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Abstract

This paper measures the extent to which internal migration between

US states boost innovation as measured by patents per capita. Sim-

ilar studies of the relationship between immigration and innovation

have found that a one percentage point rise in the share of immigrant

college graduates in the population increases patents per capita by

6%, as implied by the 2003 National Survey of College Graduates,

or is associated with a 12-15% increase in patenting per capita (Hunt

and Gauthier-Loiselle, 2009). Using a 2005-2011 panel of data at the

US state level, I don’t find any evidence of a positive impact of receiv-

ing immigrants from other US states on patenting per capita. I isolate

the causal effect, which turns out to be insignificantly different from

zero, by instrumenting the value of present inter-state net migration

in a state with previous 1-period and 2-period values of inter-state

net migration in the same state.
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1 Introduction

Economists have extensively studied the impact of labour mobility on
wages, inequality, tax revenue, government expenditure and skills com-
position on the host country. For example, in an influential paper Card
(2012) argues that the negative effect of immigration on real wages and
employment outcomes of native workers in the United States and the
United Kingdom has been relatively small compared to the effect of tech-
nological change. By contrast, the effect of labour mobility on innovation
and technical progress has attracted less research. Immigrants could di-
rectly increase innovation in the host state through their participation in
research. Alternatively, immigration could increase innovation by provid-
ing complementary skills in research or management and entrepreneur-
ship or bringing new skills altogether.

The existing literature that relates immigration and innovation has fo-
cused on the effects of international labour mobility, in particular skilled
immigrants such as engineers and scientists, on knowledge production as
measured by patents or scientific articles. I will focus on another form of
migration: internal mobility between regions of the same country. This
presents some advantages: it limits the potential endogeneity caused by
different migration policies at different points in time (since domestic work-
ers in developed countries are typically not subject to migration restric-
tions). It also allows us to look at immigrants in posession of a wide range
of skills and more broadly how all categories of workers enter the knowl-
edge production function.

This paper aims to assess the effect of interstate labour mobility between
US states in the amount of innovation that takes place in each state as
measured by patents per capita. In other words, does a surge in the net
immigration coming from other US states into a particular state cause an
increase in innovation? The purpose of studying patents per capita is that
it is a proxy for innovation, which itself is a driver of productivity growth.
If immigrants increase patents per capita then increasing immigration can
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be thought of as a productivity enhancing policy. This is especially rel-
evant in the current environment of poor productivity growth. Further-
more, this analysis could shed some light on a relatively unstudied eco-
nomic effect of immigration, adding to the debate in developed countries
over what immigrant’s net contribution to the economy and society is.

I find no evidence of a causal relationship between net inter-regional im-
migration and innovation. The use of both the within estimator and IV
estimation yield insignificant coefficients for the immigration variable in
my econometric model. This results are robust to several changes in the
sample and model specification. This result, which is in marked contrast
with the recent literature on the topic, might be caused by the fact I am
not considering the educational and professional status of the immigrants.
Furthermore, inter-state mobility could have an effect on innovation in the
long run. This possibility is not covered in this paper due to lack of data
on inter-regional migration between U.S. states prior to 2005.

2 Literature Review

It is widely acknowledged that the economic literature that aims to explain
innovation as the product of a series of inputs, such as human and phys-
ical capital, goes back to the model of endogenous technological change
developed by Romer (1990). A crucial feature of this model is that the
knowledge production function is linear in the existing knowledge stock
and in human capital employed in the RD sector.

In order to obtain an objective measure of innovation I will resort to patent
applications per capita, which Peri and Botazzi (2004) shows to be highly
correlated with total factor productivity at the country level. However,
as Grilliches (1990) points out, there remain concerns abouth how well
patents can measure the quality of innovations or that the total numbers
might be affected by the shifts in the industry. I resort to Furman, Porter
and Stern (2002), Ulku (2004) and Jung et al. (2008), who empirically esti-
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mate the effect of R&D spending and GDP per capita on the patent stock,
as well as Falk (2007) to determine which factors enter the patent produc-
tion function.

In a similar approach to the one I will use, several authors aim directly to
assess the impact of immigration on innovation. Peri (2007) uses a panel
of data at the US state level to measure the importance of the immigrants’
skills in producing new ideas. He extracts US Census microdata and data
from the NBER database for immigration and patents respectively. Peri
is interested in measuring the impact of the number of foreign born PhD
graduates in STEM subjects working in a state on innovation, controling
for decade and state fixed effects. However, serious concerns about the
endogeneity of the immigration flow variable remain, since it is possible
that immigrants are attracted to states that have a higher innovation or
growth rate.

Peri’s analysis is extended by Hunt and Gauthier-Loiselle (2009), who aim
to correct for the endogeneity of the immigration variable. They combine
individual and panel data (extracted from the US. Patent and Trademark
Office) on US patents at the State level. Their main contribution is the use
of the national (US) change in the number of skilled immigrants from a
region of origin (such as Europe, Asia, Africa, etc.) weighted by the state’s
share of the 1940 total of immigrants who originated from that region as
an instrument for their immigration variable. Using this technique they
find evidence that the 1.3 percentage point increase in the share of the
population composed of immigrant college graduates and the 0.7 percent-
age point increase in the share of post-college immigrants both increased
patenting per capita by about 21 percentage points in the US in the period
1990-2000

My analysis will be somewhat similar to Hunt and Gauthier-Loiselle in the
sense that I supplement an analysis panel data collected at the state level
with IV estimation. The main difference bewtween our papers is the way
they define their immigration variable, which is linked to the fact that I am
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posing a slightly different research question. They define their immigra-
tion variable as the share of the population of the state that is comprised
of skilled immigrants from outside the US. I define it as the difference be-
tween the number of people who arrive in a given US state minus the
number of people who leave for another US state in a given year. Mine
is a flow variable while theirs is a stock variable. I have opted for this
approach is because my research question is related to the labour input
in the knowledge production function and how immigration enters this
function (while Hunt and Loiselle focus on the human capital input). Be-
cause I want to measure by how much innovation increases when there
is an increase in the Labour input, due to higher inter-regional immigra-
tion, I have chosen this dataset. Secondly, my number of years is only 7
due to lack of data on state patents prior to 2005 in the OECD Database.
Thirdly there are significant variations in the methodology. In particular I
instrument immigration in a different way. They construct a variable for
the predicted change in the number of skilled immigrants from outside the
US in each state. I use past 1-period and 2-period lags of the immigration
variable itself.

In summary, I go beyond Peri (2007) in establishing a causal relationship
between positive net migration flows and the amount of innovation that
takes place in US states. The reason for this is that Peri’s use of fixed ef-
fects does not rule out endogeneity concerns of the immigration variable.
Therefore his results can only be interpreted as evidence of a positive as-
sociation between highly skilled immigration and innovation. Further-
more, my analysis will be more general than Hunt and Gauthier-Loiselle
(2009) due to the fact that I am not excluding unskilled immigrants (or
any specific type of immigrants, including non active immigrants) from
my analysis. Also, it differs from Borjas and Doran (2012) since I will be
estimating the net effect of immigrants on the knowledge production in a
state in general and not on the knowledge production of state locals, this
is, not considering the immigrants, in that state. In that sense I will not be
considering the individual forces that might drive changes in innovation
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but rather the overall short and long run effect.

3 Empirical methodology

My analysis uses a panel of U.S. states with annual data from 2005-2011. I
estimate:

log
Pi,t

Popi,t
= γ0 + γ1Ni,t + γ2Xi,t +

2011

∑
t=2005

ct + ui,t (1)

using the within estimator, where i indexes states, P is the number of
patent applications, Pop is state population, N is the net interstate mi-
gration as a percentage of the state total population, X is a vector of con-
temporaneous state controls and ct are a series of time dummies. I am in-
terested in the coefficient γ1 which I expect to be positive and significant.
The covariates in X comprise gross research and development expendi-
tures as a percentage of the state GDP, the logarithm of GDP per capita,
the percentage of the labour force who has attained elementary, secondary
and tertiary education and the number of permanent residence cards (also
known as green cards) a state issues, normalised by the state population,
which acts as a proxy for international immigration. Using fixed effects
via the within estimator addreses the presence of time invariant state-level
heterogeneity. I cluster standard errors by state to allow for serial correla-
tion.

Equation 1 presents an endogeneity problem. In particular, as Hunt and
Gauthier-Loiselle (2009) point out, workers are more likely to migrate to
states that are innovating. Especially since my analysis is limited to the
short run relationship between net inter-state migration and innovation,
there might also be unobserved factors, such macroeconomic shocks on
output and employment, that vary over time and that affect both net inter-
state migration and the number of patent applications in a given year. In
that case our estimate would be upward biased in a least squares regres-
sion.
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In this paper I devise an instrument to address this issue. After the num-
ber of permanent residence cards issued by each state fails to be relevant
enough in the first stage, I resort to using the 1-period and 2-period lags of
the net immigration variable as instruments for present net immigration
variable. The intuition is that the unobserved time-variant heterogeneity
that I am worried about likely comes from macroeconomic shocks, such
as a recession that affects both the number of patents applications and the
number of people moving into the state from another US state. Due to
the unforeseen nature of these shocks it is likely that previous immigrants
made the decision to move states independently of them. This line of rea-
soning is analogous to Card (2001) : ”While the decisions of previous im-
migrants were likely based upon previous demand shocks to wages, it is
unlikely that those decisions are correlated with current demand shocks.”

If previous net immigration values are not correlated with present values
of the error term and there is no serial correlation present in our model
then our IV estimator will be consistent. Finally I have chosen to use two
instruments instead of only using the 1-period lag so that I can test my
model for overidentifying restrictions, trading off losing an extra 51 obser-
vations.

4 Data and descriptive statistics

The data on patents at the state level come from the OECD regional statis-
tics database. The sample is comprised of the 51 U.S. States, which in-
clude Alaska and Hawaii, as well as the District of Columbia. Data are
complete for all variables for all states in every year. My outcome vari-
able is defined as PCT (Patent Cooperaton Treaty) applicatons per million
inhabitants. Note that I am using patent applications instead of granted
patents as the lag between the applicaton and grant can be of up to 6-10
months. Therefore the literature tends to consider patent applications as
more relevant for an investigation of firm and individual behavior than
patent grants (Hall, 2005). Patent applications are attributed to a state
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based on the home address of the inventor. Figures 1 and 2 show the evo-
lution of total patent applications and patent applications per capita from
2005-2011. It would be preferrable to cover a wider period of time in this
analysis, unfortunately the available data on net interregional migration is
restricted to these seven years. On average the evolution of patenting in
U.S. states has been negative for the period, both in absolute and per capita
terms While the U.S. state average of patents per million inhabitants was
137.75 in 2005, it fell down to 120.43 in 2011. However the minimum level
of patenting was actually reached in 2010 with a statistic of 107.19. Some
authors attribute the fall to a series of short term or structural causes such
as the effect of business cycles (Park and Hingley, 2017), the 2008 financial
crisis, or an increase in patent litigation (Bessen and Meurer, 2012).

Figure 1: Evolution of the mean of patent applications per state.

The data on inter-regional net migration also comes from the OECD re-
gional statistics database, and it has been collected by the Directorate of
Public Governance and Territorial Development through an annual ques-
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Figure 2: Evolution of the mean of patent applications per capita.

tionnaire sent to the delegates of the Working Party on Territorial Indi-
cators (WPTI). My variable of interest is measured as the percentage mi-
grants moving into the state from other US states minus the percentage of
migrants moving from the state to other US states, divided by total popu-
lation. The OECD defines a migrant as someone born out of state.

Data for the control variables also comes from the OECD regional statis-
tics database, except for the number of people living in each state who
have been granted lawful permanent residence in the United States (they
are also known as green card recipients). This has been extracted from
the Yearbook of Immigration Statistics, Deparment of Homeland security
in its 2011 edition. I will be using this as a proxy for the number of im-
migrants arriving to each state from outside the US due to the current
unavailability of those figures. GDP per capita is measured in constant
US dollars at purchasing power parity. R&D expenditure is measured in
nominal terms as a percentage of nominal GDP. The educaton level of the
labour force (elementary, secondary, tertary) is measured as the percentage
of the labour force that has achieved that educational attainment.
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The variable means and standard deviations, non weighted by the state
population, for the full 2005-2011 sample are reported in Table 1. As shown
in Figure 3, the standard deviation of interregional net-immigration has
decreased in the period from approximately 0.5 to 0.17. At the same time,
the number of states whose net immigration figures are higher than 0.5%
in absolute value (this is, they either send or receive more than 0.5% of the
population to or from other states) has dropped from 9 in 2005 to 0 in 2011.
This downwards trend in internal mobility in the US has been also stud-
ied by Kaplan and Wohl (2015), and they attribute it to a variety of factors
which include falling regional economic specialisation and that more effi-
cient information (as a result of information technology and falling travel
costs) has made locations less of an experience good, thereby reducing the
need for young people to experiment with living in different places.

Figure 3: Evolution of the standard deviation of net migration.

Finally in Figures 4 and 5 I plot the relationship between the previous 1
year and 2 year values and the current values of inter-regional net mi-
gration in each state, respectively. In other words, Figures 4 and 5 are
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a graphical representation of the first-stage of my IV model. The figures
clearly show that states that had a higher value of net migration in the past
tend to have higher net immigration in the present.

Figure 4: Relationship between present and previous year net migration.

Figure 5: Relationship between present and 2 years in advanced net mi-
gration.
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5 Results

In Table 2, I estimate the state determinants of log patenting per capita
using the within estimator. The regression in column 1 follows the ba-
sic specification of equation (1), while the regression in column 2 adds
dummy variables each representing a year from 2005-2011. Time dum-
mies are preferred to a linear time trend because they allow the time effect
to vary depending on the year in a non-linear fashion. In additon the re-
gression in column 3 lags all the covariates by 1 year to account for the fact
that patent applications take on average about six months to process. The
coefficients on the value of inter-state net immigration are positive but not
significant in any specification. In fact, the only coeffcients that are signif-
icant in the base specification are the ones on the percentage of the labour
force with elementary, secondary and tertiary education attainment and
the log of GDP per capita. The estimates are similar for the 3 types of ed-
ucational attainments: a 1 point increase in the percentage of the labour
force that is in possession of elementary, secondary or tertiary education
is associated with a 3% increase in patent applications per million inhab-
itants. The coefficient on log GDP per capita (measured in thousands of
dollars) shows that the elasticity of patents with respect to income per
capita is close to 1.

However, when year dummies are added to the model only the coefficient
on the tertiary education variable remains significant at the 10% level. The
year dummies follow very closely the evolution of patenting outlined in
Figure 4. This is indicative of the presence of unobserved factors that affect
patenting and that haven’t been captured by our model. Furthermore, in
the specification with lagged covariates all of the coefficients on the control
variables become insignificant.
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Table 2: Effect of net inter-regional migration on log patents per capita

The lack of a statistically significant effect of immigration on innovation is
even more striking when we compare it to closely related studies on the
subject. It’s the case of the 2003 National Survey of College Graduates,
whose data imply that a one percentage point rise in the share of immi-
grant college graduates in the population increases patents per capita by
6% or Hunt and Gauthier-Loiselle who find that one percentage point in-
crease in the share of the population composed of immigrant college grad-
uates is associated with a 1215% increase in patenting per capita.

One hypothesis that could explain the disparity between results is that
net inter-regional migration as defined by the OECD includes all types of
migrants moving from one state to another. This includes retired people,
university students and children. The contribution of inactive population
groups to patenting is less obvious than in the case of college graduates
coming into the United States for work purposes. A more interesting hy-
pothesis is that it is the skills that immigrants bring and their educational
attainment, in particular in STEM subjects is what drives increases in in-
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novation. Since only a fraction of the people included in my inter-regional
migration variable possess those skills, then overall numbers will be less
strongly associated to patenting. Unfortunately the available data on inter-
state mobility says nothing on the particular skills set of the immigrants,
so this study won’t be able to shed some light on the question. However
this could be an interesting topic for further research.

Before we move on to the instrumental variables estimation results, I will
present some further evidence of the validity of the instruments that I am
using: the past 1 year and 2 years values of inter-regional net migration.
Firstly I test for serial correlation in my model using the test outlined in
Wooldridge (2002). Table 3 in the Appendix displays the result of the test,
whose null hypothesis is the absence of serial correlation in our model.
We cannot reject the null hypothesis at the 20% significance level, which is
encouraging evidence that our model is free from serial correlation. Sec-
ondly I carry out the Sargan-Hansen test of overidentifying restrictions.
The purpose of this test is to test for the exogeneity of our instruments
(Bhargava, 1991). Description and results of these tests are available in the
Appendix Table 3.

I now proceed to report the results of instrumental variables estimation.
Table 4 presents 3 columns. For comparison, I have reproduced the results
of the base specification of my model in the first column, as they appear in
column 2 of Table 1. The second and third columns show the IV estimation
results. The second column shows the results of using only 1 lag of net
migration as an instrument for current net migration. The third column
shows the results of using both the 1st and 2nd lags as instruments. The
coefficients for inter-regional net migration under instrumental variables
are still positive but insignificant. The coefficients and standard errors on
the control variables are very similar to the within estimator case. The
estimates for the effect of the educational attainment variables seem par-
ticularly robust to the different specifications. The instruments are strong
in the first stage, as indicated by the F-statistic of 32 for the instruments’
joint significance test in the first stage (when 2 instruments are used), and
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by the F-statistic of 53 for the 1 lag instrument in the first stage, when one
instrument is used. The first stage itself is shown in Appendix Table 5.

Table 4: Effect of inter-regional migration on log patents per capita, IV
specifications

In Appendix Table 6 I check the robustness of the results to different sam-
ples and specifications. For conciseness I will only report the coefficients
on inter-regional net migration. The first column shows the within esti-
mator results while the second column shows the IV results, using two in-
struments. In the second row I add seven dummies which represent BEA
(Bureau of Economic Analysis) regions and interact them with a time trend
in order to capture specifical regional trends in patenting per capita. The
coefficient on net migration is still insignificant. In fact, standard errors
for this coefficient have almost doubled in this new specification. In row
three I introduce state specific trends, which don’t bring any substantial
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changes to either the coefficients or the standard errors compared to the
previous specification. In row four I go back to my baseline specification
and exclude California from the sample. California’s large relative size,
high patenting per capita and the presence of Sillicon Valley are reasons to
treat it as an outlier. The results seem robust to this new specification. Fi-
nally, my period of study (2005-2011) can be divided into two halves before
and after the 2008 financial crisis, which has caused a negative structural
break in the level of patens per capita. Rows five and six show the co-
efficients of interest for samples restricted to pre-2008 (2008 not included)
and post-2008 observations. Note that the coefficient in row 6 column 1 for
net migration is negative and significant at the 5% level . The estimated
coefficient implies that a 1 percentage point increase in net inter-regional
immigration measured as a percentage of current state population causes
a 0.12 percent decrease in patents per million inhabitants. This odd result
is to be taken with caution as it is not replicated in the IV specification: the
coefficient on net immigration becomes insignificant again.

In Appendix Table 7 I report the interesting response of the coefficients on
the tertiary educational attaiment variable and the log of GDP per capita
to the same robustness tests. As for net immigration, the results are robust
even when BEA dummies and state dummies are interacted with a trend
and introduced in the model. Excluding California causes the coefficients
of the education attainment variables to drop, and the log of GDP becomes
insignificant altogether. Finally the coefficients on the education variables
become insignificant when the sample is divided before and after 2008, an
log of GDP seems to be the only relevant factor that explains patenting
with a coefficient of 1.93 and 1.78 which are higher than in the majority of
specifications.

6 Evaluation

As I mentioned earlier, these results are in marked contrast with the pre-
vious literature on the topic, which includes Peri (2007) and Borjas and
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Doran (2012). Even though the studies arrive to very different conclu-
sions, and they measure knolwledge production in different ways, both
find immigration to have a significant effect on innovation. There are sev-
eral reasons why my results have to be taken with caution.

Firstly, due to lack of data my analysis is limited to the period that goes
from 2005 to 2011. Hence I am not able to identify any long run effects of
internal moblity on patenting per capita. This problem is exacerbated by
the choice of instruments. Since I am using the 1 and 2 period lags of the
immigration variable two periods of observations are lost.

Secondly, although I find no evidence that higher inter-regional net mi-
gration causes higher patenting per capita, this is not quite the same as
the relationship between interstate mobility and innovation since the lat-
ter is inherently hard to measure (Grilliches, 1990). This study does not
weight each patent by citations in that patent’s class, which is a common
measure of the ’quality’ of the innovation. In addition, it could be the case
that more immigrants do increase innovation measured as the number of
scientific articles, or the number of technological spinoffs created. Finally,
it is possible that immigrants from other US states do cause an increase in
innovation that is unmeasurable altogether.

7 Extensions

The results of this study point out to two interesting lines of research that
can be pursued in the future. The first one involves restricting the analysis
to those internal migrants who are part of the active popluation and sort-
ing them out by skills level or educational attainment. This would solve
one of the main limitations of this study in the sense that active and edu-
cated people are more likely to make a significant contribution to the inno-
vation that takes place in a state. The second one involves directly looking
at the origin of the inventors, and estimating a model of the probablitity
of submitting a patent application to measure the patenting gap between
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inventors native to the state and inventors coming from other states.

8 Conclusion

In this project I have used aggregate data to measure the impact on inno-
vation of inter state mobility across U.S. States in the period 2005-2011. My
results show that, in contrast to related studies in the subject, there is no
evidence that higher immigration into a particular state causes an increase
in patenting per capita. The estimated coefficients are not significantly dif-
ferent from zero. Hence this study finds no evidence for the falling rate of
patents per capita in the US, which decreased by 12.5% between 2005 and
2011 to have been caused, even partially, by the decreasing rate of inter re-
gional mobility in the same period. In order to adress potential endogene-
ity concerns, I have used an instrument for my immigration variable that
had not been used previously by the literature: past 1-period and 2-period
lags of the immigration variable itself. The results of the IV estimation also
do not indicate any kind of relationship between inter state migration and
innovation.

However, the educational attainment of the population is found to be the
main determinant of patenting. In particular, this study finds that a 1 point
increase in the percentage of the labour force that is in possession of either
elementary, secondary or tertiary education is associated with a 3% in-
crease in patent applications per million inhabitants. An interesting line
of research, that has been impossible to carry out due to lack of individ-
ual data on immigrants and inventors, would be to study the impact of
inter regional mobility of skilled migrants and compare it to non skilled
migrants.
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A Appendix

A.1 Data and Statistics

The dataset used for this paper is a combination of various independent
sources of data. Data on patents per capita, net inter-regional migration
and the majority of controls has been taken from the OECD regional statis-
tics database (2016). Data on the number of permanent residence cards
issued in each state was obtained from Yearbook of Immigration Statistics
(2011)

Table 1: Means of aggregate variables

A.2 Intermediate Results

I use the Wooldridge (2002) and Sargan-Hansen tests to provide evidence
for the validity of my intruments. The auxiliary regression for the Wooldridge
test is:

ˆei,t = ρ̂ ˆei,t−1 + vi,t (2)
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Where ei,t are the extracted residuals from a fixed effects regression of
patents on net-migration and a vector of covariates.

Table 3: Summary of tests for the validity of the instruments

Our Instrumental Variables model estimates the equation:

log
Pi,t

Popi,t
= γ0 + γ1N̂i,t + γ2Xi,t +

2011

∑
t=2005

ct + ui,t (3)

Where N̂i,t are the fitted values from the first stage regression of Ni,t on the
instruments Ni,t−1, Ni,t−2:

N̂i,t = γ0 + γ1i,t−1 + γ2Ni,t−2 + δXi,t + ui,t (4)

Table 5: First stage regressions
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A.3 Robustness

Table 6: Effect of net inter-regional migration on log patents per capita,
further specifications
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Table 7: Effect of net inter-regional migration on log GDP per capita and
% of workforce with tertiary education, further specifications
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