NATIONAL RESEARCH UNIVERSITY

HIGHER SCHOOL OF ECONOMICS

Bruno Brandao Fischer, Maxim Kotsemir,
Dirk Meissner, Ekaterina Streltsova

PATENTS FOR EVIDENCE-BASED
DECISION-MAKING AND SMART
SPECIALIZATION

BASIC RESEARCH PROGRAM
WORKING PAPERS

SERIES: SCIENCE, TECHNOLOGY AND INNOVATION

WP BRP 86/ST1/2018

This Working Paper is an output of a research project implemented at the National Research University Higher

School of Economics (HSE). Any opinions or claims contained in this Working Paper do not necessarily reflect the
views of HSE




Bruno Branddo Fischer*, Maxim Kotsemir?,

Dirk Meissner®, Ekaterina Streltsova®

PATENTS FOR EVIDENCE-BASED DECISION-MAKING AND
SMART SPECIALIZATION

The paper compares and contrasts the patent-based indicators, traditionally used to assess a
country’s technological capacities and specialization. It seeks to determine how a chosen metric
might affect the results of such an analysis, sometimes being misleading. Empirically, the paper
is based on the statistical information on patent activity of the top-10 patenting countries. It
concludes with a clear demonstration of the need to employ a complex of patent-related indica-
tors to make deliberate solutions on managing technological development of a country. Also the
authors offer a taxonomy of technological capacities, which might further help understanding
their current status and prospects for future progress. Above the methodological implications,
the paper might be of an interest for policy-makers and practitioners as it analyzes the patent
profiles and technological specialization of the global leaders.

Keywords technological development, technological specialization, patent statistics.

JEL classification: 031, 032, 033, 034, 038, O57.

! Bruno Brandio Fischer, Business Strategy and Entrepreneurship School of Applied Sciences,
University of Campinas, Sao Paulo, Brazil. E-mail address: bruno.fischer@fca.unicamp.br.

2 Maxim Kotsemir, Institute for Statistical Studies and Economics of Knowledge, National Re-
search University Higher School of Economics, Moscow, Russia. E-mail address:
mkotsemir@hse.ru.

% Dirk Meissner, Institute for Statistical Studies and Economics of Knowledge, National Re-
search University Higher School of Economics, Moscow, Russia. E-mail address: dmeiss-
ner@hse.ru.

* Ekaterina Streltsova, Institute for Statistical Studies and Economics of Knowledge, National
Research University Higher School of Economics, Moscow, Russia. E-mail address:

kstreltsova@hse.ru (corresponding author).

The article was prepared within the framework of the Basic Research Program at the National Research University Higher
School of Economics (HSE) and supported within the framework of a subsidy by the Russian Academic Excellence Project '5-
100"



mailto:bruno.fischer@fca.unicamp.br
mailto:mkotsemir@hse.ru
mailto:dmeissner@hse.ru
mailto:dmeissner@hse.ru
mailto:kstreltsova@hse.ru

1.

INTRODUCTION

An issue of utmost relevance within the current context in which innovation policy takes
place concerns the increasing levels of complexity involved in its governance, coordination and
formulation dynamics (Meissner et al., 2017). In this regard, a thorough understanding of coun-
tries’ technological profiles becomes key in defining appropriate directions for future develop-
ments. Pure market dynamics is insufficient in providing reliable evidence for decision-making
(Rodrik, 2004; Hausmann & Rodrik, 2003). Rather, Rodrik (2004) and Aghion et al. (2011)
stress the need for embedding firms’ initiatives in a context of public policy aiming at fostering
technological dynamism beyond the sole prowess of market developments.

A fundamental challenge here concerns the build-up of internationally competitive pro-
ductive structures. For this purpose, countries search for stronger knowledge bases in order to
achieve or sustain global competitiveness (Foray, 2006). This proposition is intertwined with
the concept of economic complexity, understood as a representation of the diversity in produc-
tive capabilities — knowingly a major driver of development conditions (Hidalgo & Hausmann,
2009). Diverse technological capabilities provide reasonable chances for countries to leverage
new technological opportunities, spurring economic performance. Accordingly, resulting
knowledge flows and technology spillovers are perceived as beneficial to all actors and firms
especially within national boundaries (Griliches, 1990).

Thus, from an innovation policy point of view, comprehending what an economy is
good at producing is a fundamental cornerstone in driving technological evolution (Hausmann
& Rodrik, 2003). Nonetheless, knowing that innovation policy stands for a strategic feature in
shaping countries’ technological capabilities is far from instructive. One-size-fits-all proposi-
tions cannot efficiently tackle the challenges that lay ahead heterogeneous socioeconomic sys-
tems. Instead, evidence has shown that macroeconomic competitiveness can be achieved
through different approaches to innovation and types of knowledge (Jensen et al., 2007). Hence,
there is a need for policy strategies that are sensitive to countries’ idiosyncratic technological
profiles (Capello & Kroll, 2016).

A current trend in this respect is that of smart specialisation approaches. According to
this particular view of technological profiling, regions and countries need to develop a clear
specialisation outline in order to remain competitive in global markets. This has been discussed
by many scholars (e.g. Piirainen et al., 2017; Tiits et al., 2015; Paliokaite et al., 2015; McCann
& Ortega-Argilés, 2014; 2015; Foray, 2014), and resulted in numerous strategies dealing with
innovation policymaking at the national and regional levels. Although smart specialisation is
mainly known from the innovation policy perspective - thus much broader than looking at the

technology dimension - it still emphasizes the relative technological position and competences
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of a regions and countries. The underlying motivation for this framework rests in the interpreta-
tion that innovation and technological capabilities are closely connected, and that economic de-
velopment depends on building strengths in these areas.

This situation brings to the fore the need for attention concerning analytical exercises
and methods to deal with the assessment of countries’ technological profiles, i.e., the extent to
which they should invest in diversification or apply its resources in specific areas (Archibugi &
Pianta, 1992). This calls for a knowledgeable interpretation of indicators and metrics to formu-
late targets and benchmarks (Meissner et al., 2017). The purpose of this article is to dig deeper
into these issues. We depart from the hypothesis that unidimensional approaches can be mis-
leading for technology policy as they can neglect systemic strengths that do not comply with
dominant assessment techniques.

Therefore, our empirical exercise dedicates attention to addressing

Q) whether the most traditional metrics used for countries’ technological capabili-

ties covers all the high-potential technological domains for each of the countries
under study; or

(i) if the selected indicators demonstrate different results when being used for tech-

nological capabilities analysis; and

(iii)  how technological domains might be classified with a use of different indicators

comparison for theoretical and practical needs.

To do so we have collected data on a set of patenting indicators which characterize
technological capacities of the top 10 patenting countries and compared the evidences each of
the selected metrics demonstrate. Hence, we look at different analytical scopes aiming at find-
ing their levels of complementarity and discrepancy for smart specialisation recommendations.
Results highlight the risk of resorting to unidimensional instruments. Although attractive from
the political standpoint (Edquist & Zabala-lturriagagoitia, 2015), such procedure can potentially
harm industrial/technological (existing and prospective) capabilities.

After this introduction, the article is structured as follows. Section 2 discusses some key
issues in technological profiles, specialisation and diversification of countries. Particular focus
is given to the smart specialisation approach and to patent statistics as sources of information
for innovation policymaking processes. Section 3 contains a detailed description of the ap-
proach and empirical data used for the study. Section 4 discusses results of the analysis and
technological domains classification and concludes with recommendations for policy-makers to
objectively assess countries’ technological capacities for decision-making and investment strat-

egies.



2. TECHNOLOGICAL PROFILING AND SPECIALISATION

The foundation of countries’ technological profiles is a function of the aggregate picture
of innovation capabilities perceived in firms, i.e., their capacity to accumulate and develop new
technologies (Petralia et al., 2017). At the company-level, patented technologies translate into a
broad scope of products, defining current and future market prospects (Dosi et al., 2017). For
these reasons, technological diversification stands for a key area of innovation management ap-
proaches (Breschi et al., 2003; Granstrand, 1998).

Management literature argues that well-structured technology portfolios have the poten-
tial to create synergies between different R&D activities (Garcia-Vega, 2006). One dominant
feature of technology portfolios are multi-field competences and technological diversification
(Palmberg & Martikainen, 2006). Arguably, technology diversification results from the increas-
ing products’ complexity (Breschi et al., 2003). In its turn, this empowers the tendency of or-
ganizations’ technological competencies to be dispersed over a wider range of R&D activities
(Suzuki & Kodama, 2004). These conditions are derived from the breadth of a body of
knowledge, and from how far and in what direction links in knowledge networks are pursued
(Miller, 2006). Specialisation however does not stop at the borders of individual technology
fields. Instead, it highlights the complementarities between technology fields and the resulting
overlaps and interfaces. Thus, organizations are aiming at diversifying their technology profiles
for several reasons. Among these is the assumption that technological diversification shows
positive effects on entities’ performance measured as financial returns from innovation and
R&D intensity (Gambardella & Torrisi, 1998; Garcia-Vega, 2006). Ultimately, these processes
are associated with enhanced microeconomic competitiveness (Miller, 2006).

However, these corporate dynamics happen within a systemic environment that offers
the grounds for technologies to evolve (Freeman, 1987; Nelson & Rosenberg, 1993). Corre-
spondingly, overall conditions and incentives for technological diversification/specialisation are
highly heterogeneous across countries (Petralia et al., 2017), shaping the conditions for firm-
level profiles. Following this perspective — and due to strong ‘pure market” imperfections (Ro-
drik, 2004; Hausmann & Rodrik, 2003; Aghion et al., 2011) — innovation policy plays an im-
portant role as catalyser of firms’ technological activity. Thus, national and regional authorities
view technology-based competitiveness as a major factor for companies’ investment decisions,
and these are expected to contribute to aggregate economic development. The underlying ra-
tionale is that such investments lead to companies producing goods and services that are com-
petitive at global markets, generating revenues for the advantage of regions and countries.

Incidentally, the technological profile (occasionally referred to as technological speciali-

sation or technological diversification) of countries, regions and organizations has a significant
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influence on the capacity for combining and recombining the existing knowledge stock with
new components that result in new breakthroughs (Quintana-Garcia & Benavides-Velasco,
2008). These conditions go beyond codified knowledge and incorporated technology to include
tacit knowledge, including experiences in handling and developing technology. Yet, these ca-
pabilities are often a source of competitive advantage for regions/countries for a limited period
only. Once a region develops such skills, other regions establish efforts to catch up, sometimes
overcoming the original levels of competence of the pioneering system. These dynamic features
of localized innovation systems - at any geographic level of analysis - warrant the need for con-
tinuous evolution of aggregate capabilities in order to achieve sustainable levels of growth and

development.

2.1 The Smart Specialisation Approach

A very influential approach to the field of technological profiling, specialisation and di-
versification — and which has consistently gained ground among academics and policymakers
alike — concerns Smart Specialisation. It stands for a change in the elaboration of traditional in-
novation policies. Based on entrepreneurial discovery®, its rationale is neither strictly related to
high-technology activities nor to picking winners (Capello & Kroll, 2016). Instead, the main-
stay of smart specialisation strategies lies on leveraging existing resources towards moderniza-
tion of the productive structure and building the appropriate settings to reinforce the conditions
for technological upgrading (Piirainen et al., 2017).

In this regard, smart specialisation occurs as an endogenous process, involving local po-
tentials and needs (Capello & Kroll, 2016). However, the central focus is not based on a simple
bottom-up approach. Since market failures ought to hamper spontaneous processes of smart
specialisation, there is a call for coordination mechanisms through adequate policymaking (For-
ay, 2014). To achieve this, the key question that guides the process can be stated as “where, in
or between which sectors are structural changes most desirable?” (Foray, 2014; p. 498).

In order to provide an answer to this inquiry, a first step deals with comprehending
countries’ (or regions’) current strengths and future potential, helping to channel investment de-
cisions (Paliokaite et al., 2015). The primary goal of smart specialisation is one of promoting
new options that allow diversifying the economic structure (Foray, 2014). This can be achieved
through policy initiatives aiming at nurturing the most promising activities, considering potenti-
alities in technological change and systemic spillovers (Foray, 2014; Aghion et al., 2011), al-

lowing the emergence of critical mass effects (Foray & Goenaga, 2013). An expected conse-

5 Entrepreneurial discovery involves not only firms and individuals, but also universities, research institutions, governmental
bodies and other economic agents (Grillitsch, 2016).
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quence is the development of capabilities in specific technologies as a mean to achieve systemic
competitiveness (Foray, 2014).

However, countries’ technological profiles unravel over time according to path depend-
ent, evolutionary patterns (Petralia et al, 2017; Mancusi, 2012; Neffke et al., 2011; Fai & Von
Tunzelmann, 2001; Archibugi & Pianta, 1992; Dosi, 1988). Similarly, smart specialisation
strategies do not take place in a vacuum and they should reflect previously existing institutions,
policies and influential agents (Grillitsch, 2016; Kroll, 2015; McCann & Ortega-Argilés, 2014;
Valdaliso et al., 2014). Even the size of countries or regions can affect how competitive ad-
vantages arise: larger countries are more prone to cover a wider array of technological fields,
while smaller economies are usually specialised in a handful of selected niches (Mancusi, 2012;
Archibugi & Pianta, 1992). Consequently, smart specialisation strategies should respect the var-
iegated, evolutionary character of economic systems, taking into account their structures and
existing dynamics (McCann & Ortega-Argilés, 2015), as well as areas of comparative ad-
vantage (Heimeriks & Balland, 2016; Correa & Giigeri, 2016). Such dynamics put emphasis on
understanding current patterns and overall conditions of the innovative environment if the goal
is one of enhancing systemic efficiency.

Furthermore, the appraisal of the socioeconomic and innovation conditions is built upon
analytical frameworks that weigh not only understanding ongoing conditions, but also the fu-
ture prospects of productive systems. Hereof, prioritization of selected activities is a core pro-
cess of smart specialisation strategies (Correa & Giigeri, 2016; Capello & Lenzi, 2016; OECD,
2013). The justification is rather simple: countries cannot achieve high levels of competitive-
ness in all fields, so priority setting becomes a strategic issue in innovation policy (Grillitsch,
2016).

Important features of this process include its vertical and non-neutral character (Foray &
Goenaga, 2013). That is, certain areas of interest are favoured and they should be pervasive
across different sectors, supporting enabling technologies with broad applications (Foray, 2014;
Tiits et al., 2015), not particular sectors or single firms (Correa & Giigeri, 2016). One crucial
aspect in this discussion involves the weight on the economic structure of priority technologies
(Foray & Goenaga, 2013). Moreover, this should be addressed without causing distortions to
the ‘natural’ functioning of market forces (Meissner, 2016), facilitating existing systemic
strengths in research and innovation (Foray et al., 2009).

The most difficult task here is to identify where resources should be allocated
(Grillitsch, 2016), since the anticipation of adequate technological trajectories based on
strengths and weaknesses of innovation systems is rather challenging (Piirainen et al., 2017).

Indeed, the environment in which priority setting takes place is ever changing and complex
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(Meissner et al., 2017), requiring target fields to be redefined in a continuous manner (Foray &
Goenaga, 2013). In this case, stakes are high: inadequate policies can lead to undesirable lock-
in effects (McCann & Ortega-Argilés, 2015), which may hamper technological upgrading and
catching-up to leading systems (Capello & Lenzi, 2016).

Also, historical trajectories are not linear across distinct levels of development. More
advanced countries are in a better position to take diversification ‘leaps’ based on leading tech-
nological capabilities (Petralia et al., 2017). This has implications on how smart specialisation
policies should tackle technology upgrading along countries’ levels of development. As a mat-
ter of fact, structural shifts from the existing knowledge base are hardly an option for innova-
tion systems that are lagging behind. Additionally, different technological fields present distinct
characteristics in terms of knowledge accumulation over time, thus requiring specific smart
specialisation strategies (Heimeriks & Balland, 2016).

These assertions warrant the importance devoted to assess innovation systems’ capabili-
ties and future goals in a thorough manner. Next, we move to these issues by analysing a key
vector of information for such approaches: patent data.

2.2 Addressing Technological Profiles through Patent Statistics

Although patent data carries well-known limitations in terms of innovation analysis
(Griliches, 1990), it still offers in-depth breakdowns for technologies allowing international
comparisons in terms of technological profiles and areas of specialisation (Mancusi, 2012;
Archibugi & Pianta, 1992). Presumably, patent portfolios at all different levels permit estimat-
ing potential synergies between the underlying technologies and their contribution to value cre-
ation. At the firm-level, Parchomovsky and Wagner (2005) show how patent portfolios can
provide the firm a strong market position in a particular field, and further enhance the ability to
consolidate related technological developments. Ahuja and Katila (2001) and Wu and Shanley
(2009) use this methodology to analyse companies’ capabilities. In a broader understanding,
these approaches are also applicable at regional and country level, helping shaping the STI pol-
icymaking process (Carayannis et al., 2016).

Accordingly, patents supply data related to technological development and its inherent
levels of commercial interest (Frietsch et al., 2014; Trappey et al., 2012; Harhoff et al., 1999;
Trajtenberg, 1990), along with providing the capacity of establishing the location of inventive
activity (Trappey et al., 2012; Fleming & Sorenson, 2001; Podolny & Stuart, 1995). Patent sta-
tistics can also provide insights on the dynamics of the level of agents’ absorptive capacity
(Cohen & Levinthal, 1989) and knowledge generation and flows across technological fields
(Gambardella et al., 2008; Duguet & MacGarvie, 2005; Jaffe et al., 1993).



3. DATA AND APPROACH

In order to test and contrast the potential of available metrics for understanding coun-
tries’ capabilities, patent profiles of the top 10 patenting countries (in 2016) were analysed:
China, US, Japan, Republic of Korea, Germany, France, UK, Switzerland, Netherlands, Russia.
Patent applications filed by their residents, both domestically and abroad, were assessed with a
set of indicators calculated individually for each of the 35 technological domains identified in
Technology Concordance Table and now broadly accepted by international expert community
(Schmoch, 2008). The task was to understand which technologies — digital, computer, medical,
bio, microstructural and nano, or any other — appear as a country’s technological capacity and
competitiveness potential when being measured by different indicators.

All the calculations were made as average for the 5-year period (2012-2016) to avoid bi-
ases caused by sharp jumps and falls of countries’ patent activity in specific years. Empirically,
the study is fully based on the World Intellectual Property Organization (WIPQO) data (IP Statis-
tics Data Center) as the most reliable source of patent information, aggregated from national
and regional and patent offices.

Firstly, Revealed Technological Advantage index (RTA), well-known and broadly used
indicator, was calculated and analyzed. It quantifies the degree of technological specialization
of country in a given technological domain and signals with powerful accuracy where it stands
on technological domain in comparison to other nations (OECD, 2013; Gokhberg, 2003). For
instance, Petralia et al. (2017) and Mancusi (2012) use RTA to address issues of relative spe-
cialisation patterns of technological upgrading. In this case, the evolutionary character of tech-
nological changes — and the way they unravel over time — are of fundamental interest for poli-
cymakers, as longitudinal studies clarify the dynamism of innovative activities.

For identification of a country’s technological specialization, RTA compares a structure
of its patent activity (shares of technological domains in the total number of patent applications
filed by residents) with the overall thematic structure of patent applications filed worldwide
(Khramova et al 2003). The lowest possible value of RTA is zero, which characterizes techno-
logical domains outside country’s specialization. The highest value is not limited, though in
most cases it is below 10. The higher RTA is, the more country is specialized on a correspond-
ing technology. Domains with RTA index = 1.0 are those where country’ efforts equal to the
average world level. For the purposes of the study, technological domains were attributed to
country’s specialization and thus treated as its technological capabilities, if RTA exceeds 1.1 —
which means that a country is more specialized on corresponding technologies than other coun-

tries on average.



The next indicator used for the analysis is Country Share (CS) in the total number of
worldwide patent applications attributed to a specific technological domain. We consider tech-
nologies with CS higher than average position of a country as having better chances for devel-
opment and global competitiveness, even if currently they are not a part of this country’s spe-
cialization profile if measured by RTA.

Technology Share (TS) is another indicator which might be employed for identification
of countries’ technological capacities. It is a share of patent applications attributed to a certain
technological domain in the total number of patent applications filed by a country’s residents,
both domestically and abroad. Similar to CS, for each country under consideration we grouped
technologies around average value — and regard as an actual or potential technological capaci-
ties those, whose TSs exceed it. The rationale behind is that large domains already have basic
conditions for further development: scientific and technological reserves, funding, a group of
organizations which are able to transform these resources into new technologies.

Additionally, to identify the most dynamic and thus potentially promising technological
domains, Growth Rate (GR) of patent activity (2016 to 2012) in each of them was assessed and,
again, compared to an average growth rate calculated for the countries being analyzed.

In order to better understand the technological capacities of the countries and classify
them, four sets of technologies — which were identified with a use of each of the four indicators
— were elaborated and then compared for the country cases. This analytical exercise helped to
answer the major questions raised in the study — if selected patent-related metrics show similar
results and, if no, how they can be combined for better understanding of countries’ technologi-

cal capacities.

FINDINGS

The study revealed that the lists of the technological capabilities of the countries differ a
lot if each of the four indicators is used separately. To give an example, for China RTA analysis
returns with 15 domains which refer to the technological specialization of the country. They
miss pharmaceuticals — the area which ranks high according to CS and TS, and thus should also
be considered as the country’s technological potential. For other countries, the results are simi-
lar — for most of them technological profile includes a wider spectrum of domains than those
identified with technological specialization metrics. This observation demonstrates that reduc-
tionist, single metrics based approach might be misleading when the technological capacities of
country are being assessed.

Currently China takes a strong position in food chemistry, basic materials chemistry,

chemical engineering, handling, machine tools, other special machines and civil engineering.
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These domains are complementing another well and point to a strong concentrated long time
horizon orchestrated activity in China. Indeed China is features a strict long term industrial pol-
icy manifest in respective government degrees and activities as priority activity but also com-
plemented by a strong roadmap based science and technology base development complement-
ing the industrial development policy.

The overview of Chinas’ specialization discloses differences depending on the indicator
used. The values for share in the world, structure and RTA in the digital communication tech-
nology field provide indication of that China is strong in these fields but lacks momentum for
future growth. This observation allows different interpretations, e.g. it might be either due to
previous heavy investments and resulting achievements which are considered sufficient for
Chinese industry and research but it might also be due to saturation of the technology field by
means. Another possible interpretation is that the technology field itself has been downgraded
in the priorities if Chinese strategy S&T and industrial development. A similar picture is evi-
dent for the electrical machinery, apparatus, energy field, computer technology, ICT methods
for management, measurement, analysis of biological materials, control, medical technology,
pharmaceuticals, macromolecular chemistry and polymers, materials and metallurgy, micro-
structural and nanotechnology, environmental technology, textile and paper machines, thermal
processes and apparatus and other consumer goods.

The US technology profile shows an equally diversified picture at first sight. Digital
communication, computer technology, IT methods for management, medical technology and
basic materials chemistry are technology fields in which the United States show above average
indicators whereas another 18 fields indicate partial world leadership of the US, e.g. above
world average value in at least one indicator. Transport technologies is the most dynamic tech-
nology field in the US with clear above the average growth rate even outperforming digital
communication but measured by the other indicators it shows that the US is lacking behind the
average values. Therefore it might be assumed that transport technologies haven’t received
much attention over the last decades which might explain the weak US performance in global
comparison but recently strong investments were done. Thus it’s expected that the US will
catch up in transportation technologies mid-term. This is especially likely to happen when con-
sidering transportation technologies in pair with digital communication, computer technology
and IT enabled management. All these fields are interrelated for the often predicted next gener-
ation of transport, namely autonomous vehicles and related devices.

Japan has strong positions in all indicators in electrical machinery, apparatus and ener-
gy, engines, pumps and turbines, mechanical elements, transport and furniture and games. In

addition Japan achieves above the average indicators in 21 technology fields, e.g. occupying
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leading technology position almost all technology fields. A special features appears in audio-
visual technology, telecommunications and basic communications processes in which has a
leading position globally but which are on significant decline over the last decade. When ana-
lysing selected indicators separately it appears that Japan holds a strong position in these tech-
nology domains. But the significant negative growth rates clearly indicate that these fields are
potentially mature with a certain likelihood of replacement of selected technologies.

The Republic of Korea impresses with a much future oriented technology portfolio by
means of the indicators used. With the exception of micro-structural and nano-technology as
well as telecommunications all technology fields enjoy considerable growth rates, namely 18
out of 35 fields with growth above global averages. With the exception of mechanical elements,
food chemistry and basic communication processes technologies Korea performs above global
average in at least one indicator. Taking the technology fields together it clear one finds that the
Korean industrial structure is well mirrored, including transport, semiconductors, communica-
tion and transport among others (which also include pharma and chemicals). From a technology
perspective Korea seems to be well equipped with promising technologies.

Germany also possesses a diversified technology portfolio but features a considerable
number of technology fields with negative growth (18 in total). In these fields Germany re-
mains at holding strong positions in global comparison still but it appears that these positions
are the result of previous activities which were not consequently continued thus are on the de-
crease. In other fields like digital communication, basic communication processes, computer
technology and IT methods for management Germany aims at catching up with world average
which is evidenced by the significant growth rates.

The French technology portfolio comes in a much diversified balanced shape with com-
parable few technology fields on the decline, namely basic communication processes, semicon-
ductors, organic fine chemistry and macromolecular chemistry, polymers. The majority of tech-
nology fields where France achieves above the global average indicator values shows modest
growth rates however with the exception of mechanical elements and transport. These fields al-
so demonstrate a strong presence in the overall patenting activities by France. Presumably the
French technology portfolio is currently robust but the rather modest values in growth and
shares in the world allow to conclude that there will be a significant decline of France’s pres-
ence among the leading countries globally.

The Swiss technology portfolio shows strengths in measurement, biotechnology, food
chemistry and other consumer goods but only the latter provides a significantly above global
average growth whereas the other three fields remain at or close to global growth level. Surpris-

ingly Switzerland is in a clear leading position in pharmaceuticals but is far behind the global
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average growth rate in this field which might indicate that other countries are catching up with
much higher pace. Digital communication and IT methods for management provide a contrary
picture where Switzerland remains behind global averages in all indicators except the growth
rate. Here it appears that Switzerland is aiming at catching up accordingly.

The UK’s patent portfolio shows a surprisingly overall decreasing tendency in growth
rates especially in technology domains in which the UK holds leading positions in the remain-
ing indicators. Because the indicators including growth rates were calculate until 2016 inclusive
this development can’t be assigned to the BREXIT as one reason. On the contrary this indicates
the turn of the UK towards a significantly growing share of the service industry in the overall
economy performance over the last decade which also affects the overall technology portfolio.
Accordingly IT methods for management are exceeding the growth rate benchmark. A promis-
ing technology field is in the biotechnology area in which the UK holds leading positions in all
indicators including a promising significant growth rate.

Medical technologies, biotechnology, pharmaceuticals, engines, pumps and turbines,
mechanical elements, transport and other consumer goods are featuring the Dutch technology
portfolio. These are technology domains in which the Netherlands are above global average in
all indicator values. However with the exception of medical technologies and other consumer
goods the Netherlands shows a close to benchmark growth rate only which allows to conclude
that other countries have the potential to bypass the Netherlands in these fields.

The Russian technology portfolio shows strong above benchmark growth in telecommu-
nications, digital communication, computer technology and IT methods for management but
these are the only fields with considerable growth. Other fields are decreasing or close to the
benchmark. A strong position is found for Russia in measurement, other special machines, me-
chanical elements and civil engineering. In food chemistry and materials, metallurgy Russia is
performing above global benchmarks but these fields show a negative growth against the
benchmark value.

Above the understanding of the current technological capacities of the countries under
study, the patent analysis resulted in their taxonomy. We divided all the technological domains
into four categories according to their current status in country (measured by the static patent
indicators) and dynamics (Table 2):

- Technological leadership: the domains with RTA, CS and TS above the average

values calculated for each of the countries. They are the domains large in patenting
scope, what might guarantee a country safe and strong position on the global market

and can be considered as a basis of their technological development in future.
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Strong capability: the domains with high CS and TS, but low (below average) RTA.
Include well-established technologies, currently outside the technological specializa-
tion.

Potential capability: high TS and GR, but low CS and RTA. Massive in patenting
scope and fast growing technological domains, but currently less developed if com-
pared to other countries.

Jockers’: low CS, TS and RTA, but high GR. Small, sometimes starting technolog-
ical domains, in which a country does not occupy a competing position on the global

market, but fast growing, what gives them a chance for further progress.
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Table 2: Taxonomy of the technological capabilities of the countries

Ne Country ~ Leadership ~ Strong capability ~Potential capability _ Jokers
- (high RTA, CS, TS) (high CS, TS — low RTA) (high TS, GR — low CS, RTA) (high GR —low CS, TS, RTA)
Digital communication
Measurement
Food chemistry IT methods for management
Basic materials chemistry : Analysis of biological materials
1 China Materials, metallurgy Phat'rﬁggém?cals Computer technology Transport
Chemical engineering Furniture, games
Machine tools Other consumer goods
Other special machines
Civil engineering
Digital communication Meésg:]rterg}ent
Computer technology Food chemistr
IT methods for management Measurement Materials metallalr
2 USA Medical technology Basic materials chemistry Transport Engines. pumns turbgi]r¥es
Organic fine chemistry Civil engineering O?h Ul Ip \achi
Biotechnology er special machines
Pharmaceuticals Transport
Other consuming goods
Electrical machinery, apparatus, energy IT methods for management
Audio-visual technology Control
Semiconductors C o Digital communication Basic materials chemistry
3 Japan Optics Mechanical instruments Medical technology Materials, metallurgy
Engines, pumps, turbines Machine tools
Transport Other special machines
Furniture, games Civil engineering
Electrical machinery, apparatus, energy Analysis of biological materials
Audio-visual technology Control
Telecommunication Organic fine chemistry
Digital communication Biotechnology
Computer technology : Pharmaceuticals
4 Republic of Korea IT methods for management - Medical technology Macromolecular chemistry, poly-

Semiconductors
Optics
Transport
Other consumer goods
Civil engineering

mers
Basic materials chemistry
Materials, metallurgy
Handling
Mechanical elements
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Ne Country ~ Leadership ~ Strong capability ~Potential capability _ Jokers
(high RTA, CS, TS) (high CS, TS — low RTA) (high TS, GR — low CS, RTA) (high GR —low CS, TS, RTA)
Electrical machinery, apparatus, energy
Measurement Digital communication
Medical technology Basic communication processes
Organic fine chemistry Optics
5 Germany Basic m?_tig:]lg:isn%hemlstry Other special machines Computer technology Materiggnggtlallurgy
Machine tools Micro-structural and nano-
Engines, pumps, turbines technology
Mechanical elements
Transport
Digital communication
Measurement . : IT methods for management
Organic fine chemistry Electrical machlenrzel, apparatus, en- Optics
Biotechnology Other special machines Control
6 France Pharmaceuticals Civil engineering Cﬁgﬁdr}lé;?rtéim%?éogy Basic materials chemistry
Engines, pumps, turbines ay Chemical engineering Thermal
Mechanical elements processes and apparatus
Transport
Digital communication
Measurement Computer technology
Medical technology IT methods for management
Organic fine chemistry Control
Biotechnology Macromolecular chemistry, poly-
. Pharmaceuticals mers
! Switzerland Food chemistry ) ) Materials, metallurgy
Basic materials chemistry Micro-structural and nano-
Handling technology
Furniture, games Engines, pumps, turbines
Other consumer goods Mechanical elements
Transport
Medical technology
Organic fine chemistry
P%;?ﬁ%gggi?c%ﬁ _ ) IT methods for management
Basic materials chemistry Chemical Electrical machinery, apparatus, en- " I;O(')dl chemtlsltlry
: : o ergy aterials, metallurgy
8 United Kingdom M ecﬁgr?ilgz;egiggnents Measurement Digital communication Micro-structural and nano-
Transport __ technology
Environmental technology

Furniture, games
Other consumer goods
Civil engineering
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Country

Leadership

(high RTA, CS, TS)
Medical technology

Strong capability
(high CS, TS — low RTA)

Potential capability
(high TS, GR — low CS, RTA)

Jokers

Netherlands

Organic fine chemistry
Biotechnology
Pharmaceuticals
Basic materials chemistry
Chemical engineering
Engines, pumps, turbines
Mechanical elements
Transport
Furniture, games
Other consumer goods
Civil engineering
Food chemistry

Measurement

Electrical machinery, apparatus, en-

ergy
Digital communication

(high GR —low CS, TS, RTA)

IT methods for management
Food chemistry
Materials, metallurgy
Micro-structural and nano-
technology
Environmental technology

10

Russia

Materials, metallurgy
Chemical engineering
Engines, pump, turbines
Other special machines
Mechanical elements
Civil engineering

Measurement

Telecommunications
Computer technology
IT methods for management
Biotechnology
Furniture, games
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5. CONCLUSIONS

Countries analysed show a remarkable growth in patenting activities even starting from
different levels in the period of analysis (table 2).

Table 2: Dynamics of total number of patent publications for all technological domains
in 2000 — 2016 for top-20 patenting countries in 2016 (thousands units).

Country 2000 | 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
1. China 14.7 |1 75.9 |238.2 | 277.6 [432.3 |527.8 | 663.3 | 841.6 | 939.5
2. USA 254.0 | 383.5 | 362.8 | 366.6 | 392.5 | 421.6 |483.4 | 483.5 |491.7
3. Japan 429.9 | 518.3 | 463.8 | 438.1 | 463.3 | 467.9 | 447.1 | 4495 |435.1
4. Republic of Korea [189.1 |[145.0 |160.3 [168.7 |[171.8 | 187.6 |1199.8 |[203.5 | 209.5
5. Germany 131.5 [169.7 [174.1 | 175.5 ||183.9 [[183.0 | 182.1 [[182.2 [179.3
6. France 473 ||575 | 65.7 | 66.1 673 [[69.7 || 715 || 75.0 || 73.7
7. Switzerland 20.2 || 312 || 356 || 35.6 | 37.2 | 385 | 40.7 | 42.1 | 420
8. United Kingdom 39.5 || 419 | 41.0 | 39.5 [140.7 | 40.3 | 42.0 | 424 | 39.0
9. Netherlands 20.4 | 36.9 | 309 | 305 | 294 | 284 | 30.6 | 33.3 | 348
10. Russian Federation| 15.6 || 33.0 || 28.8 || 29.1 || 30.2 || 31.7 | 32.8 | 294 | 27.2
11. Sweden 213 | 179 | 227 | 21.8 | 218 | 224 | 239 | 26.2 | 248
12. ltaly 22.6 | 240 | 220 | 226 | 222 | 208 | 21.1 | 22.2 | 23.0
13. Canada 138 | 19.7 | 20.8 | 22.6 | 235 | 234 | 225 | 21.3 | 204
14. Austria 5.4 74 | 100 ] 106 | 114 | 118 | 125 | 13.0 | 132
15. Finland 101 | 133 | 126 | 11.7 | 114 | 128 | 13.1 | 13.7 | 124
16. Israel 4.3 86 | 101 ] 104 | 101 | 105 | 113 | 126 | 12.0
17. Belgium 6.4 88 | 10.0 | 108 | 104 | 109 | 105 | 104 | 10.8
18. Australia 83 | 120 | 105 | 10.7 | 10.7 | 106 | 104 | 104 | 10.3
19. Denmark 5.3 7.4 9.7 9.7 9.3 | 10.0 | 105 | 10.5 | 10.2
20. Spain 4.3 7.0 97 J105 ] 111 | 112 | 104 | 105 | 9.8

Notes. 1. Cells are colored as follows — in each year the cells for countries with the highest number of pa-
tent publications are 100% filled grey. 2. Countries are sorted by total number of patent publications in 2016. 3. In
bold we highlight top-10 patenting countries in 2016 for which we run the analysis of their technological profiles.

Sources: Authors’ calculations based on data from WIPO |IP Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indi-
cator as the measure of number of patent publications for each country. All calculations were done in January
2018.

The comparison of the total number of patents where the patent owner originates from
needs to be interpreted with caution. Firstly the statistics don’t provide insight in the place of
origin of the patent underlying technology but counts patents according to patent owner place of
residence. Inventors’ place of residence and owner place of residence aren’t necessarily identi-
cal especially in case of multinational companies with several technology labs in different
countries. Also in this respect namely large multinational companies have established dedicated
service companies acting as patent owners to the company for tax reasons. Again inventors and
owners place of residence aren’t identical. Therefore validity of aggregate patent numbers is

limited at least partially. Furthermore emerging countries like China and Korea but also Russia
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have an industrial structure which is strongly oriented to manufacturing and raw materials but
less towards the service economy which influences the patent numbers somewhat as well. Also
countries are starting from different levels during the period of analysis which makes growth
rates difficult to compare.

The analysis provides an indicative overview about the means of using patent related in-
dicators to assessing the technological strength and competitive positions at country level. It al-
so shows that using indicators separately inherits the risk of misinterpretation. Taking all analy-
sis together we find that a comprehensive assessment of countries technology portfolio requires
application of all indicators. Countries analyzed achieve leading positions in only half of the
technology fields by means of applying all indicators for assessment but leading positions in 34
out of 35 technology fields when using selected indicators only (table 3).

Country analysis results also confirms that countries technology portfolios appear much
stronger if not all indicators are used. This is obvious from the total number of technologies
fields in which a country holds a leading position when assessed by a selection of indicators on-
ly (table 3).

Table 3: technology positions according to indicators

China |US Japan |Korea |[Germa- [France [Swit- [UK Nether- |Russia
ny zerland lands
At least on indicator |16 18 21 19 17 16 18 13 15 19
All indicators 6 5 5 6 6 7 4 8 7 4

China would hold strong positions in 16 technology domains, the US 18, Japan 21, Ko-
rea 19, Germany 17, France 16, Switzerland 18, UK 13, The Netherlands 15 and Russia 19.
Taking all indicators together this number clearly shrinks by half at least. This is a critical fact
to consider when it comes to the use of such indicators in course of national STI priority setting
or smart specialization activities by means of assessing technology fields for investment and
comparing countries. The figures show clearly that countries technology performance is much
different according to the respective indicator used for assessment. However given the im-
portance of national or regional STI strategies and related resource allocations it becomes ever
more important to assure that the indicators underlying priority setting exercises are meaningful
and not misleading. Therefore the full bundle of indicators should be used but not selected indi-

cators.
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Appendix. Technological Profile of 10 studied countries

Table A.1. Technological profile of China in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 255.3% 30.3% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 211.4% 28.5% 6186% 0.9%
2 - Audio-visual technology 200.7% 19.7% 2]12% 0.6¢
3 - Telecommunications 147.4% 25.2% 1187% 0.84
4 - Digital communication 96.0% 33.5% 5/48% 1.1
5 - Basic communication processes 106.4% 18.9% 0J43% 0.6
6 - Computer technology 281.2% 26.4% 6.67% 0.88
7 - IT methods for management 665.6% 18.8% 1{05% 0.6
8 - Semiconductors 127.2% 15.0% 1{74% 0.5
9 - Optics 12.2% 16.6% 1/53% 0.5
10 - Measurement 252.0% 38.1% 6125% 1.2
11 - Analysis of biological materials 271.2% 21.0% 0}43% 0.7
12 - Control 392.2% 38.0% 2/41% 1.27
13 - Medical technology 298.3% 14.3% 2115% 0.4
14 - Organic fine chemistry 150.5% 26.4% 2128% 0.8
15 - Biotechnology 109.0% 24.1% 177% 0.8
16 - Pharmaceuticals 218.6% 32.5% 4132% 1.09
17 - Macromolecular chemistry, polymers 324.5% 35.4% 2111% 1.19
18 - Food chemistry 324.3% 57.0% 4135% 1.91
19 - Basic materials chemistry 268.9% 41.8% 4126% 1.4
20 - Materials, metallurgy 176.0% 47.4% 4101% 1.5
21 - Surface technology, coating 196.4% 30.2% 1179% 1.01
22 - Micro-structural and nano-technology 164.1% 34.0% 0{22% 1.14
23 - Chemical engineering 298.0% 38.5% 3]05% 1.29
24 - Environmental technology 295.6% 42.5% 2|40% 1.42
25 - Handling 453.6% 32.5% 2|94% 1.09
26 - Machine tools 74.2% 47.8% 4(68% 1.60
27 - Engines, pumps, turbines 165.4% 17.5% 1]59% 0.59
28 - Textile and paper machines 210.8% 33.6% 1181% 112
29 - Other special machines 3% 38.4% 4/35% 1.29
30 - Thermal processes and apparatus 225.0% 36.2% 2|06% 1.21
31 - Mechanical elements 229.4% 26.1% 2|142% 0.8
32 - Transport 330.6% 18.2% 2|55% 0.61
33 - Furniture, games 332.0% 23.9% 2|01% 0.8
34 - Other consumer goods 292.0% 30.2% 2(01% 1.01
35 - Civil engineering 290.0% 33.8% 4]03% 1.1

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain for
2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technological
domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent pub-
lications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are con-
sidered as country tech capability by at least one of the four indicators. In green we colour tech domains that appear
as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.2. Technological profile of the USA in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 30.4% 19.4% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 28.6% 12.8% 4.63% 0.64
2 - Audio-visual technology 25.2% 18.% 2.93% 0.91
3 - Telecommunications 2.5% 21.8% 2.42% 1.09
4 - Digital communication 101.8% 26.0% 6.59% 1.3%
5 - Basic communication processes 8.4% 25.2% 0.86% 1.2y
6 - Computer technology 42.5% 32.[1% 12.38% 1.64
7 - IT methods for management 37.0% 38.2% 3.18% 191
8 - Semiconductors 6.5% 18.3% 3.17% 0.92
9 - Optics 19.1% 12.0% 1.80% 0.6p
10 - Measurement 43.6% 15.90% 3.90% 0.8
11 - Analysis of biological materials 14.8% 30.2% 0.93% 1.5p
12 - Control 62.2% 18.8% 1.78% 0.94
13 - Medical technology 30.2% 36.8% 8.31% 1.8b
14 - Organic fine chemistry 2.4% 250% 3.23% 1.2
15 - Biotechnology 26.2% 33.4% 3.67% 1.68
16 - Pharmaceuticals 28.2% 30.2% 6.02% 151
17 - Macromolecular chemistry, polymers 12.6% 15[7% 1.40% 0.79
18 - Food chemistry 36.0% 10.4% 1.19% 0.5
19 - Basic materials chemistry 34.1% 19.6% 3.00% 0.98
20 - Materials, metallurgy 37.2% 8.9% 1.12% 0.44
21 - Surface technology, coating 0.4% 16.7% 1.48% 0.84
22 - Micro-structural and nano-technology 19.8% 18.3% 0.18% 0,92
23 - Chemical engineering 15.0% 17.0% 2.02% 0.8p
24 - Environmental technology 13.5% 13.,0% 1.10% 0.6
25 - Handling 21.8% 14.0% 2.01% 0.7p
26 - Machine tools 4.4% 11.0% 1.62% 0.5p
27 - Engines, pumps, turbines 43.7% 195% 2.65% 0.98
28 - Textile and paper machines 9.0% 11.8% 0.95% 0.59
29 - Other special machines 54.3% 14.8% 2.52% 0.74
30 - Thermal processes and apparatus 13.3% 10.3% 0.88% 0.52
31 - Mechanical elements 31.8% 14.4% 1.99% 0.72
32 - Transport 102.5% 14.11% 2.96% 0.71
33 - Furniture, games 29.4% 18.8% 2.30% 0.92
34 - Other consumer goods 45.6% 16.9% 1.68% 0.85

)

35 - Civil engineering 60.5% 17.11% 3.16% 0.8

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain for
2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technological
domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent pub-
lications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are con-
sidered as country tech capability by at least one of the four indicators. In green we colour tech domains that appear
as country tech capability by all the four indicators.

Sources:  Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.3. Technological profile of Japan in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 1.7% 19.6% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 11.7% 29.3% 10.62% 1447
2 - Audio-visual technology 4.4% 34.1% 5.52% 472
3 - Telecommunications 7.8% 23.9% 2.67% 1420
4 - Digital communication b.7% 111.6% 2.85% a58
5 - Basic communication processes 8.3% .6% 0.91% 134
6 - Computer technology 5.5% 17.0% 6.48% 0.86
7 - IT methods for management 42 7% 12.6% 1.05% 063
8 - Semiconductors 0.5% 36.5% 6.36% 184
9 - Optics 9.1% 47.8% 6.66% 241
10 - Measurement 2.2% 17.3% 4.27% 087
11 - Analysis of biological materials 4.1% 10.5% 0.32% 053
12 - Control 5.1% 17.9% 1.70% 090
13 - Medical technology 4. 7% 14.5% 3.28% 073
14 - Organic fine chemistry 6.5% 12.8% 1.66% 064
15 - Biotechnology 5.5% 8.3% 0.91% 042
16 - Pharmaceuticals 7.8% 1% 1.23% 031
17 - Macromolecular chemistry, polymers D 3% 4% 2.10% 118
18 - Food chemistry 0.3% b.5% 0.75% 0133
19 - Basic materials chemistry b.3% 14.0% 2.15% 071
20 - Materials, metallurgy 2.2% 18.3% 2.33% 0192
21 - Surface technology, coating 1.0% .8% 2.39% 135
22 - Micro-structural and nano-technology 7.8% 11.5% 0.11% 0158
23 - Chemical engineering 5.7% 12.0% 1.44% 0}61
24 - Environmental technology 0.6% 15.1% 1.28% 0}76
25 - Handling 1% 7% 2.81% 104
26 - Machine tools 1.9% 15.9% 2.34% 0180
27 - Engines, pumps, turbines 12.9% 23.2% 3.17% 1417
28 - Textile and paper machines 2.9% 32.0% 2.59% 1{61
29 - Other special machines 1.0% 15.8% 2.70% 0{80
30 - Thermal processes and apparatus B.0% 20.9% 1.79% 1{05
31 - Mechanical elements 1.2% 21.1% 2.93% 1]06
32 - Transport 2.8% 25.2% 5.31% 1427
33 - Furniture, games 8.5% 28.9% 3.65% 1|46
34 - Other consumer goods 8.0% 15.1% 1.51% 0|76
35 - Civil engineering .5% 12.1% 2.17% 0|61

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain for
2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technological
domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent pub-
lications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are con-
sidered as country tech capability by at least one of the four indicators. In green we colour tech domains that appear
as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.4. Technological profile of the Republic of Korea in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 24.9% 8.3% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 35;8% 107% 9.05% 1.26
2 - Audio-visual technology -1§3% 1418% 5.58% 1.73
3 - Telecommunications !.0% 1218% 3.32% 1.49
4 - Digital communication 57i1% 10}4% 5.95% 1.22
5 - Basic communication processes -3%5% 8.1% 0.64% 0.95
6 - Computer technology 40i2% 9.9% 8.76% 1.16
7 - IT methods for management 63i8% 16/8% 3.27% 1.97
8 - Semiconductors -&3% 1712% 6.97% 2.02
9 - Optics 7.6% 10]8% 3.51% 1.27
10 - Measurement 40,2% 6.0% 3.43% 0.70
11 - Analysis of biological materials 33i7% 5.6% 0.40% 0.66
12 - Control 42i1% 6.4% 1.43% 0.75
13 - Medical technology 69i2% 5.4% 2.86% 0.64
14 - Organic fine chemistry 56i7% 4.5% 1.36% 0.53
15 - Biotechnology 44i2% 5.5% 1.41% 0.65
16 - Pharmaceuticals 49i3% 4.2% 1.95% 0.49
17 - Macromolecular chemistry, polymers 67;9% 5.8% 1.11% 0.62
18 - Food chemistry 17i3% 6.3% 1.67% 0.13
19 - Basic materials chemistry 29:9% 4.8% 1.55% 0.91
20 - Materials, metallurgy 5316% 7.0% 2.06% 0.82
21 - Surface technology, coating 7.2% 7.4% 1.54% 0.87
22 - Micro-structural and nano-technology .69 9.4% 0.22% 1.10
23 - Chemical engineering 23i8% 1.4% 2.06% 0.7
24 - Environmental technology 11i6% 8.2% 1.62% 0.96
25 - Handling 326% 6.2% 1.96% 0.3
26 - Machine tools 7.2% 6.2% 2.13% 0.713
27 - Engines, pumps, turbines 11i4% 6.1% 1.93% 0.71
28 - Textile and paper machines 1.1% 4.9% 0.93% 0.8
29 - Other special machines 24:3% 6.9% 2.75% 0.1
30 - Thermal processes and apparatus 7.8% 9.9% 1.98% 1.16
31 - Mechanical elements 40:2% 6.2% 2.00% 0.72
32 - Transport 59:5% 10{4% 5.12% 1.22
33 - Furniture, games 16,0% 8.8% 2.57% 1.03
34 - Other consumer goods 10;1% 12]1% 2.81% 1.41
35 - Civil engineering 0.5% 9.8% 4.07% 1.14

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain
for 2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technologi-
cal domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent
publications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are
considered as country tech capability by at least one of the four indicators. In green we colour tech domains that
appear as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.5. Technological profile of Germany in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 0.3% 8.0% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 15.3% 10.0% 8.99% 1.25
2 - Audio-visual technology .0% 3.7% 1.47% 0.46
3 - Telecommunications .7 3.4% 0.93% .42
4 - Digital communication 38.3% 2.5% 1.56% Q.32
5 - Basic communication processes 147.5% 6.8% 0.58% 0.85
6 - Computer technology .6% 3.2% 2.99% 0.40
7 - IT methods for management 4% 2.1% 0.44% Q.27
8 - Semiconductors - .8% 6.0% 2.58% .74
9 - Optics 1J7.8% 4.6% 1.59% 0.58
10 - Measurement 12.9% .9% 5.47% 112
11 - Analysis of biological materials 9.5% 1% 0.62% 1.01
12 - Control 25.2% 1.6% 1.80% 0.95
13 - Medical technology .6% 1% 4.91% 1.09
14 - Organic fine chemistry 6.2% M.2% 3.61% 1.40
15 - Biotechnology | XD 6.7% 1.85% d.84
16 - Pharmaceuticals 2.1% %.7% 2.83% (.71
17 - Macromolecular chemistry, polymers [ 9.7% 2.16% 121
18 - Food chemistry 2.4% 1.7% 0.49% .22
19 - Basic materials chemistry 4.4% 1% 3.48% 1414
20 - Materials, metallurgy (% 6.1% 1.94% q.77
21 - Surface technology, coating 0.7% .0% 1.77% 1.00
22 - Micro-structural and nano-technology 5% 2% 0.20% 103
23 - Chemical engineering 6% .5% 2.81% 419
24 - Environmental technology | T30 1.5% 1.57% 093
25 - Handling A% .8% 3.31% 1423
26 - Machine tools 0.0% 10.3% 3.76% 1429
27 - Engines, pumps, turbines 1% 18.3% 6.21% 229
28 - Textile and paper machines 0.4% 1.6% 1.53% 0.95
29 - Other special machines .8% .5% 3.61% 107
30 - Thermal processes and apparatus 0.3% .1% 1.93% 114
31 - Mechanical elements .6% 19.3% 6.66% 241
32 - Transport .9% .6% 9.25% 221
33 - Furniture, games Bs.0% 5.3% 1.67% 0,67
34 - Other consumer goods 3.3% 8.3% 2.08% 1104
35 - Civil engineering . .5% 1.5% 3.35% 0(94

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain for 2012 —
2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technological domain
in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016. “Structure”
is the share of patent publications in a technological domain in the total number of country’s patent publications.
RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are considered as
country tech capability by at least one of the four indicators. In green we colour tech domains that appear as coun-
try tech capability by all the four indicators.

Sources:  Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.6. Technological profile of France in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 10.6% 3.1% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 2% 4.7% 6.17% 0/86
2 - Audio-visual technology !1] .8% 4.4% 2.50% 0{78
3 - Telecommunications l‘-5 2% 3.6% 2.53% 114
4 - Digital communication 3% 3.9% 6.08% 124
5 - Basic communication processes 3%.6% 3.1% 0.67% 0,98
6 - Computer technology 5.83% 2.4% 5.71% 0176
7 - IT methods for management _?53.8% 1.7% 0.91% 0155
8 - Semiconductors 12.2% 3.2% 2.42% 0170
9 - Optics 8.6% 2.0% 1.79% 0165
10 - Measurement _Fa.g% 3.3% 5.19% 106
11 - Analysis of biological materials B-60% 5.1% 1.00% 1162
12 - Control 15.5% 3.2% 1.31% 0l69
13 - Medical technology .3% 2.7% 3.88% 0186
14 - Organic fine chemistry 20.8% 6.2% 5.09% 197
15 - Biotechnology 48% 4.4% 3.04% 1139
16 - Pharmaceuticals Ezz 8% 3.7% 4.10% 1418
17 - Macromolecular chemistry, polymers 6]7% 3.7% 1.56% 0187
18 - Food chemistry 53% 1.1% 0.83% 0136
19 - Basic materials chemistry 2001% 2.2% 2.15% 0171
20 - Materials, metallurgy S514% 4.8% 2.27% 0190
21 - Surface technology, coating 4[1% 2.8% 1.58% 0189
22 - Micro-structural and nano-technology 20.0% 4.1% 0.26% 30
23 - Chemical engineering 14.0% 3.2% 2.39% 1101
24 - Environmental technology -2|1% 2.9% 1.54% 0192
25 - Handling 26% 2.7% 2.31% 086
26 - Machine tools El: 1% 17% 1.55% 0}53
27 - Engines, pumps, turbines 211.8% 1% 4.41% 63
28 - Textile and paper machines -0[2% 1.4% 0.72% 0{45
29 - Other special machines 25.9% 3.3% 3.51% 1104
30 - Thermal processes and apparatus 13.5% 3.0% 1.63% 0,96
31 - Mechanical elements 50.5% 4.0% 3.54% 128
32 - Transport 32.3% 1.2% 9.57% 2129
33 - Furniture, games Elz 0% 3.0% 1.64% 0,65
34 - Other consumer goods 34.1% 3.5% 2.19% 10
35 - Civil engineering 114% 3.0% 3.36% 0,94

£}

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain
for 2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technologi-
cal domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent
publications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are
considered as country tech capability by at least one of the four indicators. In green we colour tech domains that
appear as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.7. Technological profile of Switzerland in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 22.4% 1.9% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 20.8% 1.1% 4.51% 0.63
2 - Audio-visual technology -26.7% 0.6% 1.10% 0.34
3 - Telecommunications -9.8% 0.5% 0.62% 0.28
4 - Digital communication 6¢.3% 0.4% 1.24% 0.25
5 - Basic communication processes -34.1% 1.2% 0.48% 0.70
6 - Computer technology 3B.1% 0.6% 2.50% 0.33
7 - IT methods for management 114.0% 0.7% 0.66% 0.40
8 - Semiconductors -46.5% 0.3% 0.65% 0.19
9 - Optics 1D.1% 0.7% 1.04% 0.38
10 - Measurement .9% 2.1% 7.64% 1.56
11 - Analysis of biological materials 1D.1% 4.0% 1.41% 2.29
12 - Control .2% 1.3% 1.39% 0.74
13 - Medical technology -0.9% 2.8% 7.11% 1.58
14 - Organic fine chemistry : -8.6% 5.4% 7.90% 3.06
15 - Biotechnology .6% 4.4% 5.53% 2.53
16 - Pharmaceuticals §.4% 5.0% 11.37% 2.86
17 - Macromolecular chemistry, polymers 2B.8% 1.9% 1.88% 1.06
18 - Food chemistry 20.2% 2.8% 3.59% 1.58
19 - Basic materials chemistry -5.9% 2.0% 3.48% 114
20 - Materials, metallurgy 30.8% 1.0% 1.48% 0.59
21 - Surface technology, coating 1D.3% 1.4% 1.45% 0.82
22 - Micro-structural and nano-technology 5p.4% 1.4% 0.16% 0.82
23 - Chemical engineering 20.4% 1.9% 2.52% 1.06
24 - Environmental technology 1D.5% 1.4% 1.31% 0.78
25 - Handling 11.1% 3.9% 5.99% 2.22
26 - Machine tools | -2.8% 1.0% 1.74% 0.60
27 - Engines, pumps, turbines 5B8.2% 1.8% 2.71% 1.00
28 - Textile and paper machines 3.3% 2.4% 2.19% 1.36
29 - Other special machines 1B.9% 1.3% 2.51% 0.74
30 - Thermal processes and apparatus -1.4% 1.4% 1.36% 0.80
31 - Mechanical elements 3B.9% 1.2% 1.95% 0.71
32 - Transport 3[.9% 0.7% 1.78% 0.42
33 - Furniture, games 20.3% 2.0% 2.87% 1.14
34 - Other consumer goods 112.1% 3.3% 3.70% 1.86
35 - Civil engineering 204.1% 1.1% 2.18% 0.61

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain
for 2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technologi-
cal domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent
publications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are
considered as country tech capability by at least one of the four indicators. In green we colour tech domains that
appear as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.8. Technological profile of United Kingdom in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark -1.5% 1.8% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 144% 5J58% 0f77
2 - Audio-visual technology 1{0% 1/83% 0[57
3 - Telecommunications 1{6% 1193% 0{87
4 - Digital communication 1{3% 3162% 0[74
5 - Basic communication processes U7% 0)63% 0[92
6 - Computer technology 1{4% 6.)06% 0{80
7 - IT methods for management 1{5% 1141% 0[85
8 - Semiconductors 0{6% 121% 0[35
9 - Optics 110% 1{54% 056
10 - Measurement 149% 522% 1|06
11 - Analysis of biological materials 41% 140% 2|28
12 - Control 7% 1]76% 0]93
13 - Medical technology 2|5% 6.27% 1/39
14 - Organic fine chemistry 316% 5/15% 2|00
15 - Biotechnology 313% 4107% 1|86
16 - Pharmaceuticals 3{0% 6,63% 1167
17 - Macromolecular chemistry, polymers 0}8% 0.82% 0[46
18 - Food chemistry 1{0% 1130% 0[57
19 - Basic materials chemistry 241% 3571% 1117
20 - Materials, metallurgy 1{0% 147% 0{58
21 - Surface technology, coating 142% 1122% 0/69
22 - Micro-structural and nano-technology 144% 0J15% 0[76
23 - Chemical engineering 243% 3101% 1)27
24 - Environmental technology 1i8% 1{74% 103
25 - Handling 1)8% 2)64% 0[98
26 - Machine tools 0{8% 130% 0{44
27 - Engines, pumps, turbines 215% 3.80% 1}40
28 - Textile and paper machines 1{0% 0.88% 0[55
29 - Other special machines 4% 2160% 0f77
30 - Thermal processes and apparatus 144% 1136% 0/80
31 - Mechanical elements 241% 3116% 1j14
32 - Transport 241% 4180% 1)15
33 - Furniture, games 2\3% 3128% 1/31
34 - Other consumer goods 313% 3161% 1/82
35 - Civil engineering 215% 5)00% 1/40

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain for 2012 —
2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technological domain
in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016. “Structure”
is the share of patent publications in a technological domain in the total number of country’s patent publications.
RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are considered as
country tech capability by at least one of the four indicators. In green we colour tech domains that appear as coun-
try tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.9. Technological profile of Netherlands in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark 9.5% 1.4% 2.9% 1.10
1 - Electrical machinery, apparatus, energy 37.0% 11% 7.50% 1p4
2 - Audio-visual technology 7% 1% 2.75% 0.B5
3 - Telecommunications 3% 0.8% 1.35% 0.p1
4 - Digital communication 8% 0]7% 2.52% 0.p2
5 - Basic communication processes 9% 16% 0.80% 1.18
6 - Computer technology 2341% 10% 5.72% 0.6
7 - IT methods for management 63.6% 0.5% 0.62% 0.B7
8 - Semiconductors -0)5% 13% 3.25% 0.p4
9 - Optics 2{0% 20% 4.03% 1.46
10 - Measurement .p% 14% 5.17% 1.p5
11 - Analysis of biological materials 8% 1.8% 0.82% 1.34
12 - Control -§.8% 0.8% 1.05% 0.p6
13 - Medical technology 895% 30% 9.82% 218
14 - Organic fine chemistry 442% 2.3% 4.27% 1.66
15 - Biotechnology 218% 2.6% 4.03% 1.84
16 - Pharmaceuticals 13.8% 1% 3.54% 0.B9
17 - Macromolecular chemistry, polymers 44.6% 2.4% 3.14% 176
18 - Food chemistry 3% 2/1% 3.55% 1.66
19 - Basic materials chemistry £% 2% 5.11% 1.68
20 - Materials, metallurgy 1% 0.6% 1.11% 0.44
21 - Surface technology, coating 0% 0.0% 1.18% 0.67
22 - Micro-structural and nano-technology 2% 10% 0.15% 076
23 - Chemical engineering 6/%% 1.6% 2.83% 119
24 - Environmental technology 28.0% 15% 1.89% 12
25 - Handling 14.8% 15% 3.01% 142
26 - Machine tools 34.6% 0.4% 0.95% 0.83
27 - Engines, pumps, turbines -§.8% 0.5% 1.01% 0.87
28 - Textile and paper machines 17.2% 11% 1.33% 0.83
29 - Other special machines 26.0% 1.9% 4.60% 136
30 - Thermal processes and apparatus 318% 0.8% 0.98% 0.68
31 - Mechanical elements 814% 0.8% 1.59% 057
32 - Transport 17.8% 0.8% 2.29% 0.65
33 - Furniture, games 136% 13% 2.43% 0.07
34 - Other consumer goods 73.0% 101% 1.59% 0,80
35 - Civil engineering 2i0% 15% 4.02% 113

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain
for 2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technologi-
cal domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent
publications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are
considered as country tech capability by at least one of the four indicators. In green we colour tech domains that
appear as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.
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Table A.10. Technological profile of the Russian Federation in 2012-2016.

Technology Growth Rate Share in the world Structure RTA
Benchmark -3.8% 1.6% 2.9% 1.10
1 - Electrical machinery, apparatus, energy -4.5% 0.7% 3.72% 0.52
2 - Audio-visual technology 23.7% 0.3% 0.63% 0.19
3 - Telecommunications 14.1% 0.8% 1.25% 0.57
4 - Digital communication 75.9% 0.2% 0.65% 0.13
5 - Basic communication processes 20.6% 1.6% 0.80% 1.18
6 - Computer technology 23.4% 0.4% 2.48% 0.33
7 - IT methods for management 43.0% 0.4% 0.47% 0.28
8 - Semiconductors -6.2% 0.3% 0.87% 0.25
9 - Optics -8.5% 0.4% 0.78% 0.28
10 - Measurement 4.6% 1.9% 1.04% 1.44
11 - Analysis of biological materials 4.2% 4.4% 2.02% 3.29
12 - Control -1.2% 1.2% 1.72% 0.91
13 - Medical technology 16.7% 1.9% 6.44% 1.43
14 - Organic fine chemistry 16.4% 0.9% 1.73% 0.67
15 - Biotechnology 11.3% 1.1% 1.83% 0.83
16 - Pharmaceuticals -1.4% 1.7% 5.04% 1.27
17 - Macromolecular chemistry, polymers | 0.6% 0.83% 0.47
18 - Food chemistry 7.4% 12.72% 5.58
19 - Basic materials chemistry 1.4% 3.17% 1.04
20 - Materials, metallurgy 2.8% 5.27% 2.09
21 - Surface technology, coating 1.3% 1.71% 0.96
22 - Micro-structural and nano-technology 5.3% 0.78% 3.99
23 - Chemical engineering 1.9% 3.34% 141
24 - Environmental technology 1.6% 2.09% 1.24
25 - Handling 0.5% 0.98% 0.36
26 - Machine tools 1.3% 2.82% 0.97
27 - Engines, pumps, turbines 2.2% 4.56% 1.68
28 - Textile and paper machines 0.3% 0.39% 0.24
29 - Other special machines 2.0% 5.16% 1.52
30 - Thermal processes and apparatus 1.3% 1.66% 0.98
31 - Mechanical elements 1.5% 3.21% 1.16
32 - Transport 1.3% 4.17% 1.00
33 - Furniture, games 0.6% 1.15% 0.46
34 - Other consumer goods 1.4% 2.11% 1.06
35 - Civil engineering 2.4% 6.40% 1.80

Note. “Growth rate” is growth of the number of country’s patent publications in a technological domain
for 2012 — 2016 (2016 to 2011 level). “Share in the world” is share of country’s patent publications in a technologi-
cal domain in the total number of patent publications in this technological domain, filed worldwide for 2012 -2016.
“Structure” is the share of patent publications in a technological domain in the total number of country’s patent
publications. RTA is Revealed Technological Advantage Index. In pink colour we highlight tech domains that are
considered as country tech capability by at least one of the four indicators. In green we colour tech domains that
appear as country tech capability by all the four indicators.

Sources: Authors’ calculations based on data from WIPO [P Statistics Data Center
https://www3.wipo.int/ipstats/index.htm. We take here “total count by applicant’s origin (equivalent count)” indica-
tor as the measure of number of patent publications for each country. All calculations were done in January 2018.

32


https://www3.wipo.int/ipstats/index.htm

Contact details:

Ekaterina Streltsova

Institute for Statistical Studies and Economics of Knowledge, National Research University
Higher School of Economics, Moscow, Russia. E-mail address: kstreltsova@hse.ru

Any opinions or claims contained in this Working Paper do not necessarily re-
flect the views of HSE.

© Bruno Brandiao Fischer, Maxim Kotsemir, Dirk Meissner, Ekaterina Streltsova, 2018

33


mailto:kstreltsova@hse.ru

