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1. Motivation

Europe is an ageing society where the share dflttezly (>65 years old) as a percentage of the
working age population (20-64) now stands at ara@@fb, with Italy and Germany above average and
France below (Fargues 2011). This implies a redudti the total stock of population, in particutdr
the younger generation, and more of the elderlys st group holds most capital and conditions the
production of goods and services toward their congion demands. The change in the composition of
the European population may have a dramatic effie@étvestment, growth and innovation all of which
are favoured, instead, by the young, who have gelotime horizon and who are more risk prone.

Population ageing creates the demand for both teampand permanent migrants as care givers
in the public and private sectors or in the famsidgyvices, according to the welfare system adopyed b
the country. But there is also a demand for permamégrants because the total population is
shrinking.

Even if Europe is in need of foreign labour, thisrenuch resentment among the native
population, who are afraid that migrants reducentimaber of jobs available to natives; that theyaare
burden for the welfare state; and, thus, that therease taxes; and that foreign nationals increase
criminality. Research has found only a limited cetitpve role played by migrants, and a limited use
of the welfare state on their part. But this reseit encourages restrictive immigration policies or
very selective immigration policies which are poviard by conservative parties tapping resentment
of immigrants, while progressive parties are irrce®f reasons to combat this restrictive drive.

The last chance to implement more open migratidicipe seems be, to point to the role that
migrants can play in favouring growth and innovatitm the 1960s and 1970s foreign labour led to
North European economic growth, by providing thditohal labour needed in manufacturing.
Migratory labour was essential then for its qugntivt for its quality. Today, instead, the focus of
migration policies is on highly-skilled migrantsgth because they seem to contribute to the welfare
state instead of relying on it, and because thay ispovation.

This matters, because in the growth and innovatiena Europe is facing a global challenge,
with new countries, particularly India and Chingedaking the developed world. In the first phake o
globalization emerging countries competed in thapction of goods and their comparative
advantages were mainly price-based. Today, howgweuypgrade of national innovative systems
allows them to compete in terms of innovation aahhology as well, coming closer to the
“technological frontier”, as shown by the largerggse in their world share of patent applicatiétus.
example, if we consider the trend of patents reggst at the Patent International offices, whichaare
proxy for potential innovation, previously, the USldminated, with Japan alone rivalling it in the
early 1990s. Now, though, China is about to pagardand will soon run the USA close. The
registration of European patents at the EU patgruffice is increasing, but by such a small number
that the distance between Europe and the top jreggmvwers has widened.



Migrants are one option for reducing the lag indp@an innovation. Migrants are, after all,
younger and thus have a longer horizon, espedfathey are highly skilled, so their specific human
capital might enhance innovation.

The objective of this research paper is to distussesults of the research on the link between
immigration and innovation and their implicatiorr faigration policy.

2. What is meant by innovation and how it ismeasured

Innovation is a very evocative word. It has a pesitonnotation but is difficult to define. Accondgj
to the OECD’s Oslo Manual (2005) “An innovatiorthe implementation of a new or significantly
improved product (good or service) or process,va marketing method or a new organizational
method in business practices, workplace organizaticexternal relation¥.

In economic terms the process of innovation shaldd produce an economc advantage for the
company, sector or country which is able to inneva@his might result in lower production costs or
larger sales, and, naturally, in more gains fordhmpany, sector or country which produces the
innovative good or service. In terms of global cetitpn, being able to invent a new product or to
produce an older one at lower cost with a new prtidn system creates a notable advantage beneficial
for the economy and the society.

The technological capability of a firm is partly betdded in its labour force, and skilled employees a
a key asset for an innovative firm because theyncaster new technologies. Their role has been
particularly stressed as regards the type of huragital demanded by innovative firms.

If it is not easy to define what innovation isisittven more difficult to measure it. If we look at
innovation in a comparative way there are threes$yg measures.

The most popular indicators of innovation are tibenber of patent applications at the industry or
country level (e.g. Furmast al. 2002). These provide valuable information on teehnological
activities of inventors and companies over longetiseries (Pavitt 1985; Grupp 1990; Griliches 1990).
The economic literature has validated the use e It has shown, indeed, that there is a heghl|

of correlation with R&D activities at the firm lev&Griliches 1990) and that patents are a good yrox
for the technological effort of companies and nomforganizations aiming to create new products and
processes. Given the high cost of registration eolyppanies and non-firm organizations which really

! This is the synthetic definition reported inthl OCDE publication as for instankgnisterial report on the OECD
Innovation Strategy Innovation to strengthen growth and address global and social challenges Key Findings , page 1, which
was defined in the version 1992 and since than always referred to as OSLO Manual definition. In page 16 of the 2005 Oslo
Manual you find the same definition split in 4 points.



aim to create new products and processes undeiggprtiteduré. To avoid the defensive or irrelevant
registration of patents a more appropriate meastirenovation is to weight the number of patents fo
their “citations”, which better capture the imparta of a given invention. Also to better capture th
innovative effect of the patent, each of them Egeed to the sector in which the invention wikelly
be implemented, which may be different from thet@emn which the patent is produced, typically
manufacturing.

Figure 1: Trend in patent applications at the top five offices, 1983-2010.
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Source: WIPO Statistical Database, October 2011.

In recent years, with the global harmonization ragllectual property systems, many countries have
increased patenting activities, in particular thee® with relatively higheper capita growth rates.
Patenting levels are not directly comparable acnoagonal patent offices because of different
registration systems and different national legjistes. However, Figure 1 gives an interesting shaps

of the relative dynamics of patenting activity iififerent regions of the world, which we cited ireth
introduction. In the 1970s the United States wase into second place by Japan, while the rapid
growth of patent applications at Chinese and Komeatent offices in the last 20 years is particylarl

2 The use of patents at the aggregate level hasrtemdimitations: (1) the technological and ecoimwalue of patents
varies considerably (e.g. Shankerman and Pakes) &3886any patents have low economic and technalbgidue, while a
few are extremely valuable; (2) many inventions raoe patented, even if patents are increasinglyl lisecompanies, the
evidence provided by many surveys of R&D managadicate that, in many sectors, patents are notideresl the major
source of profit from new products and processeg. @ohenet al. 2000); (3) companies show significantly different
propensities to patent across sectors. Finallg R&D measures, patents tend to be a better proxyethnological
activities of large firms. Small firms tend to haadower propensity to patent because — all thbgjeg equal — the use of
intellectual property rights requires high fixedstoof implementation and scale (Bowet@l. 1984; Patel and Pavitt 1994).
Therefore, the size distribution of firms may hareimportant effect on the aggregate number ofrnpatat the national
level.

% In the literature, expenditure on research anetldgwment (R&D) is also often used as a proxy feritimovation

potential. However, R&D has even more limitatiohart the use of patents and is also used as aniimfie production of
innovation, instead, as a final indicator (Hatzatwglou 1997).



impressive. These figures show very clearly why,Earope, the search for competiveness and
innovation is a top priority.

The number of patent applications is more simidaa measure of potential innovation, because tbey d
not account for the actual market success of aeniion, while the second more typically used
measure is the growth dfotal Factor Productivity (TFP) which is closer to a measure of its results.

Solow (1957) defined the growth of TFRA/A® as “technical progress in its broadest sense”;
Abramovitz (1956) famously named it the “measureoaf ignorance” (Prskawetz et al. 2006: 4),
because it is obtained as a residual after subtgafiom the value added growth rate the growtksat

of capital and labour, weighted by their respectiiares in the value added aggregate. Both Soldw an
Abramovitz also stressed the lack of a specifiotheccounting for its dynamicsindeed, TFP is
sensitive to many different improvements in producthat can be guided by changes in the quality of
labour by age, education, skill and occupation ratibnality (Jorgenson and Griliches 1967). Denison
(1985) in his calculation attributes 16% of it ticieases in education. Endogenous growth models
stress the role of human capital by changing tleeddrom the quantity of labour to the quality of
labour, highlighting the role of skills within thveorkforce (Romer 1990).

Figure 2 shows that using TFP indicators the racénhovation is still led by India and China, witie
most developed economies at the back.

Figure 2: Total Factor Productivity growth in the largest countries.
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Source: The Conference Board Total Economy Database and EU KLEMS Database. 1989 arbitrarily setto 1,

‘Y, = AL K " In a traditional production function where, Yepresents the production in time t,and K, labour and
capital in time t, A represents the innovation &lgb all that is not explained by L and K.

The growth rate of A (is the growth of innovation.

® Other shortcomings of the use of the growth ofal&actor Productivity depend on underlying assimngtabout the
presence of constant returns to scale in the ecpraord from the adoption of the Euler Theorem adogrdo which the
overall compensation of labour equals its margpraductivity. Notwithstanding all these simplifyirgssumptions TFP
growth still remains a good proxy for the shargafwth of a firm, country or region which does depend on the increase
of standard productive inputs, and hence whickpgally associated with innovation.



This value can be calculated by using a produdtiontion for whichever sector or area or country.
Moreover, it is also possible to calculate the gdhr the services sector, which is under-represkent
by the patent measure. The EU-KLEMS dataset preyife all European countries, an accurate
measure of multifactor productivity (O’Mahony anohifner, 2009). KLEMS TFP growth series are
estimated from micro data and aggregated at therdewel, hence they are more accurate than their
calculation from aggregate data.

To get informatiorat the firm level, surveys are the only way to capture the innoeatiynamics in
detail. In the European Union t@®mmunity I nnovation Survey, which is a harmonized survey led
by the EU Commission, provides information on tyetof innovation implemented by individual
firms. The innovation can be directed towards tteaiion of a new product or a new process or it can
be linked to organizational or marketing innovatidhe survey, which is repeated every two years,
provides more detailed information on the problemsountered by the company, the networks from
which they get information and to which they pravidformation. For some countries it is even
possible to understand which sectors are moreipelsiaffected by the utilization of foreign labour
distinguishing by their quality levels (highly-dkitl or low-skilled) (see Ozgen 2015). The survey is
very rich, thus much additional information is eafled and different correlations detected accortting
the size of the company, its openness to intematiwade and the like.

3. Why do migrants spur innovation?

Research on the contribution of migrants to th@wation process has recently grown rapidly. Why,
according to this research, then, should migramts sinovation?

There is aquantity inter pretation. Their contribution to the innovation process biotlits creation and
implementation can be related to the need of amwitiworkers as in the 1960s and the 1970s in
Northern Europe. In that case an excess demanddour dominated the labour market, natives were
not available and migrants complemented nativgsaduction. The quantity dimension dominates in
this interpretation: migrants have the same praditztas similar natives (narrow vision) or, in
addition to their similar productivity, they are redlexible and as George Borjas (2001) said they
grease the wheels of the EU economy (broader vision

There is another interpretation, which is fashideabday, namely the idea that migrants have
different qualities both asindividualsand as a group. It considers migrants and natives as imperfect
substitutes. Migration is a self-selecting phenoomethus migrants can be more productive than
similar natives. Even if they have the same lev@ducation, their motivation and engagement are
different from natives and this fact can produgeaduction differentiaf.In addition, migrants bring
with them not only technical knowledge but alsa s#flls, which can contribute to production and
which can create a synergic increase in produgtidigrants with a different background provide a
different vision and ideas, and can widen the aggitdo a problem, or help in finding a solutione(se

© See Epstein and Venturini (2011) for the effoffedential exerted by migrant workers.



Hong and Page 2004). This interpretation can lmedrdack to the work of Jacobs (1961, 1969) who
stressed the important role played in New Yorkrafterld War Two, by migrants from different
countries of origin. The mix produced an impressaoratory for innovation, which magnified all the
technical and soft skills brought by the migraftse diversity of migrantsis in general interpreted as
diversity in terms of country of origin or divengiin ethnic origin — referring to one of the
fractionalism measures developed by Alesinal. (2003) — and the higher it is, the higher, actad

to this theory, the effect on innovation and grawth

It is well known that diversity can create negatxeernality in production. Different spoken langaa
increase communication costs, for example: speoiadlitions are needed for positive effects. Propabl
there is an optimal mix that spurs a promising &jphere and favours workers’ interactions. This also
implies that small groups with members from differbackgrounds suffer from a dominant bne

The positive role of diversity, as described byobeg; can then be reinterpreted following Vernon
Henderson (1988) in terms of sector complementadxigmely the synergic results of the migrant mix
are induced by migrants working in different sestehich complement each other (see also Florida
2003; Glaeser et al. 1992). We might even suggestigrants have different talents which make
them productive in different sectors. It is, thé1e complementarity between different sectors that
increases innovation outcomes and not divepgtyse. The synergic role of the diversity of
backgrounds among migrants is not powepisl se. On the contrary it is filtered by sector
complementarity, which spurs innovation. This iptetation explains why the same diversity of origin
affects innovation in one area and not in anotfeym this interpretation are derived the so-called
Jackobian externalities, according to which the pl@mentarity between different sectors fosters
knowledge spillovers between firms and sectorsearsshtually favours innovation.

4. Variablesused in empirical research

The variables used in different explicit or implifarms of production function are related to the
guantity of foreign workers and their quality imrtes of education, age and country of origin.

Quantity of foreign workers:

The variables used to capture the role in the prsoiu of innovation played by foreign labour vary
from the share of migrants to the number of migganbth in micro and macro studies. The role of the
number of migrant workers is always linear and tamtsfor whichever size the community of migrants
reaches. Only Fassio et al. (2015) by using ahagesmodel introduce the hypothesis of decreasing
returns in the contribution of the share of migsaitinnovation.

Quiality of foreign workers:

Education:

" See Ozgeet al. 2012 for the use of a square term of diversitirtd out the optimal diversity dimension which spur
innovation.



Highly-skilled migrants are usually defined asitest educated or, in specific cases (Kerr and Limco
2010; Hunt and Gauthier-Loiselle 2010 in the USAgy refer to PhD students in Science, Technology
and Mathematics (STEM). By ‘low skilled workers'rizeant workers with elementary education but,
frequently, also, medium educated workers becaweseare measured as the differential between total
employment and the highly-skilled.

The effect of higher education on innovation isteaoin endogenous growth theory and it is very well
documented. According to endogenous growth modetsain capital stimulates aggregate productivity
independently of specific fields of education bessathe diffusion of innovation requires higher
education among workers (Carnoy and Marenbach,;19@5ushek and Woessmann, 2008; Di Liberto
et al. 2011). The sectors which produce innovagioploy in general highly educated workers in
Science and Technologies, but sectors which ordptidnovation produced elsewhere also need
highly-educated workers to favour implementaticee(kutzet al. 2008)2 Also, low and medium
educated workers are frequently needed as comptsnethe highly-educated and they could be
crucial, as well, in implementing the innovativegess.

An appropriate education variable should take axtoount not only the human capital level but also
the quality of education (and not just the numbklyears in education). The number of years in
education might be a misleading indicator and cqurisluce distorted results, as Razin and Wahba
(2011) show. There is an implicit assumption thatheyear of education increases the skills and
competences of a worker in a homogenous way, reggardf the quality of a country’s educational
institutions. The use of an appropriate weight ttwttrols for education quality as provided by the
PISA datasétin Europe is a possible solution. Research, howyeiveits the analyses to the level of
education and does not consider on-the-job expeiemhich is part of the creation of human capital.
Controlling for age is a possible solution in cajptg the decline in productivity of human capitalits
accumulation which can increase total human capiathe worker ages. It must be stressed that the
issue of over-education (brain waste) is receivimge and more attention in migration literature but
not in the literature on innovation.

Age:
Variable used: Average age or share of young werker

The effect of age on innovation and productivitieiss straightforward than the effect of education.
The Human Capital theory (Becker, 1975) showsahé#te end of the education period workers reach

8 A less straightforward relation exists when thedfiof education is taken into account. Specifitdé of education are
more conducive to innovation because they are mede¢ed to the production of innovative processeshe same time the
“Endogenous growth” literature stresses that huoagoital stimulates aggregate productivity indepatigieof specific
fields because the diffusion of innovation requinggher education among the workers. On the ond,harly S&T
education seems conducive to innovation, on therpthithout a large diffusion of more general higbducation it is
impossible to diffuse the innovation, and thus bigbducation in general plays a positive role eagrowth of total
production.

9 Program for International Student Assessment,dNatiCenter for Education Statistics.



their maximum productivity, which depreciates aghimy time goes on. This result can be imputed to
the decline in cognitive abilities for older indiials found in laboratories (Oberg 1969: 246; Jones
201010). The workers can, however, combat obsatesce knowledge and productivity by investing
in additional forms of education or on the jobriiag. The accumulation of additional human capital
contrasts with the depreciation of initial capitBtis practice is very common, for instance in Bu427
in 2005, 30% of workers in the 40-54 age brackeevirevolved® in continuing vocational training
(Jones and Hayden 2009). Investment in the additimccumulation of human capital is larger in the
initial phase of a working career because the woeka live off the return on any training for many
years. Investment in education later in life islemwarding because the costs incurred during the
investment phase are more likely to be higher granbenefit. The wage-productivity profile of a
worker during his working life increases slowly oviene. It peaks around 40-45 and declines
thereafter.

It is very difficult to measure worker productivigmd workers’ investment in training on the joboessr
many countries and industries. As a consequeneanders use age to proxy the evolution of worker
productivity. If productivity favours innovation waight expect, according to human capital theory,
that the age variable has a negative effect orvatiam. In other words, the younger the workers the
higher human capital and productivity.

Accordingly, there are concerns over the futur@vation capacity of Europe as an ageing area with
long term, below replacement, fertility and risiifg expectancy. Enhancing European global
competitiveness looks particularly challenging hessacompetitors are countries with larger numbers
of younger citizens and countries enjoying a vepid increase in higher education. According to
human capital theory, the fear over competitiorhulitese other countries is, then, for Europe, well
founded and only policies limiting human capitatlitee can reduce the loss of competitiveness (see
Jones and Hayden 2009).

However, research on Innovation Communication Teldgies and Nobel prize laureates and their
contribution to innovation (Jones, 2010; Levin &tdphan 1991, Frosch, 2011) gives some hope to
“old” Europe. It suggests that the relationshipaegtn generations, diffusion and the adoption of
innovative products, and age is much more compiar has been suggested above. In knowledge
intensive sectors inventors are younger, while anerexperience-based fields inventors are older.
Feyrer (2008: 90, 92) points out an “age dividesagesting that the reduction in innovation can be
imputed to a reduction in the labour force andtoadts ageing, because older workers are more
innovative producers (see also Frosch 2011).

Thus, the age innovation distribution of individsakems bimodal: the first mode is in early adaltho
after the end of education when the innovative pisipensity dominates the results; and the second
mode comes later when higher ability, which inchidéso team and organizational abilities,
accumulated during a working life, brings resufisis suggests that the introduction of the age
variable to proxy the innovation ability will prode an increasing profile at a lower age and aterigh

10 Calculation of the DG Employment based on thetfofiuropean Working Condition Survey.



age. According to this perspective older workerghihenhance competitiveness and therefore
Europe’s future innovative capacity might be lesdangered than presently seems to be the case.

Occupation:
Variable used share of migrants in high occupafis€O 1, 2, 3).

The distinction between higher education and higlkilled occupations belongs to the tradition of
labour economic literature where an investmentincation has to find an appropriate remuneration.
Employment in inappropriate jobs suggests incoredctcational investment. In the case of women and
foreign nationals discriminatory behaviour is alismuently reported and the stronger term “brain
waste” is used. As mentioned before, the issueaite gomplex because the same number of years of
education do not necessarily imply the same lef/elman capital. The field of education, first, but
also the quality of education are fundamental iteigheining the productivity of a given worker. Over-
education, in fact, is receiving more and morergitd@ as evidence becomes available of an increased
mismatch between education and the jobs availabte@®labour market (OECD, 2014: 209).

With this proviso about limitations to any analystse effect of the workers in highly-skilled
occupations on innovation has advantages and disgéatyes: by limiting analyses to the highly-
educated in highly-skilled occupations we eliminde over-educated and present a more precise
relationship between innovation and human cagital, by doing so, the aggregate effect of an
increase in the highly-educated, even if over ethat;as not controlled while it could be the donmiha
component.

Fundamentally it is not known if better recognitiointhe education levels of foreign workers, tisat i
recognition of their education degree, will favolse innovation and growth process; or, whether,
alternatively, it is the use of highly-educated kes for elementary jobs that enhances a firm's
productivity. We do not know, in other terms, ifréin waste” among foreign workers — e.qg. tertiary
educated migrants in manual jobs — is functiondh&innovation process or, on the contrary, if it
slows it down. In this light, it would be interesgito understand the human resource management of
innovative firms versus more traditional ones. ¢tubd be important to learn not only the share of
highly-skilled occupations but also the match beteducation and occupation.

Diversity

Another variable used in analyses is ffi@ersity index, which measures the different national
compositions of migrant populations. Most empirisldies employ the diversity of country of origin
(country of birth or citizenship) as an approprigtexy for the different soft skills which foreign
nationals bring with them. The impact of ethniccfranalism has also been studied by using Alesina e
al.’s (2003) measure which scores ethnic, linguiatid religious heterogeneity.

10



The most frequently used measure of diversity indd3 - 1-Herfindal index Ig; = , in whichs; is the
share of the group(i=1, ...,N) in population (region, firm, sector etg,)where the groups differs by
origin) or Theil index (T = )) ). The first index is more frequently adopted ahdjives more
importance to large groups having a squared terilevthe second having a logarithmic form gives
more importance to the marginal values.

The diversity index can include nationals or othisew In the first case they are strongly correlated
with the share of migrants variable because migramtgeneral are a minority, hence it is typically
limited to foreign groups.

As previously mentioned diversity has advantagdsthtan have also costs. The use of a linear form
implies that more diversity should increase or dase innovation. More likely there is an optimal
amount of diversity: thus for instance the squdoeth used by Ozged al. (2012) could give a better
understanding if there is an optimal amount ofetgrbf countries of origin which favours innovation
and could help better define the specific migratoficy.

5. Resear ch results

Research results are subdivided according to e @y innovation measure adopted: patents, which
are closer to potential innovation; TFP which, éas&t, measures the outcome of innovation effort$; an
surveys at firm level, which are more detailed fore heterogeneous.

5.1 Patents

Research on the effect of foreign workers on pateigtinguishes between migrants registered as
authors or co-authors of patents, named migrargntors, and the effect of foreign workers on the
production of innovative patents without foreigrtioaals necessarily being recorded as authors.

Table 1 Summary of results in studies on paterdsnaigrants <~~~ { Tabella formattata

Est. effect | Study Unit of analysis Inst.

IArea approach: Multi-ethnic society

positive (2(353) 188 countries Gravity
: ONP .
Share of Migrants no effect (2012) EU NUTS2 regions MacDonalds
. BC Antonji and Card
negative (2012) Italy NUTS3 (1991)
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BC Antoniji and Card
no effect (2012) ltaly NUTS3 (1991)
Share of Highly Skilled Migrants _
positive |G (2012) U TTWA 7digit post| - 4 2005, 2007
code
Share of Highly Skilled Migrants . KL .
(H-1B visa) positive (2010) USA city level N/A
Share of Migrants in Top - BCV .
Occupation positive (2012) EU 20 countries Card (2001)
Share of Highly Skilled in High . BCV .
Tech positive (2012) EU 20 countries Card (2001)
. . . BC Antonji and Card
Share of Low Skilled Migrants negative (2012) Italy NUTS3 (1991)
: . . . . ONP .
Diversity Index (without natives)| positive (2012) EU NUTS2 regions MacDonalds
positive DG .
declining | (2014) EU regions, 27 country N/A
. BC Antoniji and Card
negative (2012) Italy NUTS3 (1991)
Diversity Index (with natives)
. Na o . K
positive (2014) UK, individual inventors N/A
- 5Ylag, space lag
positive |N (2010 Germany NUTS3 Jlatitude
Sector approach: Multi-ethnic production
. . . . FMV 19 Sectors for 13 yeais|
Highly Skilled Migrants positive (2015) in UK, DE, FR GMM
. . . . FMV 19 Sectors for 13 yeais|
Diversity Index (without natives)| no effect (2015) in UK, DE, FR GMM
Firm approach: Multi ethnic team.
Imm|grar.1ts participation in no effect M (2011) Germany, firm level N/A
ownership

Note: The following abbreviations are used
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OP Ortega and Peri (2014); BC Bratti Conti (201@)Gagliardi (2011); KL Kerr, Lincoln (2010);
BCV Bosetti, Cattaneo, Verdoloni (2012); ONP OzgHlijkan, Poot (2012); N Neibuhr (2010); M
Mueller (2011); DG Dohse and Gold (2014), Na Natk2®14); FMV Fassio, Montobbio Venturjni
(2015).

a. The first group of research focusedareign nationals asinventors, namely as authors or co-
authors of patents registered at the local offi¢e first and most influential research has beaetha

on the USA because there was more potential far eégtloitation: the data on patents from the United
States Patent and Trademark Office (USPTO) andhhege in the H1B visa legislation, which made

it easier for foreigners with degrees in STEM (8cieTechnology and Mathematics) to come and
work in the USA (Kerr and Lincoln 2010; Hunt andu8@er-Loiselle 2010). Research suggests that as
legislation allowed more foreign STEM visas, foreigventors became more numerous.

Policy implication:

The results indicate that the impact of highlydskil migrants is positive and the policy conclusien
that letting in more highly-educated foreigners E®8) enhances the overall production of patents.
These results are, however, difficult to exportsal¢ the USA because they are conditioned by
education and labour market functioning. There ds guarantee that the introduction of similar
legislation, implemented in the same way, wouldehtihe same result elsewhere. The USA is a multi-
ethnic society and has, as its language, the mtiemal language of communication, English. Both
these points make it more attractive for foreigtiamals to settle there as well easier to workehén
addition, in the USA, investments in both publidaprivate scientific laboratories have created the
conditions for profitable returns from migrationlsa, the link between property and management can
be very long, and the selection of workers basdg am efficiency principles. Bureaucracy is limited
and the labour market is flexible. Entering andvieg the labour market is easy, unemployment
duration is short even in periods of recession, thedvage dispersion, namely the difference between
the top and bottom wage quintile, is at least deubhat of the EU. This scenario represents a strong
incentive for highly-skilled migrants to apply far position in the USA with or without specific
legislation because there is a demand for thelisskind the cost of settlement and integratioveer.

b. The second group of research analyses the rdiereifyn workers in the production of patents and
here there are many interesting European studies.

i. These studies adopt a regional approach and use country or region (EU countries or regittaian
regions, German regions) or sub regions/provindéq @s the unit of analyses. This choice allows the
tackling of issues arising from the potential erefugjity of migrant flows by using as an instrumeint o
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the share of migrants the well known Card (200bpedure:* The endogeneity of the share of migrant
variable is easily explained. If a multinationalcidies to invest in a given region and hires a large
number of foreign workers, the relation goes frdm tmultinational firm, which produces a lot of
patents, to the migrants ndgte versa. To avoid this mistake the variable should berimaented and
Card (2001) stresses that the localization of migras determined by the localization of previous
migrants, thus that the migratory chain determmégant settlement and previous flows could be used
to instrument the variable.

The spatial approach follows the first interpretatiof Jacobs according to which innovation takes
place at the territorial level. Thus, in additiémthe share of highly-skilled migrants, authoreoftest
the impact of the diversity index of migrants’ anigobtaining positive and statistically significan
results. Table 1 summarized the results of studiessuring the impact of migration on patent
production.

Policy implication: The policy prescription derived from this analyisishat migration policies should
be more open to highly-skilled migrants from abraddreover, as the diversity measure has a positive
value, migrants should be selected through a gsysteem favouring the heterogeneity of countries of
origin.

ii. The sectoral per spective adopted by Fassio, Montobbio and Venturini (20figstions the
prevailing approach, described above, by adoptisg/ernon Henderson (1988) interpretation of
Jacobs in terms of sector complementarity. Migraaige different talents which make them
productive indifferent sectors. Thus it is the complementarity of different sestavhich increases
innovation. The authors develop the analyses ofdleeof migrants in patent creatiahsector level.
They also add an age variable to complement edurcatid diversity. The patent variable is available
only for the manufacturing sector where additian&rmation on R&D investments and openness to
trade allows the introduction of fixed effects, ligo many time variant controls. The endogendity o
the share of migrants is controlled as in Card siggiprevious variables, namely, in this case, a\GM
system method.

The results show that sector differentiation matterunderstanding the role of highly-skilled and/
skilled migrants. In high tech sectors highly-gdlimigrants matter as well as the diversity measure
neither of which are significant in low tech sestar

1 The methodology implemented by Card takes advantéthe fact that migrants of a certain natiogaind to move to
locations where other people of the same natignladive already settled. Therefore, by using thgiral distribution of
nationalities across different geographical ar¢dlseabeginning of the observed period and the exogs migration flow
from a specific country of origin toward the coyntrf destination under analysis, it is possibler®ate a fictional flow of
migrants for each geographical area, built up &sefnew entrants would settle only where othegifpr workers of their
same nationality had already settled.

12 For brief presentation see also Venturini 2013.
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Policy implication:

This implies that migration policy should be drivdsy the demand for labour, avoiding an
indiscriminate openness to highly-skilled migratidout, rather, following strictly demand as with
foreign inventors.

5.2 Total Factor Productivity

The research on Total Factor Productivity follows the most part the regional (spatial) approach,
where the unit of analysis is the country. Two msdstand out: Ortega and Peri (OP, 2014) and
Alesina, Harmoss and Rapoport (AHR, 2013). Thet fa@mpares the openness to trade with the
openness to migration in OECD countries, while $heond compares diversity by country of origin

and by ethnicity in 195 countries. These two steidi@ve a cross-country approach, which allowed the
use of the gravity model to instrument the potdigtendogenous flows of migrants.

Both studies confirm that the share of migrants hwedshare of highly skilled migrants play a pesiti
role in production. Moreover, diversity in coungi®f origin contributes positively too. Alesina,
Harmoss and Rapoport (2013) compare the effecthofia@ty diversity with the diversity of origin of
migrants, suggesting a negative impact for the &érgl a positive impact for the second, showing tha
the two indexes do not overlap.

Table 2 Summaries of resultsin studies of Total Factor Productivity and Migrants

Est. effect Study aLrJ];'ltyng Inst.

Area approach: Multi-ethnic society

positive AHR(2012) | 195 countries Gravity

Share of Migrants positive OP (2013) | 188 countries Gravity
noeffect | OP(2009) OECD Gravity
countries
- OECD :
ositive OP(2012 - Gravit
Share of Highly-Skilled Migrants P ( ) countries Y
no effect AHR (2014) | 195 countries Gravity
Share of Low-Skilled Migrants positive AHR (2014) | 195 countries Gravity

Diversity Index (without natives) no effect AHR (2014) | 195 countries Gravity

Diversity Index Highly-Skilled
(without natives)

Diversity Index Low Skilled
(without natives)

positive AHR (2014) | 195 countries Gravity

no effect AHR (2014) | 195 countries Gravity

Sector approach: Multi-ethnic production
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89 Sectors, 13

Share of Migrants positive | FKV(2015) | years FR, DE,| “2rd (2005,
UK 2007)
89 Sectors, 13
Share of Highly-Skilled Migrants positive FKV(2015) | years FR, DE, Card (2005,
UK 2007)
" 89 Sectors, 13
iversi i - positive/no ' =1 Card (2005,
Diversity Index (without natives) offect FKV(2015) | years FR, DE, 2007)

UK

Note: The following abbreviations are used
AHR Alesina, Harnoss and Rapoport (2013); OP OrtaghPeri (2009); OP Ortega and Peri (2012);
OP Ortega and Peri (2014); FKV Fassio, Kalantagah Venturini (2015).

Finding a positive impact for migrant diversity @untry level does not provide any final answer, as
the results obtained are likely to mix up the sectmmposition of the destination country and the
different countries of origin of migrants. Thisussis also related to the unlikely high coefficiehthe
share of migrants found by Ortega and Peri (20d#h)ch presents an elasticity of 0.6: according to
their study an increase of 1% of the share of migrahould lead to an increase of 6% in the Total
Factor Productivity. This sounds very optimistic.

The sector analyses undertaken by Fassio, Kalamtaapd Venturini (2015) address the impact of
migrants on the Total Factor Productivity in Fran€@rmany and the United Kingdom from 1995-
2008. The results confirm the heterogeneous impkdthe foreign labour force once different sector
groups are considered. While the share of migrdwats a significant effect on the Total Factor
Productivity in all sectors, stressing the generitive impact of the foreign workers on innovatio
the share of highly-skilled migrants is significamly in the high-tech sectors. These include tigh
tech manufacturing and high tech services, wheeeatle variable is always negative, stressing the
importance of being young for innovation. The stadso demonstrates that medium and low skilled
migrants are positively associated with the groeftfTotal Factor Productivity in manufacturing and
low-tech sectors. Moreover, variegated migrant bemknds (different countries of origin) seems to
have no significant impact in most sectors. It hastatistically significant positive associationlyon
when the service sector is considered. There plpbtie human capital composition is more
important.

Thus migrants seem important in spurring innovatimt using a sector approach considerably reduces
their elasticity with respect to TFP growth. Indeednsidering that, on average, the share of migran
out of total employment is not higher than 10% iiarfee, Germany and the UK, an increase from 10%
to 11% would lead to a TFP increase of 3% in higbhtsectors (where the effect is stronger).
However, the increase would be of only 0.8% ingbevices sectors. Moreover, given the logarithmic
form adopted, if the size of the migration commuyrig large this effect declines. Diversity does not
seem, in fact, to be crucial, while the role of Iskilled migrants does emerge in some sectors.

Policy prescription:
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The migration policies that favour the growth ofPffhould be point-system based. This would allow
policies to be designed with special attentioneitt@r and, hence, labour demand dynamics.

A migration policy centred on a quota system, wldah capture the diversity of countries of origin,
seems relevant at national level but loses its mapae when tested at the sector level. It seems to
point, in fact, both to complementarity betweenaescand to specialization in migrants at secteelle

5.3 Survey at firm level

Research at firm level should give the final wordtbe relations between migration and innovation.
However, the results here are ambiguous. We suthaupesearch at firm level in Table 3, and, at firs
glance, the results are very heterogeneous wittlear pattern. The analyses refer to samples roifir
from different countries. Hence, the inconsistentyresults from different studies (not significant,
negative or positive) could be related to differeational innovation dynamics. Moreover, it is like
that the national firm mix is affected by the na#b institutional organizations or the natural
economies of scale. These create differenceselate possible generalizations.

The only consistent result, estimated for Ireland &ermany, suggests that diversity in the
composition of migrants at the regional level fasgoplant innovation. Again this result could be
interpreted, as suggested before, as the resottmplementarity among different firm sectors.
Migrants of different origins specialized in difést sectors give complementary services and preduct
to firms.

The different contribution of migrants in the in@dwn of products or processes makes it even more
difficult to disentangle the role of foreign laboutor Lee and Nathan (2013 ethnic fractionalism in
firm employment plays no role in the innovationpsbducts, while instead it seems more effective in
the introduction of new working practices. The ogimis documented by McGuirk and Jordan (2012).

Policy implication

Migration policy needs to be very country spedifecause it should follow the demands of firms
which work in different sectors and regions. Thegwdd not necessarily favour highly-skilled
immigration because the empirical evidence doesuoport a clear production function with a
specific role for human capital.

Table 3 Summary of resultsin firm studies

Est. effect Study {::gltygifs I nstrument.

Firm approach: Multi ethnic team.

Germany, SYSGMM,

Share of Migrants no effect TBS (2012) plant level | Card (2005)
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N. of foreign
negative | ONP (2013) Ngtherlands restaurants.,
, firm level | past foreign
pop
G Similar
. oL Germany, | plant GLOBE
f/lri]arr;nct)sf Highly-Skilled among no effect OPNN)P(2014 Netherlands  measure,
9 , plant level| N Lagged 4
years
N of foreign
Share of Highly-Skilled Migrants noeffect | ONP (2013) Ngtherlands restaurants,
, firm level past foreign
pop.
Ackergberg et
negative | PPP(2014) | Denmark, | to006),
firm level )
serial dep.
Diversity index (without natives) N. of foreign
positive ONP (2013) Ngtherlands restaurants,
, firm level past foreign
pop.
Ireland,
Diversity index at Regional Level positive MJ (2012) bLIJ:\'/r:SS N/A
(without natives)
positive | TBS (2012) | Sermany. | SYSGMM,
plant level Exclusion
Denmark,
Diversity index at Firm Level no OTK (2011) plant level N/A
(without natives) no effect TBS (2012) Germany, SYSGMM,
plant level Exclusion
4 year lags of
German n. of Countries
positivel | OPNNP(2014 Y. | of Birth in
Netherlands S
no effect ) lant level municipality,
Ethnic Fractionalisation Index P diversity in
similar plants.
London
no effect LN (2013) Business N/A
Survey
ositivel London
Cultural Diversity P LN (2013) Business N/A
no effect
Survey
Cu.ltural Diversity among Highly- positive BS (2013) Germany, N/A
Skilled plant level

Note: The following abbreviations are used
TBS Trax, Brunow and Suedekum (2012); ONP OzgepkaNiand Poot (2013); LN Lee and Nathary
(2013); PPP Parrotta, Pozzoli and Pytlikova (200M);McGuirk and Jordan (2012); OTK
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Jstergaarda, Timmermansa and Kristinsson (2011BiB&ow and Stockinger (2013); OPNNP
Ozgen, Peters, Neibuhr, Nijkamp and Poot (2014)

Conclusion

Highly-skilled workers are in high demand. Theyradle best solution for satisfying Europe’s
population and labour needs: they exploit natiovelfare services less; they socialize with natives
more” and integrate better; and, last but not leasy, tae favour innovation.

With the Lisbon strategy, the European Council &nad the competitiveness objective. The European
Commission, meanwhile, with the Blue Card Directinside the Global Migration Approach,

provided the instrument to foster competitivenéssugh highly-skilled migration, defined as the
migration of the tertiary educated.

The presence of highly-skilled foreign workers @ avenly distributed among the European Member
States: it varies from 10.4% to 34% (OECD 2009)weteer, the demand forecast for highly-skilled
workers will increase, in 2020, by 8% in the ocd]'mastructuré‘.4

This research paper has tried to elucidate whyifamdhly-skilled foreign workers favour innovation
measured at national or regional and sector levirims of patent registrations or by the Totaltéiac
Productivity, or at firm level through surveys.

Research at firm level is idiosyncratic, the resolianging according to the country consideredtand
sector composition: it is, thus, difficult to gigeneral policy prescriptions.

Nevertheless, the cross-national studies do nat hdime dimension and do not control for the
specific country effect. Therefore, the resultsals® not easy to extend to specific cases. Thersec
approach suggests, meanwhile, that the positieeedf highly-skilled workers varies according e t
sector and that it is positive in the High Techteeccbut not in others and in some sectors loweskil
workers, too, favour innovation.

These results would lead to the following policyiclusions:

i An open-to-highly-skilled policy cannot spur a gealized increase in innovation, as is
frequently suggested. If it is advocated, it shcdste different aims, for instance a reduced use
of the welfare state and easier integration. Ef/emore highly-educated migrants do not
damage the growth rate and direction of the econaintlye destination country, they can create

13 De Palo, Faini and Venturini 2007 show that highfiucated migrants interact more in their socia With natives.
14 Or 16% of the qualification structure, 10 millibighly-skilled jobs, see CEDEFOP 2010.
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over education. This can reduce integration aridfaation among the migrant community and
lead to public funded integration policies;

ii. migrant diversity (in terms of country of origirgt regional or country level seems to favour
innovation. Yet it appears to be, above all, tleilteof complementarity among different
sectors of production in which migrants are spedl Thus, a migration policy which
includes a quota for migrants of different origsrpierhaps unlikely to spur innovation. If
“Indian engineers” are in high demand in Europés itot because European countries have few
highly-skilled Indians in their labour force. Rathi is because Indian engineers are the best
engineers on the world market at the present time;

iii. to favour innovation migration policy should, instk follow sector and firm demand for
highly-skilled workers in STEM or in general fieldé points system which stresses the
necessary skills in short supply seems to be thet apgpropriate policy.

American research on the increase in foreign pateentors after the introduction of the H1B Visa,

which facilitated migrant entrance to the USA, pd@g evidence in this direction . The sector arglys

demonstrates that the effect of foreign skilledblatdiffers according to the relevant sector .

In the European Union the Blue Card directive stidod revised, but it goes in the right direction by
favouring the hiring of the highly-skilled by firnis short supply.

But the crucial issue becomes how to match mignatiith highly-skilled labour market shortages. In
general forecasts are based on arbitrary assunsgiwh frequently do not meet the needs. Information
collection through job placing offices or emplogeirveys seems better able to chart local demartd. Bu
they are difficult to manage at the national levbere migration policy is organized. Perhaps firms
should simply apply to the national migration offithus linking supply and demand. However, this
system works only in countries where bureaucraeffisient.

The focus, thus, shifts from the migration polioyits implementation, which depends on various
idiosyncratic factors: the institutional efficienofthe country of destination; its geographicasipon;
the language spoken etc. This implies differentilissachieved by the same policy in different
contexts. It should be remembered, finally, thatllrdestination countries inflows of migrants for
labour reasons are a minority of total inflows. Ab60% of inflows are family reunifications, about
20% refugees and about 30% labourers. A “labouratian policy” has to be very efficient in
pursuing labour market priorities, then, becausaiad0% of foreign inflows respond to different
priorities.
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