic firms. Haaland and Kind (2004) quote an
illustrative example of the National Technology Agency of Finland (Tekes) that gives about 380
million euros in R&D subsidies to domestic firms with the objective to promote “competitiveness in
Finnish industry… and increase [Finnish] production and exports”. The distortion of the competition
in favor of domestic firms is not hidden here, rather promoted. The fact that national R&D policies
become a standard national policy tool and given the fact that the European Commission has been so
far rather lax in its attitude towards various R&D policies there clearly increases a risk of unwanted
effects stemming from R&D policy competition between Members States.
Our model has not specifically addressed the issue of coordination of individual national policies,
however it could be easily extended to show that when e.g. the innovating companies in the two-sector
model were located in two different countries of the union, then there would be good incentives to
coordinate the R&D policies and possibly also redistribute R&D funds on the union level in order to
maximize the joint optimal welfare. Interesting conclusions from a theoretical model have been
provided by Haaland, Kind (2004) that have examined to which extent R&D policies should be
coordinated within the union. They show that 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 and at
the same time eliminate the business-stealing effects. According to their conclusions, such optimum
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can be achieved only through centralized R&D policies or a rather idealistic complete coordination
between all involved parties (i.e. both producer and consumer countries).
It will also be interesting to observe the future development of R&D policies coordination on the
national or supra-national level within the European union given the potentially different motivations
for governments to subsidize R&D. According to our model the motivations for smaller states might
be different and in its optimum generally lower than for larger states. The European Commission
(2005) admits, that direct forms of support for specific industries should be avoided in favor of a more
market-based, tax credit approach, except in instances where potentially large social benefits can be
credibly predicted. However, it is quite reasonable to expect that the potential for large social benefits
exists rather in the larger Member States than in the smaller ones and unless the support of such
projects were transferred to the European level, firms located in smaller countries might be
disadvantaged. An example on the existing difference between the willingness of individual states to
public funding of research might be the public spending of biotechnology by EU countries over the
second half of 1990s where Germany, France and UK spend jointly more than 75 per cent on total
public resources across the EU going into this research branch European Commission (2003a).
Certainly, this might be attributable to better and more advanced research in these three countries
however it remains to be seen whether the smaller countries and their companies will not call for a
greater centralization of the public R&D budget on the European level and will not attempt to limit the
scope of individual state support. If not successful with this, smaller countries could focus on
facilitating spillovers into their economies through increased public investment into general
knowledge, better appropriation skills or potentially focus on only few selected industrial segments
with a clustering potential (e.g. Finland with telecommunication technologies or Ireland with its focus
on information technologies and pharmaceutics).
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6.2

Support of technology networks nationally and internationally

Lisbon strategy
As already discussed, in the model developed in this thesis, there were basically two routes that lead to
an increase of R&D in a developed economy: either through increased subsidies or through more
efficient linkages that partly compensate for the knowledge acquisition of competitors. As we have
reviewed in the first part of this paper, the proportion of R&D spending coming from the public
sources is in general higher in Europe than in the US or Japan. This indicates that Europe should, in its
effort to boost R&D, focus with increased attention on the different ways to motivate private
enterprises. The European Commission itself does not provide much additional guidelines about the
specifics of the Lisbon strategy implementation in this respect. It accepts that the focus should not be
only on boosting public R&D spending directly, but on creating the conditions that will promote an
endogenous increase in research spending. The three main channels the European Commission sees as
crucial for the endogenous increase of R&D spending are: (i) higher product market integration
(creation of economies of scale, R&D sunk costs), (ii) education and (iii) more efficient financial
markets (promotion of riskier forms of investment willing to invest into R&D).
The aspect that we highlighted in the theoretical model was the potential for an efficient information
and knowledge exchange within the national or European economy that can lead to higher R&D
efficiency and under certain circumstances also to an increase in total R&D spending. Naturally, the
effect of more intense co-operation did not remain unobserved by the Commission and individual
Member States. We can trace back some of the knowledge diffusion and cooperation programs on the
European level well before the launch of the Lisbon strategy. An example of a European-wide
program fostering scientific cooperation was already the establishment of the European Atomic
Energy Community. However, as Dumont and Tsakanikas (2001) point out, already at the beginning
of the 1980s the concerns of European firms falling behind their American and Japanese counterparts
in terms of innovation and world market shares, especially in IT, lead to the launch of the first
Program (ESPRIT 1) in 1984. The goal was to strengthen the scientific and technological basis of
European IT industry. This program also served as a model for the creation of a more general umbrella
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typed programs, the Framework Programs that to a considerable extent promoted cooperative research
and technological development. As mentioned before, currently there is the 6th Framework program
running with the goal to distribute a total of EUR 17,5 bil. among different research projects and to
connect diverse and complementary technical capabilities across Europe of companies, universities
and research laboratories.
To be more specific, we can mention two positive examples of the directions of current European
policies directly supporting European-wide R&D cooperation. One of the European recent initiatives
focuses on better European-wide co-ordination and dissemination of knowledge - the creation of the
so-called European centers of excellence. These centers of excellence are aimed at support of
transnational collaboration between research centers, universities and companies, which should both
improve the quality of research but also the dissemination of knowledge and results within the Union.
Examples of the recently launched excellence networks can be the bioenergy network that involves 24
institutions in 13 countries or the European research project on new combustion engine systems that
brings together all the major European motor vehicle manufacturers (European Commission, 2004). A
more down-to-industry policy is the support to technology transfer institutions whose aim is to provide
a systematic interface between science and firms. The European Commission sees the potential of
these technology transfer institutions in the development of regional clusters through faster and better
commercialization of research results, improvement of innovation performance and acceleration of the
dissemination of new technologies.
Assessment
The specifics of our theoretical model showed the benefits of increased domestic spillovers and
sharing of knowledge and information from the point of view of domestic welfare. Nevertheless, the
exchange of relevant information or R&D benefits sharing can be rather explicit or formalized and
there are several theoretical studies showing the positive effects of explicit R&D collaborations in the
form of research joint ventures (e.g. D’Aspermont and Jacquemin, 1988). However, similarly as in the
case of (in)voluntary exchange of knowledge in the form of spillovers, the aspect of motivation to
invest into R&D for individual actors remains crucial. The inability to internalize the spillovers is in
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fact a market failure that can be eliminated either through government involvement (e.g. subsidization
as outlined in the model) or through support of such cooperation mechanisms that allow for their more
efficient internalization. Theoretical models usually consider the spillovers as exogenous to the
decision of R&D investment or decision whether to explicitly cooperate or not. However, the
magnitude of spillovers may naturally vary on the decision to cooperate.
In the model we have identified that clusters (potentially subsidized by governments) enable the
country or union to eliminate negative effects of plagiarism in third countries. However there remains
the question open about what forms of clustering or cooperation remain more efficient. In our model,
we analyzed the situation of two different industries operating in separated world market, in between
which occurred spillovers of a magnitude depending on their technological proximity. However, it is
reasonable to expect a rather different behavior of firms when the spillovers take place between
innovators within one industry. Generally speaking, in line with our model, the existing empirical
literature shows that the co-location and clustering of diverse and related industries promotes
innovation and growth (e.g. Glaeser et al., 1992 or Audretsch, Feldman, 1996) whereas the effects of
clusters of firms operating within one industry is less clear cut (e.g. D’Aspermont and Jacquemin,
1988).
Based on an empirical analysis of several Framework Program Projects, Dumont and Tsakanikas
(2001) concluded that the results of the Framework Program have been mixed. According to their
findings, the Framework Programs have not yet shown a substantial impact on European
competitiveness and trade performance in the world market. They consider that the reason might be
the fact that collaborative research under the Framework Programs has been undertaken under the precompetitive label where too often successful projects did not produce marketable results, either
because they were isolated from market despite their technical excellence or because the means by
which the research results were to be exploited were not specified at the earliest stages of work.
However, it may be argued that despite the difficulty in tracing the material outcomes in terms of
improved efficiency of European companies, the Framework Programs have certainly facilitated
formation of dynamic networks and closer linkages that enabled to create a critical mass of
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networking. As Dumont and Tsakanikas (2001) comment, these networks go beyond formal
collaborations since they bring together researchers from various countries and give private firms the
opportunity to benefit from a larger pool of resources than the one available in a single country. In
addition, the fact that the projects under the Framework Programs are designed for a longer periods
provides a necessary stable financial support over the long term.
The available empirical evidence shows that there was an explosion of co-operative activity in R&D
since the early 1980s. However, this development has been restricted only to the most progressive
countries with OECD member countries accounting for approximately 92 per cent of the total
collaborations. North American firms are involved in about 2/3 of world collaborations, Asian firms in
1/3 and European firms only in slightly more than 1/4 of the total. More than half of the collaborations
of North American firms were with other North American firms and they were also the preferred
partners of European and Japanese firms (European Commission, 2004a). Even though we cannot on
the general level set interdependence between the amounts of R&D and the number of links between
individual research centers, this statistics shows that European R&D sector despite all efforts still lags
behind the US in terms of formalized research interconnections and knowledge exchange.
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7 Conclusion
The aim of this paper was to look at the motivations of government to apply some strategic R&D
policies in the form of subsidies in an environment where both national and international spillovers
become increasingly important and where developed countries in many industries have to face loose
IPR protection and plagiarism in third countries. Our conclusion was that it depends on several factors.
There are indeed strong arguments in favor of R&D subsidization when sensibly applied but there are
also good reasons to be rather cautious and careful in its application because a successful R&D policy
may be very demanding on information about the competition structures and about knowledge flows
and spillovers between individual firms and countries.
Due to necessary limitations and simplifications, the model developed in this paper certainly covers
only a very limited part of the reality, however provides several hints about the application of R&D
support in innovating countries.
The first finding was that any successful R&D policies have to be carefully applied taking into account
the specifics of a given industry and country where they are about to be applied. It has been shown,
that at least in terms of R&D subsidies, smaller developed countries with lower share in the finalproduct market have lower incentives to subsidize R&D when this does not convey any particular
strategic advantage in terms of third-market strategic trade policies. This also means that attempts to
implement or copycat particular general R&D support programs that may be welfare-enhancing in
larger countries may prove welfare detrimental in smaller ones.
Secondly, there is another area of arguments that show that a successful application of R&D policies is
context specific. According to our model and also in line with most of the empirical literature on the
social returns of R&D, it can be shown that there exist natural disadvantages for small countries to
benefit from R&D and to subsidize R&D in comparison to larger countries. To overcome the natural
disadvantage, smaller countries have to outperform larger countries in their ability to appropriate
knowledge by establishing of clusters with efficient domestic spillovers where the knowledge can be
better localized and can circulate in technologically close industries without de-motivating the
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participating firms to conduct their own R&D. It may be claimed again that the appropriation of
technology spillovers is easier in larger countries with a diversity of innovation activities where the
new knowledge may be used in more sectors. However, the empirically observed geographic
localization of knowledge and the positive experience of some smaller countries such as Sweden or
Finland seem to support the fact that the disadvantage of smaller countries may be overcome when
they excel in particular branches and are able to establish a broader research basis around them.
Thirdly, we have shown that unlike in the case of targeting purely one industry, strategic R&D policies
may be applied when the government takes into account the positive impact of inter-industry
spillovers on other domestic companies in situations where this positive impact cannot be internalized
by affected firms (e.g. by mutual voluntary exchange of technology). The creation of efficient intranational networks of knowledge flows can on one hand reduce the duplicities and inefficiencies in
domestic R&D but more importantly, in our setting, such efficient networks can to a large extent
eliminate the negative effects of third countries’ plagiarism and lax IPR protection. So far, the
literature on knowledge diffusion focused solely on the elimination of externality and market failures
caused by spillovers but did not take into account the strategic implication on the international position
of the country. In the model developed in this paper, we have showed that when domestic spillovers
are sufficiently higher than international spillovers, even without government involvement the
resulting welfare effect may be positive in comparison to no-spillover situation. When the government
gets reasonably involved and there are efficient links between domestic firms, the government can turn
the original firm’s disadvantage of high-spillovers from given R&D activity into domestic competitive
advantage by internalizing into its decision making the positive effects of these spillovers on other
domestic firms and may efficiently subsidize such R&D activities.
Before we go ahead to summarize some of the general implications for the Lisbon strategy and
national innovation policies, we should review some weaknesses of the model and identify in which
respect the model could be further developed. It has been shown that the shift from simple duopoly to
a two-sector model may alter the best-policy recommendations significantly. It would certainly be of
interest to analyze the implications of situations where we were dealing with more complicated

76

oligopolistic market structures and if we allowed for more active involvement of the Southern firm
(patents, absorptive capacity, costly spillovers etc.) as well as potential reaction of the Southern
governments (different types of support, IPR protection levels etc.). Further, we have not analyzed the
implications of uncertainty of the R&D activities and have used a rather simplistic deterministic
model. While this simplifies the analysis, it may hide some important aspects of R&D and hence alter
the views on optimal R&D policies as well. Last but not least, the model has only very generally
modeled the information flows between the companies and has not separately addressed the effects of
explicit cooperation between companies through e.g. research joint ventures. Hence, some additional
aspects and motivations may be introduced into this framework by incorporating such options in the
decision-making of the firms.
In addition to drawing the above-mentioned conclusion from the theoretical model, we have looked at
the potential implications on the way the Lisbon strategy should be implemented. This is certainly a
rather far-fetched exercise given the specific conditions of the theoretical model, however, despite its
limited applicability it may provide some hints and possible ways of explanations of the current
misfortunes in application of the Lisbon strategy. The key element in our analysis has been beside the
market structure the focus on the effects of different technology spillovers. This is especially due to
the fact that despite the attempts to tighten the IPR protection, recent econometric studies tend to
suggest that the general level of spillovers rather increases than decreases, especially in high-tech
sectors. The goal of the Lisbon strategy is for most European countries an increase in total R&D
spending both by the private and public sectors. Based on the above-developed models, we may
identify two ways, which the governments may use to induce an increase in R&D expenditure.
First, governments may enhance the knowledge exchange through support of R&D links, networks
and clusters between domestic and European firms as this may lead per se to an increase in R&D
activity because the obtained knowledge and incoming spillovers may in fact increase the efficiency of
firm’s R&D. So far the attention to a large extent focused on the research joint ventures, however
R&D alliances across industries have showed an increasing popularity too. This certainly should not
apply only to inter-firm alliances but also to networks including public research centers and
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universities that may be more willing to share generated knowledge than private firms. In addition to
that, policies facilitating knowledge flows from abroad to domestic and European firms and research
institutions may have a similarly positive effect on the motivation to conduct own research, not only
due to absorptive capacity reasons but again thanks to an increase in efficiency of domestic R&D.
Secondly, we have showed that in particular situations it may not be beneficial to subsidize domestic
research efforts unless the institutional and knowledge-flow network is sufficiently developed.
However, it has been shown that a well-designed intervention of the government may help domestic
firms overcome the R&D-investment de-motivating effect of foreign competitors plagiarism and lax
IPR protection and either for large-consumer countries or countries with efficient knowledge networks
a government intervention may lead to an increase of R&D and domestic welfare. In addition, we have
shown that in particular instances, where the potential impact on consumers’ surplus is high, however
with other strategic incentives being low, it may be beneficial to support and subsidize such research
on a supra-national European level since the larger share on final-product consumption may justify the
additional R&D expenses of public funds. However given the limited resources and funds available to
both the European Union as well as national governments, it would be worth further exploration to
weight the benefits of strategies when governments focus primarily on particular industries and sectors
where it aims at achieving excellence in comparison to supporting science, education and R&D on a
more general basis.
The Lisbon strategy as such is potentially a helpful motivation factor for governments to pay more
attention to the issue of R&D promotion, however cannot be broadly adopted only as a general support
or subsidization to R&D. Governments have to carefully look at and actively shape the institutional
factors and technology networks too, or we should better say before pouring the money in or at least
hand in hand. The 6th Framework Program with its focus on creation of European-wide research
networks seems to be very promising in this respect. However, with most of the resources spend on
R&D still coming from national governments, attention has to be paid to the strategic effects of
separate national R&D policies and the resulting competition between member states.
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9 Appendix I
9.1

International trade agreements regulating R&D subsidies

This part reviews the room for maneuver of national governments in the field of R&D subsidization in
an environment of tighter international regulation by the World Trade Organization (WTO) or
regulations within the European Union.

9.1.1

Rules of the World Trade Organization applying to research and development

The WTO came into being in 1995 with the aim to replace the General Agreement on Tariffs and
Trade (GATT) to eliminate some of its institutional as well as functional inadequacies. Since the basic
text of GATT has not changed significantly over its 47 year existence it failed to deal with the new
realities of the world trade such as the rise in trade in services that were not covered by GATT rules or
the rapid increase of international investment. Also the original institutional structure of dispute
settlement process was unsatisfactory (Weiss, 2003). In addition to the original GATT regulations, we
review here the Agreement on Subsidies and Countervailing Measures (ASCM).
General Agreement on Tariffs and Trade (GATT)
The General Agreement on Tariffs and Trade from 1947 laid the basic legal framework for the use of
subsidies in international trade in Articles VI and XVI. These basic arrangements remain in place in
even within the World Trade Organization (WTO) legal framework in the amended GATT from 1994.
Article VI of the GATT specifies under which conditions the imposition of anti-duping and
countervailing duties is permitted, however deals only with subsidies granted, directly or indirectly, on
the manufacture, production or export, and not specifically with subsidies for research and
development. Also Article XVI holds only a very general language on the prohibition of export
subsidies with the goal to avoid subsidization seriously prejudicial to the trade or interests of
contracting parties.
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The Agreement on Subsidies and Countervailing Measures (ASCM)
More specific rules on subsidies are provided for in the Agreement on Subsidies and Countervailing
Measures. The ASCM was the result of the Uruguay Round 1986 – 1994 and provides more explicit
definitions of subsidies and clearer and disciplines on countervailing duty and replaces as such the
Agreement on the Interpretation and Application of Articles VI, XVI and XXIII of the GATT adopted
during the Tokyo Round. The implications of the ASCM relevant for our case of subsidies for research
and development are the following: it classifies three different categories of subsidies (the so-called
traffic-light framework) and further provides differential treatment for developing countries.
In addition, ASCM provides specification of subsides in Article I as measures involving a financial
contribution by a government or any public body within the territory of a Member that confers a
benefit. Article II then distinguishes between specific and non-specific subsidies. In short, specific
subsidies are those where the granting authority explicitly limits access to a subsidy to certain
enterprises or establishes objective criteria or conditions governing the eligibility for, and the amount
of, a subsidy. Part II of the ASCM then deals with the Prohibited or so-called red light subsidies, Part
III with Actionable or so-called yellow subsidies and Part IV with Non-Actionable or green light
subsidies. The summary of individual categories is provided in the chart below.

Figure 21:

Categories of Subsidies under The Agreement on Subsidies and
Countervailing Measures

Red-light subsidies

Specific •

Subsidies contingent upon Prohibited – may be subject to
export performance or upon countervailing duty
the use of domestic over (except for least developed

Yellow-light subsidies

Specific •

imported goods

countries)

Subsidies that may cause:

Prohibited – may be subject to

- Injury to industry of
another Member
- Nullification or
impairment of benefits
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countervailing duty
(except for least developed
countries)

accruing directly or
indirectly to other Members
under GATT 1994
- Serious prejudice to the
interests of another Member.
(e.g. beneficial tax rates,
government finance assistance
etc.)
Green-light subsidies

Specific •

Research and development

Allowed – not subject to

activities conducted by firms countervailing duty
or by higher education or
research establishments on a
contract basis with firms
•

Assistance to disadvantaged
regions

•

Assistance to promote
adaptation of existing
facilities to new
environmental requirements

Non-

Other than specific

specific

What are the implications for potential use of R&D subsidies? If R&D subsidies were non-specific,
then they obviously fall under the green-light category. However, if R&D subsidies are deemed to
confer a benefit and are specific, they have to fulfill the criteria for non-actionable subsidies specified
in Article VIII of the ASCM, otherwise may even fall under the actionable category. The conditions
for the R&D subsidies to be deemed as non-actionable are that the assistance does not cover more than
75 per cent of the costs of industrial research or 50 per cent of the costs of pre-competitive
88

development activity. A rather precise definition of what can be considered as cost of R&D is
provided within the Article VIII as well. For the actionable subsidies, a WTO Member can invoke
action within the WTO if it is shown that the subsidies have caused adverse effects to its interests as
specified by Articles V and VI. However, the attempt to stop a Member subsidizing R&D above the
threshold specified in Article VIII may be rather difficult in situations where the research subsidies are
directed at generating products for which do not exist identical or similar products. Arguably, an
adverse effect on the Member state from such subsidies may be difficult to demonstrate. Similarly, if
the results of the R&D activities are available for free then there is no benefit to the recipient of the
R&D subsidy.
Within the WTO framework outlined above a sufficient room for maneuver is left, especially for
developed countries. As listed by Weiss (1999), the permitted subsidies for R&D and techno-industrial
innovation may take the form of financing of venture capital funds, strategic financing of precommercial technologies and product development, transfer of intellectual property, provision of statedeveloped technologies and innovations spun off to the private sector from government research labs
or universities or different forms of end-user demand subsidization for particular technologies.
9.2

The regulations of the European Union

The Treaty establishing the European Community
The European Communities have a rather elaborated legislation with respect to state aid and R&D
subsidies in particular. First, we should look at the relevant parts of the Treaty establishing the
European Community (later referred to as Treaty). According to Article 87(1), “any aid granted by a
Member State or through State resources in any form whatsoever which distorts or threatens to distort
competition by favouring certain undertakings or the production of certain goods shall, insofar as it
affects trade between Member States, be incompatible with the common market”. However, Article
87(2) and 87(3) provide additional guidance on aids that may be considered as compatible with the
common market. With respect to R&D, letter b) of 87(3) allows aid to “promote execution of an
important project of common European interest” and letter c) allows aid to “facilitate the development
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of certain economic activities of certain economic areas, where such aid does not adversely affect
trading conditions to an extent contrary to the common interest”.
Community framework for state aid for research and development
Whereas the attitude of the Commission towards aid in general is rather strict, the area of subsidies
towards R&D provides sufficient leeway for the Member States. Article 130(1) of the Treaty states
that the Community and the Member States are to take action aimed at “fostering better exploitation of
the industrial potential of policies of innovation, research and technological development”. To allow
the Member States to fulfill this goal, less stringent conditions on R&D subsidies apply. The basic
document governing the Commission’s approach is the Community framework for state aid for
research and development from 1996. As highlighted in Article 1.9 of the Community framework,
“Traditionally, the Commission has taken a favorable view of state aid for R&D. This favorable
attitude is justified on several counts: the aims of such aid, the often considerable financial
requirements and risks of R&D operations and, given the distance from the market-place of such
projects, the reduced likelihood that such aid will distort competition and trade.” According to the
Commission, state aid for R&D should serve as an incentive for firms to undertake R&D activities in
addition to their normal day-to-day operations. The Commission does not necessarily seek to limit the
potential impact of R&D subsidies on firm’s behavior. According to Article 6.1, “[The subsidy] may
encourage firms not carrying out research and development to undertake such activities. Where this
incentive effect is not evident, the Commission may consider such aid less favorably than it usually
does.”
With respect to potential competition impacts of any R&D subsidies, the Commission distinguishes
R&D according to its proximity to the market; the closer the R&D is to the market, the more
significant may be the distortive effect of the state aid. For these purposes, the Commission makes a
distinction between fundamental research, industrial research and pre-competitive development
activities. Pre-competitive development activities are according to the Commission close to the market
and given the risk of distortion of competition, the Commission normally allows state aid up to 25 per
cent of the eligible costs of the R&D project. In the case of industrial research, the aid intensity must
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not in general exceed 50 per cent of the eligible costs of the project. However, the Commission may
take into account additional factors such as regional development goals for companies operating in
backward regions, importance of projects labeled as carrying common European interest, international
cooperation etc. In addition, in the event of failure of the research concerned, the Commission, may
allow a higher level of aid intensity since the project’s failure reduces the risk of competition and trade
being distorted. As a result, the total state aid may reach the limits set out by the ASCM of the WTO
with 50 per cent for pre-competitive development activities and 75 per cent for industrial research.
This applies especially in situations, if similar projects or programs of competitors located outside the
European Union have received, or are going to receive, aid of an equivalent intensity for the given
type of research. These ceilings however apply only to what is considered state aid, so some additional
flexibility for European companies is indeed possible.
For fundamental research, even less strict conditions apply. Fundamental research that is normally
independently carried out by non-profit-making higher-education or research institutions does not in
Commission’s view constitute state aid. In situations where fundamental research is carried out by or
for firms, the aid may fall within Article 87(1) of the Treaty, it may be awarded an aid intensity of up
to 100 percent, since this type of research is far from the market and its results are in principle widely
available for exploitation on a non-discriminatory bases and at market rates. Therefore, to qualify as
fundamental research, a wide dissemination of the results of the research must be guaranteed.
As exemplified in Commission communication amending the Community framework for state aid for
research and development from 1998, “The competition rules must therefore be applied constructively
to encourage cooperation which helps new technology to be developed and disseminated in the
Member States… In the control of state aid, regard must be paid to the need for resources to be made
available to those sectors which will contribute to improving the competitiveness of Community
industry.” (Art.3). In Article 5 of the above-mentioned Communication, the Commission has
concluded that where article 87(1) of the Treaty is not breached, it is advisable to allow not only 75
per cent but even rates of up to 100 per cent of public funds participation in defined circumstances,
consistent with EC obligations under the WTO. Hence, for certain products listed in Annex II to the
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Treaty, the Commission allows gross aid intensities of up to 100 per cent even in cases where R&D is
carried out by firms. This is however subject to several conditions such as evidence of general interest
to particular sector without unduly distorting competition in other sectors, publication requirement,
availability for exploitation of the results of the work by all parties etc. Since 1998, the Community
framework for state aid for research and development has not been reviewed as originally foreseen.
The Commission expects not to produce any review of the existing framework until December, 2005.
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