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Abstract

Migration policies can have a strong impact on the selection of immigrants, who in
turn can affect the host country’s innovation development. This paper examines the
effects of the liberalization of migration on the skill composition of immigrants from
the EU-15 to Sweden after the inception of the European Economic Area (EEA) in
1994. We examine its effect on immigrants’ education levels and probability of
becoming an inventor, comparing immigrants from the EU-15 with those from
other developed regions in difference-in-differences regressions. The results show
that the liberalization of migration had a negative effect on the educational
profile of new EU-15 immigrants in the short run, but there is no such effect in
the long run. Moreover, the liberalization of migration has no systematic effect
on the EU-15 immigrants’ probability of becoming an inventor in neither the
short nor the long run. These patterns are consistent with the theoretical implication
that reduction in migration costs associated with the EEA mainly stimulated migration
from the lower end of the education distribution.

JEL classification: J15, J24, N30, O31

Keywords: Human capital, Immigration, Innovation, Selection, Skill level

1 Introduction
Migration policies can have a strong impact on which immigrants choose to move to

another country and their skill levels, whether intended or not (Bianchi 2013). These

policies can in turn affect innovation development in the country to which those immi-

grants move. For example, Kerr and Lincoln (2010) find that higher levels of entry by

those holding an H-1B visa1 increase employment among immigrants in science and

engineering as well as patenting by inventors with surnames that appeared to be Indian

and Chinese. Although some researchers have tried to investigate the impact of

changes of migration policy on the composition of skills among immigrants, most of

them focus on the impact of specific policy changes and immigrant groups (Chen

2005; Kato and Sparber 2013). Empirical evidence on the impact of more general

liberalization of migration policies is still scarce.

One of the biggest changes in migration policy history in Europe is the liberalization

of migration through the European Economic Area (EEA) agreement between the
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European Union (EU) and the European Free Trade Association (EFTA) countries in

1994. The agreement, which originally involved 17 countries, has grown in importance

with the large expansion of the EU. In short, the EEA allows for the free movement of

individuals among its member countries. However, little is known about how the Euro-

pean integration process has affected the skill composition of immigrants in the mem-

ber countries. One earlier study similar as our study is from Huber and Bock-

Schappelwein (2014), who find that the EEA has a positive impact on the education

level of permanent migrants to Austria.

However, it is far from clear that the results in Austria can be generalized to other EEA

countries. In particular, we examine the case of Sweden. The similarities between Sweden

and Austria are, at first glance, striking. They have a similar population size and propor-

tion of foreign born as well as generous welfare benefits (OECD 2016a, 2016b).2 High wel-

fare ambitions in both Austria and Sweden raise rewards to low-skilled workers for

migrating to those countries over other countries. However, Austria and Sweden differ,

for example, when it comes to the country of origin for immigrants.3

The effect of liberalization of migration has a theoretically ambiguous effect in terms

of the selection of immigrants at different skill levels. Theory highlights the distribution

of skills and rewards to skills in the receiving and sending countries, as well as migra-

tion costs that in turn determine the self-selection behavior of migrating individuals

under free migration (Borjas 1987; Grogger and Hanson 2011). Our prediction from a

theoretical framework based on Grogger and Hanson (2011) is that the average skill

level for immigrants to Sweden decrease under free migration.

We examine this issue empirically based on a unique database that links inventors to

the general population in Sweden (Jung and Ejermo 2014; Zheng and Ejermo 2015). We

examine the effect of the full liberalization of migration on the skill composition of new

immigrants in Sweden who originated in the EU-15.4 We exclude Denmark and Finland

from the treatment group, as they have been part of a free-labor mobility agreement

among the Nordic countries since 1954. Sweden’s accession to the EEA means that all

EU-15 citizens could move to Sweden freely. We use difference-in-differences (DiD) esti-

mations to evaluate the impact of liberalization on the skill composition of immigrants.

This method means that the treatment group (i.e., EU-15 citizens) is compared in terms

of skill composition (education, probability of becoming an inventor) both against them-

selves before treatment and relative to the trend in the control groups.

The results of our study indicate that the EEA had short-term negative effects on the

selection of immigrants from the EU-15 with respect to their education level. This is

manifested as both an increased probability that EU-15 immigrants had a low level of

education and a decreased probability that they were highly educated. However, it is

also clear that those effects are temporary, as estimated lead and lag models show the

effect to be statistically significant only in the first years after the application of

liberalization. Moreover, with respect to patenting, we see no systematic effects in our

main result of interest after controlling for other variables. Our results are consistent

with the theoretical assumption that negative selection driven by reduction in migra-

tion costs mainly applies to low-skilled immigrants in the studied case.

The rest of the paper is structured as follows. Section 2 summarizes Swedish migra-

tion history. Section 3 reviews previous studies examining the impact of migration pol-

icy selection of migrants. Section 4 discusses the theoretical background. Section 5
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presents the database and descriptive statistics. Section 6 describes the methods used.

Section 7 reports the results of the empirical analysis. The final section draws conclu-

sion based on the study.

2 The Swedish migration experience
Immigration to Sweden started to take off after World War II. In the 1950s and 1960s,

high economic growth led to large inflows of immigrants for work reasons, who mainly

originated in Nordic and Southern European countries (Bevelander 2000). In 1954, the

five Nordic countries (Denmark, Finland, Iceland, Norway, and Sweden) enacted free

movement in the entire area (Bevelander 2000; Stalker 2002). This treaty allowed large-

scale emigration from the other Nordic countries to Sweden and especially Finns

emigrated (Westin 2000; Helgertz 2010). However, labor migration from non-Nordic

countries came to a halt in the mid-1970s following an economic slowdown, and refugee

migration started to dominate immigration flows to Sweden, a trend that continued until

recently.5 The European integration process started to change this, first with the imple-

mentation of the EEA in 1994, a free trade agreement that allows free mobility between

the EFTA and the EU member countries, and then with Sweden’s membership in the EU

along with Finland and Austria in 1995. The EEA can be characterized as a mark of

change in policy toward more labor immigration, reinforced through EU membership.

Although total intra-EU migration comprised a small share (less than 2%) of total mi-

gration in the 1990s and 2000s (Cerna 2009), the free movement agreement may still have

changed the composition of immigrants in member countries. This seems plausible in the

case of Sweden because the composition of immigration may have changed as immigra-

tion policies in Sweden before 1995 mainly favored refugees and family-reunification

movers. In Sweden, immigrants from the EU-15 accounted for 9–13% of all new immi-

grants between 2000 and 2015 (Statistics Sweden 2016, see Figure 4 in Appendix 1).

This trend toward a more integrated European labor market has continued with the

enlargement of the EU to include Eastern European countries beginning in 2004 (EU-

27) and special expert tax systems in Sweden aimed at attracting highly skilled labors

(Mahroum 2001; Forskarskattenämnden 2013). The EU expanded dramatically in 2004,

with 10 new member countries, and Sweden is one of the few EU-15 countries (the

other two are the UK and Ireland) that allows free immigration for the new member

countries (Ruhs 2016). This, however, had only a modest effect on immigration, as,

according to Gerdes and Wadensjö (2008), about 10,000 migrant workers came to

Sweden from the new EU member states.

3 Literature review
Many studies examine how changes in migration policies have induced migration shifts

but the results are ambiguous. For example, Mayda (2010) finds that migration quotas

matter because they mitigate supply-side effects. Giordani and Ruta (2010) argue that

restrictive immigration policies tend to worsen the skill composition of immigrants.

Djajic (1989) indicates that, by relaxing qualitative restrictions (i.e., admission is based

largely on skills) on immigration, the labor-importing country may in fact improve the

quality of its labor force and reduce the flow of migrants across the border. Kato and

Sparber (2013) find that restrictive immigration policy (tightening of H-1B visa grants

for prospective undergraduate students) disproportionately discourages high-ability
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international students from pursuing education in the USA. By contrast, Chen (2005),

based on a survey of Chinese graduate students, finds that master’s degree students

who intended to migrate to the USA are likely to be negatively self-selected in a less re-

strictive migration regime and positively self-selected in a more restrictive regime. Bor-

jas (1993) argues that the Canadian point system does not help in attracting more

highly skilled workers from a particular source country compared with the USA, which

does not use this kind of migration policy. However, it alters the national-origin mix of

the immigrant flow, which reduces the proportion of immigrants from regions that

generate flows of those who are low skilled. This explains why, on average, immigrants

in Canada are more highly skilled than those in the USA.

European migration policies have changed drastically over the last two decades, creat-

ing large intra-European migration flows, especially from new EU member countries in

Eastern Europe to old members with higher income levels in the past decade. These

policy changes create natural experiments which provide opportunities to study the im-

pact of migration policies. For example, Elsner (2013a) examines the impact of EU en-

largement in 2004 on wage distribution for non-migrants in the sending country. Using

Lithuanian household data and immigration data from the UK and Ireland, he finds

that emigration significantly raised wages on average for stayers; however, the wage ef-

fect was only significant for male workers. In an accompanying paper (Elsner 2013b),

he also finds that the effect was concentrated among young workers, whose wages in-

creased by 6% over the period of 5 years, while the older workers were not affected.

Moreover, he finds emigration has no significant effect on the wage distribution be-

tween high- and low-skilled workers. Nevertheless, Dustmann et al. (2015) find emigra-

tion has a positive effect on wages for high- and medium-skilled workers stayed in

Poland but might have a negative effect on workers at the low end of skill distribution.

However, empirical evidence on how liberalization of migration among more eco-

nomically integrated and developed European countries affects the skill composition of

immigrants is sparse. Based on survey data on immigrants who arrived between 1988

and 2002, Huber and Bock-Schappelwein (2014) find that after Austria became a mem-

ber of the EEA in 1994, the share of permanent migrants from the EEA to Austria with

low education levels dropped compared to the change in the share of low-educated per-

manent migrants from other countries. They therefore argued that liberalizing migra-

tion may be an effective way to improve the skill structure of immigrants in countries

that have a high share of low-skilled immigrants. By contrast, Beerli and Indergand

(2014) find that the abolition of quotas for workers from European countries through a

bilateral agreement with the EU in 2002 had a small but negative effect on the educa-

tional quality of immigrants to Switzerland. They attribute this decline to more select-

ive immigration policies before 2002, which in turn stem from higher returns to

education in Switzerland. The differing experiences of the two countries indicate that

pre-reform migration patterns are quite important for understanding how liberalization

changes migration flows.

Few studies address the impact of migration policy with respect to inventive behavior.

One study we know is by Jahn and Steinhardt (2016). They examine the impact of im-

migration on innovation by exploiting a placement policy for ethnic German immi-

grants, who are mainly from the former Soviet Union. They find immigrants had no or

even positive effect on innovation (number of patents), although the majority of
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immigrants are unskilled. This may be because quite high share of these immigrants

had worked as engineers and they have less cultural and language problems compared

with other immigrants.

4 Theories on immigration
The workhorse model for understanding selection patterns in immigration flows is Bor-

jas’ (1987) model of self-selection of migrants. This model assumes that the costs of

migration are positively related to the skill level. The model assumes that immigrants

who move for work reasons will tend to move to a destination country that offers

wages above those of their home country corresponding to their skill levels. Positive se-

lection is defined as such when immigrants to the destination country are drawn from

the upper tail of the income distribution in their home country and end up in the

upper tail in the destination country. Conversely, negative selection is defined as the

case where immigrants are from the lower tail of income distribution in the home

country and end up in the lower tail in the destination country. Borjas (1987) shows

that positive selection takes place if the correlation between the positions in the skill

distribution to that of the income distribution in the home country and destination

country are high and the income distribution at the destination country is higher. The

opposite takes place if the correlation again is high but the distribution of income is

lower in the destination country.6

Swedish income distribution is more compressed and low-skilled people are (generally)

rewarded more generously than that of the majority of other countries in the world, in-

cluding the EU-15 countries. Therefore, negative selection of immigrants to Sweden

seems to be the main theoretical implication according to Borjas’ (1987) model. However,

his model is based on an assumption of free mobility and increasing costs by skill level.

This assumption is debatable, and we would like to have a further discuss about it.

The nature of the moving cost to Sweden and its relation to skills before and after

the EEA are important because they influence the payoff involved in moving. The dis-

tribution of the moving cost for different skill levels before the EEA and the change in

the distribution of the cost reductions implied by the EEA may differ by skill levels and

is important for the outcome.

International migration cost includes actual moving costs (e.g., cost of visa applica-

tion), information searching cost (e.g., time spent on searching the process of visa

application), social networks cost (e.g., give up part of social network in the home

country), and adoption costs (e.g., learning a new language and institutions) in the host

country7 (McKenzie and Rapoport 2010). For citizens from the EU-15, it is hard to see

that actual moving costs and social network costs are systematically related to the skill

level. However, information searching costs and adoption costs are likely to be nega-

tively related to an individual’s skills. For example, highly educated individuals are usu-

ally easier to find the necessary information for migration and better at learning a new

language and institutions. Nevertheless, highly educated individuals also often demand

more knowledge about institutions and may invest more in education to adopt to the

new country. Total adaptation costs may not be fully known before someone moves

and could vary from one individual to another, but it surely plays a role in the decision

to move. Overall, it seems plausible that migration costs to Sweden are not systema-

tically related to skills.
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Importantly, the implication that costs rise with the skill level also seems to be at odds

with generally observed migration patterns. They tend to show that selection is overall

positive, even in cases where one would expect to observe more negative selection pat-

terns, according to empirical data on world migration flows reported by Grogger and

Hanson (2011). Grogger and Hanson (2011) develop an alternative model in which mov-

ing costs are considered fixed and unrelated to the skill level. In Appendix 2, we modify

this model to account for our assumption that the fixed cost of moving is likely to be low-

ered more for low-skilled workers. The implication of this, combined with the assumption

that the net wage difference for highly skilled workers relative to low-skilled workers does

not increase in Sweden as compared to EU-15 countries, is that a higher share of EU-15

citizens with low skills could be attracted to Sweden after the liberalization of migration

after the inception of the EEA in 1994.

5 Data and descriptive analysis
5.1 Variable construction

This paper takes advantage of a unique database that links inventors to the general

population in Sweden from 1985 to 2007 (Jung and Ejermo 2014; Zheng and Ejermo

2015). The data on inventors and inventions were extracted from the Worldwide Patent

Statistics (PATSTAT) database provided by the European Patent Office (EPO). If an im-

migrant is listed as an inventor on at least one patent application to the EPO at any

time since the time of his/her migration until 2007, s/he is considered an inventor.

Here, we use patent application data instead of data on patents granted as it usually

takes long time for a patent to be granted (on average, 5 years in our data).

The linkage between inventors and the population is done by two steps. First, inven-

tors’ social security numbers (SSNs)8 were identified by matching the names and ad-

dresses provided by the EPO to those offered by a commercial company or a 1990

Swedish population directory. Second, inventors were linked to the entire population in

terms of their SSNs. Detailed personal information on inventors and population was

obtained from Statistics Sweden, which has collected such information for all Swedish

residents from 1985 onwards. Finally, among the identified inventors, 10.9% are

foreign-born who contributed to 11.6% (by fractional count) of the identified Swedish

patent applications (Zheng and Ejermo 2015).9

We focus on those who immigrated at the age of 18–64 in the period 1990–2007

(1985–2007 in the descriptive analysis) as these immigrants could be potentially in the

workforce. Compared with immigrants from other regions, immigrants from the EU-15

who migrated at the above ages are more likely to be economic migrants. This can be

shown by their higher employment rates (around 62–66% within 2 years of migration be-

tween 1985 and 2007, including both fully and partly employed) in Table 7 in Appendix 1.

We use education data to proxy for skills at the time of immigration. As data on im-

migrants’ education level at the time of migration are not well registered, we imputed

the missing data as follows. First, if immigrants have not enrolled in any education in

Sweden after they arrived, we assumed their education levels at the time of migration

are the same as the first record shown in later years. Second, if immigrants enrolled in

secondary high school education in Sweden after they arrived, we assumed they had

primary education before they arrived. Third, if immigrants enrolled in post-secondary
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high school (≥ 13 years of schooling) after they arrived, we expected that they had a sec-

ondary high school education (10–12 years of schooling) before they arrived. In total, we

imputed 42% of data on education level for immigrants at the time of migration. Figure 5

shows that the percentage of missing data on education level in each year becomes more

homogenous based on imputed data compared with the shares of missing observations in

the original data. In addition, by comparing the regression results with and without im-

putation (Tables 2 and 4 vs. Table 8), it seems unlikely that we create problems by using

the imputed data, although potential imputation mistakes on data may still exist (see the

detailed discussion in the last paragraph of Section 7.1).

We measure the skill composition of immigrants in two ways. First, we compare the

education structure of immigrants before and after the liberalization on three education

levels. They are as follows: (a) the low educated: immigrants who arrived with education

that ends up at primary school (≤ 9 years of schooling); (b) the middle educated: those

who arrived with a secondary school education; and (c) the high educated: those who ar-

rived with a post-secondary school education. In addition, we also use inventor data to in-

vestigate the effect of the liberalization reform on skills, which has not been done before.

In this way, we investigate the probability that an immigrant will become an inventor be-

tween the time of their immigration and the end of the study period (i.e., 2007).

When it comes to data on origin of immigrants, we can only observe data on broad

region of origin rather than on the country level. Knowing the country of origin would

also have been useful in order to control for or examine country-specific effects. The

division of region of origin and inflow of immigrants for each group are as follows:

(a) “The EU-15”. Finland, Denmark, and Sweden (the destination country) are excluded

because they are part of the Nordic country, where free movement policy enacted

in 1954. The EU-15 is our treatment group affected by the migration reform in 1994.

(b)“Other developed regions”. This includes the other Nordic countries (Finland,

Denmark, Norway, and Iceland), North America (Canada, the USA, Central

America, and the Caribbean countries), and Oceania.

(c)“All other regions” (excluding the rest of Europe and the former Soviet Union

(SU)). This group includes “Other developed regions” (group b) as well as Asia,

Africa, and South America.

(d)The rest of Europe and the former SU.

5.2 Trends in immigration group composition

Figure 1 shows number of immigrants over time by region of origin as defined above.

We can observe that:

First, migration from the EU-15 to Sweden shows a stable increase over the whole

period. This increase took place after 1995. In fact, immigration from the EU-15 more

than doubled by 2006.

Second, the migration trend for “Other developed regions” is also quite stable and

largely in line with that of the EU-15. The main difference is that during the period

1988–1990, a relatively large inflow of immigrants from Denmark and Norway oc-

curred (Statistics Sweden 1989, 1990, 1991). We use this group as our benchmark com-

parison to that of the EU-15.
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Third, migration from “All other regions” (which also includes “Other developed re-

gions”) shows a high level of fluctuation. It has an even sharper spike in 1989. This is be-

cause of a large inflow of refugees from developing countries, such as Chile and Lebanon

(Statistics Sweden 1989, 1990, 1991). The boom in 2006 is mainly due to large increases

in refugees from countries such as Iran, Iraq, Lebanon, and Somalia (Statistics Sweden

2016). Therefore, the group of “All other regions” is not a good choice for comparison be-

cause of its large heterogeneity. Immigration from this group occurs more often for hu-

manitarian reasons, and data could be more erratic. However, we still included the group

as a robustness check to compare with the results which use “Other developed regions” as

a baseline. As expected, the empirical results (available upon request) are quite noisy.10

Therefore, we do not report on the empirical results on this part.

Finally, for the rest of Europe and the former SU, we see that, as in Austria (Huber

and Bock-Schappelwein 2014), a massive inflow of immigrants took place in 1993 and

1994 because of the large number of refugees that resulted from the breakup of Yugo-

slavia and the ensuing wars. Immigrants from the former SU also doubled in 1991

compared with 1990 because of the breakup of the SU (Statistics Sweden 2016). This

influx of immigrants may have differed substantially from other immigrant flows in

terms of motivation and education.11 It is clear that refugee waves can distort the inter-

pretation of policy reforms that we study. Therefore, we exclude this group in the re-

gression analyses when compared with immigrants from the EU-15.12

Figure 2 shows the proportion of low-, middle-, and high-education levels the year of

immigration for each immigrant group by region of origin. For comparison, it also

shows the proportion of each education level for the Swedish-born population. Sub-

graph A shows that the share of the low-educated drops markedly for all groups over

time. It is clear that the developed regions have lower shares of the low educated. The

EU-15 experienced a marked fall in the share of the low educated in the 1989–1993

period, followed by a small hike in the 1994–1995 period, seemingly corroborating our

theoretical prediction. There is a similar trend for immigrants from the rest of Europe

and the former SU in those years. It is possible that those changes are due to the

Fig. 1 Foreign-born residents who migrated at ages 18–64 in Sweden by year of migration and region of
origin. Source: Statistics Sweden
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refugee crisis in the former Yugoslavia, democratization of formerly communist re-

gimes in Eastern Europe, and the loosening of emigration restrictions on those regions.

Like graph A, graph B shows declining trends with respect to the share of middle-

educated immigrants for each immigrant group. By contrast, the trend in middle-

educated Swedish born is rising. This is explained by the fact that nowadays, almost

every young person has had a secondary (gymnasium) education, which is now seen as

almost a prerequisite for getting a job. Simultaneous with a large increase in immi-

grants in 1993 and 1994, the share of middle-educated immigrants in 1993 from the

rest of Europe and the former SU experienced a spike. This group maintained a stable,

relatively high level through 1998, before falling in 1999–2003, and then showed an

increase. Among immigrants from “Other developed regions” and “All other regions,”

the years 1992–1995 displayed a U-shaped pattern. However, for the EU-15, the share

consistently decreased until 2001, after which a slight increase can be observed.

Unlike graphs A and B, graph C shows generally growing trends in the shares of the

highly educated in each group over the whole period. The share of the highly educated

in each immigrant group was higher than for the Swedish population after 1990, seem-

ingly reinforcing Grogger and Hanson’s (2011) conclusion that emigrants generally

draw from the highly educated part of the distribution. Again, the rest of Europe and

the former SU showed a somewhat irregular pattern, increasing sharply in 1991–1992

and then dropping sharply in 1993 and 1994. The highest share of the highly educated

immigrant group comes from the EU-15. Interestingly, this group showed a declining

share of highly educated in the period 1993–1995, but a decline is also observed for

“Other developed regions” and “All other regions” in the period 1994–1995. These pat-

terns suggest that other things were going on at the period of observation and reinforce

the need to control for underlying trends.

Of the identified foreign-born inventors, 23.3 and 31.5% came from the EU-15 and

“Other developed regions,” who contributed 24.1 and 30.8% of the identified Swedish

patent applications (by fractional count), respectively. Figure 6 in Appendix 1 shows a

growing trend of patent applications by the above two groups as well as by the
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Swedish-born inventors since 1994. This may be related to the economic recovery from

financial crisis at the beginning of 1990 as well as Sweden’s accession into EEA, which

have led to an increased inflow of highly skilled immigrants from the EU-15 members

to Sweden.

In sum, the descriptive analysis shows that, after the EEA was formed in 1994, the

number of immigrants from the EU-15 increased slightly, with an increase in the share

of low-educated immigrants and decrease in the share of the middle and highly edu-

cated during 1994 to 1995, although the absolute number of immigrants in each educa-

tion level grew.

6 Methods and data for regression analysis
Additional evidence on the impact of this policy change on the skill structure of immi-

grants in Sweden from the EU-15 can be obtained using a DiD regression approach.

Here, we exploit the fact that, in 1994, only immigration from the EU-15, but not from

outside the EU-15, was affected by Sweden’s accession to the EEA. We divide the data

into a subset of region that was affected by the reform (the EU-15) and another subset

that was not affected (“Other developed regions”). Our study period is 1990–1997, or

alternatively 1990–2007, and we group the time period into a pre (1990–1993)- and a

post (1994–1997 or 1994–2007)-membership period. We start in 1990 due to the avail-

ability of data on control variables (marriage and children).13 Moreover, inventor data

in this dataset is complete until 2007. Extending the investigation period beyond 1997

allows us to distinguish whether any effects are short or long term.

We estimate the impact of the EEA accession on the EU-15 immigrants’ skills in

Sweden by studying the probability that an immigrant would be low, middle, or highly

educated as well as the probability of his/her becoming an inventor after migration and

until 2007. The DiD estimation can be described as

yijt ¼ αDEU‐15 � Dt≥1994 þ βtY t þ yjDj þ λXi þ ρHjt þ εij; ð1Þ

where yijt is a dummy variable indicating whether an immigrant (i) from region (j) at

the time of migration (t) is low, middle, or highly educated or becomes an inventor

after migration. Yt is a set of migration year-fixed effects. These pick up influences

stemming from, for example, business-cycle variations that may influence the skills of

immigrants. Dj is a vector of dummy variables for each region of origin that captures

unmeasured region-fixed effects. Xi is a set of individual characteristics at the time of

migration that may affect the probability of observing a certain level of education or of

being an inventor. Xi includes the variables female (1 = female, 0 = male), age, age2,

marital status (1 = married, 0 = unmarried), and children (1 = at least having one child,

0 = no children) at the time of migration. These are included to control for skill differ-

ences that stem from gender, life-cycle effects, and socioeconomic background. Hjt is

an index of weighted human capital based on the average number of years of schooling

and estimated rates of return to education from the Penn World Tables (Feenstra et al.

2015). Since we observe region of immigrants and not their country of origin, we con-

struct a weighted human capital measure for each region, based on population size.14

This index controls for supply-side and trends in skills effects that influence the skill

level of immigrants. Dt ≥ 1994 is a dummy variable with a value of 1 if an immigrant mi-

grated in 1994 or later. DEU − 15 is a dummy variable with a value of 1 if an immigrant
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is from the EU-15. βt, γj, λ, and ρ are parameters to be estimated; εij is an error term. α

is the central parameter of interest. This measures the average change in yijt on the

treated relative to the untreated migrant groups. If α is statistically significantly differ-

ent from 0, the examined skill for immigrants coming from the EU-15 in 1994 or later

are found to be different from the EU-15 immigrants coming before 1994 and from im-

migrants from other regions.

Table 1 shows a descriptive analysis of dependent and control variables by period

and region of origin. We compare the EU-15 with “Other developed regions” 4 years

before and after the accession to the EEA in 1994 (1990–1993 vs. 1994–1997). For

example, compared with before treatment, the mean value of low education for the

EU-15 decreased by 0.07 percentage points after 1994, while for “Other developed

regions,” it decreased by 0.12 percentage points. For the EU-15, the share of inventors

among immigrants increased from 0.6% before the EEA to 1% after the EEA, while

the increase in percentage terms was much smaller for immigrants from “Other

developed regions” (from 0.2 to 0.3%).

The immigrant age is very stable at around 29–30 years on average, both before

and after 1994. Immigrants are roughly balanced by gender from “Other developed

regions” both before and after 1994. By contrast, male immigrants dominate

strongly from the EU-15 both before and after 1994 (around 60%). Finally, it is as

common for immigrants from the EU-15 as for immigrants from “Other developed

regions” to have a child at the time of migration, with a slowly declining share

after the EEA for both groups.

Our regressions use two basic models for each dependent variable. The first model

excludes while the second model includes all control variables Xi and weighted human

capital. The comparison of these two models is done to gain and understanding of how

the control variables Xi and weighted human capital affect the skill composition of im-

migrants. For simplicity, we use the linear probability model (rather than probit or logit

models), as we are only interested in the average treatment effect of the EEA, and these

are directly given by our estimated coefficient.

Table 1 Descriptive statistics for dependent and control variables by periods and region of origin

Before treatment (1990–1993) After treatment (1994–1997)

EU-15 Other developed regions EU-15 Other developed regions

Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Low education 0.18 0.38 0.23 0.42 0.11 0.32 0.11 0.32

Middle education 0.36 0.48 0.44 0.50 0.31 0.46 0.37 0.48

High education 0.46 0.50 0.33 0.47 0.58 0.49 0.51 0.50

Inventor 0.006 0.076 0.002 0.045 0.010 0.101 0.003 0.053

Age 29.16 7.78 29.02 8.58 30.36 7.87 29.92 8.59

Female 0.40 0.49 0.49 0.50 0.39 0.49 0.51 0.50

Married 0.38 0.49 0.29 0.45 0.35 0.48 0.33 0.47

Children 0.24 0.43 0.25 0.43 0.23 0.42 0.23 0.42

Observations 4,845 14,614 6,156 9,651

Source: Statistics Sweden and CIRCLE data on inventors
SD standard deviation
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7 Empirical results
7.1 Results for education

Table 2 shows the main results, where we use the period 1990–1997 in the regressions.

The probability that an immigrant from the EU-15 was low educated clearly increased

compared to immigrants from “Other developed regions” after Sweden’s accession to

the EEA (models 1.1 and 1.2).

The probability of observing that an immigrant from the EU-15 was middle educated

decreased significantly (p < 0.05) relative to those from “Other developed regions” with-

out including control variables (model 2.1). However, when controlling for other vari-

ables, the effect turns insignificant (model 2.2).

Finally, with respect to the probability of being highly educated, it shows that the

probability that immigrants from the EU-15 were highly educated decreased signifi-

cantly (p < 0.05) compared to those from “Other developed regions” when control vari-

ables are held constant (model 3.2). In sum, the effect for the 1990–1997 period on the

education composition of immigrants from the EU-15 after accession to the EEA fol-

lows our expectations when we use “Other developed countries” as our baseline. The

effects are also economically significant. We see an average increase of 3.6% of immi-

grants with low education (model 1.2) and a decrease of 3.7% of immigrants with high

education (model 3.2) from the EU-15 compared to those from “Other developed

regions” after Sweden’s accession to the EEA in 1994.

Table 2 Linear probability models for migrants aged 18–64 being low, middle, or highly educated
at the time of migration, 1990–1997

Control: Other developed regions

1.1 1.2 2.1 2.2 3.1 3.2

Low1 Low2 Mid1 Mid2 High1 High2

EU-15 × 1994–1997 0.021** 0.036*** − 0.023** 0.001 0.001 − 0.037**

(0.008) (0.011) (0.011) (0.016) (0.011) (0.016)

Age at migration − 0.040*** − 0.043*** 0.083***

(0.002) (0.002) (0.002)

Age2 at migration 0.001*** 0.000*** − 0.001***

(0.000) (0.000) (0.000)

Female − 0.037*** 0.030*** 0.007

(0.004) (0.005) (0.005)

Marriage − 0.024*** 0.004 0.020***

(0.005) (0.006) (0.006)

Children 0.110*** − 0.037*** − 0.073***

(0.006) (0.007) (0.006)

Human capital − 1.184* − 1.113 2.297**

(0.619) (0.914) (0.919)

Year of immigration FE Yes Yes Yes Yes Yes Yes

Region of origin FE Yes Yes Yes Yes Yes Yes

Observations 35,266 35,266 35,266 35,266 35,266 35,266

Adjusted R2 0.206 0.233 0.407 0.434 0.501 0.535

Robust standard errors in parentheses. Note (for all regression tables): Coefficient results are reported. Source:
Statistics Sweden
***p < 0.01; **p < 0.05; *p < 0.1
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One of the critical aspects of the DiD approach is the validity of the so-called com-

mon trend or parallel trend assumption (Angrist and Pischke 2009). Without parallel

trends in the outcome variable before a reform, it is no longer clear that something that

affected the outcome after the reform is not influenced by trends that existed before

the liberalization reform. Table 3 tests the common trend assumption with another set

of regressions. Those regressions are based on the idea that the addition of year dum-

mies multiplied by the treatment dummy (i.e., EEA) should not be significant if year ef-

fects and group dummies pick up trend effects (Granger 1969; Angrist and Pischke

2009). This modifies our estimated equation to

yijt ¼ βtY it þ γ jDj þ λXi þ ρΗ jt þ
Xm
τ¼0

δ−τDi;t−τ þ
Xq

τ¼2

δþτDi;tþτ þ εij; ð2Þ

where the first summation term captures lagged effects and the second captures lead

effects. Note that lagged effects now replace the original treatment effect (DEU − 15 ∙Dt ≥

1994) and that we omit the first lead effect (i.e., 1993), which is then the baseline year

against which we compare the effects.

If lead terms (i.e., prior to 1994) are statistically significant, the common trend as-

sumption is in doubt. In Fig. 3, we depict the lead and lag effects estimated for models

1.2, 2.2, and 3.2 in Table 3.

In sum, most of the lead effects are statistically insignificant. The point estimate most

close to 0 is the low educated. For the middle educated, there seems to be slight ten-

dency of an increase before 1993, whereas 1990 is statistically significantly different

from 0 (p < 0.05), with a point estimate of − 4.9%. For the highly educated, there is a

slight negative trend in the point estimates prior to 1993, with a statistically significant

(p < 0.05) effect of + 4.7% in 1990. The most robust result is therefore for the low edu-

cated. The lagged effects are very interesting as well. For the low educated, we see that

the strongest positive probability effect is found for 1994 and 1995 (periods 0 and 1, re-

spectively), that is, closest to the reform change. These are estimated at + 4.3% and are

statistically significant at the 1% level, while the effects in 1996 and 1997 are smaller

(around + 3%) and only statistically significant at the 10% level. For the middle edu-

cated, we see no significant effects among the lagged effects and the point estimates do

not seem to display a systemic pattern when holding other variables constant. For the

highly educated, we see a 5.2% decline in 1994, which is statistically significant at the

5% level, whereas the lagged effects for 1995 and 1996 are not statistically significant

and are close to 0, although the effect for 1997 turns more negative but is not statisti-

cally significant at the 10% level. In sum, these results suggest that the common trend

assumption is not seriously challenged and that the effects on the low- and highly edu-

cated immigrants are the strongest during the first years after the liberalization of mi-

gration. The fact that the effect is strong in the early years of the reform supports the

conclusion that the liberalization indeed had an effect on the skill composition of new

EU-15 immigrants to Sweden.

Table 4 extends the post-1994 period to 2007. The extension affects the interaction

dummy and has the implication of understanding that whether the EEA had long-run

effects. If the estimated coefficient α is close to 0, it suggests that the effects that we
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find in Table 2 are, instead, more transitory. The results in Table 4 indicate that it seems

safe to claim that the effects are indeed somewhat transitory; although there is still signifi-

cantly positive impact (p < 0.1) on the probability that immigrants from the EU-15 were

low-educated and significantly negative impact (p < 0.01) on the probability that immi-

grants from the EU-15 were highly educated relative to those from “Other developed re-

gions” when other variables are held constant, however, the coefficients are much lower

for each of them (+ 1.2%, model 1.2; − 2.5%, model 3.2) and the small significant differ-

ences are mainly attributed to the first years of liberalization (see Table 3). For the middle

educated, the main difference concerns the fact that, without controls, the effect now is

Table 3 Linear probability models with lead and lag effects for migrants aged 18–64 being low,
middle, or highly educated at the time of migration, 1990–1997

Control: Other developed regions

1.1 1.2 2.1 2.2 3.1 3.2

Low1 Low2 Mid1 Mid2 High1 High2

EU-15 × 1990 0.007 0.002 − 0.031 − 0.049** 0.024 0.047**

(0.016) (0.017) (0.021) (0.024) (0.022) (0.023)

EU-15 × 1991 0.006 0.006 − 0.018 − 0.032 0.013 0.025

(0.018) (0.018) (0.025) (0.025) (0.026) (0.026)

EU-15 × 1992 − 0.000 0.009 0.005 − 0.007 − 0.005 − 0.003

(0.018) (0.018) (0.025) (0.025) (0.026) (0.026)

EU-15 × 1994 0.033** 0.043*** 0.000 0.009 − 0.034 − 0.052**

(0.015) (0.015) (0.023) (0.022) (0.024) (0.023)

EU-15 × 1995 0.035** 0.043*** − 0.055** − 0.037 0.020 − 0.006

(0.016) (0.016) (0.023) (0.024) (0.024) (0.024)

EU-15 × 1996 0.017 0.028* − 0.067*** − 0.032 0.050** 0.004

(0.015) (0.016) (0.023) (0.025) (0.024) (0.025)

EU-15 × 1997 0.015 0.030* − 0.030 0.008 0.015 − 0.038

(0.015) (0.018) (0.023) (0.027) (0.024) (0.027)

Age at migration − 0.040*** − 0.043*** 0.083***

(0.002) (0.002) (0.002)

Age2 at migration 0.001*** 0.000*** − 0.001***

(0.000) (0.000) (0.000)

Female − 0.037*** 0.030*** 0.007

(0.004) (0.005) (0.005)

Marriage − 0.024*** 0.004 0.020***

(0.005) (0.006) (0.006)

Children 0.110*** − 0.037*** − 0.073***

(0.006) (0.007) (0.006)

Human capital − 0.889 − 2.105* 2.993***

(0.767) (1.149) (1.145)

Year of immigration FE Yes Yes Yes Yes Yes Yes

Region of origin FE Yes Yes Yes Yes Yes Yes

Observations 35,266 35,266 35,266 35,266 35,266 35,266

Adjusted R2 0.205 0.233 0.407 0.434 0.501 0.535

Robust standard errors in parentheses. Note: EU-15 × 1993 is the reference group. Source: Statistics Sweden
***p < 0.01; **p < 0.05; *p < 0.1
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not significantly different from 0 any more (model 2.1). In sum, it seems there is no long-

run impact on the educational profile of new immigrants from the EU-15.

We have also done a robust check only based on data for immigrants whose education

level is available at the time of migration (i.e., no imputation on education data) for both

periods of 1990–1997 and 1990–2007 (see Table 8). The results for the probability that

immigrants from the EU-15 being highly educated compared to those from “Other devel-

oped regions” is similar when using imputed data (models 1.3 and 2.3 in Table 8 vs. model

3.2 in Tables 2 and 4). That is, the probability of immigrants from the EU-15 being highly

educated decreased significantly (p < 0.01) when control variables are held constant. How-

ever, there is some difference with respect to the probability of being low and middle edu-

cated. The significant difference on the probability of an immigrant being low educated

between immigrants from the EU-15 and “Other developed regions” disappeared when

using original data (models 1.1 and 2.1 in Table 8 vs. model 1.2 in Tables 2 and 4). We

also find that the probability that immigrants from the EU-15 were more likely to be mid-

dle educated than those from “Other developed regions” (p < 0.01) increased when using

original data (models 1.2 and 2.2 in Table 8 vs. model 2.2 in Tables 2 and 4). Despite these

differences for low and middle educated, we argue that the imputed data are more accur-

ate as shown by more consistent time series (see Figure 5).

7.2 Results for inventors

Table 5 examines the probability that an immigrant will become an inventor from the

time of migration until 2007, based on patent application data. On the left-hand side of

the table, we use the period 1990–1997 and on the right-hand side 1990–2007.

We find that immigrants from the EU-15 have a 0.4% higher probability of becoming

inventors compared with immigrants from “Other developed regions” when variables Xi

and weighted human capital are not controlled for in the short run (1990–1997) (model

1.1). However, we see a negative but not significant effect in our main model 1.2, where

other variables are held constant. It turns negative and insignificant after the inclusion

of human capital (the coefficient of α is still positively significant when we include only

Fig. 3 Lead and lag effects on the probability of observing the low (left), middle (center), and highly
educated (right) among immigrants from the EU-15 before and after 1994 (period 0)
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variables Xi; results are available upon requests). This suggests that the growing num-

ber of inventors from EU-15 immigrants is because of its increasing human capital, but

not because of free migration. Moreover, there is no significant effect when we examine

the long period (1990–2007) (models 2.1–2.2).

7.3 Control variables

When looking at the education level, we observe a curvilinear relationship with age at

migration and education level. The higher the age at migration, the higher the probabil-

ity that an immigrant is highly educated. It is the opposite result in terms of middle

and low education. Female and married immigrants are more likely to be highly edu-

cated. However, immigrants with children were less likely to be highly educated. In line

with expectations, an immigrant is much more likely to be highly educated if the hu-

man capital for the region of origin is higher.

When we look at the probability of becoming an inventor, age effects have coefficients

very close to 0 although they are always statistically significant. In line with many other

studies, we find that female immigrants are less likely to become inventors (Ding et al.

2006; Azoulay et al. 2007). Marital status and whether having a child have no significant ef-

fect on the probability of becoming an inventor. Finally, the human capital level of the

country of origin has a significantly positive effect.

Table 4 Linear probability models for migrants aged 18–64 being low, middle, or highly educated
at the time of migration, 1990–2007

Control: Other developed regions

1.1 1.2 2.1 2.2 3.1 3.2

Low1 Low2 Mid1 Mid2 High1 High2

EU-15 × 1994–2007 0.008 0.012* − 0.002 0.012 − 0.006 − 0.025***

(0.007) (0.007) (0.009) (0.009) (0.009) (0.009)

Age at migration − 0.028*** − 0.054*** 0.082***

(0.001) (0.001) (0.001)

Age2 at migration 0.000*** 0.001*** − 0.001***

(0.000) (0.000) (0.000)

Female − 0.028*** 0.008*** 0.020***

(0.002) (0.003) (0.003)

Marriage − 0.018*** − 0.001 0.018***

(0.003) (0.003) (0.004)

Children 0.065*** − 0.005 − 0.060***

(0.003) (0.004) (0.004)

Human capital − 0.319*** − 0.346*** 0.665***

(0.056) (0.096) (0.100)

Year of immigration FE Yes Yes Yes Yes Yes Yes

Region of origin FE Yes Yes Yes Yes Yes Yes

Observations 103,516 103,516 103,516 103,516 103,516 103,516

Adjusted R2 0.148 0.172 0.335 0.364 0.618 0.641

Robust standard errors in parentheses. Source: Statistics Sweden
***p < 0.01; **p < 0.05; *p < 0.1
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8 Conclusions
This paper presents evidence on the change of skill structure of immigrants to Sweden

from the EU-15 as the result of the implementation of the EEA in 1994, which allows

free mobility among member countries. We use both education and inventor data to

infer changes in skill levels.

Using DiD regressions, we find that the education level of immigrants from the EU-15

decreased following 1994 compared with immigrants from “Other developed regions” in

the first years after the implementation of liberalization of migration within the EEA.

However, the long-run effect is much weaker both by extending the post-1994 period to

2007 and investigating by lead and lag effects in our regression results. The results suggest

that the effects of the EEA are largely transitory. In terms of the probability of an immi-

grant becoming an inventor, we initially see an increased probability, but the effect turns

insignificant when we control human capital in the immigrants’ region of origin. This sug-

gests that the growing number of inventors from the EU-15 is the result of its increasing

human capital, but not the result of liberalization of migration. The education results are

reconcilable with the assumption that moving costs decreased more for low-skilled people

as a result from free migration in EEA.

Table 5 Ordinary least square (OLS) regressions of the probability of a migrant becoming an
inventor from the time of migration until 2007, 1990–2007

Control: Other developed regions

1990–1997 1990–2007

1.1 1.2 2.1 2.2

Pat1 Pat2 Pat1 Pat2

EU-15 × 1994–1997 0.004** − 0.001

(0.002) (0.002)

EU-15 × 1994–2007 − 0.000 − 0.001

(0.001) (0.001)

Age at migration 0.001*** 0.001***

(0.000) (0.000)

Age2 at migration − 0.000*** − 0.000***

(0.000) (0.000)

Female − 0.005*** − 0.004***

(0.001) (0.000)

Marriage 0.001 − 0.000

(0.001) (0.000)

Children − 0.001 − 0.001

(0.001) (0.000)

Human capital 0.363*** 0.020*

(0.128) (0.012)

Year of immigration FE Yes Yes Yes Yes

Region of origin FE Yes Yes Yes Yes

Observations 35,266 35,266 103,516 103,516

Adjusted R2 0.006 0.009 0.005 0.006

Robust standard errors in parentheses. Source: Statistics Sweden and CIRCLE data on inventors
***p < 0.01; **p < 0.05; *p < 0.1
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It is difficult to generalize the impact of liberalization of migration on skill structure of im-

migrants in Sweden to other countries or other periods. This is because Sweden has some

special features in terms of its migration policy (e.g., dominated by refugees and family-

reunification movers since 1968) and economic situation (e.g., relatively high wages for low-

skilled workers) compared with other countries. Nonetheless, the results indicate that for

countries with a negative selection of migrants, liberalization of migration may have a negative

effect on the skill structure of their new immigrants in the short-run, which they may need to

prepare for. However, in the long-term, they may not need to worry too much about it.

Endnotes
1H-1B visa is a temporary work visa in the USA for highly skilled immigrants with at

least a bachelor’s degree (or equivalent).
2In 2016, the population was 9.9 million in Sweden and 8.6 million in Austria (Coun-

trymeters 2016; Statistics Sweden 2017); in 2013, the proportion of foreign born was

16.0% in Sweden and 16.7% in Austria (OECD 2016a). In 2014, Sweden devoted 28.1%

of its gross domestic product (GDP) to social expenditures; for Austria, the corre-

sponding figure was 28.6% (OECD 2016b).
3For example, by the end of 2011, immigrants in Austria originated mainly in

Germany, the former Yugoslavia, and Turkey (MMWD and South East Europe 2013).

However, for Sweden, the countries that sent the most migrants are Finland, Iraq,

Poland, and Iran (Statistics Sweden 2016). In Austria, 89% of the foreign-born origi-

nated in European countries, while the corresponding figure in Sweden was only 49%

in 2015 (OECD 2016c; Statistics Sweden 2016).
4See the Table 6 in Appendix 1 for a country list and descriptive information of EU-15

and EEA countries.
5The Swedish government has tightened the criteria for obtaining asylum in Sweden

since June 2015 because the large inflow of refugees had generated serious social and fi-

nancial problems. However, even with the new restrictions in place, Sweden still at-

tracts large numbers of refugees.
6A third situation discussed by Borjas (1987) is the case of refugee sorting, which is

not relevant for the Sweden-EU situation in the period we analyze.
7We note that such adaptation or assimilation costs could be part of the story or not,

depending on the length of time an immigrant spends in the destination country. Note

that the opportunity cost of losing a job is already incorporated in the net benefit calcu-

lation of the model and is not part of the “costs” as such.
8The Swedish social security number is a unique identification number for each resi-

dent in Sweden, including foreigners with a valid residence permit for at least 1 year.
9Zheng and Ejermo (2015) give additional details on the match and analysis of data.

Fractional count means that each co-patent is counted as a fraction, depending on how

many inventors contributed to one patent. For example, if one patent has three co-

inventors, then each inventor is attributed one third of the patent.
10When we use “All other regions” as a control group, the effect of decreasing education

level for immigrants from the EU-15 tend to be smaller and become insignificant in terms

of the low and high education after the liberalization of migration in EEA; moreover, the

probability of an immigrant becoming an inventor increased in the short run.
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11Table 7 shows that immigrants from the rest of Europe and the former SU have much

lower employment rate compared with other groups. Graphs A and B in Fig. 2 show that

the low- and middle-educated immigrants in this group increased rapidly in 1994.
12Results of robustness checks (available upon request) in which include migrants

from the rest of Europe and the former SU do not change results substantially.
13The results are robust both when using data for 1985–2007 (without data on mar-

riage or children) and 1990–2007, regardless of whether we include or exclude mar-

riage and children. Results are available upon request.
14For example, a region has countries A and B with population sizes 4 and 5 and human

capital measures of 2 and 3, respectively. The weighted measure is then (4*2 + 5*3)/(4 + 5).

Appendix 1
The member countries of EEA; GDP, population, and GDP per capital in EU-15

countries in 1994

EEA countries for which the agreement had an impact on mobility to Sweden are the

EU-15 countries: Austria, Belgium, France, Germany, Greece, Ireland, Italy,

Luxembourg, the Netherlands, Portugal, Spain, and the UK. Normally, Sweden, Finland,

and Denmark would be included, but as they are also Nordic countries, they have

already had free mobility since 1954 and hence are excluded.

Table 6 Member countries of EEA at its inception and corresponding GDP, population, and GDP
per capita in 1994
Country GDP in 1994 (A) Population in 1994 (B) GDP/capita (C)

Non-Nordic EEA countries

Austria 141,845 8028 17,670

Belgium 181,217 10,123 17,902

France 1,071,856 59,459 18,027

Germany 1,374,614 81,414 16,884

Greece 105,717 10,430 10,136

Ireland 47,429 3596 13,191

Italy 959,866 57,228 16,773

Luxembourg 10,554 404 26,145

Netherlands 280,344 15,384 18,223

Portugal 112,096 10,028 11,179

Spain 497,471 39,708 12,528

UK 1,000,281 58,089 17,220

Sum 5,783,290 353,891 –

Weighted average – – 16,342

Nordic EEA countries

Denmark 103,317 5206 19,847

Finland 78,928 5086 15,518

Iceland 4651 266 17,481

Norway 90,364 4337 20,837

Sum 277,260 14,895 –

Weighted average – – 18,614

Sweden 151,582 8789 17,248

Note: Total GDP, in millions of 1990 US$ (converted at Geary Khamis PPPs). Source: Conference Board (2016)
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Table 7 Employment rates (%) for immigrants who migrated at ages 18–64 and were employed
within 2 years after they migrated to Sweden, by year of migration and region of origin

1990–1997 1985–2007

Region of origin 1990–93 1994–97 1985–1993 1994–2007

EU-15 65.5 62.3 63.7 62.7

Other developed regions 68.1 52.8 61.6 58.3

All other regions 41.3 33.1 37.9 43.1

The rest of Europe + former SU 32.5 23.0 26.9 42.0

Notes: (1) Immigrants who get employed within 2 years after migration are considered economic migrants. We use
employment data on 2 years instead of 1 year after migration because the data on 1 year after migration are usually not
well registered. Employment rate = No. of population in employment/Total no. of working-age (18–64) population,
including both fully and partly employed. (2) Former SU = former Soviet Union. Source: Statistics Sweden

Table 8 Linear probability models for migrants aged 18–64 being low, middle, or highly educated
at the time of migration (no imputation on education data), 1990–1997 vs. 1990–2007

1990–1997 1990–2007

1.1 1.2 1.3 2.1 2.2 2.3

Low2_97 Mid2_97 High2_97 Low2_07 Mid2_07 High2_07

EU-15 × 1994–1997 − 0.006 0.099*** − 0.093*** − 0.006 0.041*** − 0.036***

(0.022) (0.028) (0.028) (0.012) (0.014) (0.013)

Age of migration − 0.045*** − 0.033*** 0.078*** − 0.030*** − 0.040*** 0.070***

(0.003) (0.003) (0.002) (0.001) (0.001) (0.001)

Age2 of migration 0.001*** 0.000*** − 0.001*** 0.000*** 0.001*** − 0.001***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Gender (omit: male) − 0.041*** − 0.004 0.045*** − 0.027*** − 0.023*** 0.050***

(0.006) (0.007) (0.007) (0.002) (0.004) (0.004)

Marriage − 0.019** 0.000 0.018** − 0.018*** 0.017*** 0.001

(0.008) (0.009) (0.009) (0.003) (0.004) (0.005)

Children 0.119*** − 0.017* − 0.101*** 0.058*** 0.013*** − 0.072***

(0.009) (0.009) (0.009) (0.004) (0.005) (0.005)

Human capital − 0.496 − 2.976** 3.472** − 0.416*** − 0.195* 0.611***

(0.958) (1.374) (1.386) (0.075) (0.115) (0.121)

Year of immigration FE Yes Yes Yes Yes Yes Yes

Region of origin FE Yes Yes Yes Yes Yes Yes

Observations 15,614 15,614 15,614 56,366 56,366 56,366

Adjusted R2 0.289 0.425 0.562 0.204 0.305 0.722

Robust standard errors in parentheses. Source: Statistics Sweden
***p < 0.01; **p < 0.05; *p < 0.1
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Table 9 Ordinary least square (OLS) regressions of the probability of a migrant being low, middle,
or highly educated at the time of migration and becoming an inventor from the time of migration
until 2007, 1990–2007 vs. 1985–2007

Control: Other developed regions

1990–2007 1985–2007

1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4

90_Low2 90_Mid2 90_High2 90_Pat2 85_Low2 85_Mid2 85_High2 85_Pat2

EU-15 × 1994–2007 0.014** 0.012 − 0.026*** − 0.001 0.013** 0.004 − 0.017*** − 0.000

(0.007) (0.009) (0.009) (0.001) (0.005) (0.007) (0.006) (0.001)

Age at migration − 0.024*** − 0.055*** 0.079*** 0.001*** − 0.025*** − 0.048*** 0.073*** 0.001***

(0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.000)

Age2 at migration 0.000*** 0.001*** − 0.001*** − 0.000*** 0.000*** 0.001*** − 0.001*** − 0.000***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Female − 0.025*** 0.008*** 0.017*** − 0.004*** − 0.026*** 0.010*** 0.016*** − 0.004***

(0.002) (0.003) (0.003) (0.000) (0.002) (0.003) (0.003) (0.000)

Human capital − 0.318*** − 0.347*** 0.665*** 0.020 − 0.390*** − 0.298*** 0.689*** 0.015*

(0.056) (0.096) (0.100) (0.012) (0.056) (0.083) (0.084) (0.009)

Year of immigration FE Yes Yes Yes Yes Yes Yes Yes Yes

Region of origin FE Yes Yes Yes Yes Yes Yes Yes Yes

Observations 103,516 103,516 103,516 103,516 128,474 128,474 128,474 128,474

Adjusted R2 0.167 0.364 0.640 0.006 0.237 0.396 0.611 0.006

Robust standard errors in parentheses. Source: Statistics Sweden and CIRCLE data on inventors
***p < 0.01; **p < 0.05; *p < 0.1

Fig. 4 Percentage of immigrants from the EU-15 as a share of all immigrants to Sweden, 2000–2015. Source:
Statistics Sweden
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Fig. 5 Missing data on education level as a share of all observations, with and without imputation. Source:
Statistics Sweden

Fig. 6 Growing trend for the number of patent applications by Swedish born, EU-15 immigrants, and
immigrants from “Other developed regions,” 1985–2007. Index 1985 = 100. Source: Statistics Sweden
and CIRCLE data on inventors
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Appendix 2
The Grogger-Hanson model with skill-differentiated fixed costs

The original model distinguishes between low-skilled (L) and highly skilled (H)

workers, where wages (w) are specified as

lnwL
k ¼ μk ; ð3Þ

lnwH
k ¼ μk þ δk ; ð4Þ

where μk is a constant and δk is the wage premium associated with high skills in coun-

try k (“Sweden”). L means low-skilled and H means high-skilled. The fixed cost of mov-

ing from home country 0 (i.e., “the EU-15”) to k is C0k. In the model, utility is linearly

and positively dependent on net income, such that for skill level j = L,H:

Uj
i0k ¼ α wj

k−C0k

� �
þ εji0k : ð5Þ

Assuming that the error terms εji0k are independent and identically distributed (i.i.d.)

with an extreme value distribution, the (natural) log odds ratio of choosing country k

over 0, following McFadden (1974), is

ln
pj0k

1−pj0k
¼ α wj

k−w
j
0

� �
−αC0k : ð6Þ

The selection pattern is obtained as the difference in log odds ratios of Eq. (6) among

skill groups:

ln
pH0k

1−pH0k
− ln

pL0k
1−pL0k

¼ α wH
k −w

H
0

� �
− wL

k−w
L
0

� �� �
; ð7Þ

In Eq. (7), fixed costs are eliminated. This means that positive selection takes place if

the absolute wage premium difference is positive. If average wages are the same, there

is positive selection if δk > δ0, but Eq. (7) can still imply positive selection even if δk ≤ δ0
if μk is much larger than μ0.

The effects of the EEA should be understood as increasing the possibility of going to

Sweden without visa requirements, which thus lowers the cost of moving. Obtaining a

visa was presumably easier (“low cost”) for highly skilled people than low-skilled ones

who wanted to go to Sweden. This makes the Swedish case different from that of Austria,

as Austria had “low costs” in its attraction of low-skilled workers from the EU-15 before

the accession to the EEA (Huber and Bock-Schappelwein 2014). If we modify the Grogger

and Hanson (2011) model to allow the fixed cost to vary, we can rewrite Eq. (5) to

U
j
i0k ¼ α wj

k−C
j
0k

� �
þ ε ji0k ; ð8Þ

So that fixed costs differ by j, denoted C
j
0k . We use a bar above variables to denote

the pre-EEA situation and let the previously defined equations describe the post-EEA

situation. We assume that C
L
0k > C

H
0k . Furthermore, Eq. (7) is modified as
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In
pH
0k

1−pH
0k

−In
pL
0k

1−pL
0k

¼ α wH
k −w

H
0 −C

H
0k

� �
− wl

k−w
L
0−C

L
0k

� �h i
: ð9Þ

Taking the difference between Eqs. (7) and (9) shows the change in selection

patterns:

α wH
k −w

H
0

� �
− wL

k−w
L
0

� �� �
−α wH

k −w
H
0 −C

H
0k

� �
− wL

k−w
L
0−C

L
0k

� �h i

¼ α ΔWH
0k−ΔW

L
0k þ C

H
0k−C

L
0k

� �h i
; ð10Þ

where ΔWj
0k is the change in the wage differential for j-skilled workers following the

reform and in comparison to the EU-15. The change in selection is (more) positive if

the wage differential for highly skilled workers becomes more pronounced in the des-

tination country after the EEA was introduced and if the returns to low-skilled workers

decreased in the destination country relative to the home country. Although marginal

taxes in Sweden fell in the early 1990s, they have risen somewhat since, such that

Sweden has one of the highest marginal tax rates in the world (KPMG 2012). Moreover,

World Bank data on Gini coefficients do not suggest that trends in Sweden with re-

spect to income distribution changed substantially during the period 1990−2000
(Milanovic 2013). This means that it is hard to argue that net wages for highly skilled

workers (ΔWH
0k ) have generally increased for those who go to Sweden compared to

other countries in the EEA. Therefore, ΔWH
0k−ΔW

L
0k has probably either gone down or

is close to 0. That means that pre-EEA moving costs are critical to the results. Since we

have argued that C
H
0k−C

L
0k

� �
< 0, this suggests a more negative selection change fol-

lowing the EEA.

Based on these arguments, we expect that the average skill level among immigrants from

the EU-15 to Sweden declined after 1994, when Sweden became a member of the EEA.
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