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Preface 

The objectives of this book are threefold: first, to identify the determinants of 

innovation at the economy-wide level; second, to ascertain whether they are the same across 

different economies; and third, to find suitable metrics for comparing the relative success in 

innovation across different economies.  In other words, we try to discover whether there is a 

common law of innovation that applies across different economies.  We also try to develop 

indicators of relative success in innovation across different economies. 

An important innovation input is Research and Development (R&D).  While 

discoveries and inventions are brought about by R&D activities, they are not brought about by 

only R&D activities in the current period.  They can result from R&D activities initiated a long 

time ago.  We therefore measure the innovation input of an economy by the quantity of its real 

R&D capital stock, defined as the cumulative past real expenditures on R&D, less a 

depreciation of 10 percent per annum.  Important innovation outputs are patent applications 

submitted to and patent grants awarded by different official patent authorities, such as the U.S. 

Patent and Trademark Office (USPTO), the European Patent Office (EPO) and the China 

National Intellectual Property Administration (CNIPA), and other domestic patent authorities.  

We try to establish systematically the positive relationship between innovation outputs and 

innovation input of different economies. 

The economies included in our study consists of the Group-of-Seven (G7) countries 

(Canada, France, Germany, Italy, Japan, the United Kingdom and the United States), the four 

East Asian Newly Industrialised Economies (EANIEs) (Hong Kong, South Korea, Singapore 

and Taiwan), and the Mainland of China. 

We wish to express our deepest gratitude to Professor XU Guanhua, who served as 

Minister of Science and Technology of the People’s Republic of China from 2001 to 2007, for 

writing a Preface for our book.  We are most grateful to Mrs. Ayesha Macpherson LAU and 

Prof. Jungsoo PARK for their helpful comments and suggestions on earlier drafts.  The authors 

also wish to thank Prof. Michael J. BOSKIN, Prof. Cyrus CHU, Prof. Dale W. JORGENSON, 

Prof. Lang KAO, Prof. Chung-Ming KUAN, Prof. Masahiro KURODA, Prof. Jiadong SHEA, 

Mr. Kenny SHUI, and the late Prof. John WONG of the National University of Singapore for 

their advice and assistance.  We also wish to thank the Lau Chor Tak Institute of Global 

Economics and Finance of The Chinese University of Hong Kong for its financial support of 

this research project.  Finally, Ms. Joy QUEK and her colleagues at the World Scientific 

Publishing Company deserve our special thanks for their advice and assistance.  Responsibility 

for any errors remains with the authors. 
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Chapter 1: Introduction 

An important indicator of the economic strength of a country, in addition to its real 

GDP, is its innovative capacity.  Innovative capacity eventually translates into technical 

progress (or equivalently, growth in total factor productivity), that is, the ability of an economy 

to increase the quantity of its output without increasing the quantities of its conventional inputs 

of tangible capital, labour and human capital.  However, innovation or technical progress is not 

manna from heaven.  Sustained investments in research and development (R&D) are essential 

for innovation to occur in an economy.  The objectives of this study are threefold: first, to 

identify the determinants of innovation at the economy-wide level; second, to ascertain whether 

they are the same across different economies; and third, to find suitable metrics for comparing 

the relative success in innovation across different economies.  In other words, we try to discover 

whether there is a common law of innovation that applies across different economies, and if 

not, to identify the similarities and differences.  We also try to develop indicators of relative 

success in innovation across different economies. 

 

The sample of economies included in our study consists of the Group-of-Seven (G7) 

countries (Canada, France, Germany, Italy, Japan, the United Kingdom and the United States), 

the four East Asian Newly Industrialised Economies (EANIEs) (Hong Kong, South Korea, 

Singapore and Taiwan), and the Mainland of China. 

 

Initially, we measure the annual innovation output of an economy by (1) the annual 

number of patent applications filed with respectively its home patent office and the United 

States Patent and Trademark Office (USPTO); and (2) the annual number of patents granted to 

it by respectively its home patent office and the USPTO.  Subsequently, we also look at the 

patent grants of the European Patent Office (EPO) and the China National Intellectual Property 

Administration (CNIPA).2  We associate a patent application or patent grant with the primary 

residence of the listed applicant, whether an individual or an organisation (the first listed 

applicant if there is more than one listed applicant).3 

 

                                                 
2 CNIPA’s name in Chinese is “Guojia Zhishi Chanquanju (國家知識產權局)”.  It was formerly known as the 

State Intellectual Property Office (SIPO). 
3 There may, however, be a discrepancy between this classification, by the nationality of the inventor or discoverer, 

and a classification by the ownership of the patent.  The patent of an invention of a Singaporean employee of a 

U.S. firm in Singapore is classified as Singaporean origin in our study but may in fact be owned by the U.S. firm. 
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Of course, a patent application is not equivalent to a patent grant.  However, we believe 

that a patent application must have been based on some supposed discovery or invention that 

has resulted from the research and development process.  Thus, it should also be considered an 

innovation output similar to (but of course not quite as good as) a patent grant.  We use data 

on patent applications and grants from the USPTO in addition to those from the individual 

national and regional patent offices to ensure the comparability of the qualities of the patent 

grants across different economies, as every USPTO patent application, regardless of national 

or geographical origin, would have been evaluated by the USPTO using the same procedures 

and standards.  While it is in principle possible that U.S. nationals may have a “home-court” 

advantage with the USPTO, 4  the historical data on USPTO patent grants indicate that 

applications from other economies have in general been treated without bias, with no evidence 

that applications from U.S. residents have received special preference.  Moreover, the United 

States is such a large and important market that almost all important discoveries and inventions, 

regardless of national or geographical origin, will want to apply for patent protection there. 

 

While discoveries and inventions are brought about by R&D activities, they are not 

brought about by only the current-period R&D activities.  They can result from R&D activities 

initiated a long time ago.  We therefore use as our measure of the innovation input of an 

economy the quantity of its real R&D capital stock, defined as the cumulative past real 

expenditures on R&D, less a depreciation of 10 percent per annum.  A ten-percent annual 

depreciation implies a useful life of approximately ten years on average for R&D investments, 

which seems reasonable, since research and development, especially basic research, has a 

relatively long gestation period.  Below, we examine some prima facie empirical evidence that 

one of the innovation outputs, the number of patent grants, is positively related to the quantity 

of the innovation input, that is, the real R&D capital stock. 

 

In Chart 1-1, a scatter diagram of the number of patents granted by the USPTO to an 

economy each year versus the quantity of its real R&D capital stock at the beginning of that 

year for all the economies included in our study is presented.  Because of the vast differences 

in the magnitudes of the number of patents and the quantity of the real R&D capital stock, both 

the vertical and horizontal axes of Chart 1-1 are in logarithmic scales.  A positive relationship 

                                                 
4 However, an analysis of the actual historical data shows that there is in fact no evidence of a “home-court” 

advantage for U.S. nationals (see Chapter 5 below). 
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between the number of USPTO patent grants received and the quantity of real R&D capital 

stock is clearly apparent—the higher the quantity of real R&D capital stock of an economy, 

the higher is the number of USPTO patents granted to it—even though significant differences 

in the relationship across the different economies can also be discerned. 

 

Chart 1-1: A Scatter Diagram between the Annual Number of USPTO Patents Granted 

and the Quantity of Real R&D Capital Stock, G-7 Countries, China, and 4 EANIES 

 

Source: See Chapter 3 below. 

 

We shall employ a meta-production function model5 to estimate econometrically the 

relationship between the innovation outputs, in this case, the numbers of patent applications 

and patent grants of each economy, and the innovation input, the quantity of its real R&D 

capital stock.  In the case of applications to and grants by the USPTO, we further control for 

the annual total patent grant rate of the USPTO.  We shall also test statistically the hypothesis 

that there is a common meta-production function relating the numbers of patent applications 

and grants respectively to the quantities of the real R&D capital stocks across the different 

economies. 

 

                                                 
5 The meta-production function model was first introduced by Hayami and Ruttan (1970) and extended by Lau 

and Yotopoulos (1989).  See also Boskin and Lau (1992). 
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One intriguing question is whether technical progress, or the ability of an economy to 

increase the quantity of its output without increasing the quantities of any of its inputs, can only 

be brought about with indigenous innovation.  Can technical progress, or equivalently the 

growth of total factor productivity, be imported?  Past empirical research findings of Kim and 

Lau (1994, 1995 and 1996) and Young (1992)6 indicate that very little technical progress could 

be found in the East Asian newly industrialised economies before they began investing in R&D, 

especially if the growth of the human capital input is taken into account.  Essentially new 

equipment and technology imported by developing economies from developed economies are 

often already fully priced, so that the importing economy cannot expect to derive additional 

benefits over and above the cost of the imported equipment and technology paid. 

 

In Chapter 2, there is a brief review of the relevant literature on the relationship between 

innovation output and input, specifically R&D, using different methodologies.  In Chapter 3, a 

systematic comparison of R&D investments across our sample of economies is presented.  In 

addition, time series of the quantities of real R&D capital stocks are explicitly estimated for all 

the economies in our sample.7 

 

In Chapter 4, we analyse the relationship between the numbers of domestic patent 

applications and grants on the one hand and the quantities of real R&D capital stocks on the 

other in our sample of economies.  In Chapter 5, we examine the relationship between the 

numbers of U.S. patent applications from and grants to the different economies and their 

respective quantities of real R&D capital stocks.  In Chapter 6, we examine the data on EPO 

patent grants and compare them to those on the USPTO patent grants.  We also explore the 

relationship between the numbers of EPO patent grants to specific economies and their 

respective quantities of real R&D capital stocks.  In Chapter 7, we study the data on CNIPA 

patent grants and compare them to those on the domestic, USPTO and EPO patent grants.  In 

Chapter 8, we develop indicators of relative success in innovation across different economies.  

In Chapter 9, we explore innovation activities at the microeconomic level, that is, at the level 

of the individual firm, and see how the firm-specific patent grants relate to firm-specific R&D 

investments.  Specifically, we examine the relationship between the number of patent grants 

and the quantity of the real R&D capital stock for selected Chinese and U.S. enterprises. 

                                                 
6 See also Krugman (1994). 
7 It is necessary to estimate an initial quantity of real R&D capital stock for each economy. 
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In Chapter 10, our full econometric model is presented.  The estimation results, 

including our experiment with the logistics model, are presented in Chapter 11. 

 

In Chapter 12, we look beyond R&D to other innovation inputs that are complementary 

to R&D.  In Chapter 13, we explore other possible measures of innovation success and outputs 

from R&D activities in addition to patent applications and grants. 

 

Finally, in Chapter 14, we summarise our research findings and indicate some possible 

directions for further research on innovation in the future. 
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Chapter 2: Review of the Literature 

Most previous studies of R&D estimate the relationship between R&D outputs and 

inputs, using firm-level data collected from a single economy.  Studies that use cross-sectional 

national data focus primarily on estimating the relative efficiency of the R&D processes across 

different economies. 

 

Estimating the Relationship between R&D Outputs and Inputs 

 

Some early studies using U.S. firm-level data have documented a positive relationship 

between R&D outputs and inputs.  An implicit assumption used in these studies is that the 

R&D processes are essentially identical across firms.  Hausman, Hall and Griliches (1984) use 

data from 128 U.S. manufacturing firms from 1968 to1974 to estimate the relationship between 

the number of patent applications and R&D expenditure.  By estimating the statistical models 

of counts (that is, nonnegative integers) in the context of panel data, they find that the elasticity 

of R&D output with respect to R&D input at the firm level is between 1.18 and 1.29, implying 

that an increase of 10% in the R&D expenditure of a firm increases the number of patent 

applications by approximately 12%.  To further understand the role of the stock of knowledge 

in innovation, Hall, Griliches and Hausman (1986) go on to test whether R&D expenditure has 

lagged effects on patent applications.  They assemble data on a panel of 650 U.S. manufacturing 

firms from 1966 to 1979, and use nonlinear least squares, Poisson, negative binomial, 

conditional negative binomial, and GMT with correlated effects to correct any misspecification 

in the model.  Their results show a strong contemporaneous relationship between patent 

application and R&D expenditures, independently of firm size, its propensity to apply for 

patents, and its R&D history.  They also find that the elasticity of patent appication with respect 

to R&D expenditure is 0.3. 

 

Using different measures of R&D outputs and inputs, analyses of different sets of firm-

level data in other developed economies yield the similar results.  Beneito (2006) use 

manufacturing firms in Spain over the period 1990-1996 to estimate the effects of in-house and 

contracted R&D on the number of patents and utility models granted by the domestic patent 

office.  He employs transcendental production function and addresses the “excess zeroes” 

problems in count data by using zero-inflated negative binomial model.  This study also 

controls for detailed firm-level behaviour including scientific and technical services, 

normalisation and quality control, assimilation of imported technologies, marketing, design, 
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and other informal activities.  Results show that significant innovations are mainly gestated in-

house, whereas contracted R&D seems more orientated toward innovations of an incremental 

nature.  Voutsinas, Tsamadias, Carayannis and Staikouras (2018) estimate the causal 

relationship between patent applications and R&D expenditure to the European Patent Office 

(EPO) in Greece. They employ the endogenous knowledge-based growth theories and collect 

time-series data at the national level from 1981 to 2007.  By using time series analysis, they 

find a relatively large long-run elasticity of patent application with respect to R&D expenditure 

of 1.9. 

 

Some evidence from developing economies shows a weak knowledge production 

function of innovation.  Kanwar and Singh (2018) estimate the effect of R&D capital stocks 

on the number of patent applications using manufacturing firms over the period 2001-2010 in 

India, controlling for each firm’s patenting experience, resource access and knowledge 

spillovers.  They find that a one unit (dollar or rupee) increase in R&D capital stocks likely 

raises expected patent application counts by only about 4.3% at most.  Other input factors also 

have marginal effects. 

 

Studies based on cross-sectional international data show similar innovation behaviour 

despite variations in R&D productivity and efficiency among economies.  Teitel (1994) uses 

data from 1976 to 1985 for 68 countries and employs a simple production function model to 

test the effects of R&D expenditure, the number of scientists and engineers, per capita income 

and population on the number of patents granted to residents. His results show that a 1% 

increase in either R&D expenditure or the number of scientists and engineers results in 1% 

increase in the number of patents granted to residents, that is, the elasticity is unity.  Griffith et 

al. (2006) collect manufacturing-firm data from four European countries (France, Germany, 

Spain and the U.K.) and use a structural model to estimate the relationship between R&D 

expenditure, innovation output and productivity. They conclude that overall, the systems 

driving innovation and productivity are remarkably similar across the four countries.  

Potužáková and Öhm (2018) estimate the relationship between the number of patent 

applications filed with EPO and R&D expenditure in 18 industries in 19 countries over 1987 

to 2005.  They employ fixed effects to control for unobserved country-specific and industry-

specific characteristics and time effects,.  They conclude that one percentage point increase in 

R&D expenditure generates roughly 100 EPO patent applications. 
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Estimating the Relative Efficiency of the R&D Process across Economies 

 

Estimating the relative efficiency of R&D across different economies is also predicated 

on the assumption that the R&D processes in the different economies are essentially identical.  

Rousseau and Rousseau (1997) estimate the relative efficiency of the R&D process across 18 

developed countries using Data Envelopment Analysis (DEA). They employ the number of 

publications in the International Scientific Indexing (ISI)’s Science Citation Index (SCI) and 

the number of patents granted by EPO as the outputs of R&D, and R&D expenditure, GDP and 

population as the inputs.  They conclude that Switzerland and the U.K. are the most efficient 

in generating R&D outputs. 

 

Later, Sharma and Thomas (2008) estimate the relative efficiency of the R&D process 

across 22 developed and developing countries.  They also employ the DEA methodology and 

a production function with patents granted to residents as the output and gross domestic 

expenditure on R&D and the number of researchers as the inputs. They find that under the 

assumption of constant returns to scale, Japan, Korea, China are found to be efficient; while 

under the assumption of variable returns to scale, three more economies (India, Slovenia, 

Hungary) are efficient. 

 

Recently, Hu, Yang and Chen (2014) compare R&D efficiency across 24 economies in 

America, Asia, and Europe from 1998 to 2005, applying the distance function approach for 

stochastic frontier analysis.  They estimate the relationship between R&D outputs (the number 

of patents granted by EPO and U.S. Patent and Trademark Office (USPTO), the number of 

scientific journal articles, royalties, and licensing fees) and R&D inputs (R&D expenditure and 

R&D manpower.  Their results show that although Asian economies have a lower overall R&D 

efficiency compared with American and European economies, they are more efficient and 

exceed the other two groups of economies after 2002. 

 

Summary 

 

As aforementioned, the positive relationship between R&D outputs and inputs is well 

observed in most economies, though the elasticity of R&D outputs with respect to R&D inputs 

varies across economies and with different measures of R&D outputs and inputs.  Developed 

and newly industrialized economies have higher R&D efficiency than most developing 
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economies, generating more R&D outputs for a given quantity of R&D inputs.  However, some 

developing economies such as China, show an increasing efficiency in generating R&D outputs 

from given R&D inputs over time. 

 

The question remains: is there a common law of innovation in the world?  First, 

previous studies using data from a single economy cannot completely answer this question.  

The R&D efficiency varies significantly across economies.  Strong relationships between R&D 

outputs and inputs have been found in some developed economies and weak relationships have 

been documented in several developing economies.  Moreover, data collected from a single 

economy may not have sufficient variation in either the R&D outputs or the R&D inputs to 

allow the precise estimation of the relationship.  Second, previous studies using cross-sectional 

national data primarily focus on comparing the relative R&D efficiency across economies, and 

cannot fully answer the above question either.  These studies are interested in identifying the 

most efficient economies in a group of sample economies using different measures of R&D 

inputs and outputs.  They find that there are indeed large differences in the innovative capacity 

across different economies, though their results do not explicitly estimate the elasticity of R&D 

outputs with respect to R&D inputs.  They also do not provide explanations of these efficiency 

differences across economies. 

 

The purpose of our current study is to ascertain whether there is a common law of 

innovation in the world.  We estimate directly the relationship between innovation input and 

its output across representative economies including the Group-of-Seven (G-7) countries, the 

four East Asian Newly Industrialized Economies (EANIEs) and Mainland China.  We estimate 

the innovation inputs for the different economies in our sample directly so that they are 

comparable.  We also do not assume that the relationship between outputs and inputs is the 

same across all economies.  Instead, we employ the flexible meta-production function 

approach, introduced by Lau and Yotopoulos (1989) and Boskin and Lau (1992).  The meta-

production function approach allows each economy to have its own economy-specific and 

time-varying characteristics and the hypothesis of an identical production function can be 

explicitly tested.  We can therefore provide an answer to the question of whether there is a 

common law of innovation. 
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Chapter 3: Comparison of R&D Investments and R&D Capital Stocks 

across Economies 

As mentioned in Chapter 1, an important indicator of the national economic strength of 

a country, in addition to its real GDP, is its innovative capacity.  Innovation in an economy is 

not accidental or fortuitous.  It is not manna from heaven but is the return to cumulative long-

term investments in research and development (R&D).  In this chapter, we construct time-series 

of estimates of the quantities of real R&D capital stocks for each economy included in our 

study, using data on their respective real R&D expenditures. 

 

The Ratio of Research and Development (R&D) Expenditure to GDP 

 

Sustained investments in R&D (and in human capital) are needed in order to build up 

the innovative capacity of an economy.  However, significant variations in the extent of 

investment in R&D are observed to exist across economies.  In Chart 3-1, the ratios of R&D 

expenditures to GDP of the Group-of-Seven (G-7) countries (Canada, France, Germany,8 Italy, 

Japan, the United Kingdom and the United States), China (the Mainland),9 and the four East 

Asian Newly Industrialised Economies (EANIEs) (Hong Kong, South Korea, Singapore and 

Taiwan) are presented. 

 

The U.S. ratio started with a relatively low percentage, 1.33%, in 1953, but increased 

rapidly to 2.09% in 1957, partly as a reaction to the unexpected successful launch into space 

of the Sputnik satellite, the first man-made satellite, by the former Soviet Union.  It has since 

held steady between 2.1% and 2.8% over the past half-a-century (and has remained above 2.6% 

since 2007).  The Chinese ratio started with less than 0.1% in 1953 but increased rapidly to a 

peak of 2.55% in 1960, comparable to the U.S. ratio of the same year.  Between 1963 and 1984, 

the Chinese ratio was higher than those of Canada, Italy and the four EANIEs.10  Then it 

plummeted below 1%, bottoming in 1996 at 0.56%.  Since then, it has recovered steadily to 

reach 2.23% in 2019,11 once again surpassing the R&D expenditure to GDP ratios of Canada 

and Italy, and exceeding those of France, Singapore, and the U.K., but still lagging significantly 

                                                 
8 From 1964 to 1990, R&D expenditure data are only available for West Germany.  Thus, the R&D expenditures 

to GDP ratios of West Germany prior to 1991 are presented separately from those of the unified Germany, data 

for which are available since 1991. 
9 In this study, data for China pertain to only the Mainland of China. 
10 Note that the Chinese ratio was a little bit lower than those of Canada in 1967 and 1968, in part because of the 

Great Proletarian Cultural Revolution going on there during those years. 
11 The Chinese ratio was supposed to reach 2.2% in 2015 but failed to do so. 



16 
 

behind not only the developed economies of Germany, Japan and the U.S., but also the newly 

industrialised economies of South Korea and Taiwan.  The Chinese ratio was targeted to reach 

2.5% in 2020.12  The West German ratio was neck and neck with the U.S. ratio between 1975 

and 1990.  However, since German reunification in 1990, the ratio of unified Germany was 

below the U.S. ratio until 2010, when it finally managed to catch up.13  The Japanese ratio was 

1.47% in 1963 and rose steadily to overtake the U.S. ratio in 1989 and has remained 

significantly higher than it ever since.  Since 2002, the Japanese ratio has consistently stayed 

above 3%.  More recently, the South Korean ratio caught up with the U.S. ratio in 2005 and 

surpassed the Japanese ratio in 2009.  South Korea led the sample of economies in our study 

with an R&D expenditure to GDP ratio of 4.53% in 2018.14  The Taiwan ratio also surpassed 

the U.S. ratio in 2009 and the Japanese ratio in 2017 to become the second highest in our sample 

in 2018 at 3.46%.  Hong Kong, at 0.92% in 2019, has the lowest ratio of R&D expenditure to 

GDP among all the economies in our study. 

  

                                                 
12 “Outline of the National Medium- and Long-Term Scientific and Technological Development Plan (2006-2020) 

(Guojia Zhongchangqi Kexue he Jishu Fazhan Guihua Gangyao (2006-2020))”, available at 

http://www.most.gov.cn/kjgh/kjghzcq/. 
13 In 2010, the U.S. ratio was 2.71 compared to Germany’s 2.73, almost identical; in 2011, the ratios were 

respectively 2.74 and 2.81. 
14 However, South Korea does not have the highest ratio of R&D expenditure to GDP in the world.  The Israeli 

ratio was 4.94% in 2018. 
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Chart 3-1: R&D Expenditure as a Percent of GDP, 

G-7 Countries, China, and 4 EANIEs 

 

Sources: Chinese data were collected from the online statistical database of National Bureau of Statistics, China 

(https://data.stats.gov.cn/easyquery.htm?cn=C01); Data for Hong Kong, China were collected from Census and 

Statistics Department, Hong Kong 

(https://www.censtatd.gov.hk/hkstat/sub/sp120.jsp?tableID=207&ID=0&productType=8); U.S. data were 

collected from the U.S. National Science Foundation (https://ncses.nsf.gov/pubs/nsf20307/#&); Data for other 

economies were collected from Main Science and Technology Indicators (MSTI), OECD Statistical Database 

(http://stats.oecd.org/Index.aspx?DataSetCode=MSTI_PUB#). 

 

The Quantities of Real R&D Capital Stocks of Selected Economies 

 

The stock of real R&D capital, defined as the cumulative past real expenditures on 

R&D, less depreciation of ten percent per year, is a useful summary measure of the existing 

capacity of innovation, as it typically takes years of cumulative efforts before investments in 

R&D, especially basic research, can result in new discoveries and inventions.  Given estimates 

of the quantities of initial real R&D capital stocks and the time series of real R&D expenditures 

of each economy, time-series of the quantities of real R&D capital stocks can be estimated for 

all the economies in our study by the perpetual inventory method in a straight-forward way.  

However, the quantities of initial real R&D capital stocks at the beginning of the years for 

which data on real R&D expenditures are first available are not known and must be separately 
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estimated for each economy.15  (The estimation procedure is described in detail in Appendix 

3-1 of this chapter.) 

 

The estimated quantities of real R&D capital stocks in 2019 U.S. Dollars at the 

beginning of each year are compared across the Group-of-Seven (G-7) Countries, the four East 

Asian Newly Industrialised Economies (EANIEs) and China in Chart 3-2 on  an aggregate 

basis and in Chart 3-2 on a per capita basis.16  Chart 3-2 shows that the U.S. has, since 1953, 

been clearly the world leader in the quantity of real R&D capital stock.  In 2019, the quantity 

of its real R&D capital stock, estimated at US$4.72 trillion, is more than three times that of 

China, the country with the second highest quantity of real R&D capital stock (US$1.53 

trillion).  The quantity of Chinese real R&D capital stock has been growing at double-digit 

rates since 2001, as both its real GDP and its R&D expenditure to GDP ratio have been growing 

rapidly.  In 2019, the quantity of Chinese real R&D capital stock, at US$1.53 trillion, overtook 

that of Japan (US$1.47 trillion) to become the second highest in the world, but still only less 

than a third of that of the U.S.  Japan, which had had the second highest quantity of real R&D 

capital stock since overtaking Germany in 1979, fell to the third place in 2019, with Germany 

in the fourth place.  Among the EANIEs, the quantity of real R&D capital stock of South Korea 

has been increasing the fastest, to become just behind that of France and ahead of that of the 

U.K.  Hong Kong has the lowest quantity of real R&D capital stock among all the economies 

included in this study, at US$21.3 billion, in 2019. 

  

                                                 
15 In particular, we estimated a time-series of quantities of real R&D capital stocks for a united Germany beginning 

in 1964. 
16 We should caution that our estimates of the quantities of the real R&D capital stocks are sensitive to the value 

of the exchange rates of the local currencies versus the U.S. dollar in 2019. 
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Chart 3-2: The Quantity of Real R&D Capital Stock, 

G-7 Countries, China, and 4 EANIEs (billion 2019 US$) 

 

Source: See Table A3-2 below. 

 

In Chart 3-3, we compare the quantities of real R&D capital stock per capita at the 

beginning of each year across our sample of economies.  By this measure, the lead of the U.S. 

over other economies has also been consistent and large from 1953, the first year for which we 

have data, to the present time.  In 2019, the U.S. quantity of R&D capital stock per capita was 

US$14,400.  Japan has been in second place since 1995, with US$11,600 in 2019, followed 

closely by Germany in third place, with US$11,100.  The EANIEs of Singapore and South 

Korea have had rapidly increasing quantities of real R&D capital stock per capita, and have 

surpassed France, Canada and the U.K., but were still behind Germany in 2019.  Taiwan 

overtook Italy in 2012 and is on course to surpass the U.K. in another couple of years.  China 

has been and continues to be in the last place among this sample of economies, with only 

US$1,100 worth of real R&D capital stock per capita in 2019, because of its huge population.  

Even Hong Kong has a significantly higher quantity of real R&D capital stock per capita, 

US$2,800, than the Mainland of China. 
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Chart 3-3: The Quantity of Real R&D Capital Stock per Capita, 

G-7 Countries, China, and 4 EANIEs (thousand 2019 US$) 

 

Sources: The quantities of real R&D capital stocks are from Table A3-2 and the population data are from 

International Financial Statistics (Canada, France, Germany, Italy, Japan, South Korea, Singapore and U.K.), 

World Development Indicators (U.S.) and the local statistical agencies (Mainland China, Hong Kong, China and 

Taiwan, China). 

 

Comparison of the Real R&D Capital Stocks of China, Japan and the U.S. 

 

In Chart 3-4, the quantities and rates of growth of the real R&D capital stocks of China, 

Japan and the U.S. are compared.  In 2019, the U.S., China and Japan had the three largest real 

R&D capital stocks in the world.  While the U.S. has always been number one, China only 

overtook Japan to become number two in 2019.  The U.S. real R&D capital stock was more 

than three times those of China and Japan in 2019.  In terms of rates of growth, all three 

countries underwent significant changes over time.  The U.S. real R&D capital stock had 

double-digit annual rates of growth between 1954 and 1961.  Then its rate of growth began to 

decline, reaching a low of 1.8% in 1976 before rebounding to a high of 4.5% in 2001.  It has 

since been fluctuating around 2.5%.  China had phenomenally high rates of growth in its real 

R&D capital stock in the 1950s, but the rate declined to almost zero in the late 1960s.  It began 

growing again at double-digit rates beginning in 2001.  Japan has had low single-digit rates of 

growth since 2008.  Its rates of growth in recent years have been between 1% and 2% per 

annum and lagged behind those of both China and the U.S.  However, it will take China at least 
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a couple of decades, even at its higher rates of growth, before the quantity of its real R&D 

capital stock can catch up with that of the U.S. 

 

Chart 3-4: The Quantities and the Rates of Growth of the Real R&D Capital Stocks, 

China, Japan, and the U.S. 

 

Source: The authors’ calculations based on Table A3-2. 

 

Investment in Basic Research 

 

Finally, among R&D expenditures, three different categories, basic research, applied 

research, and development, may be distinguished.  It is well known that “break-through” 

discoveries and inventions can occur consistently only in an economy with a strong foundation 

of basic research.  Thus, in the long run, leadership in innovation can only come about with 

significant investments in basic research.  In Chart 3-5, the shares of R&D expenditures 

devoted to the support of basic research in each of the economies under study are presented.  

Unfortunately, data on basic research expenditures are not readily available for Canada and 

Germany.  Based on the available data, Italy and France led the group of economies under 

study with an average basic research ratio of around 25%.  In recent years, Singapore managed 

to achieve a basic research ratio of almost 24%.  The United States ratio averaged 17.3% in the 

twenty years between 1999 and 2018; and the U.K. also had comparable ratios.  The South 
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Korean ratio had exceeded the U.S. ratio between 2011 and 2015 but declined to 14.2% in 

2018.  Japan had a fairly stable ratio in the low teens.  The Taiwan ratio had been as high as 

11.7% at its peak in 2003 but has declined continuously since to 7.3% in 2018.  China had the 

lowest ratio of basic research of between 4.5% and 6%.  Official data on basic research 

expenditures of Hong Kong are also not readily available.  However, based on private sectoral 

estimates made by Kenny Shui,17 we were able to derive estimates of the ratios for Hong Kong 

for the period of 2016-2019.  As basic research typically requires a long gestation period and 

has little or no immediate commercial or financial returns, investment in basic research will 

imply a trade-off of short-term gains for long-term rewards. 

 

Chart 3-5: The Share of Basic Research Expenditure in Total R&D Expenditure, 

G-7 Countries, China, and 4 EANIEs 

 

Sources: The share of basic research expenditure in total R&D expenditure of each economy is calculated by 

dividing the share of basic research expenditure in GDP by the share of total R&D expenditure in GDP. Data for 

the two shares are collected from OECD, Main Science and Technology Indicators.  The U.S. data are taken from 

the U.S. National Science Foundation, Science and Engineering Statistics.  Chinese data are collected from 

National Bureau of Statistics of China. 

 

Using data on the shares of basic research in total R&D expenditures for each economy, 

we can derive the time-series of real basic research expenditures of each economy and estimate 

                                                 
17 Private communication.  Mr. Kenny Shui is Assistant Research Director and Head, Economic Development of 

Our Hong Kong Foundation Limited, a think-tank based in Hong Kong. 
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from them the quantities of real basic research capital stocks of each economy (see Appendix 

3-1).  The results are presented in Chart 3-6.18  Chart 3-6 shows that the U.S. is also the world’s 

leader in the quantity of real basic research capital stock, with US$807 billion in 2019, followed 

by Japan (US$183 billion) and France (US$122 billion in 2018).  As of 2019, China still lagged 

far behind in terms of the quantity of real basic research capital stock, with only US$79 billion, 

even though it has been catching up fast, surpassing both South Korea and the U.K.19 

 

Chart 3-6: The Quantity of Real Basic Research Capital Stock, 

G-7 Countries, China, and 3 EANIEs 

Source: Table A3-4. 

  

                                                 
18 The time series of real basic research expenditure data on Hong Kong is too short for a meaningful estimation 

of its real basic research capital stock. 
19 Unfortunately, basic research expenditure data for Germany are not readily available.  Otherwise it should have 

a real basic research capital that is comparable to France. 
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Appendices 

Appendix 3-1: The Construction of Time-Series of Quantities of Real R&D and Real 

Basic Research Capital Stocks 

 

1. Generating a Time-Series of Real R&D Expenditures in Constant U.S. Dollars for 

Each Economy 

 

The first step in the construction of a time-series of quantities of real R&D capital stocks 

for the economies included in our study is to generate time series of annual real R&D 

expenditures in 2019 prices, converted into 2019 U.S. Dollars, for each of the economies.  The 

procedure is as follows: 

A. Data are collected on annual nominal R&D expenditures in national or regional 

currencies and in current prices.  The data sources are: 

1. Group-of-Seven (G-7) countries 

a. The U.S.: from U.S. National Science Foundation  

http://www.nsf.gov/statistics/nsf14304/content.cfm?pub_id=4326&id=2 

b. Other countries: 

1. 1981-2019: from Organisation for Economic Cooperation and 

Development (OECD), Main Science and Technology Indicators (MSTI) 

(online database); 

2. 1969-1982: from OECD Science and Technology Indicators 

Unit (OECD/STIU) Data Bank, February 1985 (hard copy), Paris: OECD; 

3. 1963-1968: from OCED Directorate for Science, Technology 

and Industry (OECD/DSTII), Science and Technology Indicators: Basic 

Statistical Series - Volume B: Gross National Expenditure on R&D, 1963-

1979 (hard copy), Paris: OECD; 

4. 1981-1999: from various Main Science and Technology 

Indicators (MSTI), hard copies; 

5. For Canada, Japan and the U.K., there are slight differences in 

the R&D expenditure data from 1981 to 1993 between the hard copies and 

the more updated online database.  Thus, data before 1981 are adjusted so 

that they are consistent with the most updated data in the online databases. 

2. China 

China, 1953-2019: from Chinese official statistical publications and Statistics of 

Chinese Technology; Fifty Years of New China. 
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3. East Asian Newly Industrialised Economies (EANIEs) 

a. Hong Kong, China, 1998-2019: from Census and Statistics Department, Hong 

Kong 

http://www.censtatd.gov.hk/hkstat/sub/sp120.jsp?tableID=207&ID=0&productT

ype=8. 

b. South Korea 

 1. 1963-1990: from “Survey of Research and Development in 

Korea”, Korea Institute of S&T Evaluation and Planning (KISTEP) 

http://www.ikistep.re.kr/sts/statsMenuList.do. 

2.    1991-2018: from OECD, Main Science and Technology 

Indicators (online database). 

c. Singapore 

1. 1975-1993: from Singapore Yearbook of Statistics; 

2. 1994-2019: from OECD, Main Science and Technology 

Indicators. 

d. Taiwan, China 

1. 1978-1980: from Statistical Yearbook of the Republic of China; 

2. 1981-1994: from Ministry of Science and Technology, Taiwan 

http://statistics.most.gov.tw/was2/; 

3. 1995-2019: from OECD, Main Science and Technology 

Indicators. 

B. The nominal R&D expenditures are converted into real R&D expenditures in 

national or regional currencies in 2019 prices using the GDP deflators of the respective 

economies.  Annual GDP deflators are collected from International Financial Statistics 

(IFS) database and domestic official statistical sources. 

C. The real R&D expenditures in national currencies are converted to U.S. Dollars, 

using the 2019 year-end exchange rates collected from the IFS database and from 

domestic official statistical sources. 
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2. The Estimation of the Quantities of Initial Real R&D Capital Stocks 

 

In order to construct time-series of the quantities of real R&D capital stocks from time-

series data on real R&D expenditures of each economy, we need first of all to estimate the 

quantities of the initial real R&D capital stocks, 
0iK ’s, for all the economies included in our 

study.  Once an estimate of the quantity of the initial real R&D capital stock is available for an 

economy, a time-series of quantities of real R&D capital stocks can be readily constructed from 

a time-series of real R&D expenditures, using the perpetual inventory method and assuming a 

rate of depreciation of R&D capital of 10 percent per annum. 

 

We estimate the quantity of the initial real R&D capital stock of each economy by 

formulating an explicit econometric model relating the annual number of domestic and U.S. 

patent applications of an economy to the annual quantity of its real R&D capital stock.  For 

domestic applications, there is of course no a priori reason to assume that the same functional 

relationship applies to all the economies.  Thus, in general, 

𝑌𝐴𝐷𝑖𝑡 = 𝐹𝑖(𝐾𝑖𝑡), (A3-1-1) 

where 𝑌𝐴𝐷𝑖𝑡 is the number of domestic patent applications in the ith economy in year t, 𝐾𝑖𝑡 is 

the quantity of real R&D capital stock in the ith economy in year t, and 𝐹𝑖(𝐾𝑖𝑡) is the function 

that relates the number of domestic patent applications to the quantity of real R&D capital stock 

in the ith economy in year t.  Notice that the function 𝐹𝑖(.) may vary with the economy, indexed 

by i, and may depend on time, but does not vary over time.  Thus, it may take the form: 

𝑌𝐴𝐷𝑖𝑡 = 𝐹𝑖(𝐾𝑖𝑡, 𝑡). (A3-1-2) 

 

Moreover, it is assumed that the function 𝐹𝑖 (.) in equation (A3-1-1) takes the 

transcendental logarithmic form introduced by Christensen, Jorgenson and Lau (1971), so that: 

ln 𝑌𝐴𝐷𝑖𝑡 = ln
0iA +

Ki ln𝐾𝑖𝑡+ Dic t +B𝐾𝑡𝑖ln𝐾𝑖𝑡.t +
1

2
B𝐾𝐾𝑖(ln

2)itK +
1

2
B𝑡𝑡𝑖t

2 . (A3-1-3) 

Kit , the quantity of real R&D capital stock in the ith economy in year t, may be defined as 

( 1) ( 1)
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 

 
  (A3-1-4) 

where Ki0 is the quantity of the initial R&D capital stock of the ith economy; Ii(t-j) is the real 

R&D expenditure of the ith economy in year t-j and 0.9 is the proportion of the undepreciated 
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real R&D capital stock that survives at the end of each year.  Substituting equation (A3-1-4) 

into equations (A3-1-3), we obtain equations (A3-1-5): 

ln 𝑌𝐴𝐷𝑖𝑡 = ln
0iA +

Ki ln(0. 9𝑡𝐾𝑖0 + ∑ 0. 9𝑗−1𝐼𝑖(𝑡−𝑗)
𝑡
𝑗=1 )+ Dic t  

+B𝐾𝑡𝑖ln(0. 9𝑡𝐾𝑖0 + ∑ 0. 9𝑗−1𝐼𝑖(𝑡−𝑗)
𝑡
𝑗=1 ).t +

1

2
B𝐾𝐾𝑖(ln(0. 9𝑡𝐾𝑖0 + ∑ 0. 9𝑗−1𝐼𝑖(𝑡−𝑗)

𝑡
𝑗=1 )) 2  

+
1

2
B𝑡𝑡𝑖t

2 . (A3-1-5) 

 

Given time-series data on 𝑌𝐴𝐷𝑖𝑡  and 𝐼𝑡 , equation (A3-1-5) can be estimated by 

nonlinear methods to yield estimates of Ki0 and other parameters. 

 

Similarly, since there is also no a priori reason to assume that the same functional 

relationship applies to the USPTO patent applications of all the economies,20 an equation for 

𝑌𝐴𝑈𝑆𝑖𝑡, the number of patent applications of the ith economy submitted in the U.S. in year t, 

may be derived as follows: 

ln 𝑌𝐴𝑈𝑆𝑖𝑡 = ln𝐴0𝑈𝑆𝑖+𝛼𝐾𝑈𝑆𝑖ln(0. 9𝑡𝐾𝑖0 + ∑ 0. 9𝑗−1𝐼𝑖(𝑡−𝑗)
𝑡
𝑗=1 )+𝑐𝑈𝑆𝑖t  

+B𝐾𝑡𝑈𝑆𝑖ln(0. 9𝑡𝐾𝑖0 + ∑ 0. 9𝑗−1𝐼𝑖(𝑡−𝑗)
𝑡
𝑗=1 )t+

1

2
B𝐾𝐾𝑈𝑆𝑖(ln(0. 9𝑡𝐾𝑖0 + ∑ 0. 9𝑗−1𝐼𝑖(𝑡−𝑗)

𝑡
𝑗=1 )) 2  

+
1

2
B𝑡𝑡𝑈𝑆𝑖t

2 . (A3-1-6) 

 

Equation (A3-1-5) is estimated for France, Japan, the U.S., China (Mainland) and South 

Korea, as their numbers of domestic patent applications have consistently exceeded their 

numbers of U.S. patent applications.  Equation (A3-1-6) is estimated for Canada, Italy, the 

U.K., Hong Kong, Singapore and Taiwan as their U.S. patent applications have been greater 

than or equal to their domestic patent applications.21  Nonlinear methods are used to estimate 

the two equations to obtain estimates of the parameters including Ki0, the quantity of the initial 

R&D capital stock for each economy.  For Germany, equation (A3-1-6) is used to estimate the 

quantity of its initial real R&D capital stock because the data on its domestic patent applications 

show unusual fluctuations before and during the reunification process. 

 

The estimation results, including the estimated values of Ki0 for each of the economies, 

are presented in the Table A3-1 below. 

                                                 
20 For USPTO patent grants, the functional relationship may be similar across economies because the applications 

are assessed by the same organisation. 
21 Of course, for the U.S. the number of domestic patent applications is the same as the number of U.S. patent 

applications. 
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Table A3-1: Estimated Quantities of the Initial Real Capital Stocks 

and the Estimated Parameters of Equations (A3-1-5) and (A3-1-6) 

 Panel A: Dependent Variable: ln (the number of domestic applications)   

 France Japan U.S. 
Mainland 

China 

South Korea   

A*
AiD   -59.663 28.978*** -92.860** -2.174 6.521***   

 (45.363) (6.994) (42.165) (7.971) (0.165)   

α*
Ki 29.313 -7.797*** 34.747** 2.783 -0.252   

 (18.891) (2.840) (13.700) (4.804) (0.373)   

Ki,0 99.304 b 49.697*** 245.761*** 0.665 c 0.730 b   
  (12.021) (49.428)     

c*
Di  -1.170** 0.583*** -2.200*** 0.073 0.081   

 (0.561) (0.159) (0.520) (0.493) (0.051)   

Bkti 0.238** -0.096*** .351*** -0.006 -0.119   

 (0.116) (0.030) (0.084) (0.137) (0.084)   

Bkki -6.180 1.647*** -5.773*** -0.101 1.884***   
 (3.929) (0.576) (2.226) (1.417) (0.657)   

Btti -0.014** 0.004 -0.030*** -0.008 0.005   
 (0.001) (0.003) (0.006) (0.023) (0.011)   

Adj. R2 0.834 0.986 0.983 0.996 0.994   
 Panel B: Dependent Variable: ln (the number of USPTO applications) 

 Canada 
United 

Germany 
Italy U.K. 

Hong Kong, 

China 
Singapore 

Taiwan, 

China 

A*
AiUS -134.109*** -68.409 -69.529** 867.079 5.000*** 2.126 9.511*** 

 (31.983) (69.551) (32.962) (886.802) (0.668) (2.193) (1.333) 

α*
Ki 74.691*** 32.046 36.465** -339.604 -5.000** 2.608** -0.201*** 

 (17.907) (27.651) (16.039) (342.642) (1.955) (1.301) (2.274) 

Ki,0 32.527*** 114.792*** 53.767*** 168.727*** 0.789*** 0.090 b 1.803*** 
 (0.752) (26.433) (10.506) (4.922) (0.159)  (0.180) 

cKi -2.716*** -0.814 -0.961* 6.915 1.073*** -0.053 0.970*** 

 (0.706) (1.119) (0.554) (5.241) (0.229) (0.277) (0.236) 

Bkti 0.712*** 0.187 0.233* -1.365 -0.653*** 2.299*** -0.440** 

 (0.198) (0.219) (0.132) (1.014) (0.241) (0.066) (0.176) 

Bkki -19.611*** -6.670 -8.668** 67.131 5.542** 2.122*** 4.943*** 
 (5.020) (5.482) (3.891) (66.201) (2.441) (0.453) (1.807) 

Btti -0.025*** -0.013 -0.011382 0.056 0.091* 0.023** 0.029* 
 (0.008) (0.016) (0.008) (0.056) (0.047) (0.012) (0.017) 

c*
USi*1990a  -0.003      

  (0.002)      

Adj. R2 0.994 0.986 0.986 0.975 0.985 0.992 0.997 

Notes: a Data for United Germany before 1991 include West Germany only.  1990 is a dummy variable, equal to 

1 for the year after 1990 and 0 otherwise.  b The estimated quantities of initial R&D capital stocks for France, 

South Korea and Singapore are all larger than ten times the real R&D expenditures of the first year when the data 

are available (i.e., 144.893, 1.242, and 0.129, respectively). This will result in a decline of the quantity of real 

R&D capital stock over time, which does not seem reasonable given that all economies have been trying to 

promote innovation.  We therefore use ten times the real R&D expenditures of the first year as estimates of the 

quantities of real R&D capital stocks for the first year for these three economies, based on the assumption of an 

annual depreciation of ten percent for real R&D capital stock.  c The highest goodness of fit of the nonlinear 

estimation is achieved for Mainland, China when the quantity of the initial real R&D capital stock is set to be 

0.6646, equal to ten times the real R&D expenditures of the first year of data availability.  Numbers in parentheses 

are estimated standard errors. *** significant at 1% level; ** significant at 5% level; * significant at 10% level. 
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3. The Estimation of the Time-Series of Quantities of Real R&D Capital Stocks 

 

Given the time-series of real R&D expenditures and the quantities of initial real capital 

stocks estimated above, the real R&D capital stocks for each economy can be estimated using 

equation (A3-1-4): 

( 1) ( 1)

1

0 ( )

1

0.9

    0.9 0.9

it i t i t

t
t j

i i t j

j

K K I

K I

 







 

 
  (A3-1-4) 

where Ki0 is the quantity of the initial real R&D capital stock of the ith economy and Ii(t-j) is the 

real R&D expenditure of the ith economy in year t-j. 
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4. Estimated Quantities of Real R&D Capital Stocks of Selected Economies 

 

Table A3-2: The Quantities of Real R&D Capital Stocks of Group-of-Seven (G-7) Countries 

Economy Canada France United Germany Italy Japan U.K. U.S. 

Indicator R&D Capital Stocks (billion 2019 US$) 

1953       245.761  

1954       261.292  

1955       278.528  

1956       297.523  

1957       330.123  

1958       367.439  

1959       406.416  

1960       451.269  

1961       498.715  

1962       546.134  

1963 32.527  99.304    49.697   594.766  

1964 32.871  99.304  114.792   56.369  168.727  649.657  

1965 33.704  101.716  118.612   63.764  172.684  707.485  

1966 35.015  105.778  125.031   71.685  176.745  764.585  

1967 36.544  110.392  132.186   79.901  181.053  823.615  

1968 38.313  116.056  139.826   89.473  185.467  880.562  

1969 40.066  121.571  148.403   101.141  189.850  933.724  

1970 41.924  126.739  157.801  53.767  114.713  193.730  982.244  

1971 43.708  131.336  169.412  55.450  131.111  196.934  1,020.182  

1972 46.238  136.322  182.674  57.320  147.760  199.474  1,051.068  

1973 48.401  141.357  196.250  59.282  165.694  201.708  1,081.899  

1974 50.227  145.951  208.270  61.187  184.495  205.743  1,112.456  

1975 51.892  150.852  219.455  62.653  201.501  209.921  1,138.384  

1976 53.469  155.262  230.526  64.684  217.407  212.247  1,158.798  

1977 54.878  159.733  241.067  66.365  233.138  214.770  1,183.575  

1978 56.439  164.256  251.570  68.278  248.740  217.848  1,210.817  

1979 58.217  169.124  263.971  69.799  264.968  221.948  1,242.637  

1980 60.012  174.813  279.311  71.644  283.495  226.390  1,278.803  

1981 62.103  180.576  293.220  73.689  303.639  229.865  1,318.991  

1982 64.699  188.017  306.369  77.148  326.647  234.250  1,362.575  

1983 67.754  196.432  318.686  80.635  351.435  237.495  1,411.014  

1984 70.533  204.893  330.713  84.507  378.955  240.321  1,467.865  

1985 73.860  214.238  344.318  89.082  409.059  243.915  1,538.242  

1986 77.647  223.922  359.428  95.069  444.352  248.117  1,620.455  
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Table A3-2: The Quantities of Real R&D Capital Stocks of Group-of-Seven (G-7) Countries 

(continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

Indicator R&D Capital Stocks (billion 2019 US$) 

1987 81.597  233.205  374.534  100.961  477.419  252.966  1,701.076  

1988 85.223  243.006  391.983  107.511  512.637  257.783  1,779.813  

1989 88.853  253.249  409.296  114.465  551.101  262.966  1,856.519  

1990 92.999  264.665  426.733  121.553  593.806  268.384  1,930.609  

1991 97.285  277.396  443.307  129.069  640.503  273.391  2,005.717  

1992 101.395  289.295  462.341  135.154  685.273  276.328  2,079.717  

1993 105.614  300.726  477.620  140.111  724.595  278.563  2,147.665  

1994 110.287  311.367  488.818  143.537  757.266  281.716  2,203.089  

1995 115.701  321.011  498.030  145.808  782.967  285.275  2,252.859  

1996 120.708  330.060  507.348  147.498  812.636  285.993  2,314.615  

1997 125.003  338.457  516.466  149.452  846.256  286.087  2,386.149  

1998 129.644  345.481  526.957  151.153  881.098  286.503  2,467.269  

1999 135.555  352.543  538.530  153.501  915.540  288.169  2,557.466  

2000 142.306  360.318  553.993  156.305  947.047  292.262  2,661.337  

2001 150.760  368.739  571.746  160.055  979.385  296.851  2,780.772  

2002 160.795  378.184  588.805  164.538  1,011.910  301.721  2,894.893  

2003 169.952  388.016  604.861  169.424  1,043.187  307.131  2,990.635  

2004 178.597  396.041  620.048  173.411  1,074.655  312.429  3,088.039  

2005 187.566  404.022  633.405  177.123  1,105.358  316.919  3,180.420  

2006 196.135  411.021  646.040  180.517  1,142.310  322.554  3,280.415  

2007 204.166  418.506  661.460  184.765  1,182.244  329.169  3,390.071  

2008 211.394  425.808  677.167  189.859  1,223.658  337.073  3,510.107  

2009 217.476  433.415  697.233  194.853  1,259.071  344.067  3,641.395  

2010 223.031  442.420  714.333  199.220  1,277.667  350.048  3,753.712  

2011 227.521  450.710  732.928  203.561  1,296.065  355.586  3,853.599  

2012 231.828  459.707  756.015  207.309  1,317.466  361.295  3,956.193  

2013 235.952  468.936  779.721  211.145  1,337.300  365.203  4,047.724  

2014 239.245  477.813  799.852  214.888  1,363.283  370.696  4,144.165  

2015 243.122  487.311  821.984  218.967  1,391.389  377.350  4,245.116  

2016 246.454  496.324  845.006  222.840  1,412.892  384.545  4,350.250  

2017 250.314  503.945  868.609  227.204  1,426.992  392.169  4,462.762  

2018 253.673  511.710  897.177  231.649  1,445.570  400.469  4,587.506  

2019 255.429  519.524  926.003  237.026  1,466.198  409.969  4,718.856  

2020 257.102        
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Table A3-3: The Quantities of Real R&D Capital Stocks of China and the EANIEs 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

Indicator R&D Capital Stocks (billion 2019 US$) 

1953 0.665      

1954 0.665      

1955 0.743      

1956 0.924      

1957 1.468      

1958 1.965      

1959 3.138      

1960 5.131      

1961 8.627      

1962 9.769      

1963 10.205   0.730    

1964 11.152   0.730    

1965 12.612   0.723    

1966 14.211   0.744    

1967 15.470   0.794    

1968 15.553   0.880    

1969 15.548   0.995    

1970 16.622   1.156    

1971 18.308   1.283    

1972 20.663   1.377    

1973 22.603   1.454    

1974 24.175   1.557    

1975 25.585   1.682  0.090   

1976 27.530   1.935  0.090   

1977 29.165   2.236  0.105   

1978 30.837   2.782  0.160  1.804  

1979 33.527   3.392  0.220  2.027  

1980 36.738   3.909  0.285  2.387  

1981 39.622   4.353  0.351  2.668  

1982 41.768   4.910  0.425  3.130  

1983 44.075   5.874  0.526  3.549  

1984 47.435   7.173  0.666  4.005  

1985 51.555   8.877  0.863  4.540  

1986 55.108   11.217  1.099  5.145  
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Table A3-3: The Quantities of Real R&D Capital Stocks of China and the EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

Indicator R&D Capital Stocks (billion 2019 US$) 

1987 58.723   14.149  1.383  5.771  

1988 61.632   17.501  1.717  6.654  

1989 63.804   21.314  2.060  7.729  

1990 65.527   25.226  2.424  9.076  

1991 67.312  0.789  29.219  2.809  10.802  

1992 69.609  0.998  34.030  3.322  12.630  

1993 72.473  1.218  39.234  3.972  14.634  

1994 75.642  1.472  45.302  4.573  16.621  

1995 78.517  1.801  52.624  5.251  18.713  

1996 81.007  2.242  60.604  6.007  20.840  

1997 84.167  2.725  69.200  7.061  23.067  

1998 89.695  3.176  78.066  8.277  25.540  

1999 95.951  3.627  84.317  9.756  28.211  

2000 105.357  4.107  90.852  11.330  31.141  

2001 119.395  4.618  98.976  12.979  34.048  

2002 135.463  5.225  108.427  14.725  36.928  

2003 156.294  5.881  117.778  16.451  40.144  

2004 180.712  6.714  127.485  18.092  43.715  

2005 210.456  7.681  138.975  20.038  47.626  

2006 246.752  8.799  151.196  22.201  51.837  

2007 289.696  9.993  165.711  24.457  56.582  

2008 338.238  11.083  182.260  27.359  61.711  

2009 393.915  12.018  199.534  30.721  67.243  

2010 467.259  12.958  217.250  32.655  72.760  

2011 548.891  13.877  237.920  34.590  78.859  

2012 640.142  14.722  261.748  37.060  85.315  

2013 745.487  15.542  287.845  39.095  91.668  

2014 861.692  16.361  314.398  41.217  97.988  

2015 982.912  17.195  341.899  43.890  104.290  

2016 1,110.320  18.081  366.825  46.825  110.305  

2017 1,245.412  19.039  391.135  49.338  116.559  

2018 1,385.944  20.037  419.755  51.345  123.387  

2019 1,533.464  21.252  451.133  53.106  131.014  

2020 1,697.043  22.508     
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5. Estimation of the Quantities of Real Basic Research Capital Stock of Selected 

Economies 

 

As the actual time-series of data on the real basic research expenditures are quite short, 

and the gestation period of basic research can be very long, and the patent applications are not 

classified as resulting from basic or non-basic research, we cannot use the same method for the 

estimation of the quantity of the initial capital stock as we did for the real R&D capital stock 

in Section 2 of Appendix 3-1 above.  Instead, we simply multiply the quantity of the real basic 

research expenditure in the first year for which such data are available by ten, and us it as the 

basic research capital stock for that year.  This may seem completely arbitrary; however, the 

multiplication by ten can be justified by the assumption of an average useful life of ten years 

for basic research.  In steady state, this would be a reasonable estimator of the quantity of real 

basic research capital stock.  In any case, given the assumption of an annual depreciation of ten 

percent, the quantity of basic research capital stock is no longer sensitive to the quantity of the 

initial capital stock after the first ten years. 

 

Once the quantities of real basic research capital stocks for the first years for which the 

real basic research capital expenditure is available are estimated, we can derive a time-series 

of the quantities of real basic research capital stocks for each economy using the perpetual 

inventory method with an assumed annual depreciation of 10 percent.  The results are presented 

in Table A3-4 and in Chart 3-6.  On the whole, these estimates of the real basic research capital 

stock look quite reasonable. 
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6. Estimated Quantities of Real Basic Research Capital Stocks of Selected Economies 

 
Table A3-4: The Quantities of Real Basic Research Capital Stocks of Selected Economies 

Economy France Italy Japan U.K. U.S. 
Mainland 

China 

South 

Korea 
Singapore 

Taiwan, 

China 

Indicator Basic Research Capital Stocks (billion 2019 US$) 

1953     35.791     

1954     35.791     

1955     36.136     

1956     36.844     

1957     38.424     

1958     40.350     

1959     42.858     

1960     46.012     

1961     50.095     

1962     55.181     

1963     61.703     

1964     69.335     

1965     77.803     

1966     86.839     

1967     96.147     

1968     105.437     

1969     114.216     

1970     121.842     

1971     128.284     

1972     133.805     

1973     138.628     

1974     143.139     

1975     147.376     

1976     150.987     

1977     155.057     

1978     159.731     

1979     165.596     

1980     171.743     

1981  13.694 70.255  177.814     

1982  13.694 70.255  183.482     

1983  13.805 71.021  189.488     

1984  14.006 72.405  196.680     

1985  14.302 74.103  205.327     

1986 63.044 14.850 76.208  215.156     
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Table A3-4: The Quantities of Real Basic Research Capital Stocks of Selected Economies 

(continued) 

Economy France Italy Japan U.K. U.S. 
Mainland 

China 

South 

Korea 
Singapore 

Taiwan, 

China 

Indicator Basic Research Capital Stocks (billion 2019 US$) 

1987 63.044 15.480 79.062  228.258     

1988 63.488 16.879 82.987  241.828     

1989 64.160 18.356 86.858  255.285     

1990 65.186 19.905 91.004  269.829     

1991 66.555 21.775 95.462  283.479     

1992 67.943 23.453 100.187  301.452     

1993 69.550 24.987 104.960  317.370     

1994 71.426 26.472 109.745  332.487   1.430  

1995 73.344 27.440 113.700  346.561 5.356 16.508 1.430  

1996 75.144 28.291 118.815  358.192 5.356 16.508 1.473  

1997 76.729 29.169 120.903  372.723 5.434 16.796 1.520  

1998 78.063 30.153 123.109  390.861 5.642 17.210 1.615 5.296 

1999 80.628 31.240 125.545  403.769 5.878 17.455 1.736 5.296 

2000 83.071 32.432 128.066  419.707 6.239 17.750 1.910 5.374 

2001 85.255 33.729 130.986  438.218 6.897 18.145 2.046 5.460 

2002 87.527 35.132 133.769  460.352 7.701 18.762 2.309 5.593 

2003 89.930 36.643 137.144  484.714 8.900 19.652 2.576 5.795 

2004 92.214 38.263 140.555  510.847 10.290 20.795 2.891 6.105 

2005 94.299 39.996 143.046  534.472 12.110 22.430 3.313 6.427 

2006 96.221 41.844 146.440  558.008 13.970 24.195 3.844 6.709 

2007 98.208 44.058 149.744 64.243 579.005 16.080 26.266 4.384 7.048 

2008 100.625 45.807 153.209 64.243 599.580 18.118 28.844 4.877 7.423 

2009 103.283 47.574 155.851 64.269 621.291 20.588 31.657 5.428 7.932 

2010 106.609 49.198 158.272 64.634 645.125 23.781 35.294 5.906 8.480 

2011 109.137 50.513 160.174 65.392 669.433 27.300 39.489 6.418 9.042 

2012 111.381 51.252 162.671 65.610 686.209 31.498 44.143 6.934 9.647 

2013 113.557 52.353 165.289 65.765 700.030 36.551 49.300 7.390 10.203 

2014 115.762 53.425 168.924 66.254 716.777 41.832 54.323 7.912 10.696 

2015 117.875 54.260 172.186 67.022 734.138 47.425 59.288 8.491 11.150 

2016 119.812 55.112 174.103 67.804 750.348 54.089 63.542 9.252 11.553 

2017 120.600 55.791 176.227 69.363 769.438 61.599 66.931 10.010 11.891 

2018 121.766 56.238 179.754 70.674 787.809 70.126 70.030 10.664 12.201 

2019  56.818 182.549 72.663 807.200 78.967 73.449 11.241 12.437 

2020      90.186    
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Appendix 3-2: The Detailed Definitions of Patents in This Study 

 

The detailed definitions of the patents in each of our data sources are listed below. 

 

1. World Intellectual Property Organization (WIPO): 

A patent is an exclusive right granted for an invention, which is a product or a process 

that provides, in general, a new way of doing something, or offers a new technical solution to 

a problem.  To obtain a patent, the technical information about the invention must be disclosed 

to the public in a patent application. 

(Source: http://www.wipo.int/patents/en/). 

 

2. United States Patent and Trademark Office (USPTO): 

A patent for an invention is the grant of a property right to the inventor, issued by the 

United States Patent and Trademark Office.  Generally, the term of a new patent is 20 years 

from the date on which the application for the patent was filed in the United States or, in special 

cases, from the date an earlier related application was filed, subject to the payment of 

maintenance fees.  U.S. patent grants are effective only within the United States, U.S. territories, 

and U.S. possessions.  Under certain circumstances, patent term extensions or adjustments may 

be available. 

 

The right conferred by the patent grant is, in the language of the statute and of the grant 

itself, “the right to exclude others from making, using, offering for sale, or selling” the 

invention in the United States or “importing” the invention into the United States.  What is 

granted is not the right to make, use, offer for sale, sell or import, but the right to exclude others 

from making, using, offering for sale, selling or importing the invention.  Once a patent is 

issued, the patentee must enforce the patent without aid of the USPTO. 

 

There are three types of patents: 

1) Utility patents may be granted to anyone who invents or discovers any new and 

useful process, machine, article of manufacture, or composition of matter, or any new and 

useful improvement thereof; 

2) Design patents may be granted to anyone who invents a new, original, and 

ornamental design for an article of manufacture; and 
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3) Plant patents may be granted to anyone who invents or discovers and asexually 

reproduces any distinct and new variety of plant. 

(Source: http://www.uspto.gov/patents-getting-started/general-information-concerning-patents#heading-2). 

 

3. China National Intellectual Property Administration (CNIPA) of the People’s 

Republic of China: 

There are three kinds of intellectual property rights in China, including patent, 

trademark and copyright.  Patents include "patents for invention", "patents for utility model" 

and "patents for design".  Invention means any new technical solution relating to a product, a 

process or improvement. 

(Source: http://english.sipo.gov.cn/FAQ/200904/t20090408_449727.html; 

http://english.sipo.gov.cn/FAQ/200904/t20090408_449709.html). 

 

4. Intellectual Property Office, Ministry of Economic Affairs, R.O.C. (Taiwan, 

China): 

A patent is an intellectual property right which is examined and granted by the 

competent authority (e.g., Patent Office) to an inventor, a utility model creator, or a designer 

“to exclude others from exploiting the creation without the patentee’s consent” for a limited 

time period in exchange for public disclosure of the creation when the patent is granted.   

(Source: http://www.tipo.gov.tw/ct.asp?xItem=522178&ctNode=6818&mp=2). 
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Chapter 4: Domestic Patent Applications and Grants 

In this chapter, we assemble time-series data on one type of indicators of R&D 

success—the annual numbers of domestic patent applications and grants, that is, the numbers 

of patent applications from and grants to the domestic residents of a country or region, for the 

Group-of-Seven (G-7) countries, the East Asian Newly Industrialised Economies (EANIEs), 

and Mainland China.  The patents considered in this study are exclusively what are known as 

“invention patents”, the definitions of which have already been presented in Appendix 3-222 

above.  We also explore visually the relationships between the numbers of the domestic patent 

applications and grants of an economy on the one hand and the quantity of its real R&D capital 

stock on the other.  The formal estimation of an econometric model, linking the numbers of 

patent applications and grants of an economy to the quantity of its real R&D capital stock, will 

be deferred to Chapter 10 below. 

 

The Quantities of Domestic Patent Applications of Selected Economies 

 

The objective of R&D activities is new discovery and invention; in other words, 

innovation.  How should one assess the effectiveness of the R&D activities in an economy?  

How should one measure the degree of success in innovation of an economy?  A number of 

indicators are possible: for example, the numbers of patent applications submitted, both 

domestically and abroad, each year, as well as the numbers of patents granted, either 

domestically or in another country or region, each year.  The number of patent applications can 

be used as an indicator of the success of the country or region in innovation because a patent 

application is filed only if something new--a new design, a new product, a new procedure, a 

new process, or a new software--is believed to have been discovered or invented.  In Chart 4-

1, the number of patent applications submitted domestically each year by domestic applicants 

in each of the economies under study is presented.23 

 

  

                                                 
22 Data on patents used in this study are collected from World Intellectual Property Organization (WIPO), United 

States Patent and Trademark Office (USPTO), China National Intellectual Property Administration (CNIPA) of 

the People’s Republic of China (for Mainland, China), and the Intellectual Property Office, Ministry of Economic 

Affairs, Taipei (for Taiwan, China). 
23 For Germany, Italy and the U.K., WIPO provides two alternative sets of numbers for their domestic patent 

applications: “equivalent applications” and “applications counted by filing office”.  We used the latter, which 

avoids possible double counting. 
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Chart 4-1: The Number of Domestic Patent Applications, 

G-7 Countries, China, and 4 EANIEs 

 

Source: See footnote 1.  The numbers of domestic patent applications of the economies included in our study are 

presented in Table A4-1 of the Appendix to this Chapter. 

 

Chart 4-1 shows that the U.S. was the world leader in terms of the number of domestic 

patent applications submitted from 1951, the earliest year for which U.S. data are available, to 

1966.  Between 1967 and 2009, Japan had the highest number of domestic patent applications 

in the world, until China caught up with it in 2011 (403,515 versus 287,580).  The United States 

caught back up with Japan in 2013 (287,831 versus 271,731).  Somewhat surprisingly, the 

number of domestic patent applications in Mainland China soared from only 4,064 in 1985 to 

1,231,093 in 2019, overtaking those of both the United States and Japan, to become the highest 

in the world since 2011.  Germany was in the third place in the world24 until overtaken by 

South Korea in 1995; it was also surpassed by China in 2003.  The EANIEs have also seen a 

rapid rise in their number of domestic patent applications, with South Korea becoming the 

fourth highest in the world.  The most remarkable feature of Chart 4-1 is the fact that for the 

developed G-7 economies, there have been little or no growth in the numbers of domestic patent 

                                                 
24 Unlike R&D expenditure data, patent application and grant data are available for a unified Germany back to 

1964.  However, both the United States Patent and Trademark Office (USPTO) and the World Intellectual 

Property Organization (WIPO) publish data for a unified Germany only.  Separate patent data for West Germany 

are not available after the re-unification of Germany in 1990. 
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applications in the past decade, with the exception of the U.S.  This is despite fairly significant 

rates of growth in the quantities of their real R&D capital stocks (see Chart 3-2 above).  In 

contrast, in China and the four EANIEs, the numbers of domestic patent applications have been 

growing quite rapidly. 

 

However, for the smaller EANIEs such as Hong Kong and Singapore, where the 

domestic markets are relatively limited in size, the absolute numbers of domestic patent 

applications have remained low, with Singapore surpassing Hong Kong in the early 1990s.  In 

fact, the numbers of the domestic patent applications of Hong Kong and Singapore are lower 

than the numbers of patent applications submitted by their residents to foreign jurisdictions 

such as the U.S.  There are several reasons for this phenomenon.  First, since patent application 

and its continued maintenance if granted, are costly, especially in jurisdictions outside the 

country or region of the discoverer/inventor, they are filed only if they show significant 

commercial potential, and only in countries or regions with potentially large and hence 

profitable markets.  The United States is a potentially profitable market for almost all 

economies in the world because of its large size and a U.S. patent is much more valuable 

commercially than a domestic patent for a discoverer/inventor in small economies.  Second, 

for the small economies, their own domestic markets may not be commercially important 

enough compared to the large foreign markets such as the United States to even warrant filing 

a patent application.  This is especially the case if the discoverer/inventor is employed by the 

local subsidiary of a foreign, including U.S., corporation conducting its business globally.  

Thus, looking only at domestic patent applications and grants may not be sufficient--a 

comparison of the number of patent applications filed in other jurisdictions such as the U.S. 

across economies may be a better indicator of their relative success in innovation.25 

 

In order to adjust for the effect of the size of an economy, in Chart 4-2, the number of 

patent applications submitted domestically by domestic applicants divided by the total 

domestic population each year in each of the economies under study is presented.  South Korea 

is currently by far the world leader in domestic patent applications per capita, with 3.35 

applications per thousand.  Japan had had the highest number of domestic applications per 

capita from 1963, the first year for which Japanese data are available, and reached its peak in 

                                                 
25 An examination of the U.S. patent applications and grants is presented in Chapter 5.  A comparison of the 

number of patent applications filed in European states may also be interesting as Europe as a whole is also a large 

market.  This is done in Chapter 6. 
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2000.  Then it began to decline and was surpassed by South Korea in 2007.  Germany was in 

second place until it was overtaken by South Korea in 1993.  It was further overtaken by both 

the U.S. in 2001 and Taiwan, China in 2004.  The U.S., which has always had a respectable 

number of domestic applications per capita, saw its domestic applications per capita more than 

tripled from 0.25 per thousand persons in 1983 to 0.87 per thousand persons in 2019.  The 

number of domestic patent applications per thousand persons in China has also been rising 

rapidly since 1999 and reached 0.88 per thousand persons to rank third among economies in 

our sample in 2019, behind South Korea and Japan, but ahead of the U.S.26 

 

Chart 4-2: The Number of Domestic Patent Applications per Thousand Persons, 

G-7 Countries, China, and 4 EANIEs 

 

Source: The numbers of domestic patent applications of the economies are taken from Table A4-1 of the Appendix.  

The population data are taken from International Financial Statistics (Canada, France, Germany, Italy, Japan, 

South Korea, Singapore and U.K.), World Development Indicators (U.S.) and the local statistical agencies 

(Mainland China, Hong Kong, China and Taiwan, China). 

 

 

 

 

                                                 
26 There are, of course, other economies not represented in Chart 4-2, for example, Israel had a domestic patent 

application per capita of 0.16 per thousand persons, but an U.S. patent application per capita of 0.98 per thousand 

persons in 2019. 
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The Quantities of Domestic Patent Grants of Selected Economies 

 

An alternative, and perhaps more reliable, indicator of the degree of success in 

innovation is the number of patents granted, as opposed to the number of patent applications.  

In Chart 4-3, the number of patents granted domestically to domestic applicants by the relevant 

domestic patent authority each year in each of the economies under study is presented.  China 

started out with only 38 domestic patents granted in 1985, but increased rapidly to overtake 

Japan, the long-time champion since 1992, in 2015.  China awarded a total of 354,111 domestic 

patents to domestic applicants in 2019.  The U.S. overtook Japan and came in second place in 

2019, with 167,115 patents granted to domestic applicants.  South Korea was in the fourth 

place, behind Japan.  France, Germany, and the U.K, which used to rank right after Japan and 

the U.S., have fallen behind in terms of the number of domestic patents granted.  More 

generally, the numbers of domestic patents granted in the European G-7 countries to domestic 

applicants all show a downward trend.  China’s rise in the number of domestic patent grants to 

domestic applicants has been extraordinarily rapid and it signifies China’s determination to 

become an innovative country.  Moreover, with so many domestic patents granted to domestic 

residents in China, it can be expected that there will be widespread domestic demand for the 

strengthening of the enforcement of intellectual property rights within China itself. 
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Chart 4-3: The Number of Domestic Patents Granted to Domestic Applicants, 

G-7 Countries, China, and 4 EANIEs 

 

Source: See footnote 1.  The numbers of domestic patent grants of the economies included in our study are 

presented in Table A4-2 of the Appendix. 

 

It is interesting to compare the domestic success rates of the domestic applications 

across economies.  The success rate may be defined as the number of domestic patents granted 

to domestic applicants divided by the number of domestic applications submitted by domestic 

applicants, lagged one year.27  The three-year moving-average domestic patent application 

success rates of the economies under study are presented in Chart 4-4, with the omission of 

those economies in which the number of patent applications to the USPTO exceeds the number 

of domestic applications on a regular basis.28  These success rates vary significantly across 

economies and also show significant fluctuations over time.  In 2019, France had the highest 

domestic patent success rate among our sample of economies (75.6%), followed by Japan 

(58.1%), South Korea (56.7%) and the U.S. (53.0%).  The Chinese domestic patent success 

rate was 26.7%.  Germany had the lowest rate at 23.2%, with the U.K. marginally ahead at 

                                                 
27 One can also choose a two-year lag for the number of domestic applications.  It all depends on the time required 

for processing of patent applications by the relevant domestic patent authorities. 
28 The economies omitted include Canada, Hong Kong, Italy, Singapore and Taiwan, all of which have had U.S. 

patent application rates over 100% for long periods of time.  The success rate may occasionally exceed 100%, as, 

for example in the case of the U.K., because of variations in the time elapsed between the submission of a patent 

application and the award of a patent grant. 
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23.4%.  Overall, a downward trend may be observed of the domestic patent success rates of 

non-Asian developed economies, and an upward trend for the East Asian economies of China, 

Japan and South Korea.  We note that these domestic success rates may also reflect the varying 

procedures and standards used in the different jurisdictions.  In addition, while they are clearly 

affected by the number of domestic applications, they may also in turn affect the future number 

of domestic applications. 

 

Chart 4-4: Three-Year Moving-Average Domestic Patent Application Success Rates, 

France, Germany, Japan, U.K., U.S., China and South Korea 

 

Source: Appendix Table A4-3. 

 

The Effect of R&D Capital Stocks 

 

The quantity of the real R&D capital stock of an economy can be expected to have a 

direct and positive causal relationship to the total number of domestic patent applications 

submitted by and grants to its domestic residents.  In Chart 4-5, the annual total number of 

domestic patent applications submitted by the domestic residents of a country or region is 

plotted against the quantity of its real R&D capital stock at the beginning of each year.  Chart 

4-5 shows clearly that the higher the quantity of the real R&D capital stock of an economy is, 

the higher is the number of domestic patent applications submitted by its residents.  The 
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estimated simple linear regression line of the number of patent applications on the quantity of 

real R&D capital stock is statistically highly significant.  The estimated “elasticity” of 1.034 is 

slightly greater than unity, that is, it implies that a one-percent increase in the real R&D capital 

stock may be predicted to increase the number of domestic patent applications by domestic 

residents by 1.03 percent.  However, it is worth noting that on an individual economy basis, 

the positive correlation is not so obvious for the European G-7 countries (see, for example, the 

data points for France, West Germany, Italy, and the U.K.) and for the U.S. in its early phase.  

It is further worth noting that Japan, and the two East Asian NIEs, South Korea and Taiwan, 

may be regarded as the “over-achievers”, in the sense that at any given quantity of real R&D 

capital stock, their domestic residents submitted a higher number of domestic applications than 

that predicted by the linear regression line.  However, all three show a tendency of levelling 

off.  In contrast, Hong Kong and Singapore may be regarded as the “under-achievers”, although 

this may well be due in part to the fact that they themselves have very small domestic markets 

and hence their discoverers and inventors may not find it worthwhile to apply for domestic 

patents.  Finally, China was an “under-achiever” prior to 2000, but transformed into an “over-

achiever” after 2000.  In 2019, the number of domestic applications submitted by domestic 

residents in China was more than eight times what would have been if China had stayed on the 

estimated common linear regression line. 
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Chart 4-5: The Number of Domestic Patent Applications 

and the Quantity of Real R&D Capital Stock, G-7 Countries, China, and 4 EANIEs 

 

 

Source: Data on the number of domestic patent applications from Table A4-1 and data on the quantity of real 

R&D capital stock from Table A3-2 above. 

Note: The numbers in parentheses are the estimated robust standard errors of the coefficients. 

 

In Chart 4-6, the annual total number of domestic patents granted to the domestic 

residents of a country or region is plotted against the quantity of its real R&D capital stock at 

the beginning of each year.  Chart 4-6 also shows clearly the positive relationship between the 

number of domestic patent grants of an economy and the quantity of its real R&D capital stock.  

The estimated simple linear regression line of the logarithm of the number of patents on the 

logarithm of the quantity of real R&D capital stock is also statistically highly significant, 

similar to the relationship between grant applications and R&D capital stock.  The estimated 

“elasticity” of 1.076 implies that, on average, a one-percent increase in the real R&D capital 

stock may be predicted to increase the number of domestic patent grants by more than one 

percent, 1.076 percent to be exact, that is, there are some increasing returns to scale to the 

generation of domestic patent grants from R&D capital. 

 

It is further worth noting that China (since 2000), Japan, and the two EANIEs, South 

Korea and Taiwan, may also be regarded as the “over-achievers”, in the sense that at any given 
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quantity of real R&D capital stock, they were able to achieve a higher number of domestic 

patent grants than that predicted by the linear regression line.  In contrast, Hong Kong and 

Singapore may also be regarded as the “under-achievers”.  In 2019, the number of domestic 

patent grants awarded in China was more than 5.6 times what would have been granted if China 

had stayed on the estimated common linear regression line.  However, the non-Asian developed 

economies all appear to be “under-achievers” in the past decade or two. 

 

Chart 4-6: The Number of Domestic Patent Grants 

and the Quantity of Real R&D Capital Stock, G-7 Countries, China, and 4 EANIEs 

 

Source: Data on the number of domestic patent grants from Table A4-2 and data on the quantity of real R&D 

capital stock from Table A3-2 above. 

Note: The numbers in parentheses are the estimated robust standard errors of the coefficients. 

 

A word of caution is necessary in the interpretation of the domestic patent grant data 

above as the different economies may well have their own different standards in their patent 

grants and moreover these standards may also have changed systematically over time.  For this 

reason, we cannot take the identified “over-achievement” and “under-achievement” of the 

different economies in innovation too literally.  What is unmistakable is the general overall 

positive relationship between the numbers of domestic patent applications and grants on the 

one hand and the quantity of the real R&D capital stock on the other. 
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Appendix 
Table A4-1: The Number of Domestic Patent Applications Submitted by Domestic Residents, 

G-7 Countries, China, and 4 EANIEs 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1945 1,119       

1946 1,392       

1947 1,779       

1948 1,558       

1949 1,381       

1950 1,417       

1951 1,282      49,671 

1952 1,156      52,405 

1953 1,173      62,006 

1954 1,160      64,914 

1955 1,236      64,121 

1956 1,215      62,134 

1957 1,167      60,278 

1958 1,154      63,234 

1959 1,348      63,302 

1960 1,506      63,090 

1961 1,310      66,335 

1962 1,613      66,525 

1963 1,703 15,825   53,876 24,300 66,715 

1964 1,715 16,654 43,255  55,556 23,963 67,013 

1965 1,734 17,509 43,504  60,796 24,274 72,317 

1966 1,954 17,467 42,274  62,962 14,206 66,855 

1967 1,655 17,347 42,581  61,721 25,786 61,651 

1968 1,591 17,561 39,446  71,114 26,711 67,180 

1969 1,785 12,974 38,538  77,132 25,904 68,243 

1970 1,814 14,106 37,653  100,513 25,227 72,343 

1971 1,986 14,962 37,444  78,425 24,771 71,089 

1972 1,970 14,807 38,198  101,328 24,337 65,943 

1973 1,942 13,458 36,421  115,221 22,472 66,935 

1974 1,936 12,706 35,047  121,509 20,545 64,093 

1975 1,782 12,110 34,757  135,118 20,842 64,445 

1976 1,854 11,471 35,237  135,762 21,797 65,050 

1977 1,883 11,811 34,413  135,991 21,114 62,863 

1978 1,838 11,445 36,000  141,517 19,384 61,441 

1979 1,796 11,303 36,991  150,623 19,468 60,535 

1980 1,648 11,000 35,282 2,396 165,730 19,612 62,098 

1981 2,164 10,945 37,261  184,244 20,808 62,404 

1982 2,000 10,681 39,252  204,826 20,530 63,316 
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Table A4-1: The Number of Domestic Patent Applications Submitted by Domestic Residents,  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1983 2,017 11,147 42,173  227,708 19,893 59,390 

1984 2,026 11,333 43,455  256,195 19,093 61,841 

1985 2,092 12,050 43,992 2,000 274,348 19,672 63,874 

1986 2,161 12,155 43,629  290,132 20,040 65,487 

1987 2,527 12,695 42,777  310,908 19,945 68,315 

1988 2,772 12,437 42,894 2,289 308,775 20,536 75,192 

1989 3,031 12,592 41,244  317,353 19,732 82,370 

1990 2,549 12,378 35,282  332,952 19,310 90,643 

1991 2,182 12,597 32,256  335,564 19,230 87,955 

1992 2,807 12,539 33,919 2,847 337,498 18,848 92,425 

1993 3,623 12,638 34,752 2,818 331,774 18,727 99,955 

1994 2,480 12,519 36,715 2,961 319,261 18,384 107,233 

1995 2,431 12,419 38,103 3,222 333,770 18,630 123,958 

1996 2,583 12,916 42,322 3,505 339,045 18,184 106,892 

1997 3,344 13,252 44,438 2,485 349,211 17,938 120,445 

1998 3,809 13,251 46,523 2,845 357,379 19,530 135,483 

1999 4,061 13,592 50,029 3,493 357,531 21,333 149,825 

2000 4,187 13,870 51,736 4,166 384,201 22,050 164,795 

2001 3,963 13,499 49,989 3,329 382,815 21,423 177,511 

2002 3,959 13,519 47,598 3,336 365,204 20,624 184,245 

2003 3,929 13,511 47,818 3,676 358,184 20,426 188,941 

2004 5,231 14,230 48,448 3,998 368,416 19,178 189,536 

2005 5,183 14,327 48,367 4,200 367,960 17,833 207,867 

2006 5,522 14,529 48,012 4,197 347,060 17,484 221,784 

2007 4,998 14,722 47,853 3,481 333,498 17,375 241,347 

2008 5,061 14,658 49,240 3,230 330,110 16,523 231,588 

2009 5,067 14,100 47,859 3,315 295,315 15,985 224,912 

2010 4,550 14,748 47,047 3,339 290,081 15,490 241,977 

2011 4,754 14,655 46,986 3,308 287,580 15,343 247,750 

2012 4,709 14,540 46,620 3,174 287,013 15,370 268,782 

2013 4,567 14,690 47,353 3,125 271,731 14,972 287,831 

2014 4,198 14,500 48,154 3,235 265,959 15,196 285,096 

2015 4,277 14,306 47,384 3,281 258,839 14,867 288,335 

2016 4,078 14,206 48,480 3,328 260,244 13,876 295,327 

2017 4,053 14,415 47,785 3,251 260,292 13,301 293,904 

2018 4,349 14,303 46,617 3,356 253,630 12,865 285,095 

2019 4,238 14,103 46,632 3,471 245,372 12,061 285,113 
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Table A4-1: The Number of Domestic Patent Applications Submitted by Domestic Residents,  

G-7 Countries, China, and 4 EANIEs (continued) 
Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1945      

1946      

1947   236   

1948   169   

1949   233   

1950   126   

1951   30   

1952   91   

1953   68   

1954   127   

1955   144   

1956   275   

1957   443   

1958   510   

1959   634   

1960   545   

1961   800   

1962   714   

1963   2,455   

1964   744   

1965   1,018   

1966   883   

1967   855   

1968   1,086 5  

1969   1,157 1  

1970   1,202 1  

1971   1,283 2  

1972   1,377 2  

1973   1,622   

1974   1,093   

1975   1,326   

1976   1,436   

1977   1,177 4  

1978   989 2  

1979   1,034   

1980   1,241 2  

1981   1,319 4  

1982   1,556   
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Table A4-1: The Number of Domestic Patent Applications Submitted by Domestic Residents,  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1983  21 1,599 5  

1984  20 1,997 4  

1985 4,064 16 2,702 4  

1986 3,494 10 3,640   

1987 3,975 13 4,871   

1988 4,751 12 5,696   

1989 4,685 15 7,020   

1990 5,705 21 9,082   

1991 7,192 16 13,253   

1992 9,663 11 15,951   

1993 11,687 9 21,449   

1994 10,722 21 28,554  2,197 

1995 9,551 23 59,228 145 2,216 

1996 10,857 41 68,405 224 2,938 

1997 11,722 26 67,359 288 3,761 

1998 12,660 128 50,596 311 5,213 

1999 14,403 42 55,970 374 5,804 

2000 23,369 51 72,831 516 6,830 

2001 26,200 74 73,714 523 9,170 

2002 34,811 112 76,570 624 9,638 

2003 50,326 107 90,313 626 13,049 

2004 58,475 127 105,250 641 16,747 

2005 84,052 156 122,188 569 20,093 

2006 111,346 172 125,476 626 21,365 

2007 141,210 160 128,701 696 23,132 

2008 182,312 173 127,114 793 23,744 

2009 218,111 149 127,316 750 22,594 

2010 281,451 133 131,805 895 22,790 

2011 403,515 181 138,034 1,056 23,432 

2012 522,584 171 148,136 1,081 22,949 

2013 693,170 226 159,978 1,143 21,633 

2014 789,698 192 164,073 1,303 18,988 

2015 957,291 239 167,275 1,469 17,262 

2016 1,193,382 233 163,424 1,601 16,866 

2017 1,233,592 324 159,084 1,609 18,199 

2018 1,380,668 314 162,561 1,575 18,365 

2019 1,231,093 346 171,603 1,727 18,984 
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Table A4-2: The Number of Domestic Patent Grants Awarded to Domestic Residents, 

G-7 Countries, China, and 4 EANIEs 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1945 486      23,600 

1946 495      20,203 

1947 520      18,574 

1948 580      22,023 

1949 570      32,119 

1950 655      38,721 

1951 627      39,548 

1952 708      38,068 

1953 742      36,206 

1954 606      29,436 

1955 570      26,457 

1956 652      40,287 

1957 761      36,599 

1958 772      40,959 

1959 899      44,196 

1960 1,219      39,458 

1961 1,258      40,139 

1962 1,207      38,628 

1963 1,194 13,230   14,937  37,174 

1964 1,060 13,673 18,427  15,103  38,410 

1965 1,116 14,570 18,373  17,797  50,331 

1966 1,131 14,881 20,592  17,373  54,634 

1967 1,222 15,246 16,646  13,877  51,274 

1968 1,263 15,627 16,296  18,576  45,781 

1969 1,433 10,288 16,312  18,787 9,807 50,394 

1970 1,461 8,359 11,694  21,404 10,343 47,073 

1971 1,395 13,696 13,425  24,795 10,376 55,975 

1972 1,587 10,767 14,049  29,101 10,116 51,519 

1973 1,486 10,817 16,167  30,937 9,357 51,501 

1974 1,200 9,282 14,128  30,873 8,971 50,646 

1975 1,336 4,962 12,740  36,992 9,120 46,710 

1976 1,293 8,420 13,972  32,465 8,855 44,280 

1977 1,260 8,361 14,992  43,047 7,722 41,488 

1978 1,352 8,083 14,886  37,648 8,464 41,250 

1979 1,369 6,846 15,213  34,863 4,182 30,074 

1980 1,450 8,438 14,281 466 38,032 5,158 37,350 

1981 1,526 6,855 12,250  42,080 6,076 39,218 

1982 1,386 7,764 12,404 1,475 43,794 4,686 33,890 
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Table A4-2: The Number of Domestic Patent Grants Awarded to Domestic Residents, 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1983 1,359 7,323 16,501 157 45,578 5,655 32,868 

1984 1,427 7,651 20,940  51,690 4,442 38,373 

1985 1,355 9,092 21,736  42,323 5,441 39,556 

1986 1,377 8,574 20,813  51,276 4,610 38,126 

1987 1,082 7,716 22,210  54,087 3,875 43,519 

1988 1,184 7,875 20,368 2,646 47,912 3,633 40,498 

1989 1,069 7,230 21,839  54,743 3,273 50,184 

1990 1,109 7,816 18,813  50,370 3,265 47,391 

1991 1,109 7,941 10,851  30,453 3,307 51,177 

1992 1,305 6,891 11,021 3,251 78,994 3,331 52,253 

1993 1,056 7,160 11,098 3,687 77,311 3,019 53,231 

1994 852 11,551 11,736 4,785 72,757 3,517 56,066 

1995 743 13,298 11,436  94,804 3,646 55,739 

1996 709 10,105 12,071 1,944 187,681 2,737 61,104 

1997 648 11,119 12,153 1,383 129,937 2,792 61,708 

1998 949 10,045 12,162 1,178 125,704 3,168 80,289 

1999 1,347 9,601 11,775 1,468 133,960 2,910 83,906 

2000 1,117 8,937 11,772 1,057 112,269 3,003 85,068 

2001 1,210 9,081 11,483 1,197 109,375 2,807 87,600 

2002 1,253 8,189 11,841 1,613 108,515 3,339 86,971 

2003 1,226 9,472 13,707 2,213 110,835 3,662 87,893 

2004 1,425 9,371 12,925 2,217 112,527 3,780 84,270 

2005 1,511 8,481 13,084 1,868 111,088 3,751 74,637 

2006 1,588 10,697 15,457 2,317 126,804 2,978 89,823 

2007 1,809 9,748 12,977 1,353 145,040 2,058 79,526 

2008 1,886 9,236 12,639 1,624 151,765 2,070 77,502 

2009 2,029 9,228 10,284 4,201 164,459 2,118 82,382 

2010 1,906 8,779 9,630 3,721 187,237 2,323 107,791 

2011 2,150 8,815 8,208 1,462 197,594 2,992 108,622 

2012 2,404 11,417 8,164 1,247 224,917 2,974 121,026 

2013 2,756 10,235 9,792 1,806 225,571 2,464 133,593 

2014 2,984 10,570 10,634 1,767 177,750 2,315 144,621 

2015 2,858 11,043 10,411 1,630 146,749 2,838 140,969 

2016 3,295 10,623 10,792 1,463 160,643 2,897 143,723 

2017 2,500 10,216 10,564 1,168 156,844 3,267 150,949 

2018 2,221 10,574 10,789 1,632 152,440 3,005 144,413 

2019 2,035 11,673 11,770 2,130 140,865 3,081 167,115 
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Table A4-2: The Number of Domestic Patent Grants Awarded to Domestic Residents, 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1945      

1946      

1947      

1948      

1949      

1950      

1951      

1952      

1953      

1954      

1955      

1956      

1957      

1958      

1959      

1960      

1961      

1962      

1963   625   

1964      

1965   177   

1966   191   

1967      

1968   207 5  

1969   200 1  

1970   190 1  

1971   192 2  

1972   213 2  

1973   188   

1974   227   

1975   212   

1976   191   

1977   104 3  

1978   133 2  

1979   258   

1980   186 1  

1981   232 3  

1982   274   
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Table A4-2: The Number of Domestic Patent Grants Awarded to Domestic Residents, 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1983  19 245 3  

1984  27 297   

1985 38 14 349 2  

1986 52 12 458   

1987 311 10 596   

1988 616 9 575   

1989 1,083 19 1,181   

1990 1,149 23 2,554   

1991 1,309 15 2,553   

1992 1,378 11 3,570   

1993 2,586 13 4,545   

1994 1,596 17 5,774  
668 

1995 1,471 25 6,575 20 1,138 

1996 1,333 42 8,321 31 1,393 

1997 1,472 12 14,497 20 1,611 

1998 1,574 39 35,900 30 1,598 

1999 2,906 24 43,314 48 2,139 

2000 5,790 41 22,943 110 3,834 

2001 4,955 17 21,833 170 6,477 

2002 5,287 23 30,175 243 5,683 

2003 10,334 28 30,525 175 6,399 

2004 16,262 38 35,284 400 7,641 

2005 18,247 87 53,419 555 9,124 

2006 22,236 52 89,303 438 11,431 

2007 28,181 57 91,645 469 10,445 

2008 40,628 47 61,115 501 6,321 

2009 58,514 86 42,129 473 7,392 

2010 73,820 93 51,404 369 8,367 

2011 105,824 76 72,258 484 10,035 

2012 137,153 90 84,061 410 12,140 

2013 138,337 92 95,667 393 19,532 

2014 157,795 88 97,294 402 21,261 

2015 256,400 96 76,319 446 21,401 

2016 294,817 78 82,400 432 21,178 

2017 320,242 96 90,847 414 18,569 

2018 339,615 161 89,227 312 14,651 

2019 354,111 107 94,852 264 14,481 
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Table A4-3: The Domestic Patent Application Success Rate (3-year moving average), 

G-7 Countries, China, and 4 EANIEs 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1948 38.1       

1949 35.5       

1950 38.9       

1951 42.8       

1952 49.0       

1953 54.6       

1954 57.0      64.4 

1955 55.0      52.4 

1956 51.2      50.4 

1957 54.8      54.2 

1958 60.5      63.2 

1959 68.9      65.6 

1960 78.2      66.7 

1961 84.0      65.3 

1962 88.7      61.4 

1963 83.2      59.2 

1964 76.1      57.2 

1965 67.1      62.9 

1966 64.2 86.3   29.5  69.4 

1967 64.3 86.6 43.1  27.6  75.8 

1968 68.0 87.5 41.7  26.9  75.5 

1969 76.3 78.7 39.7  26.2  75.3 

1970 82.7 71.0 36.7  28.1  72.8 

1971 82.9 73.4 35.8  26.3 39.3 73.8 

1972 79.6 77.8 34.5  29.8 40.6 72.9 

1973 77.4 80.7 38.5  30.8 40.1 76.0 

1974 72.4 71.3 39.5  31.5 39.7 75.4 

1975 68.7 60.4 39.2  29.3 40.9 75.5 

1976 67.8 59.2 38.4  27.1 42.3 72.4 

1977 69.8 60.5 39.7  28.7 40.8 68.5 

1978 70.8 70.3 42.0  27.8 39.3 66.0 

1979 71.4 67.0 42.7  28.0 32.4 59.4 

1980 75.7 67.6 41.4  25.9 29.4 58.8 

1981 82.6 65.6 38.5  25.1 26.4 57.9 

1982 79.1 69.3 35.5  24.8 26.7 59.7 
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Table A4-3: The Domestic Patent Application Success Rate (3-year moving average), 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1983 74.9 67.3 23.1 36.7  23.8 27.0 

1984 67.6 69.4 25.6 41.7  22.9 24.1 

1985 68.5 72.5 27.0 47.2  20.5 26.1 

1986 67.8 73.3 32.8 49.0  19.3 24.8 

1987 60.9 71.6 36.0 49.4  18.0 23.8 

1988 54.2 65.6 37.4 48.6  17.6 20.3 

1989 45.2 61.2 37.8 49.8  17.3 17.8 

1990 40.7 60.7 36.7 48.0  16.3 16.9 

1991 39.6 61.5 36.3 42.4  14.2 16.5 

1992 46.6 60.3 35.2 36.8  16.2 17.0 

1993 47.0 58.7 34.1 32.5  18.5 16.8 

1994 40.3 67.7 33.6 33.6  22.8 17.4 

1995 30.4 84.9 32.5 32.5  24.8 18.2 

1996 27.5 93.0 32.2 32.2  36.0 17.8 

1997 28.1 91.2 30.5 30.5  41.4 16.6 

1998 27.5 81.1 29.3 29.3 49.1 43.5 15.9 

1999 29.6 78.1 27.1 27.1 46.2 37.3 16.0 

2000 30.4 71.3 25.4 25.4 43.1 35.0 15.5 

2001 30.6 67.9 23.7 23.7 36.9 32.5 13.9 

2002 29.3 64.0 23.1 23.1 35.8 29.4 14.1 

2003 30.5 65.4 24.9 24.9 47.8 29.1 15.4 

2004 33.0 66.7 26.5 26.5 58.4 30.0 17.3 

2005 32.0 66.3 27.6 27.6 57.8 30.6 18.6 

2006 31.9 67.9 28.7 28.7 54.1 32.0 18.3 

2007 30.8 67.1 28.7 28.7 44.7 35.5 16.0 

2008 33.7 68.2 28.5 28.5 44.7 40.6 13.5 

2009 36.9 64.3 24.8 24.8 69.6 45.7 12.2 

2010 38.5 62.7 22.5 22.5 96.3 52.9 13.1 

2011 41.7 61.7 19.5 19.5 95.3 60.4 15.6 

2012 45.1 66.6 18.3 18.3 64.6 69.9 17.7 

2013 52.1 69.4 18.6 18.6 46.1 75.0 18.2 

2014 58.1 73.4 20.3 20.3 50.4 74.1 17.0 

2015 64.0 72.8 21.7 21.7 54.6 66.4 16.7 

2016 70.2 74.1 22.3 22.3 50.5 60.9 17.9 

2017 68.8 74.1 22.1 22.1 43.3 59.2 20.6 

2018 64.4 73.2 22.4 22.4 43.3 60.3 21.9 

2019 58.1 75.6 23.2 23.2 49.6 58.1 23.4 
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Table A4-3: The Domestic Patent Application Success Rate (3-year moving average), 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1948      

1949      

1950      

1951      

1952      

1953      

1954      

1955      

1956      

1957      

1958      

1959      

1960      

1961      

1962      

1963      

1964      

1965      

1966      

1967      

1968      

1969      

1970   19.7   

1971   16.9   

1972   16.3   

1973   15.4   

1974   14.7   

1975   15.7   

1976   15.9   

1977   13.7   

1978   11.0   

1979   14.9   

1980   18.5   

1981   20.9   

1982   19.2   
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Table A4-3: The Domestic Patent Application Success Rate (3-year moving average),  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1983   18.4   

1984   18.4   

1985   17.3   

1986  91.2 17.7   

1987  81.7 16.9   

1988 8.6 81.4 15.0   

1989 15.7 109.2 16.3   

1990 20.9 127.0 23.0   

1991 23.4 127.7 28.4   

1992 22.2 97.8 30.5   

1993 23.0 86.1 27.8   

1994 19.9 125.3 27.5   

1995 18.0 142.0 26.1   

1996 13.8 163.5 21.3   

1997 13.7 110.3 19.4  56.5 

1998 13.6 120.6 29.5 13.6 53.4 

1999 16.6 66.0 53.4 11.6 46.1 

2000 25.5 88.8 60.0 18.4 49.9 

2001 28.1 49.9 52.2 25.9 67.3 

2002 27.2 54.0 37.3 36.3 74.3 

2003 23.7 29.8 36.9 35.8 74.4 

2004 27.4 30.5 40.0 46.1 62.3 

2005 31.1 43.0 43.2 59.5 59.8 

2006 30.0 45.8 54.3 75.8 56.6 

2007 27.7 45.0 65.6 79.5 53.4 

2008 26.8 31.9 64.5 74.6 44.4 

2009 28.7 37.4 51.2 68.8 35.8 

2010 31.6 47.2 40.3 60.3 31.8 

2011 34.5 56.4 42.8 54.3 37.4 

2012 35.1 56.4 52.0 47.4 44.3 

2013 32.7 53.6 60.1 43.1 60.3 

2014 27.7 47.5 62.1 36.8 78.4 

2015 27.2 47.6 57.3 35.3 98.7 

2016 28.7 40.5 52.2 32.9 111.2 

2017 30.0 41.3 50.5 29.8 115.2 

2018 28.4 41.2 53.6 24.9 104.4 

2019 26.7 41.7 56.7 20.7 89.8 
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Chapter 5: U.S. Patent Applications and Grants 

In this chapter, we assemble time-series data on another type of indicators of R&D 

success—the annual numbers of U.S. patent applications and grants, that is, the numbers of 

U.S. patent applications from and grants to the residents of a country or region in our sample.  

We also explore the relationships between the numbers of the U.S. patent applications from 

and grants to each economy on the one hand and the quantity of the real R&D capital stock of 

this economy on the other.  We choose to look at the U.S. patent applications and grants for all 

economies in our study so that their numbers of patent applications and grants are more 

comparable both across economies and time from the points of view of both quality and 

quantity.  In addition, as the largest market by value in the world, the U.S. attracts the most 

foreign patent applications.  The Chinese market has also been growing rapidly and will 

become the world’s largest market in another decade or so.  China will be attracting more and 

more patent applications from foreign discoverers and inventors in the future as no one can 

afford to ignore the potential of the Chinese market.  Moreover, the protection of intellectual 

property in China has also been greatly strengthened since 2014, when specialised intellectual 

property courts were established.  In Chart 5-1, the number of patent applications submitted in 

the U.S. each year by the residents of each of the economies under study, including those of 

the U.S. itself, is presented. 
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Chart 5-1: The Number of U.S. Patent Applications, G-7 Countries, China, and 4 EANIEs 

 

Source: The numbers of U.S. patent applications are taken from Table A5-1 of the Appendix to this Chapter. 

 

The U.S. is clearly the world leader in terms of the number of patent applications filed 

in the U.S., followed by Japan.  Germany was in third place from 1974 through 2011, when it 

was overtaken by South Korea.  The growth of the number of patent applications from China 

has been phenomenal: in 1976, there were only nine applications, but the number grew to 

39,055 applications in 2019, with China replacing South Korea in third place.  The numbers of 

applications from the newly industrialised economy of Taiwan, China also grew rapidly from 

1968 but began to level off in 2006.  The numbers of applications from the developed 

economies of Canada, France, Italy and the U.K. have all fallen behind the East Asian 

economies with the exceptions of the two city-economies of Hong Kong and Singapore.  As 

noted in Chapter 4, for such small economies, the numbers of their U.S. patent applications can 

far exceed the numbers of their domestic patent applications. 

 

Again, in order to adjust for the effect of the size of the economy, in Chart 5-2, the 

number of U.S. patent applications submitted by the residents of each economy divided by its 

total domestic population each year is presented.  The U.S. was the world leader in the number 

of U.S. patent applications per capita until it was overtaken by an East Asian newly 

industrialised economy, Taiwan, China, in 2004.  The U.S. recaptured the lead in 2013.  South 

1

10

100

1,000

10,000

100,000

1,000,000

1
9

6
5

1
9

6
6

1
9

6
7

1
9

6
8

1
9

6
9

1
9

7
0

1
9

7
1

1
9

7
2

1
9

7
3

1
9

7
4

1
9

7
5

1
9

7
6

1
9

7
7

1
9

7
8

1
9

7
9

1
9

8
0

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

T
h

e
 N

u
m

b
e
r 

o
f 

U
.S

. 
P

a
te

n
t 
A

p
p

li
c
a

ti
o

n
s

Canada France

Germany Italy

Japan United Kingdom

United States Mainland, China

Hong Kong, China South Korea

Singapore Taiwan, China



63 

 

Korea (0.665), another East Asian newly industrialised economy, overtook Japan (0.662) in 

2013 to become the third highest in our sample of economies, and managed to retain its third 

place in 2019.  China has remained in the last place even though its number of applications per 

capita has been rising, albeit slowly, mostly because it has a relatively low U.S. patent 

application rate--its large population per se is not an important factor because the number of its 

domestic patent applications per capita was higher than that of the U.S. in both 2018 and 2019. 

Chart 5-2: The Number of U.S. Patent Applications per Thousand Persons, 

G-7 Countries, China, and 4 EANIEs 

 

Source: The numbers of U.S. patent applications of the economies are taken from Table A5-1 of the Appendix. 

The population data are taken from International Financial Statistics (Canada, France, Germany, Italy, Japan, 

South Korea, Singapore and U.K.), World Development Indicators (U.S.) and the local statistical agencies 

(Mainland China, Hong Kong, China and Taiwan, China). 

 

An interesting indicator is the U.S. patent application rate of each economy, defined as 

the ratio of the number of U.S. patent applications to the number of domestic patent 

applications submitted by domestic residents.  Given that patent application and maintenance 

are costly, especially in a foreign jurisdiction, the U.S. patent application rate may provide 

information on the self-perceived quality of the discoveries and inventions that underlie the 

patent applications.  However, for economies in which the U.S. patent application rate exceeds 

100 percent, it is not going to be a good indicator of the self-perceived quality of the U.S. patent 
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applications from these economies.  It is, instead, an indicator of the perceived relative 

unimportance of the domestic market. 

 

The U.S. patent application rates of selected economies are presented in Chart 5-3.  It 

is clear that the U.S. patent application rates differ significantly across economies.  The U.S. 

patent application rate of the U.S. itself is of course 100%.  The U.S. patent application rates 

of the smaller economies such as Canada, Hong Kong, Singapore and Taiwan all exceed 100 

percent, sometimes very substantially.  The U.S. patent application rates of Italy (since 2008) 

and the U.K. (since 2016) have also exceeded 100 percent.29  In 2019, France had the highest 

U.S. patent application rate (82.9%) among the group of economies with application rates 

below 100%, followed by Germany (65.0%) and Japan (34.4%).  The Chinese application rate 

was a low 3.2%.  We attribute this exceptionally low rate to the costs of application and 

maintenance, the language barrier, and possibly to the huge size of the Chinese domestic 

market itself.30  In time, we expect the U.S. patent application rate of China to rise significantly. 

 

  

                                                 
29 The data on domestic applications of Italy, collected from the World Intellectual Property Organization (WIPO), 

appear to have some problems.  They have been adjusted.  The adjusted data have been used to calculate the U.S. 

application rates for Italy. 
30 The Chinese domestic market is large enough for the Chinese discoverers and inventors. 
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Chart 5-3: U.S. Patent Application Rates, G-7 Countries, China, and 4 EANIEs 

 

Sources: Authors’ Calculations. The numbers of U.S. patent applications of the economies are taken from Table 

A5-1 of the Appendix to this Chapter. The numbers of domestic patent applications of the economies are taken 

from Table A4-1 of the Appendix to Chapter 4. 

 

In the interests of better legibility, we have also reproduced Chart 5-3 without the 

logarithmic scale as Chart 5-4 below and omitting the data of Hong Kong and Singapore as 

well as the off-chart data of Canada.  Chart 5-4 shows that the U.S. patent application rates of 

the other economies have on the whole been rising since the late 1990s, some more rapidly 

than others, with the exception of China, which has had by far the lowest U.S. patent application 

rate of between 2% and 3% for the past two decades. 
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Chart 5-4: U.S. Patent Application Rates, G-7 Countries, China, and 2 EANIEs 

 

Sources: Authors’ Calculations. The numbers of U.S. patent applications of the economies are taken from Table 

A5-1 of the Appendix to this Chapter.  The numbers of domestic patent applications of the economies are taken 

from Table A4-1 of the Appendix to Chapter 4. 

Note: The data for Hong Kong and Singapore, as well as the data for Canada since 2007, have been omitted 

because their inclusion will cause part of the rest of the chart to be illegible. 

 

The quantity of the real R&D capital stock of an economy can be expected to have a 

direct and positive causal relationship to its total number of U.S. patent applications and grants.  

In Chart 5-5, the annual total number of U.S. patent applications submitted by the domestic 

residents of an economy is plotted against the quantity of its real R&D capital stock at the 

beginning of that year.  Chart 5-5 shows clearly that the higher the quantity of the real R&D 

capital stock of an economy is, the higher is the number of U.S. patent applications submitted 

by its domestic residents, similar to its number of domestic patent applications (see Chart 4-5).  

The estimated simple linear regression line of the number of patent applications on the quantity 

of real R&D capital stock is statistically highly significant.  The regression line indicates an 

estimated elasticity of 0.998, or almost exactly unity, that is, a one-percent increase in the 

quantity of the real R&D capital stock increases the number of patent applications by one 

percent.  The EANIEs all appear to be “over-achievers” whereas the data points for the G-7 

countries seem to lie quite close to the linear regression line.  In contrast, China has been an 

“under-achiever” but has been reducing steadily the degree of “under-achievement”. 
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Chart 5-5: The Number of U.S. Patent Applications 

and the Quantity of Real R&D Capital Stock, G-7 Countries, China, and 4 EANIEs 

 

Sources: Data on the number of U.S. patent applications are from Table A5-1 and data on the quantity of real 

R&D capital stock are from Table A3-2 above. 

Note: The numbers in parentheses are the estimated robust standard errors of the coefficients of the linear 

regression line. 

 

In Chart 5-6, the total numbers of patents granted by the U.S. Patent and Trademark 

Office (USPTO) each year to all applicants and to U.S. applicants are presented.  The share of 

total patents granted by the USPTO to U.S. residents started at 81.4% in 1963 and declined 

steadily to 47.2% in 2019.  In 2019, the total number of U.S. patents granted was 354,430, with 

167,115, or slightly less than half, going to U.S. applicants.  Over the decade from 2010 to 

2019, the share of USPTO patent grants awarded to U.S. residents remained fairly constant, 

averaging 47.8%. 
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Chart 5-6: Patents Granted in the United States to All Applicants and U.S. Applicants 

 

Source: USPTO. 

 

In Chart 5-7, the number of patents granted in the United States by the USPTO each 

year to applicants from different economies, including the U.S. itself, is presented.  The U.S. 

is the undisputed champion over the past fifty years, with more than 167,115 patent grants in 

2019, followed by Japan, with 53,542 patent grants, and then South Korea (21,684) and 

Mainland, China (19,209).  Germany started as number two in 1963, and was surpassed 

successively by Japan (1975), South Korea (2011) and China (2019) to settle into fifth place.  

Since these are patents granted in the U.S. by the USPTO, the U.S. may possibly have a “home 

court” advantage; however, for all the other economies, the comparison across them should be 

reasonably fair.  The number of U.S. patents granted to Chinese applicants each year has been 

increasing rapidly from single-digit levels in the early 1980s to almost 20,000 in 2019.  The 

number of U.S. patents granted to applicants from Taiwan, China was 11,489 in 2019, ahead 

of the U.K., Canada, France and Italy. 
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Chart 5-7: USPTO Patent Grants, G-7 Countries, China, and 4 EANIEs 

 

Source: The numbers of U.S. patent grants of the economies are taken from Table A5-2 of the Appendix. 

 

In Chart 5-8, the number of patents granted in the United States by the USPTO each 

year to the applicants from different economies, including the U.S. itself, divided by the 

population of the respective economies, is presented.  On a per capita basis, the U.S. was the 

world champion until 2007, when it was overtaken by Taiwan, China and Japan.  In 2019, the 

latest year for which published data on U.S. patents are available, the U.S. was the leader again, 

with 509 U.S. patents granted per million persons, followed by Taiwan, China (487), South 

Korea (423), Japan (422) and Germany (220).  Mainland, China, because of its large population, 

was in last place among the economies under study, with slightly less than 14 U.S. patents 

granted per million persons in 2019. 
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Chart 5-8: The Number of U.S. Patents Granted per Million Persons, 

G-7 Countries, China, and 4 EANIEs 

 

Sources: The numbers of U.S. patent grants of the different economies are taken from Table A5-2 of the Appendix.  

The population data are taken from International Financial Statistics (Canada, France, Germany, Italy, Japan, 

South Korea, Singapore and U.K.), World Development Indicators (U.S.) and the local statistical agencies 

(Mainland China, Hong Kong, China and Taiwan, China). 

 

While using the number of patents actually granted by a specific country or region such 

as the United States as an indicator of innovation has the advantage of maintaining the same 

objective quality standard in the comparison of the output of R&D activities across the different 

countries and regions, it is also subject to possible changes in the procedures and standards of 

the granting country or region over time.  Thus, neither the number of U.S. patent applications 

nor the number of U.S. patent grants by themselves can be a perfect measure of the (relative) 

R&D output of the different economies.  It is interesting to examine the data on the success 

rates of the U.S. patent applications of each economy over time.  Since the number of patents 

granted must lag behind the number of applications, the success rate may be computed by 

dividing the number of patents granted in the current year by the number of patent applications 

in the previous year. 

 

In Chart 5-9, the three-year moving-average success rates of patent applications filed 

in the United States each year by the residents of different economies, including the U.S. itself, 

over time, are presented.  In 2019, Taiwan, China had the highest success rate, at 59.8%, and 
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the U.K. had the lowest success rate, at 50.4%, with the U.S. itself at an intermediate 53.0%.31  

These success rates of almost all countries and regions in our sample, including the U.S. itself, 

show strongly synchronous fluctuations over time, with the possible exceptions of some 

outliers in the years prior to 1990.  There is little evidence of any bias in favour of the United 

States, or for that matter, any other economy, in the three-year moving-average success-rate 

data.  Moreover, the success rates for all economies are actually contained in a relatively narrow 

band, which does move over time.  This indicates possible changes in the procedures and/or 

standards in the approval process by the USPTO in specific years.  These changes will have to 

be taken into account in the econometric analysis to be conducted in Part Four of this study. 

 

Chart 5-9: Three-Year Moving-Average U.S. Patent Application Success Rates, 

G-7 Countries, China, and 4 EANIEs 

 

Source: Three-year moving-average U.S. patent application success rates are taken from Table A5-3 of the 

Appendix. 

 

There are two possible measures of the degree of stringency of the standards applied by 

the USPTO.  The first measure is its own total success rate of patent applications, defined as 

the total number of patents granted to all economies, including the U.S. itself, divided by the 

total number of patent applications received from all economies in the previous year.  The 

                                                 
31 This may be taken as evidence that there is no obvious home bias in the U.S. patent grants. 
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second measure is its total success rate of patent applications submitted by non-U.S. applicants, 

defined as the total number of patents granted to all economies except the U.S., divided by the 

total number of patent applications received from all economies except the U.S. in the previous 

year.  In Chart 5-10, these two alternative U.S. patent grant rates and their three-year moving-

averages are presented.  While the U.S. total patent grant rates show significant year-to-year 

variations over time, they track closely with the individual-economy-specific U.S. patent 

application success rates in Chart 5-9.  Chart 5-10 shows that the two alternate U.S. total patent 

grant rates, regardless of whether they include the U.S. patent grant applications by U.S. 

residents, have been practically the same in every year since 1977.  This is even truer of the 

three-year moving-averages.  If anything, they show that foreign patent applicants have a 

slightly higher success rate than U.S. applicants.  This confirms that there is really no “home 

court” advantage for U.S. patent applicants. 

 

Moreover, despite the fluctuations over time, there is also a distinct and unmistakable 

overall downward drift in the patent application success rates.  What this means is that for any 

economy, even if the quantity and quality of its U.S. patent applications are constant over time, 

the number of U.S. patents granted may still fluctuate because of the changing U.S. operating 

procedures and/or standards over time.  These variations in the total patent grant rates of the 

USPTO will be taken into account in the econometric analysis in Part Four. 

  



73 

 

Chart 5-10: U.S. Total and Foreign Patent Grant Rates 

 

Source: Authors’ calculations.  Data on the number of U.S. patent applications and grants are from Table A5-1 

and Table A5-2, respectively. The three-year moving-average U.S. patent application success rates are taken from 

Table A5-3 of the Appendix. 

 

The Relationship between Domestic and U.S. Patent Grants 

 

It is also interesting to examine the relationship between the U.S. patent application 

success rate and the domestic patent application success rate of each economy.  This can 

provide some indirect evidence on the quality of the domestic patents granted compared to the 

U.S. patents granted and its evolution over time.  In Chart 5-11, the U.S. patent application 

success rate is plotted against the domestic patent application success rate of each economy 

each year, where we have omitted the data of economies with an U.S. patent application rate 

that is over 100 percent on a regular basis.  There appears to be a generally positive correlation 

between the U.S. patent success rate and the domestic patent success rate for the selected 

economies—the higher the domestic success rate is, the higher the U.S. success rate will be.  

The simple linear regression of the U.S. success rate on the domestic success rate is statistically 

highly significant.  On average, an increase of one percentage point in the domestic success 

rate of an economy increases its U.S. success rate by 0.21 percentage point. 
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Chart 5-11: Scatter Diagram between U.S. and Domestic Patent Application Success Rates, 

France, Germany, Japan, United Kingdom, China and South Korea 

 

Sources: Table A5-3 of the Appendix and Table A4-3 of the Appendix in Chapter 4. 

 

However, it is interesting to note that all the data points of Germany and the U.K. lie 

above the 45-degree line, which means that their U.S. success rates are always higher than their 

domestic success rates.  This suggests that their application rates for respectively the domestic 

and U.S. patents must be very different.  The same is true of the Chinese data points except for 

the years 2005 and 2007.  Japan was like Germany and the U.K. until 2008, after which its 

domestic success rate has been always higher than its U.S. success rate except in 2015 and 

2019.  South Korea’s experience was largely similar to that of Japan, with its U.S. success rate 

exceeding its domestic success rate from 1975 to 2004 (except for 1979 and 1999) and vice 

versa for most years after 2005.  France has had the opposite experience of Germany and the 

U.K.: in the 54 years between 1966 and 2019, its domestic success rate was greater than its 

U.S. success rate for 39 years; in particular, between 2000 and 2019, its domestic success rate 

was always greater than its U.S. success rate. 

  

In Chart 5-12, we plot the domestic and U.S. success rates of each of the economies 

featured in Chart 5-11 as a time series.  The domestic success rates were plotted as broken lines 
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markers.  For France, the domestic success rates have been higher than the U.S. success rates.  

For Germany, the U.K. and China, the U.S. success rates have been consistently higher than 

the domestic success rates.  For Japan, the U.S. success rates were higher than the domestic 

success rates from 1966 to 2007, then became lower from 2008 onwards except for 2015 and 

2019.  The experience of South Korea was broadly similar to that of Japan. 

 

Chart 5-12: U.S. and Domestic Patent Application Success Rates, 

France, Germany, Japan, United Kingdom, China and South Korea 

 

 

In Chart 5-13,32 33 the annual number of patents granted to the residents of an economy 

by the USPTO is plotted against the quantity of its real R&D capital stock at the beginning of 

that year.  Chart 5-13 also shows clearly that in general the higher the quantity of the real R&D 

capital stock of an economy is, the higher the number of U.S. patents granted to its residents.  

The estimated simple linear regression line is also statistically highly significant.  It suggests 

that the elasticity of USPTO patent grants with respect to the quantity of real R&D capital stock 

may be estimated as 1.121.  This implies the existence of fairly significant economies of scale 

in real R&D capital—a one-percent increase in the quantity of real R&D capital increases the 

                                                 
32 Data for real R&D capital stocks are not available for a unified Germany before 1990.  Data for U.S. patents 

granted are not available separately for West Germany.  Thus, only data for a united Germany are included in 

Chart 5-13. 
33 The data in Chart 5-13 are identical with those in Chart 1-1. 
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number of U.S. patent grants by approximately 1.12 percent.  Moreover, on an individual 

economy basis, the positive correlation is apparent even for the G-7 countries.34  The EANIEs 

(South Korea and Singapore since 1991), including even Hong Kong, have all turned out to be 

“over-achievers”, that is, at the same quantity of real R&D capital stock, they were awarded 

more U.S. patent grants than the number predicted by the linear regression line.  However, 

China has stood out as a significant “under-achiever”, in the sense that at the same quantity of 

real R&D capital stock, it was only able to achieve a much lower number of U.S. patents 

granted than the number predicted by the linear regression line.  However, the degree of “under-

achievement” has been steadily declining over time. 

 

Chart 5-13: The Number of USPTO Patent Grants 

and the Quantity of Real R&D Capital Stock, G-7 Countries, China, and 4 EANIEs 

 

Sources: Table A5-2 of the Appendix and Table A3-2 of the Appendix in Chapter 3. 

 

The perceived “over-“ and “under-achievement” may actually reflect significant 

systematic differences in not only the efficiency in the generation of domestic and U.S. patent 

grants across economies, but also in the standards used by the patent granting authorities of the 

different economies.  Thus, China appears to have higher than average efficiency in the 

                                                 
34 This is consistent with the view that the standards used by the USPTO are more stable than those of the patent 

authorities of the individual economies.  This also confirms that the U.S. patent grants data are more comparable 

across economies. 

0

1

10

100

1,000

10,000

100,000

1,000,000

0 1 10 100 1,000 10,000

T
h

e
 N

u
m

b
e
r 

o
f 

U
.S

. 
P

a
te

n
t 
G

ra
n

ts

The Quantity of R&D Capital Stock (billion 2019 US$)

Canada France
Germany Italy
Japan United Kingdom
United States Mainland, China
Hong Kong, China South Korea
Singapore Taiwan, China
Linear Regression Line

Adj. R2=0.7876



77 

 

generation of domestic patents but lower than average efficiency in the generation of U.S. 

patents.  We believe that the relative efficiencies in the generation of U.S. patent grants are 

probably more reliable because all economies face the same uniform standards of the USPTO 

as opposed to the possibly differing standards maintained by the respective domestic patent 

granting authorities. 

 

The positive relationship between the number of patent grants and the quantity of real 

R&D capital stock appears stronger for U.S. patent grants than for domestic patent grants (see 

Chapter 4, Chart 4-6).  The estimated elasticity is 1.12 compared to 1.08.35  This may be due 

to the more uniform standards on patent grants on the part of the USPTO and also possibly to 

self-selection on the part of the non-U.S. applicants who might choose to submit applications 

only for discoveries or inventions perceived to be of higher quality and therefore more likely 

to be approved.  Taken as a whole, the overall positive relationship between patent grants, 

whether domestic or U.S., and the quantity of the real R&D capital stock, is unmistakable.  The 

higher the quantity of real R&D capital stock is, the higher is the number of patent grants.  In 

the empirical analysis in Part Four of this study, a more systematic econometric approach will 

be used to estimate this positive causal relationship between the numbers of patent applications 

and grants on the one hand and the quantity of real R&D capital stocks on the other. 

 

  

                                                 
35 The adjusted 𝑅2 for the simple linear regression of ln (number of domestic grants) on ln (quantity of R&D 

capital stock) as shown in Chart 4-6 is 0.7293, compared to the 0.7876 in Chart 5-13. 



78 

 

Appendix 

Table A5-1: The Number of U.S. Patent Applications Submitted by Residents of Selected 

Economies, G-7 Countries, China, and 4 EANIEs 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1965 1,695 2,238 5,728 811 2,263 4,479 72,317 

1966 1,323 2,174 5,504 849 2,479 4,238 66,855 

1967 1,456 2,385 5,734 866 3,354 4,597 61,651 

1968 1,558 2,522 6,455 960 4,051 4,660 67,180 

1969 1,707 2,821 7,405 1,031 5,430 5,216 68,243 

1970 1,843 2,625 7,798 1,105 6,093 4,746 72,343 

1971 2,025 2,987 7,772 1,160 7,418 4,734 71,089 

1972 1,966 3,122 7,800 1,162 6,831 4,811 65,943 

1973 2,095 3,197 8,603 1,128 8,565 4,914 66,935 

1974 2,191 3,157 8,897 1,192 9,163 5,109 64,093 

1975 2,127 3,048 8,271 1,164 8,566 4,568 64,445 

1976 2,237 3,005 8,369 1,230 9,365 4,529 65,050 

1977 2,192 3,007 8,942 1,224 9,674 4,533 62,863 

1978 2,050 3,257 9,303 1,328 10,189 4,468 61,441 

1979 2,061 3,127 9,395 1,480 11,185 4,270 60,535 

1980 1,969 3,331 9,765 1,501 12,951 4,178 62,098 

1981 2,202 3,237 10,020 1,384 14,009 4,294 62,404 

1982 2,138 3,336 10,109 1,500 16,068 4,351 63,316 

1983 1,995 3,213 8,959 1,411 15,998 4,138 59,390 

1984 2,273 3,507 9,829 1,636 18,473 4,370 61,841 

1985 2,270 3,605 10,532 1,628 21,431 3,825 63,874 

1986 2,438 3,884 10,725 1,799 22,895 4,641 65,487 

1987 2,791 3,837 10,830 1,822 24,516 4,898 68,315 

1988 3,046 4,301 11,018 1,943 28,357 4,788 75,192 

1989 3,425 4,268 11,437 1,964 31,791 5,066 82,370 

1990 3,511 4,771 11,292 2,093 34,113 4,959 90,643 

1991 3,641 4,723 10,874 2,123 36,846 4,557 87,955 
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Table A5-1: The Number of U.S. Patent Applications Submitted by Residents of Selected 

Economies, G-7 Countries, China, and 4 EANIEs (continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1992 3,761 4,828 11,652 2,288 38,633 4,587 92,425 

1993 3,910 4,320 10,500 1,906 34,816 4,414 99,955 

1994 4,255 4,528 11,324 1,998 37,768 4,856 107,233 

1995 4,745 5,001 11,853 2,128 39,872 5,202 123,958 

1996 4,443 4,486 11,550 2,062 39,510 4,791 106,892 

1997 4,694 4,759 12,333 2,119 41,767 5,147 120,445 

1998 5,689 5,249 13,885 2,313 45,260 6,110 135,483 

1999 6,149 6,216 16,978 2,577 47,821 6,948 149,825 

2000 6,809 6,623 17,715 2,704 52,891 7,523 164,795 

2001 7,221 6,852 19,900 2,967 61,238 8,362 177,511 

2002 7,375 6,825 20,418 2,980 58,739 8,391 184,245 

2003 7,750 6,603 18,890 3,011 60,350 7,700 188,941 

2004 8,202 6,813 19,824 2,997 64,812 7,792 189,536 

2005 8,638 6,972 20,664 2,993 71,994 7,962 207,867 

2006 9,652 7,176 22,369 3,274 76,839 8,342 221,784 

2007 10,421 8,046 23,608 3,376 78,794 9,164 241,347 

2008 10,307 8,561 25,202 3,805 82,396 9,771 231,588 

2009 10,309 9,331 25,163 3,940 81,982 10,568 224,912 

2010 11,685 10,357 27,702 4,156 84,017 11,038 241,977 

2011 11,975 10,563 27,935 4,282 85,184 11,279 247,750 

2012 13,560 11,047 29,195 4,516 88,686 12,457 268,782 

2013 13,675 11,462 30,551 4,580 84,967 12,807 287,831 

2014 12,963 11,947 30,193 4,764 86,691 13,157 285,096 

2015 13,201 12,327 30,016 4,839 86,359 13,296 288,335 

2016 13,493 12,863 31,201 5,209 86,021 14,074 295,327 

2017 13,301 12,584 30,783 5,355 86,113 14,057 293,904 

2018 13,045 12,290 30,691 5,406 85,322 13,681 285,095 

2019 13,432 11,690 30,290 5,154 84,435 14,124 285,113 

 



80 

 

Table A5-1: The Number of U.S. Patent Applications Submitted by Residents of Selected 

Economies, G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1965  9   8 

1966  15  4 16 

1967  7   13 

1968     3 

1969  24  2 19 

1970  23   27 

1971  25  5 28 

1972  13  6 40 

1973  25  4 66 

1974  33 22 3 102 

1975  38 20 5 113 

1976 9 33 27 7 127 

1977 9 56 28 7 174 

1978 6 45 34 6 243 

1979 15 39 34 9 262 

1980 7 56 33 6 367 

1981 10 38 64 5 394 

1982 5 55 68 6 509 

1983 12 44 78 11 530 

1984 18 46 74 9 601 

1985 24 56 129 19 760 

1986 112 66 162 17 959 

1987 83 82 235 17 1,182 

1988 122 86 295 17 1,246 

1989 112 108 607 37 1,507 

1990 111 86 775 36 2,035 

1991 126 132 1,321 63 2,252 
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Table A5-1: The Number of U.S. Patent Applications Submitted by Residents of Selected 

Economies, G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1992 129 150 1,471 89 2,667 

1993 135 155 1,624 104 2,874 

1994 100 219 2,354 134 3,560 

1995 144 163 2,820 144 4,054 

1996 142 222 4,248 176 4,766 

1997 117 207 4,920 213 5,492 

1998 181 274 5,452 336 7,412 

1999 257 403 5,033 460 9,411 

2000 469 473 5,705 632 9,046 

2001 626 626 6,719 786 11,086 

2002 888 681 7,937 807 12,488 

2003 1,034 729 10,411 771 13,786 

2004 1,655 815 13,646 879 15,057 

2005 2,127 816 17,217 919 16,617 

2006 3,768 889 21,685 1,143 19,301 

2007 3,903 1,053 22,976 1,188 18,486 

2008 4,455 1,027 23,584 1,266 18,001 

2009 6,879 885 23,950 1,225 18,661 

2010 8,162 995 26,040 1,540 20,151 

2011 10,545 1,053 27,289 1,564 19,633 

2012 13,273 1,070 29,481 1,688 20,270 

2013 15,093 1,166 33,499 1,722 21,262 

2014 18,040 1,253 36,744 1,869 20,201 

2015 21,386 1,230 38,205 1,833 19,471 

2016 26,026 1,435 37,341 1,988 18,718 

2017 29,674 1,473 35,565 2,004 19,019 

2018 32,615 1,349 33,961 1,888 19,103 

2019 39,055 1,311 36,424 1,973 19,599 
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Table A5-2: The Number of U.S. Patent Grants Awarded to Residents of Selected Economies, 

G-7 Countries, China, and 4 EANIEs 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1963 606 853 2,338 345 407 1,813 37,174 

1964 648 1,013 2,418 308 544 1,852 38,410 

1965 853 1,372 3,338 414 919 2,558 50,331 

1966 938 1,435 3,981 429 1,122 2,675 54,634 

1967 992 1,558 3,766 471 1,424 2,800 51,274 

1968 898 1,446 3,442 477 1,464 2,481 45,781 

1969 993 1,809 4,524 556 2,152 3,181 50,394 

1970 1,068 1,731 4,439 571 2,625 2,954 47,073 

1971 1,328 2,215 5,525 726 4,029 3,465 55,975 

1972 1,242 2,230 5,728 838 5,151 3,168 51,519 

1973 1,347 2,144 5,588 759 4,941 2,855 51,501 

1974 1,326 2,569 6,156 807 5,894 3,146 50,646 

1975 1,298 2,367 6,058 737 6,354 3,041 46,710 

1976 1,193 2,408 6,212 754 6,542 2,991 44,280 

1977 1,220 2,108 5,563 756 6,217 2,652 41,488 

1978 1,227 2,119 5,874 725 6,912 2,722 41,250 

1979 867 1,604 4,545 595 5,252 1,907 30,074 

1980 1,083 2,087 5,782 806 7,124 2,405 37,350 

1981 1,138 2,181 6,304 883 8,389 2,470 39,218 

1982 993 1,975 5,469 753 8,149 2,137 33,890 

1983 1,002 1,895 5,478 625 8,793 1,928 32,868 

1984 1,202 2,163 6,323 794 11,110 2,268 38,373 

1985 1,342 2,400 6,718 919 12,746 2,493 39,556 

1986 1,314 2,369 6,856 995 13,209 2,403 38,126 

1987 1,594 2,874 7,884 1,183 16,557 2,769 43,519 

1988 1,489 2,661 7,352 1,076 16,158 2,582 40,498 

1989 1,960 3,140 8,352 1,297 20,169 3,095 50,184 

1990 1,859 2,866 7,614 1,259 19,525 2,791 47,391 

1991 2,037 3,030 7,680 1,209 21,025 2,802 51,177 
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Table A5-2: The Number of U.S. Patent Grants Awarded to Residents of Selected Economies,  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1992 1,964 3,029 7,309 1,271 21,925 2,425 52,253 

1993 1,944 2,909 6,893 1,285 22,293 2,300 53,231 

1994 2,008 2,779 6,731 1,215 22,384 2,231 56,066 

1995 2,104 2,821 6,600 1,078 21,764 2,479 55,739 

1996 2,232 2,788 6,818 1,200 23,053 2,450 61,104 

1997 2,379 2,958 7,008 1,239 23,179 2,672 61,708 

1998 2,973 3,674 9,095 1,584 30,840 3,460 80,289 

1999 3,226 3,820 9,337 1,492 31,104 3,565 83,906 

2000 3,419 3,819 10,235 1,714 31,295 3,659 85,068 

2001 3,606 4,041 11,260 1,709 33,223 3,955 87,600 

2002 3,431 4,035 11,280 1,751 34,858 3,829 86,971 

2003 3,427 3,868 11,444 1,722 35,515 3,619 87,893 

2004 3,374 3,380 10,779 1,584 35,348 3,441 84,270 

2005 2,894 2,866 9,011 1,296 30,341 3,141 74,637 

2006 3,572 3,431 10,005 1,480 36,807 3,579 89,823 

2007 3,318 3,130 9,051 1,302 33,354 3,291 79,526 

2008 3,393 3,163 8,914 1,357 33,682 3,085 77,502 

2009 3,655 3,140 9,000 1,346 35,501 3,173 82,382 

2010 4,852 4,450 12,363 1,798 44,813 4,299 107,791 

2011 5,014 4,532 11,919 1,885 46,139 4,292 108,622 

2012 5,775 5,386 13,835 2,120 50,677 5,211 121,026 

2013 6,547 6,083 15,498 2,499 51,919 5,806 133,593 

2014 7,043 6,691 16,550 2,628 53,849 6,487 144,621 

2015 6,802 6,565 16,549 2,645 52,409 6,417 140,969 

2016 6,544 6,426 15,928 2,668 49,800 6,458 143,724 

2017 6,934 6,816 16,846 2,718 49,677 6,635 150,949 

2018 6,518 6,469 16,033 2,802 47,566 6,616 144,413 

2019 7,595 7,233 18,293 3,175 53,542 7,791 167,115 
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Table A5-2: The Number of U.S. Patent Grants Awarded to Residents of Selected Economies,  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1963 4 6    

1964 3 5 3   

1965 4 6 2   

1966 2 8 2   

1967 9 12  1  

1968 5 7 2 1  

1969 5 7  2  

1970 6 8 3   

1971 15 20 2 4  

1972 8 7 7 4  

1973 10 15 5 7 1 

1974 22 9 7 6  

1975  10 13 1 24 

1976  21 7 3 33 

1977  9 6 3 53 

1978  21 13 2 29 

1979  14 5  39 

1980  27 8 3 66 

1981 2 33 17 4 80 

1982  18 14 3 88 

1983  14 26 5 66 

1984 2 24 30 4 99 

1985 1 25 41 9 174 

1986 7 31 46 3 210 

1987 23 34 84 11 344 

1988 47 41 96 6 457 

1989 52 48 159 18 591 

1990 47 52 225 12 732 

1991 50 50 405 15 906 
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Table A5-2: The Number of U.S. Patent Grants Awarded to Residents of Selected Economies,  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1992 41 60 538 32 1,001 

1993 53 60 779 38 1,189 

1994 48 57 943 51 1,443 

1995 62 86 1,161 53 1,620 

1996 46 88 1,493 88 1,897 

1997 62 81 1,891 94 2,057 

1998 72 160 3,259 120 3,100 

1999 90 155 3,562 144 3,693 

2000 119 176 3,314 218 4,670 

2001 195 237 3,538 296 5,371 

2002 289 233 3,786 410 5,431 

2003 297 276 3,944 427 5,298 

2004 403 312 4,428 449 5,938 

2005 402 283 4,352 346 5,118 

2006 661 308 5,908 412 6,361 

2007 772 338 6,295 393 6,128 

2008 1,225 311 7,548 399 6,339 

2009 1,655 305 8,762 436 6,642 

2010 2,657 429 11,671 603 8,239 

2011 3,174 419 12,262 647 8,781 

2012 4,637 532 13,233 810 10,646 

2013 5,928 540 14,548 797 11,071 

2014 7,236 606 16,469 946 11,332 

2015 8,166 601 17,924 966 11,690 

2016 10,462 657 19,494 979 11,541 

2017 13,243 706 20,717 998 11,580 

2018 14,488 693 19,780 989 10,933 

2019 19,209 846 21,684 1,119 11,489 
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Table A5-3: The U.S. Patent Application Success Rate (3-year moving average), 

G-7 Countries, China, and 4 EANIEs 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1968  65.5 66.0 54.5 50.2 59.9 75.5 

1969 66.8 68.0 66.2 56.2 51.4 62.8 75.3 

1970 62.7 64.6 63.4 56.1 48.4 59.6 72.8 

1971 66.1 72.5 67.0 59.7 55.9 66.0 73.8 

1972 65.3 73.5 68.2 64.4 61.3 65.5 72.9 

1973 67.3 75.9 72.1 67.8 69.3 66.4 76.0 

1974 64.4 74.6 72.3 69.7 70.2 63.4 75.4 

1975 63.7 74.7 70.4 66.2 70.2 61.0 75.5 

1976 59.5 78.1 71.6 66.0 71.5 63.0 72.4 

1977 56.6 74.7 69.9 62.7 70.7 61.2 68.5 

1978 55.5 73.2 69.1 61.8 71.4 61.4 66.0 

1979 50.9 63.3 60.3 55.2 63.1 53.8 59.4 

1980 50.3 62.2 58.7 52.8 62.2 53.0 58.8 

1981 50.9 60.5 58.3 52.7 60.0 52.7 57.9 

1982 51.8 64.4 60.2 55.9 62.2 55.1 59.7 

1983 49.9 61.1 57.8 51.6 59.2 51.1 56.5 

1984 50.7 61.7 59.8 50.8 60.8 49.6 56.9 

1985 55.4 64.2 64.4 51.4 64.4 52.1 60.2 

1986 59.1 67.2 68.0 57.9 66.7 58.2 62.8 

1987 60.8 69.4 69.0 61.0 67.7 59.8 63.4 

1988 58.9 69.7 68.8 62.0 66.6 58.4 61.8 

1989 61.0 72.1 72.4 63.9 69.8 59.0 64.2 

1990 57.3 69.8 70.1 63.3 66.2 57.5 61.2 

1991 58.9 67.9 70.1 62.9 64.7 58.7 60.2 
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Table A5-3: The U.S. Patent Application Success Rate (3-year moving average), 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Canada France United Germany Italy Japan U.K. U.S. 

1992 55.4 64.9 67.3 60.6 60.9 54.9 57.8 

1993 54.5 62.6 64.8 57.9 59.6 53.3 57.8 

1994 52.3 62.9 63.5 59.9 60.5 51.3 57.7 

1995 50.8 62.3 60.5 58.0 59.9 50.6 55.2 

1996 49.3 60.8 60.0 58.0 59.9 49.6 52.5 

1997 50.0 61.3 58.8 56.8 58.0 51.3 53.0 

1998 54.6 66.3 64.0 63.7 63.4 56.7 57.9 

1999 57.9 72.0 67.2 66.4 67.1 60.4 62.1 

2000 58.5 70.5 67.1 68.6 69.3 59.4 61.8 

2001 55.1 65.1 63.7 64.7 65.7 54.5 57.3 

2002 52.0 60.4 60.2 62.9 61.7 50.3 53.0 

2003 49.0 58.9 58.8 60.0 60.1 47.2 50.0 

2004 45.8 55.6 56.6 56.5 58.7 44.5 47.1 

2005 41.8 50.0 52.9 51.2 55.3 42.7 43.9 

2006 40.1 47.5 50.3 48.4 52.2 43.3 42.4 

2007 37.0 45.0 44.8 44.2 47.1 41.6 39.5 

2008 36.1 44.0 42.2 43.1 45.8 39.4 37.1 

2009 34.1 39.9 38.0 38.4 43.1 35.2 34.5 

2010 38.4 41.2 40.9 40.4 46.8 35.6 38.5 

2011 41.8 42.7 42.6 42.1 50.9 37.3 42.8 

2012 46.1 47.5 47.2 46.8 56.4 41.9 47.2 

2013 46.5 49.9 48.5 50.1 57.6 43.9 47.8 

2014 49.3 54.8 52.3 54.1 60.5 47.8 49.6 

2015 50.8 56.1 54.0 56.1 60.8 48.7 49.8 

2016 51.2 55.2 54.0 56.0 60.5 49.3 49.8 

2017 51.1 53.4 54.0 54.3 58.6 48.2 50.1 

2018 50.0 52.2 53.0 53.2 56.9 47.6 50.0 

2019 52.9 54.4 55.2 54.4 58.6 50.4 53.0 
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Table A5-3: The U.S. Patent Application Success Rate (3-year moving average),  

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1968      

1969      

1970      

1971      

1972  49.4    

1973  76.8    

1974  59.8  115.6  

1975  60.6  100.0  

1976  40.5  81.1  

1977  37.6 38.8 45.4 31.5 

1978  40.0 34.6 43.8 29.2 

1979  32.0 27.8 35.7 24.8 

1980  45.9 28.2 31.0 19.3 

1981  53.1 29.9 50.0 21.0 

1982  58.5 32.3 53.3 23.1 

1983  43.9 37.2 70.0 19.0 

1984  42.5 32.9 59.9 18.0 

1985  44.8 44.0 73.2 20.2 

1986 17.1 54.8 43.2 50.7 25.1 

1987 18.4 53.7 47.6 60.2 30.8 

1988 35.4 52.3 42.8 38.6 34.1 

1989 39.9 52.4 48.9 68.6 40.7 

1990 47.1 51.3 43.9 57.9 44.9 

1991 43.2 54.0 47.7 60.0 46.8 
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Table A5-3: The U.S. Patent Application Success Rate (3-year moving average), 

G-7 Countries, China, and 4 EANIEs (continued) 

Economy Mainland, China Hong Kong, China South Korea Singapore Taiwan, China 

1992 39.8 50.6 43.4 41.6 45.8 

1993 39.6 47.9 48.6 45.1 44.5 

1994 36.4 40.7 50.6 47.5 46.4 

1995 46.2 38.7 53.4 43.8 46.8 

1996 43.2 43.3 53.4 49.9 47.5 

1997 45.9 43.2 48.9 51.4 45.2 

1998 45.7 55.9 54.6 57.0 48.8 

1999 51.6 56.8 58.7 50.9 49.8 

2000 52.5 59.2 65.8 48.9 52.0 

2001 45.9 50.1 64.4 45.7 52.9 

2002 44.7 43.7 61.4 48.8 52.7 

2003 40.4 42.6 56.0 50.6 50.3 

2004 39.5 40.2 49.5 54.4 44.8 

2005 32.2 39.4 41.4 50.2 39.8 

2006 31.4 38.4 36.2 47.5 38.4 

2007 25.3 36.8 31.7 39.5 34.7 

2008 27.7 35.1 32.1 37.6 34.8 

2009 29.7 32.4 33.0 34.1 34.3 

2010 35.7 35.9 39.6 39.1 38.4 

2011 38.2 40.1 44.3 41.9 41.5 

2012 40.5 47.0 48.1 47.7 47.3 

2013 42.5 47.7 48.3 47.0 50.8 

2014 45.5 51.0 49.0 51.3 54.0 

2015 46.0 50.1 49.1 51.3 55.3 

2016 47.4 51.1 49.7 53.3 56.8 

2017 48.4 50.2 51.8 51.8 59.7 

2018 49.5 49.9 54.0 51.0 59.5 

2019 52.9 53.0 58.3 52.9 59.8 
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Chapter 6: European Patent Grants 

The U.S. is the largest consumers’ market in the world, even though the Chinese 

consumers’ market has been catching up fast.  In terms of total value, the Chinese market is 

expected to reach the same size as the U.S. market in a matter of a few years.  But the European 

Union is also a large consumers’ market, with huge consumption potential because of the size 

of its population (447.7 million as of 1 January 2020) and the high value of its GDP per capita 

(US$37,104 in 2019).  It is therefore just as important, in principle, for discoverers and 

inventors everywhere to secure patents in the European states in order to protect their 

intellectual property rights in this vast market (and of course eventually also in China). 

 

The European Patent Office (EPO) was established in 1973 and is headquartered in 

Munich, Germany.  The EPO grants European patents for the 38 “Contracting States” to the 

European Patent Convention,36 but is not itself legally part of the European Union.  However, 

while the EPO provides a single patent application and grant process for all European patents, 

it does not grant a European Union patent or even a Europe-wide patent, but instead a bundle 

of European national patents.37  The EPO is an organ of the European Patent Organisation, 

which was set up on the basis of the European Patent Convention and is sometimes also referred 

to as EPO. 

 

In 2019, the total numbers of patent applications received and patent grants awarded by 

the EPO were respectively 181,407 and 137,784, compared to 621,453 applications and 

354,430 grants for the U.S. Patent and Trademark Office (USPTO).  The U.S. is still the largest 

technology market in the world even though it has been surpassed by China in terms of the 

number of patent applications received and patent grants awarded in 2019.   The China National 

Intellectual Property Administration (CNIPA), China’s patent office, received a total of 

1,604,487 patent applications and awarded 452,804 patent grants in 2019. 

 

In this chapter, we study the data on patents granted by the EPO to the different 

economies in our sample from 2004 to 2019.38  In Chart 6-1, the number of EPO patents granted 

                                                 
36 In addition, there are 2 extension states (in Europe) and 4 validation states (outside of Europe). Detailed 

information can be found on the official website: https://www.epo.org/about-us/at-a-glance.html. 
37 The patents granted by the EPO have the same legal rights and are subject to the same conditions as national 

patents granted by the respective national patent offices.  However, they must be validated at the national patent 

offices of the countries selected by the applicant for them to be effective. 
38 Unfortunately, data on patents granted by the EPO in years earlier than 2004 are not readily available. 
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to each economy in our sample in each year is plotted against the quantity of its real R&D 

capital stock at the beginning of that year.  There are fewer data points in Chart 6-1 compared 

to the case of patents granted by the USPTO, as presented in Chart 5-13 above.  Nevertheless, 

a similar positive relationship between the number of EPO patent grants awarded to each 

economy and the quantity of its real R&D capital stock is visually clearly apparent. 

 

Chart 6-1: The Number of EPO Patent Grants and the Quantity of Real R&D Capital Stock, 

G-7 Countries, China, and 4 EANIEs 

 

Sources: Data on patent grants were collected from the European Patent Office website; the quantities of real 

R&D capital stocks were estimated by the authors (see Chapter 3 above). 

 

However, the slopes of the individual economy-specific patent grants with respect to 

the quantities of the R&D capital stock all show clear signs of increases for the more recent 

years.  We believe this is due to the rise in the EPO patent grant rate since 2016 (see the 

discussion below and Chart 6-4).  Moreover, significant differences in the degree of R&D 

efficiency also appear to exist across economies, that is, for a given quantity of the real R&D 

capital stock, the number of EPO patent grants can vary widely.  For example, Chart 6-1 shows 

that, holding the quantity of the real R&D capital stock constant, the number of EPO patent 

grants received by Mainland China is in general much fewer than those received by the 

European countries and Japan.  The same relative R&D inefficiency appears to be true for the 

U.S. as well. 
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The implied elasticity of the number of EPO patent grants with respect to the quantity 

of real R&D capital stock is 1.245, indicating highly significant economies of scale to real 

R&D capital—a one-prcent increase in the quantity of R&D capital leads to a 1.25 percent 

increase in the number of EPO patent grants.  We believe this may, in part, be an artifact of the 

continuous increase in the EPO patent grant rate since 2016.  What would have been the 

situation if the EPO patent grant rate had stayed at the 2015 level for the period 2016-2019?  

The EPO grant rate was 44.81 in 2015; and it increased annually from 2016 onwards to 59.96, 

66.40, 76.61 and ending with 78.97 in 2019.  The probability of a patent application being 

approved during these years was significantly increased.  A simple way to estimate what the 

numbers of EPO grants would have been if there were no change in the patent grant behaviour 

of the EPO is to deflate the number of patent grants in proportion to the annual grant rates.  

Thus, for 2016, the number of patent grants of every economy is multiplied by 44.81/59.96.  

Similar adjustments are made for the years 2017-2019 based on the EPO grant rates.  The 

resulting adjusted number of patent grants, together with the unadjusted data prior to 2015, are 

presented in Chart 6-2. 

 

Chart 6-2 shows the same positive relationship between the number of EPO patent 

grants and the quantity of real R&D capital stock.  However, the rising slopes in Chart 6-1 are 

no longer evident, coupled with a slight improvement in the goodness of fit.  Moreover, the 

implied elasticity of the number of EPO patent grants with respect to the quantity of real R&D 

capital stock has been slightly reduced, from 1.245 to 1.231, but still indicating significant 

economies of scale. 
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Chart 6-2: The Number of EPO Patent Grants and the Quantity of Real R&D Capital Stock, 

G-7 Countries, China, and 4 EANIEs (using hypothetical data for 2016-2019) 

 

Sources: Data on patent grants were collected from the European Patent Office website, with the data for 2016-

2019 deflated in accordance with the EPO patent grant rates; the quantities of real R&D capital stocks were 

estimated by the authors (see Chapter 3 above). 

 

We next compare the economy-specific annual numbers of EPO patent grants with 

those of the USPTO patent grants, in the form of a scatter diagram, in Chart 6-3.  Each point 

in the scatter diagram records the number of USPTO patent grants (on the vertical axis) and 

the number of EPO patent grants (on the horizontal axis) for a specific economy in a given year.  

If the numbers of USPTO and EPO patent grants are the same, the point will lie exactly on the 

45-degree line.  If there are more USPTO than EPO patent grants, the point will lie above the 

45-degree line, and otherwise below the line. 

 

Chart 6-3 shows that the economy-specific numbers of USPTO and EPO patent grants 

are positively correlated across all economies, that is, a higher number of USPTO patents is 

typically associated with a higher number of EPO patents and vice versa.  This shows that 

either number can in principle be used as a measure of the relative degree of innovation success 

across economies.  However, for the continental European G-7 countries (France, Germany 

and Italy), the number of USPTO patent grants is typically similar to the number of EPO patent 

grants, as indicated by the fact that their data points all lie on or close to the 45-degree line.  
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With the exception of these three continental European G-7 countries, for all the other 

economies in our sample, including North American economies, the U.K., and the East Asian 

economies, the number of USPTO patent grants consistently exceeds the number of EPO patent 

grants.  This is indicated by the fact that all their data points lie above the 45-degree line.  This 

may be due in part, to a lower EPO patent application rate on the part of these latter economies.  

Given that patent applications can be costly, applications are only submitted in the potentially 

most important markets.  For the continental European countries, the European home market 

is just as important as the U.S. market, whereas for the other economies, the U.S. market is still 

considered to be the most important market.  For the latter group of economies, USPTO patent 

grants have a much higher priority than EPO patent grants.  In addition, it is also possible that 

the continental European countries may have had a “home-court” advantage in their 

applications for EPO patents, meaning that they may enjoy higher EPO patent application 

success rates.  For this we would have to look at the economy-specific EPO patent grant rates. 

 

Chart 6-3: The Number of USPTO Patent Grants versus the Number of EPO Patent Grants, 

G-7 Countries, China, and 4 EANIEs 

 

Sources: EPO patent grants statistics were collected from the EPO website, and USPTO patent grants statistics 

were collected from the USPTO website. 
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In Table 6-1, we present the ranks of each of the economies in our sample by their 

numbers of EPO and USPTO patent grants respectively in 2019.  We note that the U.S. and 

Japan ranked first and second for both USPTO and EPO patent grants, confirming their statuses 

as the top two inventor and discoverer nations in the world.  However, Germany, France and 

Italy, the three continental European G-7 countries, had more EPO than USPTO patent grants.  

As a result, Germany and France ranked higher in terms of EPO patents compared to USPTO 

patents, in which South Korea and Mainland China ranked third and fourth.  The U.K., Canada, 

Taiwan, Singapore and Hong Kong all had far fewer EPO patents compared to USPTO patents.  

Table 6-1 shows that the rankings according to USPTO patent grants may be more reliable as 

an indicator of relative success in innovation across economies. 

 

Table 6-1: Economies Ranked by the Number of EPO and USPTO Patent Grants in 2019 

 

Source: Same as Chart 6-3. 

 

Of course, the numbers of patents granted by respectively the EPO and the USPTO also 

depend on the patent grant rates of the two patent offices, which may well be different.  In 

Chart 6-4, we compare the annual aggregate patent grant rates (the total number of patent grants 

divided by the total number of patent applications received in the previous year) of the EPO 

and the USPTO.  Chart 6-4 shows that the patent grant rates of the EPO were generally lower 

than those of the USPTO prior to 2015, suggesting that the EPO might have maintained 

somewhat higher standards than the USPTO then.  However, beginning in 2016, the EPO patent 

grant rate started to rise, from 45 percent to almost 80 percent in 2019,39 far surpassing the 

                                                 
39 The surge beginning in 2016 was partly attributed by the EPO to improvements in its work efficiency. 

Rank
USPTO Patent 

Grants in 2019

EPO Patent Grants 

in 2019

1 U.S. 167,115 U.S. 34,614

2 Japan 53,542 Japan 22,423

3 Korea 21,684 Germany 21,198

4 Mainland, China 19,209 France 8,800

5 Germany 18,293 Korea 7,247

6 Taiwan, China 11,489 Mainland, China 6,229

7 U.K. 7,791 U.K. 4,119

8 Canada 7,595 Italy 3,713

9 France 7,233 Canada 1,683

10 Italy 3,175 Taiwan, China 1,014

11 Singapore 1,119 Singapore 440

12 Hong Kong, China 846 Hong Kong, China 50
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USPTO grant rate, although the latter also showed a significant increase between 2018 and 

2019. 

 

Chart 6-4: The EPO and the USPTO Aggregate Patent Grant Rates 

 

Source: Calculated by the authors. 

 

In Charts 6-5 and 6-6, we compare the annual economy-specific patent grant rates (the 

number of patent grants divided by the number of patent applications submitted in the previous 

year by an economy) of the EPO and the USPTO separately for the two periods 2004-2015 and 

2016-2019 respectively.  We separate the data by the two periods because of the significant 

changes in the EPO aggregate patent grant rates beginning in 2016.  The data of Hong Kong 

have been omitted from both charts because there were very few patent applications and grants 

and the grant rates are therefore not very meaningful.  Chart 6-5 shows that there was a positive 

correlation between the USPTO and EPO grant rates.  However, economy-specific patent grant 

rates of the EPO were in general lower than those of the USPTO (with the exception of the 

continental European G-7 countries), suggesting that the EPO maintained somewhat higher 

standards than the USPTO except perhaps for the continental European G-7 countries.  In other 

words, the continental European countries appeared to have a “home-court” advantage in terms 

of their EPO patent applications. 
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Chart 6-5: A Comparison of the Economy-Specific EPO and USPTO Patent Grant Rates,  

2004-2015 

 

Source: Calculated by the authors from EPO and USPTO statistics.  Patent grant rates as defined may exceed 100 

percent as processing may take more than one year. 

 

Chart 6-6 shows that for the period 2016-2019, the EPO grant rates were almost always 

higher than the USPTO patent grant rates for not only the continental European G-7 countries 

but also all other economies.  This is indicated by almost all of the data points lying below the 

45-degree line.  We believe this may be due to the higher aggregate patent grant rates of the 

EPO.  It remains to be seen whether the high aggregate and economy-specific patent grant rates 

of the EPO will persist over time. 
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Chart 6-6: A Comparison of the Economy-Specific EPO and USPTO Patent Grant Rates,  

2016-2019 

 

 

Finally, we compare directly the numbers of domestic,40 EPO and USPTO patent grants 

received each year by Mainland China, Japan and the U.S. from 2004 to 2019.  This allows us 

to assess the comparability of the three different sources of patent grants as indicators of the 

relative innovation capacities across economies.  The results are presented in Chart 6-7.  Chart 

6-7 shows that as of 2019, China had the highest number of domestic patent grants, followed 

by Japan, with the U.S. as a very close third.  In terms of USPTO patent grants, in 2019, the 

U.S. was still the world’s leader, with 167,115 patents, followed by Japan, with 53,542 patents.  

Despite a very rapid rate of increase, Mainland China received only 19,209 USPTO patents.  

In terms of EPO patent grants, the U.S. was also the world’s leader, with 34,614 patent grants, 

followed by Japan, with 22,423 patent grants.  China received only 6,229 EPO patent grants.  

The overall picture is that there is still a large gap between the number of USPTO and EPO 

patent grants received by the U.S. and Japan on the one hand and China on the other.  However, 

the numbers of Chinese USPTO and EPO patents have been increasing at average annual rates 

of 27.3 and 32.5 percent respectively.  If these rates of growth continue, the number of Chinese 

USPTO and EPO patent grants may reach parity with the U.S. in another decade. 

 

                                                 
40 For the U.S., domestic patent grant means USPTO patent grant. 
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Chart 6-7: The Domestic, EPO and the USPTO Patent Grants, 

China, Japan and the United States (2004-2019) 

 

Sources: The numbers of EPO and USPTO patent grants were collected from WIPO, EPO and USPTO websites.  

The numbers of Chinese and Japanese patent grants were collected from Chinese Statistical Yearbooks and WIPO, 

respectively. 

 

The ratios of Chinese and Japanese USPTO patent grants to U.S. USPTO patent grants 

in 2019 were 11.5% and 32% respectively.  The corresponding ratios for EPO patent grants 

were 18% and 65% respectively.  The numbers of EPO patent grants in 2019 seemed to 

understate the patent or technology gap between the U.S. and Japan.41  The changes in the EPO 

aggregate and economy-specific patent grant rates over time, as revealed in Charts 6-5, 6-6 and 

6-7, also raise questions of intertemporal comparability of EPO patent grants.  We conclude 

that the number of patent grants awarded by the USPTO is a more reliable measure of the 

relative innovation success across economies than the number of patent grants awarded by EPO 

or the number of domestic patent grants. 

  

                                                 
41 This is also apparent from Table 6-1. 
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Chapter 7: Chinese Patent Grants 

The U.S. is the largest consumers’ market in the world, but the Chinese consumers’ 

market has also been expanding rapidly.  By one measure, the total value of retail sales, the 

Chinese market is already the same size as the U.S. market.  In 2019, retail sales in China 

reached US$5.8 trillion,42 compared to US$5.5 trillion in the U.S.43  However, these numbers 

depend on the underlying definitions and the exchange rate used and may not be strictly 

comparable.  But it is clear that the two markets have become comparable in size and 

discoverers and inventors everywhere should apply for patents in China to protect their 

intellectual property rights in a not only vast but also rapidly growing market. 

 

The China National Intellectual Property Administration (國家知識產權局) (CNIPA) 

is responsible for assessing patent applications and awarding patent grants in China as well as 

for the comprehensive coordination of foreign-related affairs in the field of intellectual property.  

Based in Beijing, it was established in 1980 as the Patent Office of the People’s Republic of 

China.  It then changed its name to “State Intellectual Property Office (SIPO)”, before 

assuming its current name.  In this chapter, we study the data on patent applications received 

and patent grants awarded by CNIPA to the different economies in our study between 1985 

and 2019. 

 

As mentioned above, the Chinese market has been growing rapidly and may already be 

the world’s largest market.  It is a market that other economies cannot afford to ignore.  China 

has been attracting more and more patent applications from foreign discoverers and inventors.  

The numbers of patent applications received and patent grants awarded by CNIPA have been 

growing rapidly.  In Chart 7-1, we compare the total numbers of annual patent applications and 

patent grants of the three major patent offices--CNIPA, EPO and USPTO.  CNIPA appears to 

be receiving the highest annual number of patent applications in recent years, followed by the 

USPTO.  It has also been awarding the highest annual number of patent grants worldwide since 

2015. 

 

  

                                                 
42 National Bureau of Statistics, People’s Republic of China. 
43 Bureau of Economic Analysis, U.S. Department of Commerce. 
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Chart 7-1: The Total Numbers of Patent Applications and Grants 

of CNIPA, EPO and USPTO 

 

Sources: The numbers of CNIPA, EPO and USPTO patent applications and grants were collected from China 

Statistical Yearbooks, EPO and USPTO websites, respectively. 

 

Of course, the numbers of patents granted by respectively CNIPA, EPO and USPTO 

also depend on their respective patent grant rates, which may well be quite different.  In Chart 

7-2, we compare the aggregate patent grant rates of CNIPA, EPO and USPTO, defined as the 

total number of annual patent grants divided by the total number of patent applications received 

in the previous year.  Chart 7-2 shows that the patent grant rates of the CNIPA have been among 

the lowest of the three major patent offices, with the patent grant rates of the EPO being the 

highest since 2016.  The lower patent grant rates of the CNIPA suggest that it may perhaps 

have maintained somewhat higher standards than the other patent offices; however, the patent 

grant rate also depends on the patent application rates of the potential applicants from China 

and the other economies. 
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Chart 7-2: The Aggregate Patent Grant Rates of CNIPA, EPO and USPTO 

 

Sources: The numbers of CNIPA, EPO and USPTO patent applications and grants were collected from China 

Statistical Yearbooks, EPO and USPTO websites, respectively. 

 

In Chart 7-3, the number of patent applications submitted to CNIPA each year by the 

residents of each of the economies under study is presented.44  The most important source of 

patent applications for CNIPA turns out to be Mainland China itself.  Japan comes second, with 

the U.S. a close third.  Germany and South Korea are neck and neck in the fourth and fifth 

places. 

  

                                                 
44 The number of Chinese patent applications for Hong Kong, China and Taiwan, China are from China Science 

and Technology Statistics database (http://www.sts.org.cn/data/). Others are from WIPO. 
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Chart 7-3: The Number of Patent Applications Submitted to the CNIPA, 

G-7 Countries, China, and 4 EANIEs 

 

Source: China Statistical Yearbook, various years. 

 

In Chart 7-4, the number of patent grants awarded by CNIPA each year, to applicants 

from different economies, including Mainland China itself, is presented.  China itself is the top 

recipient of Chinese patents, followed by Japan and the U.S., with Germany and South Korea 

in fourth and fifth places.  The rank order is the same as for the number of CNIPA patent 

applications submitted by each of the economies. 
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Chart 7-4: The Number of Patents Granted by CNIPA, G-7 Countries, China, and 4 EANIEs 

 

Source: China Statistical Yearbook, various years. 

 

In Chart 7-5, we present the economy-specific patent grant rates of CNIPA, defined as 

the number of annual patent grants awarded to an economy, divided by the number of patent 

applications submitted by it in the previous year.  Chart 7-5 shows significant intertemporal 

but synchronous fluctuations of the economy-specific patent grant rates, not unlike those for 

the USPTO (see Chart 5-9).  The synchronicity of the fluctuations shows that there is no 

obvious bias for or against the applicants of any particular economy.  Overall, Japan seems to 

have the highest patent grant rate and Hong Kong, China the lowest.  The U.S. has an 

intermediate CNIPA patent grant rate.  However, China, with consistently the lowest patent 

grant rate since 2005, appears to have a “home court” disadvantage. 
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Chart 7-5: The Economy-Specific Patent Grant Rates of CNIPA, 

G-7 Countries, China, and 4 EANIEs 

 

Source: China Statistical Yearbook, various years. 

 

In Chart 7-6, the number of Chinese patents granted to each economy in our study in 

each year is plotted against the quantity of its real R&D capital stock at the beginning of that 

year.  While Chart 7-6 shows a positive relationship between the number of Chinese patent 

grants and the quantity of real R&D capital stock of each individual economy, similar to those 

shown in Charts 5-13 and 6-1 for USPTO and EPO patent grants—the higher the quantity of 

the real R&D capital stock, the higher is the number of patent grants, there exist significant 

differences.  In particular, the slopes of the economy-specific logarithm of the number of 

CNIPA patent grants with respect to the logarithm of the quantity of the real R&D capital stock 

all seem to be much steeper than the slope of the common linear regression line of the logarithm 

of the number of patents on the logarithm of the quantity of real R&D capital stock (the black 

line).  Moreover, the goodness of fit, as measured by the adjusted 𝑅2 (0.3789), of the simple 

linear regression is much lower than those in Charts 5-13 (0.7876) and 6-1 (0.8445).  We 

believe this is caused by the existence of factors specific to each economy. 

 

A second simple linear regression allowing individual economy-specific constants was 

run (the red line), with a much-improved goodness of fit (0.8062).  The red line captures the 
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common positive slope of the relationship between CNIPA patent grants and real R&D capital 

stocks.  However, it seems to indicate the existence of very significant economies of scale in 

the quantity of real R&D capital, with an implied elasticity of 2.65; we believe this is caused 

by the rapid increase of economy-specific CNIPA patent application rates and hence the 

resulting rapid increase of CNIPA patent grants over the past decade or two. 

 

Chart 7-6: The Number of Patent Grants Awarded by CNIPA 

and the Quantity of R&D Capital Stock, G-7 Countries, China, and 4 EANIEs 

Sources: Data on patent grants were collected from China Statistical Yearbooks; the quantities of real R&D capital 

stocks were estimated by the authors (see Chapter 3 above). 

 

Chart 7-6 also seems to indicate that for a given quantity of the real R&D capital stock, 

the numbers of patent grants to Chinese applicants are significantly higher than those of other 

economies, at least since 2003.  There appears to be a significant higher degree of Chinese 

R&D efficiency in generating CNIPA patent grants.  At first sight, one may attribute this 

observed relative efficiency to a Chinese “home-court” advantage; but as Chart 7-5 above 

shows, CNIPA’s domestic patent grant rate is already lower than that of any other economy.  

Chart 7-6 also shows that despite the similar positive slopes across the economies, there also 

exist wide dispersions.  For example, holding the quantity of the real R&D capital stock 

constant, the number of patent grants received by the U.S. is much lower than those received 

by the other economies, such as Japan.  We attribute these differences in part to the large 

1

10

100

1,000

10,000

100,000

1,000,000

10,000,000

0 1 10 100 1,000 10,000

T
h

e 
N

u
m

b
er

 o
f 

C
N

IP
A

 P
a

te
n

t 
G

ra
n

ts

The Quantity of R&D Capital Stock, in 2019 US$ billions

Canada France
Germany Italy
Japan United Kingdom
United States Mainland, China
Hong Kong, China South Korea
Singapore Taiwan, China
Linear Regression Line Regression with Economy-Specific Constants

Regression with Economy-Specific 

Constants

Adj. R2=0.8000

Linear Regression Line

Adj. R2=0.3789



107 

 

differences in Chinese patent application rates across economies and to the relatively short 

history of CNIPA patent applications and grants. 

 

We next compare the number of Chinese patent grants with the number of USPTO 

patent grants received by each of the economies.  In Chart 7-7, a scatter diagram between 

economy-specific USPTO patent grants and CNIPA patent grants is presented.  Chart 7-7 

shows that the numbers of USPTO and CNIPA grants are positively correlated across all 

economies, that is, a higher number of USPTO patents is typically associated with a higher 

number of CNIPA patents and vice versa.  The simple linear regression between the logarithms 

of the numbers of USPTO and CNIPA patent grants is statistically highly significant.  However, 

for all economies other than Mainland China, the number of USPTO patent grants always 

exceeds the number of CNIPA patent grants, sometimes significantly.  China has had a 

systematically lower number of USPTO patents compared to other economies.  We believe this 

is due, in part, to the low USPTO application rates for Mainland China. 
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Chart 7-7: The Number of USPTO Patent Grants vs. the Number of CNIPA Patent Grants, 

G-7 Countries, China, and 4 EANIEs 

 

Sources: CNIPA patent grants statistics were collected from China Statistical Yearbooks, and USPTO patent 

grants statistics were collected from the USPTO website. 

 

In Table 7-1, we present the ranks of each of the economies in our study by their 

numbers of CNIPA, EPO and USPTO patent grants respectively in 2019.  Table 7-1 shows that 

the rankings do not differ significantly on the whole, implying that any one of the set of 

numbers can conceivably be used for comparison purposes. 
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Table 7-1: Economies Ranked by the Number of CNIPA, EPO and USPTO Patent Grants 

in 2019 

Rank   

USPTO 

Patent 

Grants in 

2019 

  

EPO 

Patent 

Grants in 

2019 

  

CNIPA 

Patent 

Grants in 

2019 

1 U.S. 167,115 U.S. 34,614 Mainland, China 354,111 

2 Japan 53,542 Japan 22,423 Japan 30,401 

3 South Korea 21,684 Germany 21,198 United States 23,114 

4 Mainland, China 19,209 France 8,800 Germany 9,989 

5 Germany 18,293 South Korea 7,247 South Korea 9,437 

6 Taiwan, China 11,489 Mainland, China 6,229 Taiwan, China  6,197 

7 U.K. 7,791 U.K. 4,119 France 2,997 

8 Canada 7,595 Italy 3,713 United Kingdom 1,310 

9 France 7,233 Canada 1,683 Italy 1,102 

10 Italy 3,175 Taiwan, China 1,014 Hong Kong, China 592 

11 Singapore 1,119 Singapore 440 Canada 568 

12 Hong Kong, China 846 Hong Kong, China 50 Singapore 566 

Sources: CNIPA patent grants statistics were collected from China Statistical Yearbooks, EPO patent grants 

statistics were collected from the EPO website, and USPTO patent grants statistics were collected from the 

USPTO website. 

 

Finally, we compare directly the numbers of CNIPA, EPO and USPTO patent grants 

received each year by China, Germany, Japan and the U.S. from 2010 to 2019.  This allows us 

to assess the comparability of the patent grants by the three patent offices as indicators of their 

relative innovation success and standards.  The results are presented in Chart 7-8. 
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Chart 7-8: The CNIPA, EPO and the USPTO Patent Grants, 

China, Germany, Japan and the United States 

 

Sources: The numbers of CNIPA, EPO and USPTO patent grants were collected from China Statistical Yearbooks, 

WIPO, EPO and USPTO websites. 

 

Chart 7-8 shows clearly the rapid and continuing rise in the numbers of patent grants 

received by Mainland China from all three patent offices, CNIPA, EPO and USPTO (the three 

red lines).  However, the number of Chinese domestic patent grants far exceeds its number of 

foreign patent grants by an order of magnitude.  The numbers of CNIPA patent grants received 

by Japan (the yellow line with circular markers), the U.S. (the blue line with circular markers) 

and Germany (the black line with circular markers) have also been rising over time.  Among 

the four economies, the U.S. is first in the numbers of both EPO and USPTO patents.  China is 

first in the number of CNIPA patents, third in USPTO patents and fourth in EPO patents.45  

Japan comes in second in the numbers of all three patents.  And Germany comes in third in the 

number of EPO patents and fourth in the numbers of both CNIPA and USPTO patents.  We 

conclude that the number of patent grants by the USPTO still appears for the time being to be 

the best indicator of the relative innovation success across economies.  In time, when more 

patent applications are received by CNIPA from outside of Mainland China, the number of 

                                                 
45 It should be pointed out that South Korea had more USPTO as well as EPO patents than Mainland, China in 

2019 (see Table 7-1 above). 

10

100

1,000

10,000

100,000

1,000,000

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

T
h

e 
N

u
m

b
er

 o
f 

P
a

te
n

t 
G

ra
n

ts

CNIPA Patent Grants: China EPO Patent Grants: China

USPTO Patent Grants: China CNIPA Patent Grants: Japan

EPO Patent Grants: Japan USPTO Patent Grants: Japan

CNIPA Patent Grants: U.S. EPO Patent Grants: U.S.

USPTO Patent Grants: U.S. CNIPA Patent Grants: Germany

EPO Patent Grants:  Germany USPTO Patent Grants: Germany



111 

 

CNIPA patent grants may also serve as a useful indicator of relative innovation success across 

economies. 
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Chapter 8: Indicators of Relative Success in Innovation across Economies 

In previous chapters, we have compared the economies included in our study in terms 

of their numbers of domestic, USPTO, EPO and CNIPA patent applications and/or grants.  In 

this chapter, we develop several indicators of relative success in innovation based on their 

numbers of patent applications and grants and use them to assess the relative performance of 

the economies in innovation in our study. 

 

In Table 8-1, we tabulate the numbers of domestic, USPTO, EPO and CNIPA patent 

grants received by the residents of the different economies in 2019.  From the tabulation, we 

also derive the relative rankings of each economy in accordance with the number of patent 

grants under each category.  In 2019, Mainland China had the largest number of domestic 

patent grants in 2019, followed by the U.S. and Japan, with South Korea in fourth place.  The 

U.S. had the largest number of USPTO and EPO patent grants, but only the third largest number 

of CNIPA patent grants, after Japan.  Japan demonstrated its formidable strength in innovation 

by becoming the second highest recipient of respectively the USPTO, EPO and CNIPA patent 

grants.  Germany was the strongest European country in innovation, ranking first among 

European countries in all three categories of patent grants—USPTO, EPO and CNIPA.  (It was 

third in EPO patent grants, fourth in CNIPA patent grants, and fifth in USPTO patent grants.)  

South Korea, also an up-and-coming powerhouse in innovation, came in third in USPTO patent 

grants, ahead of both Mainland China and Germany, and fifth in both EPO and CNIPA grants.  

Singapore and Hong Kong were in the last places.46 

 
Table 8-1: The Numbers of Domestic, USPTO, EPO and CNIPA Patent Grants 

Received by the Residents of the Different Economies and Their Relative Ranks in 2019 

 

Sources: Data on the number of domestic and U.S. patent grants were from Table A4-2 and TableA5-2, 

respectively.  Data on EPO patent grants were collected from the European Patent Office website.  Data on CNIPA 

patent grants were collected from China Statistical Yearbook, various issues. 

                                                 
46 Hong Kong, however, was ahead of Canada in CNIPA patent grants in 2019 (592 vs 568). 

Number Rank Number Rank Number Rank Number Rank

Canada 2,035 10 7,595 8 1,683 9 568 11 9.58 10

France 11,673 7 7,233 9 8,800 4 2,997 7 7.31 7

Germany 11,770 6 18,293 5 21,198 3 9,989 4 4.23 4

Italy 2,130 9 3,175 10 3,713 8 1,102 9 9.23 9

Japan 140,865 3 53,542 2 22,423 2 30,401 2 2.00 2

United Kingdom 3,081 8 7,791 7 4,119 7 1,310 8 7.48 8

United States 167,115 2 167,115 1 34,614 1 23,114 3 1.96 1

Mainland, China 354,111 1 19,209 4 6,229 6 354,111 1 2.85 3

Hong Kong, China 107 12 846 12 50 12 592 10 11.04 11

South Korea 94,852 4 21,684 3 7,247 5 9,437 5 4.25 5

Singapore 264 11 1,119 11 440 11 566 12 11.48 12

Taiwan, China 14,481 5 11,489 6 1,014 10 6,197 6 6.58 6

Domestic Patent Grants USPTO Patent Grants EPO Patent Grants CNIPA Patent Grants Weighted

Rank

Weighted

Rank

Integerise
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Looking simply at the aggregate total number of patent grants received by each 

economy from all three major patent offices--CNIPA, EPO and USPTO—in 2019, Mainland 

China would come in first, with 379,549 patent grants, followed by the U.S. (224,843) and 

Japan (106,366).  However, this result is, in part, the artifact of the overwhelmingly large total 

number of CNIPA patent grants (452,804), the bulk of which (354,111) were awarded to 

Chinese applicants, even though as a group they had the lowest CNIPA grant rate.  Instead, we 

compute a weighted rank for the twelve economies, using their ranks in each of the categories 

of USPTO, EPO and CNIPA patent grants in Table 8-1.  The weights are the total numbers of 

patent grants of USPTO (354,430), EPO (137,784) and CNIPA (452,804) respectively in 2019, 

divided by the aggregate total number of patent grants of all three patent offices (945,018).  

The results, presented in the “Weighted Rank” column, indicate that the U.S. would still be 

number one by a hair, followed by Japan, with Mainland China in third place.  Germany was 

ranked fourth, followed by South Korea and Taiwan, China.  Four of the top ten patent-

generating economies were in East Asia, four were in Europe, and two were in North 

America.47  The weighted ranks have been converted into whole integer ranks in the last 

column of Table 8-1. 

 

The rank correlation coefficient between the integerised weighted ranks and the USPTO 

ranks is a high 0.937, which means that the USPTO rank order is a good summary indicator of 

the relative success in innovation across economies.  We have also previously established, in 

Chapter 5 above, that the procedures and standards employed by the USPTO do not appear to 

be biased in favour of either U.S. applicants or any of the foreign applicants.  Of course, 

counting only the number of USPTO patent grants does penalise economies with a low USPTO 

patent application rate, such as Mainland China.  But we expect that both the Chinese USPTO 

patent application rate and the CNIPA patent application rates of the U.S. and other economies 

will increase over time, since no enterprise in the world, whatever its geographical origin, can 

afford to ignore the huge markets of China and the U.S. in the long run. 

 

In Chart 8-1, we compare the numbers of USPTO patent grants received by each 

economy each year, using the number of patent grants received by U.S. residents as a 

benchmark (100).  Chart 8-1 shows that the U.S. has been the leader in USPTO patent grants 

from the very beginning.  Since the mid-1970s, Japan has been a persistent number two behind 

                                                 
47 Israel is one of the innovative economies that has not been included in this study. 
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the U.S., followed more recently by South Korea, which overtook Germany in the mid-2010s.  

However, China also managed to overtake Germany in 2019 to become the economy with the 

fourth highest number of USPTO patent grants.  The U.S. lead in USPTO patent grants has 

been commanding, accounting for almost 50 percent of all USPTO patent grants.  The second-

placed Japan received no more than a third of the number of patent grants received by the U.S., 

and South Korea, China, and Germany each received approximately one-tenth of the number 

received by the U.S.  With this as a performance indicator of innovation, the rank order is the 

U.S., Japan, South Korea, China, and Germany. 

 

Chart 8-1: An Index of USPTO Patent Grants 

(The Number of Patent Grants Received by U.S. Residents=100) 

 

Source: Data on the number of U.S. patent grants are from Table A5-2. 

 

A second possible indicator is the relative efficiency of the real R&D capital stock 

across economies.  If the efficiency is the same between two economies, then the numbers of 

patent grants received per unit quantity of the real R&D capital stock should be identical.  To 

the extent that they differ, they may reflect differences in R&D efficiency.  In Chart 8-2, we 

compare the R&D efficiency in terms of the number of domestic patent grants per billion 2019 

U.S. dollars of R&D capital stock, across the economies included in our study.  China has had 

the highest R&D efficiency in the generation of domestic patent grants since 2015, despite a 
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very low domestic patent grant rate (see Chart 7-5), followed by South Korea and Taiwan, 

China.  Japan was the leader in R&D efficiency in domestic patent grants between 1969 and 

1996, but lost out to first South Korea, then Taiwan, China and then Mainland China, ending 

up in fourth place in 2019.  The U.S. had the highest efficiency among the G-7 countries except 

Japan.  With this as a performance indicator of innovation, the rank order is China, South Korea, 

Taiwan, China, Japan, and the U.S.  We should add that the quantity of R&D capital stock in 

2019 U.S. dollars of an economy is sensitive to the value of the exchange rate of its currency 

relative to the U.S. dollar in 2019.  A low value of its exchange rate would result in a lower 

quantity of its real R&D capital stock, and hence a higher R&D efficiency in the generation of 

domestic patent grants, and vice versa. 

 

Chart 8-2: The Number of Domestic Patent Grants per Unit Quantity 

of the Real R&D Capital Stock in billion 2019 US$ 

 

Sources: Data on the number of domestic patent applications from Table A4-2 and data on the quantity of real 

R&D capital stock from Table A3-2. 

 

In Chart 8-3, we compare the R&D efficiency in terms of the number of USPTO patent 

grants per billion 2019 US$ of R&D capital stock, across the economies in our study.  It turns 

out that Taiwan, China had the highest R&D efficiency, with the largest number of USPTO 

patent grants per unit quantity of its real R&D capital stock.  South Korea was in second place, 

followed by Hong Kong, China, Japan, and the U.S.  The U.S. has had the highest R&D 
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efficiency in the generation of USPTO patent grants among all G-7 countries except Japan 

since 1965.  China has had the lowest R&D efficiency in the generation of USPTO patent 

grants, but this may also have to do with its low U.S. patent application rate.  In any case, 

Chinese R&D efficiency in the generation of USPTO patent grants has been rising steadily 

since 2000.  With this as a performance indicator of innovation, the rank order is Taiwan, China, 

South Korea, Hong Kong, China, Japan, and the U.S.  Similar to the case for R&D efficiency 

in the generation of domestic patent grants, the relative efficiency in the generation of USPTO 

patent grants is also sensitive to the values of exchange rates in 2019.  A low value of the 

exchange rate would result in a lower quantity of the real R&D capital stock in U.S. dollars, 

and hence a higher R&D efficiency in the generation of USPTO patent grants, and vice versa. 

 

Chart 8-3: The Number of USPTO Patent Grants per Unit Quantity 

of the Real R&D Capital Stock in billion 2019 US$ 

 

Sources: Data on the number of USPTO patent applications from Table A5-2 and data on the quantity of real 

R&D capital stock from Table A3-2. 

 

A third possible indicator is based on scatter diagram of the number of USPTO patents 

and the quantity of real R&D capital stock presented as Chart 5-13 and reproduced below.  

There is an overall linear regression line estimated from the data, which can be used to predict 

the number of USPTO patents that an economy with a given quantity of real R&D capital stock 

would be expected to be able to generate under normal circumstances.  The vertical distance of 
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each economy’s data point from the linear regression line (the residual of the regression) is 

then a measure of its degree of under- or over-achievement.  If an economy operates below the 

overall linear regression line, it is an “under-achiever”; if it operates above the line, it is an 

“over-achiever”.  For every economy and in every year between 2000 and 2019, we compute 

the additional percentage (positive or negative) of USPTO patent grants that the economy 

would have been awarded, given its quantity of real R&D capital stock, if it had operated on 

the linear regression line. 

 

Chart 5-13: The Number of USPTO Patent Grants 

and the Quantity of Real R&D Capital Stock, G-7 Countries, China, and 4 EANIEs 

 

Sources: Table A5-2 of the Appendix and Table A3-2 of the Appendix in Chapter 3. 

 

The results of this exercise are presented in Chart 8-4.  These results are both 

retrospective and prospective.  Taiwan, China had the highest degree of “over-achievement”, 

followed by Hong Kong, China, South Korea, Canada, Japan, and Singapore.  The U.S. has 

been an “over-achiever” since 2010.  However, all the European economies in our study—

France, Italy, the U.K., and Germany--have been habitual “under-achievers”.  So has been 

Mainland China.  However, the Chinese degree of “under-achievement” has greatly improved 

over time, increasing from -1,291 percent in 2000 to -73 percent in 2019.  The “under-achievers” 

such as China, and France and Italy (both with “under-achievement” somewhere between 30 
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and 40 percent) have a great deal of room for further improvement.  With this as a performance 

indicator of innovation, the rank order is Taiwan, China, Hong Kong, China, South Korea, 

Canada, and Japan.  We should add that the degree of over- and/or under-achievement can also 

be sensitive to the values of the exchange rates in 2019.  In the first place, the overall linear 

regression line itself will be affected by the changes in the quantities of R&D capital stocks in 

2019 US$.  Moreover, if the exchange rate was under-valued, the quantity of R&D capital 

stock in 2019 U.S. dollars would also be under-estimated, and this might result in an “apparent” 

over-achievement (the same number of patent grants with a lower quantity of real R&D capital), 

and vice versa. 

 

Chart 8-4: The Percentage of Over- and Under-Achievement in USPTO Patent Grants, 

G-7 Countries, China, and 4 EANIEs (2000-2019) 

 

Source: Data are taken from Table A8-1 of the Appendix to this Chapter. 

Note: The graph is truncated at -600 percent in order to maintain legibility of the rest of the graph.  In 2000, the 

under-achievement of Mainland China in USPTO patent grants was -1,291 percent. 
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Appendix 

Estimation of the Degree of Over- and Under-Achievement in USPTO Patent Grants 

 

The first step in the estimation of the degree of over- and/or under-achievement is to 

predict what the number of USPTO patent grants would have been for each economy, based 

on its quantity of real R&D capital stock of that year, if the economy were operating on the 

overall linear regression line.  Once the predicted number of USPTO patent grants is derived, 

it can be subtracted from the actual number of USPTO patent grants and then divided by the 

actual number of USPTO patent grants to arrive at a percentage over- or under-achievement.  

This is done for each economy for every year from 2000 to 2019.  The results of these 

calculations are presented in Table A8-1 below. 

 

Table A8-1: Estimated Percentage Over- and Under-Achievements in USPTO Patent Grants, 

G-7 Countries, China, and 4 EANIEs (2000-2019) 

 

Source: Authors’ calculations. 

  

Canada France Germany Italy Japan
United

Kingdom

United

States

Mainland,

China

Hong

Kong,

China

South

Korea
Singapore

Taiwan,

China

2000 32.2 -72.0 -4.0 -50.2 38.0 -42.0 27.3 -1,290.6 75.3 57.7 37.7 91.0

2001 31.4 -66.8 2.1 -54.7 39.3 -33.7 25.9 -876.4 79.1 56.4 46.6 91.3

2002 22.5 -71.9 -1.0 -55.8 40.0 -40.6 21.9 -659.0 75.5 54.9 55.6 90.6

2003 17.5 -84.5 -2.6 -63.7 39.1 -51.8 19.8 -767.0 76.4 52.5 51.7 89.4

2004 11.4 -116.1 -12.0 -82.7 36.7 -62.7 13.3 -651.9 75.8 53.7 48.9 89.6

2005 -9.2 -160.6 -37.2 -128.6 23.9 -81.1 -1.2 -794.2 69.0 48.1 25.6 86.7

2006 7.0 -121.9 -26.4 -104.5 34.9 -62.1 13.0 -550.0 66.8 58.0 29.9 88.3

2007 -4.7 -148.2 -43.4 -138.6 25.4 -80.4 -2.0 -566.3 65.1 56.3 18.1 86.5

2008 -6.5 -150.4 -49.5 -136.0 23.2 -97.6 -8.8 -399.5 57.4 59.5 8.5 85.7

2009 -2.0 -157.3 -53.0 -145.0 24.8 -96.6 -6.7 -338.6 52.4 61.4 4.7 84.9

2010 20.9 -85.8 -14.4 -88.0 39.4 -47.9 15.7 -230.9 63.2 68.1 26.2 86.7

2011 21.8 -86.3 -22.2 -83.7 40.2 -50.8 13.8 -231.8 59.3 66.4 26.6 86.4

2012 30.6 -60.3 -9.0 -66.7 44.5 -26.4 20.3 -169.8 65.8 65.3 36.7 87.7

2013 37.6 -45.1 -0.7 -44.4 45.0 -14.9 25.9 -150.4 64.2 64.9 31.7 87.2

2014 41.1 -34.7 2.9 -40.0 45.8 -4.5 29.8 -141.3 66.2 65.8 38.9 86.5

2015 37.9 -40.4 -0.1 -42.1 43.0 -7.8 26.0 -147.8 63.9 65.4 35.8 86.0

2016 34.4 -46.4 -7.2 -43.7 39.0 -9.4 25.4 -121.8 65.1 65.6 31.9 84.9

2017 37.0 -40.4 -4.6 -44.1 38.1 -8.9 26.9 -99.3 65.6 65.2 29.2 84.0

2018 32.0 -50.5 -13.9 -42.9 34.4 -11.8 21.2 -105.3 62.9 60.6 25.3 81.9

2019 41.2 -36.9 -3.5 -29.4 40.8 2.6 29.7 -73.5 67.5 61.0 31.4 81.6
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