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Abstract 

We investigate the geographic concentration of patenting in large cities us-
ing a sample of 14 developed countries. There is wide dispersion of the share 
of patented inventions in large metropolitan areas. South Korea and the US 
are two extreme outliers where patenting is highly concentrated in large cit-
ies. We do not find any general trend that there is a geographic concentra-
tion of patents for the period 2000-2014. There is also no general trend that 
inventors in large cities have more patents than in rural areas (scaling). 
Hence, while agglomeration economies of large cities may offer advantages 
for innovation activities, the extent of these advantages is not very large. We 
conclude that popular theories over-emphasize the importance of large cit-
ies for innovation activities.    
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1. Introduction: Large cities and innovation1 

Large cities appear to have many advantages over rural areas, one such ad-

vantage is commonly known as agglomeration economies (Duranton and 

Puga 2004; Glaeser 2011; Jacobs 1969). Based on claims about the effective-

ness of agglomeration economies, many scholars argue that large cities are 

‘innovation machines’ and that agglomeration economies are a requirement 

for successful innovation activity (Carlino and Kerr 2015; Florida, Adler and 

Mellander 2017). Some scholars go so far as to take this widespread belief 

that innovation activities are considerably more successful and productive 

in large cities to suggest that policy attempts to stimulate innovation in non-

urban areas are ineffective and a waste of resources (see, for example, Glae-

ser and Hausman 2019). 

This paper investigates and compares the geographic concentration 

of patents in a number of developed market economies. We find a wide dis-

persion of the share of patenting in large metropolitan areas among the 

countries of our sample. While South Korea and the US are two ‘outliers’ 

with an extremely high concentration of patents in some large metropolitan 

areas, this type of concentration is much less pronounced in the other coun-

tries of our sample. Moreover, it is often not the largest metropolitan areas 

that have the highest shares of patents. A further important finding is that 

inventors in large metropolitan areas do not have more patents than inven-

tors located in non-urban areas. We do not find a general trend of increasing 

geographic concentration of patents over the 2000-2014 period. In fact, 

there are more countries where the concentration of patents in large metro-

politan areas is decreasing than countries where this type of concentration 

has increased. 

Our results challenge the belief that innovative activity occurs mostly 

in large cities (Florida, Adler and Mellander 2017). We argue that empirical 

evidence of regional innovative activity based on the rather special case of 

the US should be regarded with great caution. It seems obvious that drawing 

                                           

1 We are indebted to Maria Kristalova, Frank Neffke, and Korneliusz Pylak for helpful com-
ments on an earlier version of this paper. 
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generalizations based on evidence from a single country may not be valid 

for other countries. Such generalizations may ignore other important fac-

tors or economic realities that exist in other countries. Based on the results 

of our research, we conclude that agglomeration economies are much less 

important for innovation activities as is suggested by some popular theories. 

The paper is structured as follows. The next section (Section 2) pro-

vides an overview of the arguments for the claim that large cities are a pre-

requisite for successful innovation activity. Section 3 introduces the data 

and the definition of spatial categories employed in our research. We then 

compare the shares of patents in different spatial categories (Section 4), and 

analyze geographic concentrations in general (Section 5). Section 6 summa-

rizes our findings and discusses the outcomes, offers some thoughts about 

theory and policy, and outlines some important avenues for further re-

search. 

2. Why successful innovation activity might occur mostly in large 
cities 

Empirical research suggests that innovation activity is geographically con-

centrated in large cities than population or the general production of goods 

and services (Feldman and Kogler 2010; Bettencourt, Lobo and Strumsky 

2007; Carlino and Kerr 2015). The common interpretation of this result is 

that large cities have a locational advantage with regard to innovation activ-

ity over less densely populated areas (Glaeser 2011; Glaeser and Hausman 

2019). To test this hypothesis, some authors regress the number of patents 

on the regional population, or the number of inventors in a region.2 These 

studies find that larger cities tend to have more patents per population than 

smaller cities. This effect of ‘urban scaling’ is obviously due to the fact that 

larger cities also tend to have a higher share of inventors. 

A common explanation for higher levels of innovative activity in large 

cities builds on the effect of agglomeration economies. Literature mentions 

four reasons why large cities may be favorable places for innovative activity 

                                           

2  Bettencourt, Lobo and Strumsky (2007), Bettencourt and Lobo (2016), Bettencourt 
(2013), Gomez-Lievano, Patterson-Lomba and Hausmann (2017). 
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(see Duranton and Puga 2004; Puga 2010; Carlino and Kerr 2015), particu-

larly when compared to rural or peripheral regions. 

 First, large cities tend to have a rich endowment of R&D facilities (such 

as universities, other public research institutes), and innovative private 

sector firms (‘sharing’). 

 Second, large cities have abundant input markets that stimulate R&D 

that provide a better and more productive match of inputs (‘matching’) 

(Helsley and Strange 2002, 2011). 

 Third, the rich endowment of R&D facilities found in large cities provide 

more knowledge spillovers due to the spatial proximity and cooperation 

of R&D actors (‘learning’).3 

 Fourth, Large cities may be highly attractive places for creative people 

(Florida 2002; Florida, Adler and Mellander 2017). In this way, large cit-

ies benefit from inflows of talent and new knowledge from other areas 

that strengthens the quality of the regional workforce there. This redis-

tribution of talent comes at the expense of other areas.  

Although these advantages of large cities (Bettencourt 2013) are un-

disputed, cities also have diseconomies such as high levels of crime, pollu-

tion, traffic congestion etc. Moreover, the relatively easy flow of knowledge 

that occurs within cities may be considered a disadvantage for firms that 

want to keep their knowledge secret. 

What is still rather unclear is how the disadvantages and other po-

tentially negative factors of agglomerations impact its assets. While some 

scholars assume that the agglomeration advantages are rather dominant,4 

others are more cautious in this respect. One important objection against 

the simple ‘innovation requires large cities’ argument is that cities should 

not be considered in isolation, but rather in the context of the whole spatial 

system of a set of locations. In other words, large cities rarely exist in spatial 

isolation. Instead, large cities spatially exist and interact with smaller cities 

                                           

3 Bettencourt, Lobo and Strumsky (2007), Breschi and Lenzi (2006).  

4 For example, Florida, Adler, and Mellander (2017, 93) state that “…innovation and entre-
preneurship do not simply take place in but require cities.” 
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and less populated areas, and the geographic distances of the spatial system 

introduce important idiosyncrasies (Crescenzi, Rodriguez-Posé and Storper 

2007; Bettencourt and Lobo 2016). If distances between cities are relatively 

small—as is the case in many parts of Europe—division of innovative labor 

between cities and inter-agglomeration spillovers may be much more pro-

nounced than in a constellation where geographic distances between the 

main agglomerations are rather large, as is the case in the US.5 

A frequently heard argument promoting large cities is their higher 

productivity (Ciccone and Hall 1996; Ciccone 2000) that is reflected in 

higher wages, the so-called ‘urban wage premium’.6 This is, however, of lim-

ited relevance for innovation activity because higher productivity is a static 

phenomenon while innovation is an inherently dynamic process. Hence, for 

successful innovation it is particularly important that places are able to 

manage and adapt to change. We are not aware of any study that provides 

robust empirical evidence of higher productivity of innovative activity in 

larger cities.7 There are, however, quite a number of examples of economic 

success taking place in larger cities that did not persist when the given prod-

ucts and technologies mature and are replaced by new and more relevant 

fields of knowledge (Storper 2018).8 

It is quite remarkable that many studies of the relationship between 

innovation and city-size disregard rural areas and, therefore, cannot make 

comparisons between cities and non-agglomerated areas. Despite this, there 

                                           

5 As a consequence, Crescenzi, Rodriguez-Posé, and Storper (2007, 686f.) speculate that 
“the higher average population density of the EU, with major metropolitan areas relatively 
closer together than in the US (where instead metropolitan areas are farther away from one 
another), may allow a more intensive Continent-wide circulation of knowledge, and possi-
bly limit the distance decay of useful knowledge”. 

6 Carlino and Kerr (2015), Faberman and Freedman (2016), Glaeser and Maré (2001), Puga 
(2010), Neffke (2017).  

7  Moretti (2019), in a recent analysis for the USA, distinguishes a number of technological 
fields and finds that the number of patents per inventor in a certain field increases with the 
size of the cluster (not city size) measured as the number of regional inventors that have 
patents in the respective field. 

8 Well-known examples are old industrialized areas such as the German Ruhr area, Detroit 
in the US, or Glasgow in Scotland. 
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are a few studies that focus on successfully innovating firms in rural and 

peripheral areas.9  

Research on regional innovative activity has identified many factors 

other than city size and settlement structure that may be relevant for re-

gional innovation activities. These other influences include: institutional 

conditions, the population’s age structure, the sectoral composition of the 

local economy and the type of knowledge base, the quantity and the quality 

of the available human and social capital, as well as regional and national 

cultures (Asheim, Isaksen and Trippl 2019; Crescenzi and Rodriguez-Posé 

2013; Fritsch and Slavtchev 2011). 

3. Data and definitions 

3.1 Patents as an indicator for innovation activities 

Patents is the only available indicator for innovation activity that allows for 

a comparison of the geographic structure across a larger number of coun-

tries. Although a patent represents an invention and not its application in a 

new process or product, it indicates an intermediate result of innovation ef-

fort. 

Patents as innovation indicator have a number of advantages and dis-

advantages (for an overview see Griliches 1990, and Nagaoka, Motohashi 

and Goto 2010). A main advantage of patents is that obtaining a patent re-

quires a certain level of ‘newness’ that secures comparability across coun-

tries and regions. The patent data include considerable information, such 

as: the technological field according to the International Patent Classifica-

tion, the date of application, name(s) and address(es) of the applicant(s) as 

well as name and address of each of the inventors. Patents are taken from 

the OECD regional patent database (RegPat) and are assigned to the region 

in which the inventor claims his or her residence. If a patent has more than 

one inventor, the count is divided by the number of inventors and each in-

ventor is assigned his or her share of that patent. 

                                           

9  E.g., Fritsch and Wyrwich (2020), Graffenberger et al. (2019), Grillitsch and Nilsson 
(2015). 
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Using patents as a measure of economic activity may have some 

shortcomings. One disadvantage of patents can be seen in the fact that they 

represent only the first stage of an innovation process. Hence, one does not 

know if or where the invention will become a marketable product market 

novelty (Feldman and Kogler 2010). There is also a clear indication that the 

economic value of patents considerably varies, indicating that their eco-

nomic impact is unpredictable.10 Another critical issue is that not all firms 

or inventors use patents as a way to protect their intellectual property (Co-

hen, Nelson and Walsh 2000; Blind et al. 2006). Hence, not all inventions 

are patented. Moreover, some inventors obtain a number of related patents 

for basically the same invention in order to block follow-up patents by rivals.  

3.2  Sample 

For an international comparison of the spatial concentration of patenting 

activity across countries, we not only include the G7 countries,11  but also 

consider some other highly developed countries, namely: Sweden, South 

Korea, Switzerland, and Spain. Finally, we also include the Czech Republic, 

Poland, and Hungary as examples of post-socialist transition countries. We 

assume that Sweden and South Korea will reveal a pronounced geographic 

concentration of innovative activities due to the high share of the population 

of these two countries in and around their capital cities, Stockholm and 

Seoul. The same is to be expected, although to a somewhat lesser degree, for 

the United Kingdom (Greater London), France (Paris/Ile-de-France), Hun-

gary (Budapest), and Japan, where population is concentrated mainly in the 

metropolitan areas of Tokyo and Osaka.  

The US is geographically much larger than the European countries, 

with a considerably lower population density and higher geographic con-

centration of population in large cities. Accordingly, innovative activity in 

                                           

10 The distribution of the economic value of patents appears to be highly skewed. While a 
few patents are extremely valuable, most patents are not worth much (Harhoff, Narin, 
Scherer and Vopel 1999; Harhoff, Scherer and Vopel 2003). 

11 The G7 countries are Canada, France, Germany, the United Kingdom, Italy, Japan, and 
the US. 
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the US may be strongly clustered in some regions as well. Another charac-

teristic of the US is the relatively greater distances between large metropol-

itan areas that may work as an impediment to an inter-regional division of 

innovative labor (Crescenzi, Rodriguez-Posé and Storper 2007). Germany, 

Italy, Spain, and Switzerland are characterized by decentralized political 

and economic structures caused by historical developments. 

There are considerable differences with regard to the number of pa-

tents per 10,000 population between the countries of or our sample (see 

Table A2). Switzerland, Sweden, Japan, Germany and South Korea have the 

highest rates, followed with some distance by the US. The lowest rates are 

found for the three former socialist countries of Eastern Europe Poland, 

Hungary and the Czech Republic. 

3.3 Regional categories 

In our analysis we follow the OECD definition of functional urban areas 

(OECD 2012). These areas are geographic units characterized by one or 

more cities (the core) and a commuting zone that is interconnected with the 

city. A city is a local administrative unit where at least 50% of its population 

live in an urban center. An urban center is defined as an area with a density 

of at least 1,500 population per km2, and an overall population of at least 

50,000. The commuting zone is defined by local administrative units for 

which at least 15% of the workforce commute to the city. Commuting zones 

of the functional areas are identified based on commuting data (travel from 

home-to-work). In the assessment, we distinguish between large metropol-

itan areas (population >1.5 million), metropolitan areas (population = 

250,000 to 1.5 million), non-metropolitan areas (population <250,000), 

and regions that are not part of a functional urban area.12  

The official OECD definition of functional urban areas does not ex-

actly resemble the borders defined by official statistical areas (TL3 regions) 

for which our patent data are available. Therefore, we include TL3 regions 

                                           

12 In their analysis, Paunov et al. (2019) define all functional urban areas as “cities” while 
our focus is on functional urban areas that the OECD defines as metropolitan areas or large 
metropolitan areas. In contrast to our approach, their analysis also does not consider re-
gions that are not part of a functional urban areas in. 
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(NUTS3 regions in European Union countries) as part of functional urban 

areas if the bulk share of the TL3 region is part of the commuting zone of 

the urban center. Since it might be the case that NUTS3 regions host a met-

ropolitan area and some smaller parts of non-metropolitan space, we may 

slightly overestimate the patent share of (large) metropolitan areas. TL3 re-

gions are also used in our regression analysis of urban scaling patterns (Sec-

tion 4.4) where we apply the same logic. Table A1 in the Appendix displays 

the number of regions in the different spatial categories per country of our 

sample.13 

4. The spatial structure of innovative activity across countries 

4.1 Metropolitan and non-metropolitan areas 

We first investigate the contribution of a country’s large metropolitan areas 

to the national share of patents (Table 1).14 The motivation for taking this 

approach is that the ‘innovation requires large cities’ argument suggests that 

there is a general trend across developed countries of innovation activities 

being concentrated in the largest cities. Comparable data on patenting is 

only available for the period 2000 to 2014.    

 

                                           

13  It should be noted that the size and number of TL3 regions differs across countries. 
Hence, in countries where TL3 regions are relatively large, metropolitan areas can comprise 
larger parts of surrounding area than in countries where TL3 regions are smaller, making 
the definition less precise. As a consequence, our data has a slight tendency of assigning 
more patents to metropolitan areas in countries with larger TL3 regions. 

14 Switzerland has to be excluded from this analysis because the country does not have any 
metropolitan areas according to the OECD definition (see Section 3.3). For results on in-
novative activity in small and medium-sized metropolitan areas (population=250,000 to 
1.5 million) across selected OECD countries, see Table A6 in the Appendix.  
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Table 1:  Shares of patents and population (in %) in large metropolitan ar-
eas (population >1.5 million) across selected OECD countries 

Country Variable 2000 2005 2010 2014 
Change 

2014/2000 

Canada 

Patents 45.63 40.22 36.42 42.55 0.93 

Population 31.36 32.15 32.72 33.27 1.06 

Patents/population ratio 1.46 1.25 1.11 1.28 0.88 

Czech Re-
public 

Patents 73.43 70.14 67.83 69.10 0.94 

Population 27.93 28.14 29.47 30.02 1.07 

Patents/population ratio 2.63 2.49 2.30 2.30 0.88 

France 

Patents 48.59 44.21 43.79 43.36 0.89 

Population 26.10 26.23 26.28 26.35 1.01 

Patents/population ratio 1.86 1.69 1.67 1.65 0.88 

Germany 

Patents 38.97 35.76 35.35 36.44 0.94 

Population 29.50 29.72 30.19 30.56 1.04 

Patents/population ratio 1.32 1.20 1.17 1.19 0.90 

Hungary 

Patents 31.48 41.32 36.33 29.74 0.94 

Population 22.35 22.60 23.66 24.21 1.08 

Patents/population ratio 1.41 1.83 1.54 1.23 0.87 

Italy 

Patents 29.85 28.83 26.10 23.79 0.80 

Population 22.56 22.48 22.45 23.06 1.02 

Patents/population ratio 1.32 1.28 1.16 1.03 0.78 

Japan 

Patents 69.86 71.24 74.43 73.40 1.05 

Population 44.63 45.36 46.32 46.92 1.05 

Patents/population ratio 1.57 1.57 1.61 1.56 1.00 

Poland 

Patents 30.51 25.71 25.65 26.43 0.87 

Population 15.78 15.75 15.76 15.91 1.01 

Patents/population ratio 1.93 1.63 1.63 1.66 0.86 

South Ko-
rea 

Patents 94.26 96.25 93.92 93.40 0.99 

Population 82.18 82.73 82.78 82.52 1.00 

Patents/population ratio 1.15 1.16 1.13 1.13 0.99 

Spain 

Patents 57.34 55.01 52.15 55.94 0.98 

Population 31.80 32.40 32.55 32.45 1.02 

Patents/population ratio 1.80 1.70 1.60 1.72 0.96 

Sweden 

Patents 32.65 27.89 34.88 34.79 1.07 

Population 20.35 20.78 21.62 22.43 1.10 

Patents/population ratio 1.60 1.34 1.61 1.55 0.97 

United 
Kingdom 

Patents 36.97 37.57 35.55 34.56 0.93 

Population 38.43 38.47 38.81 39.14 1.02 

Patents/population ratio 0.96 0.98 0.92 0.88 0.92 

USA 

Patents 80.11 80.13 81.11 83.10 1.04 

Population 62.02 62.33 62.51 62.86 1.01 

Patents/population ratio 1.29 1.29 1.30 1.32 1.02 

Source: OECD database. Patents is the regional number of patent applications over the 
national total in %. Population is the regional number of people over the national total in 
%. The patents/population ratio is the quotient of these two shares. 
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The highest patent share of large metropolitan areas in 2014 is found 

in South Korea (93.4%), followed by the US (83.1%). In Germany, the patent 

share of large metropolitan areas is only about 36%. The value of 34.6% for 

the United Kingdom is surprisingly low given the dominant role of the Lon-

don area in terms of population.15 The lowest patent share of metropolitan 

areas (23.8%) is found in Italy. Among the European countries, only Spain 

and the Czech Republic have a majority of patents in large metropolitan ar-

eas. It is rather remarkable that in eight out of the 13 countries included in 

Table 1, the patent share of large metropolitan areas decreased by more than 

5% from 2000 to 2014. In France and Italy, the patent share of large metro-

politan areas dropped by about 10% between 2000 and 2014. In Poland the 

decrease was even higher (13%). Sweden is the only European country 

showing an increase of more than 5%, while the change of the patent share 

of other large metropolitan areas in the European countries included in our 

sample remained within the -5% to +5% range. Overall, the data show that 

there is no general tendency of an increasing concentration of innovative 

activity in large metropolitan areas in the early 21st century.  

In order to understand whether the national share of innovative ac-

tivity is higher than the national share of population in the largest metro-

politan areas, we benchmark the concentration of innovative activities 

against the concentration of population. If large metropolitan areas have a 

patent/population ratio higher than 1, then this indicates an “urban pre-

mium” for innovative activity as suggested by the ‘innovation requires large 

cities’ argument. Large metropolitan areas might have a higher patent/pop-

ulation ratio because of the concentration of universities and other research 

                                           

15 The patent share of London in 2014 is about 27%. Other regions with high national shares 
of patents are Cambridgeshire (8.7%), Oxfordshire (4.5%) and Coventry (3.7%). None of 
these regions are regarded as large metropolitan areas based on the OECD definition. Fur-
thermore, for Cambridgeshire the patent/population ratio achieves a remarkable value of 
8.8, which means that the national patent share of the region is almost 9 times larger than 
its population share. 
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facilities and the on average higher share of R&D employees in these re-

gions.16  

We do indeed find such an urban premium in all of the countries in 

our sample except in the United Kingdom (0.88 in 2014), where large met-

ropolitan areas have lower patent/population ratios. The urban premium in 

the year 2014 is largest for the Czech Republic (2.3), Spain (1.74) and Poland 

(1.66). The values of the patent/population ratios for South Korea (1.13) and 

for the US (1.32), those countries with exceptional high shares of patents in 

large metropolitan areas, are in the mid-range. It is interesting to note that 

the urban premium is declining over time in most of the countries, with a 

2% increase being revealed in the US. 

In Table 2, we focus on innovative activities in the three largest met-

ropolitan areas across the selected OECD countries in terms of population 

size. Countries with only one metropolitan area according to the OECD def-

inition (Czech Republic, Hungary, Poland, and Sweden) are excluded. Since 

France and Spain have exactly three large metropolitan areas, the numbers 

for these two countries are the same as in Table 1. The focus on the three 

largest cities reveal some remarkable differences when compared to the 

analysis that includes all metropolitan areas. For the US, the patent share in 

the year 2014 drops to only 16% while the population share of these areas is 

17%, suggesting that no urban premium exists for these largest agglomera-

tions of the US. This clearly indicates that it is not the largest metropolitan 

areas in the US that have most of the patents. It is also remarkable that the 

patent share of the three largest metropolitan areas is decreasing over time. 

  

                                           

16 Due to the higher share of R&D activities, a value of the patents/population ratio larger 
than 1 does not indicate higher productivity of R&D activities in large agglomerations. A 
measure for productivity of regional research could be the number of patents per inventor 
(see Section 4.4). 
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Table 2:  Patents and population in the three largest metropolitan areas 
across selected OECD countries 

Country Variable 2000 2005 2010 2014 
Change 

2014/2000 

Canada 

Patents 42.69 38.07 33.37 39.02 0.91 

Population 28.15 28.80 29.11 29.42 1.05 

Patents/population ratio 1.52 1.32 1.15 1.33 0.87 

France 

Patents 48.59 44.21 43.79 43.35 0.89 

Population 26.10 26.23 26.28 26.35 1.01 

Patents/population ratio 1.86 1.69 1.67 1.65 0.88 

Germany 

Patents 10.10 10.62 10.63 11.49 1.14 

Population 16.27 16.25 16.38 16.37 1.01 

Patents/population ratio 0.62 0.65 0.65 0.70 1.13 

Italy 

Patents 23.15 20.46 19.77 17.36 0.75 

Population 18.74 18.69 18.66 19.28 1.03 

Patents/population ratio 1.24 1.09 1.06 0.90 0.73 

Japan 

Patents 61.69 61.87 63.66 63.20 1.02 

Population 33.27 33.89 34.74 35.22 1.06 

Patents/population ratio 1.85 1.83 1.83 1.79 0.97 

South Ko-
rea 

Patents 79.49 81.93 80.36 80.74 1.02 

Population 66.04 67.33 67.81 67.70 1.03 

Patents/population ratio 1.20 1.22 1.19 1.19 0.99 

Spain 

Patents 57.34 55.01 52.14 55.94 0.98 

Population 31.80 32.40 32.55 32.45 1.02 

Patents/population ratio 1.80 1.70 1.60 1.72 0.96 

United 
Kingdom 

Patents 32.03 33.17 30.92 30.20 0.94 

Population 30.55 30.65 31.08 31.48 1.03 

Patents/population ratio 1.05 1.08 1.00 0.96 0.92 

USA 

Patents 19.27 19.05 17.53 16.18 0.84 

Population 17.93 17.69 17.33 17.19 0.96 

Patents/population ratio 1.07 1.08 1.01 0.94 0.88 

Source: OECD database. Only countries from Table 1 with at least three large metro-
politan areas are considered. For the definition of variables see Table 1. 

 

In Germany, the patent share of the three largest metropolitan areas 

is about 11% while the population share is slightly above 16%. The respective 

patent/population ratio (0.70 in 2014) is the lowest in the sample of coun-

tries, and is relatively stable over time. For the United Kingdom and Italy, 

the urban premium seen in the year 2000 disappears in 2014. While France 

has the highest patent/population ratio of 1.86 in the year 2000, there is a 

pronounced decrease to 1.65 by 2014. Even in a sparsely populated country 

like Canada, where metropolitan areas play a particularly important role, 
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there is a significant decline of the urban premium from 1.52 to 1.32. Spain 

and Japan have the relatively most stable patent/population ratios and 

show the highest ratios of 1.72 and 1.79, respectively, in 2014. 

Altogether, the rather pronounced heterogeneity across countries 

suggests that the largest metropolitan areas do not necessarily host a more 

than proportional share of innovative activity and that the largest agglom-

erations did not increase in importance over the 2000 to 2014 period. Ra-

ther, the urban premium for the three largest metropolitan areas is rela-

tively stable or declining in all countries with the exception of Germany. 

These results suggest that the largest metropolitan areas of a country do not 

necessarily provide the most conducive framework conditions for, nor are 

specialized in innovation activity. 

In order to investigate the concentration of patenting in those met-

ropolitan areas that are most specialized in innovative activity, we focus on 

the three large metropolitan areas with the highest number of patents per 

population (Table 3). For Japan, France, and Spain the metropolitan areas 

are the same as in Table 1. The majority of all patents come from the three 

most innovative metropolitan areas in Japan (63%) and Spain (56%). A rel-

atively high share can also be observed for France (43%). For South Korea 

the value is even 85%. The value for the US is, however, only about 23%; 

smaller than for the United Kingdom (31.5%) and only slightly larger than 

in Germany (19.5%). 

However, the picture changes completely when benchmarking the 

patenting share against the population share of the three most innovative 

agglomerations per country. The highest ratio by far is found in the US 

(4.62), while the values are much lower (between 0.97 and 2.25) for the 

other countries. Thus, in 2014, the three US agglomerations with the highest 

number of patents per population contributed about 4.6 times more to the 

national patents (23.1%) than their share of the population is (5%). The US 

is also the only country of our sample that shows an  
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Table 3:  Patents and population in the three most innovative large metro-
politan areas across selected OECD countries 

Country Variable 2000 2005 2010 2014 
Change 

2014/2000 

Canada 

Patents 42.69 38.07 33.37 39.02 0.91 

Population 28.15 28.80 29.11 29.42 1.05 

Patents/population ratio 1.52 1.32 1.15 1.33 0.87 

France 

Patents 48.59 44.21 43.79 43.35 0.89 

Population 26.10 26.23 26.28 26.35 1.01 

Patents/population ratio 1.86 1.69 1.67 1.65 0.88 

Germany 

Patents 21.93 19.07 18.82 19.34 0.88 

Population 7.95 8.15 8.38 8.61 1.08 

Patents/population ratio 2.76 2.34 2.25 2.25 0.81 

Italy 

Patents 29.00 27.41 25.09 22.87 0.79 

Population 17.17 17.18 17.29 17.91 1.04 

Patents/population ratio 1.69 1.60 1.45 1.28 0.76 

Japan 

Patents 61.69 61.87 63.66 63.20 1.02 

Population 33.27 33.89 34.74 35.22 1.06 

Patents/population ratio 1.85 1.83 1.83 1.79 0.97 

South Ko-
rea 

Patents 84.07 86.34 83.93 85.18 1.01 

Population 55.13 56.78 57.67 57.82 1.05 

Patents/population ratio 1.52 1.52 1.46 1.47 0.97 

Spain 

Patents 57.34 55.01 52.14 55.94 0.98 

Population 31.80 32.40 32.55 32.45 1.02 

Patents/population ratio 1.80 1.70 1.60 1.72 0.96 

United 
Kingdom 

Patents 33.99 34.21 32.76 31.55 0.93 

Population 31.49 31.65 32.05 32.43 1.03 

Patents/population ratio 1.08 1.08 1.02 0.97 0.90 

USA 

Patents 17.58 17.68 20.46 23.11 1.31 

Population 5.05 4.95 4.95 5.00 0.99 

Patents/population ratio 3.48 3.57 4.14 4.62 1.33 

Source: OECD database. Only countries from Table 1 with at least three large metro-
politan areas are considered. For the definition of variables see Table 1. 

 

increase of the patents/population ratio in the 2000 to 2014 period, while 

this figure is relatively stable or decreasing in all other countries of our sam-

ple. 

Again, these results suggest that the size of an agglomeration is not a 

key factor in determining whether or not it is conducive to innovative activ-

ity. It is certain agglomerations rather than the largest ones that show an 



15 

 

above average innovation performance. When considering the concentra-

tion of innovative activities in large metropolitan areas, the US is an extreme 

and exceptional case that is hardly in line with the general ‘innovation re-

quires large cities’ argument in its purest sense. 

4.2 Non-urban areas 

To shed more light on the role of non-urban areas—functional regions with 

a population of less than 250 000—we calculate the national shares of pa-

tents registered in these areas (Table 4). These calculations identify two 

clear outliers, South Korea and the US, where the shares of patents in non-

metropolitan areas are extremely low (0.6% in South Korea and 2.8% in the 

US). While the patent share of non-urban areas is also relatively low in Ja-

pan (between 4.3% and 5.5%) it is much higher in all other countries. The 

highest values are found for Switzerland (about 53%) and Italy (around 

48%), two countries with a pronounced historically grown federal tradition. 

For most of the other countries the national share of patents registered in 

non-urban areas varies between around 10% and 40%. The development of 

the patent share of non-urban areas in the 2000 to 2014 period is rather 

stable in most of the countries in our sample. The patent share of non-urban 

areas increased by more than 5% in seven countries and decreased by more 

than 5% in six countries of our sample. Hence, the data show no general 

trend of a concentration of patenting in metropolitan areas. 

In all countries the patents/population ratio for the non-urban areas 

is below 1, indicating that for most of these regions specializing in innovative 

activities is below the national average. Table 4 shows, however, some ra-

ther pronounced heterogeneity in this respect. While South Korea and the 

US have the lowest values of (0.28 and 0.26 in 2014, respectively), rather 

high values can be found for Switzerland (1.00) and Italy (0.93). The pa-

tents/population ratio decreased by more than 5% in four countries of the 

sample, remained relatively constant in three countries and increased by 

more than 5% in seven countries. Hence, there is also no general trend to-

wards an increased specialization of innovative activities in non-urban ar-

eas.  
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Table 4:  Patents and population in non-urban areas (less than 250,000 
population) across selected OECD countries 

Country Variable 2000 2005 2010 2014 Change 
2014/2000 

Canada 

Patents 28.24 26.58 25.84 26.38 0.93 

Population 51.79 50.63 49.91 49.04 0.95 

Patents/population ratio 0.55 0.53 0.52 0.54 0.99 

Czech Re-
public 

Patents 14.98 17.06 20.63 22.67 1.51 

Population 51.09 50.97 50.00 49.65 0.97 

Patents/population ratio 0.29 0.33 0.41 0.46 1.56 

France 

Patents 16.17 15.45 14.97 14.12 0.87 

Population 32.92 32.71 32.63 32.35 0.98 

Patents/population ratio 0.49 0.47 0.46 0.44 0.89 

Germany 

Patents 23.17 25.46 26.62 25.61 1.10 

Population 33.63 33.35 32.84 32.47 0.97 

Patents/population ratio 0.69 0.76 0.81 0.79 1.14 

Hungary 

Patents 33.33 28.57 33.20 41.69 1.25 

Population 44.52 44.47 43.78 43.40 0.97 

Patents/population ratio 0.75 0.64 0.76 0.96 1.28 

Italy 

Patents 42.43 44.69 47.74 47.97 1.13 

Population 52.47 52.40 52.33 51.75 0.99 

Patents/population ratio 0.81 0.85 0.91 0.93 1.15 

Japan 

Patents 5.06 4.98 4.32 5.53 1.09 

Population 7.11 6.99 6.85 6.76 0.95 

Patents/population ratio 0.71 0.71 0.63 0.82 1.15 

Poland 

Patents 21.19 27.59 25.43 25.23 1.19 

Population 50.64 50.59 50.60 50.33 0.99 

Patents/population ratio 0.42 0.55 0.50 0.50 1.20 

South Korea 

Patents 0.77 0.27 0.58 0.86 1.13 

Population 2.20 2.22 2.22 2.27 1.03 

Patents/population ratio 0.35 0.12 0.26 0.38 1.09 

Spain 

Patents 15.25 13.17 11.80 11.36 0.74 

Population 30.37 29.99 29.96 29.82 0.98 

Patents/population ratio 0.50 0.44 0.39 0.38 0.76 

Sweden 

Patents 29.03 27.92 26.73 27.34 0.94 

Population 46.87 46.09 44.85 44.04 0.94 

Patents/population ratio 0.62 0.61 0.60 0.62 1.00 

Switzerland 

Patents 51.20 50.40 51.52 52.91 1.03 

Population 53.24 53.09 52.89 52.89 0.99 

Patents/population ratio 0.96 0.95 0.97 1.00 1.04 
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Table 4 (continued) 

Country Variable 2000 2005 2010 2014 
Change 
2014/200
0 

United King-
dom 

Patents 26.19 24.40 25.16 21.23 0.81 

Population 26.58 26.63 26.50 26.30 0.99 

Patents/population ratio 0.99 0.92 0.95 0.81 0.82 

USA 

Patents 3.10 3.25 2.79 2.57 0.83 

Population 10.24 10.06 9.98 9.84 0.96 

Patents/population ratio 0.30 0.32 0.28 0.26 0.86 

Source: OECD database. For the definition of variables see Table 1.  

 

4.3 Regional size, and density, and innovation intensity  

Our data also allows us to investigate the relationship between a region’s 

population density and the number of patents per population (patent inten-

sity). Most proponents of the ‘innovation requires large cities’ argument re-

late their hypotheses to size rather than density (e.g., Bettencourt, Lobo and 

Strumsky 2007: Bettencourt 2013; Gomez-Lievano, Patterson-Lomba and 

Hausmann 2016), while most arguments in the literature on agglomeration 

economies rely on density in terms of geographic proximity to a large num-

ber of actors (e.g., Storper and Venables 2004). We base our assessment on 

average values for two equally divided sub-periods 2000-2007 and 2008-

2014. 

Figure 1 clearly shows that there is no breathtaking linear relation-

ship between population size and patents per population, nor between pop-

ulation size and patents per population across metropolitan areas. While 

there is a strong and statistically significant relationship when considering 

all regions (r=0.2, Figure 1a), there is a substantially weaker but still signif-

icant correlation for small and medium-sized metropolitan areas (r=0.1, 

Figure 1b). For large metropolitan regions there is no significant relation-

ship between density and patents per population (Figure 1c). Overall, the 

results suggest that an increase in size, beyond the threshold of being a small 

and medium sized metropolitan area, has no  
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2000-2007   2008-2014 

 

a) All regions 

 

b) Small and medium-sized metropolitan regions 

 

b) Large metropolitan regions 

Figure 1: Population size and patents per population17 

                                           

17  The relationship between the number of inventors and patents per inventors is shown in Figures 
A5 in the Appendix. 
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2000-2007                                                      2008-2014 

 

a) All regions 

 

b) Small and medium-sized metropolitan regions 

 

c) Large metropolitan regions 

Figure 2: population density and patents per population18

                                           

18 The relationship between density of inventors and patents per inventors is shown in Figures A6 
in the Appendix. 
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additional impact on patenting activity. Figure 2 shows the relationship be-

tween population density and patents per population, confirming the pat-

terns from Figure 1. The correlation coefficients indicate a slightly closer 

statistical relationship between density and small and medium-sized met-

ropolitan regions. 

To summarize, our results reveal large differences across our sample 

regarding the geographic concentration of inventive activity in large cities. 

The highest shares of patents in large metropolitan areas are found for 

South Korea and the US. These are also the countries (together with Japan) 

that have relatively low shares of patents in non-urban and rural regions. 

The result that the metropolitan areas in all countries have a higher number 

of patents per population (urban premium) than intermediate and non-ur-

ban regions does suggest some locational advantages of cities for innovative 

activities. However, the pronounced variation of the urban premium among 

the metropolitan areas of a country shows that the effect of size and density 

on innovative activity can considerably vary. In particular, it is not the larg-

est agglomerations that have the highest urban premium.  

In the majority of the countries in our sample, the concentration of 

patents and the urban premium found in large metropolitan areas have de-

clined over the observation period. This indicates an increasing role of 

smaller cities and non-urban areas in innovative activity. Our results do re-

veal, however, an increasing trend in Hungary, Japan, Sweden and the US, 

all countries with rather uneven settlement structures.   

4.4 Urban scaling in innovative activity across countries 

We now analyze urban scaling following the approach of Bettencourt and 

Lobo (2016) who regress the number of patents on the size of the population 

of a region. In contrast to these authors who focus on metropolitan areas 

with a population greater than 500,000, we also consider all other regions 

in order to understand whether cities and metropolitan areas have a scaling 

advantage when compared to non-metropolitan areas. To this end, we re-

gress the number of patents on the regional population. We make use of the 

average values for the periods 2000 to 2007, and 2008 to 2014. We interact 
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population with country dummies where the US is the reference category. 

Significant interaction effects indicate whether urban scaling for innovative 

activity in the respective countries is more pronounced than in the US. We 

use the US as a benchmark because theories emphasizing the important role 

of large cities in innovative activity are mainly based on observations made 

for this country. 

We first run the analysis for all regions of the countries in the sample 

(Models I and II in Table 5), i.e., we do not restrict the analysis to cities of a 

certain minimum size as was the case in some of the previous analyses (e.g., 

Bettencourt and Lobo 2016). In order to offer a comparison with the results 

of Bettencourt and Lobo (2016), we run the analysis for (metropolitan) re-

gions with a population greater than 500,000 (see Table 5, Models III and 

IV).19  

In the analysis for all regions (Models I and II in Table 5) we obtain 

a coefficient estimate for the US of about 1.45. We obtain significantly neg-

ative interaction effects in both time periods for Canada, Germany, Switzer-

land, and the UK. For Spain and Sweden there is a significantly negative 

interaction effect only in the first period. The negative effects are particu-

larly pronounced for Canada and Switzerland. In Switzerland, the coeffi-

cient for urban scaling is only slightly above 1 while for Canada it is even 

below 1, indicating urban descaling. For the UK and Germany, the overall 

effect is only about 1.2.  

Table A3 in the Appendix documents the scaling coefficient estimates 

and the respective confidence intervals. There are several countries for 

which the lower bound of the confidence interval is below one, indicating 

that the coefficient is not significantly different from one. Figures A1 in the 

Appendix show the respective country-specific scatterplots for the two time 

periods.  

                                           

19 This deviates from the OECD definition of metropolitan areas that we follow in other 
parts of the paper. The approach by Bettencourt and Lobo (2016) measures the role of ur-
ban scaling conditioned on a region being a metropolitan area. This is not suited to our 
primary interest, which is a comparison of innovative activity between metropolitan areas 
and rural regions. 
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Table 5:  Urban scaling based on regional population across selected OECD 
countries 

  I II III IV 

 
All regions 

Metro regions > 
500,000 population 

Dependent variable: Patents 2000-07 2008-14 2000-07 2008-14 

Country dummies Y Y Y Y 

Population 1.487*** 1.445*** 1.457*** 1.481*** 

(reference: USA) (0.048) (0.049) (0.101) (0.103) 

Population X France 0.006 0.099 -0.363 -0.417* 

 (0.096) (0.100) (0.258) (0.235) 

Population X UK -0.318*** -0.300*** -0.470*** -0.510*** 

 (0.066) (0.067) (0.170) (0.163) 

Population X Japan 0.116 0.247 -0.012 0.009 

 (0.157) (0.160) (0.212) (0.207) 

Population X South Korea 0.014 -0.092 -0.281 -0.344 

 (0.157) (0.155) (0.356) (0.358) 

Population X Germany -0.291*** -0.276*** -0.415* -0.401** 

 (0.070) (0.066) (0.213) (0.190) 

Population X Spain -0.277*** -0.057 0.252 0.092 

 (0.099) (0.083) (0.201) (0.193) 

Population X Canada -0.606*** -0.585*** -0.312** -0.250 

 (0.073) (0.074) (0.136) (0.196) 

Population X Italy -0.182 -0.145 -0.620 -0.667 

 (0.132) (0.126) (0.471) (0.430) 

Population X Switzerland -0.419*** -0.389*** -0.555** -0.665** 

 (0.077) (0.086) (0.244) (0.312) 

Population X Sweden 0.118 0.192 -0.539* -0.259 

 (0.100) (0.129) (0.300) (0.522) 

Population X Poland -0.218 0.204 -0.681 -0.739* 

 (0.146) (0.154) (0.488) (0.404) 

Population X Czech Republic 0.173 0.080 0.000 0.000 

 (0.144) (0.170) (0.000) (0.000) 

Population X Hungary -0.260 -0.336* 0.217 0.050 

 (0.238) (0.201) (0.419) (0.522) 

Number of observations 1,264 1,264 223 223 

R2 0.842 0.845 0.760 0.733 

Notes: ***: statistically significant at the 1 percent level; **: statistically significant at 
the 5 percent level; * statistically significant at the 10 percent level. Robust standard 
errors in parentheses. Population and patents are log-transformed annual averages 
of their total number for the periods indicated in the column headings. 

The results of the analysis for metropolitan regions with more than 

500,000 population (Models III and IV in Table 5) resemble the patterns of 

the main analysis, although the levels of statistical significance tend to be  
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Table 6:  Urban scaling based on number of regional inventors (inventor 
productivity) across regions of selected OECD countries 

  I II III IV 

 All regions 

Metro regions > 
500,000 population 

Dependent variable: Patents 2000-07 2008-14 2000-07 2008-14 

Country dummies Y Y Y Y 

Inventors 0.974*** 0.973*** 0.988*** 0.999*** 

(reference group: USA) (0.005) (0.006) (0.007) (0.009) 

Inventors X France -0.020* -0.008 0.036 0.029 

 (0.011) (0.011) (0.022) (0.030) 

Inventors X UK -0.029*** -0.008 0.030 0.026 

 (0.011) (0.012) (0.022) (0.023) 

Inventors X Japan 0.036*** 0.074*** 0.022 0.038*** 

 (0.011) (0.011) (0.016) (0.014) 

Inventors X South Korea 0.044 0.066*** 0.013 0.056 

 (0.028) (0.025) (0.046) (0.034) 

Inventors X Germany 0.009 0.004 0.032 0.022 

 (0.010) (0.011) (0.021) (0.024) 

Inventors X Spain -0.084*** -0.076*** -0.031 -0.027 

 (0.019) (0.022) (0.051) (0.053) 

Inventors X Canada -0.103*** -0.103*** 0.001 0.008 

 (0.012) (0.013) (0.027) (0.023) 

Inventors X Italy 0.023* 0.016 0.046 0.086* 

 (0.013) (0.016) (0.042) (0.048) 

Inventors X Switzerland -0.024 -0.026 0.083 0.037 

 (0.018) (0.022) (0.087) (0.092) 

Inventors X Sweden 0.009 0.023 -0.089 0.260*** 

 (0.020) (0.017) (0.069) (0.088) 

Inventors X Poland -0.177*** -0.077*** -0.024** -0.082*** 

 (0.025) (0.017) (0.012) (0.031) 

Inventors X Czech Republic -0.114*** -0.061 0.000 0.000 

 (0.039) (0.048) (0.000) (0.000) 

Inventors X Hungary -0.118** -0.112 -0.023** 0.018 

 (0.051) (0.071) (0.009) (0.029) 

Number of observations 1,264 1,264 223 223 

R2 0.993 0.992 0.994 0.992 

Notes: ***: statistically significant at the 1 percent level; **: statistically significant at 
the 5 percent level; * statistically significant at the 10 percent level. Standard errors 
are robust. Robust standard errors in parentheses. Inventors and patents are annual 
averages for the periods indicated in the column headings. 
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weaker because of the smaller sample size. The scaling coefficients of 1.457 

and 1.481 that we estimate for the US are higher than that of 1.291 estimated 

by Bettencourt, Lobo and Strumsky (2006) for the years 1980-2001.20  

To explore whether inventors located in cities are more productive, 

we regress the number of patents on the number of inventors per region. If 

inventors living in metropolitan areas have more patents, the coefficient es-

timate and the lower bound of the confidence interval should exceed the 

value of one. Table 6 shows the results. We hardly find any urban mark-up 

on inventor productivity across countries (see also Table A5 and Figures A4 

in the Appendix). Japan and South Korea are the only countries where in-

ventors seem to be more productive in cities. While the scaling coefficient 

for the US is close to one, it is significantly below one in Canada, Spain, the 

UK, and in the former socialist countries of Eastern Europe. This indicates 

that inventors in metropolitan areas of these countries are less productive 

than those in other regions. When narrowing down the focus to the variation 

among metropolitan areas, Japan and Sweden stand out as the only coun-

tries where the productivity of inventive activity is significantly higher in 

agglomerations, but only for the period 2008 to 2014. For Poland we find a 

significantly negative scaling effect. 

5. The general geographic concentration of patenting 

In a final analysis we look at the overall geographic concentration of inno-

vative activities. Our measure of geographic concentration is the well-

known normalized Herfindahl-Hirsch Index (HHI) that assumes the value 

of 1 if innovative activity is completely concentrated in one region. In this 

final analysis we also consider the geographic concentration of R&D em-

ployment for which we have information at the level of OECD TLS2 large 

regions (e.g., NUTS1 regions for European countries; Federal States in the 

US) in the years 2008 and 2013. 

                                           

20 See Table A4 and Figures A3 in the Appendix for more details on country-specific coeffi-
cient estimates and scatterplots of urban scaling across metropolitan regions with more 
than 500,000 population. 
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Table 7: Geographic concentration of patenting activity (Herfindahl-
Hirsch-Index) across selected OECD countries 

Country Variable 2000 2005 2010 2014 
Change 

2014/2000 

Canada 

Patents 0.060 0.061 0.066 0.058 0.97 

Population 0.023 0.024 0.024 0.025 1.06 

Patents/population ratio 2.567 2.557 2.735 2.337 0.91 

Czech Re-
public 

Patents 0.371 0.340 0.299 0.295 0.79 

Population 0.074 0.073 0.075 0.076 1.04 

Patents/population ratio 5.030 4.679 3.988 3.855 0.77 

France 

Patents 0.039 0.038 0.037 0.037 0.93 

Population 0.016 0.016 0.016 0.016 1.00 

Patents/population ratio 2.393 2.345 2.235 2.230 0.93 

Germany 

Patents 0.009 0.008 0.008 0.008 0.92 

Population 0.006 0.006 0.006 0.006 1.05 

Patents/population ratio 1.666 1.451 1.407 1.469 0.88 

Hungary 

Patents 0.138 0.133 0.122 0.099 0.72 

Population 0.084 0.084 0.084 0.085 1.01 

Patents/population ratio 1.642 1.587 1.450 1.165 0.71 

Italy 

Patents 0.044 0.040 0.035 0.033 0.75 

Population 0.020 0.019 0.019 0.020 1.03 

Patents/population ratio 2.236 2.054 1.780 1.630 0.73 

Japan 

Patents 0.136 0.141 0.161 0.190 1.40 

Population 0.039 0.040 0.041 0.042 1.07 

Patents/population ratio 3.450 3.495 3.889 4.497 1.30 

Poland 

Patents 0.070 0.048 0.055 0.053 0.76 

Population 0.016 0.016 0.016 0.016 1.00 

Patents/population ratio 4.388 2.997 3.449 3.326 0.76 

South Ko-
rea 

Patents 0.250 0.278 0.257 0.267 1.07 

Population 0.113 0.119 0.123 0.123 1.09 

Patents/population ratio 2.209 2.331 2.099 2.164 0.98 

Spain 

Patents 0.153 0.146 0.125 0.147 0.96 

Population 0.052 0.053 0.054 0.054 1.04 

Patents/population ratio 2.956 2.743 2.330 2.732 0.92 

Sweden 

Patents 0.170 0.164 0.188 0.188 1.10 

Population 0.101 0.103 0.107 0.110 1.09 

Patents/population ratio 1.685 1.587 1.758 1.709 1.01 

Switzer-
land 

Patents 0.102 0.098 0.094 0.096 0.94 

Population 0.078 0.079 0.080 0.080 1.02 

Patents/population ratio 1.301 1.246 1.184 1.199 0.92 
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Table 7 (continued) 

Country Variable 2000 2005 2010 2014 
Change 

2014/2000 

United 
Kingdom 

Patents 0.022 0.022 0.023 0.026 1.14 

Population 0.012 0.012 0.012 0.012 1.04 

Patents/population ratio 1.894 1.877 1.873 2.088 1.10 

USA 

Patents 0.047 0.044 0.046 0.050 1.06 

Population 0.022 0.021 0.021 0.021 0.98 

Patents/population ratio 2.200 2.049 2.195 2.394 1.09 

Source: OECD database. 

Table 7 shows the concentration patterns of patents. An international 

comparison is somewhat hampered by the fact that the value of the index is 

affected by the number of regions, which considerably varies across coun-

tries. However, we are more interested in the relating the concentration of 

patents to population density, which is comparable across countries. In all 

countries, the number of patents in the year 2014 is more geographically 

concentrated than population. The value of the ratio for Japan (4.5) is ex-

ceptionally high. The three countries with a pronounced federal tradition, 

Germany (1.47), Italy (1.63) and Switzerland (1.2) have rather low values.  

The value of about 2.4 for the US is similar to the values for the 

United Kingdom (2.0) and France (2.2). Comparing the values of the index 

for different years clearly reveals that there is an increase in the concentra-

tion of patents relative to population by more than 5% in three countries, 

while the concentration decreases by more than 5% in eight countries. 

Hence, there is also no general trend of a geographic concentration of in-

ventive activity. 
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Table 8:  Geographic concentration (Herfindahl-Index) of R&D employ-
ment across selected OECD countries 

Country R&D employment Population 
R&D employment/ 

Population 

2008 2013 2008 2013 2008 2013 

Canada 0.314 0.295 0.237 0.236 1.322 1.249 

Czech Republic 0.228 0.211 0.127 0.127 1.795 1.662 

France N/A 0.193 0.085 0.085 N/A 2.256 

Germany 0.128 0.127 0.115 0.115 1.116 1.105 

Hungary 0.341 0.340 0.170 0.173 2.006 1.962 

Italy 0.102 0.103 0.082 0.082 1.251 1.252 

Japan N/A N/A 0.149 0.152 N/A N/A 

Poland 0.130 0.129 0.078 0.079 1.654 1.639 

South Korea 0.408 0.416 0.299 0.302 1.364 1.378 

Spain 0.137 0.135 0.105 0.105 1.315 1.290 

Sweden 0.202 0.198 0.155 0.158 1.299 1.255 

Switzerland N/A N/A 0.165 0.165 N/A N/A 

United Kingdom 0.107 0.107 0.095 0.096 1.130 1.118 

USA 0.051 0.051 0.044 0.044 1.159 1.155 

Source: OECD database. 

 

Analyzing the concentration patterns for R&D employment reveals 

additional insights (Table 8). First, the values for the ratio between the con-

centration of population and R&D employment are much lower than for pa-

tents. Thus, concentration is considerably more pronounced for innovation 

output as compared to innovation input. Second, France is the only ‘outlier’ 

with regard to the HHI ratio in the year 2013 (1.90 compared to values be-

tween 1.12 and 1.38 for the other countries). Germany and the US are also 

very similar with respect to the concentration of R&D employment. Third, 

there is high degree of stability in the values when comparing the years 2008 

and 2013, years for which we have reliable data. Country differences in con-

centration patterns of innovative activity are particularly visible when it 

comes to patents but not as obvious in the case of R&D employment.  

6. Discussion and Conclusions 

6.1 Findings 

Some prominent theories suggest that successful innovative activity bene-

fits from agglomeration economies and thrives in large cities (Carlino and 
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Kerr 2015; Glaeser and Hausman 2019; Florida, Adler and Mellander 2017). 

Our investigation of the geographic concentration of patents in a sample of 

developed countries reveals a great variety of environments where innova-

tive activity is prevalent. We identified two countries where innovative ac-

tivities are, indeed, concentrated in large metropolitan areas, South Korea 

and the US. This ‘outlier’ position held by the US and South Korea suggests 

that empirical results for these two extreme cases may be of rather limited 

relevance for other countries that are characterized by a more balanced ge-

ographic distribution of innovative activities. Interestingly, we find that 

even in the US it is not the largest agglomerations that have the highest 

shares of patents. We could not find any general trend towards an increasing 

concentration of innovative activities in large agglomerations over the 

2000-2014 period (Section 4.1). In fact, our results show that there are more 

countries in our sample with a greater than 5% decrease in the share of pa-

tents registered in large metropolitan areas than countries where this share 

increased by more than 5%. These results clearly suggest that population 

density and agglomeration economies do not play a dominant role for re-

gional innovative activity, at least in the great majority of countries. This 

clearly suggests that that innovation does not ‘require’ large cities. 

The relationship between the number of patents and the size of re-

gional population (urban scaling) shows more patents per population in 

most of the countries, with the highest scaling coefficient for the US. The 

obvious reason behind this result is that agglomerations tend to have higher 

levels of innovative activity caused by a higher share of inventors among that 

specific population. The scaling coefficient for the number of patents based 

on the number of inventors (patent productivity) is close to or below one for 

nearly all countries. This clearly indicates that inventors in larger agglom-

erations are not more productive in terms of having more patents. 

Finally, we investigated the general regional concentration of popu-

lation, patents, and R&D employment. In all countries, patents are consid-

erably more geographically concentrated than population. This stronger 

concentration of patents is extremely high in Japan, while similar to the 
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United Kingdom and France, the US holds a mid-range position in this re-

spect. The difference between the concentration of patents and population 

is relatively small in the three countries of our sample that have a pro-

nounced federal tradition: Germany, Italy and Switzerland. The geographic 

concentration of R&D employment is much less pronounced than the con-

centration of patents. The US is no ‘outlier’ with regard to the concentration 

of R&D employment compared to the concentration of population. There is 

an increase in the concentration of patents relative to population by more 

than 5% in three countries, while concentration is decreasing by more than 

5% in eight countries. Hence, there is no general  

Table 8:  Country characteristics, patenting in non-urban areas, and urban 
scaling 

  
Share of patents 
in non-urban ar-

eas 2014 

Urban scaling relative to the 
US 

  

Country 
Patent 

rate 2014 

based on pop-
ulation 

based on in-
ventors 

Popula-
tion den-

sity 

Geo-
graphic 

size 

USA 1.854 0.83 - - low large 

Canada 1.062 26.38 lower lower low large 

Czech Republic 0.312 22.67 n.s. (lower) moderate small 

France 1.804 12.12 n.s. n.s. moderate medium 

Germany 3.426 25.61 lower n.s. high medium 

Hungary 0.361 41.69 n.s. (lower) moderate small 

Italy 0.932 47.97 n.s. n.s. moderate medium 

Japan 3.526 5.53 n.s. higher high medium 

Poland 0.246 25.23 n.s. lower moderate medium 

South Korea 3.331 0.86 n.s. (higher) high small 

Spain 0.529 11.36 (lower) lower low medium 

Sweden 3.933 27.34 n.s. n.s. low medium 

Switzerland 4.929 52.91 lower n.s. moderate small 

United Kingdom 1.209 21.23 lower (lower) high medium 

Notes: The patent rate is the number of patents per 10,000 population (see Table A2 in the Appendix). Classi-
fications in parentheses indicate that the difference to the US is statistically significant for only one of the two 
sub-periods. 

trend towards higher geographic concentration of inventive activity. Com-

paring the geographic concentration of R&D employment in the years 2008 

and 2013 shows only minor changes in all countries.  
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Quite remarkable, the extreme geographic concentration of patent-

ing in South Korea and the US does not necessarily imply high levels of in-

novativeness in terms of the number of patents per population (patent rate). 

Comparing the geographic concentration of patenting in a country and the 

degree of urban scaling with its patent rate (Table 8) makes it clear that 

there are countries with lower degrees of concentration and urban scaling 

but higher levels of innovativeness (Germany, Sweden and Switzerland). 

There are also countries (the UK, for example) where the patent rate is sim-

ilar to the US, but where the geographic concentration of patenting and ur-

ban scaling is less pronounced. Japan and South Korea are two countries 

where the concentration of patenting and the degree of urban scaling is 

comparable to the US. One reason for this could be because these two coun-

tries are much smaller in size and have a much higher population density. 

Altogether, Table 8 shows that countries deviating from the US pattern are 

not ‘outliers’. 

6.2 Limitations 

The main limitation of our analysis is due to the characteristics of patents, 

our main indicator of innovative activity. However, as argued in Section 3.1, 

patents are the only measure for innovative activity that is comparable 

across countries. One might try to improve the comparability of patents by 

assessing their quality in terms of citations, or their economic value based 

on license income and patent renewal (Harhoff et al. 1999; Harhoff, Scherer 

and Vopel 2003). Such data could be used to determine if patents generated 

in large agglomerations are more valuable than those in less densely popu-

lated areas. 

The most appropriate way of regionalizing patents is by assigning 

them to the residence of the inventor (for details see Maurat et al. 2008). 

This process creates another limitation because our analysis cannot be rea-

sonably performed for very small spatial units such as inner cities or sub-

urbs. Since the inventor’s residence might be geographically distant from 
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her/his workplace, a small-scale definition of the region such as the nar-

rowly defined district or city would lead to considerably underestimating 

the respective city’s level of inventive activity.21 

6.3 Contribution to theory development 

It goes without saying that a good theory is a radical simplification of reality 

and focuses on the most relevant factors and relationships. We also recog-

nize the role of agglomeration economies in promoting successful innova-

tive activities. However, our results clearly indicate that the role of agglom-

eration economies is much less pronounced than many authors suggest 

(e.g., Bettencourt 2013; Carlino and Kerr 2015; Florida, Adler and Mel-

lander 2017), and that other factors are considerably more important for the 

great majority of the countries in our sample. Hence, the popular theory that 

builds almost entirely on the role of agglomeration economies is much too 

simple to explain the regional distribution of innovative activities, and is 

largely inappropriate for many countries.22 

A case study of the geographic distribution of innovative activity in 

Germany by Fritsch and Wyrwich (2020) suggests a number of other factors 

that may explain the regional distribution of inventive and innovative activ-

ity. These factors are the regional settlement structure, the geographic dis-

tribution of knowledge sources, the local availability of finance, the educa-

tional system, and the level of political decentralization. The characteristics 

of the political system, settlement structure, and geographic distribution of 

knowledge sources are, of course, related in the sense that a federal political 

system may be conducive to the emergence of a rather decentralized settle-

ment structure, as well as geographically scattered institutions of research 

and higher education. Since the political system and the settlement struc-

ture have pronounced historical roots and develop over long periods of time, 

                                           

21 Assigning a patent to the location of the filing organization would lead to a misspecifica-
tion since many firms and organizations file their patents at the location of their headquar-
ters even if the respective research was entirely conducted in a distant branch facility. 

22 Our result show that even in the US it is not the largest agglomerations that have the 
highest shares of patents. This clearly indicates that any theory that prioritizes the role of 
agglomeration economies has limited relevance, even in outlier cases. 
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the historical roots, regional traditions and cultures may play important 

roles (Fritsch, Obschonka and Wyrwich 2019). 

6.4 Policy implications 

The main policy implication of our research is that innovation does not re-

quire large cities, but can also be successfully conducted in non-urban envi-

ronments.23 Hence, concentrating public R&D spending in large agglomer-

ations (see, for example, Glaeser and Hausman 2019) is not necessarily the 

best strategy recommendation. Instead, policy programs such as the EU 

Smart Specialization Strategy (Foray 2014; McCann 2015; McCann and Or-

tega Argilés 2015) that aim at stimulating regional development of low-den-

sity and lagging regions by initiating and supporting innovation processes 

may be quite successful. If agglomeration economies are of only limited rel-

evance for successful innovative activities, then such programs are not nec-

essarily an inefficient or wasteful allocation of resources as some scholars 

suggest (e.g., Glaeser and Hausman 2019). 

Since our research shows that agglomeration economies are not the 

main factor determining the spatial structure of innovative activities in most 

countries, the policy recommendations promoted by popular theories to 

concentrate public spending on large agglomerations may be misleading 

and harmful. Therefore, policymakers are strongly advised to consider in-

fluences other than city size or population density. 

6.5 Avenues for further research 

An important avenue of further research could be to overcome the limita-

tions of our analysis due to the weaknesses of patents as an indicator for 

innovative activity (Section 3.1). One step could be to develop and apply 

measures for the quality of a patent and compare this quality across regions. 

In general, an important step forward would be the development of more 

                                           

23 For a detailed exposition of the German case where many highly innovative firms are 
located in rural areas, see Fritsch and Wyrwich (2020). 
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fine-tuned indicators for innovative activity that are comparable across 

countries and regions.24  

A key question that follows from our analyses concerns the factors 

that determine the location of innovative activities and the region-specific 

determinants of their success. Why is innovative activity concentrated in 

certain regions? To what extent are actors attracted to certain regions to en-

gage in innovative activities? Why do certain non-urban areas engender suc-

cessful innovative activities? An in-depth study of the geographic distribu-

tion of innovative activities in Germany (Fritsch and Wyrwich 2020) iden-

tifies the important role played by the political/administrative structures 

and traditions that obviously affected settlement structures, as well as the 

location of knowledge sources (i.e., universities) and the financial system on 

innovative activity. In particular, the German case study demonstrates the 

long-lasting effect of historical factors for current structures. The educa-

tional system, labor market regulation and the tax treatment of inheriting a 

business also seem to have an effect in the German context. The interplay of 

these dynamics may be suitable candidates as factors for a closer inspection 

of causal relationships in case studies for other countries. 

An important element of such investigations for other countries 

could be analyses of the innovation behavior of firms that are located out-

side of large agglomerations. Why are some firms located in remote rural 

areas innovative and economically successful? How do these firms acquire 

the qualified labor that they need for their innovative activities? Do these 

firms have to adapt their innovation behavior based on the locational con-

ditions? Is a decentralized settlement structure with a variety of easily ac-

cessible smaller and medium-sized cities (as it is found in many parts of Eu-

rope) important for innovative activities in rural areas?  

Metropolitan areas and rural regions may have differing sources of 

inspiration that drive innovation. Based on this presumption, firms in rural 

                                           

24 The data of the Community Innovation Survey (CIS) are not suited for an analysis across 
regions because innovative activities of subsidiary locations of a firm are all assigned to the 
firm’s headquarter and not to the region where the R&D took place. See  https://ec.eu-
ropa.eu/eurostat/web/microdata/community-innovation-survey  

https://ec.europa.eu/eurostat/web/microdata/community-innovation-survey
https://ec.europa.eu/eurostat/web/microdata/community-innovation-survey
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and peripheral regions may focus on different types of innovations, or have 

different modes of innovative activity than firms in large urban areas. It has 

been argued that actors in rural areas engage in incremental innovations, 

while radical innovation primarily takes place in cities (Duranton and Puga 

2011; Shearmur 2011). For example, there is evidence that digital technolo-

gies are spurring an increase in the concentration of innovative activities in 

selected cities (Paunov et al. 2019). There also seems to be a tendency for 

start-up activity in new high-tech sectors becoming more concentrated in 

cities (Florida and King 2018; Fritsch and Wyrwich 2020). 

Another appropriate avenue for future research is to investigate and 

explain the role of public policy in this respect. How can public policy effect 

the geographic distribution of innovative activities? To what extent does 

policy aimed at rural and lagging areas stimulate innovative activities? Can 

an appropriate time period be established in which to expect significant 

changes of regional innovative activities? Do differing national and local 

policies of OECD countries explain the existing differences in the role that 

metropolitan areas play in innovative activity? 

Any of these analyses could focus on, or distinguish between different 

types of innovation, such as radical vs. incremental, high vs. low tech, sci-

ence-based vs. engineering or artistic-based. Such types of empirical anal-

yses should help to provide a more relevant basis for policy decisions than 

the simple “big is efficient” paradigm.  
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Appendix 

Tables 

Table A1:  Number of regions by spatial category in selected OECD coun-
tries 

Country 

Large mettro-
politan areas 
(>1.5 million 
population) 

Metropoli-
tan areas 

(250,000 to 
1.5 million 

population) 

Share of 
TL3 regions 

in large 
metropoli-
tan regions 

Share of TL3 
regions in 

metropolitan 
regions 

Share of TL3 
regions in 

non-metro-
politan re-

gions 

Canada 4 12 0.041 0.024 0.935 

Czech Republic 1 4 0.143 0.286 0.571 

France 3 30 0.115 0.313 0.573 

Germany 8 60 0.154 0.358 0.488 

Hungary 1 4 0.100 0.200 0.700 

Italy 4 18 0.055 0.164 0.782 

Japan 5 33 0.170 0.702 0.128 

Poland 2 17 0.111 0.292 0.597 

South Korea 6 5 0.563 0.375 0.063 

Spain 3 16 0.060 0.320 0.620 

Sweden 1 3 0.048 0.143 0.810 

Switzerland 0 5 0.000 0.192 0.808 

United Kingdom 5 34 0.216 0.410 0.374 

USA 33 69 0.185 0.404 0.410 

Table A2:  Number of patents per 10,000 population across selected OECD 
countries 

Country 2000 2005 2010 2014 

Canada 1.023 1.327 1.240 1.062 

Czech Republic 0.207 0.214 0.286 0.312 

France 1.442 1.660 1.686 1.804 

Germany 3.098 3.488 3.613 3.426 

Hungary 0.105 0.164 0.252 0.361 

Italy 0.801 1.009 0.929 0.932 

Japan 2.005 2.640 3.065 3.526 

Poland 0.044 0.054 0.126 0.246 

South Korea 0.555 1.770 2.453 3.331 

Spain 0.267 0.444 0.563 0.529 

Sweden 3.906 3.557 3.846 3.933 

Switzerland 4.365 5.120 5.159 4.929 

United Kingdom 1.341 1.262 1.164 1.209 

USA 1.811 2.011 1.659 1.854 

Source: OECD database. 

 



40 

 

Table A3:  Summary of urban scaling based on regional population across 
all regions 

  

Coefficient 
Standard 
error 

Limits of five percent 
confidence interval 

N R2 
Difference to 

the US  lower upper 

Year 2000               

All countries 0.970*** 0.020 0.931 1.010 1264 0.583  
USA 1.487*** 0.048 1.393 1.582 175 0.818  
France 1.493*** 0.083 1.327 1.659 88 0.791 n.s. 

UK 1.170*** 0.045 1.081 1.259 91 0.769 *** 

Japan 1.604*** 0.151 1.299 1.909 44 0.641 n.s. 

South Korea 1.502*** 0.162 1.141 1.863 12 0.777 n.s. 

Germany 1.196*** 0.051 1.096 1.296 264 0.61 *** 

Spain 1.211*** 0.087 1.035 1.386 50 0.717 *** 

Canada 0.882*** 0.055 0.773 0.990 291 0.711 *** 

Italy 1.306*** 0.122 1.063 1.548 108 0.469 n.s. 

Switzerland 1.069*** 0.061 0.942 1.195 26 0.885 *** 

Sweden 1.605*** 0.091 1.414 1.796 21 0.922 n.s. 

Poland 1.270*** 0.139 0.991 1.548 62 0.686 n.s. 

Czech Republic 1.660*** 0.142 1.361 1.960 19 0.839 n.s. 

Hungary 1.227*** 0.250 0.676 1.778 13 0.616 n.s. 

Year 2014               

All countries 0.985*** 0.019 0.947 1.023 1264 0.627  
USA 1.445*** 0.048 1.349 1.540 175 0.808  
France 1.543*** 0.087 1.370 1.717 88 0.797 n.s. 

UK 1.145*** 0.046 1.053 1.237 91 0.764 *** 

Japan 1.692*** 0.154 1.380 2.004 44 0.664 n.s. 

South Korea 1.352*** 0.160 0.997 1.708 12 0.766 n.s. 

Germany 1.168*** 0.044 1.082 1.255 264 0.655 *** 

Spain 1.388*** 0.068 1.250 1.525 50 0.801 n.s. 

Canada 0.860*** 0.055 0.752 0.968 291 0.714 *** 

Italy 1.299*** 0.116 1.070 1.529 108 0.472 n.s. 

Switzerland 1.056*** 0.073 0.904 1.207 26 0.874 *** 

Sweden 1.637*** 0.124 1.376 1.897 21 0.91 n.s. 

Poland 1.649*** 0.147 1.354 1.944 62 0.722 n.s. 

Czech Republic 1.524*** 0.170 1.165 1.883 19 0.772 n.s. 

Hungary 1.108*** 0.210 0.646 1.570 13 0.661 * 

Notes: ***: statistically significant at the 1 percent level; * statistically significant at the 10 percent level. 
Standard errors are robust. 
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Table A4: Summary of urban scaling based on regional population across 
metropolitan regions (population > 500,000 population) 

   Standard 
error 

Limits of five percent 
confidence interval   Difference to 

the US  Coefficient lower upper N R2 

Year 2000              
All countries 1.125*** 0.069 0.989 1.260 223 0.464  
USA 1.457*** 0.096 1.266 1.648 74 0.698  
France 1.094*** 0.241 0.570 1.619 14 0.572 n.s. 

UK 0.988*** 0.135 0.703 1.272 20 0.779 *** 

Japan 1.445*** 0.181 1.075 1.816 30 0.642 n.s. 

South Korea 1.176** 0.370 0.270 2.082 8 0.646 n.s. 

Germany 1.042*** 0.183 0.664 1.420 26 0.534 * 

Spain 1.709*** 0.185 1.272 2.146 9 0.91 n.s. 

Canada 1.145*** 0.095 0.931 1.360 11 0.826 ** 

Italy 0.837 0.469 -0.195 1.869 13 0.201 n.s. 

Switzerland 0.902 0.362 -3.696 5.499 3 0.756 ** 

Sweden 0.918 0.459 -4.909 6.746 3 0.667 * 

Poland 0.776 0.517 -0.488 2.040 8 0.405 n.s. 

Czech Republic - - - - - - - 

Hungary 1.674 0.661 -6.720 10.068 3 0.762 n.s. 

Year 2014               

All countries 1.142*** 0.068 1.007 1.276 223 0.515  
USA 1.481*** 0.098 1.285 1.677 74 0.69  
France 1.064*** 0.213 0.599 1.529 14 0.565 * 

UK 0.971*** 0.124 0.710 1.232 20 0.759 *** 

Japan 1.491*** 0.174 1.134 1.848 30 0.658 n.s. 

South Korea 1.137** 0.371 0.229 2.046 8 0.623 n.s. 

Germany 1.080*** 0.155 0.760 1.400 26 0.633 ** 

Spain 1.574*** 0.173 1.164 1.984 9 0.887 n.s. 

Canada 1.231*** 0.173 0.841 1.621 11 0.789 n.s. 

Italy 0.815* 0.426 -0.123 1.752 13 0.189 n.s. 

Switzerland 0.817 0.478 -5.252 6.885 3 0.594 ** 

Sweden 1.222 0.830 -9.329 11.773 3 0.52 n.s. 

Poland 0.742 0.422 -0.291 1.775 8 0.415 * 

Czech Republic - - - - - - - 

Hungary 1.532 0.830 -9.020 12.083 3 0.63 n.s. 

Notes: ***: statistically significant at the 1 percent level; **: statistically significant at the 5 percent 
level; * statistically significant at the 10 percent level. Standard errors are robust. 
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Table A5:  Summary of urban scaling based on the number of regional in-
ventors (inventor productivity) across all regions 

   Standard 
error 

Limits of five percent 
confidence interval   Difference to 

the US  Coefficient lower upper N R2 

Year 2000              
All countries 0.942*** 0.002 0.937 0.947 1,264 0.989  
USA 0.974*** 0.005 0.964 0.985 175 0.996 Ref 

France 0.954*** 0.010 0.935 0.974 88 0.989 * 

UK 0.945*** 0.009 0.927 0.963 91 0.992 *** 

Japan 1.010*** 0.010 0.991 1.030 44 0.994 *** 

South Korea 1.018*** 0.030 0.952 1.085 12 0.991 n.s. 

Germany 0.983*** 0.008 0.967 0.999 264 0.983 n.s. 

Spain 0.890*** 0.018 0.853 0.927 50 0.979 *** 

Canada 0.872*** 0.011 0.850 0.894 291 0.984 *** 

Italy 0.997*** 0.012 0.974 1.020 108 0.984 * 

Switzerland 0.950*** 0.017 0.914 0.986 26 0.987 n.s. 

Sweden 0.983*** 0.020 0.941 1.026 21 0.993 n.s. 

Poland 0.798*** 0.025 0.748 0.847 62 0.935 *** 

Czech Republic 0.860*** 0.041 0.775 0.946 19 0.981 *** 

Hungary 0.856*** 0.054 0.736 0.975 13 0.971 ** 

Year 2014              
All countries 0.947*** 0.003 0.941 0.953 1,264 0.988  
USA 0.973*** 0.006 0.961 0.985 175 0.995 Ref 

France 0.965*** 0.010 0.946 0.984 88 0.993 n.s. 

UK 0.964*** 0.011 0.943 0.986 91 0.989 n.s. 

Japan 1.047*** 0.009 1.029 1.065 44 0.992 *** 

South Korea 1.039*** 0.026 0.982 1.097 12 0.996 *** 

Germany 0.977*** 0.009 0.958 0.995 264 0.982 n.s. 

Spain 0.897*** 0.021 0.855 0.939 50 0.983 *** 

Canada 0.870*** 0.012 0.847 0.893 291 0.983 *** 

Italy 0.989*** 0.014 0.961 1.017 108 0.977 n.s. 

Switzerland 0.946*** 0.021 0.903 0.990 26 0.987 n.s. 

Sweden 0.996*** 0.017 0.961 1.031 21 0.995 n.s. 

Poland 0.896*** 0.016 0.864 0.927 62 0.962 *** 

Czech Republic 0.911*** 0.050 0.806 1.017 19 0.969 n.s. 

Hungary 0.861*** 0.076 0.693 1.028 13 0.964 n.s. 

Notes: ***: statistically significant at the 1 percent level.  **: statistically significant at the 5 percent level;  
*: statistically significant at the 10 percent level.  Standard errors are robust. 
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Table A6: Summary of urban scaling based on the number of regional in-
ventors (inventor productivity) across metropolitan regions 
(population > 500,000 population) 

  

Coefficient 
Standard 
error 

Limits of five percent 
confidence interval   Difference to 

the US  lower upper N R2 

Year 2000              
All countries 1.004*** 0.006 0.992 1.016 223 0.989  

USA 0.988*** 0.006 0.975 1.000 74 0.996  

France 1.024*** 0.021 0.977 1.070 14 0.988 n.s. 

UK 1.017*** 0.021 0.974 1.061 20 0.991 n.s. 

Japan 1.010*** 0.014 0.981 1.039 30 0.994 n.s. 

South Korea 1.000*** 0.049 0.879 1.122 8 0.983 n.s. 

Germany 1.020*** 0.020 0.979 1.061 26 0.992 n.s. 

Spain 0.957*** 0.053 0.831 1.084 9 0.984 n.s. 

Canada 0.989*** 0.027 0.927 1.051 11 0.988 n.s. 

Italy 1.034*** 0.042 0.941 1.127 13 0.977 n.s. 

Switzerland 1.071* 0.140 -0.714 2.856 3 0.967 n.s. 

Sweden 0.899* 0.112 -0.521 2.319 3 0.97 n.s. 

Poland 0.964*** 0.010 0.939 0.989 8 0.993 ** 

Czech Republic - - - - - - - 

Hungary 0.965*** 0.010 0.842 1.088 3 1 ** 

Year 2014              

All countries 1.017*** 0.007 1.002 1.031 223 0.987  

USA 0.999*** 0.009 0.981 1.016 74 0.995  

France 1.028*** 0.029 0.965 1.091 14 0.976 n.s. 

UK 1.025*** 0.021 0.981 1.069 20 0.989 n.s. 

Japan 1.037*** 0.010 1.016 1.059 30 0.99 *** 

South Korea 1.055*** 0.036 0.967 1.143 8 0.993 n.s. 

Germany 1.020*** 0.022 0.976 1.065 26 0.989 n.s. 

Spain 0.972*** 0.055 0.842 1.102 9 0.972 n.s. 

Canada 1.007*** 0.022 0.956 1.057 11 0.992 n.s. 

Italy 1.085*** 0.048 0.980 1.190 13 0.978 * 

Switzerland 1.035* 0.149 -0.854 2.925 3 0.96 n.s. 

Sweden 1.259* 0.142 -0.542 3.060 3 0.975 *** 

Poland 0.917*** 0.032 0.838 0.996 8 0.988 *** 

Czech Republic - - - - - - - 

Hungary 1.017** 0.044 0.454 1.580 3 0.996 n.s. 

Notes: ***: statistically significant at the 1 percent level.  **: statistically significant at the 5 percent level;  
*: statistically significant at the 10 percent level.  Standard errors are robust. 
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Table A7:  Innovation activity in small and medium-sized metropolitan areas (250 
000 to 1.5 million population) across selected OECD countries 

Country Variable 2000 2005 2010 2015 
Direction of 

change 

Canada 
Patents 26.13 33.20 37.74 31.41 + 
Population 18.57 18.75 18.42 18.69 = 
Patents/population-ratio 1.41 1.77 2.05 1.68 + 

Czech Re-
public 

Patents 11.59 12.80 11.54 14.29 + 
Population 21.45 21.36 20.52 20.23 - 
Patents/population-ratio 0.54 0.60 0.56 0.71 + 

France 
Patents 35.25 40.34 41.23 44.00 + 
Population 40.98 41.06 41.10 41.49 = 
Patents/population-ratio 0.86 0.98 1.00 1.06 + 

Germany 
Patents 37.86 38.77 38.02 38.53 = 
Population 36.87 36.95 36.97 37.00 = 
Patents/population-ratio 1.03 1.05 1.03 1.04 = 

Hungary 
Patents 35.19 30.36 30.47 26.84 - 
Population 33.13 32.93 33.54 32.31 = 
Patents/population-ratio 1.06 0.92 0.91 0.83 - 

Italy 
Patents 27.73 26.48 26.16 30.00 + 
Population 25.13 25.12 25.30 25.64 = 
Patents/population-ratio 1.10 1.05 1.03 1.17 + 

Japan 
Patents 25.08 23.78 21.25 21.41 - 
Population 48.26 47.65 46.83 46.15 = 
Patents/population-ratio 0.52 0.50 0.45 0.46 - 

Poland 
Patents 48.31 46.55 48.92 49.57 = 
Population 38.41 38.19 34.75 33.97 - 
Patents/population-ratio 1.26 1.22 1.41 1.46 + 

South Korea 
Patents 5.02 3.48 5.50 4.89 = 
Population 15.62 15.04 15.00 15.04 = 
Patents/population-ratio 0.32 0.23 0.37 0.33 = 

Spain 
Patents 24.95 28.95 32.32 29.67 + 
Population 38.79 38.44 38.45 38.66 = 
Patents/population-ratio 0.64 0.75 0.84 0.77 + 

Sweden 
Patents 38.33 44.19 38.39 38.22 = 
Population 32.78 33.34 33.54 33.55 = 
Patents/population-ratio 1.17 1.33 1.14 1.14 = 

Switzerland 
Patents 48.80 49.60 48.48 50.54 = 
Population 46.76 46.91 47.11 47.16 = 
Patents/population-ratio 1.04 1.06 1.03 1.07 = 

United King-
dom 

Patents 36.30 37.44 38.60 45.33 + 
Population 33.81 33.69 33.50 33.37 = 
Patents/population-ratio 1.07 1.11 1.15 1.36 + 

USA 
Patents 16.98 16.85 16.31 14.96 - 
Population 28.10 27.97 27.85 27.62 = 
Patents/population-ratio 0.60 0.60 0.59 0.54 - 

Source: OECD database. Direction of change for 2000-2015 period: +: growth by at least 5%; -: decrease by 
at least 5%; =: changes less than 5%. 
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Scatterplots 

 
Figures A1: Urban scaling 
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Figures A2: Scatterplots urban scaling across metropolitan regions with more than 
500,000 population only 
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Figures A3: Inventor productivity across regions 
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Figures A4: Inventor productivity across metropolitan regions with more than 
500,000 population only 
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Figures A5: Number of inventors and patents per inventors 
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Figures A6: Density of inventors and patents per inventor 
 

2000-2007     2008-2014 

 

All regions 

 

Small and medium sized metropolitan regions 

 

Large metropolitan regions 
 



 
 
 

 
 
 
 
 

1 

List of research reports 
 
 
15001-EEF: Bao, T., X. Tian, X. Yu, Dictator Game with Indivisibility of Money 
 
15002-GEM: Chen, Q., E. Dietzenbacher, and B. Los, The Effects of Ageing and 
Urbanization on China’s Future Population and Labor Force 
 
15003-EEF: Allers, M., B. van Ommeren, and B. Geertsema, Does intermunicipal 
cooperation create inefficiency? A comparison of interest rates paid by intermunicipal 
organizations, amalgamated municipalities and not recently amalgamated municipalities 
 
15004-EEF: Dijkstra, P.T., M.A. Haan, and M. Mulder, Design of Yardstick Competition 
and Consumer Prices: Experimental Evidence 
 
15005-EEF: Dijkstra, P.T., Price Leadership and Unequal Market Sharing: Collusion in 
Experimental Markets 
 
15006-EEF: Anufriev, M., T. Bao, A. Sutin, and J. Tuinstra, Fee Structure, Return Chasing 
and Mutual Fund Choice: An Experiment 
 
15007-EEF: Lamers, M., Depositor Discipline and Bank Failures in Local Markets During 
the Financial Crisis 
 
15008-EEF: Oosterhaven, J., On de Doubtful Usability of the Inoperability IO Model 
 
15009-GEM: Zhang, L. and D. Bezemer, A Global House of Debt Effect? Mortgages and 
Post-Crisis Recessions in Fifty Economies 
 
15010-I&O: Hooghiemstra, R., N. Hermes, L. Oxelheim, and T. Randøy, The Impact of 
Board Internationalization on Earnings Management 
 
15011-EEF: Haan, M.A., and W.H. Siekman, Winning Back the Unfaithful while Exploiting 
the Loyal: Retention Offers and Heterogeneous Switching Costs 
 
15012-EEF: Haan, M.A., J.L. Moraga-González, and V. Petrikaite, Price and Match-Value 
Advertising with Directed Consumer Search 
 
15013-EEF: Wiese, R., and S. Eriksen, Do Healthcare Financing Privatisations Curb Total 
Healthcare Expenditures? Evidence from OECD Countries 
 
15014-EEF: Siekman, W.H., Directed Consumer Search 
 
15015-GEM: Hoorn, A.A.J. van, Organizational Culture in the Financial Sector: Evidence 
from a Cross-Industry Analysis of Employee Personal Values and Career Success 
 
15016-EEF: Te Bao, and C. Hommes, When Speculators Meet Constructors: Positive and 
Negative Feedback in Experimental Housing Markets 
 
15017-EEF: Te Bao, and Xiaohua Yu, Memory and Discounting: Theory and Evidence 
 
15018-EEF: Suari-Andreu, E., The Effect of House Price Changes on Household Saving 
Behaviour: A Theoretical and Empirical Study of the Dutch Case 



 
 
 

 
 
 
 
 

2 

 
15019-EEF: Bijlsma, M., J. Boone, and G. Zwart, Community Rating in Health Insurance: 
Trade-off between Coverage and Selection 
 
15020-EEF: Mulder, M., and B. Scholtens, A Plant-level Analysis of the Spill-over Effects 
of the German Energiewende 
 
15021-GEM: Samarina, A., L. Zhang, and D. Bezemer, Mortgages and Credit Cycle 
Divergence in Eurozone Economies 
 
16001-GEM: Hoorn, A. van, How Are Migrant Employees Manages? An Integrated 
Analysis 
 
16002-EEF: Soetevent, A.R., Te Bao, A.L. Schippers, A Commercial Gift for Charity 
 
16003-GEM: Bouwmeerster, M.C., and J. Oosterhaven, Economic Impacts of Natural Gas 
Flow Disruptions 
 
16004-MARK: Holtrop, N., J.E. Wieringa, M.J. Gijsenberg, and P. Stern, Competitive 
Reactions to Personal Selling: The Difference between Strategic and Tactical Actions 
 
16005-EEF: Plantinga, A. and B. Scholtens, The Financial Impact of Divestment from 
Fossil Fuels 
 
16006-GEM: Hoorn, A. van, Trust and Signals in Workplace Organization: Evidence from 
Job Autonomy Differentials between Immigrant Groups 
 
16007-EEF: Willems, B. and G. Zwart, Regulatory Holidays and Optimal Network 
Expansion 
 
16008-GEF: Hoorn, A. van, Reliability and Validity of the Happiness Approach to 
Measuring Preferences 
 
16009-EEF: Hinloopen, J., and A.R. Soetevent, (Non-)Insurance Markets, Loss Size 
Manipulation and Competition: Experimental Evidence 
 
16010-EEF: Bekker, P.A., A Generalized Dynamic Arbitrage Free Yield Model 
 
16011-EEF: Mierau, J.A., and M. Mink, A Descriptive Model of Banking and Aggregate 
Demand 
 
16012-EEF: Mulder, M. and B. Willems, Competition in Retail Electricity Markets: An 
Assessment of Ten Year Dutch Experience 
 
16013-GEM: Rozite, K., D.J. Bezemer, and J.P.A.M. Jacobs, Towards a Financial Cycle for 
the US, 1873-2014 
 
16014-EEF: Neuteleers, S., M. Mulder, and F. Hindriks, Assessing Fairness of Dynamic 
Grid Tariffs 
 
16015-EEF: Soetevent, A.R., and T. Bružikas, Risk and Loss Aversion, Price Uncertainty 
and the Implications for Consumer Search 
 



 
 
 

 
 
 
 
 

3 

16016-HRM&OB: Meer, P.H. van der, and R. Wielers, Happiness, Unemployment and 
Self-esteem 
 
16017-EEF: Mulder, M., and M. Pangan, Influence of Environmental Policy and Market 
Forces on Coal-fired Power Plants: Evidence on the Dutch Market over 2006-2014 
 
16018-EEF: Zeng,Y., and M. Mulder, Exploring Interaction Effects of Climate Policies: A 
Model Analysis of the Power Market 
 
16019-EEF: Ma, Yiqun, Demand Response Potential of Electricity End-users Facing Real 
Time Pricing 
 
16020-GEM: Bezemer, D., and A. Samarina, Debt Shift, Financial Development and 
Income Inequality in Europe 
 
16021-EEF: Elkhuizen, L, N. Hermes, and J. Jacobs, Financial Development, Financial 
Liberalization and Social Capital 
 
16022-GEM: Gerritse, M., Does Trade Cause Institutional Change? Evidence from 
Countries South of the Suez Canal 
 
16023-EEF: Rook, M., and M. Mulder, Implicit Premiums in Renewable-Energy Support 
Schemes 
 
17001-EEF: Trinks, A., B. Scholtens, M. Mulder, and L. Dam, Divesting Fossil Fuels: The 
Implications for Investment Portfolios 
 
17002-EEF: Angelini, V., and J.O. Mierau, Late-life Health Effects of Teenage Motherhood 
 
17003-EEF: Jong-A-Pin, R., M. Laméris, and H. Garretsen, Political Preferences of 
(Un)happy Voters: Evidence Based on New Ideological Measures 
 
17004-EEF: Jiang, X., N. Hermes, and A. Meesters, Financial Liberalization, the 
Institutional Environment and Bank Efficiency 
 
17005-EEF: Kwaak, C. van der, Financial Fragility and Unconventional Central Bank 
Lending Operations 
 
17006-EEF: Postelnicu, L. and N. Hermes, The Economic Value of Social Capital 
 
17007-EEF: Ommeren, B.J.F. van, M.A. Allers, and M.H. Vellekoop, Choosing the Optimal 
Moment to Arrange a Loan 
 
17008-EEF: Bekker, P.A., and K.E. Bouwman, A Unified Approach to Dynamic Mean-
Variance Analysis in Discrete and Continuous Time 
 
17009-EEF: Bekker, P.A., Interpretable Parsimonious Arbitrage-free Modeling of the Yield 
Curve 
 
17010-GEM: Schasfoort, J., A. Godin, D. Bezemer, A. Caiani, and S. Kinsella, Monetary 
Policy Transmission in a Macroeconomic Agent-Based Model 
 



 
 
 

 
 
 
 
 

4 

17011-I&O: Bogt, H. ter, Accountability, Transparency and Control of Outsourced Public 
Sector Activities 
 
17012-GEM: Bezemer, D., A. Samarina, and L. Zhang, The Shift in Bank Credit 
Allocation: New Data and New Findings 
 
17013-EEF: Boer, W.I.J. de, R.H. Koning, and J.O. Mierau, Ex-ante and Ex-post 
Willingness-to-pay for Hosting a Major Cycling Event 
 
17014-OPERA: Laan, N. van der, W. Romeijnders, and M.H. van der Vlerk, Higher-order 
Total Variation Bounds for Expectations of Periodic Functions and Simple Integer 
Recourse Approximations 
 
17015-GEM: Oosterhaven, J., Key Sector Analysis: A Note on the Other Side of the Coin 
 
17016-EEF: Romensen, G.J., A.R. Soetevent: Tailored Feedback and Worker Green 
Behavior: Field Evidence from Bus Drivers 
 
17017-EEF: Trinks, A., G. Ibikunle, M. Mulder, and B. Scholtens, Greenhouse Gas 
Emissions Intensity and the Cost of Capital 
 
17018-GEM: Qian, X. and A. Steiner, The Reinforcement Effect of International Reserves 
for Financial Stability 
 
17019-GEM/EEF: Klasing, M.J. and P. Milionis, The International Epidemiological 
Transition and the Education Gender Gap 
 
2018001-EEF: Keller, J.T., G.H. Kuper, and M. Mulder, Mergers of Gas Markets Areas and 
Competition amongst Transmission System Operators: Evidence on Booking Behaviour in 
the German Markets 
 
2018002-EEF: Soetevent, A.R. and S. Adikyan, The Impact of Short-Term Goals on Long-
Term Objectives: Evidence from Running Data 
 
2018003-MARK: Gijsenberg, M.J. and P.C. Verhoef, Moving Forward: The Role of 
Marketing in Fostering Public Transport Usage 
 
2018004-MARK: Gijsenberg, M.J. and V.R. Nijs, Advertising Timing: In-Phase or Out-of-
Phase with Competitors? 
 
2018005-EEF: Hulshof, D., C. Jepma, and M. Mulder, Performance of Markets for 
European Renewable Energy Certificates 
 
2018006-EEF: Fosgaard, T.R., and A.R. Soetevent, Promises Undone: How Committed 
Pledges Impact Donations to Charity 
 
2018007-EEF: Durán, N. and J.P. Elhorst, A Spatio-temporal-similarity and Common 
Factor Approach of Individual Housing Prices: The Impact of Many Small Earthquakes in 
the North of Netherlands 
 
2018008-EEF: Hermes, N., and M. Hudon, Determinants of the Performance of 
Microfinance Institutions: A Systematic Review 
 



 
 
 

 
 
 
 
 

5 

2018009-EEF: Katz, M., and C. van der Kwaak, The Macroeconomic Effectiveness of Bank 
Bail-ins 
 
2018010-OPERA: Prak, D., R.H. Teunter, M.Z. Babai, A.A. Syntetos, and J.E. Boylan, 
Forecasting and Inventory Control with Compound Poisson Demand Using Periodic 
Demand Data 
 
2018011-EEF: Brock, B. de, Converting a Non-trivial Use Case into an SSD: An Exercise 
 
2018012-EEF: Harvey, L.A., J.O. Mierau, and J. Rockey, Inequality in an Equal Society 
 
2018013-OPERA: Romeijnders, W., and N. van der Laan, Inexact cutting planes for two-
stage mixed-integer stochastic programs 
 
2018014-EEF: Green, C.P., and S. Homroy, Bringing Connections Onboard: The Value of 
Political Influence 
 
2018015-OPERA: Laan, N. van der, and W. Romeijnders, Generalized aplha-
approximations for two-stage mixed-integer recourse models 
 
2018016-GEM: Rozite, K., Financial and Real Integration between Mexico and the United 
States 
 
2019001-EEF: Lugalla, I.M., J. Jacobs, and W. Westerman, Drivers of Women 
Entrepreneurs in Tourism in Tanzania: Capital, Goal Setting and Business Growth 
 
2019002-EEF: Brock, E.O. de, On Incremental and Agile Development of (Information) 
Systems 
 
2019003-OPERA: Laan, N. van der, R.H. Teunter, W. Romeijnders, and O.A. Kilic, The 
Data-driven Newsvendor Problem: Achieving On-target Service Levels. 
 
2019004-EEF: Dijk, H., and J. Mierau, Mental Health over the Life Course: Evidence for a 
U-Shape? 
 
2019005-EEF: Freriks, R.D., and J.O. Mierau, Heterogeneous Effects of School Resources 
on Child Mental Health Development: Evidence from the Netherlands. 
 
2019006-OPERA: Broek, M.A.J. uit het, R.H. Teunter, B. de Jonge, J. Veldman, Joint 
Condition-based Maintenance and Condition-based Production Optimization. 
 
2019007-OPERA: Broek, M.A.J. uit het, R.H. Teunter, B. de Jonge, J. Veldman, Joint 
Condition-based Maintenance and Load-sharing Optimization for Multi-unit Systems with 
Economic Dependency 
 
2019008-EEF: Keller, J.T. G.H. Kuper, and M. Mulder, Competition under Regulation: Do 
Regulated Gas Transmission System Operators in Merged Markets Compete on Network 
Tariffs? 
 
2019009-EEF: Hulshof, D. and M. Mulder, Renewable Energy Use as Environmental CSR 
Behavior and the Impact on Firm Profit 
 
2019010-EEF: Boot, T., Confidence Regions for Averaging Estimators 



 
 
 

 
 
 
 
 

6 

2020001-OPERA: Foreest, N.D. van, and J. Wijngaard. On Proportionally Fair Solutions 
for the Divorced-Parents Problem 
 
2020002-EEF: Niccodemi, G., R. Alessie, V. Angelini, J. Mierau, and T. Wansbeek. 
Refining Clustered Standard Errors with Few Clusters 
 
2020003-I&O: Bogt, H. ter, Performance and other Accounting Information in the Public 
Sector: A Prominent Role in the Politicians’ Control Tasks? 
 
2020004-I&O: Fisch, C., M. Wyrwich, T.L. Nguyen, and J.H. Block, Historical Institutional 
Differences and Entrepreneurship: The Case of Socialist Legacy in Vietnam 
 
2020005-I&O: Fritsch, M. and M. Wyrwich. Is Innovation (Increasingly) Concentrated in 
Large Cities? An Internatinal Comparison 



 
 
 

 
 
 
 
 

7 

  
 

 

 

 

 

 

 


	2020005-I&O eerste 3 pagina's
	Is Innovation (Increasingly) Concentrated in Large Cities? An International Comparison

	paper
	list of research reports
	List of research reports


