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Abstract

The Importance of innovation for the economic performance of industrialized
countries has been largely stressed recently by the theoretical and empirical literature. Very
few studies have carefully considered the determinants of European innovation, the
productivity of its R&D and the existence of knowledge spillovers across regional
boundaries. Here we develop a model which, emphasizing “the demand pull” as a key
exogenous determinant of long-run innovation across regions, allows us to estimate the
returns to regional R&D as a generator of innovation. We find that most of the cross-
regional differencesininnovation rates can be explained by own R&D, even after correcting
for the endogeneity bias. Moreover, significant spillovers are found among geographically
close regions, especially if they are technologically similar.
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Antonio Ciccone and Franco Malerbafor providing us with useful dataand Daniele Achibugi, Rudi Dornbusch, Adam
Jaffe and Jaume Ventura as well asthe participants at the International Seminarsat MIT for very useful conversations
and comments. Davide Di Laureaand Elisa Faragliaprovided excellent research assistance All the declaimers apply.



1. Introduction

As the nations of the world economy have become increasingly open and interdependent more
attention has been devoted to the study of the channels of technology diffusion. Openness fosters new
ideas, knowledge spillovers may spread through sectors, space and time, affecting productivity and growth
worldwide.

Nevertheless even a cursory look a countries and regions in the world reveds large disparities in
productivity and innovation rates'. To understand this phenomenon it is crucia to take a closer look a the
locd aswdll asthe externd factors that foster innovation in aregion.

The am of this work is to andyze the importance of research and development and of
knowledge diffusion, via sector and pace spillovers, in shaping the digtribution of innovative activity. While
the margind cost of transferring information across geographic space has been made invariant by the tele-
communications revolution, the margina cost of transferring knowledge, especidly tacit knowledge, might
be rising with distance.

To test for the importance of spatid proximity and geography for the innovative activity we use data
on European regions. The regiond dimendgon is paticulaly reevant & the European leve, since
heterogeneity among countries ( difference in their legd systems, in product standards, subsidiesto R&D,
taxation) would limit the possbility of isolaing the space and the sector dimension clearly.

What determines the concentration of innovative activity in a region? Locd externdities and locd
knowledge spillovers are the first candidates. It has been widely documented? the dustering of innovative
activity, especidly at the early stage of the life cyde of products, showing thet in the initid stege locd
soillovers are particularly important. Also robust evidence has been produced showing that intranationd
spillovers are stronger than internationa spillovers. If that is the case loca expenses in R&D should show
up as the most important determinants of regiona innovative output while spillover effects should decrease
with distance.

Our empiricd results confirm that intuition. However an issue of endogenety arises. If anincreasein

resources devoted to R&D foster innovation it is also true that an increase in innovative output increase the

! Quah (1996) among others makes this point.

2 xife (1986), Feldman (1994) and Audretsch and Feldman (1996) have modified the model of knowledge
production function to include an explicit specification for the space dimension. Keller (1996,1999) and Branstetter(1996)

measure intra-national versusinternational knowledge spillovers.



productivity and the profitability of innovation and induce an higher expenditure in research. To cope with
the issue of endogeneity our gpproach distinguish between variables that affect the productivity and the one
that influence the profitability of R&D. We use the first as control varigbles that explan how locd
characterigtics of a region together with expenditure in R&D determines the production of innovation. We
use the second as instruments to solve the endogeneity problem.

But what are the variables that affect R&D expenditure without affecting its productivity ? We
believe that an important role is played by locd demand. Whether for find or for intermediate input loca
demand is important Snce it increases the profitability of research. While generdly true this is even more
evident in  Europe where the degree of segmentation of the markets induce firmsto rely even more heavily
on the local market. The emphasislaid on the importance of market integration for innovative goods by the
European Community is a clear evidence of the relevance of this phenomenon. Previous studies on
innovation activity in Europe find that the absence of an ample market outlets for innovative products is
the factor thet is considered crucid to understand the stagnant research activity in Europe . In fact as Eaton
et d.(1996,1998) find European countries do not differ in terms of research productivity witj respect to
Japan an USA.... In arecent survey on innovation in Europe developed by the EC, firms clearly declare
that the am of ther innovaive activity is to increase or maintain their market share while it is consdered
unimportant for the creation of new markets’.

Also, the countries ability to absorb innovation influence technology diffuson, as Eaton and Kortum
(1996) edtimate.

Our ideais compatible with the sudies on the locdization of high-tech indudtries over their life

cyde. It is no news that firms that are highly innovative develop their drategy fird at a locd level and

change their geo-location or expands their markets only when their products become more mature.

The second question we want to answer in this work is reated to the relevance of within versus
between sectors spillovers. This entails considering whether the buildup of knowledge receives a stronger
influence from spillovers originating from regions whose spedidization is in the same indugtry (Marshdl-
Arrow-Romer (MAR) externdities) or from spillovers that comes from regions specidized in different
sectors (so cdled “Jacobs’ externdlities). There is no dearcut and definite answer to this question in the

% Anindirect piece of evidence of the importance of the domestic market for the development of an innovative firmsin
Europe comes from the recent creation of the New Stock Markets. Financial prospectuses that contains all informations
concerning the the firmsthat decide to go public arein the country native language. This clearly show that these firms
rely on their domestic country in their sources of financing. Moreover, German firms decide to be listed on their Stock
Market and not in London or USA. Also they define as their competitors only German or Swiss firms and theeis no
mention of USA or Japanese firms.



exiding literature. On one sSde Glaeser et d. (1992), by looking at employment and wage data, suggests
that externdities originate from having a loca diversty of indudtries are the mog relevant. On the other
hand, thereisastrand of literature that stresses more intra-industry spillovers as important contributors to
innovation, as researching and working on smilar things may benefit each other’s productivity (Griliches
1992).

To measure the importance of specidization versus diversty we follow Jaffe (1986) who
quantifies the “direct” (technologica opportunity) effects on the productivity of firms R&D of an
exogenous variations in the sate of technology. In particular he shows that firms whose research isin areas
where there is much research by other firms have, on average, more patents per dollar of R&D. He
obtains an estimate of firm's R&D dadticity of 0.875 that reaches the vaue of 1.1 when the effect of

R& D from other firms s taken into account. We find smilar results.*

The gtructure of the paper is the following.

In section 2 we review some empirical facts. Section 3 presents our theoretical framework that
captures some of the characteristics of a regiond economy: Specidization in a range of products,
respongveness to the locd conditions of the market, rdatively high mobility of skilled workers but low
mobility of unskilled workers (and of overall population) across regions. It provides us with a clear relation
between R& D, knowledge spillovers and innovation activity, that we estimate in section 4. Section 5 is

devoted to the empirical results. Section 7 concludes.

2. Some Empirical Facts

* Other related studies are Verspagen (?) and Verspagen and Los (?).



Data analysis confirm the dustering of the innovative activity’ as its intensity is very different across
space in the European regions °: the top five patenting regions (Northrein-Westfdia, Bayern, Waden-
Wurtenberg, lle de France and East Anglia) are responsible for 50% of tota patents’ as well as dmost
50% of tota R& D expenditure, while the bottom 11 regions have dmost no paenting at dl in the 1977-
1995 period.

Figure 1 and figure 2 show the geographic concentration of R&D expenditure and patents in
Europe. It is easy to see that the centrad European regions, and in particular Germany and France, show
the highest concentration as regards both dimensions.

The eye effect is confirmed by computing an Herfindhd concentration index of R&D for the 86
regions of our sample. The H-index has a value of 0.17 while the vaue of the index, were R&D equdly
distributed among European regions, would be 0,011. The same computations for patenting gives us an H-
index of 0,145. Production (GDP), athough at a lesser degree (H-index has a vdue of 0,039), is
concentrated in the same area.

How much of these disparities in innovative output is due to R&D intengty in the regions? A smple
regresson shows that average long run R&D expenditure explains amost 73% of the cross regiond
vaidion in long run patenting intengity, and that the dadticity of paenting to R&D spending is sgnificantly
larger than one®. Figure 4 documents these facts.

We can therefore infer thet :

a.  Within region spillovers might be responsble for the very high returns to regiond R&D. Certanly
differences in R&D expenditures explain the large part of heterogenety in regiond and country's
innovation.

b. Inter-regiond spillovers might have arole in explaining the remaining variation in innovative activity.
By looking at two regions with the same average totd spending in R&D, like Madrid and Hamburg
(roughly sixty-four 1985-U.S. Dallars per worker), it is possible to redize that the periphera region of
Madrid produced about one tenth of the patenting per worker than the central region of Hamburg, in

® A patent is here considered as anoutput while R&D asan input of the process of innovation.

® The sameistrue for the US. Also, few countries are the generators of most of the patenting that takes place world-wide
Inventors from US, Japan, Germany, France and the UK advance 81% of the patent application at the European Patent
Office

"in the paper expenditurein R& D is considered as an input in innovation activity whose output (innovation) is measured
by patents. We are aware of al limitations and drawbacks of this measure of output. Neverthless we conform to the
existing literature since we have no better measure to adopt.

8 Elasticity = 1.12, standard error=0.05: Thisresult isjust astylized fact, we will consider the endogeneity problem
seriously inthe empirical part.



the period 1985-1995. Similarly, the periphera region of Lazio (Italy) produced about one thirtieth of
the patenting per worker than the central region of South- Netherland®. The same is true for the central
French region of Champagne-Ardenne that produces the same patenting per worker than the
peripherd French region “Midi’-Pirenneg’ using less than one third of the R&D resources (28 US $
per worker versus 91).

Can we say that there exist a systematic effect of the neighbor regions on other region's innovaive
activity? Knowledge is an input in production that bears some peculiar properties. Fird it is a non-rival
input in the generation of new knowledge: the use of an idea to produce goods and services by an agent
does not preclude any other person to build on it in order to generate a new one (Romer 1990). Secrecy is
certainly a way to prevent knowledge diffuson and it is often used by firms to exclude other people from
the use of new idess'®; even in the case of a patent, which is made public, the research that leads to it and
the background ideas may be kept known only to arestricted number of people, a least for awhile.

This partid non-excludability of knowledge suggests that R&D may generate “technology
spillovers' and that these spillovers may nevertheless be redtricted in space. As Glaeser et a. (1992) puit it
“ intellectua breakthroughs must cross halways and streets more easily than continents and oceans’. The
mobility of workers through sectors, firms and space may be a way of spreading innovation; the loca
forma and informa communication may be another way. Plausibly, ideas soread firgt in the proximity of
the place where they have been generated, and only later in the rest of the world. In particular, when we
consder gpplied and non-codified knowledge, the advantage of geographica proximity congstsin the need
of a faceto-face interaction to effectively learn from other people's idess™. Hence, while generd
information is more easily diffused, specific knowledge judtifies the concentration of innovation in space, to
take advantage of these “ externdities’*2.

But is this the whole story? Of course, not. If the determinants of research and innovation were to
be “endogenous’ to the economic system, they must be the profits that innovation generates. what better
engine to generate innovation than alarge loca market for the new products or processes ?

As previoudy explained demand is for us an indrumental variable that dlows to diminate the
possible endogeneity between R&D and innovation that can arise. We measure market potential and

® The definition of “central” or “ peripheral” is relative to what is considered the economic center of Europe, roughly the
triangle London, Paris, Bonn

19 Secrecy is considered the best method for maintaining and increasing competitiveness of their innovation. See the
Community Innovation Survey made by the European Commission .

" For an in depth analysis of the importance of face-to-face interaction in devel oping ideas see Gaspar and Glageser
(1996).

2 The classic references of the importance of “ideasin theair” is, of course, Marshall (1890).

~



demand with different proxies. The concentration of demand, using as a proxy the population, ishigh . The
H index reached avalue of 0,026. A high level of demand in a region is incentive and incresse rewards to
R& D expenditure.

If this is a mechaniam that generates concentration of innovative activity, then spillovers and
increasing returns to knowledge may further contribute to lock in the process and explain the higher
concentration of innovation over demand. Understanding and measuring the importance of own and loca
research in generating innovation is an extremey important task as it may shed some light on the cross-
regiond differencesin productivity.

4. The Model

Our economy has N many regions, and a structure of production and innovation where anew good
coincides with a new idea and increases the productivity of the manufacturing sector of the region'>. We
assume perfect mohility across regions of skilled workers (H;), who teke part into manufacturing
production or into the activity of innovation. We dso adlow for unskilled workers (L) participating in the
production of the manufacturing good. Each region innovates and patents new goods which increase the
productivity of its manufacturing sector. In each region there is dso a perfectly competitive sector,
producing services with Cobb-Douglas technology, using labor and the composite manufacturing goods
inputs. We standardize the price of services to one and assume that workers in this sector are specific to it,
and ther digtribution across region exogenous. All agentsin a region are Smilar in terms of thar utility
function and in the aggregate they generate the demand for the goods and services produced in the
region*. Our analysis focuses on the manufacturing sector, which is the one where innovation and
productivity growth takes place. The service sector could have different sizes in the regions, and could
affect the demand for the manufactured good, both as a consumption and as an intermediate good,
determining therefore its price. Being exogenous to the process of innovation, though, it provides an
excdlent instrument for our empirica andyss.

As dready mentioned, each region innovates by adding further intermediate goods that increase the
productivity of the region itsdf. In our modd the arriva of an innovation and patent does not destroy the
profitability of the existing patents in the region, as the extreme effect of “creative destruction” does in the

3 The framework of our manufacturing sector isvery similar to Romer (1990) and Jones (1996).
“ This assumption does not necessarily imply that the economies are closed but that transportation costs and market
segmentation lead regionsto consume more of the locally produced goods and services. See aso Hanson (7).



Aghion and Howitt (1992) modd. Ingtead, if we think that the patented goods compete for the locd
market, then a new patent will certainly squeeze the profitability of the existing one. We know from a series
of sudies (e.g. Eaton and Kortum 1996) and from survey evidence (The Community Innovation Survey by
Eurogtat and DGXIII) that most of the patenting is done to increase or maintain market share of a firm
whileit is congdered unimportant for the cregtion of new markets.

We dlow for the possibility of knowledge spillovers across regions. In particular there may be a
catch-up process, which prevents regions productivity to grow incressingly apart, or a diffuson of
knowledge across regions which binds them together. Two stylized facts make us more comfortable in
describing the Stuation of the European regions in the period 1978-1995 as captured by a balanced
growth path (BGP) digtribution of productivity-levels growing at a common rate. First GDP per capita in
the European regions has grown a an average annud rate of 0.038 in the period 1978-1992, with an
average standard deviation across regions of 0.012, very stable over time. Second, in a regresson of
convergence of per capita growth levels, the “b” coefficient of growth rateson initia levels turns out to be
equal to -0.12".

In our gpproach we are in the spirit of the “endogenous growth” literature sSince we congder, as
determinants of growth, the incentives to innovate, which endogenoudy arise from the markets. The
exigence of some regions where the profits for innovation are larger than in others, due to demand or
technological reasons, is one of the important determinant of R&D alocation. In particular the idea that the
gze of the regiond markets affects the profits from innovating in that region, while it does not affect the
productivity of R&D in the region, is an important ingght which alows us to correct for the endogeneity

problem and estimate the parameters of the “innovation” function.

4.1 Production and | nnovation

Each region produces one composite manufactured good using intermediate capital goods and raw
[abor. One unit of each capital good requires one unit of skilled |abor to be produced. The total production
of the composite manufactured good in region i isasfollows

1> Similarly we do not adopt the specification proposed by Segerstrom (1998), where different R& D soending is
compatible with different GDP growth as it would have the implausible implication ( in the cross section) of equal rate of
patenting in different regions.



A
(1) Y. =L O (s)ds where a<1

s=0

Ai: isthe number of intermediate patented goods in the region, each of which is produced in amount
i + by amonopalidtic firm. L; is the amount of unskilled labor used in production. The production function
of the service sector is a Cobb-Douglas combination of Service-specific labor (S), which is not mobile
across regions, and the output of the manufacturing sector.

@ X =Sy’
The demand generated by this sector on the manufacturing sector as intermediates is
(1- 9)S’y; ¢ . Each agent has a utility function which is Cobb-Douglas, and for smplicity we assume,
w.l.0.g,, of the same form of (2). She, therefore,divides her income into a fraction g spent to purchase the
manufacturing composite (yi;) and a fraction (1-.g) Soent in purchasing services (Xiy).
Equating the locd demand and supply for the manufacturing sector we find the expresson of the
corrispondent prices'™:

(1-9)
it yit

Each monopoligtic producer of an intermediate capital good earns profits, which, in equilibrium, are
equa to the rent from innovating and therefore to the reward to the innovator. These profits depend
positively on the loca demand of the innovative goods produced, which in our economy depends on the
sze of the sarvice sector, and negatively on the number of firms in the region, as more firms squeeze the
sngle margin for profits. Solving for the profit level as a function of the average wage for skilled workers,
the local service employment and the local number of innovative firmswe get'”:

a(l-g)

4 P, =C,w(t) -2 A (t) @01 5o o)

1 Detail in appendix A1l
" Detailsin the appendix A1l



Profits will be increasing in local demand (and therefore S;), while they will be decreasing in the
tota number of cumulated innovations (A,) which squeeze the market for the margind innovation.

Innovation, in aregion, is generated by the amount of resources employed in R&D as well as by
the intengty of spillovers from existing knowledge. We represent this features in the following function

which describes how new knowledge is generated:

®  A=IM)L(A)LMA), 1150, £,750 £,>0

| isanincreasng function of n,,, the amount of labor employed in R&D, capturing the productivity
of R&D in generating innovation. We will defineits dadticity as e, . f; is the contribution of the loca existing
knowledge to the creation of new knowledge and t is a function which captures the effect of spillovers
from other regions knowledge. A, isthe stock of knowledge of region i a timet, while A is the average

stock of knowledge in those regions which have a spillover effect on region i. More precisdy, A is a

geometric average of other regions stock of knowledge, where the exponent weighting knowledge of
region j, isameasure of the intengty of the knowledge spillovers from region j to region i, (see gppendix for
aforma definition). It can be shown that under the condition of decreasing return on total knowledge
spillover (1-eq-e,>0, where ey and ep are the dadticities of the function § and &), the system of N

differentid equations in (5) admits a balanced growth path, which is localy stable®. The common rate of

€ 9

€1 - €4,

growth of the regions will be T , Where g is the growth rate of the skilled Iabor force', and

the relative innovating rate, namely the growth rate of the relative stock of knowledge a,, = % could be

expressed, in BGP, in compact vector notation, as.

. € ef2 91
© '°9<A):9+<1-efl>§"1_e e, ,MZ log(n)
f1 g

'8 Deatails of this derivation in appendix A2
¥ We report in appendix A4 the growth rates of al variablesin BGP

an



Equation (6) is the key equation for the empirica implementation of the modd. Each underlined

variable is an Nx1 vector of regiond varigbles. ¢ is a vector of condtant cgpturing al the common terms
afecting innovation, n is the vector of employees in R&D. | is the identity matrix while M is an NxN

matrix of spillovers coefficients. The equation Sates that in BGP the flow of new knowledge (which we will
capture with the patenting rate of a region), depends on the level of resources spent in R&D in the region
and in dl the other regions, via the “spillover matrix” M. The M;; eement of such matrix, captures the

spillover of knowledge from region j into region i, as described in the definition of AP . A linearized version

of equation (4) is estimated in the empirica section.

4.2 Theissue of endogeneity

Equation (6), derived from the innovation-generating equation, in BGP is one of the two key
equilibrium relations. It Sates that, the more resources are spent in R& D, the more innovation is generated,
directly or via spillovers. Nevertheless the modd provides us aso with another important equilibrium
relation. In fact, the amount of the resources dlocated by the regiond economy to innovation is not
exogenous, but it is determined by the perspective profits accruing to the innovation, and by the
productivity of regiond innovation function. Therefore the number of employed in R&D, in BGP, depends
positively on the total Sze of the locd market (S) but it could also depend on the level of loca knowledge,
which &ffects productivity in the innovation activity. This channd could induce endogeneity. The exact
equilibrium rdation, derived in greater detall in the appendix, shows that n, the vector of regiond
employment in R& D depends, in BGP, log-linearly both on the loca market size and on the rdative level of
cumulated knowledge (A)).

(7) log(n)=c,+(1- ga)(1- g)log(a) +g(1- ag)(1- log(s))

This relation expresses the endogeneity of nin BGP, as that variable depends, in turn, on a The
eoression is derived from the modd and its intuition is very smple. In BGP exigs a postive rdaionship
between the leve of knowledge (which affects the productivity of research) and the amount of resources

which are devoted to research. Regions which are more productive as they have cumulated more



knowledge will devote more risources to innovation. Therefore OLS estimates of equation (6) will suffer
from an endogeneity bias. Nevertheless equation (6) aso provides the potentid instruments to fix this
endogeneity problem. The size of the service sector (S), and in generd of the local demand generated from
the locd economy, affects the amount of resources devoted to R&D while, not entering in equation (6)
does not affect productivity of R&D. Variable proxying demand and the size of the service sector have an
uneven spatid distribution across european regions and will be used as instrumentd variable in the estimates
of the productivity od R&D and of its spillovers.

5. Empirical specification and the structure of the spillovers

We empiricdly implement the relationship expressed by equation (3). This expression is non linear
in the parameter e, and al the spillovers parameters M;; enter via the inverse matrix in square brackets.
Although in principle we could estimate the parameters directly from this specification usng a non linear
method, we would have to do an inverson of a matrix and obtain extremdy non linear function of the
parameter, with extremely hard estimation problems. What we could do is to re-write the matrix in braces,
linearizing it around the point where the parameter ep=0. We gpply the Taylor formula for a vector

equation and terminate it after the first term. The linear expresson wefind is:

: 2 e 0
®) log( £) » ¢ + gl +—o—€2M Zlog( n)
f1 [1,]

Equation (5) is a generd relation between regiond innovation rate and regiona resources used in
R&D that can be esimated using IV , once we find the right insrument for R&D employment®. The
interpretation of (5) is rather intuitive. It says that the determinants of innovation in aregion are two factors:
a. TheR&D donein the region itsdf,

? The drawback of linearizing this expression restsin the treatment of the 11 regions with O patents’ application. In fact,
in any given year, anumber of firms perform R& D but generate no patents. The linear model is not designed to handle
such data. We follow Eaton, Gutierrez and Kortum (1998) and we attribute arate of patenting equal to 0.02 per year to the
regionswith O patent applications. Thisresultsin zero patentsin 18 years, on average.

an



b. The R&D donein dl the other regions, filtered by a coefficient capturing the overd| spillovers (er)
and a matrix which identifies the intendty of spillovers across space (as M;; will depend on the
distance between region i and region j).
The coefficient on theterm log(n) captures the total returns to own R&D in generating new knowledge. It
is a combination of two factors: the productivity of R&D in the innovation equation (g;) and the intengity of
spillovers from own knowledge stock (e, ). The coefficient of the term M*log(n), on the other hand, is a
measure of the intendty of the effect of other regions R&D on one region's innovation and will be
congdered as ameasure of the intengity of the spillovers.

As firgt gpproach we do not want to impose any parametric structure on the intendty of the
spillovers (M;;) dlowing only that they vary with distance (in the geographic or in the technologica space).

Therefore we decompose the matrix M asfollows:
® M=bM,+b',M,+..+b"' M,

To congtruct M; we have grouped theregionsin K classes of distance, including in each classthe
couple of regions whose distance d;; is in the interva [h.1, h] units. Each entry ij of the My matrix has a
vaue of 0 when the distance between region i an j does not fal in the k-th class. The entry is equd to
(I/n), where n is the Sze of the k-th class for region |, if the distance between | and j fals in that class.
Hence we obtain K, Markov My matrices, multiplied by ab’, coefficient that captures the intengity of the
spillovers from the regions in that class of distance which we can estimate. It is then possible to assess the
effect of the inter-regiond spillovers of R&D on innovation, and to identify the rate of decay of spillovers
with geographica or technologicd distance. The system that we can edimate is, in matrix notation, as

follows

(7) Iog§:Q+bOIogg+blM1Iogg+b2M2IogQ+...+bKMKIogg

b, givesamessure of the BGP dadticity of innovation to own research while (b /bo) is a measure
of the relative importance of the knowledge spillovers coming from regions at distance k from region i.

The theoretical analysis developed in the previous section tells us that the expresson (7) isalinear
approximation of the exact BGP relation between knowledge stock and its determinants. In particular this
relaionisonly apart of the BGP conditions and we need to account for endogenaty of log(n).

an



The amount of resources employed in R&D, in fact, depends importantly on the profits that
innovetion generates, once implemented. Loca demand, i.e. market potentid, that fosters profits without
affecting the productivity of research, theterm S in equation (7),is therefore a good instruments to estimate
theb’s. We think that the issue of vaid instruments to estimate the effect of R&D and of the spillovers on
innovation is a crucia one, not addressed by the recent empiricd literature. There is a circular causation,
shown in Figure 1, in which R&D generates innovation, and productivity growth (eguation (5)), which in
turn generates profits and incentive to invest in R&D (equation (4)). Mogt of the empiricd literature, which
congders the cross-country implication of R&D on growth (Eaton and Kortum 1996, Bayoumi, Coe and
Helpman 1999), assumes the exogenety of the R&D expenditure (much as the classc growth literature
assume as exogenous the countries' savings rates, Mankiw, Romer and Well (1992)). This isin contrast,
we think, with the whole theory of endogenous growth.

Figurel

Scheme of causation

Profits R&D Innovation Productivity

Deman_L Pull T

We measure "market potentid” of one region, by means of different varidbles. population,
population less employment in manufacturing, employment in services and sector VA weighted on the basis
of an 1-O nationd matrix.

Aswe decribe in the empirica part, these two sets of insruments do relaively wdl in capturing the
cross-sectiond variation of the intensty of R&D (R&D employed as percentage of the labor force), in fact
they jointly explain around 37% of such variation.




6. Empirical Results

Thefirst empirica issue to be addressed is how to measure the “stock of knowledge™. If anew
patented good can be considered as a new intermediate and a new idea, as in Romer (1990) and Jones
(1995), the patent count can be used as a measure of increase in the stock of knowledge. In Aghion and
Howitt (1992), Eaton and Kortum (1996) and in al the models based on a “quality ladder” and vertica
innovation, the “count of patents’ cannot measure the relevant stock of knowledge: both the frequency and
the“sze” of innovations matter. Also, since the new patents  subgtitute and do not complement the existing
ones, dl that redly matters in those models is to establish the “degree of knowledge® set by the last
generation of patents in each sector.

The shortcoming of this approach is that we have only extremely coarse and noisy measures of the
“g9ze’ of one patented innovation and an even worse understanding of which sector is relevant for
patenting purposes. Moreover as the region, rather than the sector, is the unit of our analyss it seems
plausible to consder a new patent produced within the region as a complement rather than a substitute of
the exiging ones. Therefore we take patent count as a proxy for the increase in economicaly profitable
knowledge. One patent is one new good and al of them give the same contribution to productivity. We
attribute a patent to the region of residence of its first inventor, as we want to capture the spillovers from
idess to generate new ideas, and therefore the location of the inventor is the location where the idea has
been developed.

With these assumption, and considering that the economy will be on average on the baanced
growth path, in the 18 years period we consider®, we are able to estimate equation (20). In particular,
equation (7) has adirect trandation in terms of patents, which is.

(8) log(Pat) =C, +b,logn+b,M, logn+b,M, logn+...+b, M logn

Equation (8) is the basic specification of our empiricd estimates. The average yearly amount of
patents application , in each region (in the period 1977-1995) is consdered as the measure of BGP

21 18 years could be a short period of time if we believe in the low estimate of convergence by Barro and Sala (1991).
Neverthel ess stylized facts and new estimates of the speed of convergence from panel data ( Canova and Marcet 1995,
DelaFuente 1996, Del_aFuente 1998) lead usto believe that western Europeis closeto its BGP sincethe 70's.



intendty of patenting?. This in turn, is assumed to depend, on the number of workers employed in R&D
(average in the 1977-1995)* in the region itsaf and in the other regions, if there are any cross-regiona

spillovers of knowledge. The coefficients b,,b,,...b, ae a messure of the intengty of cross-regiona

spillovers that depends on the distance between regions. Hence, the cross sectiond variation of the
employment in R&D in the other regions, assuming that these spillovers vary with distance, dlow us to
identify the reletive intendity of the spillovers. b, on the other hand, captures the eadticity of innovation to

own R&D employment. Intuitively, if the different intengties of R& D get trandaed into a more polarized
distribution of innovetion, as the data sugges, then the parameter b, should be (as in mogt of the

estimates) larger than one.
Comparing the OLS and the |V estimates, we redlize that the second procedure gives dways lower
point estimates of the eadticity of innovation to R&D.

6.1 The basic model with geographical spillovers

In the empirical implementation of equation (8) we have two important issues to address, namey

the frequency and the length of the "space’ intervals for each explanatory variable in order to have a
reasonable trade-off between explained variance and precison of the estimates. The firgt problem is made
much more severe by the possibility of collineariety between variables. The incluson of varigbles that

capture average R&D employment in regions far avay might give rise to a callinearity problem since the
relative “change’ in environment every 100 Kilometers decreases with distance. The standard deviation of

the average R&D employment remains stable, a one third of its mean, when distance increases. The result

is that, if we include 10 varidbles for the intervals from 0 to 1000 Km’'s, by 100, and one for al the
distances larger than 1000 km, we have a coefficient of corrdation in the order of 0.9-0.95 among the
last 5-6 variables out of 10. This will make the estimates totaly unreliable, and the standard errors very
large. We use, therefore the following procedure: we start with the smalest distance and we keep adding

gpace intervds in R&D employment as long as the correlation coefficient between the last two added

variables is smdler than 0.80 (see Table 1a and Table 1b for the corrdation between R&D red

expenditures in different space intervalss).

% For the 11 regions with O patents’ application, we attribute arate of patenting equal to 0.04 per year, which would not
have given even one patent in 18 years, on average.

% All the variablesincluded in the regression arein their average value in the conisdered period (1977-1995). In some
cases not each annual value is availablein the series, and in this case the average has been computed using only the
available yearsin the period.



Figure 6. Elasticities of Innovation to R&Destimated with 100 Kms cells
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In this way we are able to include four intervals (from O to 400 Km by 100) in the case of 100 Km cdls
and 2 intervas (from 0 to 400 Km by 200) in the case of 200 Kms Célls. The R&D employment for
longer distancesisincluded as an average variable, (whose coefficient in the tables is denoted asb** or b**
depending on the cdll’slength), amed a  capturing the effect of average R&D employment more than 400
Kilometers away and a controlling for the “average R&D in the rest of Europe. We peform weighted
OLS and IV edimates of the coefficients of the basic regresson (8) with the chosen length of space
intervals®. The weighting is made because, due to different size of regions the size of the measurement
errors could be different across them. The full results are reported in Table 2aand 2b, in the first case using
R&D?* employment and in the second redd R&D spending as explanatory variable . Table 3a and 3b,
contain the same regression results, but with 200-Km’'s distance cells to capture the spillover of R&D.
This results are dso shown in figure 6 and 7 so that we may eyebdl the decreasing effects of R&D via

oillovers.

# All regressionsinclude a constant, which depends on the common growth rate.

* These results are obtained using total R& D. We have also run the regressions distinguishing between private and
public R&D. Theresults do not change significantly: the elasticity of patenting to private or tototal R&D remains
almost unchanged. The results could be severely affected by the quality of the dataon private R& D available at regional
level.



Figure 7. Elasticities of Innovation to R&D, estimated with 200
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Let’'s concentrate on the basic specification estimated with loca population as 1V (regresson 1V(1) in

al tables), as dl the other specifications include some other variables to check the robustness of the results.

Two things emerge clearly and congagtently:

1

2)

The coefficient on R&D (employment or spending) is dways very significant and most of the time equa
or close to one (see figure 6). Mogt of the cross-regiond variaion in patenting is due to differencesin
R&D.

Spillovers through space exis and are datidticdly sgnificant for the R&D done within 200 Km's from
the region (see figure 7). In particular when we sub-divide the interva in 100 Km's cdls the most
sgnificant and condgtently postive dadticity is that on R&D in the 100-200 Kms range. This is
probably due to the fact that, in the closest 100 Km's from aregiona capita, there are very few other
capitds (in the case of large regions none a dl). This dilutes the effect of the firgt variable. The
meagnitude of these spillovers effects, if not negligible is not very large ether: the eadicity of patenting to
“closg” R&D is between 4 and 11%, while the dadticity to own R&D is in the range of 100-140%.
This result, suggests that spatia spillovers may be important but not “first order” in determining the
BGP differences in innovation rates across regions.

Hence, there is a difference between the effect of own R&D and that of R&D from closer regions

of one order of magnitude. We can infer that the spatial concentration of R&D (probably for market

reasons) crestes incentive for innovation to cluster while spillovers are important but second order of

importance.

We perform a number of different checksto test the robustness of the results:



1. Inregressons|V(2) we have re-scaled the variables to have them in “per worker” terms. This
measures patenting per worker (a measure of intengty in innovation) as a function of R&D per worker (a
measure of R&D intengity). The results do not change significantly to demondrate thet it is not the Sze of a
region that drives the reaults.

2. Inregresson 1V (3) and 1V(4) we have included some controls, to check that the omission of
some varigbles, potentialy spatialy correlated, is not responsible for the results.

In 1V(3) we have included a measure of human capitd in the region, i.e. the fraction of workers
with education equal or more than college®, which could be an important input of innovation process and
that can be corrdlated across regions. Including this variable, which appears dways highly sgnificant, does
not reduce the estimates of the spillovers effect. In 1V(4) we have consdered the importance of loca
infrastructure in increasing productivity of research.. We have used a measure of the density of roads and
other way of trangportation in the region to capture the qudity of communication infragtructures. Again this
variable enters with a positive (not sgnificant) coefficient, and does not substantialy change the estimates of
the spillovers.

Border Effect and Parametric Specifications

The benefits of ideas could spread more easily within countries than across, even in absence of any
barrier, due to the common language and similar educationd background of the skilled workers. Therefore
the effect of decreasing spillovers across distance may be smply capturing the fact that we have postive
and perfect spillovers within a country while zero spillovers across countries. Hence we take care of a
"border effect”, after consderingorder effect, we add the average level of R&D spending or employment to
our regressors, in each of the eeven countries. If one region receives bendfits just from being in a high
R&D country his “border” variable will be sgnificant and R&D of regions in the neighborhood will not
matter any longer. The results of including this variable, together with the usua controls and using both 100
and 200 KMs cdls, are reported in table 4. The nationd R&D variable has a very strong and positive
effect, but the dadticity to R&D of regions in the vicinity remains amost unchanged and mogtly sgnificant.
We tend to believe that this is the best specification of our modd. It reveds strong evidence that within

country spillovers matter so that there is a strong border effect. Moreover it generates the usua feature of

% See Data appendix for the sources. We only had datafor 71 of the 86 regions on the education variable

an



decaying spillovers over space, without the undesirable festure of negative values’” for the spillovers from
farther regions (see figure in the following page that summarizes these results). Again, the visua impression,
confirmed by the data, indicates that only the two closest groups have sgnificant effects, but of one order
of magnitude smdler than the effect of own R&D.

In this specification the pattern of the spillovers exhibit a decay of the eadticity towards O, as the
distance increases (see figure 8). Moreover, in this case, an F test of dgnificance of the sum of dl
coefficients capturing externdities (b, + b, +b; +b, +b4. = 0) rgects the null a the standard levels of
sgnificance confirming the hypothes's of existence of externdities. Thisisadirect test of the assumption that

Figure 8. Elasticities, controlling for avergae national R&D
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total R&D spillovers are significant in determining innovation in one regior?®.

The results obtained so far only usethe first 400 Km'sin distance from each region (as we had to
eliminate the other variables due to collineeriety). At the cost of specifying a functiond form for the
dependence of spillovers on distance, we may parametrize this decay and use dl the data on R&D at any
distance to estimate only one parameter that captures this dependence.

We specify three different functiond formsfor the decay of spillovers with distance:

" we are not the only one to obtain negative spillovers effect of R& D on patents. In different set-ups both Jaffe(1986)
and Branstetter(1996) arguesthat if technological rivalry with other firmsisintense enough and the scope of intellectual
property rights conferred by patentsis broad enough, firms may sometimes find themselves competing for alimited pool
of available patents--a patent race. For this reason the positive externality is potentially confounded with a negative
effect of other firms research due to competition. Because of this the spillover coefficient might be negative. This might
even be more true for distant regions or firms.

% Test F(1,80) = 4.88, p-value 0.02.



exponentia (e' ), power (I ") and inverse (ﬁ). We dill divide the regions in 100
i

Km's cdls, but now we use as dependent variables the average R& D weighted for the parametric function.
We use the 86 regions to estimate the parameter | , usng non linear insrumentd variables

The results, reported in table Sareved that, dthough there is a Sgnificant amount of noise, dl three
methods estimate parameters which imply spillovers quickly decreasing with disance. The best fit is
obtained with the exponentid specification, which ddivers dso the fastest rate of decay. With any method,
however, only R&D in the regions within arange of 100 Kms has an impact larger than 1% on innoveation
(see amulation in table 5b). These effects, obtained imposing parametric forms seems somewhat smdler
than those obtained using non-parametric methods, athough broadly consistent in terms of tendency and
order of magnitude. The parametric specification forces a smooth behavior, which does not seem
supported by the data.

Our results that knowledge spillovers have a strong intranational component, receive supports from
other studies. Brangtetter (1996) measures the importance of domestic versus foreign spillovers between
Japanese and USS firms that belongs to the same technological field®. Though different in his approach and
methodology he finds that the eadticity of patenting to domestic R&D is around 1% while the effect of
foreign spillovers can be negative both for Japanese and for USfirms.  Using data on citations in scientific
papers, Jaffe and Tragtembergeg (1995) find smilar results patent citations have a strong  intranationa
component while surveys on the gppropriability of R&D didributed to manager in the US and Japan and
Europe report that domestic spillovers are more important tan the internationd one.  Nadiri and Kim
(1996) find that the reative importance of domestic and foreign research seems to vary consderably
among countries. Domestic research is more important for the United States, while countries like Italy and
Canada are strongly affected by the spillovers of foreign research. We do not find this strong difference

among European regions.
Non Linear Estimation and Spatial Auto-correation

Our edimated gpecification in logarithm (equation 8), dlowed us to use linear regresson
techniques, at the cost of assgning to those regions with zero average patenting rate a patenting rate equa

* Following Griliches (1979) and Jaffe(1986) Branstetter measures the distance of firms from each other in "technological"
space, since this can be measured by the similarity of the field in which firms patent. The spillover variable for a particul ar
firm isthe research of the other firms, weighted by the distance in technology space.

~a



to 0.02%. In order to avoid this small correction we may estimate equation (8) in levels, rather than in logs,
usng non linear least squares, 0 that the coefficients estimated are the exponents of the following

regresson

(9) E = &Dbo (E) b1 (E) b2 (E) bkl (n—) bcoumry

country

where n, np, ...n ae the geometric averages of R&D employment in regions within a distance
increasing with the index, Neountry IS the average R&D in the country and the b’s are the dadlicities as in
equation (8). Estimating equation (9) using non-linear least squares, and distance cedlls of 200 kilometers,
we get the following parameter estimates bo= 0.79*** (s.e.= 0.09), bg 0= 0.11** (s.e= 0.04),
b 200 406= - 0.18 (s.e.= 0.10)

B 400+= 0.05 (s.e.= 0.12) b oyniy= 0.30** (s.e.= 0.15)

Comparing with the estimates obtained from the log-linear transformation, reported in table 4, we
notice a strong similarity, except for the coefficient of the “border effect” thet in this case is ggnificantly
smdler.

Another potentia concern in estimating the model assuming uncorrelated errors, is that there may
be some spatid auto-correlation of the errors. If in the specification of the relation between R&D and
innovation we are omitting some factors, which are oatialy corrdaed, this may result in resduas which
are spatidly corrdated. This problem does not affect the consistency of the point estimates obtained from
the IV method, but may distort the estimates of the standard errors. This should not be cause of particular
concern, though, as taking into account the spatial correlaion of the residuas would probably result, asin
Conley and Ligon (1997), in asmadler estimate of the resduas, without changing the point estimates of the
parameters. Thisis the reason why we do not introduce any correction, although the spatia autocorrelation
of the resduds of the specification reported in table 4 column 1, is sgnificant for distance within the 400

Kms*

6.2 Spilloversin purey technological space

¥ see footnote (20)

%! We estimate the auto-correlation function non parametrically, using the estimator in Conley and Ligon (1997), with a
rectangular kernel with bandwidth equal to 50 Kilometers, evaluated at the points k=50,150,250 and 350. The values of the
autocorrelationis 0.15, 0.48, 0.47, 0.47 and they are al significant.

A~



The naturd question to ask is whether “geographica space’ isthe most natural dimension in which
regions innovate and in which spillovers hgppen. R&D and spillovers coming from regions which are close
in the “technologica space’ (produce and innovate in Smilar sectors) rather than in “geographica space’
could be more rdlevant. To shed some light on this point, i.e. on the importance of spillovers coming from
region technologicaly smilar we congtruct a distance matrix which is a metric in the technologica space.
Once we have defined an index of “distance” we proceed as described in section 3 to define cdlls into
which the vaue of thisindex falls and to condtruct the matrices M1 , M ...Mg and to estimate the b’s.

Technology spillovers have been measured following different methodologies in the literature. An
extensive review of the existing measurement methods is offered by Los (2000). We therefore leave aside
any discusson on the pro and the cons of the different gpproaches. We follow Jaffe (1986) and we
construct a measure of technological distance between regions, on the basis of the distribution of regions
patenting activities over technologica fields. We then assume that spillovers can be measure by the stock of
R&D developed by other regions, where each region's input into this stock of externd knowledge is
weighted by its technologica distance from the spillover-receiving region. Our technological proximity

measure is thus:

o]
W= a fikfjk
S A
(a fik a fjk
k=1 k=1

Which is the cogne of two vectors consisting of the shares of the F patent classes in the "patent
portfolio” of aregion. If the two regions have patented in roughly the same classes the cosine will be close
to one, if the patenting activities are greely different the cosine will be virtudly zero.

In our sample of 86 EU regions we have that the index range from 0 to 0.92. We identify 3 classes
of digance, the first two covering an interval equa to 0.2 in the metric of the specidization index and the
third 0.4 to 0.9. The estimates of pecification (21), using this metric on the “externd effects’ of R&D are
reported in Table 6. Although the point estimates are positive for b; and b, while negative for bz and b,
(i.e. decreasng with digtance) they are not sgnificant in dmost any specification. This suggests that
conddering regions as innovative units, the metric induced by ther productive specidizaion is not
appropriate to capture R& D spillovers, or actudly that the purdly spatia spillovers are more important than
the purdy technological ones.



6.3 Spilloversin Technological spacefor closeregions

In the previous section we have considered a purely technological metric for the space in which
regiond spillovers take place. Neverthdess, we may suspect tha technologica smilarity is not irrdlevant,
but has an effect only on those regions which are geographicaly close. In particular geographica space
could be an important determinant of technologica spillovers (as shown before), but, a a given distance
may be more important the R& D performed in smilarly specidized regions. To inquire into this we estimate
again four soillover parameters, congdering now, only the regions within the 200 Kms range from one's
capitd city. We group these regions into the four cels, in decreasing order of production-sectors
proximity, and condruct the four spillover matrices. The effect of outsde R&D on regiond paenting is
edimated in the regressions of Table 7. Fird let us point out that most of the (geographicdly) “close”
regions are do technologicaly smilar: the vast mgority of technologica distances for these regions fdl in
the first or second cdl of the “technologicad distance’”. Second it clearly emerges, in dl specifications, that
the technologicaly closer regions among those in geographicd proximity, are by far the most important in
generating R&D spillovers on innovative activity. The dadticity of innovation to R&D employment in these
regions is around 0.10 and highly significant, while the effect of R&D in more different regions is not
sgnificant and often negative for the mogt different ones. It gppears that the importance of R&D in
neighboring regions for one's own innovation is enhanced by the smilarity in the productive structure of the

regions.

7.Conclusions

While there is an increasing consensus on the importance of technologica innovation for the
economic performance of the European Union, few studies have consdered the geography of innovation in
Europe, inrelation to its determinants and to the productivity of R&D. Eaton et d. (1998) point the finger
to the European disgppointing performance in innovation and identify in the smdl sze of the locd market
for innovation the main cause of thisfallure. This paper take serioudy the geographicd reation between the
sze of the market and the innovative activity and uses it to determine what part of the innovation is due to
own (market driven) research and development and what part could be attributed to inter-regiona
spillovers. The findings indicate that own R&D has an effect on innovation about 10 times larger than other

~a



regions R&D, in baanced growth path, but nevertheess inter-regiona spillovers exigt, are sgnificant and
decrease rather quickly with distance. Moreover if physical proximity is what dlows the spillovers,
technologicd proximity enhances them, as among closer regions those more amilar in the productive

dructure are dso the more effective in influencing the innovation.
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Tables

Tablela

Correlation Coefficient between Space Intervals of R&D: 100 Km. cells

R&D Employment Correlation
[own]-[0-100] -0.17
[0-100]-[100-200] 0.60

[100-200]-[200-300]  0.73
[200-300]-[300-400]  0.75
[300-400]-[400-500]  0.81
[400-500]-[500-600]  0.84
[500-600]-[600-700]  0.89
[600-700]-[700-800]  0.83
[700-800]-[800-900]  0.87
[800-900]-[900-1000]  0.96

Tablelb
Correlation Coefficient between Spatially Lagged R&D: 100 Km. cells

R&D Employment Correlation
[own]-[0-200] -0.12
[0-200]-[200-400] 0.75

[200-400]-[400-600]  0.87
[400-600]-[600-800]  0.84
[600-800]-[800-1000]  0.96
[800-1000]-[1000+]  0.97




Table 2a*%
Indep. Variable Log(R&D Employed), cell length: 100 Km (Geographical distance)
Standard errorsin parenthesis

Dep. Var: Weighted  Waeghted Weghted Weighted  Weighted
log (Patents) OLS V(1) IV (2), IV(3),with  1V(4), with
per capita  college + infrastr.
bo 1.10*** 1.03*** 1.14x** 1.01*** 1.07***
(0.08) (0.29) (0.44) (0.09) (0.08)
b, 0.01 0.003 0.008 0.02 0.01
(0.02 (0.03) (0.03) (0.03) (0.015)
b, 0.11*** 0.10*** 0.09** 0.10*** 0.043**
(0.04) (0.04) (0.047) (0.04) (0.022)
bs -0.003 -0.02 -0.02 -0.05 -0.028
(0.07) (0.07) (0.07) (0.09) (0.03)
b, 0.02 0.06 0.05 -0.21 -0.02
(0.07) (0.07) (0.09) (0.13) (0.04)
(o -0.13 -0.14 -0.12 -0.03 -0.078
(0.09) (0.09) (0.12) (0.16) (0.05)
R? 0.75 0.68 0.34 0.74 0.79
Tot. Observations 86 86 86 71 86
Table 2b:

Indep. Variable Log (Red R& D spending), cell length: 100 Km (Geographica distance)
Standard errorsin parenthesis

Dep. Var: Weighted  Weighted  Weighted  Weighted  Weighted Weighted
log(Patents) OoLS IV(2) IV (2), IV(3), with 1V(4), with IV(5) with
per capita  college + infradtr. country-
R&D
bo 1.17%** 1.01*** 1.43*** 1.05%** 1.17*** 1.12%**
(0.05) (0.07) (0.032) (0.07) (0.08) (0.10)
b, 0.01 0.016 0.01 0.03*** 0.017 0.03
(0.01) (0.02) (0.03) (0.014) (0.015) (0.02
b, 0.04** 0.046** 0.075* 0.038** 0.043*** 0.05**
(0.02 (0.02) (0.040) (0.022) (0.02) (0.025)
bs 0.05 0.01 -0.01 0.004 0.02 -0.002
(0.03) (0.04) (0.07) (0.05) (0.02) (0.052)
ba -0.008 -0.01 0.02 -0.12 -0.02 0.01
(0.04) (0.04) (0.08) (0.08) (0.04) (0.052)
b 4+ -0.11** -0.08 -0.08 -0.05 -0.07 -0.15**
(0.05) (0.05) (0.11) (0.10) (0.05) (0.07)
R? 0.86 0.68 0.41 0.80 0.79 0.72

#xgignificant at 10% level, ** significant at 5% level, *** significant at 1% level

A~



Tot. Obsarvations

86

86

86

71

86

86




Table 3a:
Indep. Vaiadble Log(R& D employment), call length: 200 Km (Geographica distance)
Standard errorsin parenthesis

Dep. Var: Weighted  Waeghted Weghted Weighted  Weighted Weighted
log (Patents) OLS V(1) IV (2), IV(3), with 1V(4), with IV(5) with
per capita  college + infrastr. country-
R&D
bo 1.10*** 1.04*** 1.44*** 1.00*** 1.10 0.82***
(0.08) (0.09) (0.17) (0.09) (0.05) (0.120)
by 0.11*** 0.13*** 0.09 0.10** 0.055* 0.096
(0.04) (0.06) (0.06) (0.05) (0.030) (0.058)
b, -0.001 -0.01 0.01 -0.13 0.01 -0.03
(0.07) (0.12) (0.10) (0.20) (0.06) (0.11)
b -0.10 -0.11 -0.07 -0.17 -0.09 0.03
(0.07) (0.08) (0.10) (0.22) (0.06) (0.09)
R 0.74 0.67 0.43 0.71 0.75 0.70
Tot. Observations 86 86 86 71 86 86
Table 3b:

Indep. Variable Log(Red R& D spending), cdl length: 200 Km (Geographicd distance)
Standard errorsin parenthesis

Dep. Var: Weighted  Weighted  Weighted  Weighted ~ Weighted Weighted
log(Patents) OLS 1IV(2) IV (2), IV(3), with 1V(4), with IV(5) with
per capita  college + infrastr. country-
R&D
bo 1.08*** 0.99*** 0.96*** 1.00*** 1.05%** 1.10%**
(0.05) (0.069) (0.24) (0.07) (0.072) (0.09)
b, 0.03 0.05** 0.05 0.06** 0.043 0.055*
(0.02) (0.024) (0.03) (0.03) (0.25) (0.03)
b, 0.06 0.04 0.04 0.05 0.03 0.03
(0.04) (0.05) (0.05) (0.13) (0.05) (0.06)
bo: -0.11***  0.10* 0.11 -0.22 -0.08 -0.15
(0.03) (0.055) (0.06) (0.14) (0.05) (0.08)
R? 0.86 0.77 0.48 0.79 0.77 0.69

Tot. observations 86 86 86 71 86 86




4.0ls Estimates

(same regression asthe basic in table 4a,b,c,d estimated by OLS)

Dep. Var: | (100Kmcells) Asinl
log (Patents) Basic (200 Km cells)
bo 0.99*** 0.99***
(0.09) (0.09)
b, 0.00
(0.03) 0.09***
b, 0.10*** (0.04)
(0.04)
bs 0.00
(0.07) 0.00
by 0.01 (0.07)
(0.07)
b4 -0.05 -0.05
(0.09) (0.07)
Average Country 0.43*** 0.42***
R&D (0.19 (0.17)
R’ 0.76 0.77
Observations 86 86

Tableda: Population asinstrument:
Preferred specification, weighted [V estim ation: Instruments= Total Population

Indep. Variable Log B&D em plogm ent)

Standard errors inparerthesis

Dep. Var: I{100 Kmcells) II I Asinl Asin IT Asin ITT
log (Patents) Rasic Controlling for Controlling for (200 Km cells) (200 Km cells) {200 Km cells)
Hum an Capital ! infrastructures’
Bo (0.78%* 0.5 1 USRS (. g2 0.90%* (.G
{0.11) (0.11) {011y {0.10% {0.10% {0.10%
Bt -0.01 0.01 -0.01
{0.03) (0.3} {0.03) 0.096* 0.12%* 0.10*
B 0.08%* 0.085%* 0 (R {0.058) {0.06) {0.06)
{0.04) {0.04) {0.04)
P -0.001 -0.03 001
{0.07) {0.10% {0.08) -0.03 -0.05 0.04
P 0.002 -0.05 0.007 011 {0.25) (0.12)
{0.08) (0.13) {0.08)
P 0.03 0.03 0.04 0.03 008 0.04
{0.10) (017 {0.10% {0.09) {0.25) {0.10%
Average 1.05%** 0 2¥** 1.0g%** 1.07%+** 0L EO**+* 1.00%**
Country R&D (0.17) (0.21y (0.18) (0.17) {0.20% (0.18)
R? 0.71 0.74 071 070 073 070
Ohservations 26 26 26 26 26 26

! Human capital is the share of workersin the region with college degree
? Infrastructure is the density in the region of roads and railways



Tahledh: Population net of Manufacturing employment as instrum ent:
Preferred specification weighted IV estim ation: Instnaments= TOT. POpulation — MManuf, Employn ant
Indep. Variable LogR&D em ployn ent)

Standard errors inparerthesis

Dep. Var: I1{100 Km cellsy II oI AsinI AsinII Asin ITT
log (Patents) Rasic Controlling for Controlling for (200 Km cells) (200 Km cells) (200 Km cells)
Hum an Capital ! infrastructures®
Ba 0.81%** 0.90%** 0. B5%** 0. Bg¥** 0. 90%** 0.87%**
011 011 0.12) 01 (0.1 011
Bt 0.02 0.00 0.0z
{0.03) {0.03) {0.03) 0.12%* 0.05 0:13%
B 0.051%* 0.05 0.05%* {0.065) {0.06) {0.07y
{0.0403 {0.04) {0.04)
Ba 0.00 -0.06 0.02
{0.08) 007 {0.08) 0.01 005 0.02
B4 0.00 0.06 0.00 (0.12) {0.07 {0.13)
{0.08) {0.07 {0.08)
P 0.05 0.04 0.05 0.0z 003 0.03
{0.04) {0.04) {0.04) {0.04) {0.04) {0.05)
Average 1.00%%* i S 0. 9G%% (g %k 1.20%%* 0.90%**
Country R&D {0.18) {0.18) {0.18) 01N {0.18) {0.18)
R? 071 0.75 0.71 011 0.74 0.70
Observations 86 86 86 86 36 86

! Human capital is the share of workersin the region with college degree
2 Infrastructure is the density in the region of roads and railw ays

T ahle 4c: Employment in Services as instrument:
Preferred specification weighted IV estim ation: Instraments= Empl. inServices
Indep. Variable LogR&ED emplogm ent)

SHandard errors inparenthesis

Dep. Var: I{100 Km cells) II o1 Asinl Asin IT Asin IIT
log (Patents) Basic Controlling for Controlling for (200 Km cells) (200 Km cells) (200 Km cells)
Hum an Capital ! infrastructures
Ba 0.93%*% 0 gp**x S 0 gp**x (0. g9k Qigpeek
{0.10% {0.10% {011y {0,107y {010y {0.10%
B n.01 non 0.00
{0.03y {0.03y {0.03) 0 12%%* 0.07 0. 13%*
Pz 0.05%* nos 0. QGk* {0.08) {0.05) {0.065)
{0.04y (0.0 {0.04)
B 0.01 -0.04 0.0z
{0.07y {0.07) {0.08) no2 0.05 001
Ba noz o7 0.01 {0.12) (0.1 (0.12)
{0.07y {0.07) {0.07)
Bar n.oz non 0.0z 0.0n 0.00 0.00
(0.0 (0.0 {0.04) (0.0 {0.04) (0.0
Average 0.&7 0 95#+** 0 GE*** [ EQ*** (0. Gk IRV kg
Country B&D {0.19% {019 {019 {0.18) (013 {019
R? 0.71 075 071 071 0.74 070
Obzetvations 86 86 g6 86 g6 26

! Human capital isthe share of workersin the region with college degree
? Infrastructure is the density in the region of roads and railways



Table 4d: Demand for intermediates as instrument:

Preferred specification, weighted [V estim ation: Instroments= Demand for intermediates as of [O

Indep. Variable LogR&D em plojm ent)

matrix

Stanidard errors inparenthesis

Dep. Var: I1(100 Em cells)y 1O 1 AsinI Asin IT Asin ITT
log (Patents) Rasic Controlling Controlling for (200 Km cells) (200 Km cells) {200 Km cells)
Hum an Capital x infrastructures®
fo 1.0g#** 1.7+ Tl ok Al e Trlag%ss T
(0.11) (0.10y {011y (0.19) (0.21) (0.16)
Bt 0.00 0.00 0.00
{0.03) {0.03) {0.03) 010 003 012
Bz 0.7+ 0.06* (0 Qg {0.07) {0.07) (0.07)
{0.035) {0.035) {0.04)
B3 0.06 0.00 0.06
{0.07) {0.07y {0.08) 001 001 001
B4 0.03 0.07 0oz {0.15) (0.17 (0.14)
{0.07) {0.07) {0.07)
Pt 0.01 0.01 0.00 0.10 0.03 0.03
{0.04) {0,043 {0.04) {0.54) {0.60% {0.42)
Average 05495 0.8+ 0 5k Q59 0 87wk S
Country B&D {0.19) {0.19) {0.20) {0.1%) {0.23) {0.16)
B? 0.75 0.78 072 0.67 0.67 0.74
Chservations 26 26 36 26 26 26

! Human capital is the share of workersin the region with college degree

? Infrastructure is the density in the region of roads and railways



Tableba:
Parametric Estimates: NL Instrumenta Variables, Std. errorsin parenthesis
The distance is expressed in hundredths of Km's

Dep. Var: Exponentia Power Inverse
log(Patents) Decay Decay Decay

ela(dist.) | b(dist) 1/ (dist| C)
bo 0.97*** 0.83*** 0.82***

(0.12) (0.120) (0.120)
| 4 -3.0%x*

(1.2)
lp 0.017

(0.01)
l ¢ 87.1
(100)

Country R&D 0.87 0.21 0.24

(0.50) (0.20) (0.26)
R 0.55 0.50 0.53
Tot. observations 86 86 86

Table5b:
Point Edtimates of eadticities, in percentage of innovation to R&D, Using the
parameters estimate from Table 5a.
Method/Disance  own [100 Km] [200 Km] [300 Km] [400 Km] [more than
400 Km]

Exponentid Decay  97% 2% 0.04% 0.00% 0.00% 0.00%
Inverse decay 83% 1.2% 0.5% 0.3% 0.2% 0.1%
Power decay 82% 1.7% 0.02% 0.00% 0.00% 0.00%
Non-Parametric, 91% 1% 8.5% -3% -5% 3%
100 Kmscdls
Non-Parametric, 90% 9.6% 9.6% -3% -3% 3%

200 Kmscdls




Distance in the Technologica Space

Thecdlsare:

b, , theclosest [0.4-1.0] correlation
b, itermediate[0.2-0.4] correlation

bz far [0.0-0.2] correlation

Table 6a
Dep. Var: I [ [ [
log (Patents) OLS Population aslV ~ Serviceas|V Demand as |V
bo 0.90*** 0.77%** 0.82*** 0.98***
(0.08) (0.09) (0.09) (0.09)
by 0.28*** 0.22%** 0.24*** 0.21***
(0.05) (0.06) (0.06) (0.06)
b, -0.10 -0.08 -0.10 -0.09
(0.08) (0.08) (0.08) (0.08)
bs 0.03 0.05 0.02 0.00
(0.03) (0.03) (0.03) (0.03)
Average Country  0.41*** 0.88*** 0.67*** 0.52%**
R&D (0.16) (0.15) (0.16) (0.16)
R? 0.80 0.76 0.78 0.79
Observations 86 86 86 86




Appendix A: The modée

A.l:Pricesand Profitsand Production

The market clearing condition for the manufacturing goods, equating the expenditure to the value of
production in the regiond market is.

(13 Py, =@ 9|By;® + Py, )+ Q- g)S7y;*

The term on the left hand is the total value produced by the manufacturing sector. The first term on
the right hand is the demand of manufacturing for consumption and the second term is the demand of
manufacturing as intermediate from the service sector. Solving for P we obtain equation (2) in the text.

Given the production function in equation (1) the demand curve for each intermediate will be

P, (s) = PaLi;*x;*(s) where p, (9 isthe price of the s-th intermediate good in region i a time t. The

optimd pricing ruleis
1
(2&) Pic = —W,
a

where we have assumed perfect mobility of skilled workers across regions and therefore a unique

wage W for dl regions. The demand for the single firm will be:

1
@ ow, g

S YN
it

The profit of each monopolist in the i-th region, therforeis:

_1-a

(4a) Pii = —— W X
a



Now consider the production function of the composite good. A share (1-a) of the totd vaue
added is paid to unskilled worker while the remaining share a is paid as wage to the skilled workers and

profits to the producers of intermediates. Therefore:

A A
(Sa) d)itdi +dlvltxltd| =aF)ityit
0 0

and usng (49) plusthe fact that dl firms are smilar we get:

— a(l' a)Pityit

6 .
(6a) p, A

In equilibrium, as dl firms have the same sze, we may write the manufacturing output as:

(7a) y,=L""AX;

using (3a) and (7a) we can solve for x;; and we get:

.
(88) X, =C,wa 'S A
where we have collected al congant terms into the teem C, . Using (8a) and (7a) to solve (6a) the
expresson of profits becomes asin (4) in the main text.

A.2: Derivation of the balanced growth path

The relevant knowledge for catch-up spilloversis defined as AP equd to:

A M N
(9a) Af = O AjtJ where a M; =1
j=1 '

The Mj; is a weight which captures the contribution of region j knowledge on the creation of

region i new knowledge.



If wecdl g, therate of change of the variable x, then we can take the rate of change on each side

of expresson (5) in the text, and we have:

(10) g, = gA[eI gy +(1- )95 - eng] fori=12...N

It is easy to see that it exists a BGP, where dl sectors technology grows at a constant and equa
rate. The common rate of growth is:

€ 9y

A

Expression (11a) says that the average rate of growth will depend on the growth rate of the skilled
labor force, amplified by the productivity of R&D in innovetion, and by the spillovers from exigting
knowledge. The result, that the growth rate depends only on the growth of human capital and not on the
invesment in R&D (which, as we will see, determines relative innovation intensties), is a consequence of
the assumption of decreasing returns in the innovation-production function, which makes the modd amilar
to Jones (1996). If we log- linearize expression (5) around the BGP we have that the system can be written

invector form as;

(123) g, =le .M+, - DI, - 9,

where the underlined variables are vectors, M isan NxN matrix with t;; as entries in each postion
and | isthe identity matrix. ASM isa Markov matrix it admits al characteristic roots smdler than or equd
to one in absolute vaue, while the identity matrix admits N characteristic roots equd to 1. The
characterigtic roots of the matrix in square brackets, which are the sum of the characteristic roots of the



two matrices, are therefore negative (given the conditions on the eadicities) and the differentia system of

_ N
equations (124) is table®. If we definewith A= Q) AN |
1

the BGP, denoting with e the dadticity of thel function with respect to n, the following log-linear equation
will hold:
N
(158 log(g,)=c+e log(n)+ (e, - Dlog( A)+e,a M, log(A)
=1
which, in matrix notation and solved for log(a) gives:

sy 109(A) =c+:2(I - e,,M ) *log(n)

Findly, recal that in BGP the flow of new knowledge is just proportiona to the stock of exiting
knowledge, so that we get :

(6) IOQ(B =C+ 1-(1“ (I ) esz)-l log(n)

where the vector of congtants ¢’ is equd to ¢ + log(ga), which represents the relative patenting of
one region with respect to the average.

A.3: Value of a patent

In order to determine the value of a patent, which will provide the input to caculate the reward to
R&D workers, we consider the present discounted stream of profits, which are generated by the invention.
Using (4) as the expression of profits for atypica producer in region i a timet, collecting al the congtant
and usng the fact that dl variables grow a congtant exponentid rate in BGP we obtain the following

generd expresson as value of the patent in region i:

¥ hence the BGP exists for such asystem and islocally stable.



¥
b

Vi= Qe p(s)ds =

(173) a(1-g9)
=C,w(t) a A (t)*+®)t-o-1ge-a)

The return from innovation (value of a patent) is the present discounted value of a firm's profits
using the market rater. A larger relative number of firmsin the locd market (A|) squeezes the profits of a
firm and therefore the value of a patent, while alarger local demand (S)) will increase the profits of a firm
and therefore the value of a patent. Using (17a) in BGP, the equilibrium condition on the labor market is:

a(l-g)

(18a) W(t) = ggg—_Agcvw(t)T A (t) (-ga)(1-g)-1 Sg(l-ga)

Solving (18a) for n, substituting a A=A, taking logs and compacting al constant terms into one

condant, we can re-write this equilibrium condition in vector form obtaining equation (7) in the text.

A.4:Equilibrium growth ratesin BGP

We can easily characterize the growth rate in BGP of the modd. We aready know the growth rate
of A; the stock of knowledge (and of intermediate patented goods) in each region. Taking growth rates of
(3), (7a) and (84) wand solving we are able to find the growth rates of wage and manufacturing output as a
function of the growth rate of A:

__1
gy 1_ ggA
o =@ Di- @- 9- &),
1-g

Also it is easy to derive that the growth rate of the service output is:

A

Ox = (1' g)gy =0a






Appendix B: the case of permanent effect of R& D on growth

Using the same dtructure of the innovation function as in (2), but specifying it differently we may
find a modd in which the common growth rate of regiond innovation and productivity, depends on the
investment in R&D of the regions, but Hill there is convergence towards a BGP. In particular in this case
the spillovers of knowledge across regions are interpreted as catch-up of one region technology versus

those of the regions it hasinteraction with. In particular we can specify the change in knowledge as.

(1b) At —| (n,t)fgﬂ" f'>0

The variables are defined as before, but now the rate of growth of knowledge depends on R&D
employment and on a function f, of technologica “catch-up” relative to the regions whose knowledge spills
into region i. Assuming zero growth of the skilled labor force, and defining with e the dadficity of function
f, the dynamics of knowledge are given by:

(2b) g =9A[efg;\-eng] fori=1,2...N

It is easy to see that it exists a BGP, where dl sectors technology grows at a constant and equa

rate. The common rate of growth can be written as.

@) g,=| mat

%) _ ( _2
where n = On}/N and a Oa1 }/ =at
=

Expresson (3b) says that the average rate of growth will depend on the average resources
employed in R&D in the different regions and adso on the digribution of spillovers. Note thet if the

spillovers are perfectly symmetric Ui = %\l or dl the regions are the same then the common growth rate will



smply become | (n) . If we log-linearize the expression (2b) around the BGP we have that the system can

bewrittenin vector form as.

(4b) 9, =€, (M- 1)(g,- 9,)

which is very dmilar to (124). The characterigtic roots of the matrix (M-l), which are the
differences of the characterigtic roots of the two matrices, are therefore negative and the differentid system
of equations (4b) is stable.
In BGP will therefore hold the following condition:

N

(5b) loy(g,)=log(l)+e loyn) +e, loxa)- e Jt, ;loya)
j=1

which, in matrix notation and solved for log(a) gives:

@ log@=c+(1- M) log(n)

Fndly,in BGP:

(7b) |09(§):Q'+§—'f(| - M) " log(n)

Thislast expressonisrather smilar to (6), except that we have imposed that the coefficient of | and
of M are the same, as the rdevant term for the spillovers is smply the ratio of outsde and insde

knowledge. We consider this as a specid case of our more generd specification, which we estimate.
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Figure 1**

Population density (quintilesin decreasing order)




Figure 2
Intensity of R& D (spending in real terms) Quintiles




