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Abstract:

This study analyzes the behavior of patent filings at the European Patent Office (EPO), and conducts
forecasting exercises using the models of patenting behavior in the EPO. The study examines the
behavior of total EPO patents as well as patents disaggregated by mode of filing, technological
sector, and selected patent families. The study finds that research and development (R&D), patent
protection levels, and patent filing fees, are significant factors explaining the demand for EPO
patents. These factors not only motivate the propensity to file patents but also affect inventive
efforts. In terms of forecasting performance, the study finds that a dynamic model augmented with
R&D generally performs best (based on root mean squared percentage errors (RMSPE) as measures

of forecast accuracy). The study illustrates with some sample forecasts for individual source
countries.
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Introduction

Nations trade and invest physical capital in each other’s markets. Indeed, the international
economy has become much more interdependent through these trade and investment linkages. Less
well understood and appreciated, however, is the increased interdependence due to the diffusion of
technological ideas among nations. The international patent system and institutions governing
intellectual property rights help support a formal marketplace for knowledge capital. Yet, the
volume, direction, and underlying determinants of international patent flows have not been the
subject of much inquiry.

International patent filings help indicate where technologies originate and to where they
spread. Of course, international patenting data imperfectly capture the international flow of new
knowledge capital, since not all new discoveries are patented; some are kept as trade secrets and
some are not patentable (for example, mathematical ideas). The technologies that are patented,
however, tend to form a pool of industrially applicable (or marketable) innovations and to have been
perceived as profitable to patent.

Thus far, few studies exist that seek to explain patenting behavior. These studies generally
treat the nation as the unit of analysis, focusing on its growth of patenting and on whether this
growth is innovation driven or due to the strengthening of patent laws. What has not been addressed
is the global breadth of patenting activities. Moreover, in examining patenting activities from
national perspectives, the existing literature pays little or no attention to regional or multilateral
patenting systems (among a bloc of nations), such as that of the European Patent Office (EPO).

Such systems are, in fact, relevant to explaining the worldwide growth and spread of patenting.
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Two factors motivate this study. First, studying patenting from a regional or multilateral
perspective is that it helps shed light on the role that institutions play in determining patenting
behavior. The development of the EPO or the Patent Cooperation Treaty (PCT) has fundamentally
changed the way inventors obtain patent protection, yet these institutional developments have not
been formally incorporated into existing work. This study contributes to the literature by focusing
on the EPO. This study examines the determinants of EPO patent filings and develops models for
forecasting EPO filings.

A second motivation is that, for national and regional patent offices alike, the extent of
patenting activity has implications for internal workload (processing applications, conducting
searches and examinations, and so forth) and patent office revenues (which are determined, among
other things, by the volume of filings and official fees). A better understanding of the underlying
determinants of the demand for patents could better assist organizations like the EPO to price its
services, project revenues, and make operational decisions. Improved projection of patenting
demand could be useful in any work-sharing or revenue-sharing arrangements with national offices
or with supranational offices. For instance, trends in Euro-direct filings versus Euro via PCT filings
would be useful for coordination and workload planning between the EPO and the World Intellectual
Property Office (WIPO) which administers the PCT.

This study is organized into two parts. Part I focuses on an analysis of patenting behavior
in the EPO and Part II on forecasting EPO patent filings (and related filings). The purpose of Part
I is to take a comprehensive look at the demand for EPO patents before developing in Part II a
compact, more practical set of models for conducting forecasts. In Part I, the first section provides

a brief literature review. We review studies based on survey data and statistical data, and critique



4

different approaches to modelling patenting behavior. Section 2 provides a theoretical model of
international patenting. It derives an equation that can be estimated econometrically. The equation
explains total EPO patenting (from various source countries to the EPO). Section 3 describes the
data and some sample statistics. Section 4 presents the empirical results and analyses.

In Part II, we conduct some forecasting exercises with the basic patenting model. Three
kinds of patent filings will be the subject of forecasts: first, aggregate patent filings at the EPO. By
aggregate, we mean the sum of filings across technological fields. Furthermore, we will consider
the breakdown of these filings by mode of filing; that is, whether a filing is a direct EPO filing or
indirect (via the PCT system), and whether it is a priority filing or subsequent filing. The second
kind of filing to be forecasted will be are sectoral filings. By sector, we mean by field of technology
(classified according to the EPO’s Joint Cluster divisions). We will also consider these
disaggregated filings by model of filing (direct vs. indirect, first vs. subsequent filings). The third
(and last) type of filing to be forecasted will be patent family filings. A patent family “is a group of
patent filings that claim the priority of a single filing, including the original priority forming filing
itself and any subsequent filings made throughout the world."" A distinct set of priority forming
filings is used to index the set of patent families. From the data set on international patent family
filings, we can select those families that contain a subsequent filing at the EPO (and/or other types
of ‘Blocs’). Section 1 of Part I provides an overview of the forecasting methodology. Sections 2,
3, and 4 are devoted separately to forecasts of aggregate filings, sectoral filings, and patent family

filings respectively.

! Trilateral Statistical Report, 2002 edition, p. 2. First filings are applications that do not
claim the priority of any previous filing, while subsequent filings constitute all other applications.
The latter are usually made within one year of the first filings.



5

Finally, a concluding part will summarize the main results in both Parts [ and II, and discuss
some extensions for further study. The appendix provides technical details on the construction of
a patent rights index and of the stocks of research and development (R&D) capital.

Overall, this study finds that EPO patenting is significantly driven by R&D activities, and
that forecast accuracy is generally improved through the use of R&D along with dynamic terms
representing lagged patenting. Forecast performance does vary somewhat, as one would expect, by
technological field, by mode of filing, and by type of patent family. For the most part, however, the
forecasts of autoregressive models augmented with R&D are generally quite close to actual patent

filings (for example, 90% of actual filings or better).

Part I: Analysis

1. Literature Review

Relative to the literature at large on the economics of the patent system, there has been very
little empirical work to date on the determinants of patenting, and none with a specific focus on
regional patenting systems, such as that of the European Patent Office (EPO). There are studies on
the impacts of the patent system (on innovation, trade, productivity, and welfare), but not very much
on what drives patenting behavior.

In this paper, we identify fourteen studies which can be categorized in the following way.
First, one set of studies is based on firm level surveys (interviewing managers as to why firms patent

and as to how important patents and patent laws are to the firms); the second set is based on
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statistical data sources (conducting regression analyses on patent data in order to infer the factors
that influence patenting). The second set of studies are of two kinds. The older studies are based
on ad-hoc models of patenting behavior, while the more recent ones are based on optimizing models.
Under the ad-hoc approach, researchers postulate plausible factors that drive patenting behavior.
(Often the variables they posit are similar to those derived more rigorously using theoretical
microfoundations (of profit-maximizing firms, and so forth); however, there are subtle differences
which do impact importantly upon the econometric estimation and interpretation of the results.)
Under the optimizing approach, researchers derive a testable model using a decision-theoretic
framework of innovation and patenting; that is, they study utility or profit-maximizing agents, who
weigh the costs and benefits of their actions. The outcome of utility or profit maximization is a
decision-rule (to patent or not to patent), which is then tested on the data. Finally, among the studies
adopting the optimizing approach, there are two varieties: the first kind focuses on patenting
behavior (i.e. end in itself), the second kind estimates a model of patenting but uses it to analyze
other economic phenomena (i.e. means to an end). Given this way of organizing the literature, we
shall discuss the ‘state of knowledge’ thus far on the determinants of patenting and point out some

gaps in understanding.

A. Survey-Based Studies

The conventional wisdom is that firms demand patent protection in order to safeguard their
intangible assets, which are easy to copy and distribute at nearly zero marginal cost (without other

producers needing to incur any of the ‘sunk’ development costs). Infringement and imitation work
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to dissipate the gains to firms and thereby (ex ante) reduce their incentives to innovate. Recent
surveys have challenged head on whether patent protection is necessary to stimulate investment in
invention and commercialization. The Levin et. al. (1987) survey of U.S. firms’ patenting behavior
reports findings which have generated much controversy — namely that firms do not, in general,
regard patent protection as very important to protecting their competitive advantage (and thus to
appropriating the returns to their investments). The idea is that firms have various alternative means
(other than patenting) for appropriating the rewards to their innovations; for example, trade secrecy,
lead time, reputation, sales and service effort, and moving quickly down the learning curve. Patent
protection ranked low among these alternative means of appropriation. The study therefore
questions previous understanding of what motivates patenting.

However, the result varies by industry. For sectors producing inorganic or organic chemicals,
drugs, and plastic materials, patents as an instrument for appropriation rated high. These sectors are
in general highly R&D intensive. Mansfield (1994) concurs in finding that patent protection is very
important in pharmaceutical and chemical industries, moderately important in petrochemicals,
machinery, and fabricated metals, and not important in the rest of his industrial sample.> Mansfield
based his survey on 100 U.S. multinational firms in 12 industries in various countries (mostly
developing).

The question then is, if a patent is not important as an instrument for appropriating the returns
to innovation, why do firms patent (and patent a lot)? The survey by Cohen et. al. (1997) reports that

firms have various reasons to patent — as a means to block rivals from patenting related inventions,

* Here, the term “important” refers to the impression that an invention would not have
been developed without patent protection.
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as strategic bargaining chips (in cross-licensing agreements), as a means to measure internal
performance (ofthe firms’ scientists and engineers), and so forth. Thus these various “other” factors
are what primarily determines (or motivates) patenting, rather than the protection of their R&D
investment returns.

Some criticisms can be made of these survey analyses. First, it would be useful to update the
sectors under study to incorporate new industries which have emerged since the surveys were
conducted. The biotechnology and software industries may, for example, provide interesting
perspectives on the rationale for and importance of patenting. Secondly, the responses of firms (or
their attitudes towards patents) may have been influenced by the patent regime in place. It would be
useful to separate these two out. Thirdly, the responses of interviewees may not be fully comparable.
One person’s rating of 9 out of 10 may differ from another’s. There is no anchor in the way that
ratings are scaled. Thus it is difficult to tell whether the responses reflect differences in firm
behavior or random errors. Finally, while the surveys are very time-consuming and commendable
work, the information is based on U.S. firms’ experiences. A similar comprehensive study for
Europe and Asia, and so forth, would shed more light on patenting behavior (such as why firms
patent globally and if so, why they choose certain routes (e.g. EPO, PCT, etc.). Also, working with
U.S. data alone may not produce as much variation in certain kinds of data. For example, the
strength of patent regimes varies much more internationally than domestically, particularly since
firms largely face similar laws within a nation (with the exception of laws governing patentable
material, which may exclude certain industries from obtaining a patent). Thus, a study focusing only
on the U.S. biases the results about the importance and determinants of patenting. Where patent

regimes are very strong (as in the U.S.), patentees may take certain things for granted or find the



marginal valuation of patent rights to be lower (than in a different environment).

B. Statistical Data-Based Studies

Bl. Ad-Hoc Approaches

Early work by Schiffel and Kitti (1978) was motivated by the fact that foreign patenting in
the U.S., during the period 1963-73, grew at a faster pace than U.S. patenting abroad. This seemed
to have created concerns about the loss of U.S. technological leadership, a conclusion which the
authors challenged. Several equations were estimated: first, a regression of foreign patent
applications in the U.S. on foreign gross exports to the U.S. and on domestic patent applications (i.e.
by the foreigners in their own respective countries); secondly, a regression of foreign patent
applications in Japan on foreign gross exports to Japan and on domestic patent applications; and
thirdly, domestic patent applications on R&D expenditures and dummy variables for patent law
changes (such as the introduction of deferred examination and changes in filing fees). These
equations were estimated separately for nine countries (U.S., U.K., Germany, Switzerland, Sweden,
Netherlands, Canada, and Japan) using time-series data. Hence a major problem with this study is
that there were too few observations (approximately 12 per country). The patent data or the R&D
data are not deflated or divided by something else (such as GDP or work force) to control for country
size. Thus the issues raised and the contribution of this paper were novel, but the empirical methods
crude. Nonetheless, the general findings are that gross exports tend to be an important explanatory

factor. Thus, the rise in foreign filings in the U.S. reflected increased world trading opportunities,
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and not a reduction in U.S. inventiveness vis-a-vis foreigners. The home (domestic) patent variable
was assumed to be important because it reflects the size or ‘pool’ of innovations from which
foreigners can file for patents abroad.” However, this variable is of mixed statistical significance.
The R&D variable is an important factor to some countries, but not to others; moreover,
contemporaneous R&D is more important to patenting than a cumulative sum of the previous three
years of R&D, which is somewhat surprising given that innovations are often the result of
cumulative effort.

Bosworth (1980) improves upon the limited observations problem of Schiffel and Kitti by
working with cross-sectional data. The dependent variable is U.S. outward patenting (in 50
countries). Bosworth adds destination GDP, destination GDP per capita, and the number of U.S.
corporate subsidiaries in the destination as additional explanatory variables. GDP is used to measure
market size, and GDP per capita the purchasing power of destination agents. The number of U.S.
subsidiaries is used to measure the extent of technology transfer (but it would have been preferable
to use investment data or asset position — that is, to use value data rather than count data to measure
the extent of foreign direct investment). Bosworth also tries to measure the state of patent laws in
the destination by gathering information on six features (duration of patent rights, date at which
patent life begins, whether there is examination for novelty, compulsory licensing, years of non-
working before a patent right is revoked or compulsory licensing issued, and whether the Lisbon

amendment was adopted). These six features are entered individually as dummy variables. The

> However, domestic patent applications do not represent the universe of domestic
inventions; usually, the former are a subset of the latter. And in some countries (i.e. Canada)
patent applications abroad to a particular country (say to the U.S.) exceed domestic patent
applications.
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explanatory variables are all significant except for the six patent regime features, which would
suggest that patent rights do not affect U.S. patenting abroad. This is at odds with the strong
advocacy U.S. firms have shown towards international intellectual property law reform. Later work
(as described below) which improves upon the measurement of patent regimes do show the
importance of patent rights to international patenting behavior (including U.S. patenting abroad).
Bosworth (1984) repeats the analysis for patenting flows into and out of the U.K., and finds
qualitatively similar results (the main difference being that U.S. patenting abroad is less dependent
on market size and more on multinational presence abroad).

Slama (1981) fits a gravity model (used popularly in international trade) to international
patenting data (for 27 countries during the period 1967-78 (i.e. pre-EPO era)). The dependent
variable is cross-country patenting as a function of the GNPs and populations of the country of origin
and destination, the geographic distance between (capital cities of) countries, and dummy variables
for regional trade membership (such as the European Community, European Free Trade Area, and
so forth). A key finding is that regional trade areas create positive preference, in that members
engage in more bilateral patenting than would otherwise be the case. The Slama study, though, does

not incorporate innovation-related determinants, such as R&D, scientists and engineers, and so forth.

B2. Optimizing Approaches

The first few “optimizing” models of patenting behavior set out to address a larger issue,

such as the sources of productivity growth, the welfare effects of global patent harmonization, and

the state of the technology gap between developed and developing countries. This paper builds upon
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these models of patenting behavior. Eaton and Kortum (1996), for instance, develop a decision-
theoretic model of patenting and embed it in a ‘quality ladders’ model of economic growth.* They
then fit the joint model of productivity and patenting to OECD data and find that substantive
differences in productivity are due to impediments in the diffusion of technology. The kinds of
impediments that are responsible can be discerned from the determinants of patenting. Among the
critical determinants are: geographic distance, intellectual property rights, supply of R&D scientists
and engineers, human capital in the destination countries (measured by the average years of
schooling), destination country imports as a percentage of destination GDP, and the productivity gap
between the country of origin (of patents) and the destination. For example, a country would not get
access to patentable technology (and would thereby lag behind in productivity) if the level of human
capital is too low (making it difficult to adopt new technology from abroad), if their degree of trade
with the rest of the world is low, if they are located in more distant regions, or if their intellectual
property protection is too weak to attract foreign patents. On the other hand, a country’s ability to
catch up is enhanced if it receives patentable technology from a more technologically advanced
nation (which is why the list of explanatory variables includes the ‘productivity gap’ between origin
and destination). Overall, this study finds that every OECD country (except for the U.S.) obtains
more than 50% of its productivity growth from patentable ideas that originated abroad.
McCalman (2001) extends the Eaton-Kortum model to analyze the impact of the Trade-
Related Intellectual Property Rights Agreement (TRIPS) on the division of the welfare gains among

countries. While this is the main focus of his study, McCalman also estimates a patenting equation.

* Such a growth model was developed by Grossman and Helpman (1991) to explain
innovations which improve upon existing goods as opposed to innovations which expand the
variety of goods.
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A key extension is to allow for legal barriers to the patenting of otherwise profitable inventions (for
example, working requirements or exclusions from patenting (because the inventions pertain to plant
and animal varieties, and so forth)). The estimates of the patenting equation are qualitatively similar
to those of Eaton and Kortum. As predicted, the restrictions on patenting proportionally reduce the
fraction of inventions that are patented in a destination country.

Park (2001) studies the extent to which international technology gaps, as measured by total
factor productivities (TFPs), can be explained by differences in patent protection levels and patenting
across countries. The focus is on whether international patent reform helps narrow technology gaps.
To address this, Park derives a model where TFP is a function of domestic and foreign patent
knowledge stocks and an auxiliary model where domestic and foreign patenting are functions of the
strength of patent regimes (along with other control variables). The other control variables that
matter to patenting are the destination’s market size, the destination’s ability to imitate foreign
innovations, and the cost of patenting in a destination.

Some critical differences among these studies are that Eaton and Kortum use a different
measure of patent protection than McCalman and Park. Eaton and Kortum use the Rapp and Rozek
(1990) measure which is based on a cross-sectional estimate as of 1984. On patenting costs, Park
uses a different measure than McCalman and Eaton and Kortum. The latter two studies use
Helfgott’s (1993) data, which are available for one year and are from the perspective of U.S.
(English-speaking) inventors. The same cost figures cannot be assumed to apply to inventors from
other countries; for example, the same high cost of translation in Japan would not apply to Japanese
patent applicants. Moreover, in the McCalman and Eaton and Kortum models, the patent protection

variable is interacted (nonlinearly) with the patent cost to destination GDP ratio, making it difficult
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to separate out the effects of costs.

In other studies, the focus of attention is the trend in patenting itself. Kortum and Lerner
(1999) observe an ‘explosion’ in U.S. patenting (domestically and abroad) and examine several
hypotheses that might explain that. The two critical competing hypotheses are the pro-patent
hypothesis and the fertile technology hypothesis. According to the pro-patent (or friendly court)
hypothesis, changes in the legal regime precipitated the increase in patenting (for example, the
establishment of a specialized appellate court (namely, the Court of Appeals of the Federal Circuit
(or CAFC)) which appeared to render decisions favorable to patent holders, upholding patent validity
decisions or reversing invalidity rulings). This increased the incentive to acquire patent rights.
According to the fertile technology (or increased inventiveness) hypothesis, firms have become more
productive and the management of R&D more efficient. Hence, what we are observing is an
increase in the supply of ideas — not all of which are patentable, but nonetheless leading to a rise in
patent applications. In a sense, the two hypotheses are not altogether separable. To the extent that
strengthened patent rights stimulate R&D, the regime changes might have led as well to increased
innovation potential. Secondly, increased R&D efficiency and innovation potential might have been
the reason the courts ruled more favorably to patent rights holders; patents awarded to higher quality
technologies would less likely be ruled as invalid. Thus, it is not clear that we are discussing two
distinct hypotheses.

Nonetheless, the authors set up a horse race to see which hypothesis better explains the data.
Their conclusion is that it is more likely to be the fertile technology hypothesis, based on the fact that
if the pro-patent argument were true, we would have observed an ‘explosive’ increase in both

domestic and foreign patent applications in the U.S. Instead, the explosive increase occurs primarily
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with U.S. patenting at home and abroad, which is more consistent with the hypothesis that U.S.
inventors were more prolific. One slight problem, which the authors note, is that while U.S.
patenting grew, the U.S. R&D to GDP ratio grew at a slower rate. They therefore conclude that
patenting was not driven by a boom in R&D but by better management of R&D.

Interestingly, in this study, the explanatory variables are all categorical variables (i.e. dummy
variables — alone or interacted with others); for example, dummies for destination, source, year,
home country, and so forth.” It would be useful to incorporate more explicit variables (such as
market size, patent rights, filing costs, and so forth). Moreover, the authors seem to treat the shift
in legal regime as a one-shot affair (namely with the formation of the CAFC in 1982) to test the pro-
patent hypothesis. They do not study the dynamic evolution of legal changes (say with the help of
an explicit variable that measures ongoing changes in the legal regime), in which case they might
have picked up the effects of landmark court cases which affect patenting in software and computer-
related industries or of international institutions (such as the PCT and EPO systems) which create
economies of scale in patent filings.

Rafiquzzaman and Whewell (1998) reproduce the Kortum and Lerner analysis for Canadian
patenting behavior at home and abroad. They too find an increase in the growth rate of Canadian
patenting, and likewise attribute it to fertile technology factors. They cite the explosion of new firms
in the high-tech sectors (software, biotechnology, and communications technology) and the
application of information technology to the R&D process which increases the productivity of R&D.

The fact that there is a similar increase in patenting in other countries should shift some focus away

> This methodology is extended in Eaton et. al. (1999) to study patenting behavior at the
sectoral level.
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from nation-specific factors (such as the U.S. CAFC) to some common international factors.

A micro-level study by Hall and Ziedonis (2001) challenges the hypothesis that U.S. firms
patented more because they were more inventive. Using a sample of U.S. semiconductor firms, the
authors find that the motive for, or determinant of, patenting is strategic: to pre-empt “hold-ups” or
blocking if rivals own key patents. The argument is that if a firm could own critical patents itself,
it could better negotiate with others who have rights to technologies that the firm might need. The
authors argue that recent legal changes put firms in a situation where they need to patent for this
purpose. The legal changes broadened patent scope and facilitated entry by specialized firms. In an
environment of cumulative innovation (such as in the semi-conductor industry), the possibilities for
patent hold-up are greater. Firms cannot afford not to acquire patents while others are amassing vast
patent portfolios. Thus, it is the filing of these vast patent portfolios that may account for the
explosion in patenting in recent years.

Gallini et. al. (2003) also contribute to the ongoing empirical analysis of what determines
patenting. The authors estimate the patenting model of Eaton and Kortum using a different measure
of patent protection (namely, the index in Park (2001)). They estimate the model using OECD data,
while providing a Canadian patenting perspective. The authors argue that patent protection can have
both an ‘innovation effect’ (by stimulating R&D) and an ‘increased filing effect’ (by raising

monopoly rents). To focus on the filing effect (or on patent propensity per se), the authors use as

% In their estimated equation for patenting (namely, a Poisson model), the authors find
that, over time, capital per worker is the more significant explanatory variable (to explain
patenting), which is consistent with the idea that firms with large sunk costs in complex
manufacturing facilities face greater litigation costs and have a vested interest in strategic
patenting. Meanwhile, R&D per worker declines in significance, over time, as an explanatory
variable. This result, they argue, does not appear to be consistent with the fertile technology
hypothesis.
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dependent variables: patents per R&D expenditure, and patents per domestic patent applications.
The rationale is that the innovative effect of patent rights would be captured in the overall pool of
patentable inventions. But since this is unobservable, they posit that this pool is a function of R&D
expenditures. Alternatively, this pool could be a function of domestic patent applications. Focusing
then on foreign patenting would help capture the filing — or propensity — effect. It is not perfectly
clear, though, that innovative effects could not be absorbed in foreign filings; that is, foreign filings
can represent both new inventions as well as existing inventions that have not yet been patented (as
long as they are still novel and fall within any grace periods or priority filings). Nonetheless, this
study helps to identify important determinants of patenting. As in previous studies, they find
geographic distance to have a negative effect on foreign patenting, while average years of schooling,
real GDP, imports as a share of GDP, and patent protection all positively stimulate foreign patenting.
They also find that anti-trust factors play a role: the tighter anti-trust scrutiny is, the weaker patent
rights are, and therefore the lower the incentive to patent.

To summarize, the existing literature suggests a variety of explanations for patenting: that
it is driven by technological capacity and R&D, by strategic behavior, by legal regime changes, by
the attractions of destinations (market size), and by the ability of destinations to absorb new
technologies. In actuality, no single variable may dominate. Not only could these variables play
complementary roles, but it is not always clear that they represent distinct factors or developments.
The studies are either from the perspective of national patenting behavior (e.g. U.S. or Canadian) or
from the world as a whole (e.g. TRIPS-related countries). None of these studies have thus far
analyzed regional patenting systems, such as the EPO. Thus existing work has overlooked the role

that major institutions might play in explaining the recent growth and distribution of international
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patent rights.

2. Theoretical Framework

This section develops a conceptual model of international patenting flows as a basis for the
empirical analysis. The following model is adapted from Eaton and Kortum (1996) and Park (2001).
First some definitions and notation. Let the source country be the country of origin of patent
applications (or the country to which patents are granted). Let the destination country be the country
in which a patent application is filed (or the country which grants a patent right). In this paper, we
are primarily interested in the special case where the destination is not a specific country but a
regional office (such as the EPO).

The variations in international patenting depend on three kinds of heterogeneity: (1) market
heterogeneities (some destinations are more attractive than others); (2) invention heterogeneities
(some inventions are more valuable than others); (3) heterogeneity between source countries (some
source countries are more inventive than others).

Let the source country be indexed by i and the destination country by j, such that i = j refers
to domestic patent applications, and i # j to foreign patent applications. Let P;; denote the number
of patent applications from country i to country j. Each source country produces each period a flow
of inventions. Let o, denote this flow of ideas, some of which may be patentable. Of these, some

fraction, f;, is applied for a patent in country j.” Hence the number of patent applications from

s Hjo

7 Of course, this is not to say that they are “patentable” — only that patent applications are
filed for them. Whether inventions qualify or meet the standards of patentability (as set out in
country j’s laws) is determined at the patent granting phase.
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country i in country j is:

f,

(1) Py=o, f;
We will model each of the three components on the right hand of this equation. First, we

assume inventive output to be produced according to a Cobb-Douglas production function:

@) g=aRASALA™, a>0

where R denotes the stock of research and development (R&D) capital, S the supply of scientists and
engineers, and L labor. The exponents (B, B,, . . . ) represent elasticities: the percentage change in
inventive output for a 1% change in input.

It will be shown that those inventions which cross a particular quality threshold will be the
ones for which patents are sought in the destination market. To develop this idea, assume that each
of the various inventions of the source country can be indexed by its “quality” level, associated say
with the inventive step of an invention. The quality level is assumed to be a random variable, Q,

drawn from an exponential distribution. Let the cumulative distribution function be:

F@=Pr(Q<q)=1-e"

which essentially captures the stylized fact that the distribution of invention quality is skewed: a
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small percentage of the top inventions account for a large majority of the total value of patent rights.®
This can be seen from the fact that F'(q) > 0 and F’(q) < 0. Thus the median quality is less than the
mean quality (hence the distribution of Q is positively skewed — or skewed to the right).

The mean inventive step from such a distribution is 1/y. An invention of size q is assumed
to augment a firm’s productivity by a factor of e?. For example, if A is an index of productivity, the

new level would be A’=¢e%A. Thus, under this formulation, q is the growth rate of productivity (i.e.
q= Al A ). Firm productivity could be enhanced either because the invention improves production

potential or is a cost-saving innovation. We assume that the productivity increase is reflected in firm

profits. A tractable formulation is:

(G) n=n(@)=e"T, w(q9>0

where 7 denotes the instantaneous flow of profits and 7T some base flow. The derivative of & with
respect to q is of course assumed to be positive. However, it is also necessary to adjust the level of
a firm’s profits due to imitation activities. Because of imitation or infringement, the returns to
inventions are not fully appropriable. In each market or destination j, firms face hazards of imitation.
Assume that imitation acts like a tax on profits, and denote by h the rate at which profits can actually

be appropriated. Thus net instantaneous profits are:

(3 m=hemT, 0<h<1

¥ See Putnam (1996) for some empirical evidence and review of the literature.
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where h <1 signifies that the returns are imperfectly appropriated and h = 0 denotes that they are
completely dissipated. However, with patent protection the ability to appropriate increases,
depending on the strength of the intellectual property regime. Let 6 denote the increase in the rate
of appropriation due to patent protection. 0 is assumed to be a positive function of the strength of
patent rights.” Thus with patent protection, the rate at which returns are appropriated equals h + 0,
where 0 <h+0 < 1."

The value of a firm equals the presented discounted value of the future stream of profits, and

depends on whether or not a firm has a patent. With a patent, the value is:

r+&Heim

(4) 72 = i;m(h+$);??e‘?e'”cit L
¥ r

where r is the real interest rate. Without a patent, the value of a firm is the above expression with

0 set to zero:

b et

(5) AT _ |;°° hitete ™ d =
o F

Hence the value of patent protection is:

’ If the enforcement of patent rights is completely ineffective or if patent protection, for
some reason, is not necessary for the appropriation of investment returns, then 6 would be zero.

' Note that the increase in appropriability could have been modeled multiplicatively (as
hO). However, the results are qualitatively simlar but analytically less tractable.
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¥

((‘r) AV = VPAJ" _ VNC'PJIT:

That is, a patent in market j enables the patentee to ‘purchase’ a reduction in the incidence of
imitation, the benefit from which is reflected in an increase in firm value. Thus a firm will seek

patent protection if the net benefit of patenting exceeds the cost of filing for protection:
(7) szvPAT _ VNOPAT >c

where ¢ denotes the cost of obtaining a patent (e.g. filing fees, agent fees, and possibly translation
fees). The underlying logic is that inventors have means other than patent protection to appropriate
the rewards from their innovation (such as lead times, reputation, secrecy). Thus the value of a
patent is the incremental return an inventor can get above and beyond that which can be realized by
alternative (non-patenting) means.

Equation (7) helps determine which of the source country inventions will be applied for
patent protection. A critical threshold quality of inventions can be identified (using (6) and (7)),

namely:

e
8) g = In(—
(8) g nfﬂ}}

The more expensive it is to file a patent (i.e. the higher c is), the higher the quality threshold
(indicating that only inventions of higher quality are worth patenting). Furthermore, the stronger the

patent regime (i.e. the higher 6 is), the lower the quality threshold. Thus not surprisingly, patent
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rights are more valuable, holding other factors constant, if patent protection is stronger. A higher
base flow of profits () also contributes to a lower critical threshold quality. Firms that are in general
more productive or have more valuable products are likely to have a higher base flow of profits.
The number of patents filed can now be determined. Recall the cumulative distribution
function F(q). Given a critical threshold quality g*, F(q*) is the fraction of source country inventions
that are not patented and (1- F(q*)) = ¢ the fraction that are. Thus, using our notation above, the

third term in equation (1) is:

P
©) =" ="

L)

where subscripts 1, j are brought back to clarify that it is the filing cost and the strength of patent
rights of the destination that matter; while it is the base flow of profits of the source country firm that
matters. Now, putting it all together (i.e. substituting (2), (9), and the assumption that g; = 1, into

(1)) yields the prediction for patenting flows from i to j:

m Fe .o
[10) £ =geR SR 1 AG0 {—_é o
”z' .i"

Taking natural logs of both sides of (10) yields:
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g
(11) In (E“) =¥o Ty In (%) ty;ln (%) ty In(@)ty, In(6,) -y, In(c,) + p

where p denotes the error term and v, the constant.!" A few modifications will be made before
applying the model to the data. First, if j denotes the EPO region, there exist specific costs (c;) of
filing in the EPO; however, there exists no aggregate measure of the state of intellectual property
rights in the EPO. Currently, there are measures of patent strength (to be discussed below) for the
individual countries that comprise the EPO. Thus one possibility is to take a weighted average of
the values of the index of patent strength of the individual countries. However, the issue is how to
construct those weights. Secondly, the levels of patent rights are high among EPO countries, and
they do not vary much over time (though there is a slight upward trend in the strength of patent
regimes during the sample period). Thus, as a proxy, we will incorporate a time trend to capture
variables, such as aggregate EPO patent strength, that evolve over time.'

Another modification to (11) is that we need to be more concrete about the base flow of

profits term (i.e. In 77, ). We postulate that this is a function of overall source country productivity

and the level of patent rights in the source country."

The rationale is that the more productive a
country is the more inventive output it may produce; secondly, the stronger a patent regime is the

greater the incentive to innovate may possibly be (referred to in the literature as the “inventive

" Furthermore, the parameters in (11) are functions of previous parameters; i.e. v, = In o
-y lngy =B =B v = v = W and v, = -y

" In other words, we will assume that 6, = e/

" That is, T, = GDPC" IPR *, where GDPC and IPR as defined below.
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effect” of patent rights). A third modification to (11) is to add time subscripts since data on
international patenting are available over time. Finally, given the panel data nature, the error term
may consist of important individual (country) effects, which may be fixed or random. The individual
effect may capture any specific interaction effect that individual source countries have with the EPO.

Thus the equation to be estimated is:

o £ &
bt it it

(12) ln(L—)—erlln(—L )+?21n(—L )
it it it

In (GDPC: In (IPR -y 1
+ryIn(GDPC ey InUER Jaygimy Inle )iy

where GDPC denotes real GDP per capita and IPR an index of patent rights — both for the source
country." The error term p, = v, + &, where v, is the individual effect component and &, the
orthogonal and spherical disturbances component. The error term is motivated, as in Eaton and
Kortum (1996), by the fact that some profitable inventions fail to be patented while some
unprofitable ones are patented. Note that in (12), j refers to the EPO. Thus the dependent variable
is the natural log of EPO patent applications from country i1 divided by the labor force in country i.

Equation (12) constitutes the basic model specification for explaining patenting behavior in
the EPO. Other independent variables can added to equation (12), but in order to avoid cluttering
up the basic model, the discussion of these variables is deferred to the empirical section. The context

for these variables will be clearer when they are brought up.

'* The new parameters are: ¥; = B; V., Ya = Ba Vo and v5 = Bs v,



26

3. Data and Sample Statistics

A panel data set is used to estimate equation (12). The sample consists of 53 source countries
over the period 1980-2000. In this sample, there is only one destination, namely the EPO. Given
a number of missing observations (due to incomplete data on the independent variables of interest),
in practice this sample reduces to about 30 source countries over a 21 year period (providing 630
observations = 21 x 30).

The data used in this paper can be put into five categories: Patenting Data, Macroeconomic
Data, Science and Technology Data, Trade Data, and Intellectual Property Rights Data. The

following describes the data in more detail:

(A) Patenting Data: Data on EPO patenting (applications and grants) and on patent filing costs are

from the European Patent Office.'® The breakdown of EPO patents by designation (i.e. by individual
member states) is derived from the World Intellectual Property Office’s (WIPO) Industrial Property
Statistics. Patent applications are the sum of direct EPO filings (or grant) and indirect filings (via
the Patent Cooperation Treaty (PCT) process, as administered by the WIPO). This sum helps
control for the fact that inventors can switch between these different modes of obtaining patent
rights, without affecting the overall demand for a patent in the EPO region. Here, we do not

distinguish between first or subsequent filings, as the determinants of this may be somewhat more

" T thank Peter Hingley for providing these data.
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complex and micro-oriented."
Patent filing costs are converted into real terms using the GDP deflator for Germany, since

the filing costs are in Deutsche Marks. The deflator’s base year is 1995.

(B) Macroeconomic Data: Gross Domestic Product (GDP) are in real 1995 U.S. dollars. GDP,

population, and labor force data are from the World Bank World Development Indicators.

(C) Science and Technology Data: Data on national, public, and private research and development

(R&D) and on the supply of scientists and engineers are from the OECD’s Main Science and
Technology Indicators database.'” For non-OECD and/or developing countries, we obtained R&D
data (including the share of public R&D in national) from UNESCO’s Statistical Yearbook. For
several countries, data are missing. For data that were missing between years, we filled in gaps by
a linear interpolation.'® The reported R&D data are all investment (flow) data. To convert to R&D
stocks, we used the perpetual inventory method assuming a 10% geometric depreciation rate. The
Appendix describes in more detail how the stocks were constructed from flow data.

The supply of scientists and engineers is our measure of scientific human capital. Studies

on economic growth have often used education-related variables, such as the secondary school

'* In the sense that detailed information about inventor propensities or preferences may
be required. Part II does provide a first look at distinguishing among different modes of filing.

"7 This can be accessed through www.sourceoecd.org.

" For example, if there were a three year gap in R&D flows, we divided the total change
in R&D values over that period by three and incremented the value of R&D by that figure for
each year that was missing. For example let A = (x(t+3) - x(t))/3, where t denotes time. Then
x(t+1) =x(t) + A, x(t+2) = x(t+1) + A.
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enrollment rate (see, for example, Mankiw et. al. (1992)). Thus as a more general measure of human
capital, we examine both the secondary school enrollment rate and tertiary (post-secondary) school
enrollment rate. The enrollment rates are used on the assumption that spending on (or investment
in) education is correlated with the student population enrolled. Data on school enrollment rates

are obtained from the World Bank World Development Indicators.

(D) Trade Data: We employed bilateral trade and foreign direct investment (FDI) positions between

countries in order to capture technological interactions between them. Bilateral trade data for 1996-
2000 are from the United Nations Comtrade database. For earlier years (1980-1995), we used
Statistics Canada’s World Trade Analyzer. Bilateral FDI data are from the OECD’s International
Direct Investment Statistics. We then examine total source country exports to the EPO region and
FDI stocks in the EPO region. To obtain total source country and FDI vis-a-vis the EPO as a whole,
we simply summed up a source country’s exports to or FDI in each of the EPO member states (in
real dollar terms (where 1995=100)). Both FDI and exports matter because generally inventors seek

patents in regions where they expect to market their goods and services.

(E) Patent Rights: The measure of patent rights is taken from Ginarte and Park (1997) and Park and

Wagh (2000). These studies provide an index of the strength -- not necessarily quality -- of patent
rights across countries and over time. The index of patent rights (henceforth IPR) ranges from zero
(weakest) to five (strongest). The value of the index is obtained by aggregating five sub-indices:
extent of coverage, membership in international treaties, enforcement mechanisms, duration of

protection, and provisions against loss of protection (against, for example, compulsory licensing).
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These features (coverage, membership, duration, enforcement, and loss of protection) were chosen
as a reference point because of their adoption in international standards (for example, the 7RIPs
Agreement of 1994).

The numerical value of each of these sub-indices (which range from zero to one) indicates
the fraction of legal features in that sub-index available in the particular country. For example, a
value of Vs for enforcement indicates that a country has one-third of the possible enforcement
mechanisms listed under that sub-index. A value of '2 for duration implies that a country grants
protection for half the international standard time (of 20 years from the date of application or 17
years from the date of grant). The value for membership in international treaties indicates the
fraction of available treaties to which the nation is a signatory. The value for coverage indicates the
fraction of invention classes the country allows as patentable subject matter. Finally, several
conditions exist under which authorities can revoke or reduce patent rights. The value for provisions
against loss of protection indicates the fraction of those conditions which are not exercised in the
country.” The Appendix summarizes the scoring method for determining the strength of national
patent protection.

Next, we turn our attention to some sample statistics. Table 1 shows the sample means (over
the period 1980-2000) of the following variables: EPO patent filings, EPO patent grants, R&D as
a percentage of GDP, the shares of private and public financing of R&D, the supply of scientists and

engineers per 10,000 workers, exports to and FDI positions in the EPO (as a percentage of source

' Of course, actual patent protection may deviate from statutory (“laws on the books”)
protection. The authors investigate this possibility but find that most firms’ complaints are not
so much about the execution of laws but about the statutory differences between industrialized
countries and the lack of laws in less developed countries, both of which the index incorporates.
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country GDP), and the index of patent rights (for the source country). The countries in the sample
are grouped according to their sample average real GDP per capita. The high-income nations are
those whose GDP per capita exceeded $17,000 real (1995) U.S. dollars; the low-income nations are
those whose GDP per capita was less than $3,500 real 1995 U.S. dollars; and the medium-income
countries are those whose GDP per capita lies between those two limits. We also indicate in the
table whether a country is a member state of the EPO (and the year of accession). For each income
group, we provide the within-group mean values, and at the end of the table, we provide the overall
mean values of the variables.

In general, the high-income nations do most of the patenting in the EPO and receive most of
the EPO patent rights, with the U.S. being the leader in both categories. The high-income nations
also have the highest rates of R&D spending (averaging 1.53% of GDP), while the low-income
nations have an average R&D to GDP ratio of 0.48%. Generally, the share of private R&D in
national R&D is higher among high-income groups. For low-income nations, the public sector has
a larger share (and larger role) in national R&D. This might be explained by the fact that the index
of patent rights is lowest among the low-income nations (and highest among the high-income
nations). Weak patent rights might have led to low rates of private sector innovation, placing the
burden on the public sector to conduct and finance national R&D. Or it may be that because the
share of private R&D in national R&D is low, the governments have had less incentive to invest in
and strengthen their patent systems. Either way it is not common for a country to have both strong
levels of patent protection and large shares of government R&D.

The high-income nations have large exports to and stocks of foreign direct investment in

EPO countries, signifying that the EPO is an important market for their goods and services. Here,
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exports and FDI are the sum of exports and FDI across EPO member states. In general, however,
it is the EPO member states themselves that have high ratios of EPO exports and FDI to GDP,
reflecting a good degree of intra-European trade and investment activity. For example, Netherlands’
FDI position in the EPO is about 67% of Netherlands GDP (the highest in the sample). Belgium’s
exports to the EPO region are about 36% of Belgian GDP. However, the U.S.’s EPO exports and
FDI (while large in absolute magnitudes) are 1.87% and 3.41% respectively of U.S. GDP.

In terms of the ratio of scientists and engineers to workers in the sample, Israel is an outlier.
It has 122.47 scientists and engineers per 10,000 workers, the highest in the sample. (The second
highest is Japan, with a ratio 0f 94.5.) Granted that labor market classifications and definitions vary
somewhat across countries, the figure is quite large. What is puzzling about that figure is that it is
not reflected in the amount of patenting Israel does. But this is only when Israel is compared to the
high-income nations. Within the medium-income group, it is in third place (in terms of EPO filings)
next to S. Korea and Spain. Another possible outlier is Hong Kong which has only 1.83 scientists
and engineers per 10,000 workers. This might be due to Hong Kong’s economy being driven more
by financial activity (rather than technology).

Among the low-income nations, the most EPO patent filings are done by emerging
economies such as India, China, and Russia. But in general, their rates of R&D investments are
much lower than the overall sample mean and their patent regimes are not very strong or fully
developed. Scientific and engineering resources are limited. Thus they will not likely account for
a significant share of EPO patenting activity — at least until some major developments occur.

Table 2 presents some patenting statistics for the leading source countries of the EPO. In

both 1985 and 1999, the U.S., Germany, Japan, France, and the U.K. (in this order) are the top five
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countries in terms of EPO patent applications and EPO patent grants. In terms of applications,
Switzerland and the Netherlands are in sixth and seventh place in 1985, and switch places in 1999.
Austria and Canada are in tenth place in 1985 and 1999 respectively. In terms of grants, Switzerland
is in sixth place in both years. Overall, there is remarkable stability in ranking (in both the
applications and grants category).

Over time, however, all of the leading source countries have tripled or quadrupled their EPO
filings (a phenomenon noted for the U.S. by Kortum and Lerner (1998) and others). Thus there too
appears to be an “explosion” in patenting in the EPO as well. Most of the leaders in patenting are
fellow EPO states. Increased patenting could have been the result of increased inventiveness, lower
costs of filing, or of new uses for patenting (such as strategic rivalry). In terms of patent grants, there
is not the same kind of explosive growth. This might be the result of lags in processing applications
(i.e. increases in patent pendency), due to the increased influx of applications over time; of a more
selective search and examination process; or of a rise in minor (or not so high quality) inventions.

Table 3 examines patenting trends from the other perspective — the destination’s. The
destinations or designations in EPO filings or grants are sorted in descending order so as to give an
idea of which EPO countries were most attractive to patent applicants or patentees. For both EPO
applications and grants, the five leading EPO states are Germany, U.K., France, Italy, and the
Netherlands. In 1985, out of nearly 40,000 EPO filings, 96.1% designated Germany and 68.4% the
Netherlands. In 1999, nearly all member states were designated in EPO filings. The country with
the lowest number of designations is Cyprus, yet it is designated in 95.3% of all EPO filings that
year. As the data for 1994 show, designating almost all the member states is a fairly recent trend.

Even in 1994, many countries were not designated. In fact, fifth place Netherlands was designated
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in 72.7% of all filings. Monaco was designated in about half the EPO filings. The pattern for EPO
patent grants is different. For grants, a noticeably smaller percentage of countries is designated. For
example, in 1999, Cyprus was designated in 2% of EPO grants. In fact, most countries are
designated in less than half of all EPO patent grants in 1999. Germany, France, and the U.K.,
though, are consistently designated in about 85% (or more) of EPO grants in those periods.

The EPO patent applications described thus far have revenue implications for the EPO. Fees
from patent applications are a source of income for the EPO. Table 4 provides a very rough view
of EPO patent revenues from filings. We simply take the filing fee per application and multiply it
by the number of applications (per year). Needless to say, the EPO has other sources of revenue (for
example, it shares renewal fee revenues with national offices), so that the table does give a limited
view of EPO’s finances.

In order to obtain real revenues from filings, we first convert nominal fees into real 1995
values (in Deutsche Marks). Columns 1 and 2 show the nominal and real fees respectively, and
columns 3 and 4 show the EPO direct and indirect (via PCT) filings respectively. Note that nominal
filing fees were changed in particular months of the year. We rounded off to the nearest year-end
(depending on whether the month was closer to December of the current year or December of the
previous year). The real fees in column 2 are multiplied by the sum of filings in column 5. The
resulting real revenues are in column 6. The figures show that revenues rose steadily from 1980 to
1990, then fluctuated somewhat, and then peaked in 1996, after which they declined. The reason is
that, with inflation, real fees have followed a declining trend. Nominal filing fees thus have not kept
pace with (German) inflation. Still until 1996, real revenues increased because the increased

quantity of filings compensated for the drop in real fees per application. However, after 1996, the
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cut in nominal and real fees were rather significant so that the growth in applications did not

compensate — hence the decline in the filing fee revenues in the late 1990s.

4. Empirical Results

This section focuses on the estimation of equation (12). We first present the results of the
basic model and then discuss the sensitivity of the results to alternative specifications, providing
commentary along the way.

Table 5 presents estimates of the basic model represented by equation (12). The dependent
variable is EPO patent filings per source country worker. The first column contains the random
effects estimates and the second fixed effects estimates. The coefficient estimates do not vary
radically but the Hausman specification test in some cases rejects the null of no correlation between
the independent variables and the error term.

The results show that countries with greater GDP per capita — that is, the more productive
economies — have greater EPO patenting per worker, holding other factors constant. Moreover,
source country patent rights also positively and significantly stimulate EPO patenting. Thus, the
results are supportive of an “inventive effect” coming from stronger patent protection. Given the
log-log specification of the equation, the coefficients represent “elasticities.” The response of EPO
patenting to GDP per capita is elastic and to the index of patent rights inelastic. More on the
importance of the elasticity of demand for patents (vis-a-vis fees) later.

The source country’s stock of R&D per worker and number of scientists and engineers per

10,000 workers have a positive effect on stimulating the overall flow of ideas in the source country
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and consequently the number of EPO patents per worker it files. Real EPO fees have the expected
negative effect on EPO patent applications. The coefficient estimate is less than one (in absolute
value) suggesting that the “demand for EPO patents” is inelastic. Thus higher fees, holding other
factors constant, may actually raise EPO revenues. The demand would be inelastic if firms view
patent protection as a necessity in order to conduct business or trade in the EPO region. The fact that
other firms are applying for patents may stimulate others to feel that they “must” get them too (in
order to have strategic bargaining chips for purposes of, say, future cross-licensing or other
negotiations). The demand may also be inelastic if technologies are becoming easier to imitate and
the returns harder to appropriate without intellectual property protection. Overall the coefficient
estimates are significant at the 1% level (or better) and the model explains about 80% of the variation
in the data.

Column 3 examines how sensitive the results are to the use of R&D stocks, rather than flows.
Replacing the R&D stock measure with R&D flows (or R&D investment per worker) affects the
results very marginally. The similarity might have to do with the relative smoothness of R&D
investment spending, which make the flows and stocks fairly proportional over time. R&D may be
smooth because of high costs of adjustment (relative to physical capital). Much of R&D consists
of wages and salaries paid to the R&D scientists and engineers, whose employment is structured in
a way that hiring and removing staff is fairly difficult. Thus from a practical point of view, the flows
and stocks of R&D yield similar results. Theoretically, however, R&D stocks capture the notion that
what matters to the production of patentable ideas is the existing stock of knowledge (after
accounting for depreciation and obsolescence), rather than the flow of knowledge in a particular time

period. Certainly, anew ‘flow’ of knowledge may be associated with a particular contemporaneous
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technological breakthrough, but that piece of knowledge often builds upon previous knowledge.

Column 4 splits the stock of R&D per worker between private and public R&D per worker.*
Since data on this composition is not available for all the countries in the sample (see Table 1), we
lose about a fourth of the observations (making direct comparisons to the results in other columns
difficult since the samples are different). Nonetheless, qualitatively, the results are similar, except
that the source country’s government or public R&D per worker is not an important explanatory
factor. Private R&D may be the more important determinant since private agents tend more to
market their innovations and to seek proprietary rights, whereas the mission of public R&D is often
to contribute knowledge to the public domain. Public R&D also tends to finance basic, generic ideas
which are not patentable by nature. However, in previous studies (see Park (2003)), public R&D is
found to stimulate private R&D. In other words, public knowledge is important to conducting and
producing private sector research results. If this is the case, then summing private and public R&D
helps to capture the indirect effect of public R&D on private sector patenting behavior. Nonetheless,
the results in column 4 do indicate that public and private R&D should not be treated as substitutes
— and that the relative (and more direct) contribution of private R&D to patenting is greater.

In preliminary investigations, we did examine the implications of including a time trend
(results not shown) and found that the time trend was a significant explanatory factor, but that it
reduced the statistical significance of the scientists and engineers variable. The time trend may
capture destination factors not explicitly modeled. Here there is only one destination, namely the

EPO, so that the time trend could capture the overall growth of the market in this region or some

%% Note that public and private R&D would not add up to national R&D since non-profit
and higher education R&D are left out.
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other phenomenon that has changed over time. But the time trend could also be capturing source
country factors that also evolve over time. Indeed the variables we look at explicitly, such as the
source country’s GDP per capita and supply of scientists and engineers, are variables that vary over
time. Thus, for this sample, we will include the scientists and engineers variable (rather than the
time trend) since it provides information (on human capital) that we can explicitly allude to.
Table 6 examines slightly different dependent variables. For column 1, we take the ratio of
EPO patent filings per scientist and engineer in the source country, and in column 2, the ratio of EPO
patent filings per stock of R&D in the source country. The results in the table suggest that the results
thus far are not sensitive to the choice of these dependent variables. The coefficient estimates are
exactly similar to those shown in the second column of Table 5, except for the constant term and one
other variable. In column 1 of Table 6, that variable is the natural log of scientists and engineers per
10,000 workers (which has a coefficient of -0.80), and in column 2 it is the natural log of the stock
of R&D per worker (which has a coefficient of -0.42). Both coefficient estimates are the previous
coefficient estimates (in Table 5, column 2) minus one. This is not surprising since to get these
alternative dependent variables, we subtract either In (SE) or In (RD) to both sides of equation (12)
(and move the natural log of workers to the right-hand side). The negative coefficient estimates
signify that neither the supply of scientists and engineers nor the stock of R&D have increasing
returns effects. For example, the ratio of patent filings to R&D stock (or to the supply of scientists
and engineers) is not increasing in the stock of R&D (nor in the supply of scientists and engineers).
Thus R&D stocks (or scientists and engineers) have a positive, but diminishing impact on patenting.
Overall, the models explain a smaller percentage of the variation in the data than the model where

patents per worker is the dependent variable.
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Table 7 examines alternative independent variables. Column 1 shows the results of adding
two “market size” variables: exports to the EPO region and FDI position in the EPO region (both
as a ratio to source country GDP). Both variables measure the extent to which the source country
trades and invests in the EPO. They indicate the relative importance of the EPO market to the source
country. Patent rights are usually desired if firms have significant marketing interests in say the EPO
region. However, these two variables are statistically insignificant explanatory factors. But in
column 2, where we dropped the GDP per capita variable, we can partially see why the results turned
out they way they did in column 1. Both FDI and exports — as previous studies have shown®' — are
positive functions of GDP per capita. The latter might capture a country’s productive capacity to
export and to manufacture abroad. Once GDP per capita is controlled for, the additional FDI and
export variables do not matter. This suggests that GDP per capita may capture the influences of
exports and FDI.

But note that, when per capita GDP is dropped, the FDI variable is a statistically significant
factor but the exports variable is not. One possibility is that the demand for patent protection is
greater if production facilities are being set up abroad. Manufacturing abroad exposes firms to risks
of getting their knowledge (say, production methods) appropriated. Hence, foreign patents are
sought when firms locate abroad (which explains why FDI matters to patent filings). Exports, on
the other hand, may expose firms to reverse engineering, but in the EPO region this does not appear
to be a significant risk factor and may be why it does not significantly affect the patenting decision.
If this interpretation is correct, it would be consistent with a view that firms are concerned with

managing local knowledge spillovers — within the EPO region — arising out of their investments in

I See Maskus (2000) for a survey.
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foreign affiliates.

In columns 3 and 4 of Table 7, alternative measures of human capital are introduced. Thus
far the scientists and engineers variable may be capturing R&D-related human capital, which is very
specialized. Education investments may capture more general measures of human capital. To that
end, we try educational enrollment rates which are used in standard empirical growth studies. The
secondary school enrollment rate is statistically insignificant (see column 3), while the tertiary
enrollment rate (in college or universities) is significant at the 10% level. Thus the more appropriate
type of human capital for innovation and patenting activity seems to be a specialized one. At least
the tertiary education variable comes close to explaining patenting.

In Table 8, we report on the extent to which patent filings respond to cyclical shocks and
lagged effects. At one level, one could argue that patenting is costly so that patenting decreases
during recessions and increases during booms. At another level, one could argue that technological
investments are typically for the longer run and hence should be less sensitive to short run
considerations. Thus it would be of both policy and academic interest to pursue the connection
between patenting and business cycles. This paper provides a brief glimpse at the issue. First, in
order to obtain a measure of cyclical shocks, we ran an AR(1) regression of the natural log of GDP

with a time trend, as follows:

hl{Gﬁ?PC}= -2.601 + 095In(GDFPC ) + 0.0015 Time Trend
(046 (0.008) (0.0002 )
Ads. B = 0.99, Mo of Observ.=1056
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where the standard errors are in parentheses.”” Let the measure of cyclical shocks be the residual to

this equation: # =In (GDPC) —Inf GDPC ) , where the symbol » denotes fitted values.

Column 1 of Table 8 displays the results of regressing the dependent variable on i (and a

constant term). The coefficient is significantly positive, suggesting that patent filings move with the
business cycle. However, once the other RHS variables are controlled for, no independent influence
of cyclical shocks on patenting is present (see column 2 of Table 8). Any cyclical movements are
likely to be reflected in the movements of RHS variables themselves (such as R&D).

Column 3 of Table 8 reports on the lagged effects of the variables (so as to examine any
adjustment effects). Most of the lagged variables are insignificant in explaining patenting (except
for the lagged dependent variable and lagged R&D). Thus most of the variables we have been
modelling have relatively strong contemporaneous effects.

The positive effect of the lagged dependent variable suggests that there is some momentum
in patenting. Nearly two-thirds of last period’s patenting accounts for the current period patenting.
But since the coefficient (of the lagged dependent variable) does not exceed one, the momentum
fades (holding other factors constant). In fact, focusing only on the dependent variable and its lag,

the change in In (PAT) is negatively related to lagged patenting:

Aln (PAT)=-0.33 In (PAT ) + ....

** This coefficient of lagged GDP per capita is not unity so that the resulting shocks to
GDP per capita are not permanent ones.
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where In (PAT ) was subtracted from both sides of the model (in column 3, Table 8). The growth
rate of patenting per worker is negatively related to the initial level of patenting per worker (holding
other factors constant). This is reminiscent (in the growth literature) of some form of economic
“convergence.” Here it is convergence in patenting per worker across source countries (conditional
on other fundamentals — i.e. other RHS variables — being the same). The significance of this is that
it suggests that there are underlying “diminishing returns” at work — operating on the inputs used to
produce patentable output. Thus, to the extent that there are global differences or divergences in
patenting per worker across countries, they are likely to be due to differences in the endowment (or
efficiency) of scientific resources across countries, rather than to some technological “increasing
returns” effect operating on those inputs (whereby the high patenting nations produce more patents
and the low patenting nations produce less; i.e. “the rich getting richer, and the poor getting poorer™).

In fact, the coefficient estimate of lagged R&D is somewhat consistent with this explanation.
The negative (and significant) estimate implies that if R&D strays too far above some trend (or long
run) value, the effect on patenting is reduced or diminished. In other words, there may be some
stable relationship between patenting and R&D. The divergence between the growth rates of R&D
and patenting discussed in the previous literature may be transitory.

Taking the estimates in column 3 of Table 8 somewhat seriously, we can calculate the steady-

state estimates (by equating the variables and their lags, e.g. PAT =PAT ,, and so forth). This yields:

In PAT =-32.7+ 1.59 In GDPC + 0.24 In RD + 0.07 In SE + 1.29 In IPR - 0.36 In FEE

where the variables are as defined in the tables. Compared to the estimates obtained previously
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(without the dynamic specification) — namely the results in column 2 of Table 5 — the impact of GDP
per capita (GDPC) and the index of patent rights (IPR) are fairly similar. The measured long run
effect of R&D is half'the measured static effect (i.e. 0.24 vs. 0.58). The measured effect of patenting
costs (FEE) is one-third higher than the static effect. The measured effect of scientists and engineers

is one-third the measured static effect. Nonetheless, the qualitative impacts are similar.

Part II. Forecasting

1. Overview

As emphasized earlier in the introduction, good forecasts of patent filings (by technology
and/or by mode of filing) are useful to the EPO for purposes of allocating internal resources. For
the EPO’s external relations with other supranational offices, coordination of tasks is enhanced by
good forecasts of the breadth of international patent filing activities (whether they involve two or
more countries, or blocs of countries).

In this part, we conduct forecasting exercises with a modified version of the basic model

analyzed in Part . We examine these forecasting exercises in three different contexts:

. Overall Filings in the EPO, broken down by modes of filing; in particular, applicants
can file patents directly at the EPO or indirectly via the PCT. Furthermore, these
filings may be ‘first filings’ or ‘subsequent filings’. Part I did not consider the

breakdown of filings by mode.
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. Patent filings broken down by technological field. The technological classification
adopted here is that of the EPO’s Joint Cluster (JC) system, which consists of
fourteen technological units (e.g. unit 1 is electrical machines and electricity, unit 2
is handling and processing, etc.). The EPO consists of directorates assigned to

particular JC’s.

. Patent filings comprising patent families. The patent family database is indexed by
priority forming filings and provides related subsequent filing activity in the major
blocs: EPC (including the EPO), US, Japan, and Others. The database thus enables

users to pick out the type of patent families they desire to examine.”

We consider each of these different contexts (i.e. Aggregate Filings, Sectoral Filings, and

Family Filings) in turn. For each of these, the structure of discussion is as follows:

1. Sample Statistics
ii. Regression Equations
iii. Forecast Accuracy (RMSPE)

iv. Sample Forecasts

» For more details on patent family statistics at the EPO, see Hingley and Park (2003).
This study draws upon material in this earlier paper.
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That is, we first provide some (additional) sample statistics to get an impression of the underlying
trends or patterns. We then examine a few different forecasting models; typically, for forecasting
purposes, it is useful to control for the dynamics arising from lags of the dependent variable.
Thirdly, we look at summary statistics of forecast accuracy; in particular the root mean squared
percentage errors (RMSPE). Finally, we show some sample forecasts for individual source
countries for a particular year.

The general methodology is to estimate equations of the form:

(13) ny,=a+pBInx +e, fort=1,...,T

where y, = Y/L, is patent filings (Y,) per worker (L,) at time t, X, could be R&D per worker or a
lagged value of the dependent variable, and €, the error term. As in Part I, the model is log-linear and
the variables are expressed in per worker units.

To forecast values of y, for t > T — that is, make “out-of-sample” forecasts — we use the

parameter estimates ( ct. ,é ) and known (or realized) values of x, for t > T to derive these forecasts.

For example, for time t =T+1, the fitted equation for (13) predicts the following value for the natural

log of yi.:

(14) In$p =&+ 8lnx g

Then to get the predicting patent filings ‘i’Tﬂ , we take the exponential of the above predicted
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dependent variable and multiply it by the labor force at T+1:

ie. Yp,, =exp (Iny,;) Ly,

The root mean squared percentage error (RMSPE) formula is then:

./Y _{1, !
RMSPE= || —TL_ Tl

\, &T+1

To get an anchor for the root mean squared percentage error, note that RMSPE =1 if the

predicted value is either twice that of the actual value (i.e. if Yp,;=2 Y, ) or equal to zero (i.e.

Yr,;=0). Inother words, it gives us an idea of the percentage deviation.

To illustrate some sample forecasts by source country, we shall show and compare the Y.,

and TT+1= for each country, where k denotes the forecast horizon (e.g. k-step ahead).

To keep the forecasting exercise at a “practical” level, we focus on those determinants or
explanatory variables (x,) that are easily obtained. This means employing R&D flows rather than
stocks (to obviate the need to construct capital measures, particularly since the empirical results are
not too sensitive to the choice of stock vs. flow). It also means focusing on variables in per (general)

worker units (rather than per scientific and engineering workforce, as again the results are not too
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sensitive to the choice of labor force measure).** The regression models also fit much better if the
lagged values of the dependent variable are included, given the serial correlation or momentum in
patent filings over time. As will be seen, we focus primarily on the R&D variable. Other variables
such as output are correlated with R&D (since output is a function of R&D, among other factors)
and would create multicollinearity problems. Variables that are imperfect proxies for some
important factor tend to create greater forecast errors (e.g. patent filing costs).*

Thus, without the patent cost variable, we no longer have a variable that represents the
destination — namely the EPO. The R&D variable represents a source country characteristic. It
should be noted, though, that the characteristics or attributes of the EPO vary not across source
countries but over time. In other words, the source countries all face (largely) the same conditions
in the EPO destination (whether it be EPO policy, institutional factors, rules, market size, market
conditions, and so forth). Thus most of the variation between the EPO filings of different source
countries is likely to be due to source country factors. Nonetheless, developments in the EPO do
occur over time that could stimulate or decrease the patenting of source countries (though not
necessarily in the same way or to the same extent), and it would therefore be useful to develop proxy
measures of EPO-destination characteristics. However, we had earlier discussed some of the
difficulties in defining and deriving EPO destination variables (e.g. weighting and aggregating the

member country characteristics). If the destination were a single country, this is easy to do. But for

* Putting variables in per worker units helps avoids non-stationarity problems, since the
levels of filings, rather than filings per worker, tend to be integrated of order one —i.e. I(1).

* For example, filing fees at the EPO may explain Euro-direct filings, but not PCT
filings. Filing fees thus help to explain overall filings (as shown in the previous part), but do not
help to discriminate among the different modes of filing.
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a bloc (such as the EPO) one needs a measure of the market size or other characteristics of the bloc
as a whole, and then to weight the underlying individual countries comprising the bloc. In Part I, we
tried using different measures of EPO-bloc trade and FDI, but not successfully (recall Table 7).

As a substitute (for some ‘factor’ that varies over time), we employed the time trend.
However the time trend was typically insignificant once the lagged dependent variable was included.
Also, the time trend is deterministic. It captures the past trend, or fits a trend over past data; using
the trend’s estimated coefficient in forecasting is likely to be inappropriate if there are stochastic
shifts (due say to regime changes). Certainly patent filings exhibit some persistence over time (rather
than follow pure random walks). Some shock that affects patenting in one period is likely to carry
over and affect patenting in the next period. However, using a trend to capture that (and then fix its
coefficient value for forecasting) would neglect the potential role that additional (unanticipated)
shocks can play in perturbing filings from past trend. We therefore used the lagged terms of the
dependent variable to proxy for time shifts in EPO destination conditions. Another variable that
varies over time and is specific to the EPO would be the filing fees at the EPO. Incorporating this
variable, as mentioned above, tended to make the models produce larger forecast errors, particularly
in predicting the composition of filings by mode of filing. Thus developing destination variables for
the EPO is a work in progress.

Lastly, we discuss the possibility that R&D has lagged effects on patenting. In preliminary
analyses, we found that the results were not qualitatively different if we used the first, second, or
third lags of R&D flows. This may be due to a couple of factors. First, R&D is correlated with its
past values, reflecting the fact that the R&D behind an innovation is not a one-shot investment but

part of a cumulative effort, which is why the stock of R&D was important. Secondly, while a given
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period’s R&D may yield a patentable innovation with a lag, this is not to say that current R&D
activity cannot influence current patenting activity. Firms may wish to file for patents before further
refining their research projects or devoting more resources to them. The priority right gives added
security and incentive to continue their R&D, if only to acquire proprietary rights to early versions
of their innovations. Thus, R&D activity may stimulate current patent filing activity to the extent

that firms take anticipatory action and seek priority rights to forthcoming innovations.

2. Aggregating Filings (Mode of Filings)

In this section, we examine patent filings at the EPO (across all technological fields). We
also consider four different ways in which an EPO patent may be filed; for instance, a particular
filing may be a first or a subsequent filing, and the filing may be a direct EPO filing or one where

the EPO is designated in a PCT application. Consider the following notation:

EF Euro-direct First Filings

ES Euro-direct Subsequent Filings
PF Euro via PCT First Filings

PS Euro via PCT Subsequent Filings

Total =EF+ ES +PF +PS

In Part I, we did not make a distinction as to the mode of filings, and have thus been focusing on

“Total” filings.
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i. Sample Statistics
Table 9 shows some sample statistics on total filings as well as the composition of those

filings: namely EF, ES, PF, and PS. The table also shows the percentage share of Euro-direct filings

. . . EF C g
that are first (or priority) filings — i.e. [ = ] x 100. To conserve space and to highlight the key
+

stylized facts, only three years are shown: 1985, 1995, and 2000. The countries are grouped by bloc:
EPC Contracting States, Japan, U.S., and Other.”® Note that because the data set goes up to 2000,
we treat recently joined members of the EPC such as Hungary and Romania as Other Bloc countries.

For EPC Contracting States, a significant increase in Euro-direct first filings has occurred,
not only in levels but as a share of all modes of filing. While a slight decline has occurred in the
share of EP filings that are direct subsequent filings (i.e. ES), there has been a greater increase in the
share of subsequent filings to the EPO via the PCT (i.e. PS). For example, in the U.K. in 1985, only
16.3% of all EP filings were subsequent filings via the PCT. By 2000, that share was 70.5%.
Likewise in Germany in 1985, that share was 8.1%; by 2000, it was 48.3%.

For Japan and the U.S., total EP filings have more than tripled over the 15 year period shown.
Yet, compared to the EPC Contracting States, the percentage of EF’s are quite small; in other words,
not a large share of U.S. and Japanese filings at the EPO are direct first filings. Moreover, this share
of EF’s by the U.S. and Japan has declined over time. In its place, there has been a tremendous
increase in Euro filings via the PCT (particularly subsequent filings). In other words, PS is the most

popular mode of filing for Japanese and U.S. patent applicants.

*% Note that the table does not provide an exhaustive list of EPC members. A select
sample of the main patenting economies are shown.
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Among the Other Bloc countries, there is quite a bit of variance in modes of filing. Some
countries (Argentina, Bulgaria, and Indonesia) have a high share of priority filings directly at the
EPO but the actual volume of filings is relatively small. During the early 1980s, countries like India
and Poland have had a relatively high share of EF’s (i.e. Euro-direct first filings) in their EP filings;
however, by 2000, these countries have switched to using the PCT system to obtain patent protection
in the EPO. The rest of the Other bloc countries tend mostly to file subsequent patent applications
to the EPO (whether directly or via the PCT).

Overall, Table 9 shows that the majority of EPO patent applications are subsequent filings.
Most of those are filed directly at the EPO rather than through the PCT. Of all the Euro-direct
filings, only 17.8% are first (priority) filings. However, the trend in Euro-direct first filings is

increasing, particularly among the EPC Contracting States and the U.S.

ii. Regression Models

Estimates of the forecasting equations are shown in Table 10A - E. For each variable (i.e.
Total, EF, ES, PF, and PS), we look at different model representations: AR1 (autoregressive model
of order 1), AR3 (autoregressive model of order 3), RE1 (regression model with a lagged dependent
variable and R&D), and RE3 (regression model with the first three lagged values of the dependent
variable and R&D). In other words, RE1 is AR1 augmented with R&D, and RE3 is AR3 augmented
with R&D. Other variables were included in preliminary analyses, such as GDP per capita, but were
found to be correlated with R&D and/or contributed marginally to the forecasting exercises.

Thus the RE3 model is:
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where P denotes patent filings at the EPO, L labor, R research and development expenditures (in real
1995 U.S. dollars), and p the error term. Subscript 1 indexes the source country and subscript t
indexes time. The AR3 model is where 1, is set to zero. The RE1 model is where n,= 1, =0 and
the AR1 model is where n, =n; =n,=0.

The motivation for these different models is to highlight the role of R&D in predicting patent
filings. A comparison between AR1 and RE1, or between AR3 and RE3, determines whether R&D
has any predictive power over and above the autoregressive model. A large fraction of the variation
in the data can be captured by autoregressive terms (i.e. by the lags of the dependent variable)
without any additional variables like R&D.*

Table 10A presents the estimated equations for forecasting total filings at the EPO. The
models were estimated over the period 1980 - 1996, so that out of sample forecasts for 1997 - 2000
can be made. Column 1 presents the results of the AR1 model. Judging by the coefficient estimate
of the own lag of 0.973, there appears to be quite a bit of persistence in patent filings at the EPO.
The coefficient on the first lag is not as high (i.e. is just under 0.7) once the second and third lagged
dependent variables are included (see column 2). The estimated coefficient on the first lag is also

lowered if, instead of adding two more lags, we include the R&D variable. The patent-elasticity of

%7 Formally, we could determine the appropriate lag length, via quasi-likelihood ratio
(QLR) tests and so forth, for each model specification (and each variable). However, for
manageability, we examine either 1 or 3 lags of the dependent variable. For practical purposes,
this tends to suffice.
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R&D is measured to be 0.106 (meaning that a 1% increase in a source country’s R&D leads, on
average, to a 0.106% increase in its EPO patent filings). On the other hand, this measured elasticity
falls to 0.073 once all three lags of the dependent variable are included (as in the AR3). The R&D
variable, however, is still strongly significant statistically. The various models explain about 98%
of the variation in EPO filings.

As for EF filings (i.e. Euro-direct first filings), the R&D variable is also an important
predictor and the lags of the dependent variable are also statistically significant (although the level
of significance of the third lag diminishes somewhat). About 91-93% of the variations in EF are
captured by the models. As for ES filings (i.e. Euro-direct subsequent filings), R&D is statistically
significant at the 1% level if the first lag of the dependent variable is included, but is significant at
the 5% level if all three lags of the dependent variable are included. About 96-97% of the variations
in ES are accounted for.

As for the Euro via PCT filings, R&D is statistically significant at the 1% level when the first
lag of the dependent variable is included, but only at the 10% level if further lags of the dependent
variable are included. Thus R&D does not explain PF (i.e. Euro via PCT first filings) relatively well.
A lot more “noise” appears to be present in the variations in PF. As for PS (i.e. Euro via PCT
subsequent filings), R&D and only the first lag of the dependent variable appear to have predictive
power.

Thus, to sum up, R&D matters for EP filings in the aggregate (that is, across technological
fields), but matters moderately for first filings arriving at the EPO via the PCT. R&D typically has

a patent-elasticity of less than 0.2 (and more than 0.06).
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iii. Forecast Accuracy

For each of the forecasting equations discussed above, we can examine their forecasting
performance. As mentioned earlier, each ofthe above equations was estimated over the period 1980-
1996. The estimated — or fitted — equation can thus be used to generate out-of-sample forecasts of
filings in 1997 - 2000. In Table 11, we show the root mean squared percentage error (RMSPE)
associated with each equation’s performance in predicting patent filings (whether it be total, EF, ES,
PF, or PS) in year 1997, 1998, 1999, and 2000. Thus for each year, each of the models generates a
forecast for each source country.”® By comparing these forecasts with the actual source country
filings, the RMSPE computes a summary measure of the forecast errors across the source countries.
(The next table will show the underlying sample forecasts for individual countries, but first we
examine the RMSPE’s).

In general, the AR3 model produces lower forecast errors than the AR1, and RE3 produces
lower forecast errors than REI, particularly for the later years. If the more parsimonious
specifications do better, they do so usually for the 1-step ahead forecasts (i.e. for predicting 1997's
values). Moreover, in general, adding R&D helps to improve forecast accuracy (but again there are
some exceptions). It is ambiguous, though, as to whether forecast accuracy could be improved by
adding more lagged dependent variables to the AR1 model or by adding R&D. In other words, it

is generally difficult to compare between AR3 and RE1.

** That is, predict patent filings given the actual values of the right hand side variables
(RHS), such as R&D.
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iv. Sample Forecasts

Table 12 provides some sample forecasts for the underlying sample of source countries. In
this table, we select forecasts for 1998 as an example. This step could easily be replicated or
reproduced for other years. A comparison between actual and predicted values is made for each of
the five modes of filing: Total, EF, ES, PF, and PS. To conserve space, the predictions from just
two models are reported: the AR3 and RE3. The bottom of the table reports again the RMSPE
associated with a model for that year (which matches the information given in Table 11).

For Total filings, the AR3 and RE3 both under-predict the overall (i.e. all country) filings,
but not by much. The shortfall is about 7% of the actual filings. For the U.S., the RE3 model’s
forecast is 97% of actual; for Japan, it is about 95%, and Germany 86%. For overall EF (Euro-direct
first filings), the AR3 and RE3 models are off by about 1800 filings (which are about a quarter of
actual filings). The models under-predict EF for the U.S., Germany, France, Switzerland, and the
Netherlands, but over-predicts it for the U.K. and Japan. For ES (Euro-direct first filings), the
models perform somewhat better. The RE3 model, for example, under-predicts overall filings by
about 2400 (or 5.75% of actual). By individual country, the RE3 over-predicts for the U.S., under-
predicts for Germany, and is nearly exact for Japan, U.K., and Korea.

For Euro via PCT filings, the forecast of overall (across countries) PF is about 82% of actual
filings. Quantitatively, there are not as many first filings in the EPO coming via the PCT system.
For subsequent EPO filings arriving via the PCT, the models do reasonably well. The overall
prediction is about 99% of actual PS filings. The RE3 model slightly over-predicts for the U.S. and

U.K. as well as for some of the smaller economies, under-predicts for France, Germany, and Japan,
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and is nearly on target for Canada and the Netherlands.

3. Sectoral Filings (Joint Clusters)

We now examine the EP filings by technological field. The patent applications at the EPO

are put into one of fourteen technological divisions, called Joint Clusters (JC):

JC1  Electrical Machines and Electricity
JC2  Handling and Processing

JC3  Industrial Chemistry

JC4  Measuring and Optics

JC5  Computers

JC6  Human Necessities

JC7  Organic Chemistry

JC8  Audio Visual

JC9  Civil Engineering and Thermodynamics
JC10 Electronics

JC11 Polymers

JC12 Biotechnology

JC13 Telecommunications

JC14 Vehicles and General Technology
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For this paper, we do not analyze the filings in each of these JC technological fields. Rather
we examine functionally related groups of JC’s. A judgement call has to be made as to which JC
classes should be grouped together. An alternative way might have been to examine the statistical
properties (such as whether certain series of JC filings move together over time), but this does not
in and of itself imply any functional comparability.** Thus this paper has put the fourteen JC fields

into the following five groups (G1 to G5):

Gl. Group 1 Electronics-Related Consists of JC 1, 8, and 10
G2. Group?2 Chemicals-Related Consists of JC 3, 7, and 12
G3. Group3 Manufacturing-Related Consists of JC 2, 6, and 11
G4. Group 4 Physics-Related Consists of JC 4, 9, and 14
G5.  Group5 Computer-Related Consists of JC 5 and 13

i. Sample Statistics

Table 13 shows the percentage distribution of filings by Joint Cluster (1 - 14) and by the
larger meta-categories G1 - G5. We compare two years: 1985 and 1998, and we provide sample
statistics for the five leading patenting source countries (U.S., Japan, Germany, U.K., and France)
as well as for countries as a whole. The table shows the technological composition of filings for four

variables: EF (Euro-direct first filings), ES (Euro-direct subsequent filings), PF (Euro via PCT first

¥ For example, two fields of invention Y and Z may both pertain to mechanical
engineering, but inventions in field Z may occur erratically over time. This does not have any
bearing on whether Y and Z should be grouped together as a class on functional grounds.
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filings), and PS (Euro via PCT subsequent filings). There are thus 8 panels in the table (2 years per
variable).

The following are the main highlights: in 1985, industrial and organic chemistry dominated
U.S. direct first and subsequent filings at the EPO. By 1998, computers and telecommunications
dominated U.S. EF’s and electronics and human necessities dominated U.S. ES’s. In 1985 and 1998,
handling and processing dominated U.S. PF’s (as did chemicals in 1998). In 1985, chemicals and
human necessities tended to dominate US subsequent Euro via PCT filings; but by 1998,
biotechnology emerged as an important source of PS filings from the U.S. For Germany, patent
filings tended largely to be in the fields of civil engineering and handling and processing (in both
1985 and 1998). This finding does not seem to vary by much among the different modes of filing.
Germany does exhibit emerging strength in telecommunications in first filings (both Euro-direct and
Euro via PCT). For Japan, electronics emerges as an important field for EPO patenting, particularly
as subsequent filings; for the U.K. and France, patenting is relatively active in telecommunications
as well as in civil engineering and general technology.

For countries as a whole, among EF filings, we observe a transition from industrial chemistry
and handling and processing in 1985 to organic chemistry, telecommunications, human necessities,
and civil engineering in 1998. Among ES filings, patent applications in handling and processing
account for the largest share. Among Euro via PCT filings, civil engineering used to dominate in
1985, but by 1998, filings are more evenly spread across technological fields.

Next, we comment on the R&D data by sector. In analyzing patent filings by JC, it would
be ideal to be able to match (and regress) those filings against the R&D conducted in those

technological fields. Unfortunately, R&D data are not disaggregated along the lines of any particular
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patent classification system, be it Joint Clusters, U.S. patent classification, or International Patent
Classification (IPC). R&D data are typically broken down by industries (according to standard
industrial economic classifications). Clearly there is overlap between the patent and industrial
classifications: each JC group, for instance, could apply to two or more industries, and vice versa.

On the other hand, it is not clear (a priori) that the influence on a technological field should
be restricted to the R&D of a certain group of industries. Due to the potential for R&D knowledge
spillovers, across sectors, it is possible that the R&D conducted in one technological field may have
potential benefits and applicability in other fields.”® It is therefore difficult to preclude the R&D of
any particular sector from having influence. For this reason, a broader definition of R&D may be
useful in explaining JC filings. Of course, some sectors have more influence than others in
influencing the innovative activity in any particular technological field. In other words, there should
be a probability distribution defined over the various sectors than can have influence on the R&D
of each field (with some sectors having greater weight than others).”’ The degree of spillovers
between sectors or between lines of research should depend, among other factors, on how closely
related the sectors or fields are (for instance, a greater likelihood of knowledge spillovers may occur
between Aircraft and other transportation than between Aircraft and Chemicals).

Methods exist for producing a concordance between patent classifications and industrial

classification, and/or for deriving the probability distributions discussed above. The methodologies

** For example, the semi-conductor industry enjoyed positive externalities from the
quartz watch industry. Various consumer goods have also been developed based on R&D
conducted in the defense industry.

3! A problem that needs to be confronted is that this probability distribution may change
over time, or be influenced by policy regime shifts.
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vary in approach and are subject to various limitations. No clear consensus on the “ideal” approach

exists to date. As a compromise this study uses (a) business enterprise research and development

(BERD) for all industrial sectors (in order to take into account the possibility of far reaching inter-

sectoral R&D spillovers) and (b) ad-hoc matching of industrial sectors to JC groups.

For the second approach, a judgement has to be made as to which types of R&D may be most

relevant to each JC Group. The following ad-hoc matches were made (after various trial and error

at explaining the group filings):

Group 1
(Electrical Machines and Electronics)

Group 2
(Chemicals and Biotechnology)

Group 3
(Handling & Processing, Human

Necessities, and Polymers)

Group 4

(Measuring & Optics, Civil Engineering,
Thermodynamics, Vehicles & General
Technology)

Group 5
(Computers and Telecommunications)

R&D in Electronics and Electrical Machines
And Utilities (Electricity, Gas, and Water)

R&D in Food, Petroleum, Chemicals,
Rubber and Plastics.

R&D in Agriculture, Textiles, Food, Wood,

Petroleum, Chemicals, and Rubber/Plastics.

R&D in Manufacturing (at large)*

R&D in Nonmetal Products, Electronics,

Electrical Machines, Services, and Office
Equipment and Machinery

Table 14 provides some sample statistics of R&D broken down by industrial sectors.” Again

*2 It was difficult to find a narrower range of R&D to explain patent filings in Group 4.
Manufacturing R&D is BERD minus agricultural, utilities, construction, and services R&D.

33 The source of data is the OECD’s Basic Science and Technology Statistics, Table 9
(Revisions 2 and 3), accessed via www.sourceoecd.org.
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two years of data are examined (1985 and 1998) as well as the same selection of countries as in
Table 13. In 1985, total R&D expenditures — across the sample of countries — was $232.6 billion
U.S. dollars (in real 1995 terms). In 1998, this figure increased to $345.3 billion in real terms. The
U.S. accounted for nearly half the world’s R&D in both years. France, Germany, Japan, and the
U K. together accounted for about 38% of total R&D in 1985 and about 36% in 1998.

Forall countries in 1985, the leading R&D sectors were Electrical Machines and Electronics,
Transportation, Office and Computing, and Chemicals. In 1998, the leading sectors were Services,
Electrical Machines and Electronics, Transportation, and Chemicals. The service sector reflects the
increased importance of finance and business services (including software services). R&D in
services also complements the development of machines and equipment (for transportation,
communications, wholesale and retail trade, real estate, and financial intermediation). The U.S.
especially leads in services-related R&D. For Japan, electronics R&D is a major part of national

R&D, and for Germany and France, it is transportation R&D, and for the U.K., chemicals R&D.

ii. Regression Models

The forecasting equations are estimated separately for each JC Group. These results are in
Tables 15 - 19 (where Table 15 pertains to Group 1, Table 16 to Table 2, and so forth). For each of
the five groups, we consider total filings as well as filings broken down by mode of filing (EF, ES,
PF, and PS). Part A of each table pertains to total filings, Part B to EF filings, Part C to ES filings,
and so forth.

For each of the variables to be forecasted —i.e. total filing, EF, ES, PF, and PS — we compare



61

the AR3 model to two other models incorporating R&D: namely RE1 and RE3. Recall that RE1 is
AR1 augmented with the R&D per worker variable, and RE3 is AR3 augmented with R&D. The
R&D variable in both the RE1 and RE3 represents business enterprise research and development
(BERD). The BERD is our general, sector-wide measure of R&D. We then replace BERD with a
measure of R&D that is tailored for a particular JC group. (The previous sub-section discussed the
construction of this second measure of R&D.) We will refer to this more narrowly measured R&D
variable as a sector-specific one. We will also refer to RE s as the RE1 model where the sector-
specific R&D variable replaces the more general BERD. Likewise RE3s is the RE3 model with the
sector-specific R&D variable replacing the BERD variable. Thus, for each of the variables to be
forecasted, five models are estimated (AR3, RE1, RE3, RE1s, and RE3s). The estimation results
of each model correspond to columns 1 - 5 respectively.

The models are estimated from 1980 - 1996, so that out-of-sample forecasts can be generated
for 1997 - 2000. Instead of going through each of the estimated models in detail, we will provide
the main highlights. For JC Group 1, as shown in Table 15 A - E, business enterprise R&D is a
statistically significant determinant of total filings, Euro-direct subsequent filings, and Euro via PCT
subsequent filings (though the significance level falls to the 10% level for Euro via PCT subsequent
filings when the first three lags of the dependent variable are controlled for). Business enterprise
R&D is not important for first filings (directly or indirectly) at the EPO. The more narrow, sector-
specific R&D is statistically significant at the 1% level but only if just the first lag of the dependent
variable is included. The patent elasticity of R&D (where statistically significant) appears to be no
more than 0.4%.

For JC Group 2, as shown in Table 16 A - E, BERD and sector-specific R&D are also
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statistically significant for total filings (with a patent-elasticity ranging from 0.072% to 0.348%).
By mode of filing, R&D in general is mildly significant for subsequent filings, ES and PS, while
sector-specific R&D is mildly significant for PS only.

For the other JC groups (3, 4, and 5), business enterprise R&D is consistently important for
explaining total filings. Sector-specific R&D can strongly explain total filings only if just the first
lag of the dependent variable is included. Thus the narrowly defined measures of R&D spending
of specific sectors tend to proxy for some of the dynamics captured by the autoregressive terms. The
more general measure of R&D — namely BERD — appears to better capture the extent of the inter-
sectoral spillovers of knowledge that influence innovative activity than do the narrower measures
of R&D.

By mode of filing, BERD is strongly significant in explaining the Euro-direct subsequent
filings of Groups 3, 4, and 5. Sector-specific R&D is statistically significant at explaining the Euro-
direct first filings (EF’s) and the Euro via PCT first and subsequent filings (i.e. PF’s and PS’s) of
Group 3.

In summary, it is relatively more difficult to use measures of R&D to explain the variations
in the data by mode of filing. R&D is likely to better explain the vo/ume of innovative activity and
diffusion of technology in particular technological fields; however, it does not strongly aid in
explaining the choice of route or of the timing of patent applications. Other factors are needed to
help distinguish the advantages or disadvantages of each mode of filing (such as cost, procedural
factors, or institutional factors). To the extent that R&D can explain some modes of filing, it is the
variations in subsequent filings that it best explains. Most of the EP filings are subsequent filings.

Thus this is consistent with the idea that R&D helps to explain the volume of patenting activity more
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than the composition by mode of filing.

iii. Forecast Accuracy

Table 20 A - E reports on the root mean squared percentage errors associated with each of
the JC regressions discussed above. Each of the estimated models was used to make forecasts for
1997 - 2000 inclusive. Note that panels A - E of Table 20 refer to JC Groups 1 to 5 respectively.
Again we describe the main highlights.

In general, the performance between the AR3 and RE3 models are comparable, particularly
where R&D is statistically insignificant; after all if R&D is important, it would contribute to
lowering the RMSPE’s. The models where sector-specific R&D measures are used (i.e. RE1s and
RE3s) typically do not perform as well as models where general business enterprise R&D is
employed, particularly for forecasts by mode of filing.

For group 1, the RE3 model generally performs best for predicting total filings, and RE3s
also performs comparably well. For group 2, the RE3 model performs better than the AR3 for total
filings as well as for subsequent filings. The RE3s model (using sector-specific R&D) particularly
does not do well at predicting Euro-direct first filings (as the RMSPE > 1). For group 3, the use of
sector-specific R&D provides good predictions for 1997 and 1998, relative to the use of BERD, but
yields mixed predictive success for later years (or longer horizons). For first filings (EF or PF), the
AR3 and RE3 provide comparable predictions. For group 4, the models using general R&D perform
better than the models using sector-specific R&D, suggesting that for this group the BERD

contributes more to predictive accuracy than manufacturing R&D. For predicting subsequent filings
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(ES and PS), the RE3 performs better than the AR3. Finally, for group 5, the models using sector-
specific R&D (i.e. RE1s and RE3s) produce large forecast percentage errors. The smaller sample
sizes may be a factor (due to limited data on R&D in the computer and telecommunication sectors).
The RE3 model (using general R&D) performs better than the AR3 at predicting total filings and

subsequent filings.

iv. Sample Forecasts

Next we show some forecasts for individual source countries. The above table gave only the
overall summary statistic of the forecasts (in terms of the RMSPE). In Table 21 A - E, we show the
individual country forecasts behind the summary statistics for 1998. To conserve space, we show
only the results from the RE3 model using business enterprise R&D. We compare the actual values
and predicted values by JC group for each of the five variables of interest: total filings,

EF, ES, PF, and PS. The table reproduces the value of the RMSPE at the bottom of the table.

For total filings, the model does quite well for JC Groups 1 - 4. For instance, in terms of
overall country filings, the predicted sum of group 1 filings is 90% of the actual sum (i.e. aggregating
across countries). The predicted cross-country sum of group 2 filings is 94.3% of the actual sum;
for group 3 it is 95.8%, and for group 4, it is 91.3%. But for group 5, the predicted overall sum of
filings is 74.1% of actual. Quantitatively, there are not as many filings in Group 5 as there are in
each of the other groups. Perhaps a greater degree of uncertainty or unpredictability is a
characteristic of innovation in computers and telecommunications such that actual patenting activity

deviates substantially from what trends in R&D and past patenting behavior would suggest.
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As for forecasts of EF, the volume of filings is small, but the model’s forecasts are fairly
tight. Again, forecasts for group 5 filings are poorest. The overall predicted sum of filings is 58%
of the actual. For forecasts of ES, the predictions are quite close to actual for all JC groups. For
example, for group 1, overall forecasts (across countries) are 96.8% of actual; for group 2, they are
99.4% of actual, and even for group 5, they are 94.5% of actual.

Forecasts of Euro via PCT first filings are relatively not as good. For group 1, for instance,
overall forecasts are 68.4% of actual; for group 3, 79.2% of actual; and for group 5, 64.1% of actual.
Forecasts of Euro via PCT subsequent filings are better. For instance, for group 2, overall forecasts
are 96.4% of actual; for group 4, 92.2% of actual; and for group 5, 77.6% of actual.

These results support the earlier contention that predictive accuracy is greater for subsequent
filings. Nevertheless, the forecasts are on the whole relatively close to actual. This is attributable
to the inclusion of the autoregressive terms. Patent filings tend to exhibit a fair degree of momentum
or persistence over time. Moreover, R&D is an important influence on innovation and decisions to

patent and to file internationally.

4. Patent Family Filings

In this section we shift our attention from patent applications to patent families. International
patent applications and other documents relating to the same invention would comprise a patent
family. The patent family data are indexed by the priority number of the first filing, with information

on subsequent filings for that invention in four blocs (EPC contracting states (including the EPO),
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U.S., Japan, and Other).** The database can be filtered to select different types of patent families (for
example, Trilateral patent families, which are patent families involving patent filing activity in each
of the trilateral blocs: U.S., Japan, and EPC).

Patent family data depend on the appearance of patent publications that can index a patent
family (link subsequent filings and priority filings). Due to this dependence, there is a timeliness
problem because of patent publication lags. Consequently, there may be some under-reporting of
subsequent filing activities connected with an earlier priority forming filing. This particularly affects
the more recent years, such as 1999 and on. The timeliness problem particularly affected data for
the U.S. where, until 2000, patents were published only upon grant. Thus the figures for the U.S.

could only be updated after several years of delay.

i. Sample Statistics

The following tables (22 — 26) describe some sample statistics derived from the EPO’s patent
family database. The database provides patent family counts by priority country or priority bloc as
well as by bloc of destination (for subsequent filing) and by the associated route of filing (e.g. via
national offices, PCT, direct EPO, or EPO via the PCT). The database provides information
annually and by field of technology (e.g. International Patent Classification Code). The data list four
possible blocs that can comprise a patent family -- namely the EPC, Japan, U.S., and Other. For

purposes of deriving these sample statistics, several indicator (or ‘dummy’) variables were

** At the EPO, the data file containing information on patent families is called PRI,
which in turn is derived from the database of published patent documents (called DOCDB),
which also is maintained at the EPO.
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constructed. For example, for each priority country (per year and per IPC code), there are fifteen
possible permutations for a family: (1) EPC, (2) Japan, (3) US, (4) Other, (5) EPC and Japan, (6)
EPC and the US, (7) EPC and Other, (8) US and Japan, (9) US and Other, (10) Japan and Other, (11)
EPC, Japan, and the US, (12) EPC, Japan, and Other, (13) EPC, US, and Other, (14) US, Japan, and
Other, and (15) and all four (EPC, Japan, US, and Other). Of course, combinations (11) and (15)
comprise trilateral patent families. Thus, for each combination, an indicator variable was created
such that it equals one if this combination describes the data point (that is, characterizes a patent
family per priority country, per year, per IPC code, and per given route of filing) and zero otherwise.
The combinations are mutually exclusive and thus exhaust the whole data set. In other words, the
sum of the counts of all the combinations equals the total counts in the data set (or percentage shares
of each combination add up to 100%). These indicator variables make it easy to identify the types
and quantity of secondary filings associated with each priority country.

Table 22 provides a breakdown of international patent families that are based on priorities
filed in 1979, 1984, 1989, 1994, and 1999. (The format follows that of the Statistical Annex of the
Trilateral Statistical Report. The main difference is that the EPC and Other Country Blocs for which
priority is claimed are disaggregated by country.) The 1999 figures (in panel 1 of Table 22) are
provisional, so that there will be an underestimation of patent family formation for this particular
year (as will be pointed out below). In Table 22, the subsequent filing destinations are available only
by blocs (EPC, US, Japan, and Other). The first column provides the quantity of first filings
associated with the priority country and the remaining columns show different types of subsequent
filings as a percentage of first filings. Note that these percentages (in each row) need not sum to

100% since the various bloc combinations shown are not mutually exclusive.



68

In 1999 (as in all other years), Japan leads with the most first filings (in excess of 350,000),
the vast majority of which are domestic filings. The very large number of such filings has been
attributed to the practice in Japan of filing domestic patent applications with single claims. One
observer has suggested scaling Japanese domestic patent applications down by 5 to make them
comparable to patents elsewhere in the world; however, this is not attempted here.”® The U.S. has
the second most priority filings, with a total of 153,350, which is slightly more than the Other
Country Bloc. The EPC as a whole has 130,999 first filings, almost half of which come from
Germany. The second most first filings within the EPC are from the U.K., followed by France.
About 12,000 direct first filings at the EPO take place in 1999, which are just under 10% of all first
filings within the EPC bloc. Among the Other Country Bloc, most first filings occur in China,
followed by Korea, Russia, and Australia.

In 1999, more than 40% of U.S. first filings formed patent families with at least one other
bloc (EPC, Japan, or Other), 30.1% formed patent families with at least one other trilateral bloc
(Japan, EPC, or both), 32.2% formed patent families with at least a non-trilateral country or bloc,
28.7% formed patent families with at least the EPC, 9.2% with at least Japan, and just under 8%
formed a trilateral patent family. For Japan, the percentages of patent family formation are generally
smaller due to the large number of its first filings (i.e. in the denominator). For the EPC as a whole,
the rates of patent family formation are generally between those of the U.S. and Japan. Switzerland
leads with the highest rate of trilateral patent family formation, followed by France, then Germany.
The medium to lower income EPC states, such as Greece, Ireland, Monaco, Portugal, and Spain

produce a negligible number of trilateral patent families. Among the Other Bloc countries, the

% See Y. Okada (1992).
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largest number of trilateral patent family counts comes from Korea, and very small or zero trilateral
patent families come from Brazil, Bulgaria, China, Hungary, Mexico, Philippines, Poland, Romania,
and Russia.”® The EPC obtains relatively most secondary filings from Korea, Australia, Canada,
New Zealand, Norway, South Africa, and Israel. Again, it should be reminded that these
observations for year 1999 should be treated as provisional until further subsequent filing data are
obtained.

In fact, the 1994 figures (see the second panel of Table 22) show that the rates of patent
family formation are noticeably higher. For example, 13.4% of EPC first filings formed trilateral
patent families (vs. 3.9% in 1999) while 14.2% of U.S. priority filings formed trilateral patent
families (vs. 7.8% in 1999). For Japan, the rate of trilateral patent family formation is slightly
different (5.2% in 1994 vs. 3.8% in 1999). But the ranking and distribution of sources of subsequent
filings is fairly stable; for example, Germany is the leading source of patent families involving the
EPC, followed by the U.K. and France. Among the Other bloc countries, Korea remains the leading
source of international subsequent filings (i.e. EPC, US, Japan, and Other Blocs as a whole),
followed by Australia, Canada, Norway, and South Africa; overall, however, the rates of patent
family formation are smallest among the other country bloc.

The pattern of first and secondary filings is largely similar in 1989 for the EPC and Japan as
in 1994. The rate of patent family formation for the U.S. is generally higher in 1989 (for example,
20.6% of U.S. priority filings formed trilateral patent families vs. 14.2% in 1994). Among other

countries, a noticeable fact is that Korea’s patent priority counts in 1989 are about a third of that in

¢ Note that for the Other Bloc, the second and third columns coincide as a result of the fact that
where a patent family is formed with at least one other bloc, that bloc is one of the trilateral blocs.
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either 1994 or 1999, since around that time Korea had reformed and strengthened its patent regime
and the effects on innovation in Korea appeared (later) with a lag. *’

In 1984 and 1979, the volume of first and secondary filings is smaller than in later years, but
the rates of family formation are fairly similar to those in 1989. The U.S., however, has a greater
proportion of international patent families in 1984 than in the later years.

As an overall summary (of Table 22), there has been a rising trend in priority filings (with
the exception of a slight cyclical downturn for the Other Country bloc in 1994). The level and
proportion of Japanese and EPC priority filings that form patent families in at least one other bloc
has increased over the period 1984-1994, as has the level and proportion of first filings that form
trilateral patent families. For the U.S., however, the proportion of priority filings that form trilateral
patent families has been falling since the mid-1980s. This decline may not necessarily reflect a
decrease in the propensity to patent abroad, but reflect other factors. One possibility (held by critics
of the U.S. patent system) is that the U.S. experienced an increase in marginal patent applications
due to a relaxation of novelty and nonobviousness standards. This would explain the large increase
in first filings and the little impact this had on subsequent international filings (since those patents
are not valuable enough to warrant filing abroad). But another possibility is that the cost of patenting

has increased for U.S. patentees (particularly the translation costs in the EPC, Japan, and Other bloc,

7 See Park (2001) for a global comparative analysis of patent regime changes. Korea had
significantly increased the strength of'its patent system between 1990 and 1995, as its domestic firms
developed increased innovative potential and international presence. As a comparison, see the
Gadbaw and Richards (1988) study which shows how Korea (prior to 1990) had one of the weakest
patent regimes (similar to that of India, China, and Brazil). Korea’s experience supports Evenson’s
(1990) observation that intellectual property laws and policies are often endogenous (or respond to)
domestic R&D and innovation activity, as the latter gives policymakers something of interest to
protect. Otherwise, authorities may favor local imitators.
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and possibly the costs of agent representation), and thus lowering the rate of subsequent filings. Yet
another possibility is that since patentability standards vary across countries, U.S. applicants may
file for protection for certain inventions (such as software, biotechnological innovations, internet-
related innovations, and so forth) at home but not elsewhere where those inventions are not
considered patentable subject material.

Table 23 presents a breakdown of international patent families by IPC code for priority years
1984 and 1994. In a typical year, comparing across IPC codes, it can be observed that patenting
activity is relatively greatest (in terms of the volume of filings) in Performing Operations (IPC code
B), followed by Physics (code G), Electricity (code H), Human Necessities (code A), and Chemistry
and Metallurgy (code C). Mechanical engineering (code F) is of medium intensity in Japan and the
EPC, but of relatively low intensity in the U.S. Patenting activity is least intense in Textiles and
Paper (code D) and Fixed Construction (code E). In terms of the rates of international patent family
formation, the 1999 figures are underestimates due to data reporting lags. In the years prior to 1999,
more normal rates of international patent family formation can be observed. In terms of forming
trilateral patent families, there is quite a high volume in Chemistry and Metallurgy, particularly
among EPC states, where 23.8% of priority filings in this field are subsequently filed in the U.S. and
Japan. There is also quite a high volume of trilateral patent families among Physics and Electricity
inventions. The rate of trilateral patent family formation is also fairly high in Textiles and Paper,
but the number of counts is relatively modest. Thus the distribution of international patent families
by technological field is not even, with a slight bias among trilateral patent families toward the hard

sciences fields (e.g. Chemistry, Physics, and Electricity).
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Overall, the rate of international patent family formation by fields had increased by 1994.
This reflects a greater increase in priority filings (i.e. the denominator) than in subsequent filings (i.e.
numerator). However, the rates of international patent family formation by the Other Bloc countries
as a whole have generally increased throughout the sample period.

Table 24 shows the growth rates of priority filings by IPC field in selected countries over the
period 1984 to 1999, as well as 1984 to 1994 (given the provisional nature of 1999 figures). The
purpose is to analyze which particular technological fields drove the increase in (priority) patenting.
This too was not even across IPC fields. For example, for the U.S., significant increases in patenting
can be observed in the broad fields of Physics, Electricity, and Human Necessities (related partly to
developments in pharmaceutical innovations). Priority filings in Chemistry and Metallurgy also
experienced robust growth. Growth in such filings was modest in Mechanical Engineering. For
Japan, Electricity, Chemistry, Human Necessities, and Fixed Constructions drove the growth in
priority filings, while Textiles and Paper and Performing Operations contributed weakly. For the
EPC, Physics, Electricity, and Chemistry and Metallurgy are behind the growth in priority filings,
with each of the leading three countries (Germany, U.K., and France) contributing strongly. There
is, on the other hand, weak growth in Mechanical Engineering filings in the EPC, with the U.K.
experiencing negative growth. As for the Other Country Bloc, Korea has had strong growth in all
fields, more than doubling or tripling filings in the fields of Physics, Electricity, Chemistry and
Metallurgy, and Mechanical Engineering. Australia also had strong growth in the hard sciences

fields. Canada, on the other hand, had weak (in many cases, negative) growth in filings in many
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fields. This prompted the Canadian government to undertake a review of the Canadian innovation
system and innovation policies.™

Table 25 focuses attention on priority and subsequent filings in the EPO. The data combine
filings directly at the EPO as well as indirectly via the PCT. The table shows both the volume of
subsequent filings and those filings as a percentage of the previous year’s first filings. The
percentages provide some idea of the transfer rate or transfer coefficient (i.e. fraction of priority
filings that are subsequently filed). The lagged one year priority filings are used as a base (or
denominator) since, under the Paris Convention, patent applicants have up to one year to exercise
their priority rights in subsequent filings. The table presents figures for selected years, namely every
five years from 1980 to 2000, and for each priority bloc (EPC, Japan, U.S., and Other).

The information on transfer rates from world wide first filings to subsequent EPO filings in
Table 25 shows that the EPC contracting states are the source of most EPO subsequent filings,
followed by the U.S., Japan, and Others. The general rise in transfer rates over time (particularly
after 1985) reflects a “centralization effect” in which patent applicants discovered the option of using
the EPO system that had started in 1978.

Over this period, the EPC itself is the source of most EPO subsequent filings, followed by
the U.S., Japan, and Other. The other country bloc has the smallest share of subsequent EPO filings.
Among EPC states, Germany is the leading source of EPO filings (with over 10,000 filings per year

since 1990), with a transfer rate exceeding 20%; that is, a little more than one-fifth of Germany’s

% Industry Canada, the government ministry in Canada which oversees the Canadian Intellectual
Property Office (CIPO), had commissioned a series of research and other investigative studies on
intellectual property policy. See, for example, Putnam (2003) for studies from a May 2001
conference organized by Industry Canada and for other references.
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priority filings are filed subsequently at the EPO. Next are the U.K., France, Italy, and Switzerland.
These countries’ transfer rates are higher. Switzerland in 1995, for example, had over half of its first
filings subsequently finding their way to the EPO. France in 1995 had 43% of its priority filings
subsequently filed at the EPO. On the other hand, countries like Monaco conduct a negligible
amount of secondary filings at the EPO (namely 1 or 2 filings per year). Greece, Ireland, Portugal,
and Turkey file less than 100 subsequent patent applications at the EPO.

Overall the mean number of EPO filings is 1401 (with a coefficient of variation®® of nearly
200%, reflecting the wide variation among the EPC states). The average transfer rate among EPC
states is 22.6%. By comparison, the mean annual subsequent EPO filings from the U.S. and Japan
exceed 10,000 with much less variation over time (that is, the coefficient of variation is about half).
The average transfer rate for the U.S. is 19.9% (meaning that about one-fifth of U.S. priority filings
find their way to the EPO within a year). For Japan, the average transfer rate is under 5% (due to
its large number of domestic priority filings with single claims and which are not destined for foreign
filings).

Among other countries, Australia has been the leading source of EPO filings, but Korea has
been catching up and may well have exceeded Australia. The transfer rate of Korean priority filings
to the EPO is only 2%, however, while that of Australia exceeds 10% per year. Canada and Israel,
as mentioned before, are also important sources of subsequent EPO filings, though the quantity of
filings is comparable to that of medium-income EPC states, such as Austria, Denmark, and Finland.

Overall, the other country bloc on average transfers 6.9% of first filings to the EPO.

* That is, the standard deviation as a percentage of the mean.
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Table 26 provides some sample statistics on the various ways in which patent applicants have
filed for patents in the EPO. For example, different routes can be involved (e.g. national, direct
EPO, PCT, or EPO via the PCT). Some applicants file only in the EPC area or form families with
2 or more blocs (such as the U.S., Japan, or Other). Thus the table shows patent family counts for
various combinations of destination blocs and routes, for two particular years (i.e. 1984 and 1994)
and for the period as a whole (1979-1999). Note that, in the table, reference to EPO and PCT
indicates their involvement somewhere in the family.

The key observations on filings at the EPO are as follows: Most families that have patent
activity only in EPC contracting states involve first filings at the national offices to establish priority
rights. From a volume of such filings that exceeds 90 000, only a small proportion involve first
filings at the EPO, but this proportion has increased in recent years. The PCT involvement is rather
low when an applicant files only in the EPC contracting states. But the use of the PCT has been
expanding considerably over the period from 1985 to 2000.

For patent families involving only the EPC and Japan, the routes of choice are still filing at
the national office and EPO directly. The share of PCT involvement is small. The same pattern
applies for patent families involving only the U.S. and EPC together.

For trilateral patent families, there is a more significant use of the direct-EPO route. Almost
twice as many on average use the direct EPO filing versus national filings (i.e. 9908 vs. 5487). For
patent families involving all four blocs, direct EPO filings are nearly four times as frequent as
national filings (i.e. 12929 vs. 3716). The involvement of the PCT (either PCT or EPO via the PCT)
is more significant when applicants choose to file in all four blocs. Involvement of the PCT is also

popular for trilateral patent families as well as patent families involving the EPC, US, and Other; the
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PCT route is modestly used when applying to the EPC, Japan, and Other. In other words, the U.S.

destination appears to be important when taking the PCT route.

ii. Regression Models

We next consider the forecasting of patent families. We focus first on predicting first
(priority) filings, and then on predicting numbers of families containing subsequent filings in the
EPC, Other Bloc, Other Trilateral, or Trilateral. As explained earlier, the patent families database
shows subsequent filings in one of four blocs: EPC (including the EPO), U.S., Japan, and Other.*’
The first three blocs are referred to as the Trilateral.

Conceptually, the priority filings reflect the overall level of new inventions that are patented
in a particular period; the subsequent filings measure the “transfer” of those patentable inventions
abroad. Thus priority filings are a measure of inventiveness*' and subsequent filings a measure of
international technology diffusion. Here, first filings refer to priority filings of the source country.**

R&D is modelled as determining both the first and subsequent filings. That is, R&D affects
the innovative potential of a source country and the propensity to make subsequent filings. One
reason that research and development can stimulate the “transfer” of technologies abroad is that the

R&D expenditures may reflect the investment effort level (and possibly thereby the quality level)

% The destinations are not further disaggregated by country; for example, countries in the
Other Bloc are not explicitly identified or separated out.

! Subject to the qualification that not all inventions are patented or are patentable.

> Here source country refers to the country of origin of the first filings (from which
priority claims are made by all other patents). It does not refer necessarily to the country of
residence of the patent owner or inventor.
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of a source nation’s patentable inventions. Thus the greater a source country’s resources devoted
to R&D per worker, the greater the number of innovations that might be worthy of patenting
subsequently in other markets. Support for this view comes from previous studies on patent
valuation. While one way to screen for valuable patents has been to observe renewable behavior
over time, an alternative way is to observe the spatial dimension: to see which patents are applied
for in more destinations (markets). In other words, larger patent families tend to be more valuable
(holding other factors constant).” Thus, on theoretical grounds, R&D could stimulate both first and
subsequent filings. The greater the R&D content, for example, in a nations’ supply of patentable
inventions, the greater is the proportion of priority filings that will be likely to used as a basis for
subsequent filings in other markets.

In what follows, we estimate models of subsequent filing behaviour for the sample years
1981 - 1994, corresponding to the priority filing years 1980 and 1993. The estimated models are
then used to generate out-of-sample forecasts for families containing subsequent filings in 1995 -
2000. We then compare these forecasts with actual data. It will be seen that the models generally
over predict for 1999 and 2000, which is consistent with the fact that there is a timeliness problem
in reporting families incorporating subsequent filing activity for these years. It is for this reason that
we expanded the out-of-sample forecast interval and decreased the in-sample estimation period.

We first examine the behavior of priority filings. First filings are a function of lagged first

filings and R&D (in natural log and per worker units). First filings in turn are a determinant of

% For studies that infer patent value from patent renewal behaviour, see Pakes (1986), Schankerman
et al. (1986), and Lanjouw, Pakes, and Putnam (1998). For studies that infer patent value from
patent family size, see Harhoffet. al. (2003), Lanjouw and Schankerman (1999), and Putnam (1996).
Harhoff et. al. (p. 1343), for example, argue that “patents representing large international patent
families are especially valuable.”
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subsequent filings (since the latter can be traced back to the former). Table 27 reports on the
estimation of the forecasting equation for first filings. As column 1 indicates, a high degree of
dynamic persistence is exhibited in first filings. But the impact of the lagged dependent variable is
reduced once other variables are controlled for; its coefficient for instance drops to the 0.719 - 0.756
range. The patent elasticity of R&D is 0.187 — that is, a 1% increase in R&D stimulates a 0.187%
increase in priority filings.

In place of R&D, we also investigated the model using GDP per capita. The results are
qualitatively and quantitatively similar; the patent elasticity of GDP per capita is 0.183. But GDP
per capita tends to be correlated with R&D per worker since output per worker (or per capita) is a
function of inputs like R&D. Thus it is not surprising that the two variables yield similar results.
However, when both GDP per capita and R&D are entered jointly, the GDP variable is statistically
insignificant (and of the wrong sign). Overall, these simple models capture 93% of the variation in
international priority filings.

We next turn to the behavioral equations for subsequent filings. The results are in Table 28
A - D. Panel A focuses on counts of families with subsequent EPO filings; panel B on counts of
families with subsequent ‘Other Bloc’ filings; panel C on counts of families with subsequent ‘Other
Trilateral’ filings; and panel D on counts of families with subsequent ‘Trilateral’ filings. In these
tables, we essentially compare two models: AR3 versus a model that uses the lagged dependent
variable, lagged first filings, and R&D (referred to as the RE1 model).** Thus in effect we are
comparing whether priority filings and R&D produce better forecasts than extending the AR1 model

to an AR3. Note that first filings are lagged one period because, in accordance with the Paris

* That is, the random effects regression model with the first lagged dependent variable.
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Convention, applicants have up to one year to file subsequent patent applications and to refer to the
priority date associated with the first filing.

In Table 28 A, we find that a 1% increase in priority filings leads to a 0.062% growth in
families with subsequent filings at the EPO, whereas a 1% increase in R&D stimulates a 0.25%
increase in those filings. Table 28 B - C repeat the exercise for families with other kinds of
subsequent filings (involving the Other Bloc, Other Trilateral, and Trilateral). Qualitatively, there
is a similar pattern. The previous period’s patenting activity or intensity influences a current period’s
activity. R&D also has a statistically significant influence on the technology “transfer” rates.
However, lagged priority filings weakly determine the number of families with subsequent Trilateral
filings and insignificantly determines those with subsequent Other Trilateral and Other Bloc filings.
This finding implies that the mere size or stock of patentable inventions (as measured by the flow
of priority filings) does not influence international technology diffusion (holding other factors
constant). It is, in other words, not necessarily the case that the more inventions there are the more
international patent family formation. Some countries have a relatively large number of priority
filings, yet have a comparatively smaller propensity to patent abroad (e.g. Japan), while others have
a relatively small number of priority filings, yet have a comparatively high propensity to patent
internationally (such as Canada). This result might suggest that patentees have separate decisions
concerning their priority filings and subsequent filings.

Yet in column 4 of Tables 28 B - C, we find that if we drop the lagged dependent variable,
the lagged first filings variable is statistically significant at the 1% level. Thus this variable appears
to be picking up the effects of lagged dynamics, or proxies for lagged patenting effects. Note,

however, that the adjusted R-squared values are lower. A smaller percentage of the variations in the
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data are captured without the inclusion of the lagged dependent variable. Furthermore it results in
much higher root mean squared errors (not reported).

In an earlier study, Hingley and Nicolas (2003) find that transfer ratios — i.e. ratio of
subsequent filings to first filings — tend be stable per applicant country (over time). To reconcile this
finding with our finding that first (priority) filings only weakly determines the subsequent family
filings associated with those first filings, it should be noted that the analysis here is across source
countries (as well as time). The transfer rate may still be stable over time for each country, yet across

countries first and subsequent filings need not be strongly correlated.

iii. Forecast Accuracy

Table 29 shows the root mean squared percentage errors (RMSPE) associated with each
patent family model estimated thus far. Each entryin Table 29 has a corresponding forecast equation
to refer to (or “column” to refer to) in Table 28 (specifically the first three columns only, where
applicable).*” Again, since the estimated equations described in Table 28 were estimated up to year
1994, and we then use the actual (realized) values of the independent variables for 1995 - 2000 to
make predictions of the dependent variable.

The forecast performance between AR3 and RE1 is fairly similar for families containing
subsequent EPO filings. The AR3 performs relatively better for the earlier years (1995 - 1997) but

the momentum captured in the AR3 does not extend well into a longer time horizon. For the number

* In other words, we do not report the RMSPE associated with the model without the
lagged dependent variable (i.e. column 4 results).
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of families containing Other Bloc, Other Trilateral, and Trilateral subsequent filings, the AR3
performs generally better than the RE1 model (which incorporates lagged priority filings and R&D
per worker). However, the RE1 model generally performs better than the simple AR1 model.
Nonetheless the differences in forecast errors between AR3 and RE1 are of small magnitude. Note
the relatively large forecast errors for predicting Trilateral family filings for 1999 and 2000. This
reflects the “timeliness” problem of obtaining actual, or realized, Trilateral patent family data for

those years.

iv. Sample Forecasts

Table 30 provides some sample forecasts by source country for 1998. The first part of the
table shows the predictions for the priority filings. The simple autoregressive model is outperformed
by the RE1 model (i.e. AR1 augmented with R&D). Both models, however, under-predict the total
filings (of all countries listed in the table) by about 200,000. This is due mostly to the prediction
error for Japan. As indicated earlier, Japan’s system or practice of admitting single claims per patent
application has resulted traditionally in a large number of first filings. The models have difficulty
capturing this idiosyncracy. Japan’s priority filings pose an outlier for these models. The models
also under-predict the first filings of the U.S. and Germany.

For predicting the number of families containing subsequent EPO family filings, the RE1
model does generally better overall. The predictions are quite close for the U.S., Japan, and
Germany. This is attributable to the high adjusted R-squares of the forecasting equations (indicating

that a large fraction of the variation in the data are captured by the model). The RE1 predicts a total,
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country-wide, forecast of 102,150 families with subsequent EPO filings. This is just 158 filings shy
of the actual (or an error rate of just 0.154%).

For predicting the formation of other patent families, the models do reasonably well at
predicting the subsequent filings. Though the RMSPE is slightly smaller for the AR3 (i.e. in terms
of average individual country forecasts), the RE1 model produces a total, country-wide, forecast that
is slightly closer to the actual. For instance, the RE1 model predicts 146,670 families containing
subsequent filings in an ‘Other Bloc’ country. This is 1151 filings less than the actual (which is
again an error rate of less than 1%). The RE1 model over-predicts actual families with subsequent
filings in an ‘Other Trilateral’ country by 598 filings. The actual is 123,250. Lastly, the RE1 model
over-predicts families with subsequent filings involving the Trilateral. The error rate is larger
(namely 13.5%).

While the total, country-wide, forecasts of families containing subsequent Trilateral filings
are relatively not as good, the forecasts for individual countries vary in accuracy. For example, for
the U.S., the RE1 model produces good forecasts of families with subsequent Trilateral filings. But
generally the model over-predicts these kinds of filings for most countries. The errors appear to be
systematic and suggests that forecasts of 1998 may also suffer from the “timeliness” problem.
Clearly the model has fit well historically over the truncated sample period (up to 1994), yet the
RMSPE for 1998 exceeds 0.8 (suggesting that the predictions are 80% greater than, or almost
double, the actual). This suggests either that the model has omitted important variables with
predictive content, or that there is a severe lag in the reporting of actual families with subsequent
Trilateral filings. It would be useful to re-do the forecasts at a later point in time in order to

determine the more likely source of the forecast errors.
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Conclusion

Patenting activity is intense within the EPO. The U.S., Japan, and the EPO account for the
bulk of world patenting activities. This is in large part due to their relatively high incomes (which
provides for larger markets), their greater productivity (which makes their inventors more prolific
producers of knowledge capital), their greater R&D and science and engineering resources, and their
stronger intellectual property systems. But the increased patenting in the EPO is also attributable
to the institutional system itself. With the benefits of single filing and centralized procedures, the
economic cost of patenting in EPO member countries has been reduced. Moreover, membership in
the EPO has particularly helped the smaller member economies to obtain increased technology
inflows. This is largely due to the low marginal cost of designating additional EPO states (beyond
the top three to five states).

By 1999, nearly all the EPO states have been designated in EPO patent applications. Despite
reducing fees and improving procedures for filing patents, the EPO receives very little patents from
developing countries or emerging markets. This is due in good measure to factors internal to those
nations (their policies and environment). However, to the extent that they depend on access to
foreign markets in Europe, the U.S., and Japan for their development, their lack of involvement in
international patenting activities becomes an important issue.

To highlight the main findings in this study, we found EPO filings per source country worker

to be significantly explained by source country GDP per capita, R&D stock per worker (particularly
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private R&D), scientists and engineers per 10,000 workers, patent protection levels, and EPO filing
fees and EPO membership. We found the results to be fairly insensitive to changes in the
specification of the basic model, such as the use of R&D flows instead of stocks, of alternative
measures of human capital, the inclusion of FDI and export variables, and the introduction of cyclical
shocks. The results are also insensitive to whether the dependent variable is patents per scientist and
engineer or patents per R&D stock. An alternative model would relate cross-country patenting to
trade and FDI. This alternative model explains a smaller percentage of the variations in the data.
Moreover, there are likely to be simultaneity problems if trade and FDI are associated with patenting
(as a means of gaining entry into a market).

In the forecasting exercises, the main highlights are:

. R&D better explains total filings rather than the different modes of filing (EF, ES, PF, and
PS). It does not explain well why agents choose to file at the EPO first or subsequently or
why they would (or would not) opt to seek protection in the EPO via the PCT system.

. A general, economy-wide measure of R&D (such as business enterprise R&D) predicts
sectoral filings better than sector-specific R&D because it likely captures inter-sectoral
knowledge spillovers more broadly, though this finding might be due to the imprecise
concordance between industrial R&D and patents by technological fields.

. Models with lags of the dependent variable (usually the first three lags) plus R&D produce
quite good forecasts. Typically 90% or more of the actual filings is predicted. Note though
that these forecasts are generated using actual R&D values realized during the forecasting

period. In practice, for predicting filings beyond the sample period (e.g. 2005 and beyond),
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we will need to generate forecasts of R&D as well (and thus develop models of R&D
behavior).

Generally, predictions of Euro-direct (or Euro via PCT) subsequent filings are better (in the
sense of lower RMSPE) than predictions of Euro-direct (or Euro via PCT) first filings.
Forecasts by technological (Joint Cluster) groups (i.e. meta-Groups 1 - 5) were also quite
close to actual, except for Group 5 (computers and telecommunications). As with forecasting
aggregate filings (across technological fields), the models forecast better for total filings than
for filings by different modes of filing. Also, at the sectoral level, subsequent filings are
easier to predict than first filings.

For predicting counts of patent families, R&D is useful for predicting both the priority filings
that index patent families as well as the families containing subsequent filings in the EPO,
Other Bloc, Other Trilateral, and Trilateral.

These priority filings in turn were useful at predicting numbers of families containing
subsequent filings in the EPO but weakly useful at predicting families containing the other
kinds of subsequent filings. This is because, across countries, there is not a tight connection
between domestic filings and international filings (since some countries have large domestic
filings and relatively less international, and vice versa). Of course, the transfer rate (i.e. ratio
of subsequent filings to first filings) may be stable over time for each country, but across
countries there does not seem to be a monotonic relationship between the transfer rate and
the level of first filings.

Due to the timeliness problem, forecasts of patent families were less accurate for 1999 and

2000 (and even for 1998 in the case of Trilateral patent families). For periods where the
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timeliness problem is not a concern, the forecasts are generally quite good (i.e. close to 99%

of actual).

In conclusion, there are several possible extensions to this study. First, more research is
needed to better understand and explain patent granting behavior. This requires more detailed
knowledge about the patenting authorities — their objectives and constraints. The existing literature
has predominantly focused on the behavior of patent applicants. Secondly, it would be of interest
to explore the feedback effects, if any, from the EPO system to R&D activities in various source
countries. Inventors or firms should perceive the EPO region to represent a large (or larger) market.
This surely should have impacted on their incentives to do R&D (including inventors in developing
countries). The larger market should justify a larger investment in innovation or greater risk-taking.
Thirdly, it would also be useful to derive destination variables for the EPO. Thus far the models of
patenting behavior in this study have largely focused on source country characteristics. We discussed
in the text the challenges posed in constructing destination variables.

Finally, this paper has examined patent families and sectoral (Joint Cluster) filings separately.
As there have been few, if any, studies on patent filings by patent family or by technological fields,
the simpler task has been to consider them separately. Future research should therefore seek to

analyze and forecast patent family filings by Joint Clusters (or Groups).
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Appendix

Derivation of R&D Capital Stocks:

The perpetual inventory method can be used to derive the stock of R&D capital, R, from data on
gross R&D flows, 1. At period t, the stock of R&D capital equals the stock left over from the
previous period (net of depreciation) p/us new R&D investments made during period t:

(A1) R(H) = I(t) + (1 - d) R(t-1),

where d is the depreciation rate. It is assumed that d = 0.1. The initial stock of capital can be
derived by rolling the above identity backwards in time:

R(0) = [(0) + (1 - d) R(-1)
=1(0) + (1 - d) [I(-1) + (1 - d) R(-2)]
=1(0) [1 + (1 - d)(A-1)/1(0)) + (1 - d)P(A(-2)/1(0)) + ... ]

Let g(t) be the growth rate of investment (i.e. (1 + g(t)) = I(t)/I(t-1)), and assume that g is the
historical average growth rate of investment. (This growth rate can be approximated using the
growth rate of investment during the sample period, under the assumption that the growth rate during
the sample period is representative of the immediate past). Thus:

10)1+2)
(0+7)
assuming (g + d) > 0.* Using this initial value, the rest of the series R(1), R(2), ..., R(t) can be

generated using equation (A1). Dividing by the number of workers in the corresponding period - i.e.
L(1), L(2), ..., L(t) - gives the R&D capital per worker in each period.

(A2) R(0)=

The quantitative results in this paper are not very sensitive to the assumption of a 10% geometric
depreciation rate. We tried 5% and 15% rates and found the coefficients of R&D capital per worker
to differ on average by a low order of magnitude (i.e. second decimal point).

* Where g < 0, we set g = 0 to avoid abnormally large initial stocks.
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The following is an outline of how the strength of national patent regimes is scored. A country
receives points for having various legal features (as indicated in the last two columns). The total

points will range from zero to five.

(1) Membership in International Treaties Signatory Not Signatory
-- Paris Convention and Revisions 1/3 0
-- Patent Cooperation Treaty 1/3 0
-- Protection of New Varieties (UPOV) 1/3 0
(2) Coverage Available Not Available
-- Patentability of pharmaceuticals 1/7 0
-- Patentability of chemicals 1/7 0
-- Patentability of food 1/7 0
-- Patentability of plant and
animal varieties 1/7 0
-- Patentability of surgical products 1/7 0
-- Patentability of microorganisms 1/7 0
-- Patentability of utility models 1/7 0
(3) Restrictions on Patent Rights Does Not Exist Exists
-- “Working” Requirements 1/3 0
-- Compulsory Licensing 1/3 0
-- Revocation of Patents 1/3 0
(4) Enforcement Available Not Available
-- Preliminary Injunctions 1/3 0
-- Contributory Infringement 1/3 0
-- Burden-of-Proof Reversal 1/3 0
(5) Duration of Protection Full Partial
1 0<f<1

-- where f equals the duration of protection as a fraction of the full (potential) duration. FULL
duration is either 20 years from the date of application or 17 years from the date of grant (for

grant-based patent systems).

Source: Ginarte and Park (1997).
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