|nvention in the City: Increasing Returnsto
Scalein Metropolitan Patenting

LuisM. A. Bettencourt
CCS-3 Computer and Computational Sciences
L os Alamos National Laboratory
MS B256
Los Alamos, NM 87545
Imbett@lanl.gov

José Lobo
Faculty of Economics
University of Modena and Reggio Emilia
ViaGiglioli Valle, 9
Reggio Emilia, Italy
jose@santafe.edu

Deborah Strumsky *
Harvard Business School
E1-2A Gallatin Hall
SoldiersField Road
Boston, MA 02163
dstrumsky@hbs.edu

December 2004

* : Corresponding author.

Acknowledgements. We thank Lee FHeming for making the paent data avalable to us, the
Havard Busness School Divison of Research for assstance in assembling the patent data s,
and the Santa Fe Inditute and the Information Society as a Complex System (ISCOM) Project
for research support. We aso thank Richard Florida and Kevin Stolarick for use of their data on
the metropolitan digtribution of supercreetive professons. The work benefited from comments
and suggedtions by Geoffrey West, David Lane, Denise Pumain, Andrea Ginzburg and Erika
Blumenfeld.



Invention in the City: Increasing Returnsto Scale in Metropolitan Patenting
Abstract

We invedigate the reaionship between patenting activity and the sze of metropolitan aress in
the United States over the last two decades (1980-2001). We find a clear superlinear effect,
whereby patents are granted disproportionately in larger urban centers, thus showing increasing
refurns in inventing activity with resgpect to populaion sze. We chaacterize this rdaion
quantitativdly as a power lav with an exponent larger than unity. This phenomenon is
commensurate with the presence of larger numbers of inventors in larger metropolitan aress,
which we find follows a quantitatively smilar superlinear reaionship to populaion, while the
productivity of individud inventors days essentidly condtant across metropolitan aress. Findly
we show tha R&D edablishments and employment in other credtive professons dso follow
superlinear relaions to metropolitan population size, dbeit possibly with different exponents.

1. Introduction

The crucid role that cities have played in the development of science and technology,
and more broadly, in the generation of inventions and innovations—intellectud and materid,
culturd and political, inditutiond and organizationa—is well documented by historiographica
work (see for example Bairoch, 1988; Braudel, 1992; Hall, 1998; Jacobs, 1984; Landes, 1999,
Mokyr, 2002; Mumford, 1968; Rosenberg and Birdzell, 1986; Spufford 2003). The role of cities
as centers for the integration of human capita and as incubators of invention was rediscovered
by the “new” economic growth theory, which podts that knowledge spillovers among
individuds and firms are the necessary underpinnings of growth (Lucas, 1988; Romer, 1986,).
As Glaeser (1996) points out, the idea that growth hinges on the flow and exchange of ideas
naturaly leads to a recognition of the socid and economic role of urban centers in furthering
intdllectud cross-fertilization. Moreover the cregtion and repostion of knowledge in cities
increases thar atractive pull for educated, highly <killed, entrepreneurid and crestive
individuals who, by locating in urban centers, contribute in turn to the generation of further
knowledge spillovers (Feldman and Forida, 1994; Horida, 2002, 2004; Glaeser, 1999). This
spontaneous process, whereby knowledge produces growth and growth attracts knowledge, is the
engine by which urban centers sustain their development through unfolding innovation.

It is a compdling quedtion to asceatan which features of urban societies foment, or
hinder, invention and innovation. Higtorical evidence notwithstanding, it is not easy to measure
knowledge spillovers (a problem noted by Krugman (1991)). This difficulty hampers progress
towards the quantitative underganding of the reationship between city characterisics and
innovation. Some knowledge flows do neverthdess leave an evidentiary trail, for example in the
form of patented inventions (Acs and Audretsch, 1989; Jaffe and Tratenberg, 2002; Jeffe,
Trajtenberg and Fogarty, 2000; Malerba and Orsenigo 1999,).

A dear finding from examining where patents originate in the United Sates is that
patenting is largdy a metropolitan phenomenon. Ullman (1958) found that inventive activity in
the Unites States is linked to urban development and agglomeration. Pred (1961) examined U.S.



patent data for the mid-nineteenth century and found that patenting activity was sgnificantly
greater in the principa cities than the national average. Higgs (1971) found that the number of
patents issued in the United States during the period from 1870 to 1920 was positively correlated
to urbanization. More recently Jaffe, Tratenberg and Henderson (1993) examined the pattern of
citations by new to previoudy issued patents. They found that new patents are 5 to 10 times more
likly to cite previous ones originging in the same metropolitan area. Acs, Ansdin and Varga
(2002) dso find tha patenting in the United States is overwhemingly concentrated in
metropolitan counties. Further examination of data from England (Beggs and Cameron 1988),
Sweden (§6holm 1996) and the semiconductor industry (Almeida and Kogut 1997) confirms the
urban character of patenting for other countries and in specific industries.

Based on this evidence it seems plausble, a priori, to assume a close and postive
relationship between city (population) size and inventive activity, measured by way of number of
new patents granted to metropolitan inventors'. Indeed, a higher concentration of individuas and
firms in lage dties can be expected to susain a larger repertoire of intelectua capabilities
thereby facilitating the crestion and recombination of idess. This environment in turn atracts
cregtive individuds and firms to locate in dities thus sugtaining a “virtuous’ cyde of invention
and innovation.? Surprisingly, the relationship between urban scde and patenting has remained
largely unexamined. Of the few gSudies in this direction, Feldman and Audretsch (1999) find that
the level of urban employment is postively corrdated with invention in U.S. metropolitan aress,
while Carlino, Chaterjee and Hunt (2001) find that the rate of metropolitan patenting is
pogitively correlated to employment density. In the present discusson we directly investigate the
relationship between patenting activity and population sze of metropolitan area in the United
States.

We recognize that cities differ not only in Sze but dso in the characteridics of ther
populations. Boston, for example, has a large population of academics, researchers and technical
workers, while proportiondly New York City has less, and Los Angdes less Hill. Some large
cties like Deroit have presently very low indices of high-tech development, athough arguably
Detroit is a very credtive city in popula mudc and some of the ats Although such
condderations are important for a detalled underganding of each metropolitan area, in the
present discusson we ask if there are average characteristics of cities that make them centers of
inventive activity. The expectetion is tha if large cities are more innovative, then there should be
an average trend for measures of invention to increase with city sze. The quantification of this
relationship should dso daify if larger population agglomerdtions give rise to incresses of
invention that are smply proportiona to population, or if ingead there are increasing returns to
scae.

Before proceeding we make an explicit clarification. As emphasized by Romer (1990),
what matters for growth is not smply an econonmy with a large number of people but rather how
their cgpabilities are integrated by the environment they create and live in. This argument may be
taken to point to specific characterigics of a city, beyond its population sze. In line with this

L We will use the term “inventor,” in a rather restrictive way, to refer to those individuals who have been granted a
g)atent for their invention.

This expectation is a variant of the familiar argument that increases in urban scale generate greater positive
externalities (Jacobs, 1969; Marshall, 1890).



agument we reassat here that the gze of a large city is not important by itsdf. Sze matters
ingead because it is the most obvious manifestation of that city’s success at aitracting and
mantaning human capitd and engaging it in a myriad of competitive and interdependent
activities. It is in this sense tha we expect city Sze to corrdae postivey with measures of
invention and innovation, of which patenting isal but one.

In order to address questions about the nature and magnitude of the scaling relaionship
between metropalitan invention and population we use data for patents granted in the United
States between 1980 and 2001, spatialy aggregated into Metropolitan Statistical Areas (MSAS)°.
Our use of patent counts as a measure of metropolitan inventive activity is by itsdf not nove.
What condtitutes a contribution is our use of patent data to quantify metropolitan populations of
inventors and to make vishle the locationspecific networks of collaboration among inventors.
Economic sociologists argue that economic interactions cannot be fully understood without
attention to the socid reaionships in which these interactions are embedded (c.f., Granovetter,
1985; Polanyi, 1957; Swedberg, 2003; Uzzi, 1996; White, 2002; Zuckerman, 2003). One can
dmilarly argue that the process of invention cannot be well understood without paying attention
to the socid interactions among inventors (Arora and Gambardella, 1994; Orsenigo, Pammalli
and Riccaboni, 2001; Powel, Doput and Smith-Doerr, 1996; Waker, Kogut and Shan, 1997).
Inventors do not operate in isolation; the crestion of new idess is a process that often involves
the integration and recombination of exiging knowledge originating from different individuds,
locations, indtitutions and organizations. Socid networks play an important role in the diffuson
of information and knowledge snce they provide the formad connections and informa linkages
through which idess flow among individuds® These knowledge spillovers often occur without
the mediaion of market mechanisms, transcend the inditutiond and workplace settings in which
individuals operate, and cut across organizationa boundaries® Through the mapping of patent
co-authorship relations we investigate below whether the dructurd features of metropolitan
networks of inventors can hdp explan the quantitative scding reationship between metropolitan
patenting and population.®

The manuscript is organized as follows. The next section describes the U.S. patent data,
how it was used to identify metropolitan inventors and networks of inventors, and the detalls of
how it was gspatidly aggregated and matched with metropolitan population data Section 3
presents our econometric estimations for the dependence of patents on metropolitan sze. Section

3 We are aware of the criticism that patents are not necessarily good indicators of generic innovative activity since
not al new inventions are patented, and many economically important types of innovations, such as organizational
forms and computer software, cannot even be patented (Griliches, 1979, 1990; Pakes and Griliches, 1980). While
these caveats make us cautious about the use of patent data and prudent in the interpretation of our results, we
neverthel ess see patents as the “footprints” of some (by no means all) inventive activity.

4 Social networks have been highlighted as an important facet of regional innovation (see, e.g., Breschi and Lissoni,
2001; Piore and Sabel, 1984; Owen-Smith and Powell, 2004) and are believed to be the vital conduits for
transferring knowledge and ideas between firms in a region. Much of Silicon Valley’s success, for example, has
been attributed to its informal networks of friendship and collaboration among scientists, engineers, and
entrepreneursin the area (Saxenian 1994).

® Scientists, specialy those working in fields where commercial exploitation is common or expected, do, however,
also exchange information on a market basis (see Zucker, Darby and Armstrong, 1998).

® For examples of using patent co-authorship data as evidence of knowledge spillovers and to construct social
networks, see Balconi, Breschi, and Lissoni (2004), Fleming, Juda and King (2004), Murray (2002) and Newman,
(2000).



4 tests whether features of the co-authorship networks help explain the observed scaing between
patenting and population. Section 5 condders the reationship between the number of
metropolitan R&D edtablishments, as proxies for employment opportunities for inventors, and
metropolitan Sze. Section 6 investigates how employment in other cregtive activities scaes with
city sze and how that employment corrdates to numbers of inventors. Section 7 concludes with
a discusson of our findings, their clear and potentid consequences, and maps out directions for
further research.

2. Metropolitan Population, Patensand Inventor Networks

Source data was extracted from the U.S. Patent Office (USPTO) records on al granted
U.S. patents from 1980 to 2001 (U.S. Patent Office 2003). Every patent includes dl inventors
last names (with varying degrees of firda and middle names or initids), each inventor's home
town, detaled information about the patent's technology in class and subclass references (over
100,000 subclasses exidt), and the discrimination of the owner, or assgnee, of the patent
(generdly a firm, and less often a universty, if not owned by the inventor). Patent filings do not,
however, provide condgent ligings of inventor names or unique identifiers for the authors.
Since the USPTO indexes source data by patent number and not by inventor, a variety of
conditional matching dgorithms were used to identify inventors, esch inventor's paents and
other inventors with whom the focd inventor has co-authored a least one patent.” The find
database includes 2,058,823 unique individud inventors and their patent co-authors, and a total
of 2,862,967 patents.

By identifying individuad inventors, matching inventors with patents, assgning a location
to each inventor—specificly a Metropolitan Statisticdl Area (MSA)®—and linking inventors
who have co-authored a patent, it is possible to construct patent co-authorship networks for 331
MSAs in the continental United States® Every inventor's hometown was matched to a zip code,
which was then assigned to an MSA using the ZIPList5 dataset'®. County level population data
was extracted from the Bureau of Economic Anadyss “Regiond Economic Accounts Tables’
(which are available online a www.beadoc.gov). Counties were assigned to MSAs according to
the MSA definitions used to creaste the metropolitan inventor networks. (Table 1 presents the
summary gatigtics for the variables used in our anayss)

[Table 1 about here]

As is by now wel known, the variable measuring metropolitan patents is characterized by
a negative binomid digribution (a Poisson digribution with over disperson), as is the variadle

" The matching procedures, discussed in detail in Fleming, King and Juda (2004), refine the previous approach of
Newman (2000).

8 An MSA includes a core city and surrounding counties, which together form alocal labor market area.

° Patent co-authorship refers to the situation where a patent is either applied for by more than one individual or lists
more than one individual as a designated inventor. We will use the terms “co-authorship,” * co- patenting,” and “ co-
inventing” interchangeably.

10 Ziplist5 is a commercially available dataset containing every active ZIP code currently defined by the U.S. Postal
Service for the entire USA. Every zip code is assigned to an MSA if the zip code lies within a metropolitan county.
The MSA county definitions used by ZIPList5 are consistent with the Census Bureau’s 2000 MSA definitions. The
ZipList5 database is acommercially available database produced by CD Light (www.zipinf.cm)



measuring metropolitan inventors.  As a consequence these two variables exhibit great variation
across metropolitan aress. This variation, combined with the skewness characteristic of the
negative binomid didribution, entals that both patents and inventors ae predominantly
concentrated in afew metropolitan aress.

We note that a metropolitan network of inventors includes isolated “nodes’ (inventors
who are the sole authors of patents), smal clusters of inventors connected to each other through
shared co-authorship, and larger-Szed components grouping many metropolitan  inventors
together. Individua clusters and components are often linked through key individuds (with high
degree of “betweenness’) who have connections to multiple inventive communities. The
andyses presented here relied upon al paents with a least one inventor within a metropolitan
area. Thus, if inventors from insde and outsde an MSA co-authored the same patent, the patent
would appear in each inventor's metropolitan area. The networks are constructed anew for each
year on the basis of the new patents granted that year.

What part of the invention process is captured by the co-authorship links between
metropolitan inventors? What do these links imply in terms of information flow and the possible
effects of such flows upon subsequent inventive productivity? Singh (2004) reports sgnificant
flow of information between patent co-authors, as measured by citations from future patents that
ae linked by direct—and even indirect—collaborative ties. The results hold even after
econometricdly contralling for the greater likdihood of a dtation aisng dmply because it
refers to work in gmilar technologies. Singh goes on to demondrate that dmost dl of the
geographicd citation “spillovers’ in the United States (e.g., Jaffe et. al., 1993) result from co-
authorship networks. (Breschi and Lissoni (2004) find smilar results for European inventors.)
Thus agglomeration of connections among inventors can be expected to increase inventiveness if
connectivity indeed enhances information flow and knowledge spillovers.

Collaborative patenting ties are potentidly very effective vehides for dl types of
information, especidly information that is effectively transmitted only through direct interaction.
We are of the view tha information that flows adong an observed collaborative tie in the years
ubsequent to its formation varies greetly, from none to a great ded, but that on average, the
information flow between former patent co-authors is certainly podstive and occasondly
subgtantid.  Furthermore, we bdieve that the digtribution of these ties varies from exceptionaly
week to extremdy grong, such that they support a variety of different types of information
flows. Since patent collaboration ties span such a wide spectrum of characterigtics and strengths,
we have not, in our datigica work, made any assumption regarding the content of information
flows or the cgpability of atie to transmit information.

Even if we see the links forged by inventors in the act of co-inventing as possble
channds for knowledge spillovers, we aso echo the cautionary remark made by Husder (2004),
who, usng terminology from Hur and Watanabe (2001), views the spillovers evidenced by
patents as “intentional spillovers” Inventors, aware that their patents are public documents that
make their knowledge accessible, can be sdlective in what prior knowledge they chose to cite as



rdevant to their invention'!. Here it is important to remember tha patents are, in essence,
ownership clams, sought by inventors not only for the sske of recording intellectud origindity
but dso in the expectation of financid gain. Thus one would not expect patents to exhaudively
record dl of the individuas who positively influenced an inventor’ s thinking.

We will invoke four smple graph-theoretic descriptions of networks—connectivity,
densty, clugering and the sze of the largest component—when exploring the impact of
inventor network features on the scding rdationship between metropolitan patenting and
population. Connectivity is Smply a measure of how many connections, or ties, there are in the
network; the higher this measure is, the greater the number of patenting collaborations present
within a metropolitan area and, for fixed number of nodes, the grester the number of inventors
who are linked to each other. The average density of connections among inventors in the network
is defined as the actua number of ties, L, divided by the potentid number of ties between N
nodes (i.e, dendgty = L/(N(N-1))/2). The naive expectation is that more highly connected and
denser networks will have grester flows of information among inventors thereby making the
inventorsin such networks more inventively productive.

In order to define average network clustering we follow Watts and Strogatz (1998) and
fird cdculate individud cugering for each node as the number of actud “triples’ for each
inventor (i.e., the number of different pars of an inventor's collaborators that have worked with
one another and are therefore linked). Inventors with one or zero ties receive a clustering score of
zero. This sngle node clugering is then averaged over the whole sat of inventors within an
MSA. We further normalized this number to produce an averaged MSA clugtering coefficient by
dividing the average node clugtering by the theoreticd cugtering of a grgph of commensurate
sze (i.e, with the same number of inventors) and mean degree'®. The largest component of a
network is the largest set of inventors that can trace a direct or indirect collaborative connection
to one another. The size of the largest component is caculated as the fraction of inventors that
had a collaborative tie within the largest component in the MSA. The largest component is thus
the largest inventive community within a metropolitan network of inventors,

Glancing a the summary datistics for network densty and sze of the largest component
it is notable how non-dense metropolitan inventor networks are, and the smdl sze of the largest
component. These two observations, combined with a third one, the rdativey high leve of
cdugering, provide a firg hint that overdl network connectivity is not a dgnificant determinant
of paenting output. The high cdudering levels indnuate a picture of inventors linked to ther
inventorsin smdl co-authorship groups.

3. Scaling of M etropolitan Invention with M etropolitan Size
Our initid quedion is the naure of the reationship between a metropolitan area's

inventive output, proxied by the number of new patents granted to inventors redding in the
corresponding MSA, and the Sze of its population. Specificdly we want to know if there is a

1 As discussed by Breschi and Lissoni (2004), Globerman, Kokko and Sjsholm (2000) and Jaffe, Trajtenberg and
Henderson (1993) the large majority of patent citations are added by patent examiners rather than by the inventors
authoring patents.

12 The degree of anodein agraph isthe number of edges linked to the node.



generd average trend for the increase of invention with metropolitan population sze. The use of
the term average requires some explanation. We use it here to dlow us to gloss over
metropolitan specificities, which we neglect dtogether. In this sense, by teking many cities with
different characteristics, we expect such variables to be effectivdly averaged over. Thus we
assume a very smple functional relaion between metropolitan populaion (N) and newly granted
metropolitan patents (P):

P, =cN;, 1)

where c is a congtant independent of P or N, i indexes the metropolitan area and t stands for time
(in units of a year). The exponent b determines the (power-law) scding reationship between
patenting and population. Taking the naturd logarithm of eguation (1) and assuming the
presence of i.i.d. Gaussian noise we have our basic estimation equation™>:

In(R,)=Inc+bin(N,)+e )

ite

We edtimated the exponent b using data for three single periods (1980, 1990 and 2000)
and an Ordinary Least Sguares (OLS) edimation procedure with a correction for
heteroskededticity; the datidicdly dgnificant (at the 95% confidence leve) coefficient vaues
are shown in Figure 1 together with the scatter plots for the dependent and independent variables.
We aso availed ourselves of the richness of a dataset containing cross-sectiond and time-series
daa by edimating parameters usng a pand daa fixed effects Feasble Generdized Least
Squares (FGLS) framework (modd 1 in Table 2). The esimated pooled coefficient for the
effects of population on paenting output is 129 (with a 95% confidence leve of
1.26£b £1.32).

[Figure 1 about here]
[Table 2 about here]

Mathematicdly the scding rdationship between metropolitan  population  and
metropolitan invention is “superlinear,” or to use the language of economics, the reationship
exhibits increesing returns to scde (i.e, b>1). Not surprisngly, a larger metropolitan
population is associated with a greater output of new paents, what is surprisng is the magnitude
of the increasing returns to scae, corresponding an averaged1.25£ b £1.31 (the 95% confidence
intervad). This means that on the average we can expect a city like Philadephia, with about 1.5
million people to generate dmost 18 times more patents than a city of the size of Eugene, OR or
Springfiddd, MO, which are about 10 times smdler. This finding suggests two dternative
explandions ether inventors are individudly more productive the larger the city, or there ae a
disproportionate number of inventors the larger the metropolitan area. In the next section we
investigate which of these effectsis at the root of our scaling result.

13 Transforming the patent count data by using the natural logarithmic function has the effect of changing the
distribution into a normal one—as verified both by visual inspection of histograms and by performing the Wilks-
Shapiro test (for individual periods and acrossall periodsfor all MSAS).



4. Moreinventorsor network effects?

What lies a the origin of the increasing returns of scde of invention with metropolitan
sze? As briefly anticipated above, we advance two dternaive hypotheses: the fird is that the
number of inventors in a city is roughly proportiond to population (perhaps supported by a naive
assartion that each individual has an equa probability to become an inventor), or that a larger
metropolitan population leads to higher inventive productivity, i.e, to more inventions per
inventor. Increasing returns to scde in the latter case may be directly rdated the greater number
of connections between inventors, which indeed generdly grow superlinearly with the number of
inventors for N inventors connected dl to dl this grows quadraticaly with N, like N(N-1)/2,
setting an upper bound on b £ 2. In this way we may be able to explan a superlinear reaion
between invention and population even if the number of inventors remains a fixed fraction of the
number of inhabitants across many different MSAs.

The second, dternative, hypothesis is that inventors are not more productive in cities but
that ther numbers increese supelinearly with  meropolitan sze. This hypothess is
commensurate with a theory of cities as attractors for the “creative class’ (Florida 2002, 2004). It
is aso conceivable that both effects are a play. These two pure scenarios (but not their mixture)
ae ey to didinguish: ether the data reveds that the reaionship between the number of
inventors and population is linear, and the number of patents per inventor vs. metropolitan sze
superlinear (hypothesis 1), or vice versa (hypothesis 2).

Regressng the number of metropolitan inventors on metropolitan population, we find
that the reationship is superlinear, with a coefficient b =1.24 and a 95% confidence interva of
1.22£b £1.28 (see Figure 2 and modd 2 in Table 2). The relationship between the number of
new metropolitan patents and the number of metropolitan inventors (Figure 3 and model 3 in
Table 2) is, however, remakably liner with a coefficent b vey dos to unity
(0.97£b £0.99). So, indeed more inventors result in more patents, but in anearly one-to-one
reaionship, a result which vindicates hypothess 2. The absence of agglomeration externdities
for patenting productivity is dready reveded by the summary ddtidics for the variable patents
per inventor (Imply defined as totd metropolitan patents divided by totd metropolitan
inventors). As shown on table 1, the mean for metropolitan patents per inventor is close to or
below one, which is possible because there can be severd authors per patent, for the years 1980,
1990 and 2000, and with a smdl coefficient of variaion indicaing that this messure of
productivity does not vary much across metropolitan areas. Regressng patents per inventor on
population Sze reveds a very smdl coefficent, b =0.028, thereby providing further evidence
agang the presence of drong agglomerdion externdities on inventive activity (see modd 4 in
Table 2).

Wha about possible network effects? We examined the effect on patent output of the
leve of connectivity, the magnitude of cludtering, connection dendty and sSze of the largest
component computed for the patent co-authorship networks described above. We find that the
relationship between the number of metropolitan patents and the leve of connectivity of a
metropolitan network of inventors is cdearly postive but sublinear, with a pooled coefficient of
b =082 (modd 5 in Table 2). Thus increasing connectivity, the measure of the extent to which
inventors are linked to each other through co-inventing, does not result in proportionately greeter



patenting output, contradicting the main thrust of hypothess 1. The effect of increesng the dze
of the network's largest component, while postive, is wel bedow liner with a coefficient
b =026 (see mode 6 in Table 2). The effect of network clustering on patenting is dso sub-
linear, with a coefficient b =0.72 (modd 7 in Table 2). The effects on patenting of network
densty are negligible (modd 8 in Table 2). The combination of these results strongly suggest
that in spite of pogtive correations between some network properties and patenting, the
quantitative festures of co-authorship networks are not smply rdaed to the scding of
inventiveness with metropolitan Sze.

5. A cordllary: inventive establishments and metropolitan size

The dngle best explanation for the scding of inventiveness with metropolitan Sze is that
larger-sized MSAs have a disproportionate share of inventors. Mot inventors, however, do not
do ther inventing in the privacy of ther garages inventors work within organizations and
indtitutions, both private and public, profit and non-profit, which encourage and reward inventive
activity. We may therefore expect larger-sized metropolitan areas to adso have a disproportionate
share of the type of establishments (the term used by the U.S. Census Bureau for a place of
work) that employ inventive individuas

Inventive activity takes place in many and varied establishments so it would be a
daunting task to assemble the data required to comprehensvely measure dl of the metropolitan
edablishments were inventive activity could be expected to occur—and we have not taken on
this chalenge. What we have done ingead is to use a measure of metropolitan establishments
explicitly engaged in research and devedopment work. The North Ameican Indudrid
Classfication System (NAICS), recently adopted by the U.S. Census Bureau, includes sector
5417, “Scientific Research and Development Services’  (www.census.gov/epcd/naics.html)
which is defined as

“This industry group comprises edablisments engaged in  conducting origind
investigation undertaken on a systematic bass to gain new knowledge (research) and/or
the agpplication of research findings or other scientific knowledge for the crestion of new
or dggnificantly improved products or processes (experimentd development). The
indugtries within this industry group are defined on the basis of the domain of research;
that is on the sdentific expetise of the esablisiment. This industry comprises
establishments primarily engaged in conducting research and experimental  development
in the phydcd, engineering, and life sciences, such as agriculture, dectronics,
environmental, biology, botany, biotechnology, computers, chemidry, food, fisheries,
forests, geology, hedth, mathematics medicine, oceanography, pharmacy, physcs,
veterinary, and other dlied subjects.”

It seems reasonable to use data for this sector as providing a measure for metropolitan
edablishments engaged in patenting activity. Unfortunately, data on the number of metropolitan
R&D egablishments is currently available only for the years 1998-2001, and for only 287 MSAs.
Neverthdess, the modest result made possible by using the available datais il illuminating.



We averaged the yearly data on metropolitan R&D establishments and metropolitan
populetion (see Table 1 for the summary datisics for metropolitan R&D establishments), and
then regressed the natura logarithm of R&D edablishments on the naurd logarithm of
population (model 1 in Table 3)*. The relationship between the number of R&D establishments
and metropolitan population is, as expected, superlinear, with a coefficient of b =1.19 (and a
95% confidence interva of 1.11£b £1.27)°. By regressing the naurd logarithm of
metropolitan inventors on metropolitan R&D edtablishments (modd 2 in Table 3) we find an
amog linear redionship with a coefficient 3 = 091 (with a 95% confidence interva of
0.86£ b £0.99). These results reinforce our findings above that not only do larger dties have a
disproportionate share of inventors, they dso have a smilarly disproportionate number of
indtitutions that support inventive activities (inventors and inventive employment seem to be in
baance). To be more quantitative we should not only compile more systemdtic data on R&D
esablishments but dso teke into account their sze in tems of employment and numbers of
inventors. Whether this infragtructure is the reason for inventors to locate in larger cities or the
conseguence of their presence is cdealy an interesing question that we must defer to future
work.

[Table 3 about here]
6. A speculation: inventors and super creative professions

Findly we would like to know if our results for the supelinear scaling reationship
between metropolitan inventors and population ae a manifesation of larger phenomenon
involving a broader caegorization of “cregtive’ activities In order to invedigae this we
examined the ddidicd reaionship between the number of people involved in a sdect few
cregtive professons in metropolitan areas and the corresponding metropolitan population size, as
well as the rdationship between creative employment and number of inventors. To do this we
adopt Richard Floridas definition of “supercregtive’ employment, which condsts essentidly of
al sdientific, artistic, educational and entertainment professionds (Florida 2002).1°

We averaged the data on metropolitan supercregtive employment for the three years
1999, 2000 and 2001 (see Table 1 for the summary datistics), and then regressed the natura
logarithm of supercredtive professonds againg metropolitan population (mode 1, Table 4). The
result of this esimation indicates a superlinear relaionship between supercregtive professonds
and metropolitan populaion sze with 1.10£b £1.18 a 95% confidence leve. The relation

1% The estimation was done using OL S with a correction for heteroskedasticity.

15 To fully appreciate this result consider that the scaling relationship between all types of establishments and
metropolitan population is linear with a pooled FGLS coefficient of 1.03 (estimated using data for the 1980 to 2001
period and 331 MSAS). Details of this result are avail able upon request.

16 According to the definition put forward by Florida (2002, pp.327-329) “supercreative” professions are “ Computer
and Mathematical, Architecture and Engineering, Life, Physical and Social Science Occupations, Education,
Training and Library, Arts, Design, Entertainment, Sports and Media Occupations.” The occupational classifications
were derived from the Standard Occupational Classification System (SOC) introduced by U.S. Bureau of Labor
Statistics in 1998. The SOC classification data is constructed using the North American Industrial Classification
System (NAICS). We believe it is reasonable to suppose that these professionsinclude most inventors but we have
not examined the question of relative numbersin detail.
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between metropolitan inventors and supercregtive professonds is in turn approximatdy linear
with 1.01£ b £1.16 a 95% confidence level (see modd 2, Table 4)*’.

[Table 4 about here]

These reaults, taken over a much more limited data set than our inventors data, suggest
that supercrestive employment, like inventor numbers, scdes superlinearly with  metropolitan
gze, dthough with a smdler exponent. It aso suggests that inventors may be a reasonable proxy
for totd number of professonads engaged in credtive activities (abet dightly over-represented
relaive to the more inclusive supercregtive professons).

7. Conclusion

We dsarted the present inquiry with the objective of quantifying the scding reationship
between metropolitan innovation and population, across cities with very different population
szes as well as many other diginct characterigtics. Our robust datistical results indicate that
larger metropolitan areas have disproportionately more inventors than smaler ones and generate
more patents according to essentidly the same rdation. In fact larger cities are tangibly more
inventive per inhabitant than smdler ones, thus producing increasng returns in invention to
population scae. This property is quantified by exponents b >1, characteristic of superlinear
scaling in patents (and number inventors) with population size.

The totdity of our results paints a picture of invention where agglomerdaion effects do
not increase on average (or decrease, for that matter) the productivity of the individua inventor.
Ingtead there are a range of informd interaction effects, not captured by co-authorship links but
present in a large population, thet lead to the concentration of inventive professonas in the
largest metropolitan spaces. The fundamenta question left open for future work is to explan
these redationships quantitetively by integrating them into a predictive theory of endogenous
(population and economic) growth. At the more quditative leve we have shown that there are
good indications of a connection between the sze of a city and its pull on intdlectuad capitd.
Larger cities are adso disproportionatdly the seats of R&D inditutions which, either as the cause
or the effect, hdp support a range of innovative activities Findly while we do not find a
convincing link between co-authorship network effects and the reaionship between patent
output and metropolitan sze, we have shown tentative indications that numbers of inventors and
patents may be symptoms of a much larger, if more tenuous, phenomenon. Cregtive human
capital resdes disproportionately in larger aities.

17 Estimations performed for each individual year show substantial variation in the estimates for b, although its value
remainsin all cases above unity for the relationship between supercreative numbers and population, and closer and
statistically consistent with unity for the rel ationship between inventors and suprecreatives.
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Table 1. Summary statistics for metropolitan variables.

Patents per R&D Supercreative

Y ear Patents | Inventors| Population Inventor | Connectivity | Density | Clustering | LC Size| Establishments | Professions

1980

Mean 689.8 633.3 789104.8 1.03 733.7 0.01 0.43 0.09
Std. Dev. 1472.1 1274.4 1334787 0.22 1276.2 0.02 0.21 0.11

CoV 2.13 201 1.69 0.21 1.74 2.00 0.49 1.22

Min 3 2 67707 0.57 1 0 0 0.01

Max 12990 10220 7247840 2.49 7813 0.07 0.76 0.64

1990

Mean 858.3 955.1 776685.1 0.88 1262.8 0.02 0.56 0.11
Std. Dev. 1690.9 1823.8 1273644.6 0.16 2370.3 0.06 0.23 0.15

CoV 1.97 191 1.64 0.18 1.88 3.00 0.41 1.36

Min 2 2 63851 0.47 3 0 0 0.08

Max 12882 12594 7367683 155 15717 0.08 0.97 0.68

2000 1908 - 2001* 1990 - 2001*

Mean 1724.2 2069.2 863789.2 0.79 4638.1 0.02 0.81 0.15 40.06 36985.47
Std. Dev. 3753.7 4217.7 1360917.9 0.18 8620.6 0.07 0.14 0.16 97.35 70483.01

CoV 2.18 204 1.58 0.23 1.86 3.50 0.17 1.07 2.43 191

Min 6 10 66230 0.42 39 0.01 0.43 0.15 1 296.67

Max 38170 37051 8130362 2.93 58014 0.09 111 0.80 1071.56 541033.33

No. of MSAs 331 331 331 331 331 331 331 331 287 331

*: yearly variable values aver aged over this period.
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Table2. Estimation resultsusing panel data and fixed effects FGL S by Metropolitan Statistical
Area, 1980 - 2001.

(1) 2 (€) (4) (%) (6) (7
Patents per
Dependent Variable: Patents Inventors Patents I nventor Patents Patents Patents
constant -10.82 -10.41 0.04 -0.47 5.59 6.02 5.68
Population 1.291 1.238 0.028
(0.015) (0.014) (0.003)
Inventors 0.981
(0.002)
Connectivity 0.823
(0.001)
Sizeof LC 0.256
(0.009)
Clustering 0.716
(0.013)
No. cross-sections 331 331 331 331 331 331 331
No. observations 6951 6951 6951 6951 6951 6951 6951
Log likelihood 5637 5649 10011 10044 9080 5358 10464

All of the variables are in natural logarithmic form. Estimations done assuming heter oskedastic
error structureacrosscross-sectional units (M SAs) and AR(1) serial autocor relation within cross-
sectional units (with an AR(1) coefficient specific to each cross-section).

Standard errorsin parentheses. All of the coefficients reportedin the table are significant at the
99% confidence level.
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Table3. Estimation resultsfor metropolitan R& D establishments (data averaged for 1998—-2001).

«y (2)
R&D
Dependent Variable: Establishments Inventors
constant -12.81 4.31
Population 1.19
(0.041)
R& D Establishments 0.91
(0.035)
No. MSAs 287 287
Adjusted R 0.71 0.69

All of thevariables arein natural logarithmic form. Estimations doneusing OL Sand a correction
for heteroskedasticity.

Standard errorsin parentheses. All of the coefficients reported in the table are significant at the
99% confidence level.
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Table4. Estimation resultsfor metropolitan “ supercreative” employment (dataaveraged for 1999
— 2001).

1 (2)
Dependent Variable: Super creatives Inventors
constant -4.97 -4.08
Population 1.14
(0.021)
Super creaives 1.08
(0.037)

No. MSAs 331 331
Adjusted R*® 0.89 0.75

All of thevariablesarein natural logarithmic form. Estimations done using OL S and a correction
for heter oskedasticity.

Standard errorsin parentheses. All of the coefficients reported in the table are significant at the
99% confidence level.
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