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SELF-SELECTION OF EMIGRANTS: THEORY AND
EVIDENCE ON STOCHASTIC DOMINANCE IN

OBSERVABLE AND UNOBSERVABLE CHARACTERISTICS*

George J. Borjas, Ilpo Kauppinen and Panu Poutvaara

The Roy model has more precise predictions about the self-selection of migrants than previously
realised. The conditions shown to result in positive or negative selection in terms of expected earnings
also imply a stochastic dominance relationship between the earnings distributions of migrants and
non-migrants. We test these predictions using the Danish full population administrative data. We find
strong evidence of positive self-selection of emigrants in terms of pre-emigration earnings and residual
earnings: the income distribution for themigrants almost stochastically dominates the distribution for
the non-migrants. Decomposing the self-selection in total earnings reveals that unobserved abilities
play the dominant role.

A central finding in the economic literature on international migration is that emi-
grants are not randomly selected from the population of the source countries. The
nature of the non-random selection affects the level and the distribution of welfare
through two major channels. First, the skill distribution of migrants affects the wage
structure in both sending and receiving countries (Borjas, 2003). A second effect takes
place through the public sector. Immigration creates a fiscal surplus in the receiv-
ing country if and only if the net present value of the tax payments of immigrants
exceeds the net present value of the costs they impose. Both the immigration of
net recipients and the emigration of net payers pose a challenge to the public trea-
sury (Wildasin, 1991; Sinn, 1997), while immigrants who are successfully integrated
with the labour market can generate a substantial surplus (Dustmann and Frattini,
2014).

Beginning with Borjas (1987), there has been a great deal of interest in deriving and
empirically testing models that predict how migrants differ from non-migrants. Many of
these studies rely on an application of the Roy model of occupational self-selection. As
long as skills are sufficiently transferable across countries, the sorting of persons across
countries is mainly determined by international differences in the rate of return to skills.
A country like the US would then attract high-skilled workers from more egalitarian
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countries (i.e. countries offering relatively low rates of return to skills) and low-skilled
workers from countries with greater income inequality (i.e. countries offering higher
rates of return to skills). The evidence indeed suggests a negative cross-section correla-
tion between the earnings of immigrants in the US and income inequality in the source
countries.1

Although the existing literature on immigrant selection focuses mainly on the US
context or on migration flows from poor to rich countries, there are also sizable migra-
tion flows between rich countries. According to the United Nations (2013), 21.9 mil-
lion persons from EU15 countries now live outside their country of birth, with 42%
of these migrants living in other EU15 countries and an additional 13% living in the
US.2

This article examines the self-selection of emigrants fromDenmark, one of the richest
and most redistributive European welfare states. In 2013, over a quarter million Danes
lived outside Denmark (corresponding to about 5% of the Danish-born population),
with 50% of the migrants living in other EU15 countries and 13% in the US (United
Nations, Department of Economic and Social Affairs, 2013). Emigration rates fromDen-
mark are neither exceptionally low nor exceptionally large in a European comparison.
In 2012, the emigration rate was in the age group 25–54 among the native-born 0.33%
in Denmark, 0.18% in Germany, 1.19% in Ireland, 0.37% in the Netherlands, 0.13%
in Spain and 0.29% in Sweden (Eurostat, 2016). Because the returns to skills in Den-
mark are relatively low, the canonical Roy model predicts that the emigrants should be
positively selected in the sense that the expected earnings of the migrants exceed the
expected earnings of the stayers.3 However, there have been few systematic studies of
the self-selection of migrants from a relatively egalitarian country to see whether this is
indeed the case.4

Our theoretical analysis shows the same conditions that predict migrants are positively
self-selected in the sense of a difference in expected incomes also predict that the income
distribution of the migrants will first-order stochastically dominate the income distribu-
tion of the non-migrants.5 The theory also distinguishes between selection in observable
and selection in unobservable characteristics.
Our empirical analysis uses the Danish full population administrative data to study

how migrants and non-migrants differ in their education, pre-emigration earnings and

1 Related cross-country studies include Cobb-Clark (1993) and Bratsberg (1995). Grogger and Hanson
(2011) examine the selection of migrants across a broad range of countries using an alternative theoretical
framework where individuals maximise linear utility and migration is driven by absolute earnings differences
between high and low-skilled workers.

2 The EU15 countries were member states of the European Union prior to the expansion on May 1, 2004.
3 For comparisons of gross wage premia from tertiary education across countries, see Boarini and Strauss

(2010). A recent paper studying returns to cognitive skills is Hanushek et al. (2015). The study finds significant
cross-country differences, with relatively low returns in Denmark and other Nordic countries.

4 Studies of the selection of migrants across developed countries include Lundborg (1991), Pirttilä (2004),
Kleven et al. (2014), Junge et al. (2014) and Gould and Moav (2016). Akcigit et al. (2016) use panel data on
inventors from theUS and European Patent Offices, and show that top tax rates strongly affect location choices
of superstar inventors. Parey et al. (2017) study selection of university graduates who emigrate from Germany,
using predicted earnings. Many studies also examine selection issues in a historical context; see Margo (1990),
Ferrie (1996), Wegge (1999, 2002), Abramitzky and Braggion (2006) and Abramitzky et al. (2012).

5 As those at the top of income distribution play a major role in job creation and innovations, self-selection
of migrants at the top of income distribution can be expected to play a bigger role in the success of nations
than the sheer numbers and their total income would suggest.
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other observable characteristics. To shed light on the role of unobservable character-
istics in the selection process, we investigate how migrants and non-migrants differ in
terms of unobservable earnings ability, as measured by residuals from Mincerian earn-
ings regressions. Our empirical results are in line with the predictions of the model:
Danish emigrants are indeed positively self-selected both in terms of earnings and in
terms of residuals from the wage regressions. Following our reframing of the canonical
Roy framework in terms of the concept of stochastic dominance, our study specifically
tests for whether the earnings distribution of the emigrants stochastically dominates that
of the stayers (as would be predicted by the model). The evidence confirms this strong
theoretical prediction over most of the support of the earnings distribution.
In our main analysis, we concentrate on long-term migrants who have spent at least

five years abroad, but we also analyse separately migrants who have returned within five
years (results in the technical appendix). We find empirical support for our stochastic
dominance result for both groups, but more strongly among long-term migrants. This
finding is in line with the Borjas and Bratsberg (1996) implication that return migration
accentuates the type of selection of the initial immigrants.6 Nonetheless, the differences
between short-term and long-term migrants are small compared with the differences
between migrants and non-migrants.
Our study is related to the flurry of papers that examine the selection of migrants

fromMexico to the US. The pioneering analysis of Chiquiar andHanson (2005)merged
information from the US census on the characteristics of the Mexican migrants with in-
formation from the Mexican census on the characteristics of the Mexican non-migrants.
Because the merged data did not report the earnings of migrants prior to the move, pre-
migration earnings were predicted based on observable characteristics of the migrants.
This ‘counterfactual’ empirical exercise suggested that Mexican emigrants were located
in the medium-high range of the Mexican wage distribution. More recent studies by
Fernández-Huertas Moraga (2011) and Kaestner and Malamud (2014) use survey data
that report the actual pre-migration earnings and find evidence of negative selection.
They also conclude that part of the negative selection can be traced to the unobservable
characteristics that determine a migrant’s earnings.7

In an important early contribution, Abramitzky (2009) analyses the effects of redis-
tribution on internal migration in Israel. He uses a longitudinal data set to study how
extensive redistribution by Israeli kibbutzim affects the self-selection of those who leave
a kibbutz, and of those who enter a kibbutz. During the period of analysis, kibbutzim
fully equalised their members’ incomes, providing an ideal setting to test self-selection
of those who leave an egalitarian community. Abramitzky (2009) finds strong support
for the hypothesis that migrants’ self-selection depends on returns to skills in the ori-
gin and in the destination. In terms of education, kibbutz-leavers are more skilled than
those who stay and other rural migrants. Furthermore, those who had left a kibbutz had
higher residual earnings than other rural migrants and non-migrants living in cities at a

6 See Dustmann and Görlach (2016) for an excellent survey on temporary migration.
7 There are two possible explanations for the negative selection in unobservable characteristics from Mex-

ico: lower returns to unobservable skills in the destination country, or those with worse match quality being
more likely to emigrate. Therefore, analysing migration from Mexico to the US does not allow distinguishing
which mechanism is driving the results. Finding that the distribution of residuals of migrants stochastically
dominates the distribution of residuals of non-migrants suggests that unobservable but internationally trans-
ferable skills play a bigger role than match quality.
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later point. This testifies about positive self-selection of leavers in terms of unobservable
characteristics, and is driven by less educated kibbutz-to-city movers.
The only other study that analyses self-selection of emigrants from a rich country in

terms of residual earnings is Gould and Moav (2016), which complements our work.
On the theory side, Gould and Moav (2016) make an important extension by allowing
unobservable skills to have two components, one internationally applicable and one
country-specific. They show that it is a priori unclear what shape self-selection with re-
spect to residual income should take. In contrast, our analysis derives an unambiguous
prediction of stochastic dominance with respect to total and residual income, but in a
model that includes only one type of unobservable skills. On the empirical side, Gould
and Moav (2016) find that the self-selection of Israeli men has an inverse U-shape in
their residual earnings. We find that in Denmark, the probability of emigration increases
strongly in residual earnings, with no inverse U-shape. Our model also helps to explain
the negative selection in terms of unobservable characteristics that Fernández-Huertas
Moraga (2011) and Kaestner and Malamud (2014) document among Mexican migrants
to the US, and it rationalises the patterns that Abramitzky (2009) finds for intra-Israel
migration.
The important role played by unobservable characteristics implies that constructing

a counterfactual earnings distribution for the migrants based on observable character-
istics can greatly bias the estimates. Our findings suggest that the use of such a coun-
terfactual distribution will tend to understate the true selection in earnings, so that the
selection implied by the counterfactual distribution is far weaker than the true selection
– regardless of whether there is positive or negative selection. The numerical bias that
results from using the counterfactual estimation is sizable in the Danish context: more
than half of the difference between the expected earnings of migrants and non-migrants
arises because of differences in unobserved characteristics.
The article is organised as follows. Section 1 sketches the economic theory under-

lying the analysis and derives theoretical predictions concerning the self-selection of
emigrants, using the notion of stochastic dominance as a unifying concept. Section 2
introduces and describes the unique population data that we use and reports some sum-
mary statistics. Sections 3 and 4 present the main empirical findings in terms of observed
and unobserved component of earnings. Section 5 evaluates the bias that results from
predicting the pre-migration earnings of emigrants from the earnings distribution of
non-migrants. Section 6 examines whether the selection of persons moving to other
EU15 countries differs from the selection of migrants moving to countries where immi-
gration restrictions come into play. Finally, Section 7 summarises the study and draws
some lessons for future research.

1. Theoretical Framework

Previous literature on the self-selection of migrants has focused on the conditional
expectations of earnings distributions among migrants and stayers. In this Section,
we derive a novel result: the Roy model implies that under certain conditions, the
earnings distribution of migrants’ first-order stochastically dominates, or is stochas-
tically dominated by, the earnings distribution of stayers. In a bivariate normal
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framework, it turns out that the conditions required for stochastic dominance are
identical to the conditions that determine the nature of self-selection in terms of ex-
pected earnings.
We also decompose self-selection into two components, one that is determined by

differences in returns to observable skills between source and host country, and one that
is determined by differences in returns to unobservable skills. The distinction between
observable and unobservable skills, of course, depends on the empirical framework and
on the data that is being used; observable skills include the variables explaining earnings
that are included in the data, while the component of earnings that is left unexplained
by the data is the unobservable skill component.
We take as our starting point the migration decision faced by potential migrants

in a two-country framework, in line with Borjas (1987) and subsequent literature.
Residents of the source country (country 0) consider migrating to the destination
country (country 1), and the migration decision is assumed to be irreversible. To
simplify the presentation, we focus on a single observed skill characteristic s and
suppress the subscript that indexes a particular individual. For concreteness, the
variable s can be thought of as giving the worker’s years of educational attain-
ment, but it includes all the characteristics affecting individual’s income that are
observed in a given set of data. Residents of the source country face the earnings
distribution:

logw0 = α0 + r0s + ε0, (1)

where w0 gives the wage in the source country; r0 gives the rate of return to observable
skills; and the random variable ε0 measures individual-specific productivity shocks re-
sulting from unobserved characteristics and is normally distributed with mean zero and
variance σ 2

0 . The distribution of observable skills in the source country’s population is
given by s = μs + εs, where the random variable εs is also assumed to be normally dis-
tributed with mean zero and variance σ 2

S .
If the entire population of the source country were to migrate, this population would

face the earnings distribution:

logw1 = α1 + r1s + ε1, (2)

where the random variable ε1 is normally distributed with mean zero and variance σ 2
1 .

For analytical convenience, we assume that Cov(ε0, εs) = Cov(ε1, εs) = 0, so that the
individual-specific unobserved productivity shocks (i.e. the ‘residuals’ from the regres-
sion line) are uncorrelated with observable characteristics.8 The correlation coefficient
between ε0 and ε1 equals ρ01. The random variable εs is individual-specific and has the
same value for the same individual in both countries, whereas ε0 and ε1 are both indi-
vidual and country-specific.
Equations (1) and (2) completely describe the earnings opportunities available to

persons born in the source country. Assume that the migration decision is determined
by a comparison of earnings opportunities across countries net of migration costs C.

8 A more realistic assumption would be that the correlation between observed and unobserved skills is
positive. However, allowing for positive correlation does not change the qualitative predictions of the model.
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Define the index function:

I = log
(

w1

w0 +C

)
≈ [(α1 − α0) + (r1 − r0)μs − π] + [(r1εs + ε1) − (r0εs + ε0)]

= �μ + (ν1 − ν0), (3)

where π gives a ‘time-equivalent’ measure of migration costs (π = C/w0). The cross-
country difference in earnings net of the time-equivalentmigration cost for an individual
with average observed and unobserved characteristics is given by �μ = [(α1 − α0) +
(r1 − r0) μs − π]. The difference in earnings attributable to individual deviation from
average characteristics is given by (v1 − v0), where vi = (ri εs + εi) for i ∈ {0, 1}. A person
emigrates if and only if the index I > 0.
Migration costs vary among persons – but the sign of the correlation between costs

(whether in dollars or in time-equivalent terms) and skills (both observed and unob-
served) is ambiguous and difficult to determine. The heterogeneity in migration costs
can be incorporated to the model by assuming that the distribution of the random vari-
able π in the source country’s population is given by π = μπ + επ , where μπ is the mean
level of migration costs in the population, and επ is a normally distributed random vari-
able with mean zero and variance σ 2

π . However, Borjas (1987) and Chiquiar and Hanson
(2005) show that time-equivalent migration costs do not play a role in the algorithm that
determines the selection of emigrants if either those costs are constant (so that σ 2

π = 0),
or if the costs are uncorrelated with skills. For analytical convenience, we assume that
time-equivalent migration costs are constant, so that π = μπ .9 The outmigration rate
from the source country is then given by

Pr(I > 0) = Pr(v∗ > −�μ∗) = 1 − 	(−�μ∗), (4)

where v* = (v1 − v0)/σ v is a standard normal random variable; �μ* = �μ/σ v; σ 2
v =

Var(v1 − v0); and 	 is the standard normal distribution function.10

In addition to identifying the determinants of the outmigration rate in (4), the Roy
model lets us examine which persons find it most worthwhile to leave the source coun-
try.11 In the following, we examine the self-selection of emigrants along two dimensions:
selection in terms of observable skills s and selection in terms of unobservable skills ε0,
which together combine into selection in terms of total productivity or earnings, as mea-
sured by log w0.
Let FM(z) and FN(z) represent the (cumulative) probability distributions of skills or

earnings for migrants and non-migrants in the source country, respectively, where z
denotes a particular measure of skills (e.g. observable or unobservable characteris-
tics or income). By definition, the probability distribution of migrants FM(z) first-order

9 If π were negatively correlated with skills, the negative correlation would tend to induce the more skilled
tomigrate, creating a positively selectedmigrant flow. This would strengthen positive self-selection, andweaken
negative self-selection.

10 It is straightforward to study (4) to confirm that the migration rate rises, when mean income in the
source country falls, mean income in the host country rises, returns to observed skills in the source country
fall, returns to observed skills in the host country rise, time-equivalent migration costs fall and when mean
observed skills rise if r1 > r0 or fall if r1 < r0.

11 Throughout the analysis, we assume that�μ* is constant. Themigration flow is effectively assumed to be
sufficiently small that there are no feedback effects on the labour markets of either the source or destination
countries.
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stochastically dominates that of stayers FN(z) if:

FM (z) ≤ FN (z) ∀z, (5)

and there is at least one value of z for which a strict inequality holds.12 From now on,
whenever we refer to stochastic dominance, we mean first-order stochastic dominance.
Equation (5) implies that a larger fraction of themigrants have skills above any thresh-

old z*. Put differently, for any level of skills z*, the population described by the proba-
bility distribution FM is more skilled because a larger fraction of the group exceeds that
threshold. The migrants, in short, are positively selected. Negative selection, of course,
would occur if the reverse was true and FN(z) ≤ FM(z) ∀z, with a strict inequality holding
for at least one value of z.

If the skill distribution of migrants stochastically dominates that of non-migrants, the
stochastic dominance then also implies the typical definition of positive selection that is
based on conditional expectations:

E(z|I > 0) > E(z|I ≤ 0), (6)

so that migrants, on average, are more skilled than stayers. Conversely, if the probability
distribution of stayers stochastically dominates that of migrants, and there was negative
selection, it would also follow that E(z | I> 0)< E(z | I≤ 0). The converse, however, is not
true for a general distribution: a claim of positive selection in expectations, as defined by
(6), does not imply that the skill distribution of migrants stochastically dominates that
of non-migrants.
To derive the stochastic ordering of the skill distributions of migrants and non-

migrants, let f(x, v) be a bivariate normal density function, with means (μx, μv), vari-
ances (σ 2

x , σ 2
v ) and correlation coefficient ρ. Furthermore, let the random variable v

be truncated from below at point a and from above at point b. Arnold et al. (1993) show
that the (marginal) moment generating function of the standardised random variable
(x − μx)/σ x, given the truncation of v, is given by

m(t ) =
[
	(β − ρt ) − 	(α − ρt )

	(β) − 	(α)

]
et

2/2, (7)

where α = (a − μv)/σ v; and β = (b − μv)/σ v. In terms of the migration decision, the
truncation in the random variable v= v1 − v0 in the sample ofmigrants is frombelow and
implies that α = −�μ* = k, and β = ∞, where k is the truncation point. In the sample
of stayers, the truncation in v is from above, and the truncation points are α = −∞
and β = k. By substituting these definitions into (7), it can be shown that the moment
generating functions for the random variable giving the conditional distributions of skill
characteristic x for migrants and stayers reduce to

mF (t ) =
[
1 − 	(k − ρt )

1 − 	(k)

]
et

2/2 (8)

12 An alternative and perhaps more intuitive definition of stochastic dominance is in terms of quantiles.
Let QM (P ) and QN (P ) be the quantile functions of order P of the skill distributions of migrants and non-
migrants. FM(z) stochastically dominates FN(z) if and only if QM (P ) ≥ QN (P ) for all 0 ≤ P ≤ 1 and there is at
least one value of P for which a strict inequality holds.
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and

mG (t ) =
[
	(k − ρt )

	(k)

]
et

2/2. (9)

Consider any two distribution functions F(z) and G(z). Thistle (1993) shows that F will
stochastically dominate G if and only if

mF (−t ) < mG (−t ),∀t > 0, (10)

where mF is the moment generating function associated with distribution F; mG is the
moment generating function associated with G. The ranking of the moment gener-
ating functions in (10) implies we can determine the stochastic ranking of the two
distributions by simply solving for the relevant correlation coefficient ρ, and compar-
ing (8) and (9). Such a comparison implies that

FM (z) < FN (z), if ρ > 0,

FM (z) > FN (z), if ρ < 0. (11)

In other words, migrants are positively selected if ρ > 0, and are negatively selected
otherwise. Consider initially the stochastic ranking in observable characteristics. The
random variable x = εs, and the relevant correlation coefficient ρ is defined by

ρ = Corr(εs, v1 − v0) = r0σs
σv

(
r1
r0

− 1
)

. (12)

Equation (12) shows that the stochastic ordering of the distributions of observable skills
of migrants and non-migrants depends only on international differences in the rate of
return to observable skills. The skill distribution of migrants will stochastically dominate
that of stayers when the rate of return to skills is higher abroad. Conversely, the skill
distribution for non-migrants will stochastically dominate the distribution for migrants
if the rate of return to observable skills is larger at home.
Consider next the stochastic ordering in the conditional distributions of unobservable

skills ε0. The relevant correlation for determining this type of selection is given by

ρ = Corr (ε0, v1 − v0) = σ0

σv

(
ρ01

σ1

σ0
− 1

)
. (13)

It follows that the distribution of unobservable skills for migrants stochastically dom-
inates that for non-migrants when ρ01(σ1/σ0) > 1. Note that the necessary condition
for positive selection has two components. First, the unobserved characteristics must
be ‘transferable’ across countries, so that ρ01 is sufficiently high. Second, the residual
variance in earnings is larger in the destination country than in the source country.
The residual variances σ 2

0 and σ 2
1 , of course, measure the ‘price’ of unobserved char-

acteristics: the greater the rewards to unobserved skills, the larger the residual inequal-
ity in wages.13 As long as unobserved characteristics are sufficiently transferable across

13 This interpretation of the variances follows from the definition of the log wage distribution in the host
country in terms of what the population of the source country would earn if the entire population migrated
there. This definition effectively holds constant the distribution of skills.
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countries, emigrants are positively selected when the rate of return to unobservable skills
is higher in the destination.
Finally, consider the stochastic ranking in ‘total’ productivity. The earnings distribu-

tion in the source country given by (1) can be rewritten as

logw0 = (α0 + r0 μs) + (r0 εs + ε0) = (α0 + r0 μs) + v0, (14)

where the normally distributed random variable v0 has mean zero and variance σ 2
v0. The

relevant correlation for determining the stochastic ranking of the earnings distributions
of migrants and non-migrants is

ρ = Corr(v0, v1 − v0) = σv0

σv

[
γ

(
r1
r0

− 1
)

+ (1 − γ )
(

ρ01
σ1

σ0
− 1

)]
, (15)

where γ = r 20 σ 2
s /σ 2

v0 and 1 − γ = σ 2
0 /σ 2

v0.
The sign of the correlation in (15), which determines the nature of the selection in

pre-migration earnings, depends on the sign of a weighted average of the selection that
occurs in observable and unobservable characteristics. Interestingly, the weight is the
fraction of the variance in earnings that can be attributed to differences in observable
and unobservable characteristics respectively. If there is positive (negative) selection in
both ‘primitive’ types of skills, there will then be positive (negative) selection in pre-
migration earnings. If, however, there are different types of selection in the two types of
skills, the selection in each type is weighted by its importance in creating the variance of
the earnings distribution. It is well known that observable characteristics (such as educa-
tional attainment) explain a relatively small fraction of the variance in earnings (perhaps
less than a third). As a result, (15) implies that it is the selection in unobservables that is
most likely to determine the nature of the selection in the pre-migration earnings of emi-
grants. This implication plays an important role in explaining why the evidence reported
in Fernández-Huertas Moraga (2011) and Kaestner and Malamud (2014) conflicts with
that of Chiquiar and Hanson (2005).

As mentioned earlier, the stochastic dominance results necessarily imply selection in
terms of conditional expectations. In the case of bivariate normal distributions, the ex-
pectation of the earnings distribution of migrants E(logw0|v∗ > �μ∗) is given by

E(logw0|v∗ > −�μ∗) = α0 + r0μs + r0σ 2
s

σv

(
r1
r0

− 1
)

λ(−�μ∗)

+ σ 2
0

σv

(
ρ01

σ1

σ0
− 1

)
λ(−�μ∗), (16)

where λ(−�μ*) = φ (−�μ*)/[1 − 	(−�μ*)] > 0, and φ is the density of the standard
normal distribution. As can be seen by examining (16), the conditions that determine
the self-selection in terms of expectations are the same as the conditions that deter-
mine the stochastic ordering of the skill distributions of migrants and non-migrants. In
the normal distribution framework that underlies the canonical Roy model, stochastic
dominance implies selection in expectations, and vice versa. In empirical applications,
however, the prediction of stochastic dominance is likely to be much less robust than
the predictions concerning expectations because testing for stochastic dominance will
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require a more rigorous test than simply comparing the average incomes or skills of mi-
grants and non-migrants. If one just compares the averages to find out how migrants
are self-selected, the findings can be compatible with the predictions of the Roy model
even if a large number of individuals in the data behave against the stochastic domi-
nance predictions of the model. As a result, establishing an empirical pattern of stochas-
tic dominance provides very strong evidence that differences in skill prices indeed play
an important role in migration decisions.

2. Data

Our analysis uses administrative data for the entire Danish population from1995 to 2010.
The data are maintained and provided by Statistics Denmark and it derives from the ad-
ministrative registers of governmental agencies that are merged using a unique social
security number.14 For each year between 1995 and 2004, we identified all Danish citi-
zens aged 25–54 who lived in Denmark during the entire calendar year.15 We restrict the
analysis to persons who worked full time.16 Migration decisions of part-time workers or
of workers outside the labour force may be driven by different factors, and the observed
income of these workers may not be indicative of their true earnings potential. The in-
come variable for each year is constructed by adding the worker’s annual gross labour
income and positive values of freelance income.17 Wemerged this information with data
from the migration register for the years 1995 through 2010. The migration register re-
ports the date of emigration and the country of destination. Even though it is possible for
Danish citizens to emigrate without registering, we expect that the numbers of persons
who do so is small as it is a legal requirement for Danish citizens to report emigration.
Danish tax laws provide further incentives for migrants to register when they emigrate.
After identifying the population of interest, we determined for each person whether

he or she emigrated from Denmark during the following calendar year. If we found that
a particular person emigrated, we searched for the person in the migration register for
subsequent years to determine if the migrant returned to Denmark at some point in
the future, and recorded the date of possible return migration. The migration register
includes near-complete information on return migration, as registration in Denmark is
required for the return migrant to be eligible for income transfers and to be covered by
national health insurance.

14 All residents in Denmark are legally required to have a social security number. This number is neces-
sary to many activities in daily life, including opening a bank account, receiving wages and salaries or social
assistance, obtaining health care and enrolling in school.

15 A person’s age is measured as of January 1st the year after the reference year.
16 The administrative data allow the calculation of a variable that measures the amount of ‘work experience

gained’ during the calendar year. Themaximum possible value for this variable is 1,000. We restrict our sample
to workers who have a value of 900 or above, so that our sample roughly consists of persons who worked full
time at least 90% of the year. In order to measure the work experience gained during a given year, we subtract
the value from the previous year from the current value of the variable. Persons who had a missing value
for work experience in either of the two years were dropped from the sample. Missing values in this variable
typically indicate that the person spent time abroad.

17 The information on earnings is taken from the tax records for each calendar year. This variable is con-
sidered to be of high quality by Statistics Denmark. Some persons also report negative values for freelance
income. These negative values are likely to be due to losses arising from investments and do not reflect the
productive characteristics of the individual.
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Table 1
Summary Statistics

Men Women

Non-
migrants

Nordic
countries

Other
destinations

Non-
migrants

Nordic
countries

Other
destinations

Observations 6,450,665 2,104 5,219 5,163,129 993 2,443
Age
Average 39.8 35.5 35.3 40.2 35.9 34.7
Median 40.0 33.0 33.0 40.0 34.0 33.0

Annual earnings in 2010 in euro
Average 52,725 56,557 72,825 40,299 44,462 47,204
Median 46,675 49,646 61,283 37,976 41,235 43,109

Standardised annual earnings
Average 1.0 1.1 1.4 1.0 1.1 1.2
Median 0.9 1.0 1.2 0.95 1.1 1.1

Education
Comprehensive school 21.4 19.8 8.3 21.5 15.7 8.9
High school 3.2 7.8 8.6 3.1 6.9 8.9
Vocational school 49.8 43.5 30.3 41.8 36.5 30.8
Advanced vocational 5.6 5.7 6.6 4.9 5.1 7.8
Bachelor or equivalent 12.2 11.6 20.6 23.3 22.9 25.4
Master’s or equivalent 7.3 10.6 23.9 5.1 12.3 17.6
Doctoral or equivalent 0.5 1.0 1.7 0.2 0.7 0.7

Notes. Standardised earnings are defined by the ratio of a worker’s annual gross earnings to the mean gross
earnings of workers of the same age and gender during the calendar year. The category ‘advanced vocational’
includes all the tertiary education programmes below the level of a Bachelor’s programme or equivalent.
Programmes on this level may be referred to for instance with such terms as community college education,
advanced vocational training or associate degree.

We define a migrant as an individual who is found in one of the 1995–2004 cross-
sections, who emigrates fromDenmark during the following year to destinations outside
Greenland or the Faroe Islands, and who stays abroad for at least five years.18 Individuals
who emigrated for less than five years are classified as short-term migrants, and the rest
of the population is then classified as non-migrants. The analysis of both migrants and
non-migrants is further restricted to only include Danish citizens who do not have an
‘immigration background’.19

Table 1 reports summary statistics from the Danish administrative data. The panel
data set contains yearly observations of over 6.4 million male and 5.1 million female
non-migrants. The construction of the data implies that non-migrants appear in the data
multiple times (potentially once in each cross-section). We were able to identify 7,323

18 Greenland and the Faroe Islands are autonomous regions but still part of Denmark. We have excluded
these destinations as many of these migrants could have originated in Greenland or the Faroe Islands. The
exact duration requirements were 1,825 days or longer for long-termmigrants. Amongmen (women), 36.51%
(32.49%) of all migration spells lasted at least 1,825 days. Having stayed abroad for five years predicts longer
migration spells: 72% of men and 71% of women who left Denmark in 1996 and were still abroad after five
years were also abroad after 10 years.

19 Statistics Denmark defines a person to have no immigrant background’ if at least one of the parents was
born in Denmark and the person is/was a Danish citizen. We searched the population registers from 1980 to
2010 for the parents of the persons in our sample, and if a parent was found he or she was required to be a
Dane with no immigrant background as well.
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male and 3,436 femalemigrants. By construction, thesemigrants are persons who we first
observe residing in Denmark. Emigrants are younger than the non-migrants, regardless
of gender. Despite being younger, the emigrants earned higher annual incomes in the
year prior to the migration than the non-migrants.20

We construct a simple measure of ‘standardised earnings’ that adjusts for differences
in age, gender and year effects. Standardised earnings are defined by the ratio of a
worker’s annual gross earnings to themean gross earnings of workers of the same age and
gender during the calendar year.21 Table 1 shows that emigrants earn more than non-
migrants in terms of standardised earnings. Table C3 in the online Appendix reports
the number of emigrants moving to different destinations. The largest destinations for
both men and women are two other Nordic countries, Sweden and Norway, as well as
the US, the UK and Germany. These five countries account for 57% of all emigration.
Table 1 also reports the education distributions for non-migrants and migrants. It is ev-
ident that the migrants tend to be more educated than the non-migrants, among both
men andwomen. Among bothmen andwomen, the educational distribution ofmigrants
to non-Nordic destinations stochastically dominates the distribution of non-migrants
and migrants to Nordic destinations.22

In order to add time dimension, the evolution of the long-term emigration rate is
presented in Figure B1(a) for men and in Figure B1(b) for women separately for the
whole population and for those with higher education and without higher education.
As we are looking at long-term migration, the emigration rates are small, but there is
an upward trend. The rate is higher for men and for those with higher education. We
also computed the difference between the average of the log standardised earnings, or
a degree of selection, for migrants and non-migrants for each year from 1995 to 2004
for men and women separately. The results are reported in Figure B2(a,b) in the on-
line Appendix. There is a downward trend in the difference for both men and women.
The finding makes sense: when the migrants are positively self-selected and the emigra-
tion rate gets bigger, the average standardised earnings of migrants should get smaller.
However, the variation across years is small, so that pooling the data is justified.
Table 2 reports the logit regressions for the binary decision whether to emigrate on

other observables than earnings. The pattern in Table 1 is confirmed also when other
controls are added: those with higher education are much more likely to emigrate. Fur-
thermore, having partner or children reduces the likelihood of emigration. To sum-
marise, the descriptive findings suggest a strong degree of positive selection – at least as
measured by education and differences in the conditional means of earnings.

20 The first two panels of Table C1 in the technical appendix provide detailed information on which per-
centage of the underlying population of non-migrants and those migrating for at least five years and being
aged 18 or more is excluded by the age restrictions, and which percentage by the working time restriction.
Once working time restriction is imposed, requiring positive gross income affects less than 0.04% of migrants.
That a higher share of migrants is excluded by the working time requirement can be explained to a large ex-
tent by migrants being younger, and often migrating in connection with their studies, or just after completing
their studies. The last two panels show that if the attention is restricted to those aged 30 to 54, the shares of mi-
grants and non-migrants affected by the working time restriction are quite similar. Table C2 presents summary
statistics for short-term migrants.

21 Both migrants and non-migrants, as well as shorter-term migrants, are included in these calculations.
22 Table C4 reports the education distributions for individuals who do not fulfil the full-time work require-

ment. Comparing Tables 1 and C4 shows that those not working full time are less educated. Importantly,
migrants are positively self-selected in terms of education also among those not working full time.
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Table 2
Logit Estimates of the Probability of Emigration, by Gender

Men Women

B Or B Or

Married −0.110** 0.896** −0.191*** 0.826***

(0.04) (0.03) (0.05) (0.04)
Children −1.137*** 0.321*** −1.232*** 0.292***

(0.05) (0.02) (0.07) (0.02)
Married × Children 0.460*** 1.585*** 0.374*** 1.453***

(0.07) (0.10) (0.09) (0.12)
High school 1.377*** 3.961*** 1.158*** 3.184***

(0.05) (0.21) (0.08) (0.26)
Vocational school 0.186*** 1.205*** 0.159** 1.172**

(0.04) (0.05) (0.06) (0.07)
Advanced vocational 0.648*** 1.911*** 0.714*** 2.043***

(0.06) (0.11) (0.08) (0.17)
Bachelor 1.097*** 2.994*** 0.581*** 1.787***

(0.04) (0.13) (0.06) (0.11)
Master’s 1.652*** 5.220*** 1.444*** 4.239***

(0.04) (0.23) (0.07) (0.29)
PhD 1.723*** 5.599*** 1.655*** 5.233***

(0.10) (0.58) (0.21) (1.11)
y1996 −0.032 0.969 −0.001 0.999

(0.06) (0.05) (0.08) (0.08)
y1997 0.002 1.002 −0.016 0.984

(0.06) (0.06) (0.08) (0.08)
y1998 −0.024 0.977 −0.001 0.999

(0.06) (0.05) (0.08) (0.08)
y1999 0.230*** 1.259*** 0.131 1.140

(0.05) (0.07) (0.08) (0.09)
y2000 0.260*** 1.296*** 0.238** 1.269**

(0.06) (0.08) (0.09) (0.11)
y2001 0.161** 1.175** 0.146 1.157

(0.05) (0.06) (0.08) (0.09)
y2002 0.208*** 1.231*** 0.046 1.047

(0.05) (0.06) (0.08) (0.08)
y2003 0.198*** 1.220*** 0.112 1.119

(0.05) (0.06) (0.08) (0.09)
y2004 0.246*** 1.279*** 0.178* 1.194*

(0.05) (0.07) (0.08) (0.09)
Constant −6.700*** 0.001*** −6.951*** 0.001***

(0.08) (0.00) (0.12) (0.00)
Age fixed effects Yes Yes
N 6,470,720 5,173,706
Pseudo R2 0.0540 0.0557

Notes. The table reports logistic regression results. The dependent variable is a dummy that gets value one if
the individual is a long-term migrant migrating to other Nordic countries or other destinations the following
year. Individually clustered standard errors are in parentheses and the column labelled ‘Or’ reports odds ratios.
Coefficients for the age fixed effects are not shown. The category ‘advanced vocational’ includes all the tertiary
education programmes below the level of a Bachelor’s programme or equivalent. Programmes on this level
may be referred to for instance with such terms as community college education, advanced vocational training
or associate degree. *p < 0.05, **p < 0.01 ***p < 0.001.
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3. Selection in Pre-migration Earnings

This Section presents empirical evidence on the self-selection of emigrants from Den-
mark in terms of standardised pre-emigration earnings. Our theoretical framework pre-
dicts that the distribution of earnings for migrants should stochastically dominate that
of non-migrants. As a result, our empirical analysis will mainly consist of comparing cu-
mulative distributions of standardised earnings between migrants and non-migrants. An
advantage of simply graphing and examining the cumulative distributions is that the
analysis does not require any type of kernel density estimation, and that we do not need
to impose any statistical assumptions or parametric structure on the data. We will also
present in the technical appendix kernel density estimates of the earnings density func-
tions as an alternative way of presenting the key insights. Finally, we will derive and report
statistical tests to determine if the data support the theoretical prediction of stochastic
dominance.
Figure 1(a) illustrates the cumulative earnings distributions for male migrants to

Nordic countries, male migrants to destinations outside Nordic countries and for male
non-migrants. The values of the standardised earnings are truncated at−2 and 2 tomake
the graphs more tractable.23 The figure confirms that migrants were positively selected
during the study period, but less strongly so to other Nordic countries.24 This weaker
selection may arise because the rate of return to skills in Nordic countries is relatively
low when compared to that in other potential destinations.25 Figure 1(b) presents cor-
responding evidence for women.26 The main findings are qualitatively similar, but the
positive selection seems weaker. This gender difference could be due to family ties at-
tenuating women’s self-selection; see Borjas and Bronars (1991) and Junge et al. (2014).
The finding that self-selection to other Nordic countries is also positive may appear sur-
prising, as the Roy model would not predict any clear pattern if the earnings distribu-
tions were identical between Denmark and other Nordic countries. However, Parey et
al. (2017) show that earnings inequality among the high-skilled is lower in Denmark
than in Sweden, Norway and Finland. Therefore, positive but weaker self-selection into
other Nordic countries is consistent with what the Roy model predicts.27 Figure B6(a)
presents the corresponding kernel estimates of the density functions of the logarithm
of standardised earnings for men, while Figure B6(b) presents the respective graphs for

23 The truncation does not alter the results as only 0.07% of non-migrants, 0.19%migrants to other Nordic
countries and 0.11% of migrants to other destinations lie below the lower truncation point. Correspondingly,
0.03% of non-migrants and 0.21% of migrants to destinations outside Nordic countries lie above the upper
truncation point. There are no migrants to other Nordic countries above the upper truncation point. Further-
more, the statistical analysis of differences between cumulative distribution functions does not use truncation.

24 Figures B3(a,b) show that the results are qualitatively similar if the analysis is restricted to the age group
30 to 54.

25 Moreover, some Danes may live in southern Sweden but work in Denmark. This type of migration should
decrease the estimated selection to Nordic countries as it is not related to returns to skills.

26 For women, 0.06% of non-migrants lie below the lower truncation point and 0.00004% above the higher
truncation point. There are no migrants lying below the lower or above the higher truncation point.

27 Figures B4(a,b) show that long-term migrants emigrating outside the Nordic countries are somewhat
more strongly positively selected than migrants who leave for less than five years, but the differences are small.
Figures B5(a,b) show that the earnings distributions of short-term migrants to other Nordic countries do not
differ from the earnings distributions of long-term migrants emigrating there.
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Fig. 1. Distribution Functions of Standardised Annual Earnings for Migrants and Non-migrants.
(a) Men (b) Women

women.28 The density functions again reveal the positive selection of migrants moving
outside the Nordic countries, both for men and women.
As is evident from the figures, Kolmogorov–Smirnov tests comparing the earnings

distributions for different groups reject the hypothesis that the underlying earnings
distributions are the same at a highly significant level. Does the evidence statistically

28 Following Leibbrandt et al. (2005) and Fernández-Huertas Moraga (2011), we use Silverman’s reference
bandwidth multiplied by 0.75 to prevent over-smoothing. The same bandwidth is used also in all the kernel
density estimates reported in subsequent calculations.
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support the theoretical prediction that the cumulative distribution function of migrants
stochastically dominates that of non-migrants? Statistical tests for first-order stochastic
dominance are highly sensitive to small changes in the underlying distributions, making
it difficult to rank distributions in many empirical applications.29 As noted by Davidson
and Duclos (2013), it may be impossible to infer stochastic dominance over the full
support of empirical distributions if the distributions are continuous in the tails, simply
because there is not enough information in the tails for meaningful testing of any sta-
tistical hypothesis. It would then make sense to focus on testing stochastic dominance
over a restricted range of the distribution. Based on these considerations, we apply an
approach that characterises the range over which the value of the cumulative distribu-
tion function for non-migrants is statistically significantly larger than that of migrants.
More formally, we seek for the longest interval [ŵ−, ŵ+] for which the hypothesis

H0 : max
wε[ŵ−,ŵ+]

[FM (w) − FN (w)] ≥ 0, (17)

can be rejected in favour of the alternative hypothesis of strong stochastic dominance30

H1 : max
wε[ŵ−,ŵ+]

[FM (w) − FN (w)] < 0. (18)

To perform the test, we estimate the difference between the cumulative distribu-
tion functions �[F (w)] = FN (w) − FM (w) with its sample value �̂[F (w)] and calculate
confidence intervals using tools that were introduced in Araar (2007) and Araar et al.
(2009).31 Davidson and Duclos (2000) show that the estimator �̂[F (w)] is consistent
and asymptotically normally distributed. Let σ̂ (w) be the standard deviation of the es-
timator �̂[F (w)]. Furthermore, mark the significance level with θ and let z(θ ) be the
100(1 − θ ) percentile point of the standard normal distribution.32 We can then define
the lower bound for a one-sided confidence interval for �[F (w)] as33

L̂B�(F (w)) = �̂[F (w)] − σ̂ (w)z(θ ). (19)

We estimate the standard errors using a Taylor linearisation and allow for clustering at
the individual level. We then implement the procedure by calculating the lower bounds
of the confidence intervals for the estimate �̂[F (w)] defined in (19).34

Although it is not clearly visible from Figure 1(a), the cumulative distribution func-
tions of non-migrant men and men migrating to destinations outside the Nordic coun-
tries cross near the lower tails of the distributions. Figure B7(a) depicts �̂[F (w)] and
lower and upper bounds (calculated similar to the lower bounds) for a 95% confidence
interval. The lower bound of the confidence interval is positive on most of the range

29 This can lead to difficulties in empirical work, and less restrictive concepts such as restricted first-order
stochastic dominance (Atkinson, 1987) and almost stochastic dominance (Leshno and Kevy, 2002) have been
proposed.

30 The alternative is strong dominance, as weak dominance cannot be separated statistically from the null
hypothesis of non-dominance.

31 The calculations are implemented using the DASP Stata module presented in Araar and Duclos (2013).
32 The asymptotic variance of �̂(w) is derived in Araar et al. (2009).
33 Chow (1989) proved the theorem for the case of independent samples. Davidson and Duclos (2000)

show that the results also extend to the case of paired incomes from the same population.
34 Davidson and Duclos (2013) propose a bootstrap procedure that uses an empirical likelihood statistic.

The procedure is asymptotically equivalent to the method we use. Given the large number of observations, the
difference between the bootstrap and asymptotic test is likely to be very small. Moreover, as the asymptotic test
is more conservative, our results err on the side of caution.
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covering the supports of the distributions. Table C5 reports the shares of migrants and
non-migrants whose earnings are outside the range over which the migrant distribution
stochastically dominates at a 95% confidence level. Only 2.0% of the migrants and 3.4%
of the non-migrants lie below the lower bound of the range where the lower bound
of the confidence interval is positive, whereas the shares of migrants and non-migrants
above the upper bound of the range are 0.1 and 0.0%. Put differently, the earnings of
almost 98% of male migrants to destinations outside Nordic countries are on the range
where the cumulative distribution function for non-migrants is statistically significantly
above the function for migrants. Figure B7(b) depicts �̂[F (w)] and the bounds for a
95% confidence interval for non-migrant women and women migrating to destinations
outside Nordic countries. Only 2.8% of the migrants and 4.1% of the non-migrants have
earnings below the range where the lower bound of the confidence interval is positive,
and an even smaller 0.2% of the migrants and 0.0% of the non-migrants have earnings
above this range. We interpret these findings as support for the stochastic dominance
prediction for both men and women migrating outside Nordic countries.35

Additional support for our theory comes from Mexico. Our theory predicts that the
earnings distribution of migrants from Mexico to the US should be stochastically domi-
nated by the earnings distribution of non-migrants. Fernández-Huertas Moraga (2011)
presents these distributions for men. Although he does not present confidence inter-
vals as we do, the figures suggest a pattern that mirrors what we find for Denmark, re-
versing the curves for migrants and non-migrants. In Mexico, the wage distribution of
non-migrants stochastically dominates that of migrants, apart from an overlap for a few
percent at the bottom and converging at the top.

4. Selection in Unobserved Characteristics

In the previous Section, we documented the selection that characterises the migrants us-
ing the total pre-migration earnings (after adjusting for age and year). We now examine
the component due to unobserved characteristics. In particular, we adjust for differences
in educational attainment between migrants and non-migrants (as well as other observ-
able variables) by running earnings regressions, and determine whether the distribution
of the residuals differs between the two groups.
By construction, the residuals from a Mincerian wage regression reflect the part of

earnings that is uncorrelated with the observed measures of skill. Obviously, the decom-
position is somewhat arbitrary because it depends on the characteristics that are ob-
served and can be included as regressors in the wage equation. Nevertheless, the study
of emigrant selection in terms of wage residuals is important. First, selection in terms of
unobservable characteristics sheds light on the importance of the quality of job matches
relative to the skill component that is internationally transferable. The theory predicts
that the nature of the selection in unobservable characteristics depends on the magni-
tude of the correlation coefficient measuring how the source and destination countries

35 Figures B8(a,b) and the bottom panel of Table C5 present a corresponding analysis by comparing the
cumulative distributions of migrants to other Nordic countries with that of non-migrants. Weaker positive
self-selection into other Nordic countries can be rationalised by those countries having only slightly larger
income differences among the high-skilled than Denmark (Parey et al., 2017).
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value these types of skills.36 Second, the theory also suggests that the nature of the selec-
tion in pre-migration earnings depends on a weighted average of the selection that oc-
curs in observable and unobservable characteristics, with the weights being the fraction
of earnings variance attributable to each type of skill. Because observable characteristics
play only a limited role in explaining the variance of earnings in the population, it is
crucial to precisely delineate the nature of selection in unobservable characteristics.
Table 3 reports the Mincerian wage regressions that we use to calculate the residuals.

The first two columns use annual earnings and include year dummies and age fixed
effects. The last two columns use standardised earnings. The sample includes the whole
population of prime aged full-time workers pooled over the entire 1995–2004 period.
We also include the worker’s marital status and number of children.37

Figure 2 presents the cumulative distributions of wage residuals for male (female)
migrants to Nordic countries, male (female) migrants to destinations outside Nordic
countries and male (female) non-migrants, when using non-standardised incomes. The
values of the residuals are truncated at −2 and 2, a range that covers practically all
of the population.38 Among men, the cumulative distribution function of residuals for
emigrants who moved outside the Nordic countries is located to the right of the cumula-
tive distribution for migrants to Nordic countries, which in turn is located to the right of
the cumulative distribution of the non-migrants. The visual evidence, therefore, provides
a strong indication thatmigrants are positively selected in terms of unobserved character-
istics. Figure 2(b) shows that female migrants are also positively selected in terms of wage
residuals. As was the case when comparing the measure of pre-migration earnings in
the previous Section, the selection in unobserved characteristics is less pronounced for
women than for men. One explanation for this could be that men are typically primary
earners in couples. Qualitative results are similar if using standardised earnings (Figure
B9(a,b)), excluding marital status and dummy for having children (Figure B10(a,b)) or
restricting the analysis to the age group 30 to 54 (Figure B11(a,b)).39 We also performed
Kolmogorov–Smirnov tests on the distributions of residuals for non-migrants and

36 As long as this correlation is strongly positive (so that unobserved characteristics are easily transferable
across countries), Danish emigrants would be positively selected in unobservables. After all, the payoff to these
types of skills is likely to be greater in the destination countries. However, it could be argued that the correlation
between the wage residuals in Denmark and abroad may be ‘small’. For example, the residuals from the wage
regression may be largely reflecting the quality of the existing job match in the Danish labour market, rather
than measuring the worker’s innate productivity. To the extent that the quality of the job match plays an
important role in generating the residual, the correlation in this residual across countries would be expected to
be weak (in fact, a pure randommatching model would suggest that it would be zero). As a result, there would
be negative selection in unobserved characteristics simply because Danish workers with good jobmatches (and
hence high values of the residual) would not migrate.

37 Table S6 shows that the results are quite similar when marital status and children are not included as
controls, although the fit of the model is somewhat reduced.

38 For men, 0.05% of non-migrants, 0.19% of migrants to other Nordic countries and 0.11% of migrants to
other destinations lie below the lower truncation point. Correspondingly, 0.03% of non-migrants and 0.23% of
migrants to destinations outside Nordic countries lie above the upper truncation point. There are no migrants
to other Nordic countries above the upper truncation point. For women, 0.05% of non-migrants lie below
the lower truncation point and 0.00% of non-migrants lie above the higher truncation point. There are no
migrants lying below the lower or above the higher truncation point.

39 A possible concern with the earnings regressions is that each individual is included in the data for every
year he or she was living in Denmark and fulfilled the other conditions. At the same time, migrants are ab-
sent from the data from the migration year onwards. Table C7 shows the earnings regressions separately for
1995, 1999 and 2004 cross-sections to see if this has implications on the results. It has not. Cumulative distri-
bution functions of standardised earnings (Figures B12–B14) and of residuals (Figures B15–B17) show that
the selection stays qualitatively similar during the study period.
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Table 3
Mincerian Earnings Regressions, by Gender

(1) (2) (3) (4)
Men Women Men standardised Women standardised

B B B B

Married 0.068*** −0.016*** 0.038*** −0.015***

(0.00) (0.00) (0.00) (0.00)
Children 0.025*** −0.048*** 0.027*** −0.043***

(0.00) (0.00) (0.00) (0.00)
High school 0.224*** 0.190*** 0.232*** 0.187***

(0.00) (0.00) (0.00) (0.00)
Vocational school 0.092*** 0.089*** 0.097*** 0.086***

(0.00) (0.00) (0.00) (0.00)
Advanced vocational 0.186*** 0.198*** 0.190*** 0.195***

(0.00) (0.00) (0.00) (0.00)
Bachelor 0.298*** 0.225*** 0.296*** 0.222***

(0.00) (0.00) (0.00) (0.00)
Master’s 0.498*** 0.536*** 0.496*** 0.531***

(0.00) (0.00) (0.00) (0.00)
PhD 0.490*** 0.622*** 0.484*** 0.620***

(0.00) (0.00) (0.00) (0.00)
1996 0.020*** 0.017***

(0.00) (0.00)
1997 0.043*** 0.041***

(0.00) (0.00)
1998 0.078*** 0.083***

(0.00) (0.00)
1999 0.103*** 0.112***

(0.00) (0.00)
2000 0.141*** 0.143***

(0.00) (0.00)
2001 0.175*** 0.175***

(0.00) (0.00)
2002 0.207*** 0.210***

(0.00) (0.00)
2003 0.236*** 0.235***

(0.00) (0.00)
2004 0.252*** 0.258***

(0.00) (0.00)
Constant 12.131*** 11.931*** −0.243*** −0.140***

(0.00) (0.00) (0.00) (0.00)

Age fixed effects Yes Yes No No
N 6,470,720 5,173,706 6,470,720 5,173,706
R2 0.2597 0.3062 0.1652 0.1963

Notes. The table reports OLS results for earnings regressions. In models (1) and (2), the dependent variable
is annual earnings in 2010 euro and in columns (3) and (4) standardised earnings. Standardised earnings
are defined by the ratio of a worker’s annual gross earnings to the mean gross earnings of workers of the
same age and gender during the calendar year. Individually clustered standard errors are in parentheses.
Coefficients for the age fixed effects are not shown. The category ‘advanced vocational’ includes all the tertiary
education programmes below the level of a Bachelor’s programme or equivalent. Programmes on this level
may be referred to for instance with such terms as community college education, advanced vocational training
or associate degree. *p < 0.05, **p < 0.01 ***p < 0.001.
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Fig. 2. Distribution Functions of Residuals from Earnings Regression for Migrants and Non-migrants.
(a) Men (b) Women

migrants to other Nordic countries and for migrants to other destinations (separately
for men and women). All the tests clearly rejected the null hypothesis, confirming that
the distributions of residuals indeed differ among the groups.40

The evidence on the positive selection of migrants in unobserved characteristics ob-
viously implies that the selection in pre-migration earnings documented in the previous
Section cannot be attributed solely to the fact that migrants are more educated. Instead,
we find that there is positive selection within education groups. This result also has impli-
cations on the interpretation of earnings regression residuals in general. The residuals

40 The p-value for the test between women migrating to other Nordic countries and to other destinations
was 0.015 and all the other p-values were 0.000, so that all tests clearly reject the hypothesis that the observations
are drawn from the same distribution.
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from wage regressions are sometimes interpreted as reflecting the value of the jobmatch
between the worker and the employer. If a high value for the residual only reflects a good
match, we would then expect to find that workers with large residuals would be less likely
to change jobs and less prone tomigrate. Our findings clearly reject this interpretation.41

It should be noted that our finding does not imply that job-specific matches would be
unimportant; it only suggests that internationally transferable unobserved abilities are
quantitatively clearly more important. Comparing results on the self-selection to other
Nordic countries and the rest of the world suggests that search for a better job match to
those who have a bad job match in Denmark is more pronounced among migrants to
other Nordic countries.42

As in the previous Section, we also calculated the difference between the cumula-
tive distribution functions with confidence intervals to determine whether empirical ev-
idence supports the stochastic dominance prediction. The test results are summarised
in Table C8. Figure B18(a,b) depicts �̂[F (w)] and the lower and upper bounds for a
95% confidence interval for the comparison between non-migrant men (women) and
men (women) migrating to destinations outside Nordic countries. The lower bound
of the 95% confidence interval is positive on the range of residuals covering most of
the support of the two distributions. Among men, 9.9% of the migrants and 15.2% of
the non-migrants have wage residuals below the lower bound of this range, whereas the
shares of migrants and non-migrants above the upper bound of the range are 0.1 and
0.0%. For women, 19.6% of migrants and 24.7% of non-migrants have earnings resid-
uals below the lower bound of the range where the lower bound of the confidence in-
terval is positive, and shares of migrants and non-migrants above the range are less than
1%.43

Figure 3 depicts the emigration rates outside other Nordic countries according to
the deciles of residuals from the Mincerian wage regressions. Among men, the proba-
bility of emigration outside other Nordic countries first decreases slightly from 0.059%
in the lowest decile of residuals to 0.038% in the second-lowest decile of residuals, and
then increases monotonically in each decile, reaching 0.124% in the ninth decile and
0.232% in the highest decile. This contrasts sharply with the findings by Gould andMoav
(2016) who studied 30 to 45-year old Israeli men in the 1995 census and found that the
probability of emigration was inverse U-shaped in residuals. Among women, the proba-
bility of emigration from Denmark outside other Nordic countries first increases from
0.028% in the lowest decile of residuals to 0.035% in the second-lowest decile. It then
decreases back to 0.028% in the third-lowest decile and then increases almost mono-
tonically in each decile, reaching 0.062% in the ninth decile and 0.102% in the highest

41 Finding negative selection ofmigrants in terms of residuals from a country with high returns to skills, like
Mexico, does not allow distinguishing whether self-selection in residuals is driven by match quality or returns
to unobservable skills.

42 For this group, returns to unobserved productivity are not as important a criterion for self-selection as
among migrants to the rest of the world, simply because differences in returns to skills between Denmark and
other Nordic countries are smaller. As a result, the mechanism of searching for a better match quality is more
pronounced.

43 Figure B19(a,b) depicts �̂[F (w)] and the bounds for a 95% confidence interval for non-migrant men
(women) and men (women) migrating to other Nordic countries. The most notable result is that roughly 12%
of both migrant and non-migrant men have residuals in the area where the upper bound of the confidence
interval is negative.
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Fig. 3. Annual Emigration Rate to Non-Nordic Destinations by Deciles of Residuals from Earnings
Regressions. (a) Men (b) Women

decile. Fernández-Huertas Moraga (2011) and Kaestner and Malamud (2014) find evi-
dence of negative selection in terms of residuals when it comes to migration from Mex-
ico to the US, in line with our theory. The stochastic dominance relationship among
migrants from Denmark and Mexico and the inverse U-shape among emigrants from
Israel suggests the need for further studies from other countries, to determine which
pattern dominates globally.
We conclude by summarising the evidence as follows: there is strong positive selection

in unobservable characteristics in the sample of migrants that moved outside the Nordic
countries and weaker evidence of positive selection in the sample ofmigrants whomoved
to other Nordic countries.44

44 Figures B20(a,b), B21(a,b) show that the differences in the self-selection in residuals between long-term
migrants and short-term migrants are in line with the differences in terms of pre-migration earnings. Long-
termmigrants settling outside the Nordic countries are somewhat more strongly positively selected than short-
term migrants, but the differences are small, while there are practically no differences between long-term
migrants and short-term migrants emigrating to other Nordic countries.
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5. Bias in Counterfactual Predictions

The fact that emigrants are self-selected in their unobserved characteristics implies that
using the observable characteristics of migrants to predict their counterfactual earnings,
had they chosen not to migrate, will lead to biased results. Due to data constraints, this is
precisely the empirical exercise conducted by Chiquiar and Hanson (2005), who adopt
the methodology introduced by DiNardo et al. (1996) and build a counterfactual wage
density of what the Mexican immigrants would have earned in Mexico had they stayed.
The actual wage density of Mexican ‘stayers’ is then compared to the counterfactual
density for migrants. By construction, this approach ignores the role of unobservable
characteristics in the estimation of the counterfactual wage distribution. A clear advan-
tage of the Danish administrative data is that the earnings of emigrants can be observed
before they emigrate, so there is no need to build a counterfactual density. The adminis-
trative data allows us to precisely measure the extent of the bias resulting from carrying
out the counterfactual exercise in Chiquiar and Hanson (2005). In particular, we can
contrast the predicted counterfactual wage distribution of migrants had they not moved
to the actual wage distribution of migrants prior to their move. We carry out this exer-
cise by precisely replicating the various steps in the Chiquiar–Hanson calculations, as
depicted in the technical appendix. It is worth emphasising that this type of bias will
arise not only in studies that examine the selection of migrants, but in any study that
relies on observables to predict a counterfactual wage distribution.
Figure 4 presents the resulting counterfactual density functions of the logarithm of

standardised earnings as well as the actual distributions formigrants and non-migrants.45

The difference between the actual density for non-migrants and the counterfactual den-
sity for migrants reflects the part of self-selection that is due to observable characteristics.
Similarly, the difference between the counterfactual and actual densities for migrants re-
flects the part of selection that is due to unobserved characteristics (i.e. all those variables
that could not be included in the logit model).
One simple way of quantifying these distributional differences is to compute the aver-

ages of the various distributions. These calculations are reported in Table C9. Consider
initially the results in the male sample. The difference between the mean of the actual
distributions for migrants and non-migrants is 0.245 log points, but the difference be-
tween the counterfactual distribution and the distribution for non-migrants is 0.073.
This implies that only about 30% of the positive selection in pre-migration earnings can
be attributed to the observable characteristics included in the logit model, while about
70% is attributable to unobservable determinants of productivity. The calculations in the
female sample yield a difference of 0.157 log points between the means of the actual dis-
tributions for migrants and non-migrants and a difference of 0.074 points between the
counterfactual distribution and the distribution for non-migrants. As a result, observ-
able and unobservable characteristics each account for about half of the positive self-
selection in the pre-migration earnings of women.46 The key lesson is clear: selection in

45 To conduct the counterfactual analysis, we pool the sample of all migrants (regardless of whether they
moved to Nordic countries or not).

46 The component of self-selection that is due to unobservable characteristics plays a somewhat smaller
role for women. One reason could be that women are more often tied migrants, and the migration decision
may be mainly based on the skills of the spouse. The variance in income is also smaller for women, which also
makes the selection both in terms of observable and unobservable characteristics weaker.
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Fig. 4. Counterfactual and Actual Densities of Standardised Gross Earnings. (a) Men (b) Women

unobservable characteristics plays a crucial role in determining the skill composition of
emigrants.
The distinct role of observables and unobservables in determining the selection in the

pre-migration earnings is evident if we return to the Roy model and (16), which presents
the conditional expectation E(log w0|v* > −�μ*). The nature of the selection in pre-
migration earnings is given by the sumof the selection in observables and the selection in
unobservables. Each of these selection terms has a weighting coefficient that represents
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the variance in earnings attributable to observable characteristics (r 20 σ 2
s ) or to unobserv-

able characteristics (σ 2
0 ). As noted earlier, observable characteristics explain a relatively

small fraction of the variance in earnings. Put differently, (16) implies that it is the selec-
tion in unobservables that is most likely to determine the nature of the selection. To the
extent that both selection in observables and unobservables work in the same direction,
the counterfactual exercise will underestimate the true extent of positive selection in
pre-migration earnings. Conversely, the counterfactual exercise will also attenuate the
extent of ‘true’ negative selection if there is negative selection in both components of
skills. Fernández-Huertas Moraga (2011) presents a corresponding analysis using survey
data from Mexico and finds that counterfactual estimates greatly underestimate the ex-
tent of negative selection in the pre-migration earnings of Mexicans who move to the
US. Put differently, the counterfactual exercise may lead to qualitatively right conclu-
sions about the nature of the selection, but it may also greatly underestimate the true
extent of either positive or negative selection.

6. Selection and Immigration Restrictions

As applied in the immigration literature, the Roy model focuses solely on the economic
factors that motivate labour flows across international borders. The modelling typically
ignores the fact that these flows occur within a policy framework where some receiving
countries enact detailed restrictions specifying which potential migrants are admissible
and which are not.We can use the administrative data fromDenmark, combined with the
unique political circumstances that guarantee free migration within Europe, to partially
address the question of whether immigration policy affects selection all that much in
the end. Specifically, we can subdivide the group of migrants who moved outside Nordic
countries into two groups: those who moved to a country in the EU15 or to Switzerland,
and those who moved to a country outside the EU15 and Switzerland. Movement of
labour was unrestricted between Denmark and other EU15 countries and Switzerland
in the period under study but was obviously restricted by immigration regulations to
destinations outside the EU15, such as the US.
It turns out that these different immigration policies pursued by the EU15 and Switzer-

land and the rest of the world barely matter in determining the selection of Danish em-
igrants. Figure B22(a) depicts the cumulative distribution functions of the logarithm of
standardised annual income for men and Figure B22(b) for women. It is evident that
the distribution functions of standardised earnings are very similar for the two groups
of migrants.47 We also conducted the analysis using the wage residuals (not shown),
and the distributions of residuals are also similar between the two groups. Given that
Danish emigrants are typically highly educated, it is likely that they face relatively few
restrictions. Immigration restrictions may play a more important role in explaining why
emigrants from poorer andmore unequal countries to rich countries are often relatively
well educated, as established by Grogger and Hanson (2011).

47 For women, a Kolmogorov–Smirnov test is not able to reject the null hypothesis that the observations
for the two groups of migrants come from the same underlying distribution.
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Our results also have tentative implications for the question of whether migration
patterns reflect differences in rate of returns or migration costs. Although it is plausible
that migration costs are higher when moving to other continents, our results suggest
that such differences do not play a significant role in the sorting of emigrants between
Europe and other continents, most notably North America.

7. Conclusion

This article shows that the Roymodel hasmore dramatic predictions on the self-selection
of emigrants than previously thought. The same conditions that have been shown to
result in emigrants being positively (negatively) self-selected in terms of their average
earnings actually imply that the earnings distribution of emigrants first-order stochasti-
cally dominates (or is first-order stochastically dominated by) the earnings distribution
of non-migrants. Our theoretical analysis also distinguishes between selection in observ-
able and selection in unobservable characteristics.
Our empirical analysis uses the Danish full population administrative data to

analyse the self-selection of emigrants, in terms of education, earnings and unob-
servable ability, measured by residuals from Mincerian earnings regressions. The
results are in line with the theory; the migrants are better educated and both
pre-emigration earnings and wage regression residuals of migrants stochastically dom-
inate those of non-migrants over most of the support of the distributions. Consider,
for example, the case of full-time workers aged 25–54. For 98% of men and 97% of
women who migrate outside other Nordic countries, the cumulative earnings distri-
bution in the year before emigration stochastically dominates that of non-migrants
with a 95% confidence interval. The difference between the cumulative distributions
is not statistically significantly different in either direction for the remaining 2%
to 3%.
Decomposing the self-selection in total earnings into self-selection in observable char-

acteristics and self-selection in unobservable characteristics (as measured by residuals
from Mincerian wage regressions), reveals that unobserved abilities play the dominant
role. For men, about 70% of the positive self-selection in pre-migration earnings is
attributable to unobservable determinants of productivity. For women, the fraction is
about 50%. This suggests that relying on counterfactual distributions, based on observed
characteristics, would strongly underestimate positive self-selection. This result comple-
ments the Fernández-Huertas Moraga (2011) finding that counterfactual estimates also
greatly underestimate the extent of negative selection in the pre-migration earnings of
Mexicans who move to the US. In short, the use of counterfactual earnings distributions
based on observable characteristics greatly understate the true extent of selection in total
earnings. Strong positive self-selection in residuals also suggests that unobserved abilities
play a much bigger role in migration decisions than match quality, although it does not
exclude a possibility that also match quality would be important. If most of the selection
is on unobservables, then in settings with positive selection just focusing on the years of
schooling would largely underestimate the brain drain of human capital that is lost by
sending countries.

© 2018 The Authors.
The Economic Journal published by Oxford University Press on behalf of Royal Economic Society.

D
ow

nloaded from
 https://academ

ic.oup.com
/ej/article-abstract/129/617/143/5237195 by guest on 02 February 2019



2019] S E L F - S E L E C T I ON O F EM I G R AN T S 169

Our findings also have implications for immigration policies. Receiving countries can
only base their admission policies on skill variables that are observed, whereas much
of the selection of immigrants is ‘hidden’ in their unobserved characteristics. It can
be expected that migrants will be self-selected in terms of unobserved characteristics
even when admission restrictions are applied, and the self-selection among those ful-
filling admission criteria can be expected to reflect relative skill prices. This raises a
question about the effectiveness of point systems that are necessarily based on observ-
able characteristics. The importance of relative skill prices is also supported by our sepa-
rate analyses of self-selection of Danes migrating to the countries belonging to common
European labour market (excluding other Nordic countries that have skill prices only
marginally higher than Denmark) and not having any immigration restrictions, and the
self-selection to the rest of the world. There is virtually no difference in the self-selection
to these destination areas.
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