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Abstract 
 
This paper quantitatively investigates the short- and long-run effects of liberalizing global 
migration on the world distribution of income. We develop and parametrize a dynamic model 
of the world economy with endogenous migration, fertility and education decisions. We 
identify bilateral migration costs and their legal component for each pair of countries and two 
classes of worker. Our analysis reveals that the effects of a liberalization on human capital ac-
cumulation, income and inequality are gradual and cumulative. In case of a complete 
liberalization, the world average level of GDP per worker increases by 20 percent in the short-
run, and by more than 55 percent after 50 years. The world average index of inequality 
decreases and the liberalization path has stochastic dominance over the Baseline-As-Usual. 
These results are very robust to our identifying assumptions. We also analyze partial 
liberalization shocks: efficiency and inequality effects are roughly proportional to the 
“liberalization rate”. 
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1 Introduction

In this paper, we quantify the impact of liberalizing cross-border migration on the
world average level of GDP per worker (referred to as the e¢ ciency e¤ect in the lit-
erature) and the world distribution of income (referred to as the inequality e¤ect).
The existing literature on liberalization disregards the e¤ects of migration on human
capital formation and demographic growth. For the �rst time, we use a dynamic
model which accounts for education and fertility responses to changes in cross-border
migration. Our quantitative analysis reveals that the long-run impact of liberalizing
labor mobility exceeds by far the short-run impact. Liberalizing labor mobility re-
duces population growth and improves the skill structure of the world labor force. Its
e¤ects on the world distribution of income are gradual and cumulative.
The economic consequences of a liberalization of cross-border migration have been

quanti�ed in a limited set of studies. All of them use static models and, in most
cases, assume that a complete liberalization would lead to wage equalization across
countries. On average, these studies predict that (i) about 50 percent of the world
population would live in a foreign country after a complete liberalization, and (ii)
eliminating all restrictions to labor mobility would induce huge e¢ ciency gains in the
range of 50 to 150 percent of world GDP.1 More precisely, in a scenario assuming
there are no di¤erences in inherent productivity of people (i.e. a Mexican worker
migrating to the US is as productive as a US citizen), liberalization increases the
world GDP by 147.3 percent in Hamilton and Whalley (1984), 122.0 percent in Klein
and Ventura (2007), 96.5 percent in Moses and Letnes (2004). Less optimistic results
are obtained when foreign workers are assumed to be less productive than natives.
Iregui (2005) is the �rst to account for di¤erences in workers�educational attainment
(i.e. a low-skilled Mexican migrating to the US is as productive as a low-skilled US
worker but less than the average American). Under the same set of hypotheses, she
found that relocating people to equalize wages would increase the world GDP by 67.0
percent. In the latter study, the semi-elasticity of the world GDP to the share of in-
ternational migrants in the world population is around 1.2. Note that Winters (2001)
or Walmsley and Winters (2005) simulated the e¤ect of an exogenous increase in de-
veloped countries�immigration quotas on both high-skilled and low-skilled migrants
equivalent to 3 percent of the labor force (i.e. 0.5 percent of the world labor force).
Using a global CGE model with two skill levels, they predicted a $150 billion increase
in the world GDP (+0.6 percent), i.e. a semi-elasticity of the world GDP to the share
of migrants of about 1.2 as in Iregui (2005). More recent studies have investigated the
economic impact of free-mobility agreements using stylized models with two regions
(Klein and Ventura, 2009; Iranzo and Peri, 2009) or with a single preferred location
for the new migrants (Kennan, 2012). They provide numerical illustrations, which
cannot be directly compared with those obtained under a full liberalization of global
migration.

1A summary of these predictions is provided in Clemens (2011).
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In these studies, private (or non-visa) migration costs are disregarded or modeled
in a simplistic way. This is an important shortcoming as the empirical literature on
the determinants of migration has long emphasized the role of geographic and cultural
distances. For example, psychic and monetary moving costs explain why within-EU
migration �ows have been limited despite large income di¤erences between EU mem-
ber states and a free mobility agreement, or why large income disparities exist within
countries. The �rst study accounting for the existence of "incompressible" moving
costs is Docquier et al. (2012). They quanti�ed the e¤ect of liberalization on the
world economy using a model jointly endogenizing migration decisions and economic
performances. They use a "backsolving" calibration strategy which consists of using
original data on e¤ective and desired emigration by education level to identify total
migration costs and visa costs as residuals of the migration technology. Data on de-
sired migration are obtained from the Gallup World Survey (see Esipova et al., 2011).
In partial equilibrium or in general equilibrium without externality, they predict a
17 percent increase in the world GDP after a complete liberalization and obtain a
semi-elasticity of the world GDP to the share of migrants of 1.15. This is in line
with the existing studies accounting for skill di¤erences across people (Iregui 2005,
Winters 2001, Walmley and Winters, 2005). Hence, their relatively small e¢ ciency
e¤ect is totally explained by the inclusion of incompressible migration costs, and not
by the technological features of their model. When country-speci�c levels of total
factor productivity are a¤ected by human capital, the semi-elasticity falls and the
e¢ ciency e¤ect of a liberalization can be much lower. The reason is that on average,
new migrants are more educated than natives left behind (positive selection in em-
igration) but less educated than workers in destination countries (negative selection
in immigration). Almost all regions end up with a lower fraction of skilled workers
among their workforce after a liberalization.
This paper develops a dynamic extension of the latter study and accounts for

the role of e¤ective migration and/or migration prospects on education and fertility
decisions. Education and fertility are a¤ected because the majority of new migrants
move from South to North and assimilate in terms of fertility and children�s educa-
tion decisions.2 Furthermore, increased emigration prospects stimulate incentives to
acquire higher education in developing countries (See Mountford 1997, Stark et al.
1997, Beine et al. 2001 and 2008). Consequently, a liberalization gradually reduces
population growth and improves the skill structure of the world labor force. These
e¤ects are cumulative and gradual so that the long-run impact of liberalizing labor
mobility is likely to exceed the short-run impact. Similar mechanisms have been for-
malized in Mountford and Rapoport (2011), who developed a stylized model with

2Many studies on internal migration have found that it leads to convergence of fertility rates
between migrants and urban natives. See among others, Lee and Pol (1993) or Bockero¤ (1995).
Convergence is also obtained in studies of international migration, including Stephen and Bean
(1992) and Lindstrom and Giorguli Saucedo (2002) for women of Mexican origin living in the US.
See also Chiswick and Miller (2012) and Fernandez and Fogli (2009).
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endogenous education, fertility, and migration decisions by individual agents in both
the sending and receiving economies. They show that high-skilled migration may im-
prove the growth rate, and reduce the fertility rate of all economies in the world. For
the �rst time, we incorporate these ingredients into a micro-founded macroeconomic
model of the world economy including 195 receiving and sending countries, and then
properly confront theory to data.
Our framework is an abstract two-class (college graduates and the less educated)

overlapping-generations model, which highlights the major economic mechanisms un-
derlying wage inequality and decisions about migration, fertility and education. Al-
though the model is large (because 195 countries are included), the mechanisms are
transparent. The model has only a few equations per country, uses relatively consen-
sual micro-foundations, and can be parametrized using proper identi�cation methods.
Such a quantitative theory approach is now the dominant research paradigm used by
economists incorporating rational expectations and dynamic choice into short-run
macroeconomic and monetary economics models (King, 1995). However, little has
been done so far in comparative development studies. We calibrate the model to �t
the evolution of the world economy between 1975 and 2000 and to �t the demographic
projections of the United Nations for the period 2000-2075. Then we simulate the
e¤ects of a complete liberalization of migration from 2025 onwards and investigate
its e¤ect on the world distribution of income.
Our numerical experiments con�rm that the e¤ects of a liberalization on human

capital accumulation, income and inequality are gradual and cumulative. A complete
liberalization of labor mobility increases the proportion of international migrants from
3.2 to 21 percent in the short-run, and 18 in the long-run. In the short-run, the world
average level of GDP per worker increases by only 20 percent and the semi-elasticity
of GDP to migration (1.3) is slightly higher than that obtained in previous studies.
The reasons are that the shock occurs in 2025 and new migration prospects increase
the expected return to higher education. New migrants face a better environment to
educate their o¤spring: liberalizing migration gradually stimulates the world propor-
tion of college graduates. Fifty years after the shock, the world GDP per worker will
exceed the level of the baseline-as-usual scenario by more than 50 percent. Hence, if
large e¢ ciency gains can be expected from a liberalization, they will be observed in
the long-run and will impact the welfare of future generations. As for inequality, the
Theil index gradually decreases in most scenarios. Again, the short-run e¤ect is small
(-1.5 percentage point) but the long-run e¤ect is much larger (-8 percentage points).
This does not imply that liberalizing migration is Pareto-improving. There are many
winners and a few losers. However, we show that the liberalization path has stochas-
tic dominance over the baseline-as-usual path; it has �rst-order dominance in partial
equilibrium, and second-order dominance with endogenous wages. These results are
very robust to our identifying strategy and to assumptions about the technological
environment. Last but not least, we also consider partial liberalization shocks, i.e.
a cut in legal migration restrictions by less than 100 percent. We show that the
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e¢ ciency and inequality e¤ects are roughly proportional to the "liberalization rate";
in other words, cutting legal moving costs by # percent allows to realize slightly less
than # percent of the maximal gains from a complete liberalization.
The rest of this paper is organized as following. Section 2 describes the model and

de�nes its competitive equilibrium. The parametrization of the model is presented in
Section 3. Results are then commented in Section 4. Section 5 concludes.

2 Model

Our overlapping-generations model distinguishes three types of workers (high-skilled,
low-skilled and young workers) and I countries. At each period of time, a generation
of adults and another generation of non-adults coexist. The number of native adults
from country i at time t is denoted by Ni;t, and their skill type s is equal to h for high-
skilled workers (i.e. college graduates) and to l for the less educated or low-skilled.
We have N s

i;t natives of type s. Each native adult decides whether to acquire higher
education or not (we have Nh

i;t = zi;tNi;t and N
l
i;t = (1� zi;t)Ni;t), where to locate (we

denote by N s
ij;t the number of type-s adults born in country i and moving to country

j), and how to allocate her/his resources between consumption, raising children, and
providing basic education to a fraction of them.
After migration, the resident labor force of type s in country i is given by:

Lsi;t =
IX
k=1

N s
ki;t; Li;t = L

h
i;t + L

l
i;t; (1)

and the proportion of college graduates in the resident adult population equals

hi;t =
Lhi;t
Li;t

It can be lower or larger than the proportion of college graduates in the native
adult population, zi;t, according to the migration-induced net balances of high-skilled
and low-skilled labor.
Each country produces a homogenous good and is characterized by a production

technology which combines high-skilled and low-skilled labor. Young individuals can
also supply labor in the informal economy, being considered as less productive than
low-skilled workers.
The utility of an adult of type s, born in country k, living in country i can be

written as
U ski;t = ln v

s
i;t + ln(1� xski;t)� ln � s + "ski;t

where ln vsi;t 2 < is the deterministic component of utility, xski;t 2 [0; 1] measures total
e¤ort required to move from country k to country i (such that xsii;t = 0), �

s � 1 is
the individual-speci�c e¤ort required to acquire college education (with ln � l = 0 and
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ln �h � 0), "ski;t 2 < is the individual-speci�c random taste for migrating from country
k to i. As for the latter two variables, they di¤er across individuals but individual
subscripts are omitted for convenience.
For each adult, the timing of decisions is the following:

� First, � is revealed. New adults do not know their migration type ("ski;t) but
know its distribution. They form expectations about the utility gain from being
educated or not. Comparing the expected gain from education with the e¤ort
required to educate (ln � s), young adults with basic education decide whether
to acquire college education or not. Young adults without basic education have
no access to college. Basic education is predetermined by parental decisions in
the previous period.

� Second, "ski;t is revealed for all possible destinations. Adults decide whether to
emigrate or not, and where to emigrate. Their migration decision is based
on disparities in country characteristics (re�ected in ln vsi;t), bilateral migration
costs (re�ected in 1�xski;t), and the individual-speci�c random component "ski;t.

� Third, once optimal education and location decisions are reached, individuals
decide about their consumption level, the number of children, and the propor-
tion of children receiving basic education (i.e. children sent to primary and
secondary schools). The remaining fraction is on the labor market. The deci-
sion depends on the institutional characteristics of the country and education
level of the parents. This determines the indirect utility function ln vsi;t.

These three stages are obviously connected. We thus solve this optimization prob-
lem backward.

2.1 Consumption, fertility and basic education

In the third stage, utility depends on the consumption level (csj;t 2 <+), number
of children (nsj;t 2 <+), and proportion of children receiving basic education (qsj;t 2
[0; 1]). The location- and education-speci�c indirect utility is de�ned as

ln vsi;t = argmax
csi;t;n

s
i;t;q

s
i;t

(1� �) ln csi;t + � lnnsi;t + �� ln qsi;t (2)

where � 2 [0; 1] and � 2 [0; 1] are preference parameters for children and children�s
basic education.
Utility maximization is subject to qsi;t � 1 and to the budget constraint:

csi;t + n
s
i;tq

s
i;te

s
i;t = w

s
i;t(1� �nsi;t) + nsi;t(1� qsi;t)wci;t'si (3)

where esi;t is a child�s basic education cost for a parent of type s, � is the time cost to
raise a child, wsi;t is the wage rate for a type-s worker, w

c
i;t is the wage rate for a child
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(re�ecting country-speci�c, social and institutional norms towards child labor), and
'si is a variable measuring the extent to which parents of type s can rely on children�s
income (re�ecting skill-speci�c attitudes towards child labor).
The �rst-order conditions are:

(1� �)
�
�wsi;t + q

s
i;te

s
i;t � (1� qsi;t)wci;t'si

�
csi;t

� �

nsi;t
= 0 (4)

(1� �)nsi;t
�
esi;t + w

c
i;t'

s
i

�
csi;t

� ��

qsi;t
� 0 (5)

From (4), the total cost of children is equal to a fraction � of the wage rate, and
total consumption is equal to the remaining fraction, 1� � . It follows that

nsi;t =
�wsi;t

�wsi;t + q
s
i;te

s
i;t � (1� qsi;t)wci;t'si

Assume �rst that (5) holds with equality (interior solution). Combining (4) and
(5) gives the optimal fertility rate and investment in basic education:

nsi;t =
�(1� �)wsi;t
�wsi;t � wci;t'si

(6)

qsi;t =
�

1� �
�wsi;t � wci;t'si
esi;t + w

c
i;t'

s
i

(7)

The fertility rate decreases with the wage rate (wsi;t) and increases with child labor�s
income (wci;t). Children�s basic education increases with the wage rate (w

s
i;t), decreases

with the education cost (esi;t) and with child labor�s income (w
c
i;t).

The condition for an interior solution writes as

wsi;t �
(1� �)esi;t + wci;t'si

��
(8)

If (8) does not hold, we have a corner solution with qsi;t = 1. Substituting q
s
i;t = 1

in (4) determines the fertility rate:

nsi;t =
�wsi;t

�wsi;t + e
s
i;t

(9)

Substituting the optimal levels of utility and basic education investment into (2)
de�nes the optimal level of indirect utility, ln vsi;t.
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2.2 Migration

In the second stage, individuals discover their migration taste "ski;t, anticipate the
distribution of ln vsi;t in all the countries and migration costs x

s
ki;t for all country pairs.

They choose the location maximizing their utility. The proportion of individuals from
country k choosing to emigrate to country i is given by

P ski;t = Pr

�
ln vsi;t + ln(1� xski;t) + "ski;t = max

j
ln vsj;t + ln(1� xskj;t) + "skj;t

�
As standard in the literature on the determinants of migration, we assume that

the random component of utility "ski;t follows a Type I-Extreme Value distribution
(also known as the double-exponential distribution). The CDF is given by

F (") = exp

�
� exp

�
� "
�
� 
��
; " 2 < (10)

where � > 0 is a scale parameter and  � 0:577 is the Euler�s constant. We normalize
the scale parameter � to unity in the distribution of random component of utility.
Under this hypothesis, the choice probabilities reduce to the multinomial logit

model (see McFadden, 1984):

P ski;t =
eln v

s
i;t+ln(1�xski;t)PI

j=1 e
ln vsj;t+ln(1�xskj;t)

;

It follows that the ratio of bilateral migrants to stayers is then given by

N s
ki;t

N s
kk;t

=
eln v

s
i;t+ln(1�xski;t)

eln v
s
k;t

= (1� xski;t)
vsi;t
vsk;t

(11)

2.3 Higher education

In the �rst stage, individuals do not know their migration type ("ski;t) but they know
its distribution. Under the Type I Extreme Value distribution (10), de Palma and Ki-
lani (2007) showed that the unconditional and conditional distributions of maximum
utility coincide. Ex-ante (i.e. before knowing their migration type), individuals form
expectations about the maximum utility of being college educated or not. For an
individual born in country k, investing in college education gives rise to an expected
utility level given by

ln

IX
i=1

eln v
h
i;t+ln(1�xhki;t) � ln � = ln

IX
i=1

(1� xhki;t)vhi;t � ln �

8



whereas the expected utility of a less educated worker amounts to

ln

IX
i=1

eln v
l
i;t+ln(1�xlki;t) = ln

IX
i=1

(1� xlki;t)vli;t

It follows that individuals deciding to invest in higher education are such that:

ln � < ln

 PI
i=1(1� xhki;t)vhi;tPI
i=1(1� xlki;t)vli;t

!
Assuming that � is uniformly distributed on the range [1; � k;t], the proportion of
individuals with basic education who decide to invest in college education is given by

�k;t =
1

� k;t � 1

PI
i=1(1� xhki;t)vhi;tPI
i=1(1� xlki;t)vli;t

� 1

� k;t � 1
(12)

It clearly appears from (12) that a skill bias in emigration prospects (xhki;t < x
l
ki;t)

a¤ects the incentive to educate, providing solid micro-foundations to the brain gain
mechanism reviewed in Docquier and Rapoport (2012).

2.4 Aggregates and dynamics

The average fertility rate in country i is given by

ni;t = hi;tn
h
i;t + (1� hi;t)nli;t (13)

The proportion of children with basic education is given by

qi;t =
hi;tn

h
i;tq

h
i;t + (1� hi;t)nli;tqli;t

ni;t
(14)

Labor supply of high-skilled adults, low-skilled adults and younger individuals are
given by

`hi;t = Lhi;t(1� �nhi;t) (15a)

`li;t = Lli;t(1� �nli;t) (15b)

`ci;t = Lhi;tn
h
i;t(1� qhi;t)'hi + Lli;tnli;t(1� qli;t)'li (15c)

The equations hereinbefore allow us to characterize the dynamics of the economy.
The dynamics of the native population and the proportion of college graduates in the
adult population are given by

Ni;t = Li;t�1ni;t�1 (16a)

zi;t = �i;tqi;t�1 (16b)

It clearly appears that Ni;t is a pre-determined variable, whereas zi;t is not because
�i;t is determined at time t.
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2.5 Technology

We assume the following production function:

Yi;t = Ai;tF
�
`hi;t; `

l
i;t

�
(17)

where Ai;t denotes total factor productivity and F (:) features the substitutability
between high-skilled and low-skilled workers. Younger workers are employed in the
informal sector (hidden part of the economy) and receive a fraction !i;t of the low-
skilled wage rate.
The wage rates are determined by the marginal productivity of labor :

whi;t = Ai;tF
0

h

�
`hi;t; `

l
i;t

�
(18)

wli;t = Ai;tF
0

l

�
`hi;t; `

l
i;t

�
(19)

wci;t = !i;tAi;tF
0

l

�
`hi;t; `

l
i;t

�
(20)

and we denote by �i;t = whi;t=w
l
i;t the wage ratio between high-skilled and low-skilled

workers (one plus the skill premium).
In our numerical analysis, we will consider several variants of the production tech-

nology, with linear or CES speci�cation for F (:) and with exogenous or endogenous
levels of total factor productivity.

2.6 Competitive equilibrium

Hence, an intertemporal equilibrium for the world economy can be de�ned as follow-
ing:

De�nition 1 For a set of structural parameters f�; �; �; �g, a set of country-speci�c
exogenous variables3

�
Ai;t; e

s
i;t; '

s
i ; � j;t; �i;t; !i;t

	
8i;t, a set of bilateral migration costs�

xsij;t
	
8i;j;t;s, a functional form for F (:), and a set of predetermined variables or ini-

tial conditions fNi;t; qi;t�1g8i;t, an intertemporal equilibrium is a set of endogenous
variables

�
wsi;t; �i;t; zi;t; hi;t; n

s
i;t; q

s
i;t; N

s
ij;t; L

s
i;t

	
8i;j;t;s such that (i) wages w

s
i;t maximize

pro�ts, as depicted in (18), (19) and (20), (ii) investment in higher education �i;t
maximizes expected utility, as depicted in (12), (iii) the proportion of college gradu-
ates in the native labor force satis�es (16b), (iv) adults�fertility rates and investment
in basic education maximize location-speci�c utility, as depicted in (6) and (7), (v)
the allocation of the world labor force maximize utility, as depicted in (11), (vi) ag-
gregation constraints (1), (6), (14) are satis�ed, and (vii) the evolution of the native
adult population is governed by (16a).

We will parametrize a baseline intertemporal equilibrium for the world economy
and simulate the e¤ects of liberalization shocks.

3We will consider scenarios with endogenous wages (�i;t) and endogenous TFP (Ai;t).
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2.7 World distribution of income

As a by-product of its competitive equilibrium, the model endogenizes the level of
income inequality among the world citizens. We use the Theil index of inequality and
compute it on adults�wage using the following expression:

Tt =
X

i2I;s=l;h

SHW s
i;t ln

�
SHW s

i;t

SHN s
i;t

�
where SHW s

i;t is the share of the world labor income earned by adults of type s living
in country i at time t and SHN s

i;t is the share of the world adult population of the
same class of individuals.
The advantage of the Theil is that it can easily be decomposed between the

within-country and across-country components. This property allows to disentangle
the sources of inequality:

Tt = Twithint + T acrosst

Twithint =
X
i2I
SHWi;t

X
i2I;s=l;h

SHW s
i;t

SHWi;t

ln

�
SHW s

i;t=SHWi;t

SHN s
i;t=SHNi;t

�
T acrosst =

X
i2I
SHWi;t ln

�
SHWi;t

SHNi;t

�
where SHWi;t and SHNi;t are the shares of country i in the world labor income and
population (including college graduates and less educated workers).
Another criterion that can be used to characterize the e¤ect of a liberalization

on the world distribution of income is stochastic dominance. Let �(w) denote the
cumulative distribution function of wages. Liberalization has �rst-order stochastic
dominance over the BAU trajectory if

�BAU(w
0
)� �LIB(w

0
) � 0 8w0

;

i.e. if the after-liberalization proportion of people earning less than w is lower than
the BAU proportion, for all w

0
.

The second-order stochastic dominance is a less demanding criterion. Liberaliza-
tion has second-order dominance over the BAU trajectory if the area under �LIB
from �1 to w

0
is lower or equal to the area under �BAU on the same interval, for all

w
0
. This implies that Z w

0

�1
[�BAU(w)� �LIB(w)] dw � 0 8w0

:

We analyze stochastic dominance using the discrete approximation of the world
distribution of income (with 2 times 195 groups of workers) generated by our model.
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3 Parametrization

The model is calibrated assuming that one period represents 25 years. Our parame-
trization strategy is designed to match the evolution of the world economy between
1975 and 2000 and to �t the demographic projections of the United Nations for agents
aged 25+ for the period 2000-2075 (United Nations, 2011). The calibration is done
under three technological scenarios presented in Section 3.1. The values of preference
parameters and the time path of country characteristics are then discussed in Section
3.2. The underlying Baseline-As-Usual or before-shock trajectory (BAU) is discussed
in Section 3.3. Finally, we identify migration barriers that would be removed in case
of a complete liberalization of cross-border migration in Section 3.4.

3.1 Technological environment

Cross-border migration impacts the size and structure of the labor force in origin and
destination countries. Hence, it is likely to a¤ect the levels of total factor productivity
and wages in origin and destination countries. We calibrate the model to �t GDP and
skill premium data in 1975 and 2000. Then we predict benchmark levels for the total
factor productivity and wages under three technological variants and simulate the
e¤ect of a liberalization from 2025 onwards. This section presents our data sources
and the three technological scenarios.
Data on the size and education structure of the resident labor force in 1975 and

2000 (Lsi;t) are obtained from Docquier, Lowell and Marfouk (2009) and Defoort
(2008). Data on GDP in USD in 1975 and 2000 are obtained for the World Develop-
ment Indicators (2010). Combining these sources, we can compute the average labor
income in each country (equivalent to GDP per worker) and the proportion of college
graduates in the labor force. We can also estimate the wage ratio between college
graduates and the less educated using data on returns to schooling and average years
of education. Mincerian returns to schooling, MRi, are available for 54 countries
around the year 2000 in Hendricks (2004). For the same countries, we use Barro
and Lee (2010) data and compute the di¤erence in years of schooling in 2000, DYi;00,
between college graduates and the less educated. The wage ratio is then computed as
�i;00 = (1 +MRi;00)

DYi;00. For countries where data is not available, we predict the
wage ratio using a log-linear function of the skill ratio in the resident labor force.4

We then compute the wage of high-skilled and low-skilled workers in 1975 and 2000
using our country-speci�c estimates for the average wage, the wage ratio and the
proportion of college graduates.
To identify total factor productivity and to predict wage levels after 2000, we need

to specify the analytical form of the production function. We use three variants of
the technological environment.

4A simple OLS regression gives ln�i;00 = 0:25� 0:31 ln hi;00
1�hi;00 with R

2=0.57.
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Scenario 1 - The �rst variant assumes that F (:) in (17) is a linear function of
high-skilled and low-skilled labor, and that total factor productivity Ai;t grows at a
constant and homogenous rate of 1.5 percent per year (i.e. 45 percent per period) in
all the countries. We have

F
�
`hi;t; `

l
i;t

�
= �i`

h
i;t + `

l
i;t

Ai;t = Ai;t�1(1 + 0:015)
25

with �i �xed at its level in 2000, and Ai;2000 calibrated as a residual of (17). This
�rst scenario can be considered as a partial equilibrium scenario in which the levels
of total factor productivity and wages are not a¤ected by migration shocks.
Scenario 2 - The second variant assumes that F (:) is a CES combination of high-

skilled and low-skilled labor:

F
�
`hi;t; `

l
i;t

�
=

�
si;0
�
`hi;t
� s1�1

s1 + (1� si;0)
�
`li;t
� s1�1

s1

� s1
s1�1

where si;0 is a country-speci�c parameter a¤ecting the relative productivity of high-
skilled workers and s1 denotes the structural elasticity of substitution. si;0 is cali-
brated as to match the the wage ratio �i observed in 2000 in each country while we
set s1 = 3:0 as in Docquier et al. (2012). The wage ratios observed in 2000 are thus
matched by construction.
When F (:) is speci�ed, total factor productivity in 2000 can be calibrated as a

residual of (17) and is assumed to evolve as in Scenario 1. In this second scenario, a
liberalization a¤ects the skill premium and wage inequality in origin and destination
countries.
Scenario 3 - In the third variant, we come back to the linear speci�cation for F (:)

but assume that total factor productivity is a concave function of the proportion of
college graduates in the resident labor force. Again, Ai;2000 is calibrated as a residual
of (17) and for subsequent years, we have:

Ai;t = Ai;t�1(1 + 0:015)
25

�
hi;t
h
�
i;t

�s2
where s2 denotes the elasticity of total factor productivity to human capital and
h
�
i;t corresponds to the proportion of college graduates observed at year t for the
reference Scenario 1. Again, for the sake of comparison, we use the same elasticity
as in Docquier et al. (2012): s2 = 0:32. In this scenario, a liberalization a¤ects total
factor productivity. Accounting for such schooling externalities played an important
role in Docquier et al. (2012). New migrants being more educated than natives left
behind (positive selection in emigration) and less educated than workers in destination
countries (negative selection in immigration), a liberalization reduced the proportion
of college graduatues and total factor productivity in almost all the regions. Results
are less obvious in our framework because education decisions are endogenous.
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3.2 Preference parameters

We now discuss the calibration of preference parameters and country-speci�c variables
a¤ecting fertility, education and migration decisions.
Structural parameters (�; �; �) - Preferences are assumed to be identical across

countries and time invariant. The set of structural parameters, (�; �; �) ; is calibrated
using insights from the recent literature. As for parameter �, the time-cost of having
a child, evidence in Haveman and Wolfe (1995) and Knowles (1999) suggests that
the opportunity cost of a child is equivalent to about 15 percent of the parents�time
endowment. This means that the maximal/biological fertility rate equals 6.7 children
per adult, or 13 per couple. As for the altruism parameter �, the literature provides a
range of values between 0.10 in de la Croix and Gosseries (2009), 0.17 in de la Croix
an Doepke (2004), 0.19 in Docquier et al. (2013), 0.27 in de la Croix an Doepke
(2003). As for the preference for basic education �, de la Croix and Doepke (2003,
2004) used values of 0.635 and 0.6, respectively, while de la Croix and Gosseries
(2009) used 0.578. We use (�; �; �) = (0:3; 0:6; 0:15). In a robustness analysis, we will
decrease parameters � and � by 0:1.
Variables a¤ecting fertility and basic education (wci;75; e

h
i;75; e

l
i;75) - First, we com-

bine data on the resident and native labor forces to identify average education and
fertility outcome variables. We use data on the native labor force in 2000 (N s

i;00) from
Docquier, Lowell and Marfouk (2009) and data on the resident labor force in 1975
(Lsi;75) from Defoort to identify the average fertility rate as ni;75 = Ni;00=Li;75. Ag-
gregating natives with secondary and tertiary education in 2000, we obtain qi;75Ni;00,
and identify the proportion of children who received basic education in 1975 (qi;75).
Then, using the proportion of college educated natives among adults with basic ed-
ucation, �i;00 = Nh

i;00=(qi;75Ni;00), we identify the proportion of educated among the
native adult population, zi;00 = �i;00qi;75.
Second, we calibrate country characteristics to match the average education and

fertility outcomes and reasonable behavioral di¤erences between high-skilled and low-
skilled individuals. We assume that (i) high-skilled parents educate all their children
(qhi;75 = 1), (ii) high-skilled parents have a �xed number of children nhi;75 close to
the replacement rate, and (iii) for cultural reasons, child labor is only envisaged in
low-skilled families ('li = 1 and '

h
i = 0). Using data on ni;75 and hi;75, we identify

nli;75 as the residual of (13). As for the choice of n
h
i;75, we use data from Kremer

and Chen (1999) who computed the di¤erential fertility in 1985-89 for 26 developing
countries. On average, the fertility di¤erential between college graduates and less
educated workers, nhi;t=n

l
i;t, equals 0.605, and the correlation between country-speci�c

fertility di¤erentials and the proportion of college graduates is so low (0.14) that the
fertility di¤erential can be considered to be independent of the level of development.
We iterated on nhi;75 and chose its level in such a way that the world average level of
nhi;t=n

l
i;t equals 0.605. This requires a value of 1.025 (i.e. the high-skilled fertility rate

roughly equals the demographic replacement rate). We calibrate wci;75 as a residual
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of (6) and have:

!i;75 �
wci;75
wli;75

= �� �(1� �)
nli;75

> 0:

Since nli;75 exceeds unity in every country, a su¢ cient condition for !i;t to be positive
is � > �(1 � �). This variable governs the growth rate of the labor force. In the
BAU and in line with the demographic transition, we assume !i;t will be 2, 20 and
40 percent lower than !i;75 in the years 2000, 2025 and 2050, respectively. With this
trend in !i;t, our labor force projections in the BAU (a world labor force of 4.956,
6.722 and 7.874 billion in 2025, 2050 and 2075, respectively) �t very well the medium
demographic projections in United Nations (2011) (4.903, 6.370 and 7.202 billion in
2025, 2050 and 2075, respectively).
Then, we calibrate ehi;75 as a residual of (9) and express it as a fraction of w

h
i;75,

the wage of high-skilled workers (i.e. teachers):

"hi;75 �
ehi;75
whi;75

=
�

nhi;75
� � > 0:

Because nhi;75 is constant across countries, we obtain a constant value of 0.143 for all
the countries. Finally, we calibrate eli;75 as a residual of (14), accounting for (6) and
(7):

eli;75 =
�nli;75(1� hi;75)(�wli;75 � wci;75)
(1� �)(ni;75qi;75 � nhi;75hi;75)

� wci;75

and compute "li;75 � eli;75=w
h
i;75. On the BAU trajectory, we assume that "

s
i;t = "

s
i;75

are time invariant for all s and t.
Bilateral migration costs (xski;00) - We use the data set in Docquier et al. (2012b),

which documents bilateral migration stocks in 2000 for all pairs of countries (N s
ki;00)

and stocks of native stayers (N s
kk;00) by education level. As optimal fertility and

education decisions have been identi�ed, we can compute the optimal level of the
deterministic component of utility, ln vsi;t 8i; t. Bilateral migration costs (1 � xski;00)
can be calibrated for each pair of countries as residuals of (11). In the BAU, we
assume that xski;t = x

s
ki;00 are constant for all s.

Higher education technology (� k;t) - Once levels of ln vsi;00 and (1�xski;00) are calcu-
lated, the (before-migration) expected utility of college graduates and less educated
workers from country k can be calculated as ln

PI
i=1(1�xski;00)vsi;00. The upper bound

of the higher education cost � k;00 can then be obtained as a residual of (12). This
gives

� k;00 =

PI
i=1(1� xhki;00)vhi;00

�i;00
PI

i=1(1� xlki;00)vli;00
� 1� �i;00

�i;00

On the BAU trajectory, we assume that � k;t is time invariant.
Validation - As far as we can, we use all the degrees of freedom of the data to

identify the needed parameters and country characteristics. Hence, our model cannot

15



produce a test of its assumptions. In order to establish the relevance of our identi�ca-
tion method, we examine whether our identi�ed country-speci�c parameters exhibit
realistic correlations with observations for related variables that are not matched by
our model or viewed as traditional determinants in the empirical literature. Correla-
tion rates are presented in Table 1.
The �rst column shows that the calibrated relative income of children is nega-

tively correlated with development, the quality of institutions, the level of public
expenditure per student in secondary education, and positively correlated with the
share of the population living in rural areas. More importantly, the correlation with
the proportion of economically active children is large (59 percent). Variable !i;75
captures well parents� incentives to rely on child labor. The second column shows
that the calibrated cost of basic education decreases with development and increases
with the share of population living in urban area, where access to schooling is uneasy.
Finally, the e¤ort required to acquire higher education is negatively correlated with
development, the quality of institutions, the level of public expenditure per student
in secondary and tertiary education, and positively correlated with the share of the
population living in rural areas.

Table 1. Correlation between identi�ed country characteristics and data
!i "li � i

GNI per capitaa -0.51 -0.27 -0.60
Government e¤ectivenessb -0.48 -0.07 -0.49
Political stabilityb -0.33 -0.12 -0.45
Share of rural populationa 0.44 0.36 0.60
Economically active children (percentage of 7-14)a 0.59 0.30 0.58
Public education expend. per student (secondary level)a -0.59 0.00 -0.50
Public education expend. per student (tertiary level)a -0.13 -0.10 -0.15

Data sources. a World Development Indicators (2010), b Kau¤mann, Kraay and Mastruzzi (2009)

3.3 BAU trajectory

Figure 1 gives the 2000-2075 trajectory generated by our BAU assumptions under
the three technological scenarios.
Demographic forecasts are very stable across scenarios. Remember that we adjust

!i;t in the years 2025, 2050, and 2075 to �t the population projections in United
Nations (2011). Our population growth rates are compatible with the realization of
the demographic transition in poor countries. As shown on Figure 1.e, the world
average fertility rate decreases from 1.56 in 2000 to 1.17 in 2075. Figure 1.b shows
that the world population size increases from 8 to 17 billion (18 billion in Scenario
2). The gradual fall in !i;t induces higher parental investment in basic education,
which later translates into higher investment in tertiary education. Consequently, the
proportion of college graduates in the world labor force gradually increases from 11.2
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percent in 2000 to 16 percent. As shown on Figure 1.c, small di¤erences are observed
across scenarios, except in Scenario 2, where the increase in the proportion of college
graduates is visibly lower. In the latter scenario, the rise in human capital is slowed
down by the negative impact that it has on the skill premium, thereby reducing
incentives to educate.
Exogenous TFP growth and increased human capital boost GDP per worker. On

Figure 1.a, the average level of GDP per worker increases from about $14,200 in
2000 to $47,000 in 2075 under Scenarios 1 and 2. On average, the annual growth of
GDP per worker amounts to 1.6 percent. Economic growth is larger if total factor
productivity increases with human capital. In Scenario 3, the average level of GDP
per worker reaches $53,900 (an average annual growth rate of 1.8 percent).
In all the scenarios, we predict that the world migration rate will be very stable

over time (see Figure 1.d). Despite the fact that the population in the South increases
compared to the North, our BAU does not involve drastic changes in immigration
rates to the North. In the United States, the immigration rate increases from 13.2 to
14 percent; in CANZ, it decreases from 24.3 to 21.8; in the GCC it is divided by two
because of large demographic growth in this region. The rise is more pronounced in
the EU27 (from 6.6 to 10.8 percent).
As far as income inequality is concerned, Bourguignon and Morrisson (2002) and

Pritchett (1997) documented that inequality in the world distribution of income wors-
ened between the industrial revolution and World War I (the Theil index increased
from 0.52 to 0.80), and has grown much more slowly since then. In the early 19th
century most inequality was due to di¤erences within countries; later, it was due to
di¤erences across countries (accounting for about two-thirds of inequality). Sala-I-
Martin (2006) found a Theil index of 0.78 in 2000 and identi�ed a signi�cant decrease
in inequality indices during the 1990�s (due to the take-o¤ in China, India and other
major globalizers). Our calibrated Theil index is around 0.4 in 2000. This is much
lower than the value obtained in Bourguignon andMorrisson (2002) and Sala-I-Martin
(2006) for two main reasons. First, our Theil index is only based on wages earned
by employed adults (this explains why our across-country index amounts to 0.32 in-
stead of 0.52 in Sala-I-Martin�s study). Second, it does not account for inequality
between individuals living in a given country and sharing identical educational at-
tainment; this explains why our within-country index amounts to 0.05 instead of 0.26
in Sala-I-Martin�s study.
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Figure 1. World average values on the BAU path
1.a. GDP per worker (x1,000) 1.b. Population (x1,000,000,000)

1.c. Proportion of college graduates 1.d. Proportion of immigrants

1.e. Fertility rate 1.f. Theil index of inequality

1.g. Within-country inequality 1.h. Across-country inequality
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On the BAU path, our Theil index is fairly stable over time across scenarios: it
increases from 0.40 to 0.44 in partial equilibrium and from 0.40 to 0.42 in Scenarios 2
and 3 (see Figure 1.f). In Scenario 2, the global rise in educational attainment has a
depressing e¤ect on skill premia and wage inequality within countries (see Figure 1.g).
In Scenario 3, the across-country inequality index decreases because human capital
increases at a faster pace in developing countries.

3.4 Liberalization shock

Once the BAU is calibrated, we can simulate the e¤ect of a complete liberalization of
international migration, i.e. xsij;t = x

s
ij;t 8s; j 6= i where xsij;t stands for incompressible

migration costs after policy restrictions have been removed. The shock occurs in 2025
and is assumed to be permanent.
In order to identify incompressible migration costs, we use a backsolving strategy

and identify legal costs as residual of the migration technology (11) in which e¤ective
migration stocks are replaced by desired migration stocks. In order to estimate the
desired migration stocks, we follow Docquier et al. (2012) and rely on the Gallup
World Survey. This survey was organized between 2007 and 2009. It is based on
phone and face-to-face interviews with 260.000 adults (1.000-3.000 per country), aged
15+, in a total of 135 countries (representing about 93 percent of the world�s adult
population). Two questions are of interest for our analysis: "Ideally, if you had the
opportunity, would you like to move permanently to another country, or would you
prefer to continue living in this country?", and "To which country would you like to
move?". We consider that "having the opportunity" is interpreted by the respondents
as the complete absence of policy restrictions to movement.5 For each pair of countries
and skill group, we compute the number of would-be migrants and add them to the
number of e¤ective migrants.
The Gallup 2007 Survey reveals that nearly 700 million adults would like to per-

manently emigrate to another country if they could (see Esipova et al., 2011). As
shown on Figure 2.a, most of these would-be migrants originate from poor countries
and in particular from sub-Saharan Africa. The proportion of stayers who express
aspirations to emigrate varies between one fourth and one half in the poorest coun-
tries. Stayers with higher education are the most likely to express a desire to emigrate
although positive selection in desired migration is much smaller than in e¤ective mi-
gration.
Figure 2.b shows that the average skill ratio of desires to emigrate is around 1.5

in low-income countries while the same ratio computed for e¤ective migration ranges
between 10 and 20. Two-thirds of these potential migrants named the United States
as the top desired destination; other important destinations are Canada, European
countries and Saudi Arabia.

5Docquier et al. (2012) provide a discussion on the interpretation of the survey question.
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Assuming that respondents do not internalize general equilibrium e¤ects generated
by the migration of other stayers in the world (i.e. the ln vsi;t�s are �xed to their
baseline values), we can identify incompressible migration costs in 2000 (xsij;00) as
residuals of (11). In our liberalization experiment, we assume xsij;t = x

s
ij;00 from 2025

onwards.

Figure 2. Size and education structure of desired migration in 2007

2.a. Average desire to emigrate

2.b. College graduates to less educated ratio of desires to emigrate

Source: Gallup World Poll Survey, described in Esipova et al. (2011)
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4 E¤ects of a liberalization

We �rst simulate the e¤ect a complete liberalization of cross-border migration as-
suming that the shock occurs in 2025. We compute the deviation from the BAU
trajectory under the three technological scenarios and over 3 periods of 25 years
(2025, 2050, 2075). Figure 3 depicts the e¤ect obtained for the key indicators of the
world economy. Section 4.1 focuses on the e¢ ciency response to a liberalization. The
changes in the world distribution of income and welfare are investigated in Section
4.2. The robustness of the results to some identifying assumptions is assessed in Sec-
tion 4.3. Section 4.4 presents results from partial liberalization experiments. Finally,
some caveats of our exercise are discussed in Section 4.5. Country-speci�c results and
regional e¤ects are discussed in the Appendix.

4.1 E¢ ciency

As stated in the introduction, the e¤ect of a liberalization on the world production
frontier (i.e. the world GDP per worker) has been studied in static frameworks. Our
dynamic model allows to compare the short-run and long-run e¤ects of removing mi-
gration restrictions. Di¤erences between short-run and long-run e¤ects arise because
migration gradually a¤ects the size and educational structure of the world population.
Figure 3.d shows that liberalizing labor mobility increases the proportion of in-

ternational migrants by about 17 percent in the short-run under all scenarios. This
is slightly above the e¤ect obtained in Docquier et al. (2012) for the year 2000 (+15
percent). The di¤erence is due to the fact that the liberalization shock occurs in
2025, a year in which the population in developing countries is relatively larger than
in 2000. The long-run e¤ect on migration is slightly lower (15 percent) than the
short-run one because the population living in developing countries gradually falls
over time compared with the BAU trajectory.
A key �nding of our analysis is that removing migration barriers stimulates ac-

quisition of human capital. There are three reasons for this. First, in line with the
"brain gain" literature (Mountford 1997, Stark et al. 1997, Beine et al. 2001 and
2008), new emigration prospects stimulate the expected return to education; the frac-
tion of young adults acquiring higher education increases as from the year 2025 (i.e.
in the short-run). As shown on Figure 3.c, the short-run impact on the proportion
of college graduates varies between 1.9 and 2.5 percentage points in all the scenarios.
Second, wherever they live, newly educated parents have higher propensities to edu-
cate their children. Third, newcomers in rich countries, educated or not, face a better
environment (lower education costs, no child labor) for educating their o¤spring. The
latter two e¤ects are dynamic by nature. Enrolment in basic education increases as
from 2025, and the pool of young adults who can access the higher education system
is larger as from 2050 (i.e. in the long-run). Consequently, the rise in educational at-
tainment is cumulative. In 2075, the world proportion of college graduates increases
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by about 6.5 percentage points in all the scenarios. In parallel, the world average
fertility rate and the world population size decrease gradually.
The e¤ect on the world production frontier is depicted on Figure 3.a. In the

short-run, the rise in GDP per worker amounts to 23 percent under Scenarios 1
and 2, and the semi-elasticity of the world GDP to migration equals 1.3. This is
slightly superior to the 1.2 semi-elasticity obtained in Docquier et al. (2012), Iregui
(2005), Winters (2001) or Walmsley and Winters (2005) because we now account for
higher incentives to acquire higher education. As shown in the robustness section
(see Section 4.3), simulating the model without this brain gain e¤ect (i.e. with
constant �i) reduces the semi-elasticity to 1.12 (see Section 4.3) in line with previous
studies. Under Scenario 3, the short-run rise in GDP falls to 18 percent and the semi-
elasticity reaches 1.1. The reason is that new migrants are usually more educated than
natives left behind (positive selection in emigration) but less educated than workers in
destination countries (negative selection in immigration). Increasing migration tends
to lower the proportion of college graduates in almost all regions. This e¤ect was
drastic in Docquier et al. (2012); it is much less severe here because of the positive
response in human capital investments. In the Appendix, we show that a decrease in
the proportion of college graduates is observed in the major industrialized destination
regions (see Table A1). It is not the case in developing regions where the incentive
mechanism is stronger.
Given the gradual education responses, the long-run gains from liberalizing cross-

border migration exceed by far the short-run e¤ects. By 2050, the increase in GDP per
worker amounts to 42.7, 41.1 and 35.0 percent under Scenarios 1, 2 and 3, respectively.
By 2075, the impact reaches 56.5, 54.1 and 50.0 percent. We thus argue that if large
gains can be expected from a liberalization, they will be observed in the long-run and
will a¤ect the welfare of future generations.

4.2 Inequality

Our analysis of inequality is uniquely based on labor income, the only determinant
of utility a¤ected by the shock. Figure 3.f shows that the Theil index is always lower
under the liberalization scenarios with respect to the BAU. In order to understand
the underlying mechanisms, the components of the Theil index are decomposed for
two sets of countries: high-income countries (labeled as rich) and developing countries
(labeled as poor). The within-country and across-country components of the Theil
index thus become:

Twithin = SHWpoorT
within
poor + SHWrichT

within
rich

T across = SHWpoorT
across
poor + SHWrichT

across
rich + T(poor;rich)

where (SHWpoor; SHWrich) are the labor income shares in developing and high-
income countries, (Twithinpoor ; Twithinrich ) are the within-country components of the Theil
index computed for developing and high-income countries, (T acrosspoor ; T acrossrich ) are the
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across-country components of the Theil index computed for developing and high-
income countries, and T(poor;rich) is the inequality measure between developing and
high-income countries (as if each group was a single entity).
Table 2 disentangles the changes in the Theil index obtained for 2025 and 2075

under Scenario 1. Similar e¤ects are obtained in Scenarios 2 and 3. Liberalizing la-
bor mobility reduces the average level of inequality in the world (as measured by
the Theil Index). A decomposition of the Theil index allows to highlight the mech-
anisms at work. The within component decreases in all the scenarios (see Figure
3.g). The reason is that within-country inequality levels are much higher in devel-
oping countries (Twithinpoor > Twithinrich ). The liberalization induces people to move from
poor (high-inequality) to rich (low-inequality) countries, thereby reducing the income
share of developing countries. The average level of within-country inequality there-
fore decreases, even though the within-country component slightly increases in both
sets of countries. The across component also decreases in all the scenarios for sim-
ilar reasons (see Figure 3.h). The across-country inequality levels are much higher
in developing countries (T acrosspoor > T acrossrich ) and the income share of these countries
decreases after a liberalization. In addition, the level of T acrossrich decreases due to the
negative selection in immigration to the richest destination countries. This explains
why the world average level of inequality across countries (T across) decreases despite
a rising gap between rich and poor countries (T(poor;rich)).

Table 2. Explaining the e¤ect on inequality in 2025 and 2075 (Scenario 1)
BAU 2025 Lib 2025 BAU 2075 Lib 2075
(Levels) (Deviation) (Levels) (Deviation)

SHWpoor 0.493 -0.129 0.507 -0.262
SHWrich 0.507 +0.129 0.493 +0.262
Twithinpoor 0.102 +0.001 0.154 -0.005
Twithinrich 0.028 +0.001 0.034 +0.005
Twithin 0.064 -0.009 0.095 -0.029
T acrosspoor 0.140 +0.004 0.172 +0.007
T acrossrich 0.042 -0.013 0.363 -0.016
T(poor;rich) 0.258 +0.013 0.246 -0.005
T across 0.349 -0.006 0.351 -0.051
T 0.413 -0.015 0.446 -0.080
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Figure 3. E¤ect of a liberalization on world average values
3.a. GDP per worker (Percentage of deviation) 3.b. Population (Percentage of deviation)

3.c. Proportion of college graduates (Deviation) 3.d. Proportion of immigrants (Deviation)

3.e. Fertility rate (Percentage of deviation) 3.f. Theil index of inequality (Deviation)

3.g. Within-country inequality (Deviation) 3.h. Across-country inequality (Deviation)
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This does not mean that liberalizing labor mobility is Pareto-improving. Detailed
results by country and by region presented in the Appendix show that there might
be winners and losers. Although liberalization stimulates the world proportion of
college graduates, new migrants tend to be more educated than those left behind
(positive selection in emigration) and less educated than workers in host countries.
The e¤ect on human capital is country-speci�c: in the short-run, the proportion of
college graduates increases in 116 countries, and decreases in the other 79 countries.
By 2075, it increases in 123 countries and decreases in the 72 other. The latter group
includes the major industrialized destinations (Canada, the United States, Australia,
the United Kingdom, etc.) and a few low-income countries where emigration is large.
A decrease in GDP per worker is observed in these countries.
What matters for welfare is the e¤ect of liberalization on the wage level of non-

migrants. In the partial equilibrium scenario (Scenario 1), liberalization has �rst-
order stochastic dominance over the BAU trajectory. Under the CES technology
(Scenario 2), low skilled wages decrease in countries where human capital decreases,
and high skilled wages decrease in other countries. In the presence of schooling
externalities (Scenario 3), all wages are reduced in countries where human capital
decreases. In scenarios 2 and 3, there are winners and losers after liberalization and
we loose the �rst-order stochastic dominance property. However, the liberalization
path has second-order stochastic dominance over the BAU.6

4.3 Robustness

In this section, we evaluate the robustness of some identifying assumptions. The
endogeneity of education decisions has strong implications for our results. We thus
assess whether our e¢ ciency and inequality impacts are robust to the inclusion of
a "brain gain" mechanism and parameters a¤ecting education decisions. We sim-
ulate the model using the technological environment de�ned in Scenario 1 (partial
equilibrium) and the four following variants:

� Constant �i;t (no brain gain)

� Constant !i;t (no demographic transition)

� An altruism parameter, �, equal to 0.2 (instead of 0.3 in the benchmark)

� A preference for basic education, �, equal to 0.5 (instead of 0.6 in the bench-
mark)

Qualitatively, our results are robust to the identifying assumptions, as shown on
Figure 4. The e¤ects on the world average level of GDP per worker are very stable

6In the case of Scenario 3, we should say "virtually has second-order stochastic dominance"
because the size of the lowest class of income increases in 2050 and 2075. This however only concerns
a very small fraction of the world population.
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across scenarios, as shown on Figure 4.a. The e¤ects on inequality are qualitatively
robust but quantitatively more sensitive to the choice of � and to variables governing
basic education decisions (!i;t). In a world with constant fertility per country, the
inequality response would be smaller.
Eliminating the brain gain e¤ect by �xing � at its benchmark value reduces the

proportion of college graduates: the e¢ ciency gains fall by approximately 3.6 and 4.7
percentage points in the short and long run respectively. Keeping child wage rates
constant (!i;t) a¤ects e¢ ciency gains marginally in the short run but increases them
by 5.7 percentage points in the long run. This change a¤ects the parents��quantity-
quality�trade o¤ in their fertility decisions. A higher !i;t implies that children earn
a higher income; this increases the opportunity cost of basic education and induces
lower enrolment rates with basic education. A lower altruism parameter (�) reduces
the average fertility rate close to 1 in the long run as compared to 1.17 in Scenario
1. It also decreases the education cost of high-skilled workers; this leads to a higher
proportion of skilled workers in the BAU (21.3 percent compared to 16.3 percent for
Scenario 1). Given the lower fertility and higher education rate under this scenario,
liberalization has a lower potential impact and e¢ ciency gains are marginally lower
in the short run. In the long run, they amount to 51.6 percent compared to 56.5
percent in Scenario 1. Finally, decreasing the preference parameter for education
increases fertility and decreases education in the BAU. Liberalizing migration under
this assumption therefore leaves room for potentially stronger changes in fertility
and education behavior and implies slightly higher e¢ ciency gains (+1.6 percentage
points in the long run).

Figure 4. Robustness analysis
4.a. GDP per worker (Percentage of deviation) 4.b. Theil index of inequality (Deviation)

As for inequality, Figure 4.b shows that a liberalization reduces the Theil index
in all the robustness checks. Short-run e¤ects are small and almost identical across
scenarios. The magnitude of the long-run e¤ect is a¤ected by our identifying assump-
tions. Under the variant with constant � or with � = 0:5, the long-run e¤ects are
almost identical to Scenario 1. A smaller decrease in inequality is obtained when !i;t
is constant. The reason is that a liberalization has a lower potential for increasing
the proportion of college graduates in this scenario; and college graduates are those
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who have the highest propensity to move, i.e. to relocate in less unequal and richer
countries. The reverse explanation holds in the scenario with a lower value for �.

4.4 Partial liberalization experiments

In the previous sections, we simulated the e¤ect of a complete liberalization of inter-
national migration (i.e. a 100 percent cut in legal/visa moving costs: xsij;t �! xsij;t
8s; j 6= i) on the world economy. A global liberalization shock is clearly not at the
agenda of international institutions and policy-makers in destination countries. We
consider our numerical analysis as a thought experiment de�ning the potential ef-
�ciency gains and redistributive implications of globalizing the world labor market,
and compare them to those obtained in the existing literature.
We now consider partial liberalization variants in which legal costs are reduced by

# percent, where # is capturing the liberalization rate. We still consider that these
shocks are global, i.e. they have the same magnitude for all the country pairs and
educational groups:

xsij;t �! xsij;t � #
�
xsij;t � xsij;t

�
8s; j 6= i

We provide results for # equal to 0.00 (BAU), 0.10, 0.25, 0.50, 0.75 and 1.00 (complete
liberalization). As before, we assume that the shock happens in 2025 and is perma-
nent. Figure 5 highlights the impact of partial liberalization shocks on GDP per
worker, the world proportion of migrants, the semi-elasticity of GDP to migration,
and the Theil index. We simulate the shock under the technological environment of
Scenario 1. The intensity of the shock is measured on the horizontal axis, and each
curve corresponds to a time period.
Figures 5.a and 5.d show that responses in GDP per worker and inequality are

slightly concave in the liberalization rate. The e¤ects are almost proportional to the
cut in legal moving costs, whatever the period of analysis. Figure 5.b reveals that
the same patterns emerge for the world migration rate. Although the model has
non linearities, the semi-elasticity of the world GDP to the world migration rate is
very stable across scenarios (see Figure 5.c). The short-run elasticity is similar to
that obtained in Winters (2001), Iregui (2005), Walmsley and Winters (2005) and
Docquier et al. (2012): it varies between 1.29 and 1.30. As time passes by, this
elasticity increases given the endogeneity of education decisions. However, it does
not change with the liberalization rate #: it varies between 2.5 and 2.6 in 2050 and
between 3.5 and 3.7 in 2075. Cutting legal moving costs by # percent allows to realize
slightly less than # percent of the maximal gains from a complete liberalization.
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Figure 5. Results for partial liberalization shocks
5.a. GDP per worker (Percentage of deviation) 5.b. Proportion of immigrants (Deviation)

5.c. Semi-elasticity of GDP to migration (Level) 5.d. Theil index of inequality (Deviation)

4.5 Caveats

Our model is a partial representation of the actual world economy. It includes the
same mechanisms as in previous studies and extends them by endogenizing the edu-
cation and fertility responses to a liberalization.
Although we showed that our results are robust to the identifying assumptions, the

literature has emphasized other migration-induced e¤ects that are not captured by our
model. The di¢ culty is that existing studies have not provided a precise assessment of
their elasticities. Are our results robust to these missing ingredients? We discuss here
the potential e¤ects of re�ned labor market interactions between migrants and natives,
trade, capital movements, congestion e¤ects, network externalities, and remittances.
Labor market interactions - Our model assumes that natives and immigrants with

identical levels of education are perfect substitutes in the production function. Re-
cent literature has shown that there might be some complementarity between natives
and foreign workers. Estimates of the elasticity of substitution have been provided in
the literature. Accounting for complementarity and adjusting the preference parame-
ter for immigrant workers in production to match native/migrant wage disparities,
Docquier et al. (2012) obtained lower e¤ects from liberalization. This is because the
productivity of migrants is usually lower than that of native workers.
Movements of goods and capital - Accounting for movements of goods and capital

is also likely to a¤ect the e¢ ciency gains from liberalizing labor mobility. Accounting
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for trade, classical trade theories predict that trade and migration are perfect substi-
tutes. In such a context, increasing migration �ows would have no e¤ect on wages.
More realistically, trade and migration are likely to be imperfect substitutes because
countries produce di¤erentiated goods or migration induces trade-creation e¤ects. By
excluding trade responses, we ignore uncertain e¤ects related to the substitution or
complementarity between trade and migration. If substitution forces dominate, they
should decrease the e¢ ciency gains of liberalization.
Assuming that output is proportional to labor in e¢ ciency units, we disregard

capital accumulation. Our model represents a globalized economy in which capital
follows people. In an economy without capital movement, increasing migration would
reduce capital and income per worker at destination and increase them at origin.
The existing literature has shown that lower e¢ ciency gains would be obtained in
the short-run if physical capital is immobile across nations. However, the world
quantity of physical capital is likely to gradually increase because new South-North
migrants can save more (Kennan, 2012). This increases the long-run e¢ ciency gains
and reinforces our results.
Network externalities - Network externalities could stimulate the gains from lib-

eralizing labor mobility. First, if migrants facilitate transfers of technologies across
countries, liberalization could generate higher e¢ ciency gains than what we predict.
Such technological externalities have not been clearly identi�ed in the literature and
are di¢ cult to assess. Second, it is likely that established networks of migrants reduce
private moving costs for new potential migrants. Docquier et al. (2012) accounted
for this e¤ect and used the US elasticity of private migration cost to network size.
Globally, e¢ ciency gains could be multiplied by 1.45 if this elasticity was constant
over time and applied to all destination countries.
Congestion e¤ects - An additional aggregate e¤ect of immigration may stem from

its impact on the aggregate scale of production. On the one hand, the existence of a
�xed factor in production (such as land) would cause aggregate decreasing returns.
In general, congestion e¤ects can be modeled by assuming that the TFP is also a
function of the aggregate scale of production. Docquier et al. (2012), showed that
congestion e¤ects are likely to be small if the elasticity of total factor productivity
to the size of the labor force is calibrated using the share of land income in GDP (as
advocated by Ciccone and Hall, 1986).
Remittances - Finally, our model disregards remittances that migrants send back

to their home country. The average ratio of remittances to GDP is low (3 percent);
and 135 countries exhibit a lower ratio than the mean. However, this ratio is much
higher in some countries (36 percent in Tonga, 34 in Lesotho, 29 in Bosnia, 22 in Jor-
dan, 20 in Samoa, 17 in West Bank and Gaza, 16 in Albania, 15 in Haiti, Yemen and
Cape Verde). In many of these countries, the after-liberalization ratio of emigrants to
stayers will be four to six times larger than in the BAU. This can make a huge di¤er-
ence in the size of remittances. Hence, acounting for remittances is likely to a¤ect the
size of our e¤ects. It is however di¢ cult to include remittances for di¤erent reasons.
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First, the literature has emphasized di¤erent motives to remit (altruism, exchange of
services, risk diversi�cation, reimbursement of loan, etc.) and the weights of these
motives vary across countries or country pairs. Second, there is no consensus about
who remits more and who receives more (college graduates or less educated): survey
data collected in Bollard et al. (2011) show that the correlation between the amount
remitted and the level of education of the remiter is also country-speci�c. Third, in
a fully micro-founded model, individuals should anticipate remittances in their mi-
gration and education decisions, and the amount remitted would itself depend on the
size of migration �ows: the properties of our model would be much more complex
although the literature has not identi�ed robust and general e¤ects of remittances on
education decisions and other types of investment. In other words, there is no perfect
way to include remittances in the model and parametrize remittance patterns.
Although we acknowledge the fact that remittances can a¤ect the size of our

e¢ ciency gain (through their impact on education, fertility and migration), we assume
that these e¢ ciency e¤ects are of second-order importance and focus on the inequality
e¤ects. This means that we compute the inequality index considering that remittances
have no e¤ect on education, fertility and migration. Our model provides values for
the pre-transfer wages. In 2000, we can easily compute the aggregate labor income
of all emigrants from any country i (EMWi;00), the sum of wages in country i (Yi;00)
and calibrate the propensity to remit of emigrants (ri) which �ts the observed ratio
of remittances to GDP (REMi;00) in 2000. This gives ri = REMi;00Yi;00=EMWi;00.
Then we simulate (for Scenario 1) the income distribution after liberalization and in
all subsequent periods, assuming that ri is constant (high-remittance variant) or that
the elasticity of ri to the emigrant/stayer ratio equals -0.5 (low-remittance variant):
we obtain a new ratio of remittances to GDP, REMi;t = ri;tEMWi;t=Yi;t. Using a
constant proportion to remit in the BAU, remittances increase from 1.3 % in 2000
to 1.7 % in 2075 of the wage mass in developing countries. Results are depicted on
Figure 6.

Figure 6. Remittances and the inequality e¤ect of liberalization
6.a. Remittance/GDP in poor countries (Deviation) 6.b. Across-country Theil index (Deviation)

Figure 6.a provides the changes in the remittances/GDP ratio in developing coun-
tries, expressed in percentage point of deviation from the baseline. Under constant
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propensity to remit, the liberalization strongly increases the remittances/GDP ratio
in developing countries by 10 percentage points in 2025 and by 9 in 2075. The amount
received by each stayer would be multiplied by 5 on average. As shown on Figure
6.b, the decrease in the across-component of the after-remittance Theil index (�High
Rem�curve) would be much more pronounced than in the before-remittance index
(�Scen 1�curve on Figure 4.h).7 If the propensity to remit is elastic to the emigrant-
to-stayer ratio, the remittances/GDP ratio increases by about 3 percentage points in
all the years, and the amount received by each recipient is multiplied by two. The
decrease in the after-remittance Theil index (�Low Rem�curve) would then be almost
identical to that obtained for the the before-remittance index. In conclusion, the fall
in inequality induced by a liberalization is accentuated by remittances if and only if
the propensity to remit of emigrants is su¢ ciently inelastic to the emigrant-to-stayer
ratio.

5 Conclusion

This paper studies the e¤ect of liberalizing global migration on the world distribution
of income. For the �rst time, we use a dynamic framework, which accounts for
education and fertility responses to migration shocks. We show that liberalization
increases the world GDP per worker and reduces inequality and extreme poverty.
The e¤ects on human capital accumulation, income and inequality are gradual and
cumulative. Under a complete liberalization scenario, the world average level of GDP
per worker increases by only 20 percent in the short-run, and by more than 55 percent
after 50 years. The main reason is that new migrants moving from developing to
developed countries face a better environment (lower education costs, no child labor)
for providing basic education to their children and decreasing their fertility. This
increases the pool of young adults who will be eligible for higher education in the
future generation. Some of themwill invest in college education and will have a greater
propensity to provide education to their own o¤spring. Gradually, liberalization
increases the world proportion of college educated and reduces population growth.
These mechanisms are robust to our identifying assumptions and are also valid in
the case of a partial liberalization, provided that the cut in migration restrictions is
global (i.e. identical for all the country pairs and educational groups).
Liberalizing labor mobility also reduces inequality. When people move from

poor (high-inequality) to rich (low-inequality) countries, the income and demographic
shares of developing countries fall. This reduces the within-country component of the
Theil index. In addition, liberalization decreases the average level of GDP per worker
in receiving (developed) countries, and increases it in the sending (developing) coun-
tries. The latter e¤ect arises because new emigration prospects stimulate the expected

7We do not compute the within-component of the Theil index to avoid introducing assumptions
about the distribution of remittances in the recipient country.
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return to education and raise the fraction of young adults acquiring higher education
in developing countries. Globally, the liberalization path has stochastic dominance
over the baseline-as-usual; we obtain �rst-order dominance in partial equilibrium and
second-order dominance in general equilibrium. Liberalizing labor mobility reduces
extreme poverty in the world.
In sum, we demonstrate that the long-run gain from liberalizing cross-border

migration exceeds by far the short-run e¤ect, and its magnitude is in line with what
was found in previous studies. However the mechanism and the distribution of the
gains are di¤erent. What drives the gains is the human capital response to the
migration shock, rather than the magnitude of the shock. The main winners are
future generations of people originating from poor countries. This makes it di¢ cult
to �nd redistributive policies to compensate the losers, i.e. the current generations
of low-skilled nationals residing in high-income countries.
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6 Appendix - Results by country/region

We provide here a few country-speci�c results that help understanding the mecha-
nisms at work in our model.
Human capital - Figure A.1 focuses on country-speci�c changes in the proportion

of college graduates. The BAU levels are represented on the horizontal axis and the
after-liberalization levels are represented on the vertical axis. Results are provided for
Scenario 1 and for the robustness variant with no incentive or "brain-gain" channel
(i.e. constant �).

Figure A.1. Changes in the proportion of college graduates
(BAU levels on the horizontal axis & After-liberalization levels on the vertical axis)

A.1.a. Scenario 1 in 2025 A.1.b. Scenario 1 in 2075

A.1.c. The "no brain-gain" variant in 2025 A.1.d. The "no brain-gain" variant in 2075

In 2025, the world average proportion of college graduates increases by 2.1 per-
centage points under Scenario 1. This is partly mitigated by the fact new migrants
tend to be more educated than those left behind (positive selection in emigration)
and less educated than workers in host countries, on average. Figure A.1.a shows
that liberalizing labor mobility increases the proportion of college graduates in 116
countries, and decreases it in the other 79 countries. The latter group includes the
major industrialized destinations (e.g. -14 percentage points in Canada, -6.4 in the
United States, �2.0 in Australia, -0.7 in the United Kingdom) and a few low-income
countries of the world (in sub-Saharan Africa, many high-skilled migrants leave coun-
tries such as Djibouti, Gabon, Comoros, Cote d�Ivoire, Zimbabwe, etc.). By 2075,
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the world average proportion of educated increases by 7.3 percentage points. Figure
A.1.b shows that the proportion of college graduates increases in 123 countries and
decreases in the other 72 countries. The selection e¤ect thus mitigates the bene�ts
from higher human capital accumulation. In particular, under Scenario 3 (schooling
externalities on total factor productivity), smaller gains in GDP are obtained.
In the robustness variant without incentive or brain-gain e¤ect, the proportion

of college graduates does not change in 2025 and increases by 4.8 percentage points
only in 2075. In 2025 (and 2075, respectively), the proportion of college graduates
increases in 19 (21, respectively) countries and decreases in the 176 (174, respectively)
remaining countries.
Wages - Figure A.2 represents the percentage deviation in wages induced by a

liberalization (vertical axis) over the BAU level (horizontal axis). Obviously, country-
speci�c wage rates are constant in the partial equilibrium scenario (Scenario 1). Re-
sults are thus only provided for Scenario 2 (CES production function) and Scenario
3 (schooling externalities on total factor productivity), and for college graduates and
the less educated. Under Scenario 2, low-skilled wages increase and high-skilled wage
decrease with the proportion of college graduates in the labor force. The selection
mechanism is such that liberalizing labor mobility increases the proportion of college
graduates in 116 countries and decreases it in the other 79 countries by 2025. Hence,
low-skilled wages increase in 116 countries and decrease in 79 countries. By 2075, the
proportion of college graduates increases in 123 countries only, and decreases in the
other 72 countries. Hence, low-skilled wages increase in 123 countries and decrease in
72 countries. The reverse is obtained for high-skilled wages. As apparent from �gures
A.2.a and A.2.b for 2025 (A.2.c and A.2.d for 2075), the relative changes are more
pronounced for college graduates than for the less educated, and more pronounced
in 2075 than in 2025. Under Scenario 3, all wage levels increase with the proportion
of college graduates in the labor force. Wages increase in 116 countries in 2025, and
123 countries in 2075. The e¤ects are more pronounced in 2075 than in 2025. In
the short-run, losses in the major industrialized countries and poor countries are on
average more important than gains incurred in middle income countries (see Figures
A.2.e and A.2.f). In the long-run, losses and gains are comparable (see Figures A.2.g
and A.2.h).
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Figure A.2. Changes in wages
(BAU levels on the horizontal axis &

percentage deviations from BAU levels on the vertical axis)
A.2.a. Scenario 2 in 2025 - Less educated A.2.b. Scenario 2 in 2025 - College graduates

A.2.c. Scenario 2 in 2075 - Less educated A.2.d. Scenario 2 in 2075 - College graduates

A.2.e. Scenario 3 in 2025 - Less educated A.2.f. Scenario 3 in 2025 - College graduates

A.2.g. Scenario 3 in 2075 - Less educated A.2.h. Scenario 3 in 2075 - College graduates
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Regional e¤ects - Finally, Table A.1 gives the impact on regional level of GDP
per worker in 2025 and 2075. Due to negative selection in immigration, a decrease
in GDP per worker is observed in the major industrialized destinations regions (the
United States, Canada, Australia and New Zealand, and the countries of the Guld
Cooperation Council). The e¤ect persists 50 years after the shock, although it is
gradually mitigated by the world increase in educational attainment. The EU27
region is both an immigration and emigration region; the global e¤ect is positive and
increases over time. The level of GDP per worker increases in most sending regions
except China and India. This is induced by the initial brain gain e¤ect and the
resulting rise in basic education.

Table A.1. E¤ect of liberalization on GDP per worker per region
(Percentage deviation from the BAU)

2025 2075

Sc. 1 Sc. 2 Sc. 3 Sc. 4 Sc. 1 Sc. 2 Sc. 3 Sc. 4

WORLD 23.2 23.0 18.1 12.9 56.5 55.7 46.0 22.7

USA -3.4 -1.3 -7.0 -3.0 -0.4 -0.1 -1.2 -0.5

EU27 5.3 4.9 6.8 3.6 10.2 8.8 13.0 5.4

CANZ -2.5 -0.8 -9.1 -2.7 -2.6 -0.7 -9.2 -3.5

GCC -6.8 -5.5 -17.7 -4.9 -6.2 -3.7 -12.4 -4.4

MENA 15.8 14.7 15.7 12.2 21.5 20.3 17.5 15.4

SSA 18.8 18.4 13.9 5.6 45.9 43.5 42.2 7.1

CIS 4.0 1.7 12.6 3.6 5.0 1.6 13.9 6.6

ASIA 20.1 18.4 7.3 8.3 46.3 45.1 34.1 12.1

CHIND -0.4 -0.3 0.8 -0.1 -0.2 -0.4 0.8 0.7

LAC 4.4 3.6 6.0 4.6 8.3 6.8 9.1 9.6

OTHERS 36.6 35.3 42.7 25.3 63.7 59.6 69.6 34.7

Regions: USA = United States, EU27 = 27 members of European Union; CANZ =
Canada, Australia and New Zealand; GCC = countries of the Gulf Cooperation Council;
MENA = Middle East and Northern Africa; SSA = Sub-Saharan Africa; CIS = Common-
wealth of Independent States (ex-Soviet Union); CHIND = China and India; ASIA = Rest
of Asia; LAC = Latin American and Caribbean countries; OTHERS = other countries.
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