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1. Introduction

Endogenous growth theory highlights that knowledge and technology formation, along with the way in
which they are modelled, have important repercussions for productivity and growth (Solow 1957; Romer
1990; Aghion and Howitt 1992; Grossman and Helpman 1994; Jones 2009). The vast literature on the
determinants of innovative activity, motivated by Hicks (1932), Schumpeter (1942) and Schmookler (1966)
and recently reviewed by Cohen (2010), focuses on the role of firm size (Cohen and Klepper 1996), market
structure and industry dynamics (Geroski 1991), market concentration (Arrow 1962), technological
opportunity (Jaffe 1986) and national innovative capacity (Furman et al.2002).

A core contributor to the knowledge production function is specialized labour force, namely high-skilled
workers engaged in research or academia (Caballaro and Jaffe 1993 and Kerr and Kerr 2011). Labour force
characteristics which impact the level of innovation in a given country are not limited to the level of
education and the number of workers engaged in research, but include measures of cultural and ethnic
diversity of the workforce (Kerr 2008, Stuen et al., 2012).

This paper marries the literature on innovation and knowledge production function with the literature on
diversity, migration and productivity. The issue of foreign skilled labour and its contribution to innovation is
relatively understudied in Europe, but it is relevant because EU countries, once “source” of migration, are
increasingly seen as migration destinations for skilled and unskilled foreign workers.* In 2007 third-country
high-skilled workers represent 1.7 percent of the total European workforce (EC 2007). Indeed, attention has
been increasingly drawn to the role of high skilled immigration and cultural diversity as a driver of

technology development, innovation and economic performance (EMN 2006; EC, 2007; EC, 2008).

This debate traces back to the Lisbon European Council in March 2000 which set the objective for
Europe to become the most competitive and dynamic knowledge-based economy. In October 2007, the
European Commission adopted two proposals in line with this objective: The first established a Framework
Directive on the admission of highly educated migrants to the EU and the second aimed at simplifying
migration procedures. In May 2009, the European Council adopted the EU Blue Card directive and the single
permit directive was adopted in December 2011. In early 2012, Germany and Italy, among the last countries
who had not yet ratified the European directive, also approved the Blue Card scheme. A major concern will
now become the assessment of the overall effects of the Blue Card Scheme and its effectiveness in attracting
high skilled labour into the EU borders (Euobserver 2009, EC 2009, EC 2011).

Notwithstanding the lively political debate, empirical evidence on the contribution of skilled foreigners

to knowledge creation in European countries is scarce.” The main contribution of the present paper is to fill

! In 2008, third countries migrants to the EU represent around 3.8 percent of the total population according to EU

Commission. Between 1.5 and 2 million migrants per year have entered the EU since 2002. As of January 2006, 18.5

million third-country nationals were resident in EU member countries (EC 2008).

2 Within the European context, papers have mostly concentrated on labour market impact of migrants (D'Amuri et al.,

2010), their role in fostering trade relations (Iranzo and Peri 2009), the emigration of high-skilled natives (Saint-Paul
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in this gap by providing novel evidence on the effect of skilled foreigners on innovation and knowledge
production in a panel of 20 European countries. Most of the literature in this respect focuses on the USA
(Stephan and Levin, 2001; Chellaraj at al. 2008; Kerr 2008, Hunt and Gauthier-Loiselle, 2010; Kerr and
Lincoln, 2010; Stuen et al 2012; Peri, 2012). Only few analyses are focused on selected European countries.
Niebhur (2010) and Ozgen et al. (2011) test the hypothesis that the ethnic diversity of skilled labour has a
positive effect on innovation (as measured by patents) in German regions and selected Western European
regions, respectively.®

The second novelty of our analysis is the use of two different proxies of innovative performance. We use
patent data to explore the contribution of skilled workforce diversity to the production of products or
processes that can be generally diffused in the market and are superior to the previously available
alternatives. In line with the embedded technological change hypothesis, the number of blueprints (patents)
available in a given market has a direct impact the “quality” of products and/or the efficiency of production
processes. Conversely, we use proxies of academic endeavours, namely publication statistics, to look at the
impact of diversity on more intangible knowledge. The latter represents more closely basic scientific
research performance, which possibly has a less direct application to the market but nonetheless is

fundamental to ensure the fostering of science and technological change.

Third, we use two different indexes to measure cultural diversity of the skilled labour force. First, we
propose a novel indicator which uses information on the skill level of foreigners based on their actual
occupation. We then check our results by following the general literature, which commonly measures skills

by looking at foreigners’ level of education.

One of the main concerns when estimating the effect of diversity on innovation indicators is the
endogeneity of migration flows. To address this issue appropriately, we draw heavily from contributions on
the static effect of migration. These studies are concerned with the effect of migrants on native employment
and wages (Alesina and La Ferrara 2005; Ottaviano and Peri 2012) as well as on the issue of skill-

complementarity and task specialization (Peri and Sparber 2009).

The paper is organized as follows: Section 1 reviews the relevant literature and highlights the
contribution of the present work. Section 2 presents a model of knowledge production function which
highlights the role of diversity. Section 3 presents the empirical specification and the data we select. Section

4 and 5 present the empirical results and sensitivity analysis, respectively. Section 6 concludes.

2004), preferential destinations (Constant and D'Agosto 2008) and on the potentials of re-migration (Mayr and Peri,
2009).
® The analysis of Ozgen et al. (2011) is based NUTS2 regions in 12 EU countries: Austria, Belgium, Denmark, France,
Western Germany, Ireland, Italy, Netherlands, Portugal, Spain, Sweden and the UK.
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2. Literature Review

The literature addressing the role of technological process and innovation in the growth process is vast.
Cardinal to the models of R&D-based endogenous growth is the knowledge production function, which is
typically a function of labour force in the research sector and of the available stock of knowledge (Romer
1990; Aghion and Howitt 1992; Grossman and Helpman 1994). This knowledge stock records the history of
discoveries and ideas and allows researchers to stand “on the shoulder of the giants” (Caballero and Jaffe
1993). Many are the contributions pointing out that both the way in which the production of knowledge is
specified and its functional form have important implications for theoretical predictions. Also, theoretical
models should be tested with available empirical data (Jones 2009; Abdih and Joutz 2006).

There is a vast empirical literature on the determinants of innovation. Both micro and macro analysis
focus on issues of inter-temporal, inter-sectoral and international spillovers (Jaffe 1986; Coe and Helpman
1995; Malerba 1992; Mancusi 2008; Branstetter 2001) and explore the role of policy, property rights and

market structure in fostering further innovation (Cohen and Klepper, 1996; Geroski 1991).

A second strand of empirical research focuses on the characteristics of the research labour force as input
to the innovation production function. In this respect, the composition of the research team is a key element.
In the evolution of scientific activity, the leading role of any research endeavour is increasingly played by the
research team rather than the individual researcher. The paradigm of solo geniuses has slowly been replaced
by that of large networks, bridging diverse knowledge, linking different problems and perspectives (see for
example Hargadon 2003 and Barabasi 2005). Diversity in the research team is seen as beneficial partly
because it is believed that problems and technical bottlenecks are characterized by an increasing level of
complexity. The ability to tackle such problems and overcome them thus exceeds the capacity of a single
brain (Jones, 2009).

At the micro level, innovation capacity and the characteristics of the "dream team™ have hence become
the objective of recent research efforts (Carayol and Mat 2004, Younglove-Webb et al.1999, Stephan and
Levin 2001, Katz and Martin 1997). Diversity might refer to differences in background knowledge, age,
gender, but also to differences in the nationality and culture of team components. Empirical studies on the

impact of a multi-cultural research team are however still relatively scarce.

For the US it has been shown that foreign-born and foreign-educated scientists make more exceptional
contributions to scientific output than would be expected from their proportion of the scientific workforce
(Stephan & Levin, 2001). An investigation into the Rockefeller Institute’s scientific success stresses the
positive contribution of foreign permanent staff as well as visiting scientists (Hollingsworth &
Hollingsworth, 2000). Guimera et al. 2005 show that teams that are less diverse (i.e. composed of people
who are used to working together) typically have lower performances. Stahl et al. (2009) find conflicting
results when analyzing how cultural diversity in a team affects business performance. Indeed, cultural

diversity operates in two, opposing directions. On the one hand, people tend to cooperate and fit in better
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among similar, while "different" individuals are isolated. In this sense "hyper-diversity" might reduce
communication. On the other hand, many argue that “A diverse team [...] covers a broader territory of
information, taps into a broader range of networks and perspectives, and can have enhanced problem-

solving, creativity, innovation, and adaptability” (Stahl et al. 2009).

Building on these micro-founded concepts, the macro literature looks at immigration and cultural
diversity as a preferential channel for knowledge and productivity spillovers. These contributions are also
mainly focused on the USA and look at the dynamic effect of migration and at the effect of (high skilled)
foreigners and cultural diversity on the innovative capacity of the recipient country. Results generally
suggest that foreign skilled workers and higher diversity in research personnel are associated with higher
levels of innovative activity and patenting. Stephan and Levin (2001), Peri (2007), Chellaraj et al. (2008),
Peri (2012) and Stuen et al. (2012) look at the positive contribution of foreign born students and workers to
science and engineering achievements proxied by either (citation-weighted) publication or patenting. Hunt
and Gauthier-Loiselle (2010) show that overrepresentation of immigrant students in science and technology
disciplines leads to double a patenting rate with respect to natives. Kerr and Lincoln (2010) find that larger
immigration waves increase overall patenting activity with no crowding out effect on natives. The role of
ethnic scientific communities in promoting technological transfer is investigated in Kerr (2008), while Kerr
(2010) argues that the positive impact of immigration can be explained by higher mobility of foreign skilled
labour force which can more easily relocate and cluster around the loci of a breakthrough. All this literature
focuses on the USA, where immigrants represent a significant share of highly educated workers.* On the
contrary, the contribution of cultural diversity on EU innovation is under-researched.

3. Methodology

We propose a simple model describing the innovation production function, in line with the R&D-based
models presented in Romer (1990) and Grossman and Helpman (1991). In this set up, the stock of
knowledge for country, A , represents the accumulation of all ideas and blueprints available at period t in
that country. The creation of new ideas, A , depends on the number of people employed in the research sector

L¢, and the average productivity per researcher, & .
A=61L, (@)

We assume that average productivity per researcher is a function of three key factors. The first is the capital
of knowledge, cumulated in a country and which allows current researchers to "stand on the shoulders of
giants" (Stern et al. 2000). The second factor is the number of researchers, L,, to capture the potential

decreasing of returns as the number of researcher in a country decrease, the so called "stepping on toes"

* In the USA, 3.2 percent of the labour force is high skilled foreign workers (EC 2007). According 2000 Census data,
for example, 24 percent and 47 percent of the US science and engineering (SE) workforce with bachelors and doctorate
educations are immigrants. The corresponding statistics for the general working population in the USA is 12 percent.
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effect. The third factor, which is the core interest of this paper, is an indicator of cultural diversity of the

skilled labour forces employed in the research sector, Dy, . Hence § can be defined as :

§ = 8(A)* (D,)P (L)"™" )
and equation (1) becomes:

A= 8(A)* (DL)F (Ly)? @)

Equation (3) is the basis of our estimation in this paper. Our interest lies in the estimation of B, which
informs on the impact of diversity on knowledge production, by controlling for other confounding factors.

Finding a good proxy for A has been the matter of much debate in the literature. A commonly used
statistics is patent applications. Patents are legal titles protecting a product or a process, which are granted to
the patent assignee by a given patenting authority.” Different application “routes” result in different patent
rights. Specifically, a patent applicant can chose to apply for a patents at a specific national office,
effectively gaining patent rights in one single “market”, or to apply for patent rights at a “regional” office or
though the Patent Cooperation Treaty, thus eventually obtaining patent rights in more than one country.® The
use of patent statistics as indicators of innovative activity has been validated by a number of micro and
macro studies. ' Patents are linked with the output of the R&D process, and inform on the number of

technological blueprints available in any given market.?

> To be eligible for a patent, an invention (device, process, etc.) needs to be new, susceptible of industrial application
and to involve a non-obvious inventive step. To obtain a patent, an inventor has to file an application to a patenting
authority. The patenting office will check whether the application fulfils the relevant legal criteria and will grant or
reject the patent accordingly. The patent ensures the owner the right to assign, or transfer by succession, the patent and
to conclude licensing contracts.
® These “routes” are generally referred to as the national route, the regional route or the international route. In the
national route, the inventor files an application with a national patent office (generally, but not always, the national
office of the applicant's country). Alternatively, applicants can use the PCT (Patent Cooperation Treaty) procedure,
which has been in force since 1978 and is administered by the World Intellectual Property Organization (WIPQO). The
PCT allows applicants to apply for patent rights in more than one jurisdiction. This is a very popular route among
inventors targeting worldwide markets. One last option for applicants is to submit a patent application to a regional
office, such as the European Patent Office (EPO), established in 1977, which searches and examines patent applications
on behalf of 38 member countries. The EPO grants “European patents”, which are valid in all the member states where
the holder has validated her rights.
" The use of patents as an imperfect indicator of inventive activity is validated in a number of studies (Pakes and
Griliches 1984; Griliches, Pakes, and Hall 1987; Pavitt and Soete 1980; Sokoloff and Khan 1990). In this extensive
literature patent data has been used to study the dynamics of both innovation and inter-sectoral and international
knowledge flow and spillovers at the firm, sector and country level (Jaffe 1986, Jaffe and Trajtenberg 1996, Peri 2005,
Globerman, Kokko, and Sjéholm 2000 among others).
8 Patents are an imperfect indicator of innovative activity. Griliches (1990) summarizes the limitations in using patents
as a proxy for innovation: (1) not all innovations are patented, thus patent data is only a partial indicator of innovative
activity, (2) not all patented innovation have the same level of quality, meaning that simple patent counts do not account
for this difference, (3) related to point (1) above, propensity to patent changes across countries, sectors and time, so that
researchers need to be careful when comparing data for different countries and sectors and (4) the number of patent
granted is inextricably linked with budget constraints of the patenting offices. In addition, patent data can shed light
only on the dynamics of embodied technological change, namely those innovations that are embedded in new
machinery. Conversely, patents do not provide any insight on disembodied technological change, such as the “learning-
by-doing” which also increases productivity. Such issues are clearly left out of a study based on patent data.
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In this paper, we count number of patents filed under the PCT by applicants of each country at time t.
Using PCT application to proxy for innovative activity is a possible way to provide a “quality threshold” and
to weed out from our sample patents of “lower” quality or used for strategic patenting. Most patent statistics
available to researches inform on the number of applications at each national or regional patent office.’ We
cannot however verify how many of these applications are subsequently granted by the patenting authority.
PCT patent applications are generally sought in more than one country. For this reason, they are more costly
than national applications, and thus of higher value. Strategic patenting through this route is likely lower than
for the national routes and PCT patent applications are, in principle, more likely to be successful. Finally, we
present results for patents statistics counted priority date. This ensures that the patent application is counted
in the year closer to the actual invention of the technology (OECD 2009).

Patents statistics present some clear limitations (Griliches, 1990)."° The most important in our case is that
patent statistics do not capture the inventions which are not patented or patentable, or more in general might
not be the best indicator of general knowledge in society. We thus provide an alternative measure of
knowledge production in a given country by counting the number article citations received yearly by
researchers in each country. The number of citation is an obvious measure of scientific output and captures

for the most part higher quality intellectual production.

Our data on patents is obtained via the OECD Patent Statistics Database (OECD, 2011), while data on
citations comes from the SClmago Journal & Country Rank (SClmago, 2011). The use of two proxies allows
not only allow to check the robustness of our finding, but also to disentangle differences, if any, in the effect
of our variable of interest (diversity) on innovations of inherently different nature. Whereas patents are
indicative of innovations with some practical application (at least on average), publications are much more
related to basic research and knowledge. The correlation between PCT Patent application and citations is
reasonably high, namely 0.74. This indicates that countries that are highly productive in the production of
patentable knowledge do well also in terms of general knowledge (Figure 1).

Our explanatory variable of interest is cultural diversity in the high skilled portion of the labour force,
D,,. The empirical literature proxies cultural diversity with ethnic diversity and computes the share of
foreigners in the total population. Given that we study the process of innovation, we consider only skilled
foreigners and therefore we compute D, , as the number of foreigners employed in top skill occupations
over total employed in top skill occupations.t To identify top-skill occupations we use Standard
Classification of Occupations (ISCO-88) by the International labour Office (ILO, 1990). This standard

classification takes into consideration the kind of work performed as well as the skill embodied in the work

° The NBER Patent Database on USPTO Patents is an exception in this respect, but it is not the best source of data for
our study, since it provides information patents granted in the USA market, which would not be the core focus of
innovation for European applicants.
1% See Footnote 8
1 Other more sophisticated measures of diversity used in the literature include the Herfindhal index. The availability of
data for this study prevents us from constructing such an index.
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(Elias and McKnight, 2001). According to 1ISCO-88, occupations can be grouped together according to the
similarity of the skills involved in the fulfilment of the tasks and duties of the jobs. In particular, “skill is
defined as the ability to carry out the tasks and duties of a job in a competent manner” (ILO, 1990). Within
ISCO-88, four skill levels are defined. Broadly, the different levels mirror the length of time a person
requires to become fully competent in the performance of the tasks associated with her job. For a description
of the complete classification into the four skill groups, see Table 1.

In this paper, only foreigners occupied in the third and fourth skill groups are considered. The third skill
level applies to occupations that require post-compulsory education. Technical occupations belong to this
category. The fourth skill level requires a degree or equivalent period of relevant work experience and
typically relates to professional occupations and managerial positions in corporate enterprises or
national/local government such as legislators, senior officials and managers. In the EU27, the third and

fourth skill group accounts for 16.5 and 22.2 per cent of total employed, respectively (Table 2).

The composition mix of the foreign labour force by skill group varies among the different European
countries (Figure 2). In the UK, Ireland, Hungary, Romania and Poland, the share of skilled foreigners in
skilled labour is greater than the overall share. Except for Finland, the Slovak Republic and the Czech
Republic, where the two shares are almost similar, all the other European countries display a skilled share
lower than the overall share, with some examples where the two shares are remarkably different (Austria,

Germany and Greece).

The skill dimension embodied in our measure of diversity is not standard. Conventionally, the empirical
literature considers the educational attainment of the foreign labour force independently from occupation
considerations (among others, Borjas, 2003; Card and Shleifer, 2009; Ottaviano and Peri, 2012). Here, on the
contrary, we focus on the occupation that the foreigners actually perform. This captures the actual
contribution of the foreign labour force to the creation of new knowledge. This distinction should matter
more for foreigners than for natives, as in the literature it is found that skill mismatch is more likely among

migrants (Green et al., 2007).

In addition, the skill classification described above takes into consideration the content of the educational
capital embodied in different occupations. The formal education required to fulfil tasks and duties associated
with a given occupation is one of the dimensions considered for the ISCO-88 aggregation (ILO, 1990). As a
robustness check, however, we also show results employing cultural diversity within the skilled population,

where skills are defined on the basis of educational attainments.

The data to compute the share of foreigners in the third and fourth skill levels is taken from the EU
Labour Force Survey (EU-LFS), which provides information on nationality of the respondents as well as

details of the occupation performed, classified according to ISCO-88."? The EU-LFS has the great advantage

'2 For most of the countries, the EU-LFS provides information on both the nationality and the country of birth of non-
nationals. We decided to classify foreigners by nationality only as this was the most comprehensive information. The
8



to produce highly comparable data for the EU member states, as a common coding of questions, definitions
and classifications of the variables is used. A caveat of this dataset is that it does not cover illegal migration.
This limitation however should not be problematic in this context. The component of diversity that affects
innovation is provided by highly skilled foreigners, who are most likely employed legally in high skilled
occupations. Highly qualified foreigners entering illegally European countries eventually find low-skilled
jobs and do not influence the innovation potential of a country. A second limitation of the data is that at the
beginning of the sample years foreigners were classified only as national or non-nationals, and the exact area
of origin is not specified. Only for few recent years this detailed information is available. Therefore it is
impossible to compute more sophisticated index, such as the Herfindhal Index, to measure ethnic diversity.

Equation 2 also requires a proxy for the labour force working in the knowledge sector, L,. An excellent
candidate is the number of employees in technology and knowledge intensive sectors, which we obtain from
the EUROSTAT database (EUROSTAT 2011).

299

To proxy for the “standing of the shoulder of the giants’” effect we follow the rich literature on the
supply determinants of innovation and construct variables proxying for the knowledge stock of each country.
We use data on yearly intramural R&D expenditure in any given country obtained from EUROSTAT
database. We build a stock variable using the perpetual inventory method as the discounted sum of

innovation at time t and the stock of the previous period t-1 following the formula:
At = R&Dt + (1 - 6)At_1 (4)

The initial value of the stock is calculated as follows:

where 6=0.1 is the depreciation rate set chosen in line with the literature (Keller 2002) and g is the
average rate of growth of patenting for the period between t, and t, = 3, where t, is the first year of data
availability (Bottazzi and Peri 2003).

4. Discussion of Results

The model presented in section 3 is estimated on a panel of 20 European countries from 1995 to 2008. **
Both the sample of countries and the time spell are constrained by the availability of data from the EU-LFS.
The data forms an unbalanced panel, as for some countries the information are only available on a shorter

time interval.

sample from Germany, for example, does not provide details on country of birth and some Eastern European countries,
such as the Slovak Republic, the Czech Republic and Bulgaria, add information on country of birth only for a very
limited number of years.
BThe sample includes: Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, lIreland, Italy, Netherlands, Norway, Poland, Portugal, Slovak Republic, Spain, Sweden and the United
Kingdom.
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Taking the natural logarithm of equation (2), the basic specification, for each country i becomes:
In(AY) = By + BrIn A™ + B, In DI+ BsIn L + py + py+ g5 (5)

The dependent variable A is, alternatively, the number of patent applications filed under the PCT

recorded by priority date, and the number of citations; D, , the cultural diversity variable, computed as the

number of foreigners employed in top skill occupations over total employed in top skill occupations; L, is
the stock of skilled labour, measured by the number of employees in high-technology sectors; A is the
knowledge stock described in equation (3), which are measured as end-of-period; u,is a set of year

dummies; y; represents a set of country fixed effects and finally ¢; is an idiosyncratic error term. 1

We use lagged values of the independent variables to account for the fact that there is a time lag between
the process of innovation and knowledge production and the application of a patent or the citation of a given
article. One year time lag is used in the main analysis. This approach is in line with the literature. In the
sensitivity analyses in Section 5 we also present results using higher lags to account for the length of the

innovation process.

The specification described above assumes zero correlation between the error term and the exogenous
variables. This assumption for the diversity variable is likely to be violated in this context. Some
unobservables governing the location of foreigners in the different European countries might be correlated
with the unobservables governing the evolution of patents or published documents. If migrants elastically
respond to economic opportunities in destination countries, a non-zero correlation exists between the
economic outcomes and the share of immigrants, biasing up-ward the estimated coefficient of the share of
migrants. A second source of bias can derive from measurement errors in the share of foreigners, which, on
the contrary, should produce a down-ward bias. For example, as pointed by Aydemir and Borjas (2011), the
sampling error in the measures of immigrant supply shift is responsible for a substantial reduction in the
estimated impact of migration on wages. This attenuation bias should therefore play a role in this context,

counteracting the effect of the endogeneity bias. Which of the two prevails is only an empirical fact.

To address both biases, an instrumental variable approach is used. Antonji and Card (1991) suggest an
instrument that has been largely used in the subsequent empirical literature for migration shares (Card, 2001;
Card and DiNardo 2000; Peri and Sparber 2009, Ottaviano, Peri and Wright 2010; D’ Amuri and Peri 2011;
Ottaviano and Peri, 2012). The instrument is an imputed share of migrants, which nets out the component of
migration flows that are attributed to economic opportunities. For this reason, we use past migration stocks,
available with education breakdown in a bilateral form, to compute the instrument (Docquier et al., 2009).

We select the 1991 stock of highly educated migrants and predicted the subsequent stock of skilled migrants

! The OECD provides patent statistics which are calculated applying fractional counting. The use of count data models,
which is common in the literature, is therefore not applied since our dependent variable is not a positive integer.
Focusing on 20 (developed) European countries we also never observe 0 patents during our sample. Taking logs on both
sides of equation (2) does not result in a loss of observations.
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using yearly immigration flows by country of origin from Ortega and Peri (2011). In agreement with
D’Amuri and Peri (2011) we assume 40 percent re-emigration rate to net the total gross inflows available.
Aggregating the data across area of origin, we calculate the shares as the ratio of the imputed stock of
migrants and the total population, as it was in 1991. This methodology has the advantage that only the initial
migration mix by origin and the variation in flows across origin groups in the different European countries
determine the imputed shares. Given the importance of ethnic networks, migrants tend to locate where
communities of similar origin are settled. The underlying exclusion restriction for this instrument is that the

1991 settlement of migrants by origin is not correlated to the economic situation after 1996.

The primary sources of the 1991 migration stocks are Censuses and Registers. These sources provide
highly reliable information on the structure of immigration in all OECD countries. These data should be less
affected by sampling errors than survey data and for this reason they adequately address the measurement

error bias.

We now turn to the discussion of the results. Table 3 reports the estimates of the OLS and 2SLS
regressions, for the two measures of innovation. The diversity variable, proxied by the share of skilled
migrants, exerts a clear effect on both measures of innovation. The coefficient of diversity is positive and
statistically different from zero in all specifications. A one percent increase in the share of skilled migrants
increases the number of patents by 0.1 percent in OLS and 0.3 percent in 2SLS, on average and ceteribus

paribus. Comparable elasticities are found in the citation specification.

The elasticities in the 2SLS increase considerably compared to the OLS estimates. As mentioned we
perform our analysis using a 2SLS procedure to correct for two possibly confounding effects: the presence of
on unobservable affecting both the dependant variable and our cultural diversity measure and the potential
noise affecting our diversity variable. The former effect would see a decrease in the estimated elasticity once
the signal is cleaned through the instrumental variable approach. The increase in the elasticity value tells us

that the second effect is indeed prevailing.

Regarding the coefficients of the standard controls for innovation, they are all in line with expectations.
The variable measuring the stock of knowledge in a given country (stock of R&D expenditure) exerts a
positive and statistically significant effect on innovation. A 1 percent increase in the stock of R&D
expenditures is associated with a 0.6 percent and a 0.4 percent increase in patent application and citations,
respectively. The elasticity is larger in the patent compared to the citation specification. The positive
coefficients drive in favour of the “standing on shoulders” assumption, as far as the accumulation of past
knowledge increases the creation of new knowledge. Finally, as expected, a larger pool of skilled labour
increases the productivity of knowledge. Sometimes the coefficient is not statistically significant, although it
is always significantly greater than zero in the 2SLS specifications. As before, we find a larger elasticity if

innovation is measured by patentable knowledge rather than by citations.
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The first stage estimates for the excluded instrument are reported in Table Al. In line with the existing
empirical literature, the imputed shares of highly educated migrants exert a positive and well defined effect
on the actual share of skilled migrants. The F-test is 22, indicating that the instrument is fairly powerful. The
statistic is greater than the value suggested by Staiger and Stock (1997) as a rule of thumb to assess the

relevance of the instruments.

In line with what is found for the US (Stephan and Levin, 2001; Chellaraj at al. 2008; Kerr 2008, Hunt
and Gauthier-Loiselle, 2010; Kerr and Lincoln, 2010; Stuen et al 2012; Peri, 2012) and the few studies
considering a sub set of European countries (Niebuhr 2010 and Ozgen and al 2011), we find that cultural
diversity plays a role not only through the direct channel of increasing skilled labour, but also by the an
indirect effect on skilled labour productivity. Foreigners positively affect natives' productivity, as new ideas

are likely to arise through the interaction of diverse cultures and diverse approaches in problem solving.
5. Robustness Checks
5.1 Externalities

In the theoretical model we assumed that the average productivity per researcher depends on the existing
knowledge capital, on the skilled-labour force and on cultural diversity. As knowledge is a non-rival good
and part of the knowledge created in one country may be instrumental and benefit other countries, another
important factor affecting innovation levels are knowledge spillovers.

The role of spillovers has been documented by a large literature, which has focused on the ability to
absorb and make use of foreign knowledge. Emphasis has been put on the effect of own R&D expenditure as
a facilitator of external knowledge absorption and on the role of leaders and laggards (Cohen and Levinthal,
1990, Griffith et al.2004); on trade and patent citations as a preferential channel of knowledge flows (Coe
and Helpman 1995, Peri 2005) and on the role of migrants (Kerr 2008).

We follow Kerr (2008) and assume that a preferential channel of external spillovers is created by
expatriated researchers and skilled labour. Moving to other countries they keep a relationship with their
country of origins and work as facilitators in the flowing of knowledge and ideas. For each country i, we
compute a foreign stock variable as the sum of foreign R&D expenditure stocks weighted by the share of
emigrants from country i to country j over the total expatriates from country i in 1991. To compute the
weights, we use a migration dataset available in a bilateral form and disaggregated by educational attainment
(Docquier et al. 2009).

Contrary to predictions, external knowledge seems to have a null effect on domestic innovation. Table 4
reports a non significant coefficient of the externality variable in all specifications. The coefficients of the
other covariates are robust to the inclusion of the knowledge spillovers. In particular, the coefficient of the

diversity variable remains positive and statistically significant.

5.2 Occupation and education mismatch
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As discussed above, we employ in this analysis an unconventional measure of skill for the diversity variable.
We Dbelieve that a measure of skill based on occupation rather than education may better capture the effective
contribution of foreigners to the creation of knowledge. The distinction between occupation and education
skills is relevant particularly for foreigners, as high education attainments do not guarantee that migrants are
employed in high skill occupations. Therefore, as a robustness check, we compute the share of skilled
migrants according to their educational attainment. In ELFS the information of the highest level of education
completed is available, codified using the International Standard Classification of Education (ISCED). We
define highly educated migrants those with tertiary education and compute the share with respect to the
highly educated population.™

The correlation between the share of skilled migrants and the share of highly educated migrants is very
high, reaching 0.90. This is a first inspection on how effectively qualified foreigners are employed in the
labour market, according to the ELFS. It should be noted that a large portion of mismatching is not really
captured in this dataset on regular immigration, as overeducation will disproportionally affect irregular
immigrants. The high correlation of the variables indicates that countries that display a large share of skilled
foreigners display a high share of qualified foreigners, and vice versa. In Figure 3, we plot the share of
highly educated foreigners against the share of highly skilled foreigners, computed as a mean over the
period. In relative terms, Finland, United Kingdom, Belgium and the Slovak Republic are the most virtuous
countries. To a certain share of highly educated migrants corresponds a similar share of highly skilled
migrants. On the contrary, a gap between the education and the occupation share exists in countries such as
Greece, Italy, Iceland, the Czech Republic, Portugal and Ireland. These countries display a disproportional
larger share of highly educated migrants compared to highly skilled migrants, suggesting a relatively
inefficient allocation of qualified migrants in the labour market. However, these are almost tiny

discrepancies as an overall look indicates that all countries are dispersed along a 45 degree lines.

This issue is further inspected through a regression analysis. We replace our diversity measure with a
diversity share computed in terms of education. We believe that the comparison of the estimated coefficients
of the diversity variable in the base regression and in the additional regression provides two advantages.
First, it helps understanding if an eventual mismatch in the allocation of skills in the labour market has an
effect on the capacity to innovate. Second it indicates if the use of one measure in place of the other can

mislead the empirical findings.

Table 5 reports the results of the new specification. The coefficients of the education-based diversity
variable are positive and statistically significant in the patent specification. In the citation specification the
coefficient is statistically significant only in the 2SLS. The elasticities of diversity computed along the skill
dimension and the education dimension are quite similar in magnitude.’® This finding indicates, first that

regardless of where educated migrants are employed, they contribute to the creation of knowledge. The

1> Tertiary education corresponds to level 5 and above of the ISCED classification.
'® Only in one specification over four the difference in the coefficients is statistically significant at 10 percent.
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competence acquired through education generates positive externalities that spill above the occupations they
are employed in. Second it indicates that the mismatch in qualification and occupation among highly skilled
migrants is relatively small. The empirical relationship between diversity and innovation is robust to the

alternative way in which the diversity measure is computed.

The existence of a mismatch between workers’ education attainment and occupation employment has
been analysed both for North America and Europe (Hartog, 2000). Even if an imperfect allocation of
educational resources is a typical feature of the labour market for all workers, the problem affects immigrants
to a larger extent. Moreover, despite an imperfect mismatch is characterised by an over-education and an
under-education problem, migrants tends to disproportionately experience the former phenomenon. This is
partially due to the imperfect transferability of skills and the imperfect screening of the quality of a foreign
educational institution. This large body of research has produced different methodologies to identify the
existence of a mismatch. Different approaches are commonly applied. One is called the “normative”
approach, which measures the correspondence between education and qualification levels. A second is called
“statistical” method. It assumes that each occupation is characterised by a “usual” education level, computed
as the mean or the mode of the education of workers in each occupation. Over-qualification occurs if the
worker faces a surplus in education compared to the usual level. A third method considers the experts’
opinion regarding education requirements for each occupation and finally, the “self-declared” method

exploits own workers evaluation of the education-occupation match.

To incorporate the issue of education mismatch in the present analysis, we interact the core diversity
variable with a variable that measures the rate of migrants’ over qualification. We adopt a ranking of OECD
countries, which employs a normative-type approach (OECD, 2007). These over-qualification rates indicate
the proportion of foreigners who are over-qualified and are computed measuring the correspondence between
the level of education and job qualifications. Two rankings are available. The first is computed from survey
data and the second from Censuses and Population Registers. We define a country as an “effective
allocation” one if its over-qualification rate among migrants is below the sample median.*” Table 6 reports
the estimated results, where diversity computed according to the skill dimension is interacted with the
effective allocation dummy. The 2SLS regressions indicate that a sound allocation of resources ensures a
positive gain of diversity. In countries that display low over-qualification rates among migrants, diversity is
associated with higher patent applications and citations levels. The result holds irrespective to the rankings
adopted, whether based on censuses and population registers or survey data. On the contrary, countries that
have over-qualification rates above the sample median do not gain from high diversity. In the citation
specifications the same conclusion is provided by the OLS regressions, whereas for patents, the OLS

coefficients of neither the interaction nor the diversity alone are statistically significant.

7 Data for Iceland in both cases is not available. Moreover, we always use the Census ranking for Poland and the
Slovak Republic and the survey ranking for Belgium, Germany, Netherlands and Norway since it is the only data
available.
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5.3 Migration Policy

Different contributions document that both the size and the composition of the international migration flows
respond to national migration laws. Less restrictive policies are found to largely increase immigration
(Mayda and Patel, 2004; Ortega and Peri, 2009). Moreover, migration policies targeted to highly educated
migrants influence positively the skill selection of foreigners, by increasing the share of highly educated
migrants (Peri, 2010). In this paper we extend the analysis to identify whether migration policies pro-skill
influence innovation, through their effect on migration flows. Enlarging the pool of human capital available,

these policies may represent an indirect determinant of innovation.

For this purpose, we compute an index that captures the loosening of national migration policies. We
extended the database on immigration reforms in European countries, initially computed by Mayda and Patel
(2004) and subsequently updated by Ortega and Peri (2009). We enlarged the dataset both in terms of
country coverage and in terms of time spell. The database from Ortega and Peri refers to the period 1980-
2005 and include 14 OECD countries. The new database contains immigration information for 24 European
countries in the period 1995-2007. We focus uniquely on reforms regarding the entry of migrants and
exclude policies that modify the stay of migrants. We also exclude any reform targeted to asylum-seekers.

Moreover, given the focus of our paper, we restrict to reforms targeted to skilled workers.

After collecting these migration laws we codify an index following Ortega and Peri (2009). We assign a
value of 1 whenever the country reforms its migration law in the direction of easing access of skilled
migrants. We then cumulate the assigned values over time. The index thus obtained ranges from a minimum
value of 0 to a maximum value of 3. Figure 4 plots the migration policy variable, for the different countries
in the sample. Two features emerge. First, it is clear that there are countries that barely adopt reforms
favouring highly educated migrants. Only Austria, the Czech Republic, Finland, France, Germany and the
Slovak Republic show a clear and continue attempt to attract skilled migration. The majority of countries
implemented only one reform targeted to skilled foreigners in the entire period. Belgium, Denmark, Spain
and Sweden on the contrary never adopted any migration policy of this type. Second, the graph shows these
reforms were mainly implemented after 2000. An exception is Austria, which anticipates slightly the

adoption of laws supporting skilled immigration.

In the empirical analysis we interact the key diversity variable with the policy index. The objective is to
identify if diversity has a larger effect on innovation in countries that put in place selective migration policies
pro-skilled migrants. In Europe most schemes in favour of highly skilled migration are “employer-driven”, in
that a highly skilled foreigner is admitted only if she already received a job offer (Chaloff and Lemaitre,
2009; Bertoli et al., 2009). This implies a better match between skill demand and supply, also among

foreigners.

We adopt three different ways to split the countries according to their propensity to implement pro-

skilled migration policies, and thus we build three different interactions indicators. The first approach
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identifies three groups, namely nations that implement no pro-skill reforms, minimum number of reforms, or
several reforms. The second and third approaches define only two groups. In the second approach we
distinguish between countries that never implemented any pro-skill reform from those that implemented at
least one. In the third approach we distinguish between countries that put in place more than one pro-skilled

migration law from those that implemented zero or only one reform.

Tables 7 and 8 display the empirical findings for patents and citations, respectively. While the coefficient
of the interaction term in the patent specification is never statistically different from zero, an interesting
pattern emerges in the citation specifications. As shown in Table 8, countries that design pro-skilled
migration laws display a positive relation between diversity and the number of citations, irrespective to the
number of reforms implemented. A clear distinction emerges between countries that never put in place
reforms and those that adopted one or more. A positive and significant coefficient of the interaction term
results both in column (2) and in column (3), which apply the first and second approach. On the contrary, if
one applies the third approach and distinguishes between countries that implement many reforms from those

that apply one or none, no gain emerges from diversity.
5.4 Additional robustness checks

In the present specifications we assume a limited delay in the response of the dependent variable to changes
in the explanatory variables. As a robustness check, we assume a slower response of the dependent variable
and employ two years lag in the controls. Table 9 reports the estimated coefficients. The coefficients
associated with the diversity variable and the knowledge stock in the 2SLS model are robust to this

specification.*®

The knowledge stock is computed applying yearly intramural R&D expenditure. An alternative approach
uses the number of patents as the main input of the perpetual inventory formula, described in equation (3).
The results of this alternative specification are presented in Table 10. The coefficients of diversity and of the

knowledge stock do not display significant changes.

In order to make direct comparisons, we decided to use the same proxy for the pool of skilled labour
both in the patent and in the publication specification. As already discussed, we capture the size of the
qualified labour force by the number of employees in high-technology sectors. We are aware that this proxy
can be more relevant in the production of patents than in the production of academic publications. For this
reason we decided to replace the above variable with the stock of tertiary educated population in the
publication specification. Unfortunately, the coefficient of this new variable is not statistically significant
(Table 11). On the contrary, the coefficient of the diversity variable is robust to the use of the alternative

control.

18 We also experimented with larger time lags, as one could argue that indeed the process of innovation has an even
slower pace than one or two years. The results, available upon request, are robust to this specification.
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6. Conclusion

In this paper we employ a simple model where the innovation production function depends on the stock of
knowledge, on the number of people employed in the research sector and on cultural diversity. We provide
two proxies for the innovative capacity of country, namely the number of patents and the number of citations
to published articles. The first is a widely adopted measure and captures patentable, applied knowledge,
whereas the second is a better indicator of general knowledge in society. In the sample of 20 European

countries considered the two measures display a high correlation.

The empirical results indicate that the stock of existing knowledge has a positive effect on innovation.
This drives in favour of the “standing on shoulders” assumption, as far as the accumulation of past
knowledge increases the creation of new knowledge. Second a larger pool of innovators boosts the
production of knowledge, despite the coefficient turned not statistically significant in some specifications.
Third, a positive impact of cultural diversity on the innovative capacity of the recipient countries emerges.
This result reinforces the ideas that complementarities exist between natives and foreigners. Foreigners
might positively affect natives' productivity, as new ideas are likely to arise through the interaction of diverse

cultures and diverse approaches in problem solving.

An additional control is added in the estimation in order to capture the existence of knowledge
spillovers from one country to another. Contrary to predictions, external knowledge seems to have a null
effect on domestic innovation. This point certainly needs further investigation

In this analysis we employ an unconventional measure of skill for the diversity variable. Rather than
measuring education skills we capture occupation skills. As a robustness check, we test whether diversity is
robust to the way we measure skills. We find that the elasticities of diversity computed according to the two
alternative skill measures are highly comparable. This finding may indicate, first that regardless of where
educated migrants are employed, they contribute to the creation of knowledge. The competence acquired
through education generates positive externalities that spill above the occupations they are employed in.
Second it indicates that the mismatch in qualification and occupation among highly skilled migrants is

relatively small.

The analysis is robust to the use of a longer lag in response of the control variables, as well as to

alternative proxies for the stock of available knowledge and for the pool of qualified labour force.
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Figures and Tables

Figure 1: Patents and Citations, average 1995-2008
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Figure 3: Share of highly educated versus highly skilled foreigners
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Figure 4: European migration policies targeted to skilled labour: 1995-2007
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Table 1: Definitions of the four ISCO skill levels

Skill Level

ISCO Occupation

Description

First

Second

Third

Fourth

9. Elementary
occupations

4. Clerks;

5. Service
workers and shop
and market sales
workers;

6. Skilled
agricultural and
fishery workers;
7. Craft and
related trades
workers;

8. Plant and
machine operators
and assemblers

3. Technicians
and associate
professionals

1. Legislators,
senior officials
and managers;
2. Professionals

They require the performance of simple and routine physical or manual tasks.
Many occupations at Skill Level 1 may require physical strength and/or
endurance. For some jobs basic skills in literacy and numeracy may be required.
If required these skills would not be a major part of the job. For competent
performance in some occupations at Skill Level 1, completion of primary
education or the first stage of basic education (ISCED Level 1) may be required.
A short period of on-the-job training may be required for some jobs.

They involve the performance of tasks such as operating machinery and
electronic equipment; driving vehicles; maintenance and repair of electrical and
mechanical equipment; and manipulation, ordering and storage of information.
For almost all occupations at Skill Level 2 the ability to read information such as
safety instructions, to make written records of work completed, and to accurately
perform simple arithmetical calculations is essential. Many occupations at this
skill level require relatively advanced literacy and numeracy skills and good
interpersonal communication skills. In some occupations these skills are required
for a major part of the work. Many occupations at this skill level require a high
level of manual dexterity. The knowledge and skills required for competent
performance in all occupations at Skill Level 2 are generally obtained through
completion of the first stage of secondary education (ISCED Level 2). Some
occupations require the completion of the second stage of secondary education
(ISCED Level 3), which may include a significant component of specialised
vocational education and on-the-job training. Some occupations require
completion of vocation specific education undertaken after completion of
secondary education (ISCED Level 4). In some cases experience and on the job
training may substitute for the formal education.

They involve the performance of complex technical and practical tasks which
require an extensive body of factual, technical and procedural knowledge in a
specialised field. Occupations at this skill level generally require a high level of
literacy and numeracy and well developed interpersonal communication skills.
These skills may include the ability to understand complex written material,
prepare factual reports and communicate with people who are distressed. The
knowledge and skills required at Skill Level 3 are usually obtained as the result of
study at a higher educational institution following completion of secondary
education for a period of 1 — 3 years (ISCED Level 5b). In some cases extensive
relevant work experience and prolonged on the job training may substitute for the
formal education.

They involve the performance of tasks which require complex problem solving
and decision making based on an extensive body of theoretical and factual
knowledge in a specialised field. The tasks performed include analysis and
research to extend the body of human knowledge in a particular field, diagnosis
and treatment of disease, imparting knowledge to others, design of structures or
machinery and of processes for construction and production. Occupations at this
skill level generally require extended levels of literacy and numeracy, sometimes
at a very high level, and excellent interpersonal communication skills. These
skills generally include the ability to understand complex written material and
communicate complex ideas in media such as books, reports and oral
presentations. The knowledge and skills required at Skill Level 4 are usually
obtained as the result of study at a higher educational institution for a period of 3
— 6 years leading to the award of a first degree or higher qualification (ISCED
Level 5a or higher). In some cases experience and on the job training may
substitute for the formal education. In many cases appropriate formal
qualifications are an essential requirement for entry to the occupation.

Source: International Standard Classification of Occupations (ISCO-08) — Conceptual Framework-Annex1
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Table 2: Distribution of workers into skill groups-2008-EU 27-%

Skilll Skill2 Skill3 Skill4
Employed persons, 15-64 yearsold 9.8 51.4 16.5 22.2
Source: Eurostat, Statistics Database
Table 3: The effect of diversity on innovation —OLS and 2SLS
Patents Citations
OLS 2SLS OLS 2SLS
1) (2) 3) (4)
In(diversity) 0.131*= 0.333** 0.136**  0.312***
[0.0620] [0.152] [0.0507] [0.0961]
In(stock of total R&D) 0.602* 0.557**= 0.423*  0.384***
[0.299] [0.170] [0.223] [0.102]
In(skilled labour force) 0.454* 0.459** 0.211 0.216**
[0.246] [0.208] [0.183] [0.104]
Observations 213 213 213 213
Number of countries 20 20 20 20

Notes: In columns (1) and (2) the dependent variable is the natural logarithm of the patent applications filed under the
PCT recorded by priority date; in columns (3) and (4) is the natural logarithm of the number of citations. Country
dummies and year dummies are included in all specifications. * denotes significant at 10%; ** significant at 5%; ***
significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of

the 2SLS is the log of imputed shares.

Table 4: The effect of diversity on innovation- Externalities

Patents Citations
OLS 2SLS OLS 2SLS
1) (2) ®3) (4)
In(diversity) 0.131* 0.336** 0.134**  0.308***
[0.0632] [0.156] [0.0486] [0.0956]
In(stock of total R&D) 0.603* 0.562*** 0.413*  0.378***
[0.305] [0.175] [0.219] [0.101]
In(stock of external R&D) -0.0716 -0.306 0.559 0.359
[0.807] [0.851] [0.818] [0.595]
In(skilled labour force) 0.452 0.451** 0.227 0.226**
[0.262] [0.223] [0.179] [0.103]
Observations 213 213 213 213
Number of countries 20 20 20 20

Notes: In columns (1) and (2) the dependent variable is the natural logarithm of the patent applications filed under the
PCT recorded by priority date; in columns (3) and (4) is the natural logarithm of the number of citations. Country
dummies and year dummies are included in all specifications. * denotes significant at 10%; ** significant at 5%; ***
significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of

the 2SLS is the log of imputed shares.
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Table 5: Alternative skill measure- education attainment

Patents Citations
OLS 2SLS OLS 2SLS
1) (2) 3 4)
In(diversity_edu) 0.129* 0.452*** 0.0522  0.205*
[0.0708] [0.175] [0.0455] [0.114]
In(stock of total R&D) 0.492 0.388** 0.469 0.419***
[0.363] [0.185] [0.275] [0.128]
In(skilled labour force) 0.312 0.0808 0.203 0.0940
[0.319] [0.320] [0.217] [0.157]
Observations 207 207 207 207
Number of countries 20 20 20 20

Notes: In columns (1) and (2) the dependent variable is the natural logarithm of the patent applications filed under the
PCT recorded by priority date; in columns (3) and (4) is the natural logarithm of the number of citations. Country
dummies and year dummies are included in all specifications. * denotes significant at 10%; ** significant at 5%; ***
significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of
the 2SLS is the log of imputed shares.

Table 6: The effect of diversity on innovation, by effective allocation

Patents Citations
Census and
Survey Data Census and registers Survey Data registers
OLS 2SLS OLS 2SLS OLS 2SLS OLS 2SLS
€] 2 ©)) 4 ®) (6) ) )]
In(diversity) 0.0582 0.224 0.0601 0.195 0.0211 0.118 0.0241 0.0635
[0.0822][0.153] [0.0876] [0.164] [0.0614] [0.0957] |[0.0659] [0.105]
In(diversity)*effective allocation 0.277  0.442** |0.28 0.520*** (0.264*  0.314*** 0.263* 0.447***
[0.197] [0.195] [0.209] [0.199] [0.128] [0.109] |[0.131] [0.108]
In(stock of public R&D) 0.53  0.455** |0.532 0.459**  |0.483*  0.446*** (0.485* (.448***
[0.364] [0.198] [0.365] [0.198] [0.271] [0.116] |[0.271] 1[0.114]
In(skilled labour force) 0.518** 0.584*** |0.513**  0.611*** |0.373** (.390*** |0.368** 0.446***
[0.214] [0.215] [0.212] [0.210] [0.140] [0.0954] |[0.139] [0.0889]
Observations 200 200 200 200 200 200 200 200
Number of countries 19 19 19 19 19 19 19 19

Notes: In columns (1) to (2) the dependent variable is the natural logarithm of the patent applications filed under the
PCT recorded by priority date; in columns (5) to (8) is the natural logarithm of the number of citations. Country
dummies and year dummies are included in all specifications. * denotes significant at 10%; ** significant at 5%; ***
significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of
the 2SLS is the log of imputed shares. In columns (1), (2), (5) and (6) the effective allocation dummy is computed from
survey data; in columns (3), (5), (7) and (8) the effective allocation dummy is computed from censuses and population
registers. The effect of the effective allocation dummy alone is absorbed by the country fixed effects.
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Table 7: The effect of diversity on innovation, by skilled migration policies. Patents

OLS 2SLS OLS 2SLS OLS 2SLS
1) 2 (©) ) ®) (6)
In(diversity) 0.561* 0.767** 0.332 0.519** 0.337* 0.659**
[0.319] [0.343] [0.244] [0.226] [0.181] [0.260]
In(diversity)*skilled policy -0.149 -0.14 -0.183 -0.148 -0.229 -0.301
[0.114] [0.111] [0.266] [0.218] [0.214] [0.217]
In(stock of total R&D) 0.517 0.447** 0.531 0.464** 0.514 0.423**
[0.372] [0.205] [0.387] [0.205] [0.362] [0.199]
In(skilled labour force) 0.249 0.243 0.281 0.288 0.304 0.263
[0.301] [0.274] [0.274] [0.261] [0.275] [0.269]
Observations 200 200 200 200 200 200
Number of countries 0.772 0.755 0.769 0.754 0.772 0.749

Notes: The dependent variable is the natural logarithm of the patent applications filed under the PCT recorded by
priority date; country dummies and year dummies are included in all specifications. * denotes significant at 10%; **
significant at 5%; *** significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded
instrument in the first stage of the 2SLS is the log of imputed shares. In columns (1) and (2) the skilled migration
variable ranges from 1 to 3. In columns (3) and (4) the skilled migration variable is a dichotomous variable, which is
equal one if the countries put in place at least one pro-skilled migration reforms and 0 otherwise. In columns (5) and (6)
the skilled migration variable is a dichotomous variable, which is equal one if the countries put in place more than one
pro-skilled migration reforms and 0 if it introduced zero or only one reform in the period considered. The effect of the
skilled policy variable alone is absorbed by the country fixed effects.

Table 8: The effect of diversity on innovation, by skilled migration policies. Citations

OLS 2SLS OLS 2SLS OLS 2SLS
) 2 (©) (4) ®) (6)
In(diversity) 0.271 -0.17 -0.0441  -0.111 0.277* 0.209
[0.324] [0.212] [0.150] [0.114] [0.150] [0.144]
In(diversity)*skilled policy -0.055 0.170* 0.192 0.530*** | -0.204 0.0573
[0.115] [0.0870] [0.160] [0.143] [0.176] [0.155]
In(stock of total R&D) 0.481* 0.463*** 0.493* 0.430*** | 0.468 0.455***
[0.276] [0.131] [0.265] [0.131] [0.273] [0.125]
In(skilled labour force) 0.195 0.389** 0.352* 0.525*** | 0.174 0.257*
[0.235] [0.159] [0.179] [0.143] [0.219] [0.137]
Observations 200 200 200 200 200 200
Number of countries 0.786 0.735 0.789 0.721 0.795 0.762

Notes: The dependent variable is the natural logarithm of the number of citations. Country dummies and year dummies
are included in all specifications. * denotes significant at 10%; ** significant at 5%; *** significant at 1%.
Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of the 2SLS is the
log of imputed shares. In columns (1) and (2) the skilled migration variable ranges from 1 to 3. In columns (3) and (4)
the skilled migration variable is a dichotomous variable, which is equal one if the countries put in place at least one pro-
skilled migration reforms and 0 otherwise. In columns (5) and (6) the skilled migration variable is a dichotomous
variable, which is equal one if the countries put in place more than one pro-skilled migration reforms and O if it
introduced zero or only one reform in the period considered. The effect of the skilled policy variable alone is absorbed
by the country fixed effects.
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Table 9: The effect of diversity on innovation, two years lag

Patents Citations
OLS 2SLS OLS 2SLS
1) (2) 3 4)
In(diversity) 0.152 0.472%** 0.0846  0.280***
[0.0963] [0.170] [0.0512] [0.0951]
In(stock of total R&D) 0.659* 0.571*** 0.408  0.354***
[0.323] [0.198] [0.240] [0.116]
In(skilled labour force) 0.270 0.316 0.159 0.187*
[0.332] [0.263] [0.179] [0.108]
Observations 194 194 194 194
Number of countries 20 20 20 20

Notes: In columns (1) and (2) the dependent variable is the natural logarithm of the patent applications filed under the
PCT recorded by priority date; in columns (3) and (4) is the natural logarithm of the number of citations. Country
dummies and year dummies are included in all specifications. * denotes significant at 10%; ** significant at 5%; ***
significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of
the 2SLS is the log of imputed shares.

Table 10: The effect of diversity on innovation, alternative measure for knowledge stock

Patents
OLS 2SLS
1) (2
In(diversity) 0.111*** 0.348**
[0.0345] [0.155]
In(stock of total Patents) 0.734*>** 0.694***
[0.193] [0.103]
In(skilled labour force) 0.0311 0.0562
[0.252] [0.233]
Observations 213 213
Number of countries 20 20

Notes: The dependent variable is the natural logarithm of the patent applications filed under the PCT recorded by
priority date. Country dummies and year dummies are included in all specifications. * denotes significant at 10%; **
significant at 5%; *** significant at 1%. Heteroskedasticity robust standard errors in parentheses. The excluded
instrument in the first stage of the 2SLS is the log of imputed shares.
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Table 11: The effect of diversity on innovation, alternative measure of stock of skilled labour -
publications

Citations
OLS 2SLS
3) (4)
In(diversity) 0.112** 0.351***
[0.0493] [0.119]
In(stock of total R&D) 0.496* 0.434%**
[0.265] [0.131]
In(skilled population) 0.0929 0.0434
[0.162] [0.0933]
Observations 205 205
Number of countries 20 20

Notes: The dependent variable is the natural logarithm of the number of citations. Country dummies and year dummies
are included in all specifications. * denotes significant at 10%; ** significant at 5%; *** significant at 1%.
Heteroskedasticity robust standard errors in parentheses. The excluded instrument in the first stage of the 2SLS is the
log of imputed shares.
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Appendix

Table Al: First Stage for the excluded instruments of cultural diversity
In(diversity)
@)

In(Imputed shares) 0.337***

[0.0704]
In(stock of total R&D) 0.279*

[0.152]
In(skilled labour force) -0.400**

[0.189]

F-test of excluded
instruments F(1,172)=22.05

Prob > F = 0.0000

Notes: * denotes significant at 10%; ** significant at 5%; *** significant at 1%. Heteroskedasticity robust standard
errors in parentheses. All regressions include year and country fixed effects.

32



CCSD
CCSD
CCSD
CCSD
CCSD
CCSD
ERM
ES
CCSD
CCSD
CCSD
ERM
CCSD

ES

ERM
CCSD

CCSD
CCSD

CCSD

CCSD

ES

CCSD

ERM

ERM

ERM

ES

CCSD

ERM
CCSD

NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI
Fondazione Eni Enrico Mattei Working Paper Series

Our Note di Lavoro are available on the Internet at the following addresses:
http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1

http://papers.ssrn.com/sol3/JELJOUR_Results.cfm?form_name=journalbrowse&journal_id=266659

1.2012
2.2012
3.2012
4.2012
5.2012
6.2012
7.2012
8.2012
9.2012
10.2012
11.2012
12.2012
13.2012

14.2012

15.2012
16.2012

17.2012
18.2012

19.2012

20.2012

21.2012

22.2012

23.2012

24.2012

25.2012

26.2012

27.2012

28.2012
29.2012

http://ideas.repec.org/s/fem/femwpa.html
http://www.econis.eu/LNG=EN/FAM?PPN=505954494
http://ageconsearch.umn.edu/handle/35978
http://www.bepress.com/feem/

NOTE DI LAVORO PUBLISHED IN 2012
Valentina Bosetti, Michela Catenacci, Giulia Fiorese and Elena Verdolini: The Future Prospect of PV and CSP
Solar Technologies: An Expert Elicitation Survey
Francesco Bosello, Fabio Eboli and Roberta Pierfederici: Assessing the Economic Impacts of Climate
Change. An Updated CGE Point of View
Simone Borghesi, Giulio Cainelli and Massimiliano Mozzanti: Brown Sunsets and Green Dawns in the
Industrial Sector: Environmental Innovations, Firm Behavior and the European Emission Trading
Stergios Athanassoglou and Valentina Bosetti and Gauthier de Maere d'Aertrycke: Ambiguous Aggregation
of Expert Opinions: The Case of Optimal R&D Investment
William Brock, Gustav Engstrom and Anastasios Xepapadeas: Energy Balance Climate Models and the
Spatial Structure of Optimal Mitigation Policies
Gabriel Chan, Robert Stavins, Robert Stowe and Richard Sweeney: The SO2 Allowance Trading System and
the Clean Air Act Amendments of 1990: Reflections on Twenty Years of Policy Innovation
Claudio Morana: Qil Price Dynamics, Macro-Finance Interactions and the Role of Financial Speculation
Gérard Mondello: The Equivalence of Strict Liability and Negligence Rule: A « Trompe |'ceil » Perspective
Eva Schmid, Brigitte Knopf and Nico Bauer: REMIND-D: A Hybrid Energy-Economy Model of Germany
Nadia Ameli and Daniel M. Kammen: The Linkage Between Income Distribution and Clean Energy
Investments: Addressing Financing Cost
Valentina Bosetti and Thomas Longden: Light Duty Vehicle Transportation and Global Climate Policy: The
Importance of Electric Drive Vehicles
Giorgio Gualberti, Morgan Bazilian, Erik Haites and Maria da Graga Carvalho: Development Finance for
Universal Energy Access
Ines Osterle: Fossil Fuel Extraction and Climate Policy: A Review of the Green Paradox with Endogenous
Resource Exploration
Marco Alderighi, Marcella Nicolini and Claudio A. Piga: Combined Effects of Load Factors and Booking
Time on Fares: Insights from the Yield Management of a Low-Cost Airline
Lion Hirth: The Market Value of Variable Renewables
F. Souty, T. Brunelle, P. Dumas, B. Dorin, P. Ciais and R. Crassous: The Nexus Land-Use Model, an
Approach Articulating Biophysical Potentials and Economic Dynamics to Model Competition for Land-Uses
Erik Ansink, Michael Gengenbach and Hans-Peter Weikard: River Sharing and Water Trade
Carlo Carraro, Enrica De Cian and Massimo Tavoni: Human Capital, Innovation, and Climate Policy: An
Integrated Assessment
Melania Michetti and Ramiro Parrado: Improving Land-use modelling within CGE to assess Forest-based
Mitigation Potential and Costs
William Brock, Gustav Engstrom and Anastasios Xepapadeas: Energy Balance Climate Models, Damage
Reservoirs and the Time Profile of Climate Change Policy
Alireza Naghavi and Yingyi Tsai: Cross-Border Intellectual Property Rights: Contract Enforcement and
Absorptive Capacity
Raphael Calel and Antoine Dechezleprétre: Environmental Policy and Directed Technological Change:
Evidence from the European carbon market
Matteo Manera, Marcella Nicolini and llaria Vignati: Returns in Commodities Futures Markets and Financial
Speculation: A Multivariate GARCH Approach
Alessandro Cologni and Matteo Manera: Oil Revenues, Ethnic Fragmentation and Political Transition of
Authoritarian Regimes
Sanya Carley, Sameeksha Desai and Morgan Bazilian: Energy-Based Economic Development: Mapping the
Developing Country Context
Andreas Groth, Michael Ghil, Stéphane Hallegatte and Patrice Dumas: The Role of Oscillatory Modes in U.S.
Business Cycles
Enrica De Cian and Ramiro Parrado: Technology Spillovers Embodied in International Trade: Intertemporal,
Regional and Sectoral Effects in a Global CGE Framework
Claudio Morana: The Oil Price-Macroeconomy Relationship since the Mid- 1980s: A Global Perspective
Katie Johnson and Margaretha Breil: Conceptualizing Urban Adaptation to Climate Change Findings from
an Applied Adaptation Assessment Framework




ES
CCSD
CCSD
CCSD
CCSD
ERM
CCSD
CCSD
CCSD
CCSD
CCSD
CCSD
CCSD
CCSD
CCSD
ES
CCSD

CCSD
ERM

CCSD

CCSD

CCSD

CCSD

ES

ES

ES
CCSD

CCSD

ES

CCSD

CCSD

CCSD

CCSD

CCSD
CCSD

CCSD
ERM

CCSD

ES

30.2012
31.2012
32.2012
33.2012
34.2012
35.2012
36.2012
37.2012
38.2012
39.2012
40.2012
41.2012
42.2012
43.2012
44.2012
45.2012
46.2012

47.2012
48.2012

49.2012

50.2012

51.2012

52.2012

53.2012

54.2012

55.2012
56.2012

57.2012

58.2012

59.2012

60.2012

61.2012

62.2012

63.2012
64.2012

65.2012
66.2012

67.2012

68.2012

Angelo Bencivenga, Margaretha Breil, Mariaester Cassinelli, Livio Chiarullo and Annalisa Percoco: The
Possibilities for the Development of Tourism in the Appennino Lucano Val d'Agri Lagonegrese National
Park: A Participative Qualitative-Quantitative Approach

Tim Swanson and Ben Groom: Regulating Global Biodiversity: What is the Problem?

J. Andrew Kelly and Herman R.J. Vollebergh: Adaptive Policy Mechanisms for Transboundary Air Pollution
Regulation: Reasons and Recommendations

Antoine Dechezleprétre, Richard Perkins and Eric Neumayer: Regulatory Distance and the Transfer of New
Environmentally Sound Technologies: Evidence from the Automobile Sector

Baptiste Perrissin Fabert, Patrice Dumas and Jean-Charles Hourcade: What Social Cost of Carbon? A
mapping of the Climate Debate

Ludovico Alcorta, Morgan Bazilian, Giuseppe De Simone and Ascha Pedersen: Return on Investment from
Industrial Energy Efficiency: Evidence from Developing Countries

Stefan P. Schleicher and Angela Koppl: Scanning for Global Greenhouse Gas Emissions Reduction Targets
and their Distributions

Sergio Currarini and Friederike Menge: Identity, Homophily and In-Group Bias

Dominik Karos: Coalition Formation in Generalized Apex Games

Xiaodong Liu, Eleonora Patacchini, Yves Zenou and Lung-Fei Lee: Criminal Networks: Who is the Key Player?
Nizar Allouch: On the Private Provision of Public Goods on Networks

Efthymios Athanasiou and Giacomo Valletta: On Sharing the Benefits of Communication

Jan-Peter Siedlarek: Intermediation in Networks

Matthew Ranson and Robert N. Stavins: Post-Durban Climate Policy Architecture Based on Linkage of Cap-
and-Trade Systems

Valentina Bosetti and Frédéric Ghersi: Beyond GDP: Modelling Labour Supply as a ‘Free Time’ Trade-off in a
Multiregional Optimal Growth Model

Cesare Dosi and Michele Moretto: Procurement with Unenforceable Contract Time and the Law of
Liguidated Damages

Melania Michetti: Modelling Land Use, Land-Use Change, and Forestry in Climate Change: A Review of
Major Approaches

Jaime de Melo: Trade in a 'Green Growth' Development Strategy Global Scale Issues and Challenges
ZhongXiang Zhang: Why Are the Stakes So High? Misconceptions and Misunderstandings in China’s Global
Quest for Energy Security

Corrado Di Maria, lan Lange and Edwin van der Werf: Should We Be Worried About the Green Paradox?
Announcement Effects of the Acid Rain Program

Caterina Cruciani, Silvio Giove, Mehmet Pinar and Matteo Sostero: Constructing the FEEM Sustainability
Index: A Choquet-Integral Application

Francesco Nicolli and Francesco Vona: The Evolution of Renewable Energy Policy in OECD Countries:
Aggregate Indicators and Determinants

Julie Rozenberg, Céline Guivarch, Robert Lempert and Stéphane Hallegatte: Building SSPs for Climate Policy
Analysis: A Scenario Elicitation Methodology to Map the Space of Possible Future Challenges to Mitigation
and Adaptation

Nicola Comincioli, Laura Poddi and Sergio Vergalli: Does Corporate Social Responsibility Affect the
Performance of Firms?

Lionel Page, David Savage and Benno Torgler: Variation in Risk Seeking Behavior in a Natural Experiment on
Large Losses Induced by a Natural Disaster

David W. Johnston, Marco Piatti and Benno Torgler: Citation Success Over Time: Theory or Empirics?
Leonardo Becchetti, Stefano Castriota and Melania Michetti: The Effect of Fair Trade Affiliation on Child
Schooling: Evidence from a Sample of Chilean Honey Producers

Roberto Ponce, Francesco Bosello and Carlo Giupponi: Integrating Water Resources into Computable
General Equilibrium Models - A Survey

Paolo Cominetti, Laura Poddi and Sergio Vergalli: The Push Factors for Corporate Social Responsibility: A
Probit Analysis

Jan Philipp Schégner, Luke Brander, Joachim Maes and Volkmar Hartje: Mapping Ecosystem Services’
Values: Current Practice and Future Prospects

Richard Schmalensee and Robert N. Stavins: The SO2 Allowance Trading System: The Ironic History of a
Grand Policy Experiment

Etienne Espagne, Baptiste Perrissin Fabert, Antonin Pottier, Franck Nadaud and Patrice Dumas:
Disentangling the Stern/Nordhaus Controversy: Beyond the Discounting Clash

Baptiste Perrissin Fabert, Etienne Espagne, Antonin Pottier and Patrice Dumas: The “Doomsday” Effect in
Climate Policies. Why is the Present Decade so Crucial to Tackling the Climate Challenge?

Ben Groom and Charles Palmer: Relaxing Constraints as a Conservation Policy

William A. Brock, Anastasios Xepapadeas and Athanasios N. Yannacopoulos: Optimal Agglomerations in
Dynamic Economics

Thierry Brunelle and Patrice Dumas: Can Numerical Models Estimate Indirect Land-use Change?

Simone Tagliapietra: The Rise of Turkey and the New Mediterranean. Challenges and Opportunities for
Energy Cooperation in a Region in Transition

Giulia Fiorese, Michela Catenacci, Elena Verdolini and Valentina Bosetti: Advanced Biofuels: Future
Perspectives from an Expert Elicitation Survey

Cristina Cattaneo: Multicultural Cities, Communication and Transportation Improvements. An Empirical

Analysis for Italy




ES

69.2012

Valentina Bosetti, Cristina Cattaneo and Elena Verdolini: Migration, Cultural Diversity and Innovation: A
European Perspective




