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Abstract
Various concepts for the comparison of countries by patent indicators have been devel-
oped for the comparison of countries based on patent indicators. These concepts are gener-
ally based on the application of patents in several important markets or the family size of 
patent applications. A specific observation is the limited transfer of PCT applications of 
Chinese origin, affecting all these concepts. Transnational patents prove to be a conveni-
ent and appropriate tool for making country comparisons by technology, particularly with 
respect to adequately consider China’s specific patent behaviour. Therefore the phenom-
enon of limited transfer of China’s PCT applications is analysed for transnational patents. 
This observation can be associated with lower patent values or with a decreasing export 
dynamic. The Chinese transfer rates vary considerably by technology as well as by the 
reason for lower transfer rates. It proves to be more adequate to take limited transfer rates 
into account.

Keywords  Transnational patents · Low transfer rates of China · Lower patent value · 
Decreasing export dynamics

Introduction

How to compare countries using patent statistics has been discussed for more than 30 years 
(e.g. Griliches, 1990; Hinze & Schmoch, 2004; Pavitt, 1985; Schmoch & Khan, 2019; 
Schmoch et  al., 1988). The basic problem is that the comparison of patent applications 
from different countries without any specification factually implies the comparison of 
domestic patent applications from different patent systems which leads to a substantial 
overestimation of the Southeast Asian countries China, South Korea and Japan. Various 
concepts of country comparisons were developed. These concepts generally are based on 
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the family size of patent applications. The meaning of family size is explained in more 
detail in chapter 2.1.

However, a recent publication by Frietsch and Kroll (2020) shows that Chinese PCT 
applications, applications according to the Patent Cooperation Treaty, are transferred to 
national offices distinctly less often than the PCT applications of other countries. The use 
of PCT applications is explained further below in chapter 3.3.This observation challenges 
the concepts of country comparisons linked to family size, as the family size signalled by 
a PCT applications in the early stage of applications is not put into effect later on. Against 
this background, we examine in more detail whether the concepts of country comparison 
are still valid with regard to China or whether they have to be modified. In particular, we 
will consider the concept of transnational patents in more detail.

In chapter  2, various concepts of country comparison are briefly introduced and dis-
cussed with regard to possible effects of the reduced PCT transfer of China. In chapter 3, 
the concept of transnational patents is presented as example in more detail for an improved 
understanding which elements are affected by China’s reduced PCT transfer. In chapter 4, 
the consequences of China’s reduced PCT transfer on country comparisons are demon-
strated. In chapter 5, the assessment of the value of China’s patents is examined by a lit-
erature analysis and statistical analyses. For an improved understanding of China’s reduced 
PCT transfer, chapter 6 describes the economic orientation of China between export and 
domestic growth.

To answer the question whether the standard concept of transnational patents or a 
concept with consideration of the reduced PCT transfer is more appropriate, the relation 
between patents and business expenditures on research and development (BERD) is ana-
lysed in chapter 7, but with limited insight for the question of appropriateness. Only the 
need of finer differentiation for describing the effects of reduced PCT transfer gets obvious. 
Therefore, a differentiation of patents by technology and a link to export specialisation is 
made in chapter 8 leading to meaningful results. Chapter 9 concludes.

Concepts of country comparison

As the comparison of the technological performance of countries is a major target of pat-
ent analysis, various concepts were suggested for achieving appropriate results. The most 
considered concepts are.

–	 International patent families, patent families with at least two members
–	 Triadic Patents
–	 The IP5 concept
–	 The concept of worldwide counts
–	 Transnational Patents

International patent families

A frequently made proposal for country comparisons is to use applications in foreign coun-
tries, as these applications imply much higher costs of application than domestic applica-
tions hence capturing the most valuable inventions. Formally this means that only patent 
families with at least two members are counted, that is patent families with a domestic 
application and at least one application in a foreign country. The drawback of this approach 
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is that—due to the specific geopolitical situation—the propensity to patent in foreign coun-
tries differs between countries of origin. For instance, the step from the Netherlands to 
Germany implies a family size of two members, as does the step from China to the US. 
The concept of international patent families is used, for instance, by the World Intellec-
tual Property Organisation (WIPO) in its annual World Intellectual Property Reports (see, 
e.g., WIPO, 2019: 123). In specific analyses for technologies, the patent numbers of Japan 
appear to be overestimated (Schmoch & Khan, 2019: 916).

The model is influenced by the limited PCT transfer of China, as it is possible that a 
family with seemingly two members at the stage of applications is reduced to one member 
later on.

Triadic patents

An early suggestion for appropriate country comparisons were so-called triadic patents 
(Grupp et al., 1996), which focus on applications filed in the USA-Europe-Japan triad. This 
approach was taken over by the OECD and used for many years. But, it became increas-
ingly obsolete in the late 1990ies, as the economic power of China and South Korea grew. 
A possible alternative would be a new triad with USA-Europe-Southeast Asia, with Japan, 
China and South Korea combined.

The concept is also affected by the limited PCT transfer of China, as initially triadic pat-
ents can disappear later on, when e.g. a PCT application with the designated country US is 
not transferred to the US.

The IP5 concept

The IP5 concept was suggested by the OECD. There, patent applications to the five major 
patent offices in the world are considered: the EPO, the USPTO, the JPO, the SIPO, and 
the KIPO (OECD, 2015: 20).

The most restrictive definition is that families of patent applications are considered 
only in so far as family members have been filed with at least two IP5 offices. For 
instance, patents filed with the USPTO will be considered only if an equivalent filing 
has been made with at least one of the remaining four IP5 offices. This is irrespective 
of whether equivalent applications in non-IP5 offices also exist. (OECD, 2015: 20f).

It is possible that the threshold for Southeast Asian countries is quite low, as e.g., the 
step from China to Japan is smaller than that from Europe to the US. In consequence, these 
countries are overestimated in analyses for specific technology (Schmoch & Khan, 2019: 
916).

The limited transfer of PCT patents of China can imply that one IP5 of the two neces-
sary offices disappears later on.

Worldwide patent counts

This concept was suggested by the OECD and some universities (De Rassenfosse et  al., 
2013). The indicator of worldwide patent counts “is based on counting all the prior-
ity applications filed by a country’s inventors regardless of the patent office in which the 
application is filed (Ibid. 720). Thus, the focus is on domestic patents. For coping with the 
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distortion of country comparisons by domestic patents, the authors suggest to eliminate the 
“institutional bias”, i.e. the differences between the national patent systems, by the intro-
duction of patent families, thus the introduction of patent values, the use of transfer rates 
between patent offices, raising the question of an appropriate reference office, or by a nor-
malisation of the patent counts by national data for the Gross Expenditures non Research 
and Development (GERD). This appears to be useful, but the use of business expenditures 
on R&D (BERD) might be more appropriate, as most patents are applied by enterprises. 
Furthermore the normalisation by GERD or BERD is problematic, as the responsiveness 
to R&D input considerably differs by countries (Cerulli, 2014), in particular the relation 
to patents. As the focus is on domestic patents, the limited transfer of Chinese PCT patents 
has no effect on the indicator. However, the question remains whether the exclusion of pat-
ent values is useful for country comparisons.

The practical use of worldwide patent counts is quite intricate and laborious, as refer-
ence list of annual R&D statistics or transfer rates have to be established and linked to 
the patent data. Furthermore, the concept is conceived for the database PATSTAT. But 
for emerging technologies, no codes of the International Patent Classification (IPC) often 
exist, yet. Therefore, it is necessary to apply keywords for searches, but keyword searches 
in PATSTAT are lengthy and ineffective (Schmoch & Khan, 2019:917).

In view of the shortcomings of the different approaches, the concept of transnational 
patents proves to be the most appropriate and useful one. This is shown by Schmoch and 
Khan (2019: 914ff.) by systematically comparing the appropriateness of different con-
cepts of country comparisons for the analysis of technical fields. For example, by transna-
tional patents, similar results for the case of wind-power shown by De Rassenfosse et al., 
(2013:728ff.) are achieved, but with much less time and effort. The concept of transna-
tional patents proved to provide meaningful results for many technologies such as mechani-
cal technologies, information technology, biotechnology etc. where the information on 
enterprises, sales, exports, R&D etc. were consistent with the patent data (see e.g. Döscher 
& Reiss, 2021 or Beckert et al., 2016).

Transnational patents can be analysed in PATSTAT, in the case of keyword-based 
searches also in databases like the World Patents Index (WPI).

All concepts of country comparison discussed above aim at the international compari-
son of the technological competitiveness of advanced countries. For other goals such as the 
analysis of inventiveness of developing countries or narrow technological fields, a broader 
capture of small and medium-sized enterprises or the compilation of regional pattern the 
use of domestic applications may be more appropriate (Haščič et al., 2015). In this context, 
a finer differentiation of domestic patents by value is even possible (Dechezleprêtre et al., 
2017).

In the following chapters, the effect of the reduced transfer of Chinese PCT applications 
will be analysed for transnational patents in more detail as example for concepts of Interna-
tional comparisons of countries.

The concept of transnational patents

The concept of transnational patents is based on the frequent finding that the family size 
of patent applications is the strongest indicator of patent value (see, e.g. Harhoff et  al., 
2003). Transnational patents are either applications at the European Patent Office (EPO) 
or international applications at the World Intellectual Property Office (WIPO) according to 
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the Patent Cooperation Treaty (PCT), so-called PCT applications (Frietsch and Schmoch 
2010). Both EPO and WIPO applications imply multiple further applications at foreign 
offices. Thus, transnational patents are patent applications with large patent families and 
therefore assumed to be patent applications with higher value. European applications are 
of special interest for European countries; international applications for Asian countries 
and the USA. In this way, transnational patents aim at the comparability of countries from 
different world regions. To understand the concept of transnational patents, it is helpful to 
look at European and international patents in more detail.

European patents

The European Patent Office (EPO) was established in 1978. Since then, it has been pos-
sible to examine a patent application centrally for a variety of member states of the Euro-
pean Patent Organisation. At present, this organisation has 38 members, the 28 EU mem-
ber states and ten other countries including Switzerland and Turkey. If a patent is granted at 
the EPO, it has to be transferred to either all member countries or, in most cases, only to a 
set of designated states, where it becomes nationally valid provided the patent owner pays 
the relevant national fee.1 To summarise, at the EPO, the application and examination are 
centralised, but the final protection refers to selected countries and is national. Thus, the 
member countries recognize the grant at the EPO, but in the end the patents are registered 
nationally for getting validity.

With regard to family size, an EPO application means that, in addition to the first 
domestic application, the so-called priority application, an additional second application is 
associated with the invention. The family size is therefore two. Only after the EPO applica-
tion is granted, it is transferred to other national offices and the family size then increases 
substantially after a delay of 3–5 years with reference to the application at the EPO.2

In every case, an application at the EPO always aims at several foreign applications. 
With the application at the EPO, the grant procedure at the EPO is mandatory. Transfers to 
national offices are not made, if.

–	 The patent is not granted at the EPO or
–	 The market expectations for the patent are dramatically reduced.

To conclude, a European application is a good indicator of patent value.

International patents

The Patent Cooperation Treaty (PCT) is an international patent law treaty concluded in 
1970. It introduced the international application, which provides a unified international 
procedure for filing a patent. The application is made at a Receiving Office (RO) in one 
language. The next step is a search performed by an International Search Authority (ISA) 
resulting in a search report with a stated opinion regarding the patentability of the inven-
tion, which is the subject of the application. It is optionally followed by a preliminary 
examination performed by an International Preliminary Examining Authority (IPEA). The 

1  In most cases, the applicants select protection only in Germany, France and the UK.
2  https://​www.​epo.​org/​servi​ce-​suppo​rt/​faq/​proce​dure-​law.​html.

https://www.epo.org/service-support/faq/procedure-law.html
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ROs, ISAs and IPEAs are selected existing patent offices, e.g. the United States Patent and 
Trademark Office (USPTO) or the European Patent Office (EPO) working on behalf of the 
World Intellectual Property Organisation (WIPO). In the final step, the inventor/applicant 
has to decide whether to pursue the application and in which countries to file for patent 
protection. The WIPO has 193 member states. Another option is to apply at the EPO as 
well, i.e. the so-called Euro-PCT application. The international application has a number 
of advantages. In particular:

–	 The applicant can submit valid applications designated for foreign countries shortly 
before the end of the priority year, as a translation into a foreign language and nominat-
ing the corresponding patent attorneys in the designated states are not necessary at this 
point in time, while these are required in the standard procedure without PCT.

–	 The applicant receives valid information on the patentability of the application through 
the reports of the ISAs and IPEAs before making a decision about cost-intensive appli-
cations in foreign countries.

–	 The international phase ends at 30  months from the priority date and therefore the 
applicant has to make the decision concerning applications in foreign countries much 
later than by the end of the priority year. 2½ years after the priority application, more 
information is available on whether the invention will be successful in the market and 
justify the cost of patent applications in foreign countries.

To conclude, PCT applications are generally made if the aim is to apply at several for-
eign patent offices. However, the search report and the preliminary examination offer the 
option to decide not to transfer the application to several national offices. Thus, an interna-
tional application generally implies applications in several countries, but the share of not 
transferring the patent to several countries is higher than for an application at the EPO.

In the case of Chinese applicants, the Chinese Patent Office (China National Intellec-
tual Property Administration, CNIPA) is the International Search Authority (ISA) and 
the International Preliminary Examining Authority (IPEA). Compared to purely national 
applications, the applicants receive early search and examination reports and the option of 
later applications in foreign countries. From December 2020, the EPO can also act as the 
ISA and IPEA for Chinese applicants.3.

Family size of transnational patents

To determine whether transnational patents really have larger families and whether there 
are balanced results for countries from different world regions, it is useful to examine the 
family size of transnational patents in more detail.

As transnational patents are based on European or international applications, the transfer 
to national offices and thus achieving larger families takes place after a certain delay. We 
use the count of publication numbers available in the STN version of the database World 
Patents Index (WPI) to analyse the size of patent families. This number is a bit higher than 
the size of patent families, as some countries assign different patent numbers to applica-
tions and grants, so the count of patent numbers is only a proxy.

3  https://​www.​epo.​org/​news-​events/​press/​relea​ses/​archi​ve/​2020/​20201​020_​de.​html

https://www.epo.org/news-events/press/releases/archive/2020/20201020_de.html
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Figure 1 shows the distribution of the publication number counts of transnational pat-
ents for different priority years. In 2018, the peak of publication number counts was at 2, 
which reflects an application in the home country and one additional European or interna-
tional application. The relatively high share of count 1 refers to direct European or inter-
national applications without a domestic one. In 2015, the number of 2 counts was much 
lower and many applications have counts in the range of 4 to about 15, reflecting the trans-
fer of European or international applications to national patent offices. The distribution of 
counts for 2012 is similar to that of 2015, although the number of applications with counts 
in the range of 9 to about 17 was slightly higher. This is linked to a higher number of grants 
at the EPO and the related transfers to national offices. The average number of publication 
counts is 2.6 for 2018, 5.7 for 2015 and 6.7 for 2012.

In the years, 2015 and 2012, the counts 1 and 2 stand for European or international 
applications which were never transferred to foreign national offices. If these are excluded, 
the average counts for 2015 and 2012 increase to 6.8 and 7.8. Looking at specific countries 
in 2015 and excluding counts 1 and 2, the averages are.

Total: 6.77
USA: 7.04
Germany: 6.74
China: 5.86
Japan: 7.21
South Korea: 6.61
The highest counts with 7.04 are in the USA and the lowest with 5.86 in China, but 

the counts are similar and at an elevated level for all countries. This confirms the basic 
assumptions that transnational patents have larger patent families and are suitable for com-
paring countries from different world regions.

Fig. 1   Publication number counts of transnational patents for the priority years 2012, 2015 and 2018. 
Source WPI, own searches and calculations
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The level of count 3 indicates that European or international inventions are transferred 
to other national offices. Due to the different geopolitical situations, count 3 implies differ-
ent additional applications for each country.

The transnational patents of Germany, which was chosen to represent a large European 
country, are 100% in Fig. 2. 80% of these are European applications and 70% international 
applications, so there is a considerable overlap between European and international appli-
cations. In Germany, European and international applications already reach count 3. The 
largest number of national applications is achieved in the USA with 57%.

In the case of US applicants, international applications are at a level of 89%. European 
applications are in third position with 60%. As to applications at national patent offices, 
Chinese applications dominate with 55%, followed by Japan and South Korea. The applica-
tions to Germany are quite low; obviously, the grant of European applications in 2015 is 
still limited. Most European applications have Germany as the destination country.

90% of Japan’s transnational patents are international applications, 65% are filed to the 
US Patent and Trademark Office (USPTO). Thus, the count 3 level is determined by the 
US applications. The share of European applications in Japan is 42% and thus lower than 
this share for US applicants. The share of applications in China is more important than 
Europe, with 55%.

The Chinese focus on international applications. The count 3 level is determined by 
applications at the USPTO with 44%. Thus, many international applications are not trans-
ferred to the USPTO. This confirms the observation of Frietsch and Kroll (2020) that Chi-
nese PCT applications are transferred less often to national offices than PCT applications 
of other countries. The level of Chinese applications at the EPO is moderate with 26%; the 
applications at the Japanese Patent Office are even lower with 13%.

Fig. 2   Target patent offices of transnational patents for selected applicant countries in 2015. Source WPI, 
own searches and calculations
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South Korea shows a high level of international applications with 86%. With 40%, its 
level of European applications is comparable to Japan, and higher than China. With 62%, 
the number of applications at the USPTO is again comparable to Japan. The USPTO appli-
cations determine the count 3 level of South Korea, which is distinctly higher than China. 
Thus, South Korea transfers a substantial number of PCT applications to national offices, 
and the limited transfer to national offices proves to be a specific Chinese phenomenon.

The value of Chinese patents

The analysis of the family size of transnational patents reveals that—compared to other 
countries—a significantly lower share of Chinese applications is transferred to national 
offices. This is strong evidence that the value of Chinese patents is lower than the value of 
patents from other countries.

The number of Chinese patent applications has been steadily increasing since 2000, and 
transnational patent statistics reveal that China has recently overtaken Japan and nearly 
drawn level with the USA (Fig.  3). These developments have triggered a broad debate 
about the value of Chinese patent applications.

Cheng and Drahos (2017) describe in detail that patent policy is a substantive part of 
China’s innovation policy. Patent applications are stimulated by subsidies and pressure 
mechanisms at national and regional level, which are aimed at meeting the government’s 
official targets. This finding is supported by Prud’homme (2015), who identified a patent 
quantity-at-any-cost strategy for the early years around 2000, supported by subsidies and 
pressure mechanisms, and an associated risk of low patent value.

The Chinese patent policy is derived from the communistic planning strategies of the 
Soviet Union on the one hand and the innovation strategy of Japan on the other hand, in 
which patent support was an important element. Maskus (1999) gives a detailed analysis of 
the link between patents and economic growth in Japan, and Xiao-qing (2001) shows how 
the Chinese patent policy refers directly to the Japanese one. This imitation of the Japanese 

Fig. 3   Transnational patent applications for selected countries. Source WPI, own searches and calculations
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innovation model by China, South Korea and many other Southeast Asian countries is dis-
cussed in many papers as the “flying geese” model (see, e.g. Kojimaa, 2000). South Korea, 
for instance, follows a similar way of stimulating patent applications as visible in the strong 
increase of patent activities shown in Fig. 3.

Dang and Motohashi (2015) examine the impact of the support policy of patents in 
China. They find a close correlation between the R&D input and domestic patent applica-
tions, showing that the increase in Chinese patenting reflects an increase in research and 
development. However, the authors also state that the “patent subsidy programs increase 
patent counts more than 20% (ibid. 137)”. They also see the risk of a lower patent quality. 
This apprehension is confirmed by Xiaoning Long and Wang (2019), who find a negative 
impact of the patent promotion policies (PPPs) on the quality of domestic patent applica-
tions. This result is substantiated by Boeing and Mueller (2015) based on a different meth-
odology. In particular, they analysed the impact of subsidies on PCT applications.

To summarize, various papers have described the patent promotion policies of the Chi-
nese government and derived a negative impact on the value of domestic and foreign pat-
ent applications of Chinese applicants. With regard to PCT applications in particular, the 
patent promotion policies obviously aim at stimulating innovation, but also at raising the 
prestige of Chinese technology.

The above assumption that the lower transfer of Chinese transnational patents to foreign 
countries reflects a lower patent value is supported by the relevant literature on the value of 
Chinese patents. If only the transnational patents with counts of at least 3 are considered, 
the time series of Fig. 3 become the graph shown in Fig. 4.

In Fig.  4, the data for all years are based on real searches. The data for applications 
transferred to foreign countries are incomplete only for the year 2018. Therefore, the trans-
fer rates of 2017 are used to calculate the data for 2018. Based on this different counting, 
Chinese applications also increase, but at a lower level compared to the level of other coun-
tries in Fig. 3, and do not reach the level of Japan. The relative reduction differs by country 
and is between 10 and 15%.

Fig. 4   Transnational patent application with counts of at least 3 for selected countries. Source WPI, own 
searches and calculations



309Scientometrics (2022) 127:299–317	

1 3

Kashcheeva et al. (2014) examine the technological orientation of Chinese PCT applica-
tions in more detail. They identify a focus on technologies such as digital communication, 
telecommunications, computer technology, audio-visual technology, optics, IT methods, 
control technology and biotechnology. Eberhardt et al. (2011) find that Chinese “firms that 
actively patent abroad are generally larger, younger, and more export-oriented than those 
that patent solely in the domestic market (ibid: 1)”.

Looking at the technology orientation of domestic applications, we find almost the 
opposite profile. According to our own analyses, the focus here is on food chemistry, 
machine tools, civil engineering, chemical engineering, handling, special machines or fur-
niture and other consumer goods. Thus, the orientation is towards private consumption 
such as nutrition, clothing, habitation etc. It is therefore important to differentiate between 
the value of domestic and of foreign patent applications.

China’s transition from export‑driven to domestic‑based growth

Since the reforms and opening-up in the late 1970s, China has undergone drastic eco-
nomic growth, demonstrated by its average annual growth rate of 8.7% from 1980 to 2015. 
Achieving this was based on a sequence of market-oriented institutional reforms, including 
openness to international trade and direct investment (Wu et al., 2018). However, the influ-
ence of the state has remained strong (Bertoldi et al., 2016). The main drivers of economic 
growth in this period were the rapid increase in exports of consumer goods and very high 
investments in industry, infrastructure and real estate. Opening the country up to foreign 
direct investment in particular contributed to a large number of new factories that estab-
lished China’s new role as the “World Factory of Manufacturing” (Wu et al., 2018).

The country’s rapid export-oriented industrialisation (Aiginger and Rodik, 2020) also 
benefitted from an ample labour supply linked to China’s fast-rising population and the 
absorption of workers from the countryside into modern manufacturing sectors (“demo-
graphic dividend”, Cai, 2020). This combination of productivity gains and factor accumu-
lation enabled a rapid convergence and catch-up to higher income levels (Dieppe et  al., 
2018).

In the 2010s, however, the Chinese growth model came under increasing pressure due to 
rising labour costs and weaker external demand. Although the People’s Republic remains 
one of the leading export nations and continues to dominate entire sectors such as the elec-
tronics industry, it has relinquished some of its dominance in labour-intensive export sec-
tors to other Southeast Asian countries. Chinese wages are now higher than a majority 
of non-OECD economies. In addition, since 2012, the rapid aging of China’s population 
caused by the one-child policy implies a shrinking labour force and an old-age dependency 
ratio that is set to double in the next two decades (Bertoldi & Melander, 2015).

Both theoretical and empirical research suggest the rapid growth that many emerging 
economies experience on the back of low-cost labour and easy technology adaptation is 
rarely sustainable. Most of these countries have found themselves stuck in the middle-
income trap and unable to graduate to the status of advanced economies (Im & Rosenblatt, 
2013; IMF, 2013).
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To avoid this problem, the Chinese government has been propagating a “New Nor-
mal” since 2014. This represents a transition phase with only medium–high GDP 
growth of 6–7% associated with the shift from the former export-led growth model to a 
domestic- and consumption-based economic model.4 This change in strategy is reflected 
in China’s Five-Year-Plans as well as the “Made in China 2025” strategy, which was 
published in 2015. Main targets include strengthening the domestic innovation system 
and the technology-driven modernization of the economy, with particular focus on key 
technologies, the expansion of the service economy, and sustainability.

To some extent, China is following the blueprint of other East Asian economies (e.g. 
Japan, South Korea) in breaking through the ceiling of low-tech and labour-intensive 
manufacturing that restricts the growth of developing and emerging economies (see also 
chapter 5 with respect to patents). This development model is characterized by indus-
trial policies aimed at strategic sectors and by a strong government that effectively 
aligns state-owned and private business interests with national targets. Using this tem-
plate, China hopes to overcome the middle-income trap and reduce its reliance on for-
eign technology, export demand as well as mitigate increasing trade conflicts (Zenglein 
and Holzmann, 2019).

Fig. 5   Export specialization (RXA) in research-intensive goods for selected countries 2000–2019. 1China 
including Hong Kong, *world exports 2019 estimated. Source UN Comtrade database, own searches and 
calculations

4  Already in December 2004, China ‘s top political leadership agreed to fundamentally alter the country ‘s 
development strategy by transitioning to a growth path that relied more on expanding domestic consump-
tion (Lardy 2007). However, this remained a statement of intent only for quite some time.
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This change in development strategy is also reflected in China’s export performance. 
Here, the focus is on research-intensive goods (Fig. 5). In terms of sales, these are char-
acterized by particularly high R&D expenditures and correspondingly high patent activi-
ties (Frietsch et  al., 2012; Kashcheeva et  al., 2014). These goods include pharmaceu-
ticals, most electronic products, telecommunications, computers, machinery, aircraft, 
motor vehicles, and several chemical products and electrical products (Gehrke et  al., 
2013). The share of electronic consumer goods in Chinese exports is comparatively high.

The indicator considered is not the absolute export share, but the export specializa-
tion (RXA).

The RXA compares the export (A) share of a certain product group j in all manufactur-
ing exports in a given country k with the global export shares of these product groups in 
the global exports in manufacturing goods. Thus, a positive RXA value indicates that the 
country has comparatively higher export market shares in this specific product group than 
it does in total manufacturing goods.

Figure 5 illustrates the significant catching-up China achieved until 2011 and the clear 
export emphasis on research-intensive goods. The stagnation since then can also be inter-
preted as an indication of a stronger domestic market orientation, especially in innova-
tive goods, which are expected to drive China’s technological development. This could be 
another explanation for why many international patent applications in China are not actu-
ally transferred to other foreign offices, but remain purely domestic.

Quest for appropriate patent count

The reduced transfer of Chinese PCT applications to foreign offices, the discussion about 
the value of Chinese patents and the stronger domestic orientation of China are strong indi-
cations that the real transnational patents with consideration of the reduced transfer is more 
appropriate than nominal transnational patents where only the formal criteria of European 
or PCT application is fulfilled. However, it is possible that the fact of a PCT application 
indicates a higher value even, if the application remains purely domestic later on. Therefore 
it is necessary to pursue this question in more detail.

A possible option is to relate the number of transnational patents to the Business Enter-
prise Research and Development Expenditure (BERD). The relation of the total national 
(domestic) patents to the total national BERD shows that, e. g., the level for China is about 
13 times higher than that of the USA. When the relation of the total national transnational 
patents to the total national BERD is calculated, leads to a relation of China to the USA 
of 0.76. Thus, transnational patents imply a much more realistic picture, but it is not clear, 
whether nominal or real transnational patents are more appropriate, as for each country, the 
relation between patents and BERD is specific and different to the level of other countries. 
The responsiveness of China to BERD input is distinctly lower than for Germany, the USA, 
Japan or South Korea (Cerulli, 2014), but the “correct” level is vague. Furthermore, the 
relation of BERD and patents differs by technology. Therefore, a more disaggregate analy-
sis obviously leads to more appropriate results, whereas the analysis at the aggregate level 
implies a mixture of different technology levels.
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Analysis by technology for Chinese transnational patents and exports

The findings of the former chapter suggest to analyse the patenting behaviour of countries, 
in particular the reduced transfer of Chinese PCT applications, by technology to achieve a 
better understanding of the underlying structures.

To analyse the transfer of Chinese transnational patents by technology, the nominal 
number of transnational applications by technology were recorded as well as the num-
ber of real transnational applications with a count of at least 3. Nominal transnational 
patents fulfil the formal criterion of international or European applications; real trans-
national patents are applications with larger families and thus applications with higher 
value—defined as transnational patents with counts of at least 3. This results in a trans-
fer rate of 79% for all nominal applications of all countries. For China, this rate is only 
66%.

In the next step, the share of China’s nominal technology-specific transnational appli-
cations in all applications in the respective technology is calculated, e.g. 11.2% of all 
applications in electrical engineering come from Chinese applicants. The same share is 
then calculated for real transnational applications, which is 9.4% in this example. If the 
transfer rate to foreign countries were the same for China as for the rest of the applicant 
countries, the share in this field would be the same. The lower share indicates a lower 
transfer rate for China than for other countries.

In Fig. 6, the share of China in all technologies combined serves as a reference for 
the engagement of China in the specific technology, e.g. for electrical engineering it is 
11.2%, while the average share for all technologies is 14.1%. Thus, the Chinese engage-
ment in electrical engineering is below average.

In addition, Fig. 6 shows the difference of the real and nominal shares of technolo-
gies for Chinese transnational patents (rnDiff) calculated as

wherein rShare is the share of China within a technology for all real transnational patents 
in this technology and nShare the Chinese share within nominal transnational patents. For 
electrical engineering, the nominal share is 11.2%, the real share 9.4%, the relation of the 
real to the nominal share is 0.84. The value minus 1 shows that the real value is about 16% 
lower than the nominal one, that there is a negative difference of 16%. In optics, the rShare 
and nShare is equal, leading to rnDiff = 0.

The difference between real and nominal varies considerably by technology. It is 
large for fields with high specialisation in PCT applications and thus in transnational 
patents such as digital communication, telecommunications, computer technology, IT 
methods or control technology. Medium differences can be found for technologies with 
high specialisation in domestic applications such as food chemistry, machine tools, civil 
engineering, chemical engineering, handling or special machines. In some technologies, 
the difference is zero or even positive, for instance, in semiconductors, optics, analysis 
of biological material, organic chemistry or micro- and nanotechnology.

As the technologies with high specialisation in transnational patents have a distinct 
orientation towards exports, the main reason for the large differences is a lower value 
of the patents due to the support of PCT patenting by the government. These patents 
are often not transferred to foreign countries. The reasons for the medium differences 
in technologies with high specialisation in domestic applications are the interest in an 
early search and examination report and the support by the government, but less interest 

(2)rnDiff = (rShare∕nShare − 1)
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Fig. 6   Shares of technologies and differences of real and nominal values for Chinese transnational applica-
tions in 2015. Source WPI, own searches and calculations
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in exports. In the case of low differences, there is obviously a strategic interest in these 
technologies. In these technologies, all PCT applications really aim at the protection of 
exports, thus being transferred to foreign countries.

It is difficult to analyse the link between patents and exports. The best approach is 
to compare the specialisation in patents with that of exports analogous to the Revealed 
Export Advantage (RXA, see chapter 6 above). The Revealed Patent Advantage (RPA) 
is calculated as follows.

Therein, the index k stands for the country and the index j for the technology. Positive 
values represent an above-average specialisation, negative ones below-average specialisa-
tion; the neutral value is 0.
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Fig. 7   Comparison of patent 
and export specialisation (RPA, 
RXA) in China for selected 
goods in 2015. Sources WPI, UN 
Comtrade database, own searches 
and calculations
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To establish a link between patents and exports, it is necessary to match the codes of the 
Standard International Trade Classification (SITC) with the codes of the International Pat-
ent Classification (IPC). Such a match is difficult, as the SITC is a classification of goods 
and the IPC a classification of technologies. To achieve a sufficient correlation, the goods 
must be research-intensive,5 so that the technological quality has an impact on the perfor-
mance in foreign trade.

We checked a variety of different goods in terms of SITC, defined related IPCs and 
calculated the values of RXA and nominal and real RPA based on nominal and real trans-
national patents. In many cases, the value of the real RPA is lower than that of the nominal 
one, in some cases, the nominal and real values are equivalent, in some cases, the nominal 
values are even higher than the real ones. In most cases, the match of the real values of the 
RPA with the RXA is better than that with the nominal values.

In Fig.  7, some cases of RXA, RPA N and RPA R for selected goods are shown as 
examples for a good match between RXA and RPA R. These goods are linked to technolo-
gies which are on a lower level of aggregation than the broader technology fields of Fig. 6. 
For instance, steam turbines are part of the field “Engines, turbines” in Fig. 6 and the real 
value is lower than the nominal value in the field and the specific technology. Furthermore, 
the correlation between RXA and RPA R proves to be better than that between RXA and 
RPA N. All in all, the better correlation between the values of RXA and RPA R is not all-
embracing, as for the performance of foreign trade other aspects than technology have an 
impact, in particular the level of costs. But in most cases, the correlation between RXA and 
RPA R is better.

To conclude, on this fine level of disaggregation which is again finer than the disaggre-
gation of BERD, the higher validity of real transnational patents compared to nominal ones 
can be shown by a better match between patent and export specialisation. Both indicators 
reflect international technological competitiveness,

Conclusions

Transnational patents prove to be an appropriate tool to compare the patent activities of dif-
ferent countries in specific fields of technology. The concept behind transnational patents 
is to compare patent applications with high patent transfers to foreign countries, i.e. patents 
with large families, as these represent patent applications with high value. However, not all 
transnational patents are actually transferred to foreign countries if the international search 
and examination prove less favourable. This observation applies to all applicant countries, 
but the transfer rate is significantly lower in China than in other countries. This lower trans-
fer rate can be explained by the lower patent value, which in turn is associated with the 
subsidies and political pressure from the Chinese government used to support patents, in 
particular PCT applications. Another reason is the decelerated export orientation in China 
in favour of a stronger focus on the domestic economy particularly with respect to R&D 
intensive goods. The lower transfer rates do not apply to all technologies in the same way. 
There are fields with standard transfer rates and others with low or very low transfer rates. 
The reasons for lower transfer rates—lower export orientation or lower value—also differ 
by technology. To summarize, nominal transnational patents are a useful tool for standard 
country comparisons on an aggregate level. For the analysis of specific technologies, real 
transnational patents are more appropriate.
5  For a definition of research-intensive goods, see Gehrke et al. (2013).
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