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For much of the 20th century, multinational 
companies (MNCs) from high-income countries 
restricted their foreign-based research and 
development (R&D) operations to other rich 
economies, notably the U.S., Western European 
countries and, later, Japan. This was in marked 
contrast to the trend in manufacturing activities, 
which saw increasing outsourcing from richer to 
middle-income and developing economies.1

Starting in the 1980s and 1990s, the situation changed. 
The creation of new scientific and technological knowl
edge increasingly required interaction between insti
tutions and organizations, whether public or private, 
national or multinational, irrespective of their location. 
Gradually, China, India, Eastern Europe and other 
middleincome economies gained in importance both 
as targets for R&Doriented foreign direct invest
ment (FDI) by multinational firms and as sources of 
new knowledge. 

The rising need for complex and specialized knowledge 
and technological interaction at both national and 
international level has resulted – paradoxically – in both 
geographical concentration and dispersion of innova
tion creation, as highlighted in Chapter 1. On the one 
hand, organizations have sought to locate innovation 
activities and interactions wherever high quality and 
lower costs are available. On the other, market forces, 
economies of scale and the need for more faceto
face communication and multidisciplinary interaction, 
because of the complexity of the interactions, have 
pulled in the direction of geographical proximity. 

Global innovation networks have been a key centrifugal 
force in the geographical distribution of knowledge
creation activities. Knowledgeseeking FDI does not 
target whole countries, but specific locations within 
them. Most international collaborations, investments or 
movements of skilled workers occur between specific 
knowledgeproduction centers. But global innova
tion networks do not merely span frontiers, they link 
specific locations within countries and reinforce the 
national prominence of these locations; within national 
borders, interregional innovation subnetworks coexist 
with global ones.

In view of these considerations, it is crucial to under
stand empirically the geographical concentration and 
spread of the world’s scientific and technical knowl
edge production and interactions. This requires fine
grained mapping of innovation activities within national 
borders and how these contribute to the worldwide 
dispersion of knowledge exchanges. In particular, it is 
important to examine whether the growth of national 
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knowledgeproduction centers or hubs results in an 
overall increase in international collaboration and 
investment or whether they simply suckin innovative 
activities to the detriment of other areas in the country 
or beyond in a zerosum game. This may be especially 
relevant for developing economies, whose national 
innovation systems may become less dependent on 
the R&D operations of foreign MNCs, thanks both to 
the strengthening of local firms and the implementation 
of specific public policies to promote local innovation, 
either substituting or leveraging their national and 
international collaborations.

Moreover, the globalization of knowledge produces 
imbalances in the distribution of innovative activities 
within countries. As knowledgeproduction centers 
worldwide gain in importance and intensify their 
exchanges, cities and regions that do not participate in 
such exchanges risk being marginalized (see Chapter 5). 

This chapter documents the evolution of global knowl
edgecreating interactions and how the centrifugal 
and centripetal forces described in Chapter 1 generate 
global networks of extremely concentrated innovation 
hotspots and specialized niche clusters. It uses a 
novel database of geocoded scientific publication – 
scientific articles and conference proceedings – and 
patent data to track developments (see Box 2.1) and 
emphasize a series of longterm trends, starting from 
the mid1970s.

The chapter is organized in four sections. The first 
section examines how internationalized the produc
tion of scientific and technological knowledge has 
become, with a focus on the rise in the participation 
of middleincome countries, notably China. It also 
provides complementary evidence on how knowledge 
production is becoming increasingly concentrated 
geographically by identifying the main innovation 
agglomerations – hotspots and clusters – within each 
country. The second section analyzes the scientific 
and technological interactions between countries, 
providing further evidence for the globalization of inno
vation. It highlights the role of international knowledge 
outsourcing by companies as a driving force behind 
the development of global innovation networks. The 
third section explores to what extent the two types of 
agglomerations concur to form an innovation network 
that is properly global. The final section spells out the 
chapter’s main findings.

Box 2.1 Patent and scientific publication 
geocoded data 

Patent data

The patent data used in this report cover all patent 
documents – granted or not – filed from 1970 to 2017 
in all patent offices worldwide and available in the 
European Patent Office’s (EPO) PATSTAT database 
and WIPO’s Patent Cooperation Treaty (PCT) collec
tions. The unit of analysis is the first filing for a set 
of patent documents filed in one or more countries 
and claiming the same invention. Each set containing 
one first and, potentially, several subsequent filings 
is defined as a patent family. In the analysis, patent 
families are split into those oriented internationally 
and those oriented only domestically. Internationally
oriented patent families refer to applicants seeking 
patent protection in at least one jurisdiction other 
than their country of residence. These include patent 
families containing only patent documents filed at 
the EPO or through the PCT. Conversely, domestic 
patent families refer only to filings in a home country, 
for instance, a Japanbased applicant filing only at 
the Japan Patent Office. 

As far as possible, the geocoding – attributing 
the geographical coordinates to a given location – 
relates to the inventor’s address based on the best 
available data source within a patent family.2 Many 
addresses are geocoded at a very precise level – i.e., 
street or block – but others only at the postal code 
or other subcity level. To remain internationally 
comparable, but also due to the limited coverage 
of inventors’ addresses in some national collections, 
the clustering analysis relies only on internationally
oriented patents. 

Scientific publication data

The scientific publication data used in this report 
comes from records from 1998 to 2017 in the 
Science Citation Index Expanded (SCIE) of the Web 
of Science, the citation database operated by the 
Clarivate Analytics company. The analysis focuses 
on observations referring to scientific articles and 
conference proceedings, which are the bulk of 
these data. 
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The report assumes that research conducted for any 
publication has taken place at the institutions and 
organizations to which the authors declare their affili
ation. Virtually all of these locations were geocoded 
at the postal code or subcity level. In the case of 
authors with more than one affiliation in the same 
publication, all different addresses are considered.

2.1 The two sides of global 
knowledge production

The accelerating international 
spread of knowledge creation

Where does knowledge production take place? Is 
the geographical spread of such output different to 
that of other economic activities? Empirical evidence 
indicates that activities related to knowledge produc
tion – such as R&D expenditure, patent generation or 
scientific publication – are typically more geographically 
concentrated within countries than is the case for other 
key economic activities, the overall population, trade 
or FDI. Despite this higher concentration, the global 
tendency is for the degree of international geographic 
dispersal of innovation over time.3

For most of the period from 1970 to 2000 only three coun
tries – namely, the U.S., Japan and Germany – account
ed for twothirds of all patenting activity worldwide 
(Figure 2.1). Adding the remaining Western European 
economies – particularly, the U.K., France, Switzerland 
and Italy – takes the figure to around 90 percent.

Still, the rest of the world’s share in the production 
of new technologies, as reflected in the number of 
patents, slowly rose over the three decades, mostly at 
the expense of several Western European economies. 
The rest of the world passed from less than 6 percent 
at the beginning of the 1970s to more than 13 percent 
in the early 2000s. And only a fraction of this spread 
was due to the Republic of Korea and China.

In the last two decades, the trend has accelerated 
remarkably for both technological (patents) and scien
tific outcomes. The rest of the world accounts for 
almost onethird of all patenting activity in the decade 
starting in 2010. Published scientific data has spread 

Two decades of accelerated spread 
of knowledge production

Figure 2.1 Evolution of patenting (top) and 
publication share (bottom) by top economies
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even more widely, with the rest of the world going from 
less than a quarter of all scientific publication to around 
half in roughly the same period. 

During this period, the rest of the world – a hetero
geneous group that ranges from some highincome 
countries, such as Canada or the Republic of Korea, to 
mostly middle and lowincome economies – outpaced 
in its share of knowledge production not only Western 
Europe but also the U.S. and Japan. Undeniably, China 
and the Republic of Korea represent a substantial part 
of this international dispersion, but they do not explain 
all of it. Indeed, including these two Asian economies 
in the same group as Western Europe, the U.S. and 
Japan still results in the rest of the world increasing its 
share of both knowledge production indicators. 

What is behind this widening spread? First and fore
most, the rise of Asian countries as global innova
tion players: since the 2000s, Asia as a whole has 
increased its share of total patenting from 32 percent 
to 48 percent and its share of total scientific publish
ing from 17 percent to 36 percent. This reflects the 
rise of China and the Republic of Korea and comes 
despite the relative decline in Japan’s share of patents 
and publications.

Furthermore, considering their low starting point, many 
economies in West, South, Central and Southeast 
Asia have seen a remarkable increase in their share 
of patenting (Table 2.1). This is also true for scientific 
publication where the share increased from more than 
5 percent to more than 10 percent in only two decades. 
Within these economies, Turkey, Israel, India, Singapore 
and the Islamic Republic of Iran stand out as the largest 
innovation producers.

Economies in other continents have also contributed 
to the geographical spread of innovation in the last 
two decades, especially with respect to scientific 
publication. Oceania – mostly pushed by Australia – 
has seen a small but steady increase in its share of 
scientific publication, although its share of patents 
has decreased since the early 2000s. Latin American 
and the Caribbean economies have experienced a 
36 percent increase in their share of scientific publica
tion in the last two decades and doubled their share of 
patents since the 1970s, although from a very low start
ing point. African countries had a high relative increase 
in share of scientific publication, but their already very 
small patent share fell. At the outset of this period, 
Central and Eastern European countries – led by the 

Russian Federation – held the largest shares of both 
innovation outcomes after North America, Western 
Europe and East Asia. However, these economies 
subsequently suffered a sharp drop in their share of 
patents and a small one in scientific publishing.

Each of these regions also reveals high concentration 
within a few countries, especially for patents. This is the 
case of India and the Islamic Republic of Iran in South 
and Central Asia; Singapore in Southeast Asia; the 
Russian Federation and Poland in Central and Eastern 
Europe; Brazil and Mexico in Latin America; Israel and 
Turkey in the Middle East; Australia in Oceania; and 
Egypt and South Africa in Africa. These regional leaders 
account for much of the little patenting activity happen
ing in their subcontinents. They also concentrate much 
of the scientific publishing, particularly Brazil in Latin 
America and India and the Islamic Republic of Iran in 
South and Central Asia.

Innovations can differ in their scientific and technologi
cal value. Seminal and disruptive scientific and tech
nological outputs influence subsequent ones and, as a 
result, are more cited. Highincome economies spend 
more on producing such seminal innovative outputs. 
Even if an imperfect indicator of economic value, cita
tions of patents and scientific publication also reflect 
how visible and appreciated the research is to other 
innovators and therefore how valuable. 

Both patent and scientific publication data indicate 
that innovation is more concentrated when it is more 
valuable (more cited) (Figure 2.2). In particular, the U.S. 
holds a disproportionate share of topcited patents 
and scientific publication, dwarfing the shares of other 
economies. Still, even here there is a trend toward 
dispersion. In the last two decades, the U.S., Japan and 
Western Europe have seen less overall concentration of 
more valuable innovation outcomes. Again, China and 
the Republic of Korea stand out. But other economies 
also contributed to the spread of topcited innovation, 
even if the spread has not been as fast as for less cited 
scientific publication and patents.

In sum, China seems to largely explain the world
wide spread of scientific and technological innovation 
activities in the last two decades, although many other 
countries have contributed to this trend. But many 
lowerincome countries are systematically excluded 
from international innovation.4 Curiously, the recent rapid 
rise of China and, to a lesser extent, that of the Republic 
of Korea, also signifies a global reconcentration of 
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innovation production shares, but in different locations. 
This reconcentration coincides with a similar trend 
observed for R&D expenditure shares after 2008 at 
the onset of the Great Recession, with both China and 
the Republic of Korea increasing their share of global 
R&D expenditure. All in all, innovation production has 
increased in volume and spread more globally, but 
there is still a limited set of countries that produces 
the bulk of it.

Increasing concentration: a local affair

The geographical distribution of inventive and scientific 
activities within each country is uneven. In the context 
of the increase of innovation production and its inter
national spread, an interesting phenomenon occurs – 
there is no clear evidence that knowledge production 
has spread within countries. 

A few administrative areas in each economy often 
accumulate the lion’s share of scientific and techno
logical production (Table 2.2). In the U.S., three out of 

50 states concentrate almost 40 percent of inventive 
production (patents) and almost 30 percent of scien
tific production (publication). And the U.S. is the least 
geographically concentrated among the largest econo
mies. In Japan, three out of 47 prefectures concentrate 
56 percent of patents and 35 percent of scientific 
publication. In China, three out of 33 provinces gather 
60 percent of patents and almost 40 percent of scien
tific publication. In Europe, concentration is higher, but 
the number of regions is smaller. In Germany, three 
out of 16 states concentrate twothirds of the patents 
and half the scientific publication. Similarly, three out 
of 18 French regions accumulate about 60 percent of 
knowledge production.

Regional concentration of patents within these econo
mies has increased over the last decade. In all cases 
but France, the top three regions (Table 2.2) accu
mulate more patents in the latter 2011–2015 period, 
evidencing withincountry concentration, not disper
sion. Interestingly, the top three regions are not neces
sarily the same in the two periods, but the changes 
are small. For scientific publication, however, the 

Asia’s share in innovation rises strongly

Table 2.1 Evolution of patenting and scientific publishing, by regions and selected countries

Region 
(country)

Patents Publications

1970–79 1980–89 1990–99 2000–04 2005–09 2010–14 2015–17 2000–04 2005–09 2010–14 2015–17

SCSE Asia 0.1% 0.1% 0.6% 1.0% 1.6% 2.1% 2.0% 3.2% 4.8% 6.7% 7.5%

India 0.0% 0.0% 0.1% 0.5% 1.0% 1.4% 1.3% 2.0% 2.6% 3.2% 3.5%

Singapore 0.0% 0.0% 0.1% 0.3% 0.4% 0.4% 0.3% 0.4% 0.5% 0.5% 0.5%

CEE 3.2% 3.8% 4.9% 1.1% 1.3% 1.4% 1.3% 5.8% 5.9% 5.8% 5.6%

Russian 
Federation

0.7% 1.4% 2.7% 0.4% 0.5% 0.5% 0.4% 2.4% 1.9% 1.7% 1.8%

Poland 0.2% 0.1% 0.1% 0.1% 0.1% 0.2% 0.2% 1.1% 1.3% 1.3% 1.3%

LAC 0.3% 0.3% 0.3% 0.4% 0.5% 0.6% 0.6% 3.0% 3.5% 4.0% 4.0%

Brazil 0.1% 0.1% 0.1% 0.2% 0.2% 0.3% 0.3% 1.5% 2.0% 2.3% 2.3%

Western Asia 0.3% 0.3% 0.7% 1.1% 1.4% 1.6% 1.7% 2.3% 2.8% 3.0% 3.1%

Turkey 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 1.0% 1.5% 1.7% 1.7%

Israel 0.2% 0.3% 0.6% 0.9% 1.2% 1.1% 1.1% 0.9% 0.8% 0.6% 0.6%

Oceania 0.8% 1.1% 1.1% 1.4% 1.3% 0.9% 0.9% 2.4% 2.4% 2.6% 2.8%

Australia 0.7% 1.0% 1.0% 1.2% 1.1% 0.8% 0.8% 2.0% 2.1% 2.3% 2.5%

Africa 0.3% 0.2% 0.2% 0.3% 0.2% 0.2% 0.2% 1.1% 1.3% 1.6% 1.8%

Egypt 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.3% 0.4% 0.5%

South Africa 0.2% 0.2% 0.2% 0.2% 0.2% 0.1% 0.1% 0.3% 0.4% 0.4% 0.4%

Total 4.8% 5.8% 7.8% 5.3% 6.4% 6.8% 6.7% 17.8% 20.7% 23.6% 24.9%

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Technical Notes). 
Notes: CEE = Central and Eastern Europe; LAC = Latin America and the Caribbean; SCSE Asia = South, Central and Southeast Asia. Patent figures 
based on international patent families.
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More the value, more the concentration

Figure 2.2 Evolution of top-cited patents (left) and scientific publications (right) 
by top economies and regions

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Technical Notes). 
Notes: Patent figures based on international patent families.
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Shares of top innovation subnational regions within countries

Table 2.2 Top three large administrative areas in patent and scientific 
publication concentration by period, selected countries

Country 
(level)

Patents Publications

1991–95 %  2011–15 % 2001–05 %  2011–15 %

China 
(provinces)

Beijing 
Guangdong 
Shanghai

42.3
Guangdong 
Beijing 
Jiangsu

60.3
Beijing 
Shanghai 
Jiangsu

45.5
Beijing 
Shanghai 
Jiangsu

39.4

Germany 
(states)

BadenWürttemberg 
Bayern 
NordrheinWestfalen

63.8
Bayern 
BadenWürttemberg 
NordrheinWestfalen

65.0
Bayern 
NordrheinWestfalen 
BadenWürttemberg

49.4
NordrheinWestfalen 
BadenWürttemberg 
Bayern

50.0

France 
(regions)

ÎledeFrance 
AuvergneRhôneAlpes 
Grand Est

64.1
ÎledeFrance 
AuvergneRhôneAlpes 
Occitanie

59.9
ÎledeFrance 
AuvergneRhôneAlpes 
Occitanie

63.1
ÎledeFrance 
AuvergneRhôneAlpes 
Occitanie

62.7

U.K. 
(counties)

Greater London 
Hertfordshire 
Cambridgeshire

17.9
Greater London 
Cambridgeshire 
Oxfordshire

23.9
Greater London 
Cambridgeshire 
Oxfordshire

35.8
Greater London 
Oxfordshire 
Cambridgeshire

38.7

India 
(states)

Maharashtra 
Karnataka 
Telangana

51.6
Karnataka 
Maharashtra 
Telangana

60.1
Maharashtra 
Tamil Nadu 
NCT of Delhi

36.4
Tamil Nadu 
Maharashtra 
NCT of Delhi

36.1

Japan 
(prefecture)

Tokyo 
Kanagawa 
Osaka

51.5
Tokyo 
Kanagawa 
Osaka

56.3
Tokyo 
Osaka 
Ibaraki

35.8
Tokyo 
Osaka 
Aichi

35.4

U.S. 
(states)

California 
New York 
Texas

30.8
California 
New York 
Texas

36.5
California 
New York 
Massachusetts

28.2
California 
Massachusetts 
New York

28.7

Source: WIPO based on PATSTAT, PCT and Web of Science data. 
Notes: Patents and scientific publications were attributed to regions according to the geocoded addresses of inventors and affiliations of authors. 
See Box 2.1 and the Technical Notes. Patent figures based on international patent families.
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top three regions show little change during the two 
periods shown in the figure. China’s top three prov
inces are the only ones to evidence some noticeable 
geographical spread of scientific production. The fact 
that the location and budget of academic institutions 
are the result of complex and long decisionmaking 
processes can partially explain these stable scientific 
publication trends.

These trends apply not only to the main innovative econ
omies described in the previous section. In most coun
tries, a few areas have become truly innovation hotspots, 
way ahead of the rest of the country. This is the case in 
India, Australia and several countries in Southeast Asia, 
the Middle East, Latin America and Africa.

However, there are substantial difficulties – common 
to all questions of economic geography – in making 
comparisons across countries based on existing 
subnational administrative areas. Administrative areas 
can differ markedly in size, population and density of 
innovative activity, all of which complicate comparison. 
In addition, the administrative borders may not coincide 
with the limits of the innovation agglomeration or hub.5 
A given administrative area may even encompass 
two or more agglomerations, or the agglomeration or 
agglomerations may span several administrative areas, 
even crossing country borders.

A vast literature in spatial analysis documents this 
wellknown issue, which goes under the name of the 
modifiable areal unit problem (MAUP) and its resulting 
statistical distortions.6 The solution requires creating 
ad hoc comparable areas that can be used in place 
of administrative ones. Box 2.2 provides a detailed 
explanation of the solution.

Box 2.2
How to measure local agglomerations 
of innovation

The report aims to provide an internationally compa
rable measure of agglomeration of scientific and 
technological activities. It makes use of all interna
tionallyoriented patents from 1976 to 2015 and all 
scientific publications from 1998 to 2017 to identify 
the main geographical concentration of innovation.

The agglomerations are organically defined 
using a cluster identification approach based on 

densitybased algorithms from the economic geog
raphy literature.7 In a nutshell, the report uses the 
DBSCAN – Density-based spatial clustering of appli-
cations with noise – clustering algorithm to identify 

“clusters” separately from the geocoded patent and 
scientific publication data. The borders of each 
scientific publication and patent agglomeration are 
determined using a concave polygon approach. The 
overlapping polygons are merged keeping only the 
outer borders of all concerned agglomerations. The 
resulting outer areas are referred to as global inno-
vation hotspots (GIHs) or, more plainly, hotspots.
To allow for scientific and technological specializa
tion, the above method is repeated for 25 subsam
ples of the same publication and patent data, which 
refer to 12 scientific fields and 13 technological 
ones, respectively.8 Only the resulting polygons of 
these 25 iterations not contained within a hotspot 
are kept. From these, the overlapping polygons are 
merged in the same way as for hotspots. The final 
outer areas are referred to as specialized niche 
clusters (SNCs) or, more plainly, niche clusters. 

By definition, the resulting areas: (1) are internation-
ally comparable, i.e., the same scientific publica
tion or patent (specialized) density would have 
determined the same hotspot (cluster) anywhere 
in the world; (2) can have different scientific and 
technological density, i.e., hotspots and niche 
clusters need only scientific publication or patent 
high concentration, but not necessarily both; (3) 
have different specialization density, i.e., niche 
clusters are defined with lower density thresholds 
than hotspots; (4) are distinct geographical areas, 
i.e., the polygons are nonoverlapping within and 
across hotspots and niche clusters; and (5) have 
non-predefined boundaries, i.e., hotspots and 
niche clusters can have different sizes and include 
more than one city, state/province or country. 

Based on this methodology, there are 174 global inno
vation hotspots and 313 specialized niche clusters 
worldwide, which together concentrate 85 percent 
of all patents and 81 percent of all scientific articles 
and conference proceedings published worldwide. 
The contribution of niche clusters is relatively small. 
Of course, these also include collaborations – i.e., 
coinventions and copublication – with partners 
outside of these innovationdense areas.
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To a great extent, these innovationdense areas coin
cide with the large, urban, cosmopolitan and prosper
ous areas of the world. As noted, innovation is even 
more concentrated than general economic activity 
and population. For instance, only 22 out of the 35 
mostpopulated metropolitan areas in the world are 
part of a global innovation hotspot (Figure 2.3). A huge 
disparity exists among those that are: Beijing, London, 
Los Angeles, New York, Seoul and Tokyo concentrate 
a large amount of both patents and scientific publish
ing, while Buenos Aires, Delhi, Istanbul, Mexico City, 
Moscow, São Paulo and Tehran, for example, are part 
of hotspots concentrating a fair, but appreciably lower, 
output of scientific articles and very few patents. Other 
highly populated urban centers have only enough 
innovation density in some specialized scientific or 

technological fields. This is the case of the niche clus
ters found in Bangkok, Cairo, Chongqing and Kolkata, 
among others. Despite concentrating much of their 
national innovation output, several highly populated 
metropolitan areas – such as Jakarta, Karachi or Manila 

– do not generate sufficient innovation to classify as 
hosts of a hotspot or niche cluster.

On the other hand, less dense urban areas in many 
highincome and innovative countries can host high 
innovation density, especially in some specialized 
fields. These niche clusters – such as Ithaca in the 
U.S., Stavanger in Norway or Bern in Switzerland – are 
highly innovative due to the strong innovation footprint 
of local academic institutions, industries or, sometimes, 
a key company. In their specialized fields, these niche 

Population density does not ensure high innovation density 

Figure 2.3 Patents and scientific articles in the top 35 largest cities

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2), and top cities from The City Mayors Foundation. Based 
on the 35 largest metropolitan populations in the list of largest cities in the world retrieved from The City Mayors Foundation, www.citymayors.com/
statistics/largestcitiespopulation125.html, September 2019. 
Notes: Size of bubble refers to the metropolitan area population (circa 2017). Axis in logarithmic scale. Due to low scientific publication or patent 
values, Kinshasa and Shijiazhuang are omitted from the chart area. Patent figures based on international patent families.
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Innovation density and urban density largely coincide 

Figure 2.4 Worldwide distribution of innovation (GIHs and SNCs) and DMSP nightlight

North America, Western Europe and East Asia host most hubs

Figure 2.5 Global Innovation hotspots and specialized niche clusters, by region

GIH SNC NIGHTLIGHT

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2). Nightlight data from the U.S. National Oceanic and 
Atmospheric Administration’s (NOAA) National Geophysical Data Center. 
Note: DMSP = Defense Meteorological Satellite Program.
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clusters outperform metropoles with much higher urban 
and overall innovation densities.

Figures 2.4 and 2.5 expand this comparison globally, 
based on the world distribution of nightlight as a proxy 
for urbandense areas.9 As shown in Figure 2.4, the 
nightlight is not well distributed across the world or within 
borders. Innovation follows a similar pattern of agglom
eration, but it is even more geographically skewed. These 
agglomerations or hotspots – which are by definition 
denser in scientific knowledge or patent generation – 
typically coincide with the brightest – in terms of night
light – areas in the world. Niche clusters also coincide 
with bright locations, although their specialist nature 
means the urban areas can be less dense.

Europe – particularly the west – has the most homoge
nous territorial distribution of nightlight and, not surpris
ingly, concentrates more than onethird of all global 
innovation hotspots and specialized niche clusters in 
the world. Despite this, there are still several illuminated 
areas without a corresponding innovation agglomera
tion. In Europe, Germany, the U.K. and France lead in 
quantity of innovation agglomerations, but even they 
have several dense urban areas without any corre
sponding scientific publication or patent density.

North America hosts more than a quarter of hotspots 
and niche clusters, mostly in dense urban areas along 
the east and west coasts. Most of the main cities in the 
center and south of the country also host innovation 
agglomerations; but many dense urban areas – particu
larly in the Midwest and southern U.S. states – do not 
have sufficient innovation to host a global innovation 
hotspot or niche cluster.

Asia hosts slightly more than a quarter of the total 
hotspots and niche clusters. Japan, China, the Republic 
of Korea and India account for the bulk of Asia’s inno
vation agglomerations. In Japan, and to some degree 
the Republic of Korea, there is a high correspondence 
between nightlight and innovation agglomeration. 
Despite their numerous innovation agglomerations, 
China and India still have many dense urban areas with 
no corresponding innovation density. 

The large continental territories of Oceania, Latin 
America and Africa host vast areas without dense 
urban locations. Within the former, Australia has a high 
colocation of urban and innovationdense areas, with 
virtually no bright locations without a corresponding 
global innovation hotspot or niche cluster. On the 

contrary, Africa and Latin America have mostly dense 
urban areas with no corresponding innovation density.

As shown in Table 2.3, the inventive and scientific activi
ties across locations are highly skewed at all levels of 
innovation density. The 174 hotspots represent the 
most innovativedense areas in the world; nonetheless, 
a limited number – mostly in highincome and middle
income countries – consistently produce most of the 
scientific and technological knowledge created within 
global innovation hotspots.

Only 30 hotspots in 16 different countries are respon
sible for the creation of almost 70 percent of the 
patents and around 50 percent of the scientific arti
cles produced.

Very little inventive and scientific activity is produced 
outside the hotspots and niche clusters, and even less 
is produced outside the few countries hosting these. 
Indeed, there are more than 160 countries not hosting 
any hotspot or niche cluster. Even in these less inno
vationdense areas, most of the knowledge produced 

A few locations concentrate most 
inventive and scientific activities

Table 2.3 Concentration of patenting and 
publishing among GIHs and among less 
innovation-dense countries, 1998–2017

Top 30 hotspots (as share of all GIHs in the world) 

Hotspots (%) 30 (17.2%)

Countries (%) 16 (47.1%)

Patents (%) 3,234,850 (69.2%)

Scientific articles (%) 10,987,971 (47.8%)

Top 30 agglomerations in non-innovation dense countries

Agglomerations (%) 30 (5.0%)

Countries (%) 24 (14.4%)

Patents (%) 11,491 (64.1%)

Scientific articles (%) 484,689 (61.0%)

Source: WIPO based on PATSTAT, PCT and Web of Science data (see 
Boxes 2.1 and 2.2). 
Notes: Only data from 1998 to 2017 reported. Top 30 are calculated 
separately for patent and publication data. Top 30 agglomerations in 
noninnovationdense countries are based on the same methodology 
described for GIHs in Box 2.2. Patent figures based on international 
patent families.
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is generated in just a few dense urban areas. Just 30 
agglomerations located in only 24 different countries 
produce roughly 64 percent of patents and 61 percent 
of scientific articles within these noninnovationdense 
countries (Table 2.3). Despite this concentration in a few 
agglomerations, the gap with the world’s top hotspots is 
huge. The volume of patents and scientific publication 
of the top 30 agglomerations in less innovationdense 
countries is only 0.4 percent and 4 percent, respectively, 
of that of the world’s leading 30 hotspots.

But even within innovationdense areas strong national 
differences emerge. Table 2.4 looks at the top three 
hotspots and niche clusters for selected countries in 
two different periods and the share of patenting and 
scientific publication they accumulate in their respective 
countries. First, the list of top three innovationdense 
areas barely differs in time and between patents and 
scientific publication, showing the stability of the 
concentration phenomenon. Second, in all countries 
shown, the share the top three accumulates is quite 
high, ranging from around 20 percent up to more than 
80 percent. Next, in the majority of countries the share 
of the top three patenting hotspots either remains quite 
stable or increases, showing that, within countries, 
inventive activities do not spread much geographically 
and in some cases even reconcentrate. Germany and, 
to a lesser extent, France are exceptions where the top 

three patenting hotspots concentrate less inventive 
activity than two decades earlier. 

Overall, concentration of scientific publication has 
also remained relatively stable at high rates. Within 
these selected economies, only China and, to a lesser 
extent, India show some tendency to dispersion, but 
their top three hotspots still hold at least a quarter and 
a third of all national scientific publication, respectively. 
Comparing publication and patents, it is interesting to 
observe (Table 2.4) how in certain countries, scientific 
publication is more concentrated than patents (which 
is not the general rule). This is the case of the U.K. and, 
to a lesser extent, France. Both countries host capital 
cities that are worldwide centers of scientific production 
and which lead the way in their respective countries.

2.2 Global networks of 
collaboration and sourcing

Just how globalized is collaboration?

The production of scientific and technological knowl
edge is increasingly collaborative. Already in 1998, 
teams produced the majority of scientific papers. By 
2017, lone wolf scientists had become half as important 

Persistent concentration of innovation in a few hotspots

Table 2.4 Top three GIH concentration, patents and publications, selected countries

Country
Patents Publications

1991–95 %  2011–15 % 2001–05 %  2011–15 %

China
Beijing 
Shanghai 
Shenzhen–Hong Kong

36.5
Shenzhen–Hong Kong 
Beijing 
Shanghai

52.2
Beijing 
Shanghai 
Nanjing

43.9
Beijing 
Shanghai 
Nanjing

35.8

Germany
Frankfurt 
Cologne–Dusseldorf 
Stuttgart

37.4
Frankfurt 
Stuttgart 
Cologne–Dusseldorf

29.4
Frankfurt 
Cologne 
Berlin

34.4
Frankfurt 
Cologne 
Berlin

34.2

France
Paris 
Lyon 
Grenoble

47.1
Paris 
Grenoble 
Lyon

42.8
Paris 
Lyon 
Grenoble

51.0
Paris 
Lyon 
Toulouse

49.4

U.K.
London 
Manchester 
Cambridge

30.0
London 
Cambridge 
Oxford

35.0
London 
Cambridge 
Oxford

39.8
London 
Oxford 
Cambridge

41.8

India
Bengaluru 
Mumbai 
Delhi

41.9
Bengaluru 
Hyderabad 
Delhi

46.2
Delhi 
Mumbai 
Bengaluru

27.7
Delhi 
Mumbai 
Kolkata

24.6

Japan
Tokyo 
Osaka 
 Nagoya

80.5
Tokyo 
Osaka 
Nagoya

83.4
Tokyo 
Osaka 
Nagoya

64.3
Tokyo 
Osaka 
Nagoya

64.8

U.S.
New York City 
San Jose–San Francisco 
Boston

19.4
San Jose–San Francisco 
New York City 
Boston

23.4
New York 
Washington DC–Baltimore 
Boston

21.2
Boston 
New York 
Washington DC–Baltimore

21.4

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2). 
Notes: Patent figures based on international patent families.
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as they were 20 years before. The size of the teams is 
also increasing. In 2017, the average scientific paper 
required almost two more researchers – on average 

– than 20 years previously (see Figure 2.6). Moreover, 
the average team size has shifted upward across the 
board, making teams of six or more scientists the most 
common in the production of scientific knowledge. 

Teams collaborating to achieve technological innova
tions (patents) are smaller but follow a similar increasing 
trend, with the average team number doubling since the 
early 1970s. By the mid2010s, two thirds of inventions 
were collaborative efforts. All team sizes of inventors 
are increasing at the expense of singleinventor patents.

Teams are also increasingly international. As seen in 
Chapter 1, the forces pushing academia and companies 
to cross borders seeking partners for innovation are 
manifold. The scientific community has a long tradition 
of engaging in international collaboration. MNCs also 
seek efficiency gains from the international division of 
their R&D and through international collaboration. For 
instance, they may collaborate with R&D teams in other 
countries to: (i) adapt technologies to different market 

needs; (ii) access a special talent pool; or (iii) simply 
lower the researcher costs.10

Increasingly, collaboration in scientific production 
(publication), as opposed to technological produc
tion, involves teams from organizations in at least two 
different countries (Figure 2.7). In only two decades, 
the share of international scientific collaboration prac
tically increased by half, growing from 17 percent to 
25 percent of scientific articles published. International 
coinventorship is a much less frequent phenomenon. 
Despite the lower shares, however, collaborative inter
national patent production showed an impressive 
growth trend until the second half of the 2000s, more 
than doubling from less than 5 percent to almost 
11 percent. Since 2010, the share has fallen slightly.11 

The fact that international teams account for a higher 
percentage of published scientific articles than of 
patents indicates once again that science production 
is more internationalized than technology production.
Figure 2.8 breaks down data for international inventive 
and scientific teams by country, for the top innovative 
countries worldwide. With the exception of Japan and, 

Increased collaborative innovation 

Figure 2.6 Inventor (left) and scientific (right) team size, by period

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Box 2.1). 
Notes: Patent figures based on international patent families.
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to a lesser extent, the Republic of Korea, most topfiling 
countries show a large international coinventorship 
share. The U.S. and Western European countries 
show mostly a rising trend. Smaller economies with 
internationally linked and dense urban and innovation 
areas – such as Switzerland – are very prone to engag
ing in international collaborations. India also shows a 
high rate of international coinventorship. In East Asia’s 
top economies things are different. Before the 2000s, 
the share of international coinventorship in China 
was extraordinarily large, but the volume was small. 
Thereafter, when the volume of Chinese patenting 
picked up, the share of international coinventorship 
dropped dramatically, becoming comparable to the 
very low shares of Japan and the Republic of Korea. 

Trends for international copublication reveal a very 
different picture. All main scientific publishing countries 
have larger shares of international copublication than 
coinventorship, with the exception of India. Moreover, 
these shares increased steadily over the period. 
However, the figures show East Asian countries being 
less internationally open than the U.S. and Western 
Europe when it comes to scientific publishing too.

Collaboration for innovation is 
increasingly international

Figure 2.7 International co-inventorship and 
co-publishing, percent

Source: WIPO based on PATSTAT, PCT and Web of Science data 
(see Box 2.1). 
Notes: Int. coinventorship = share of patents with more than one 
inventor located in at least two countries; int. copublications = share 
of scientific articles with more than one affiliation located in at least two 
countries. Patent figures based on international patent families.
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Figure 2.8 International co-inventorship (left) and co-publication (right), by country

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Box 2.1). 
Notes: Int. coinventorship = share of patents with more than one inventor located in at least two countries; int. copublication = share of scientific 
articles with more than one affiliation located in at least two countries. Patent figures based on international patent families.
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Concentration and spread of international collaborations

Figure 2.9 International co-inventorship (left) and international 
co-publication (right) by country pairs, 1998–2002 and 2011–2015

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Box 2.1). 
Notes: Int. coinventorship = share of patents with more than one inventor located in at least two countries; int. copublication = share of scientific 
articles with more than one affiliation located in at least two countries. Only top 10 percent international links of each period reported. Bubbles report 
the share of links only for selected countries and regions. Patent figures based on international patent families.
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A select club of innovation outsourcing recipients

Figure 2.10 Companies’ patenting with inventors in a different country (%), selected regions

Source: WIPO based on PATSTAT and PCT data (see Technical Notes).  
Notes: CEE = Central and Eastern Europe; LAC = Latin America and the Caribbean; SCSE Asia = Southern (excluding India), Central and Southeast 
Asia; These regions are closely based on the geographic regions from the U.N. Statistics Division’s (UNSD) methodology (unstats.un.org, accessed 
March 2019). The only differences are that CEE includes all countries in the UNSD’s Northern and Southern Europe categories not included in 
Western Europe and that SCSE includes Mongolia. Other Western Europe excludes Germany. Western Europe includes the 15 economies that were 
members of the EU prior to May 1, 2004, along with Andorra, Iceland, Liechtenstein, Malta, Monaco, Norway, San Marino and Switzerland. Patent 
figures based on international patent families.
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International collaboration is also concentrated among a 
few main countries, although concentration is decreas
ing as new stakeholders enter the network (Figure 2.9). 
Scientific copublishing only between the U.S., Western 
Europe and Japan accounted for 54 percent of all inter
national coauthorships in 1998–2002 and 42 percent in 
2011–2015. Coinventorship among these three regions 
was 69 percent of overall international coinventorship 
in 1998–2002 and 49 percent in 2011–2015.

The three are also involved in most of the collaboration 
undertaken with other economies (Figure 2.9). While 
collaboration within Europe is increasingly important, 
the U.S. is the main partner for most European coun
tries. Canada and the U.S. – certainly due to geographic 
and cultural proximity – represent one of the strongest 
linkages in international collaboration networks at all 
times. Most of the remaining Canadian ties are with 
Western Europe, with few connections elsewhere. 
New entrants to these networks – such as China, India, 
Australia or Brazil – also mostly link with these three 
economies, typically with the U.S. and a few Western 
European countries, such as the U.K. and Germany.

Collaboration between countries and economies 
outside the U.S.–Western Europe–Japan triangle is 
much sparser. International coinventions not involving 

these central economies made up only 2 percent 
of all international coinventions in 1998–2002 and 
7 percent in 2011–2015. The subnetwork for scientific co 
publication is slightly greater, starting from 5 percent in 
1998–2002 and reaching 13 percent of all international 
ties in 2011–2015. Some larger economies outside the 
big three – such as China, India, Singapore and, to 
a lesser extent, Argentina, Australia, Brazil, Mexico 
and South Africa – have increased their participation 
in the subnetwork, although mostly for scientific co 
publication. But their connections still mostly involve 
one of the big three – particularly the U.S. and Europe – 
rather another noncore location.

Overall, the collaboration trends suggest that the 
globalization of inventive activities mostly concern the 
U.S. and Western Europe along with China and India. 

MNCs seek innovation further afield

From the late 1990s, as discussed in Chapter 1, MNCs 
increasingly started to outsource R&D activities to 
middleincome, developing economies, such as 
China, India and countries in Eastern Europe.12 While 
initially they were adapting their technologies to local 
market needs, they slowly moved toward cuttingedge 

Innovation within hotspots is more likely to be international

Figure 2.11 Percentage of international patent (left) and publication 
teams (right), inside vs. outside GIHs and SNCs

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2). 
Notes: Patent figures based on international patent families.
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R&D – comparable to that undertaken in highincome 
economies – and developing new products for the 
worldwide market.13 The dynamism of certain middle
income countries was a great attractor of R&Drelated 
FDI, especially in India and China. 

Outward R&D from the U.S. has increased more than 
fivefold in the last 25 years, with most of this innovation
related investment going to Germany, the U.K., Japan, 
Canada or France.14 The trend for U.S. companies 
patenting with foreign inventors has followed a very 
similar pattern (Figure 2.10). In the 1970s and 1980s, 
only 9 percent of patents filed by U.S. companies had 
foreign inventors; by the 2010s, this share had risen 
to 38 percent. The outsourcing of technology from 
Canada, Japan and Western Europe kept growing until 
the early 2000s, before flattening. Since then, most of 
the increase in innovation outsourcing by U.S. compa
nies has taken place elsewhere, mainly in China, India 
and, to a lesser extent, Israel. So, a large part of the 
U.S. knowledgediversification strategy has involved 
expansion to nonhighincome countries.

Internationalization of R&D has not been limited to 
U.S. companies, although no other large economy has 
been so open to such collaboration (Figure 2.10). Large 

Western European economies – such as Germany, 
France and the U.K. – come the closest, while compa
nies from the main EastAsian countries – i.e. Japan, 
the Republic of Korea and China – are far less inter
nationalized.

There is a clear pattern of companies from all around 
the world increasing and widening their patenting with 
foreign inventors. However, as noted, most international 
patent sourcing still happens between companies 
and inventors from highincome economies, particu
larly from the U.S., Japan and Western Europe. Within 
these, Japanese companies are the least foreign
oriented, while U.S. companies rely considerably on 
Japanese inventors.

In the last two decades, China and the Republic of 
Korea have made a case to be added to this select 
group. They certainly have the volume of companies’ 
patenting and of inventors participating in patenting by 
foreign companies. Companies from the Republic of 
Korea rely more intensively on Japanese and U.S. inven
tors than the latter do on Korean companies. Chinese 
companies used to rely intensively on Japanese inven
tors during the 1990s, but since the 2000s they have 
shifted to an increasingly nationallyoriented profile. 

Dispersion of scientific publication, reconcentration of patenting

Figure 2.12 GIHs’ and SNCs’ share of co-inventorship (left) and co-publication (right) interactions, 
by partner location

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2). 
Notes: Patent figures based on international patent families.
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Differences in country trends, particularly for patents

Figure 2.13 GIHs’ and SNCs’ share of co-inventorship (top) and 
co-publication (bottom) interactions, by partner location, selected countries

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2). 
Notes: Patent figures based on international patent families.
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Different MNCs have different connectivity strategies 

Figure 2.14 Global co-inventor network of selected companies

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2). 
Notes: Top 15 GIHs by inventor locations of patents having the company as applicant. Patent figures based on international patent families.
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Chinese companies are currently only slightly more 
open to international inventors than are Japanese ones. 

Nevertheless, despite the increase seen in recent 
decades in outsourcing by MNCs involving middle
income developing countries, companies from the 
latter are still more likely to draw on the innovation of 
highincome economies than the other way around. 
Companies from India, Asia, Central Eastern Europe, 
Latin America and Africa rely intensively on the ingenu
ity of inventors in the U.S., Western Europe, China and, 
to a lesser extent, Japan and the Republic of Korea 
to create for them patentable technologies. It is worth 
recalling, however, that companies in these economies 
have low patenting volumes in comparison to those in 
the U.S., Western Europe, Japan, China and Republic 
of Korea. Last and not least, there is much less direct 
patenting activity between companies and inventors 
from nonhighincome countries.

There is some degree of regional collaboration. However, 
this follows the same pattern described above. Mexican 
companies source more intensively from inventors 
in the U.S. and Canada than the other way around. 
The same applies to Germany, France and the U.K. 
in Europe, particularly with Central Eastern Europe. 
Companies from all Asia reach out more intensively to 
inventors in Japan, the Republic of Korea, China and, 
to some degree, India than vice versa. Less markedly, 
inventors in Brazil and South Africa appear as regional 
sources for Latin American and African companies. 
However, companies in Asian, Latin American or African 
nonhighincome economies interact mostly with inven
tors outside their respective continents, typically in the 
U.S. and Western Europe.

2.3 Local innovation and global 
networks of innovative hubs

The globalization of agglomerations

Not only do hotspots and niche clusters concentrate 
more scientific publication and patent output, they also 
collaborate more internationally (Figure 2.11). The differ
ence is even greater for highly cited patents and scientific 
articles. During the last two decades, international scien
tific collaboration went from 19 percent to 29 percent of 
all scientific articles produced inside innovationdense 
areas and the mostcited within this international collabo
ration went from 28 percent to 43 percent.

The same gap applies to coinventions inside and 
outside hotpots and niche clusters. In the second half 
of the 2010s, 11 percent of inventions from hotspots 
and niche clusters had international partners – and 
almost 16 percent in the case of topcited patents – 
while only 6 percent of patents originating outside 
of these had an international coinventor. However, 
there is no evidence of the gap increasing. In fact, 
international coinvention inside and outside agglom
erations shows a similar stagnating and to some 
extent declining trend, starting in the second half of 
the 2000s and probably linked to a wider slowdown 
in globalization (see below).

Figure 2.12 shows several noteworthy patterns. As 
discussed in Section 2.2, the percentage of scientific 
and inventive output in these innovationdense agglom
erations that does not involve any local, national or 
international collaboration has decreased. Inventions 
with a single inventor went from onethird in the 1970s 
and 1980s to less than a quarter by 2017. Scientific 
publication by a sole author went from more than 
40 percent in the early 2000s to less than 25 percent 
in the second half of the 2010s. The more the hotspots 
and niche clusters collaborate, the denser the network 
of knowledge they create.

In other respects, the picture differs depending on 
whether it is inventive or scientific output. For patents, 
the share of localonly teams is larger than that of 
national and international ones, while this is not the 
case for scientific publications. Nevertheless, for 
scientific publication, international copublication 
has continuously grown faster than national and 
local collaborations. The same trend is observed for 
patents from the early 1980s until the second half of 
the 2000s.15

Since around 2005, however, there has been a fresh 
rise in the share of localonly patents. This change 
coincides with a slowdown in the pace of globaliza
tion and internationalization generally, as reflected 
in slower growth of trade, FDI flows and financial 
integration. It also coincides with a decrease in the 
share of patents generated by teams that are national 
but not just local. The explanation for the latter could 
be that part of the slowdown in the globalization of 
knowledge creation and innovation has to do with 
the rise of local hotspots rather than with the devel
opment of new national innovation systems. As will 
be shown, this pattern is stronger in some specific 
Asian countries.
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Global network of innovative agglomerations: a small world?

Figure 2.15 Top 10 percent co-invention ties among GIHs and SNCs, 2011–2015
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Source: WIPO based on PATSTAT, 
PCT and Web of Science data 
(see Boxes 2.1 and 2.2).  
Notes: Only the world’s 
10 percent largest links reported. 
Green lines connect GIHs/SNCs 
from the same country and purple 
lines connect those from different 
countries. Bubbles represent 
the top 10 hotspots in terms 
of connectivity volume. Patent 
figures based on international 
patent families.
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The situation also varies considerably across countries, 
as shown in Figure 2.13, which extends the analysis of 
Figure 2.12 by showing the breakdown for hotspots and 
niche clusters in a selection of top innovating countries. 
The countryspecific trends for scientific publication 
largely follow what was observed in Figure 2.12, with 
virtually all countries showing similar patterns and 
increases in collaboration. There are some differences, 
however. In the U.S., Japan, Germany and Switzerland, 
the increasing share of international copublication 
is the principal cause of a reduction there in non 
collaborative scientific research. China, India and, to 
some extent, the Republic of Korea have seen less 
vibrant growth of international scientific collaboration. 
In these countries, the decline in the share of non
collaborative scientific publication largely reflects an 
increase in national and local collaboration.

In line with the trends for MNCs in the previous section, 
the trends for patent coinventorship vary substan
tially across countries. Some countries – like India or 
Switzerland – can be extraordinarily open to interna
tional coinvention, with the Republic of Korea, Japan 
and, more recently, China at the other extreme. There 
has been a noticeable drop in the share of international 
teams in patent production in some countries, particu
larly in China, due in the latter case to a sharp growth 
in localonly coinvention. However, for the majority of 

countries, the share of international coinventions has 
grown or only slightly stagnated in recent years.

MNCs can have very different needs and strategies 
for where to source for talent, and these can change 
over time (Figure 2.14). For example, in the 2010s, 
San Jose–San Francisco accounted for 53 percent 
of Google’s patents. Similarly, Nuremberg – the most 
important source of patents for Siemens – accounted 
for 32 percent during the same period. As expected, 
Tokyo and Shenzhen–Hong Kong are the most impor
tant sources of invention for Sony and Huawei, concen
trating 71 and 81 percent, respectively. Interestingly, 
comparing figures for the 2010s to the 2000s, Google 
and Siemens have concentrated more inventive activi
ties within their top hubs, whereas the reverse holds 
for Sony and Huawei.

MNCs from middleincome countries – such as 
Brazil or India – also seek out talent in different ways. 
Technology services company Infosys has a wide
spread but predominantly Indian network. Brazilian 
planemaker Embraer remains very concentrated in 
São José dos Campos, which is also the company’s 
headquarters. But in the 2010s, Embraer replaced 
its second main national hub, São Paulo, with more 
international connections, including San Jose–San 
Francisco, Los Angeles or Seoul, among others.

Agglomerations in a few economies are central to the global innovation network

Figure 2.16 Patent co-invention network, 2001–2005 and 2011–2015

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2).  
Notes: Only the world’s 10% largest links reported. Bubble size reflects patent volume. Bubbles positioned according to their network centrality. 
Patent figures based on international patent families.
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GERMANYU.S. JAPAN REP. OF KOREA U.K. FRANCECANADA ITALY CHINA OTHER

Size plays a role in network centrality, but it is not everything

Figure 2.17 SNC network and the global innovation subnetworks 
of Los Angeles and Daejon, 2011–2015

Source: WIPO based on PATSTAT, PCT and Web of Science data (see Boxes 2.1 and 2.2).  
Notes: Bubble size reflects patent volume. Bubbles positioned according to their network centrality. Grayed bubbles do not belong to 
the subnetwork.
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Global network of hotspots 
and niche clusters

Innovationdense agglomerations worldwide form a 
network – within and outside their own countries – that 
concentrates most inventive and scientific activities, to 
the possible detriment of nonagglomerated actors.16 
In particular, these innovative agglomerations form a 
thick web of national and international ties between 
hotspots and niche clusters in the U.S., Europe and 
Asia. Only 10 hotspots account for 26 percent of all 
international coinventions between hotspots of the 
world (Figure 2.15). These are San Jose–San Francisco, 
New York, Frankfurt, Tokyo, Boston, Shanghai, London, 
Beijing, Bengaluru and Paris.

Figure 2.15 also depicts the top 10 percent coinvention 
links between all the world’s global innovation hotspots 
and specialized niche clusters. Even in the U.S., niche 
clusters and smaller hotspots often have only national 
connections. But despite their extensive geographical 
spread, global innovation hotspots and specialized niche 
clusters in the U.S. form a far denser national innova
tion network than is the case in the rest of the world. 
Nevertheless, in the U.S., the larger hotspots concen
trate the greater portion of both national and international 
connections with other hotspots and niche clusters.

In Europe, a similar pattern can be detected. A few 
large hotspots in each country act as gatekeepers 
that connect the national innovation system to global 
innovation networks. Clear examples can be found in 
France, with Paris connecting other French cities with 
the rest of the world, and in the U.K., with London 
being a central actor. Germany shows some hier
archical structure too, though access points to the 
global innovation networks are more numerous and 
the national innovation network is very dense. Japan 
and the Republic of Korea also stand out, with very 
dense national innovation networks, although their 
international connections are less widespread and 
mostly directed to the U.S. and the main Western 
European hotspots.

Hotspots and niche clusters in the remaining regions 
of the world have substantially fewer connections 
than those in the U.S., Western Europe, Japan and 
the Republic of Korea, although among those that do, 
China, India, Canada and Australia stand out. China 
has a dense national innovation network where a 
hierarchical structure is also evident, with Shanghai, 
Beijing and Shenzhen–Hong Kong acting as the top 

international gatekeepers. With obvious proximity 
advantages, Canada has a national network well inte
grated to the U.S. one. The role of Canadian hotspots 
in the overall North American network contrasts with 
the absence of equivalent Mexican coinvention ties. 

Notwithstanding the dominance of Bengaluru, India has 
a fairly active national innovation network, with sever
al hubs directly connecting internationally. Similarly, 
despite its remote location and vast territory, Australia 
manages to have several hotspots that connect inter
nationally and a fairly interconnected national network. 
One region less connected than the rest is Latin 
America, where the large majority of connections of 
its few hotspots and niche clusters are with leading 
economies outside the region. There are no national 
or regional networks in Latin America comparable to 
those depicted for other regions and countries.

The above discussion demonstrates that it is not only 
geography that shapes the global innovation networks. 
From a network analysis perspective, an innovation 
agglomeration is more “central” within a global network 
the more international connections it concentrates. 
Figure 2.16 depicts such centrality by grouping the 
hotspots and niche clusters with most connections 
in the center and scattering the less connected ones.

As noted, U.S. agglomerations are among the more 
connected nodes, hence more central in the networks 
in both of the periods (Figure 2.16). In the center of the 
picture are other global innovation hotspots which are 
arguably highly connected, such as Tokyo, London, 
Shanghai, Beijing, Seoul or Paris. But they are much 
less central than the U.S. hotspots. The network also 
evolved over time, getting more nodes and more 
connections and denser at its center. 

Size plays only a limited role. Smaller clusters are 
connected to big and highly connected ones in the 
same country, reflecting the hierarchical pattern 
discussed earlier. This is clearly the case for agglom
erations in the U.K., Japan and the Republic of Korea. 
On the other hand, several hotspots that are larger 
or similar in size to the top U.S. agglomerations – for 
example, Tokyo – fail to occupy the same kind of central 
position in the global network. This reflects the lower 
international connectivity of Japanese hotspots. 

Figure 2.17 depicts subnetworks of the same 2011–2015 
coinvention network presented in Figure 2.16. It shows 
the subnetwork of all niche clusters by graying the 
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network connections of all hotspots. As is apparent, 
these specialized innovationdense areas cannot 
compete with the hotspots in volume of connections. 
The few connections among niche clusters are virtually 
always within the same country. 

The figure also depicts the specific subnetworks of two 
hotspots – Los Angeles and Daejeon in the Republic 
of Korea – which are of equivalent size in terms of the 
number of patents they generate. The Los Angeles 
hotspot is highly connected – both nationally and inter
nationally – making it a relatively centered node in the 
global network. Daejeon is not as central, because it is 
mostly connected only to other Korean agglomerations. 
Daejeon’s international connections are largely limited 
to Shanghai, San Francisco and New York. 

Geography alone, therefore, does not determine the 
importance, or the “centrality,” of a top innovation 
agglomeration within a network. Many other factors 
also have to be considered.

2.4 Conclusions

This chapter exploited a rich data set of patent appli
cations and scientific publications in order to answer 
several questions arising from two current phenomena 
connected to the way knowledge is produced and 
shared worldwide – its geographical spread interna
tionally and – at the same time – its concentration in a 
few geographical hotspots. 

The production of patents and scientific articles 
has not stayed within the traditional knowledge
producing economies (Europe, Japan and the U.S.). 
This is a notable development as knowledgerelated 
phenomena, such as patenting, scientific production, 
R&D investment and so on, have always been more 
concentrated than other aspects of globalization, like 
trade or FDI.

Yet, a few Western economies, plus Japan and the 
Republic of Korea, account for almost 80 percent of 
internationallyoriented patent activity and around 
57 percent of all scientific publication, which is a 
lot. In fact, it seems that by far most of the spread in 
knowledge production is due to a handful of develop
ing, middleincome economies, notably China. At the 
same time, large areas of the world, notably in Africa 
and Latin America, are left out of the full process of 
knowledge globalization.

Part of this limited geographical spread of knowledge 
activities is due to the emergence of global innovation 
networks, which first link more traditional innovation 
countries and then bring in middleincome econo
mies. However, networks among core countries domi
nate and innovation networks involving only noncore 
economies are of marginal importance for patents. For 
scientific publication, some middleincome economies, 
and even subnetworks among these, are beginning to 
play a larger role.

Overall, knowledge production and interactions are 
becoming increasingly global in terms of their reach, 
through the spread of knowledgecreating hubs and 
the formation of international teams. There has been 
some stagnation of coinventorship networks, reflect
ing a more general slowdown on globalization, but 
no letup in international teamwork for the publish
ing of scientific articles. However, as discussed in 
Chapter 1, truly global innovation networks cannot 
be confined to networks based mostly in a few high
income countries. Several regions of the world still 
have much work to do to integrate themselves into 
international networks and, eventually, become part 
of global innovation networks. Certainly, international 
collaboration with top innovation hotspots is a way 
forward. It has worked to some extent for East Asian 
economies, notably China.

Another important message relates to the geographical 
distribution of knowledge production within countries 
(both within wellestablished knowledge producers 
and emerging ones). Despite the increasing world
wide spread of knowledge production, there is no 
equivalent spreading within countries; there is even 
increased concentration in some. This may have, of 
course, important consequences for the distribution 
of economic benefits within countries, which will need 
to be addressed properly (see Chapter 5).

These agglomerations – identified as hotspots and 
niche clusters – do not only keep concentrating a 
larger share of the production of innovative ideas. 
They also increasingly concentrate connections with 
other hotspots, both within their own countries and 
across borders through a global innovation network of 
relatively few hotspots. This is bad news for areas of a 
country that not only produce less innovation, but also 
lack the necessary connectivity to the outside world. 
Lack of connectivity can leave countries or areas locked 
into noninnovative development paths.



58

World Intellectual Property Report 2019

Notes

1 This chapter draws on Miguelez 

et al. (2019).

2 The data work relies on the 

research efforts and generosity 

conducted by many others. In 

particular, it relies on geocoded 

patent data from Yin and 

Motohashi (2018), Ikeuchi et 

al. (2017), Li et al. (2014), de 

Rassenfosse et al. (2019), 

Morrison et al. (2017) and 

PatentsView (www.patentsview.

org, accessed March 2019).

3 See Miguelez et al. (2019).

4 Amendolagine et al. (2019).

5 Alcácer and Zhao (2016).

6 See a review in Miguelez et 

al. (2019).

7 See Ester et al. (1996).

8 See Technical Notes for 

further information.

9 Economists have found that 

nightlight data is a relatively 

good proxy for population and 

establishment density (see 

Mellander et al., 2015), but 

there are also limitations. There 

is a known weaker link with 

other economic indicators – for 

example, wages – and some 

known technical distortions in 

relation with overglow, gas flares, 

the aurora and zero lights. 

10 UNCTAD (2005) and Cantwell 

and Janne (1999).

11 For a discussion on this 

coinventorship slowdown see 

Miguelez et al. (2019).

12 Branstetter et al. (2015).

13 He et al. (2017) and 

UNCTAD (2005).

14 Branstetter et al. (2018).

15 See Miguelez et al. (2019) for 

full series.

16 See Chaminade et al. (2016).

http://www.patentsview.org
http://www.patentsview.org
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