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General Introduction

This thesis aims at exploring different economic implioas of international mi-
gration. It can be divided into two parts, according to theéhudology used in
its different chapters. Part | comprises chapters 1 to 3¢hvhaise issues studied
within a computable general equilibrium (CGE) model calted on the world
economy. Part Il contains chapters 4 and 5 and builds on adtieal analysis
via models that feature overlapping generations of indiald.

The following paragraphs summarize the research issueessitl in each
chapter of this thesis as well as our main findings. The aiwily®art |, labeled
“CGE analysis”, delivers solely numerical results.

Demographic projections for the 21century indicate that population is ag-
ing all over the world, due to decreasing birth rates andeiased life expectancy.
However the aging process is not synchronous across waldn® and arises
at a different pace in the various regions. While developmthtries, especially
Europe and Japan, will experience large increases in tlteage dependency ra-
tios, other regions of the world will be facing relativelyaatios and still rising
working-age populations. Since the world economy is moteraare financially
integrated and characterized by increasing capital ntghihis heterogeneity in
the aging process can induce inter-temporal trade, thraughational capital
flows, mitigating the effects of aging compared to a situatdd economic and
financial autarky.Chapter lintroduces an overlapping generations computable
general equilibrium model of the world economy, in which ttwintries of the
world are grouped into ten regions along geographical limbse model is build to
capture the effects of demographic differences betweeonnsgn international
capital mobility in a world with integrated capital market$he population of
each region is therefore calibrated on the data of the UiN&tns’ World Pop-
ulation Prospects, which predict the evolution of the papah by country until
the year 2050. Compared to similar models, an original featfi the model is
that agents are skill heterogeneous. The purpose of thiehia to describe the
model’s structure and to present the calibration of the Ibesscenario, which
over the next decades portrays the evolution of a world eograharacterized by
global aging. Furthermore, to describe the model's medmasia population in-
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crease in one of the model’s regions is simulated. This gmepénario shows the
importance of taking into account international capitahitity as well as general
equilibrium effects. In fact, the consequences of such aat@will differ if ana-
lyzed in a framework where capital is mobile or not, and wkethe model works
in a partial or in a general equilibrium setting. Lastly,@@regions have distinct
characteristics, the implications on the world economy aldo depend on the
region experiencing the population increase. The two ¥ahg chapters analyze
the consequences of increased migration for migrants’ teggbns (chapter 2)
and their regions of origin (chapter 3).

Chapter 2analyzes the impact of immigration on the contribution rizte
North-America and Western Europe, when holding the geitgrokthe welfare
state constant at current levels. This issue is addresgbthwi calibrated over-
lapping generations model featuring integrated capitaketa. The importance
of accounting for capital mobility was analyzed in the pows chapter and
may be summarized as follows. In a nutshell, a demograpéitsition raises
the capital-labor ratio and affects factor prices in an eomy experiencing no
capital inflows. This impacts on a country’s economic perfance since a fall
in wages reduces the saving rate of the youngest indivigwais are the highest
net savers and whose resources are essentially made ofitabones. Capital
deepening may then partly alleviate the negative consegsesf a demographic
transition by mitigating changes in factor prices. Thisptlea investigates the
implications of two immigration policies on pension systena selective one,
where the majority of migrants are high-skilled, and a neleaive one, with
a majority of low-skilled migrants. These policies are sdgently compared
with realistic changes in labor market characteristicss found that increased
immigration yields small fiscal gains and that both the gele@nd non-selective
immigration policies induce similar tax cuts. Results stibat comparable fiscal
gains could be achieved as with the immigration policiesypdy by postponing
the retirement age of low-skilled workers by 2 years from @@hwards in
Western Europe and by a gradual increase from 1% to 5% bet@@ed and
2050 in skill-biased technical change in North-America.

Chapter 3 focuses on the implications of high-skilled emigration o
grants’ sending regions.The literature on the brain drais forward several pos-
itive and negative effects of high-skilled emigration bugre is no study identi-
fying the dominant and minor mechanisms at work. Anothertsbming is the
difficulty to assess the global impact of the brain drain oretteping regions. The
paper aims to address concerns of brain drain due to hidlibslded immigration
policies. The potential impacts of South-North high-gdlimigration are simu-
lated on GDP per capita, GNI capita, and the high-to-lowl gkilome inequality



at origin. A ten-region CGE-OLG model is built and dynamigaalibrated so

as to match observations from the world economy. While osults reconfirm

the important role of remittances in subsidizing the incarhthose left behind,

they are also robust to different assumptions as to whétledrighly skilled remit

less or not. Furthermore, the paper assesses the signdicaseveral feedback
effects ignored in previous CGE works. First, it is showrt tha high-skilled di-

aspora may greatly benefit domestic production by reducifaymation-related

risks and bringing in more foreign direct investments. ®e¢cahe so-called
“brain gain" effect acts to reduce the income disparity lestwworkers of dif-

ferent skills. These feedback effects may well outweigbdésof high-skill labor,

and they are especially pronounced for regions with smgh-skilled emigration

rates. In contrast, brain drain indeed poses as a cursedgmniealready facing
severe high-skill outflows, including Eastern Europe, h@merica.

Part Il , labeled “Theoretical analysis”, provides essentialgaitetical results
on the economic implications of international migration.

Chapter 4analyzes the link between climate change and internatioigia-
tion.Without doubt there is a growing concern over how ancetiver climate
change will affect international migration. Although theoeomic literature has
dealt with many aspects of migration, the treatment of thegticmship between
climate change and migration has not yet been satisfag@anyfocus in this arti-
cle is to shed some light on the interaction between endagedanate change,
international migration, optimal migratory policies amegquality. We employ a
two-country overlapping generations model with endogsrsimate change, in
which the production in the North generates climate changiemnegatively af-
fects the productivity of the South. Our main findings are thanate change will
increase migration and that small impacts of climate chdraye significant im-
pacts on the number of migrants. Moreover, a laxer immigngpiolicy increases
long-run migration, reduces climate change, increasethNewuth inequality if
decreasing returns to scale in production are significant.

Finally, in chapter 5we study how high- and low- skilled migration affect
fertility and human capital in migrants’ origin countri€be early literature on
the brain drain stressed the negative impact that higteslkihigration might en-
tail for sending countries by depriving them from their madénted workers. In
contrast, the more recent literature claims that highleskiémigration might en-
tail positive side-effects for sending countries, whiclyhtipossibly outweigh the
direct negative impact of a brain drain. The main body of ttezdture has how-
ever neglected the impact of a high-skill exodus on feytdiécisions at origin. As
put forward by the endogenous population literature, thentjty-quality trade-
off that parents face in terms of the number and educatiohedf thildren has a
non-negligible impact on human capital formation and ecoicgerformance in
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developing countries. We therefore analyze the impactgifskilled emigration
on fertility decisions at origin. An overlapping generatsomodel is set forth in
which parents choose the number of high- and low-skilleddodmn they would
like to have. Individuals migrate and remit to their paremith a certain proba-
bility. It is found that a brain drain induces parents to henare high- and less
low-educated children. Under specific conditions, fdytifhay either rise or de-
cline due to a brain drain. Low-skilled emigration leadsewarsed results, while
the overall impact on human capital of either type of mignatiemains ambigu-
ous. An application of the model shows that increased hijjled emigration
reduces fertility and fosters human capital accumulation.



Part |

CGE analysis






Chapter 1

MONALISA:

A M ulti-Regional

Overlapping GeNerations
Computable GenerA EquiL ibrium
Model

with | ntegrated Capital Markets
and kill-Heterogeneous Agents

Abstract. This note introduces an calibrated overlapping generaitioodel of the world
economy, in which the countries of the world are grouped tetoregions along geo-
graphical lines. The model is build to capture the effectsgl@hographic differences
between regions on international capital mobility in a woslith integrated capital mar-
kets. Compared to similar models, an original feature oftioglel is that agents differ in
their education level. The purpose of this note is to desdtile model’s structure and to
present the calibration of the baseline scenario, whictraygs the evolution over the next
decades of a world economy characterized by global agingh&unore, to describe the
model’s mechanisms, a population increase in one of the Feagggions is simulated.
The consequences of such a scenario will differ if analyreslframework where capital
is mobile or not, and whether the model works in a partial oa igeneral equilibrium
setting. Lastly, since regions have distinct characiesisthe implications on the world
economy will also depend on the region experiencing the fadipa increase.

Keywords: CGE-OLG Model, aging, international capital flows
JEL classification: C68; D91; F21



1. MONALISA:
A MULTI-REGIONAL OVERLAPPING GENERATIONS COMPUTABLE GENERAL EQUILIBRIUM MODEL
WITH INTEGRATED CAPITAL MARKETS AND SKILL-HETEROGENEOUS AGENTS

8
1.1 Introduction

Demographic projections for the 2Xentury indicate that population is aging all
over the world, due to decreasing birth rates and increatedxpectancy. As
public transfers are strongly ascending, such a demogramsition imposes a
strong pressure on the fiscal policy. Many dynamic and moeeigpally com-
putable general equilibrium models have been developedatyze the sustain-
ability of the welfare state threatened by population agMgst of these studies
were undertaken in a closed economy framework, see e.gbAde& Kotlikoff
(1987).

There are however several reasons to adopt an open econpnoaep when
addressing multi-country issues. First of all, the worldreamy is increasingly
globalized, meaning that national economies integratetivé international econ-
omy. The world economy is thus characterized by larger trieign direct in-
vestment, capital flows, migration, and the spread of teldgyo For instance,
world trade has more than tripled since 1980. Building a rmodi¢he world
economy in which countries behave as closed economies wsitdrd major
traits of the economic reality today. Another importantevation regards the
aging process, whose pace and intensity are different@cmmtries and world
regions (see for instance the United Nations’ World PojpartalProspects which
predict the evolution of the population by country until fwar 2050). While
population aging is quite advanced in OECD countries, likEurope and Japan,
other world regions will experience lower old-age depergeamtios and their
working-age population will still rise. This heterogensaging process can in-
duce reinforce intertemporal trade, through internatioapital flows, mitigating
the effects of ageing compared to a situation of economidiaadcial autarky.

Hence more recent works have adopted an open economy ap@odenore
specifically allowed for integrated capital markets. Lasgale CGE models have
been built to examine the consequences of aging on intenatcapital flows.
Attanasio & Violante (2000) examine the impact of capitallitioy on welfare
(GDP per capita growth) in a two-region model, with a North@S and Europe)
and a Southern region (Latin America). The implicationsnéinational capital
flows on current accounts are investigated by Feroli (200@8)imva multi-country
(G-7) model, as well as by Brooks (2003) and Aglietta et &0@) within a multi-
regional world model. Other authors developed multi-couot multi-region
frameworks, built upon demographic projections, to amaliree consequences
of aging on pension systems when capital is mobile (Fehr.e@03; Bérsch-
Supan et al., 2006; Ingenue, 2005). Our model belongs tedasof studies since
it features pension systems. It is moreover closer to thédwoodel developed
by the Ingenue (2005), because similarly to them the worldivgled into ten
regions, according to similar geographical criteria anthposing developing and
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developed regions. Compared to other models, which restrir analysis to
developed regions (Fehr et al., 2003; Bérsch-Supan etQfl§)2it allows to take
into account the non-synchronous aging process in a mobahmy by letting

the demographics of developing regions come into play. Theementioned

models are characterized by a homogeneous agent frameWweknain novelty
of our model is to differentiate households by their edwratevel: agents are
either low- or high-skilled.

This paper pursues two main objectives. The first aim is tegarethe mathe-
matical structure of the model, to describe the calibragpimtess of the baseline
scenario and to examine the consequences of the demogtegisdion on the
world economy over the1*! century. We especially focus on the impact on the
world real interest rate, the annual growth rate of the w&iP, regional growth
rates, investment rates, saving rates and current accolingssecond objective
is to highlight the importance of modeling a world economwinich the differ-
ent regions are financially integrated. More preciselyjgyoanalysis can yield
different conclusions whether capital mobility and capa#ecumulation are en-
dogenized or not. For that purpose, we propose to investihatimplications of
a very simple scenario, in which there is a one-time incr@asiee population of
one region: Western Europe. First, the consequences oédhigario will differ
whether analysed in a framework where capital is mobilesscregions or in one
in which each region is treated as a closed economy. Secendra equilibrium
effects prove to be significant. The population increasé failinstance have a
quite different impact on Western European GDP in a caseevb&pital accu-
mulation is endogenous compared to a partial equilibritamwork where the
capital stock is fixed.

The paper is organized as follows. Section 1.2 introducesrtathematical
structure of the world model. The calibration process islarpd in section
1.3. Section 1.4 depicts the evolution of the world economgeun our baseline
scenario. The impact of the scenario of increased populéishown in section
1.5. Section 1.6 concludes.

1.2 The Model

This study builds upon a multi-region overlapping generagi(OLG) computable
general equilibrium (CGE) model. The countries of the watd grouped into
10 regions. Individuals live for 8 periods, each of 10 ye#ge classes go from
15-24 to 85-94 years, implying that individuals are “borm'ttee age of 15 and
die at the age of 95. However some individuals die before glesof 95, implying
that agents face a positive probability of being alive abhgaeriod.

The model features agent heterogeneity by skills: therénmyte- and low-
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skilled individuals. “high-skilled individuals" identifindividuals with an edu-
cation above high-school degree (tertiary education),redme“low-skilled indi-
viduals" comprise individuals having an educational Idesk than high-school
(primary education) and with a high-school degree (secgnéducation). The
educational choiceef and thus also the proportion of high-skilled individuals
among one generatiop) are exogenously determined.

Furthermore, there is only one consumption good and itepdacthe nu-
meraire of the model. There is one leading economy (NortheAea), in the
sense that the technological progress of each region igesgd in terms of the
one of the leading economy, and the evolution of technoleggkbgenous.

The model is also characterized by full-employment. Finahch economy
has three agents: households, a representative firm andia gedior. In the fol-
lowing subsections, we describe the regional decompaositithe world, agents’
behavior and the equilibrium of the model.

1.2.1 Regions

The model splits the countries of the world into 10 regionsgimups of coun-
tries). Three of them consist of developed countries: J&jpaR), North Amer-
ica (NAM), which comprises the United States plus Canadd Vdestern Europe
(WEU), with Europe-15 as the major membéndle also distinguish seven devel-
oping regions, Eastern Europe (EAS), Middle East and NantAdérica (MEN),
Latin America and the Caribbean (LAC), Sub-Saharan Afrig8A4), the Former
Soviet Union (RUS), the Chinese world (CHI) and the Indianl@/@dIND). See
table 1.1 for more details.

1.2.2 Demography

At each date, some individuals die and a new generation eppdadividuals
are aged from 15 to 94. Households reaching age 15 (labeladea® in our
notations) at yeat belong to generation. The size of the young generation
increases over time at an exogenous growth rate:

No,t = mt—lNO,t—la (1-1)

where N, ; measures the initial size of generatiorandm,_; is one plus the
demographic growth rate, including both fertility and naitjon.

1This region also comprises Australia and New-Zealand,emMPécific Islands are included in
the Indian world. In contrast, the Ingenue (2005) add Alistrdlew-Zealand and all the Pacific
Islands to their ‘North America’ region.
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Table 1.1:

Definition of the different regions

REGION
CoDE

REGION NAME

COUNTRY LIST

NAM

North America

United States and Canada.

WEU

Western Europe

Australia, Austria, Belgium, Denmark, Finland, France,rGany,
Greece, Iceland, Ireland, Italy, Luxembourg, Netherlandé&ew
Zealand, Norway, Portugal, Spain, Sweden, Switzerland mnited
Kingdom.

JAP

Japan

Japan.

EAS

Eastern Europe

Albania, Bosnia and Herzegovina, Bulgaria, Croatia, CzRepub-
lic, Estonia, Hungary, Latvia, Lithuania, Macedonia, PolaRomania,
Serbia and Montenegro, Slovakia and Slovenia.

MEN

Middle East
North Africa

and

Algeria, Bahrain, Cyprus, Egypt, Iran (Islamic Republig,dfaq, Is-
rael, Jordan, Kuwait, Lebanon, Libyan Arab Jamabhiriya, tklaMo-
rocco, Occupied Palestinian Territory, Oman, Qatar, SAualia, Syr-
ian Arab Republic, Tunisia, Turkey, United Arab Emirates aemen.

LAC

Latin America and
Caribbean

Argentina, Bahamas, Barbados, Belize, Bolivia, Braziljl&HColom-
bia, Costa Rica, Cuba, Dominican Republic, Ecuador, El &ty
Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, rhigea,
Panama, Paraguay, Peru, Saint Lucia, Saint Vincent andrrea@ines,
Suriname, Trinidad and Tobago, Uruguay and Venezuela.

SSA

Sub-Saharan Africa

Angola, Benin, Botswana, Burkina Faso, Burundi, Camerddape
Verde, Central African Republic, Chad, Comoros, Congo, doo
Democratic Republic, Djibouti, Equatorial Guinea, ErtreEthiopia,
Ivory Coast, Gabon, Gambia, Ghana, Guinea, Guinea-Bid¢aya,
Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania,adi-
tius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao &and
Principe, Senegal, Sierra Leone, Somalia, South AfricdaSuSwazi-
land, Tanzania, Togo, Uganda, Zambia and Zimbabwe.

RUS

Former Soviet Union

Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kgstgn,
Moldova, Russian Federation, Tajikistan, Turkmenistakraihe and
Uzbekistan.

CHI

Chinese World

Brunei, Burma, Cambodia, China, East Timor, Hong Kong, idot&o
People’s Democratic Republic, Macau, Mongolia, PhiligginSinga-
pore, Thailand and Vietnam.

IND

Indian World and Pa-
cific Islands

Afghanistan, Bangladesh, Bhutan, Federated States obhbsia, Fiji,
India, Indonesia, Malaysia, Maldives, Nepal, PakistanpudaNew
Guinea, Samoa, Solomon Islands, Sri Lanka, Tonga and Manuat

Each household lives a maximum of 8 periods=£ 0,1, ..., 7) but faces a
cumulative survival probability which is decreasing wittpea Thus the size of
each generation declines deterministically through time:

Na,t+a = Pa,t+aN0,t7 (12)

where0 < P,;:, < 1is the fraction of generatiohalive at ageu (hence, at
periodt + a). Obviously,%; = 1. Moreover, total population at timeamounts
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to NV, = ZZZO N,,.. High- and low-skilled cohort sizes are given by:

Noh,t = ¢?N0,t = ¢tN0,t
Nol,t = ¢iN0,t = (1 - ¢t)N0,t

where ¢! equalsg; and denotes the proportion of high-skilled (post-secondar
educated) individuals among the generation bort in

1.2.3 Preferences

Each time an individual dies, her/his assets will be equdisgributed among
individuals belonging to the same age class. This formiimavoids to increase
agent heterogeneity in the model. In fact if the wealth of ragiviidual would
be redistributed to his/her children, the latter onesiahivealth would differ in
terms of assets compared to equally aged individuals. Timaity market allows
that individuals belonging to one generation differ onlytenms of their type of
education.

As stated above, there is life uncertainty at the individea¢l since agents
have a positive probability to die during each period of. lifiestead of allowing
for accidental bequests, we postulate the existence ofsamance mechanism a
la Yaari 1965 (or a la Arrow-Debreu) as in de la Croix & Docqu2007) or in
the study by the Ingenue (2005), in which there is a perfentisyy market for
every contingent consumption. Itis as if there exist ineaeacompanies offering
competitive contracts and making zero profits. At the beigigof his life, each
agent has the possibility to sign a contract with a compaiyghvinsures him-
self against uncertainty. At each period when an agent Hiegssets are seized
by the insurance company, which redistributes them eqaaltigng the individ-
uals belonging to the same age class and having survivedce;éme problem
of agents born at timeis to choose a consumption contingent plan in order to
maximize their expected utility subject to their intertesrgd budget constraint,
given the sequence of contingent wages and prices. Thisaineet mechanism
has also the interesting property of avoiding too much apetgrogeneity. In
fact, if we would assume unintended bequests, then somedndis would be
born with positive assets. This would add one more agentdgteeity in terms
of initial wealth and would further complicate the compudatof the staedy-state
in a model, where agents already differ in terms of age andadthn levels.

The expected utility functionl() of low- (upperscript) and high-skilled (up-
perscripth) individuals is assumed to be time-separable and logarithm

7
E(U]) =) Pasraln(chiya), j=h,l (1.3)
a=0
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wherec{;tﬂ is the consumption of age classt timet + a.?

The budget constraint of low<{)(and high-skilled ) individuals requires
equality between the expected value of expenditures andxpected value of
incomes (). It writes as follows forj = h, I:

Z H at+a 1 + Tt+a a,t+a Z H at+a Zt—l—m (14)

v= 1Rt+v o=1 Tro

Incomes consist of labor income), pension benefitd) and other welfare trans-

fers ()
Ig,t—i—a = {)‘g,wra(l - eg-ﬁ-a)(l - Ttlj—a)wg—l—a + (1 - )‘z,t-i-a)b{-l—a + ¢t+a<gU)g+a

whereAf;,t +. Is the labor participation rate for atype individual of age class,
w! is labor income of g type worker,R? is one plus the international interest
rate,7{ is consumption taxs” stands for income tax; represents (individual)
pension benefits;/ are other welfare transfers received by an individual oétyp
j and are represented as a time-constant fraction of labomagcand finally,
is the generosity factor, which is the factor by which thetbeepwelfare transfers
are multiplied at time. Moreover, education is exogenous and individuals spend
a fractione/ of their total time (which is only positive in their first ped of life).
Individuals maximize their utility (1.3) subject to themtertemporal budget
constraint (1.4) with respect to the levels of consumptidhe optimal (contin-
gent) levels of consumption for both types of househgldsh, [ will then be:

. - .
C'Zz+17t+a+1— t+a+1c(71,t+a' (1-5)

Equation (1.5) reveals that to know the optimal lifetime smmption ¢, to ¢;) of
a cohort born it can be known once its consumption level at ge identified.
The optimal level of consumption in the first period of lifendae determined by
substituting (1.5) in (1.4).

2]t can be observed that there is no explicit time prefererazameter in the utility function
(more precisely, it is set to 1). The discount rate impacthouseholds’ intertemporal con-
sumption choices. But as in de la Croix et al. (2007) and dertax& Docquier (2007), the
psychological discount factor is implicitly taken into acmt by the probabilities of being alive at
each. With such an assumption, as in these two studies, adelmpmvides a good shape of asset
profiles per age. Hence, there is no need to suppose a purptafezence parameter on top of
the mortality rate. Moreover, in our model we obtain a long-value for the annual world real
interest rate of 3.255%. This is compatible with the Ingewadd model. While using a different
utility function, the discount factor is set close to onehwatvalue of 0.99 and their long run path
is calibrated to seek a level for the annual world interetst ling between 3 and 3.5% (Income
growth in the 21st century: Forecasts with an overlappingegations model, Agl).
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Moreover, we can also define the implicit asset holdings chesge class.
We assume that individuals are born with no assets at#jroein other words,
there are no bequests. At time- a with a > 0, assets of high- and low-skilled
individuals (ngtﬂ) depend on their assets in the previous peri@@ia_l) plus
an interest rate as well as on current expenditures (consom@nd incomes
(labor income, pension benefits and other welfare transfdfsrmally, at the
beginning of their first period of life (whem = 0), Z&t = (0 forallt. Fora > 0,
aggregated assets, fpe= h, [, correspond to:

Zc]1+1,t+a+1 = R:+aZ(jz,t+a + ¢iNa,t+a[(1 - Tﬁi—a)(l - 6g+a))‘gz,t+awg

_(1 + th+a)ci,t+a + (1 - )‘g,t+a)b{+a + ?/)tfgwg] (16)

where N, ., represents the number of individuals of age clasizing at time
t + a, ¢] is the proportion of individuals of skill typg among generation

1.2.4 Firms

At each period of time and in each region, a representative dises efficient
labor (L;) and physical capitalK;) to produce a composite gooH;J. We assume
a Cobb-Douglas production function with constant retuonsdale:

Y, = K} (ALy)' ™, (1.7)

wherea measures the share of wage income in the national produtt ais an
exogenous process representing Harrod neutral techcalqgiogress.

Total efficient labor force combines the demands of highi-¢§Ki") and of
low-skill labor (L!) according to the transformation function characterizgdib
constant elasticity of substitution (CES):

Ly = [oi(Ly)7 + (1 = v) (L))", (1.8)

whereuv; is an exogenous skill-biased technological progresspgasdiefined as
o=1 — % with ¢ being the elasticity of substitution between high-skiltldaw-
skill labor. In the present version of the models set to 1 meaning that high- and
low-skill labor are perfect substitutes. In the labor méKabor is inelastically
supplied and wages adjust so that labor demand is equaldodapply at the full
employment level:

7
LI =Y "¢l Nas(1 = )N, (1.9)
a=0
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The profit maximization by firms requires the equality of tharginal pro-
ductivity of each factor to its rate of return:

; oL

I = (1-a)KrAoL ==t 1.10
Wi ( a) KA, t oL ( )
1+ OZKE{_I(AtLt)l_a -0 = Rt, (111)

where) represents the depreciation rate of capital &yds the regional interest
factor, defined in section 1.2.5.

1.2.5 Government

The government levies taxes on labor earning$ @nd consumption expendi-
tures (¢) to finance general public consumptiaf){ pension benefitsh{) and
other welfare transferiiﬂ). The government surplusSf) can be written as
follows for j = h, I:

7
Sy = 1" Z ngﬁ + 7/ Z Zﬁbg—aNa,t t;,t

j:{hvl} j:{h’l} a=0

7
= ) 0D Gl Naa(l =€) (1= N,,)

j={h1} =0

7
—t > wl Y ¢l Nay(1—el)(] = Vi, (1.12)

j={h,l} a=0

wherec! is a part of national income used to finance general publiodipg.
The government also issues bonds and pays interests o gebli. Thus the
government’s budget constraint may be written as:

dt-i-lYVt-l-l = R:dt)/t - St> (1-13)

whered represents the debt-to-GDP ratiy; is one plus the international interest
rate andS is the government’s surplus. Equation (1.13) says thatipudlebt in
t+ 1 depends on past debtimnd its interests, minus the government’s surplus
The evolution of the public debt is exogenously given. Sitnaasfers and taxes
on consumption are exogenous as well, the wage tax ratedjilstto satisfy the
government’s budget constraint (1.13).

Finally, in contrast to existing multi-regional modelsgtimodeling of the
pension systems should account for the skill-heterogenagents feature of our
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model. In fact, a social security system can be charactennéonly by its gen-
erosity or size but also by its redistributiveness (Pegti#899). In the following
equations, the first characteristic is captured by the cepteent ratey, and the
second one by the parametemwith both parameters comprised between 0 and 1.
Pension benefits for lowdY) and high-skilled §*) write as follows

by = Xeuwy, (1.14)

b = xs [pwr + (1 — phwy], (1.15)

A value forp close to 0 implies more redistributive pension systemseslaw-
and high-skilled would receive similar amounts of benefitewretired. Ifp is
close to 1, then pension systems are weakly redistributittereplacement rates
that are constant across income levels. This modeling all@gional pension
systems to be partly Bismarckian or Beveridgtan.

1.2.6 International capital market

In an economy with perfect capital mobility - up to a configmatrate on the
returns to capital (see below) - the aggregate value of waskkts equals the
market value of the world-wide capital stock plus the sumhe tlebts of all
regions:

S o= YK+, (1.16)

zeX zeX

whereX is the set containing each world region. Moreoveéf, is the sum of the
capital stock of region: at timet, €2 is the sum of the assets of all the cohorts of
regionz, d;Y,* is the level of region:’s debt at timet.

An economy with capital mobility is also characterized bg #rbitrage con-
dition of the returns to capital which requires the equatiéfween the rates of
return to capital in each region. However, there are seveeslons why capital
may not be perfectly mobile across regions. Transactiotsaosy reduce in-
ternational capital mobility, but cross-border investisemay also be refrained
by investment risks induced by a region’s poor instituticqaality. In fact, in-
vestors’ trust depends on the economic freedom within aregs well as on a
government’s capacity to enforce property rights and toagscorruption. Thus
we assume that, in each region, returns to investments hjecstio a confisca-
tion rate or a rent-seeking rate by the government. This scatfion rate captures

3Bismarckian systems can be defined as highly generous amly pedistributive, while Bev-
eridgian pension are small-sized and more redistribufités remains however a simplistic cate-
gorization (Pestieau, 1999).
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transaction costs and various investment risks faced bynational investors and
is modeled as a premium on the international rate of retucapital R*. A re-
gion’s domestic interest factdr is then equal to the international interest factor
R* up to the region’s confiscation rate

R, =R(1+n) (1.17)
The confiscation rate in each regions given by
™= 27T°, (1.18)
qO

whereq is the risk classification of a region as defined by the OECD®620),q°

is the highest attainable risk rating amtlis the maximum confiscation rate. The
confiscation rate depends on the region’s risk classificatle riskier the region,
the higher the premium. This means that in a region with aretkg close to the
maximumg?, the confiscation rate will be close to the highest possibers.

The confiscation rate is modeled here as a government tax on the returns to
capital. In a risky region, the confiscation rate is the padroinvestor’s return
to capital levied by the government and used in general psgpkending i.e. it is
not redistributed to households or firms. A positive rergkseg rate will induce
a regional interest rate that is larger than the internatiome and investment
in this region will be lower than in the absence of such rexgkeng. In North
America, Western Europe and Japan, investment risk is zero.

1.2.7 Equilibrium

Definition (Competitive Equilibrium) Given an initial stock of capital K; },—o,
an exogenous demographic structure summarizefiMy; },—o.7,:>0, an exoge-
nous distribution of high-skilled individual{sbi,t_a}azo,,m:h,l,tzo and an initial
distribution of wealth £7 ,, . }a—1.7.=0,j=ns With {Z , = 0},_0,1>0, @ COMpetitive
equilibrium in an economy with perfect capital mobility, tapa confiscation rate,
is

* a vector of individual variable$c;t}azo__ztzo,j:hl that are the optimal so-
lutions to the households’ maximization problem, i.e. diqgug(1.3) subject
to (1.4);

* a vector of the firm’s variable$ K, L{}tzo,j:w that maximize the firm’s
profits subject to technology (1.7);

* a vector of income taxe§r;”} balancing the budget of the government
(1.13);
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* a vector of wage$w{}t207j:h,l such that labor markets are in equilibrium

% an interest factof R, },>( satisfying the no arbitrage condition of the rates
of return to capital, i.e. equation (1.17) holds;

= and finally, an international interest factdr; satisfying the equality be-
tween the aggregate value of world assets and the markee \auhe
world-wide capital stock plus the sum of the debts of alloagi i.e. equa-
tion (1.16) holds.

The equilibrium on the goods market is achieved by Walrag:ldable 1.2
summarizes the model’s structure by presenting its equatimd endogenous
variables.

1.3 Calibration of the baseline scenario

In this section we describe the data and explain the caidoraif the parameters,
the observed and unobserved exogenous variables. We dise ttee baseline
scenario and the assumptions on the future. Finally, wetitile the population
aging process that occurs all over the world in the 21st cgnfliherefore, we
focus on the evolution of the support ratio, which is a gene@icator of the
aging process. The support ratio is defined as the numberopigef working
age for one pensioner.

To forecast the economic consequences of an aging worldatogpy we cal-
ibrate the model economies of ten world regions. This calibn is achieved by
fixing some constant parameters, using data for observegkexas variables and
choosing (arbitrary) values to unobserved exogenoushiasan order to match
a series of characteristics.

The baseline predictions are based on official demographécésts and ex-
trapolate the trends observed in the last decades (in tereducational attain-
ment, productivity growth, public consumptions, publibtegenerosity of wel-
fare programs, etc.). More precisely, the evolution of thpydation is based on
the United Nations Population Projections, which covergéeod 1950 to 2050.
These forecasts are calibrated through the growth rateeojdhingest cohort of
individuals. The projections on thege structureof the population are matched

4In an open economy, the goods market is in equilibrium whemestic output equals the
demand - both domestic and foreign - for domestic godds= C; + I, + G + X; — M,,
where(; is total consumption]; is investment(s,; is government expenditure add, — M, is
the trade balance, i.e. expo¥§ minus imports purchase®l;. In terms of the model/;, =
Kt+1 — (1 — 5)Kt anth = CgY}
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Table 1.2: The model’s equations

ENDOGENOUS EQUATION EQUATION
VARIABLE NUMBER
Ny Not = my_1Ngi—1 (1.1)
N; to Ny Na+1,t+a+1 = Pa+1,t+a+1N0,ti for a= O, ceny 7 (12)
d to cé Ci+17t+a+1 = Rt+a+lcz,t+a’ for a=0,...,6 (1.5)
andj = h,l
cl 27 M(l +7f )cj (1.4)
7 a=0 ngl R;‘F’U t+a/“a,t+a .

— 7 a,t+a J

B Za:O 151 Ry, ~atta

where ‘ . ‘

I¢Jz,t+a = )‘fz,t{ra(l - ,€'Z+a)(1 - T;?)Fa.)w-nga

+(1 - /\'Zz.,t+a)bg+a + 1/’t+a@w'g+a

7 7] Zg-ﬁl,t-ﬁ-a-&—l = Rt-ﬁ-aZZ.,tJra ‘ ‘ . (1.6)

+¢gNa,t+a [(1 - Tgia)(l - ¢g+a))‘;,t+awg o

—(1+ th+a)cz]z,t+a +(1— Afz,tJra)ngra + 1/’t<zjzw€]
T dit1Yip1 = RidYy — Sy (1.13)
bt bl = xpw! (1.14)
b by = xe[pwt + (1 — p)wi] (1.15)
Y Y, = Ko (ALt a.7)
L Ly = [o (L))" + (1 = ve) (L})7]° (1.8)
w! Li = Yo $l-aNaa(l = €)X, (1.9)
Li wi = (1—a)KpA; "Ly * 9k (1.10)
R Srex U = Caex (K7 +diYy) (1.16)
R Ry =R;(1+ ), (2.17)
T = q%wo (1.18)
K Rt =1 + Oé(Kt)a_l(AtLt)l_a - 6 (111)
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through each cohort’s probability of being alive at the rettiod. After 2050 the
growth rate of the first cohort and the probabilities of beatige are held constant
over time. Individuals live for 8 periods of 10 years, herfoe population struc-
ture starts from an initial state in 1870 and reaches a firaldst state in 2130.
Our model uses thBynare algorithm to solve for the perfect foresight general
equilibrium transition path of the econormy.

Before turning to the description of the calibration of alveel and unob-
served variables, let us first observe that two paramétargl« are set a priori
and are assumed to be identical for all the regions. As Inagowth in the 21st
century: Forecasts with an overlapping generations motigl) fve argue that
there is no reason to think that these parameters shouéd diffoss regions. We
use an annual depreciation rate of capital of 5% like in Cic&jret al. (2005)
and de la Croix & Docquier (2007), which implies thaéquals 0.4. The capital
share in outputy is set to one third, 0.33, as estimated in the growth accognti
literature (see also GTAP, 2008).

1.3.1 Observed exogenous variables

Table 1.3 exhibits the values of the time-constant transfefiles in percentage
of labor income, while other observed exogenous varialiesdiaplayed in table
1.4.

Social security transfer profiles¢Z. The social security transfer profiles of each
educational group are assumed to be stable over time. Thdatahe social se-
curity transfer profiles¢’) come from US and European generational accounting
studies (Chojnicki, 2005). For the US, he disaggregateptbéles in the ho-
mogeneous agent study of Gokhale et al. (2000) by indivglealucation level:
below high school, high school and above high school. Thesflgs are also
used in Chojnicki & Docquier (2007) and comprise eight typésansfers: old
age security, disability insurance, medicare and medicaidmployment insur-
ance, general welfare, aid to families with dependent ohidfood stamps and
finally, educational transfers. In our model we take theayeprofiles of the two
first groups as the profiles of ‘low-skilled’ individuals foéihe North American
region. For the Western European region, we rely on the sgp®s tof transfers
by using the European data in Chojnicki (2005), which stesmfiCrettez et al.
(1999). The time-constant transfer profiles for Japan asarasd to be similar
than in Western Europe. For the developing regions datardyhavailable and
since we believe transfers to be less generous in theseneetfian in Western

5The Dynare pre-processor consists of a collection of MATLABSCILAB routines and
applies a Newton-type algorithm to study the transitory aiyits of non-linear models. The
details of the algorithm used in Dynare can be found in Jwil{4996).
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Europe, the profiles are set equal to the North American wesstable 1.3).

Table 1.3: Time-constant transfer profile§% of labor income)

Age groups 15-24 25-64 65-74 +75
WEU and JAP
High-skilled 3% 6% 10% 15%
Low-skilled 10% 18% 20% 22%
NAM and other regions
High-skilled 05% 1% 6% 12%
Low-skilled 7% 12% 20% 25%

Source: Chojnicki (2005) and own computations.

Table 1.4: Values for observed exogenous variables

Region  WEU NAM JAP EAS MEN LAC SSA RUS CHI IND
d2000 6.10% 6.62% 13.4% 0.35% 0.43% 0.41% 0.32% 0.30% 0.18% 0.25%
So00 19.6% 14.9% 16.5% 16.4% 15.4% 15.0% 15.0% 16.3% 12.5% 11.0%
q 0 0 0 3.40 3.95 5.19 6.40 6.17 3.18 4.89
$2000 30% 55% 35% 20% 15% 15% 5% 25% 10% 10%
$1990 28% 53% 32% 19% 13% 15% 4% 33% 7% 6%

Source: OECD (2006a,b), WDI (2007), Barro & Lee (2001a) amsh@omputations.

Public debt, d;, and public spending,c/. Public debt and public spending are
computed from the World Development Indicators (WDI, 200&¥ceptions are
the public debt of Western Europe and Japan, which are aatdiom the OECD
(2006b).

Share of high-skilled individuals, ¢,. The share of high-skilled individuals is
computed from the Barro and Lee data set (Barro & Lee, 200d@agh gives the
proportion of high-skilled individuals aged 25 to 74 for thears 1950 to 2000.
We have to disaggregate this data to obtain the share ofdkidjled individuals
per age group. It is not unreasonable to think that at eadbgére proportion
of high-skilled is highest among the youngest age classespatticular, we
assume that the share of high-skilled aged 65 to 74 correspimn80% of the
share of high-skilled aged 55 to 64, which in turn is equal@868of that of the
45-54, which finally corresponds to 80% of that of the 35-44 which finally
equals 80% of the share of high-skilled aged 25-34. The sifggest-secondary
educated individuals of the older age classes, 75-84 arg#135-also determined
by this “80%” assumption. The age specific proportions ohksgilled are then
a function of the proportion of the high-skilled aged 25-8#4jch is computed
in order to match the total share of high-skilled in 1950 giy the Barro-Lee



1. MONALISA:
A MULTI-REGIONAL OVERLAPPING GENERATIONS COMPUTABLE GENERAL EQUILIBRIUM MODEL
22 WITH INTEGRATED CAPITAL MARKETS AND SKILL-HETEROGENEOUS AGENTS

Dataset. We thus have all the age specific proportions of$kgled for the year
1950. The next step is to report the values of the shares bfskidled among
the 25-34 to 65-74 aged individuals to the following yearsr Example, the
proportion of high-skilled aged 35-44 in 1960 is equal toghare of high-skilled
aged 25-34 in 1950 (as we assume that the high- and low-kitldividuals
have the same probability to be alive at the beginning of @&ciod). For all the
following years, the proportion of high-skilled aged 25484l again adjust to
match the aggregate values of Barro and Lee. Moreover, e sifi high-skilled
aged 15 to 24 in 1950 is simply equal to the share of higheskidlged 25-34 in
1960. Finally, for the years preceding 1950, we simply apipé/shares of 1950
to the previous years e.g. the share of high-skilled age@47i5-1940 correspond
to the proportion of high-skilled aged 85-94 in 1950.

Region specific riskqg. We use the data available from the OECD (2006a) for
region specific risk; which rely upon the Knaepen Package methodology. The
Knaepen Package is a system for assessing country crdditmisch classifies
countries into eight country risk categories (O - 7), fronrisé (0) to high risk (7).

It basically measures the country credit risk, i.e. theliilaod that a country will
service its external debt. To compute the risk classifiogber region, we take an
arithmetic mean of ratings of the available countries. Fesi&rn Europe, North
America and Japan the risk is nil, it corresponds to 3.4 ferEhstern Countries,
to 3.95 for the Mediterranean World, 5.19 for Latin Amerita,6.40 for Sub-
Saharan Africa, to 6.17 for the Russian World, 3.18 for then€se World and to
4.89 for the Indian World.

Demography, P, ;., and m,. Population growth rates and probabilities of being
alive for the period 1870-2200 are obtained in two steps.hinfirst step, we
compute the probabilities of being alive and the populagoowth rates for the
period 1950 to 205@irectly from the dataset of the U.N. Population Division,
which predicts the population per age group from 1950 to Z66@lmost every
country in the world. By applying the probabilities of beialive of 1950 to the
years 1880 to 1940, we obtain the age groups 15-24 to 75-8944, the age
groups 15-24 to 65-74 of 1930, and so on until the 15-24 yddrefd.880. Sub-
sequently, we derive the population growth rates until 1886 hold the growth
rate of 1880 constant for the years before 1880 and applyaime probabilities
of being alive as in 1950. By proceeding like this, we canaesthe age groups
25-34 to 85-94 of 1880, the groups 35-44 to 85-94 of 1890 thndil75 to 84 years
old of 1940. The age groups beyond the year 2050 are creatagdying the
probabilities of being alive of 2050 to the years 2060-2113@ fixing the popula-
tion growth rate to 1 from 2050 onwards. This implies thatgbpulation size as
well as its structure will be constant from 2130 onwards.
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However, the probabilities of being alive, obtained in timst step, appear to
be larger than 1 for some of the regions and for some age slésee mainly
the regions WEU, NAM and JAP). Probabilities of being alikattare larger than
1 in some regions, may only happen if people migrate. Howivaigration is
allowed in the model, it would generate furtregent heterogeneitypecause mi-
grants may have different characteristics than natives @@fferences in human
capital, assets etc). There should then be at each periotbardch age class,
multiple human capital levels, different accumulated tssg&r natives and mi-
grants etc. This would complicate by much the computatiothefsteady-states
and the dynamic path of our baseline as we already have, mregon and at
each period, individuals that differ in terms of age (8 agessés) and in terms of
skills (2 skill types).

Hence in a second step, we exclude this implicit migrationtaimed in the
data. We introduce these migrants (i.e. the “additionafividuals generated by
probabilities that are larger than 1) right from the starthie destination regions
by assuming that they have the same characteristics thaesain other words,
individuals migrate at the age of 15 years and start to liveatlly in the region
of destination with total assimilation to natives. Thus nigration occurs during
people’s life in this model. In fact, in order not to have anglpabilities to be alive
above 1 at the ages 25-34 and 35-44, we replace in all then®tiie probabilities
of being alive at the ages 25-34 and 35-44 bywioeld averagegprobabilities. We
then recompute the first two age classes according to the rabalpilities. This
slightly changes the population of the first two age classesch period and for
each region, by keeping fixed the total world population ektihtwo age classes.
We also assume that no explicit migration will occur aftery&ars. We put an
upper bound of 1 if a probability of being alive exceeds oneaafpe groups above
45 (which happens just a few times). Our procedure impliasttie population of
age groups 15-24 and 25-34 is increased in migrants’ regenagions, whereas
the one in origin regions reduced. Even though the size sithgo age groups is
slightly changed, this calibration reproduces very adelyahe structure of the
population of the original data.

1.3.2 Unobserved exogenous variables

Values for unobserved variables are presented in the tat3esnd 1.6.

Labor participation, )\g,t and )\Zi. The labor patrticipation rates of high- and
low-skilled individuals (respectively”, and X} ,) are set to 1 for the age groups
15-24, 25-34, 35-44 and 45-54. Individuals work until 60 intlae regions, i.e.
participation rates for individuals aged 55-64 equal Q@ & 0.5), excepthigh-
skilled individuals in North-America, Japan and Westermdpe who work until
62 ()\Q,t = 0.7). The participation rate for the three last age groups equat all
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Table 1.5: Values for unobserved exogenous variables

developed developing
regions regions

time spent in education (high-skilled) el 0.6 0.6
time spent in education (low-skilled) el 0.2 0

participation rate of the 55-64 old (high-skilled) A\ 0.7 0.5
participation rate of the 55-64 old (low-skilled) L 0.5 0.5
generosity factor in 2000 12000 1 1

GDP growth rate g 1.2 1.2

the regions.

Time spent in education,e” and e!. Time spent in education is set to 0.6 for
high-skilled individuals, meaning that they obtain a setay school diploma (or
above) and start working at the age of 21. For low-skilledvilals ¢! equals
0.2 in North-America, Japan and Western Europe and O in dpiej regions,
indicating that they enter the labor force at 17 respecti¢él

Generosity factor of the social security transfers,,);. This factor is set by
assuming that the generosity factor increased during thegp&950-2000. It is
thus set to 0.25 before 1960, to 0.4 in 1960, to 0.55 in 1970, %an 1980, to
0.95in 1990 and to 1 in 2000 and afterwards.

Replacement rate,y; and the time-invariant pension scheme parametep.
We calibrate the replacement rate in order to match the sifgrablic pension
spending to GDP of the year 1990. The data for this last vieriabme from
Table A.5 of Palacios (1996) and from the World Bank (1994 &¥sume that
the replacement rate of 1950 corresponds to 3/4 of the on@34f. IThe replace-
ment rates of 1960, 1970 and 1980 are chosen in order to bulidear upward
trend between 1950 and 1990. The ones before 1950 are kepicaly to the
value of 1950, whereas the replacement rates after 1998spmnd to the value
of 1990. The pension scheme parametercaptures the redistributiveness of
the pension system and is specific to each region. We can Isgtrelying on
the data on the size and redistributiveness of pensionragdta several OECD
countries collected by Johnson (1998) and exposed in Ragi®99)F Accord-
ing to this data, the ratio of replacement rates between itfeebt and lowest
income levels is 0.33 in Canada and 0.5 in the United Stae&eTprecise, this
data reports replacement ratios for an average incomeadedefor incomes that
are half or twice as large as the average level. We take tleeatiteplacement

6Since data on the size of the pension systems in Johnson)(&68trises only several de-
veloped countries, we prefer to use the more complete ddatedforld Bank to calibratg.
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rates between the highest and lowest income levels as a apgybximation of
the ratios between high- and low-skilled wages. The raticepfacement rates
for North-America will correspond to the weighted averaf¢he Canadian and
US ratios (weighted by the population of both countries i)9 By using the
formulas (1.14) and (1.15) we can write this ratio in the temwh our model as
[p+ (1 —p)/H] whereH = w"/w!. Thenp is set in order to match the ratio
of replacement rates between high- and low-skilled indigid (the value off is
given below). We obtain a of 0.2 for North America, and similarly equals to
0.6 for Western Europe and to 0.8 for Jagane assume the developing regions
of our model to be Beveridgian and ge¢qual to O.

Table 1.6: Calibration of the replacement rgtéyear 2000)

WEU NAM JAP EAS MEN LAC SSA RUS CHI IND

Data:

PPE /GDP 9.2 6.5 5 8 2.8 2 0.5 7.1 2.6 0.6
Calibration:
X 4.16 515 396 506 1506 11.26 16.74 559 10.81 13.66

Source: Palacios (1996) and own computations. PPE stand8ublic Pensions Expenditures.

1.3.3 Technology and skill-biased technical change

Growth in the leader’s Harrod neutral technical progress, g,=A;, , /A;. Based
on observations, the future growth rate of the North-Anaaritechnical progress
is calibrated to 1.2, which means that the annual growthissgqual to 1.84%.

Table 1.7: Calibration of labor-augmenting technical pesg

WEU NAM JAP EAS MEN LAC SSA RUS CHI IND

Data:

Y/ Yy NAM 0.74 1 077 028 017 021 0.05 0.16 013 0.07
Calibration:

AJANAM 0.96 100 099 043 024 032 0.09 025 019 0.12

Source: WDI (2007) and own computations.

(year 2000)

Labor-augmenting technical progress, A; and the ratio of GDP’s,
Y;/Y,N4M | To obtain technical progressi), we use the distance of a region’s

"Pension systems differ quite a lot across Western Europmantiées, with the largest coun-
tries as Italy, Germany and France being Bismarckian (i.&h & large percentage of public
spending for social security systems to GDP and a less egdiskribution), while smaller coun-
tries as the Netherlands being Beveridgian. In contrasta@a and the United States are clearly
more Beveridgian than Western Europe, with a smaller sizelthve system and a more egalitar-
ian distribution of pension benefits across income levels.
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GDP (v;) from the leader's GDPY(***) computed as a ratio of GDP’g, /#;.
We proceed as in de la Croix & Docquier (2007), who use a bdckspiden-
tification method to calibrate Harrod-neutral technicabgress. It consists in
swapping the exogenous variable for the endogenous variabl¢/Y,Y4M and
solving the identification step with the Dynare algorithmllded (1996). The
ratio of GDP’s is computed by employing the data of the GDP mechasing
power parity from the World Development Indicators for tiheee years 1980,
1990 and 2000. We hold the value of 1980 (respectively 20006%t@nt for the
years preceding 1980 (respectively following 2000).

Skill-biased technological progressy;, skill premium H and o. The pa-
rametelr=1— % with e being the elasticity of substitution between high-skillan
low-skill labor. In the present version of the papeegquals 1 meaning that high-
and low-skill labor are perfect substitutes. Skill-biasechnological progress is
set by the same backsolving methoddasand matches a skill premiufd (= ﬁ—?
of 2.35 in all regions. This indicates that the wage of a tsghiled individual is
supposed to be 2.35 times higher than the one of a low-skiildididual.

1.3.4 Baseline and assumptions on the future

The model is calibrated on real data until 2000 as describ#uki previous para-
graphs. From 2010 onwards the values of the exogenous lewiate held con-
stant to the values of the year 2000. However there are socepgans and some
points deserve a comment:

e Population structure:The main driving force of the model over the*21
century is the evolution of the population structure, sitiee predictions
of the United Nations Population Projections last until@0%hus, as said
above, the growth rate of the first cohort and the probaditf being alive
are calibrated until 2050.

e Education: The proportion of high-skilled individuals among each new
generation is held constant from 2000 onwards. As youngrt®hoe more
educated than older cohorts (or in other words, cohorts lheiore 2000 are
less educated than those born in 2000 and after), it impiegsthe propor-
tion of educated workers continues to increase after 209¢hd long run,
the proportion of educated individuals will equal the prdjmm of educated
among the cohort born in 2000.

e Pension systemsdn line with the policies conducted in many developed
countries, we consider that pension systems will be leserges in the
near future because of population aging. To represent thesepated
forthcoming pensions reforms, our baseline scenario ffitat half of the
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215 century accounts for two changes compared to the year 2006, F
between 2000 and 2040, the retirement age is gradually ostbby 1/4
year for both low- and high-skilled individuals, meaningtkhe retirement
age for low- and high-skilled increases from respectiv€lyafd 62 in 2000
to respectively 61 and 63 in 2040. Formally, for the age gro&iB4, \.
(respectively\?) passes steadily from 0.5 to 0.6 (respectively from 0.7 to
0.8) over the period 2000-2040 in Japan, Western Europe anith Mmer-
ica. Second, the replacement rate of developed regiondused implying
lower pension benefits in the next decades. Between 200004t the re-
placement rate in North-America is gradually reduced frdnb% to 36%,
the one in Western Europe from 42.5% to 37% and one in JapanX7o5%
to 22%.

e Harrod neutral technical progressin the baseline scenario, the distance
of the Harrod neutral technical progress of each region ¢otéchnical
progress of the leading economy (4¥4M) is assumed to be constant af-
ter 2000. Our baseline accounts however for a catch-up of&Clhndia and
Eastern Europe to North America. This would be in line with tacent ac-
cession of the majority of the Eastern European countriésegd-uropean
Union and with the last years’ increased growth pace of ladid China.
Likewise the assumptions of the Ingenue (2005), the Ea&teumtries will
have increased their technology level by 25% in 2100 contperéNorth
America, while both the Chinese and Indian regions will hdwebled it by
2100.

Technology

The path of the so obtained labor-augmenting technicalrpesgis depicted
in figure 1.1. North America is the leader at the beginninghef ¢econd half of
the 20" century and is ahead all along thes2dentury? The technology levels of
Japan and Western Europe are respectively at 99% and 96% oh#hof North
America from 2000 onwards. The drop in the productivity leviethe Russian
world after 1990 is explained by the fall of communism, whhe Chinese and
Indian worlds see their technology improved. Moreover, thueur convergence
assumptions, the technology levels in the Eastern cognamel in the Chinese
and Indian worlds continue to rise after 2000 while the onkeallothe other
regions remain fixed at their 2000 level.

Demographic evolution of each region
Figure 1.2 describes the evolution of the support ratio,neéefias the num-
ber of individuals of working age for one pensioner, overpleeod 1960-2050.

8Japan has a slightly higher technology level than North Acagn 1990.
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This ratio decreases in the long-run for all the regions dbat different pace for

each region, because the aging process is not synchronaugyaeygions. Nev-

ertheless there are some similarities for some regionsalRarst all of them, the

support ratio strongly declines between 1980 and 2050. Xbeption is Sub-

Saharan Africa where the support ratio only mildly dimirg@shoetween 1980 and
2020, then weakly recovers until 2040 and starts to drop dtaantury.

Figure 1.1: Evolution of labor-augmenting technical pexy
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Moreover, we can distinguish two groups of regions acc@rdintheir aging
pattern. In the first group, the Russian World, the Eastemm@ts and the three
developed regions with North America, Western Europe apddasached a low
support ratio by the end of the 20century, with less than 8 people of working
age for one pensioner in 1980. Due to a huge decline in tgréfter World War
II, Japan is the fastest aging region and has the lowest nuaflveorking aged
relative to elderly from 2000 onwards. The second group giores comprises
the other five regions and is aging at a slower pace than thegfosip. These
regions start the 21century with more than 11 individuals of working age for one
pensioner, but have to cope with a very strong fall in thgipsrt ratios during the
215 century, which makes them slowly converge to the levels effitst group.
Among these regions, the Chinese world will age most rapa#iya consequence
of its ‘one child’ policy. From 2050 onwards, the size of theupgest cohort in
each region is assumed to be constant implying that supgiosrstabilize after
2100.
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Figure 1.2: Support ratio (ratio of working aged to pensishe
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Figure 1.3: Annual growth rate in the working age populatib®-64)
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Figure 1.3 depicts the annual growth rate in the working ageifation, which
is declining by the end of the Z0century in all the regions. One exception
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is the growth ratein the 15-64 age group of Sub-Saharan Africa, which rises
until 2010 and falls afterwards but at a slower pace than tigeod other regions.
Moreover since its growth rate is always positive, the wagkage population in
Sub-Saharan Africa is increasing all along $i¢ century. Besides Sub-Saharan
Africa, some other regions have see their working age pdipualgrow during the
first half of the 2% century: the Middle East and North African region, the Imdia
world, Latin America and North America. North America is thiely developed
region that does not experience a reduction in its workirg@gpulation, mainly
because of immigration. In 1990, the Chinese world has tijledst growth rate in
the working age population after Sub-Saharan Africa, bigrafards the growth
rate in the 15 to 64 years old individuals declines and besamegative in 2040.
In the other regions, i.e. Western Europe, the Russian witrdEastern countries
and Japan, the working age population decreases duringahtist first half of
the 2F century. Finally, as the size of the youngest cohort is assiimbe stable
from 2050 onwards, the growth rates in the working age paul®f each region
start converging in the second half of the’2dentury and the size of the 15-64
age group becomes constant in each region from 2100 onwards.

1.4 The world economy under the baseline scenario

The above described calibration process delivers a dynaquidibrium path for

the world economy. Population prospects are availabld 8680, but gener-
ate population dynamics until 2130, since individuals kve(a maximum of) 8

periods of 10 years. Afterwards, populations become statyo The world econ-
omy continues however to grow at a steady state annual gn@atehof 1.84%.

Our period of interest is 2010-2100. In the following paeggrs we describe
the baseline scenario over this period in terms of the iatéwnal capital market,
economic growth and current accounts.

The world interest rate is determined on the world capitalketzby equating
the world demand and the world supply of capital. In a contéxglobal aging,
the world experiences a decline in the growth rate of its wwylage population
(potential labor force) and a rise in the capital to efficiiitor ratio. This is
translated by an increase in the marginal productivity bbtavhereas marginal
productivity of capital decreases. The world interest fatis to reach a low in
2040 (see figure 1.4). From 2050 onwards the interest rafietlsliaugments with
the recovering and stabilization of the world support ratio

The annual growth rate in the world GDP follows a similar as world in-
terest rate (see figure 1.5), by going through a huge deditteeabeginning of
the 21 century due to strong population aging and stabilizingré&@60 around
an (exogenously imposed) 1.84% annual growth rate. Figireeports a gen-
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Figure 1.4: Evolution of the annual world real interest rate
4.0% -

3.8% -

3.6% -

3.4%

3.2% A

3-00/0 T T T T T T T T T T T T 1
2010 2030 2050 2070 2090 2110 2130

eral slow down in the GDP growth rates at the regional levednFmid-century
onwards, when the population structure begins stabiljzimggrowth rates in the
regional GDP’s converge. Actually there are two drivingcts behind the re-
gional GDPs’ growth rate: the dynamics of the working ageuaton and the
evolution of technology. After 2000, the GDP growth rateslbthe regions are
declining due to the demographic evolution and convergenbyend of the cen-
tury when their population structure stabilizes. Regiorth Wigh growth rates in
their labor force maintain a more pronounced growth rates.gs Sub-Saharan
Africa, the Indian region and the Middle East and North Adricregion. The
catch-up to the leader in terms of technology mitigates #wie in the GDP
growth rates of China, India and the Eastern Countries ahaties a convergence
to the other regions’ GDP growth rate only in 2110.

On the supply side of capital, the evolution of the net savatg, i.e. the ratio
of aggregate savings of all cohorts to GNI, is determineddialgraphic changes
(figure 1.7). Regions facing serious aging of their popatafstrongly decreasing
support ratios) see their saving rates decline sharplydtiie first half of the 21
century. This is the case for the Eastern Countries, Ruda@an and Western
Europe. While North America belongs to the regions with a émpport ratio, its
saving rate is less affected, because it maintains a pegitowth rate in its labor
force thanks to large immigration. Latin America, India ahd Middle East and
North African region, have a similar aging pattern and eiqrere a quite parallel
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Figure 1.5: Annual world GDP growth rate
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trajectory in their saving rate. Thanks to a quite strongease in its labor force
and a high support ratio at the end of thé"2@ntury, China is the region with the
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Figure 1.7: Regional saving rate (% of regional GNI)
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Figure 1.8: Gross investment (% of regional GDP)
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highest saving rate at the beginning of thé&'ZE&ntury. Afterwards, the growth in
its labor force slows down and its support ratio drops, legdb a fall in its saving
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rate. Finally, being the region with highest share of wogkaged to pensioners
and with one the strongest growth in labor force, the Sula@ahAfrica sees its
saving rate rise until 2070.

On the other hand, the demand side of capital, representedebsatio of
gross investment to GDP, is characterized by a slightlyeesing trend over the
century, which is less strong than the one in the saving figheré 1.8). Thus as
in Aglietta et al. (2007), the world interest rate is mosttiwven by the movement
on the supply side of capital. The reason is that on the dersidedf capital, the
negative effect of a declining labor force on capital acclation can be partly
offset by increases in capital intensity. In fact, grossestment is defined as
I, = K1 — (1 — 0) K, and depends thus on net capital accumulation and capital
replacement. In turn, capital stock rises with employmeuat\aith capital inten-
sity, which is increasing in technology and decreasing &r#turn to capital and
in the confiscation rat&.We also observe that developed regions keep a perma-
nent higher investment rates than developing ones becéuisgher technology
and of the absence of rent-seeking. Among the developednggiapan and to a
lesser extent Western Europe undergo a marked declineestiment until 2050
due to their declining labor force, while the investment tbR5ratio in North
America is less affected by aging. In contrast, in regionengtihe population is
aging at a slower pace, India, Latin America and in partic8lzb-Saharan Africa,
the investment to GDP ratio is even slightly increasing miyithe first half of the
215 century.

In an open economy, international trade is determined bgdglality between
net exports and net capital outflows. In our model, as it isdded in this litera-
ture'®, every region produces one consumption good and these goedsper-
fectly substitutable. Thus we are confronted with a sugalle view of interna-
tional trade i.e. trade is driven by net capital outflows. r€at account balances
are computed as the change in net foreign as8éfs4) which are themselves de-
fined as total assets minus the sum of capital and deébtl; = Q, — (K, + d,Y}).
Current account deficits or surpluses arise from differshetween domestic sav-
ing and domestic investment. Figures 1.9 and 1.10 plot thkigon of the current
account balances as a share of regional GDP respectiveshaseof world GDP.
Our results on current accounts are compatible with Bro2gk83). When baby
boomers dissave during retirement in thé'Zentury, figure 1.9 shows that North
America and Western Europe will depend on foreign capithkese demands for

®Capital intensity can be written g5 = [ﬁ} =

Owe refer to the specific strand of the literature dealing witarnational capital flows in large-
scale multi-regional CGE models. One exception is the stemnsion of the Ingenue model,
“Ingenue 2", which incorporates regional-specific intedilmée goods which are perfectly substi-
tutable and implies imply the existence of real exchangesraetween the different regions(see

Ingenue, 2005).
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Figure 1.9: Current account balances (% of regional GDP)
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Figure 1.10: Current account balances (% of world GDP)
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capital are largely financed by the regions of the Chinesdd/ord Latin Amer-
ica and Caribbean. Moreover, the behavior of the currerdwataof Sub-Saharan
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Figure 1.11: Ownership ratio
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Africa is also similar to Brooks (2003) and to the ‘J2’ regiohAglietta et al.
(2007), which groups high fertility regions and comprides African continent.
We find that Sub-Saharan Africa will import capital or haveesylow current
account during the first decades of the’2dentury, because of high population
growth.

In the second half of the 24.century, disparities in current account balances
across regions are significantly reduced (this can be seemnctearly from figure
1.10). By the end of the 2%century, Western Europe runs a deficit representing
-0.53% of world GDP, which fits with the -0.75% long run defioiAglietta et al.
(2007). However in the latter study as well as in Ingenue $208orth America
has a slightly positive current account. Our path of the edonomy suggests
that three developed regions remain in deficit during thelevhentury, but after
mid-century their current account balances improve wheir gfopulation stabi-
lizes.

Ownership ratios indicate the net external position of éoregnd are defined
as the ratio of assets to the sum of capital and debt. A regittmam ownership
ratio above (respectively below 1) is a net creditor (respely a net debtor) to the
rest of the world. North America, Western Europe and Indearaat debtors over
the whole 21’ century (see figure 1.11), since they accumulate currermusatc
deficits over the whole period. Japan is a net creditor at gggnining of the
century but becomes a net debtor from 2030 onwards when riterduaccount



1.5. AN INCREASED POPULATION SCENARIO IN WESTERN EUROPE 37

balance goes into deficit. This is comparable to the findingBrboks (2003)

and to the slowly decreasing pattern in the Japanese cwacenunt in Ingenue
(2005). China’s external position goes the opposite dwactThe large current
account surpluses at the beginning of thé' Z&ntury turn China into the main
creditor region with a current account balance convergirthe ones of the other
developing regions after 2030.

1.5 An increased population scenario in Western
Europe

This section aims at demonstrating the importance of entpigg capital mobil-
ity and capital accumulation. To do so, we propose to ingagtithe implications
of a very simple scenario, in which there is a fertility boamWestern Europe
in 2010. To show the importance of capital mobility, the angences of this
scenario are analyzed in a framework where the regions dyefihancially in-
tegrated and in a closed economy environment, where thermegre completely
independent of each other. Besides, general equilibritectsfprove to be signif-
icant. The population shock arising in a framework wheratehpccumulation is
endogenous is compared with one happening in a partialiequih framework
where the capital stock is fixed.

The considered scenario assumes that 100 million additiod&iduals are
born in 2010 in Western Europe. These additional individwake assumed to
have the same reproduction rate and probabilities to be atieach period as in-
dividuals living in Western Europe in the baseline. As a eguence, population
will be permanently increased compared to the baseline nihgber of 15 to 24
years old in Western Europe will augment by 177% leading td% 2ncrease
in the Western European population in 2010 compared to theliba (see figure
1.13.a). At the world level, population increases by 1% ia@@nd by 4.3% in
the long run.

Even if our scenario consists of enlarging the size of th4&ge group
only in 2010, the support ratio (ratio of individuals of worl age to pensioners)
will be improved over a longer time period (see figure 1.12lb)fact the 100
million persons added in Western Europe in 2010 will augntieapopulation in
successive periods since they procreate. Thus Westerp&uwunid face a steady
increase in its labor force during the first half of the* without experiencing a
rise in the number of pensioners. The augmentation in thpatipatio will be
highest in 2050 with a 177% increase compared to the baskfiee 2050, the
new-born individuals retire and the support ratio will etteally come back to its
baseline value in 2080.
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Figure 1.12: Demographic impact of an increased populatenario (% change
from the baseline)
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1.5.1 Capital mobility versus no capital mobility

Under our framework, capital is mobile between regions ug tegion specific
confiscation rate on the returns to capita).(In the following analysis we com-
pare the effects of an increased population in Western Euroder the MONAL-
ISA framework, labeled ‘open economy’, and under no capitability, labeled
‘closed economy’. We show that the increased populationasoe yields distinct
outcomes whether performed in a closed or open economygefthis confirm
the findings of Aglietta et al. (2007) despite the fact that skhenarios they con-
sidered are linked to pension reforms. Lastly we also shavdbnsequences on
world variables (world GDP and interest rate) may differelsging on the region
in which the population increases.

Increased population will lead to a rise in the labor force.c& compared to
the baseline the additional-born individuals of 2010 spéné education in their
first period of life, the growth rate in the labor force will bgghest in 2020 when
they fully add to the labor force (figure 1.13.a). From 203@60x0, the labor
force still continues to increase but at a lower pace.

This boost in the labor force will reduce the capital to latadio and raise the
marginal productivity of capital. The Western Europeaeiast rate will increase
under the two frameworks, as shown in figure 1.13.c. UndeMBINALISA
framework, capital markets are fully integrated and thenedt rate of Western
Europe is equal to the world interest rate. The effects ohareased labor force
are diluted on the international capital market and the@sterate reacts less than
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Figure 1.13: Impact of an increased population scenario
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Figure 1.14: Impact on consumption profiles (% change froarbseline)
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in the closed economy framework. In a closed economy, tleetsfiof a rising la-
bor force are totally absorbed on the regional capital ntarkkicing an increase
in the interest rate of 1.13 percentage points in 2828fter 2030, the augmenta-
tion in the interest rate decelerates and, in the closedoeopisetting, the interest
rate is even reduced compared to the baseline. The reasoitisafithe growth
in the labor force slows down after 2020 and that the addiliordividuals start
to retire after 2050. From 2070 onwards, the populationcttine stabilizes. In
the closed economy, the interest rate goes go back to itéf@msalue and there
will be no change in the long run, since the increased pojpulacenario leads
simply to a rescaling of the Western European economy. lrofem economy
setting, the scenario has a long term impact. Since popul#iincreased in the
long term in Western European there will be a higher labozdan a relatively
more productive region. A higher long term interest ratestalelished because re-
gions are interdependent and differ in terms of demograpioguctivity, pension
systems, skills.

Compared to the interest rate, the impact on the wage is sedegffigure
1.13.d)*? The increase in the workforce leads to a higher saving radetlzuns
to a higher investment-to-GDP ratio (figures 1.13.e and.f).18 a closed econ-
omy framework, the higher demand for capital is provided bgndstic savings.
In the fully integrated world, the changes in the saving angstment rates are
not symmetric. In the first decades of the2¥ntury, the rise in the labor force of
Western Europe leads to capital inflows and to strong inergathe investment
rate. Since the interest rate increases less than in thedccexonomy setting, the
change in the domestic saving rate is relatively sitallhis implies a reduction
in the current account balance compared to the baselinesiitaion is reversed
after 2040 when the increase in the saving rate is more mahadthe one in
the investment rate (leading to an improvement in the ctiaecount compared
to the baseline). From this period onwards, the increadegsaving rate is also
higher than in the closed economy case because of a highiett¢nest rate.

The impact on the GNI growth rate is similar under both fraroew figure
1.13.b. In fact, in the closed economy the rise in the labozefdeads to higher
rise in the interest rate than in an open economy but to alachigher decrease
in wages. Thus changes in the prices of inputs compensateotaer.

However, this diverse impact on the returns to productigruis under the
two frameworks will affect in a distinct way the consumptimmfiles of the var-
ious age groups (figure 1.14). Let us first notice that aveagesumption is

The annual interest rate is 5.11% compared to 3.98% in thalibasn 2020.

2In the current version of the model, high- and low-skill latawe perfect substitutes and
moreover the skill premium is held constant (see sectidhd hnd 1.3.2).

13The saving rate even decreases in 2010 because the popuatiease is due to individuals
aged 15 to 24 who have negative saving rates.
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increased in general for every cohort. In the closed ecorfoanyework, average
consumption of the different age groups is enhanced with @man in 2050.
The consumption of the younger cohorts (i.e. the 15-34 yelalsis however
decreased in 2010 (figures 1.14.a and 1.14.b). These indigthave few assets
and do not benefit from the higher interest rate, but sufi@nfthe drop in the
wage rate. This also explains the downward peak in the iser@atheir con-
sumption in 2030 when these individuals are 35-64 yearsfgdrés 1.14.c and
1.14.d). At the time of the introduction of the 100 millioncational individuals
in 2010, the individuals benefiting most are the pensiorgnge they see their
wealth enhanced by the higher interest rate (figures 1.1dld 44.f).

In contrast to the closed economy setting, the maximum iratleeage con-
sumption of the different age groups arises at different eshin time in the
open economy framework: the highest increases in consampéppen in 2030
for the 15-34 years old, in 2050 for the 35-64 years old anddi@02for the +65
years old. This means that the individuals benefiting mashfthe population in-
crease belong to treamecohort, i.e. the one born around 2030. This corresponds
to the period where the fiscal effect is largest: the numbeoafributors is con-
siderably enhanced while the replacement rates and theeturhpensioners are
constant at the baseline level. In fact, in the fully intégdavorld, changes in the
returns to production inputs play a smaller role that in tlleed economy setting
and the main force explaining the changes in consumptiofilgsds the fiscal
effect. Nevertheless, as in the closed economy case, tlaigarin consumption
of the cohort born at the time of the “arrival” of the 100 noli indivuduals in
2010 experiences a downward peak. Again this can be explaya lower wage
rate for this cohort and which leads to lower asset accumonl#ian cohort born
before or after 2010.

1.5.2 General versus partial equilibrium and geographicadlif-
ferences

In this section we show that taking a general equilibriumrapph is important to
guantify the exact response of variables that are crucigdticy analysis. Also,
the geographic location of a shock matters since regiosrdif many aspects,
e.g. demography, productivity, welfare state, pensiotesys etc.

Under a partial equilibrium analysis, the capital stockeptkat its baseline
level and an augmentation by 100 million individuals in tregplation arising
in Western Europe leads to a 16% increase in its GDP in 2010r¢fif.15.a).
In the general equilibrium analysis, the response of the @Efers and output
rises by 24%, because the decisions of households and firtterrmaterms of
capital accumulation. In 2060, output is increased by 988&cpartial equilibrium
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Figure 1.15: Partial versus General equilibrium: GDP in W&Jchange from
the baseline)
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setting and by 176% when general equilibrium effects arentakto account. The
difference in output responses between a partial and dezeprdibrium analysis
is not only due to the full integration of the capital marketsfact, the difference
would still subsist within a closed economy framework, shmthat domestic
supply and demand of capital are important (figure 1.15.hjput is raised by
16% (partial equilibrium) and by 20% (general equilibrium®010.

The consequences of a population increase on aggregate vesihbles de-
pends also on the region in which such a shock arises. We aerttpaimpact of
a similar population increase in Western Europe and Sulas@ahAfrica. Figure
1.16.a shows that, except in 2010, the world populationtsfiected in a similar
way because reproduction rates differ across regionsduating 100 million in-
dividuals in Western Europe respectively in Sub-Saharaitéfn 2010 raises the
world population by 8.6% respectively by 13.5% in 2100. Thewal world inter-
est rate will augment in 2020 by 0.38 percentage points coadpa the baseline
if population increases in Western Europe, but only by 0.&T@ntage points if
population increases in Sub-Saharan Africa (figure 1.163mce labor is rela-
tively less productive in Sub-Saharan Africa than in Westenrope, the demand
for capital will be lower explaining the smaller magnituahethe response of the
world interest rate to a population boom in Sub-SaharancAfriMoreover, in
the long run, the world interest rate is enhanced (by 0.2ifpopulation rises in
Western Europe and slightly depressed (by 0.03 pp) if Suta%a Africa experi-
ences a population increase. The “arrival” of 100 milliodigidnal individuals in
aregion increases in its population in the long run and gadggher weight to this
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Figure 1.16: Geographical differences: Comparing a pdjgumancrease in WEU
and SSA
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region on the international capital market. When poputatises in Sub-Saharan
Africa, the world demand for capital is relatively less stilated and the interest
rate is negatively impacted in the long run. It matters thhene the population
boom happens. Furthermore, the impact on the world aggre€gBP will also
differ. In an open economy setting, the world GDP rises by 39in 2100 if pop-
ulation increases in Western Europe compared to 3.4% isergs&ub-Saharan
Africa experiences such a demographic shock (figure 1.1&c closed econ-
omy variant, world GDP increases by 28.9% (shock in Westemoje) and by
3.4% (shock in Sub-Saharan Africa). The impact on world GORIla be dif-
ferent even in the first period of the shock when the world petjpan increases
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in the same proportion. In 2010, the world population insesaby 2% whether
the 100 million individuals are introduced in Western Ewwap in Sub-Saharan
Africa, but the world GDP will still rise more, increasing By9% (demographic
shock arises in Western Europe) compared to 0.7% (demagrsipbck happens
in Sub-Saharan Africa).

1.6 Conclusion

This note introduces a multi-regional overlapping genenst computable gen-
eral equilibrium model of the world economy that takes intocaunt the skill
heterogeneity of agents. The model groups the countridseoforld into ten re-
gions and their population is calibrated on the data of theddriNations’ World
Population Prospects, which predict the evolution of thpypation by country
until the year 2050. Based on these projections, the modaritbes a path of
the world economy over the Z1century, in which capital is internationally mo-
bile. In such a framework, differences in the forecasted agaphic evolution
of each region affect international capital flows. This pagieo highlights the
importance of endogenizing capital mobility and capitatianulation. For this
purpose, the implications of a simple population shock ie ocggion are ana-
lyzed. Concerning the integration of capital markets, tbpypation shock leads
to different outcomes in a model where capital mobile or irbitfeobetween re-
gions. Moreover, the population increase will have a quiferent impact when
capital accumulation is endogenous or when the capitakstofixed. Besides,
geographical characteristics matter for the implicatiohsuch a shock on the
world economy: the response of the world aggregate outptiteonternational
interest rate will depend on the region in which the popatatncrease arises.

Lastly, this paper validates a model of the world economyictvimay serve
as the building block for future studies exploiting the Ickieterogeneous agents’
feature of our framework. Issues that could be addressegsenan exploration
of the consequences of skill-specific pension reforms orstiséainability of the
welfare state. The model can also be extended to examinenléecations of
high skilled emigration on migrants’ origin regions.
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Chapter 2

Replacement migration, labor
market characteristics and pension
systems:

North-America versus Europe

Abstract. This paper analyzes the impact of immigration on the coutidn rate
in North-America and Western Europe, when holding the gesigr of the welfare
state constant at current levels. This issue is addresdbdhvai calibrated overlapping
generations model featuring integrated capital marketso immigration policies are
considered: a selective one, where the majority of migrangs high-skilled, and a
non-selective one, with a majority of low-skilled migranttt is found that increased
immigration yields small fiscal gains and that both the galecand non-selective
immigration policies induce similar tax cuts. Increasimgmigration flows by 25%
between 2010 and 2050, when the majority of the additiongiranits are high-skilled
(low-skilled) results in a -2.13 (-1.83) percentage poirgduction in the contribution
rate in Western Europe in 2050 and in a -1.79 (-1.56) pergenfaints tax cut in
North-America. Furthermore, these policies are compaiiti iwalistic changes in labor
market characteristics. Results show that similar fiscedggeould be achieved as with
the immigration policies, simply by postponing the retiehage of low-skilled workers
by 2 years from 2010 onwards in Western Europe and by a gradtralase from 1% to
5% between 2010 and 2050 in skill-biased technical chanfjoith-America.

Key words: OLG-CGE Model, pension systems, replacement migratidmrlanarket
characteristics.
JEL classification: C68; H55; O30; J26; J61
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2.1 Introduction

Population is aging all over the world due to rising life exf@acy and declining
fertility. During the next 50 years, the number of people adrking age for
one pensioner will strongly decrease in many countries. henWnited States
and Europe-15, the average number of working-aged peeeetias equal to 5.2
respectively 4.2 in 2000; this number is expected to reaghmeapectively 1.9 in
2050! As public transfers are strongly ascending, such a dembigraiansition
imposes a strong pressure on the fiscal policy. In many dpedlcountries, it
will be impossible to maintain current levels of taxes/pendenefits and pay-
as-you-go (PAYG) pension systems are thus undergoingaeeforms. In this
debate, replacement migration is sometimes seen as a lgasgibto reduce the
burden of aging.

The debate on replacement migration was boosted by the gopgort of
the United Nations (2007). At first glance, such migratiotigi@s seem perti-
nent. Compared to policies that intend to raise the fertiites in countries with
a projected declining population, replacement migratasthe advantage of aug-
menting immediately the population of working age. Henbe, Wnited Nations
evaluated the size of replacement migration that is neadeffidet population ag-
ing and/or the population decline in many industrializedrdoies between 1995
and 2050. In one scenario, they determined the number ofamigmeeded to
hold the support ratio (i.e. the number of people of workigg &r one pen-
sioner) constant at his 1995 level until 2050. The study filds$ the numbers
of migrants that would be required are extraordinarily éarg’hus replacement
migration cannot by itself solve the problem of populatigimg. At most, it can
be considered as a solution onbgetherwith other policies that act upon the age
of retirement, labor-force participation, pension beseditd contributions to the
social security system. However, only relying on demogi@apariables, the UN
analysis suffers from major shortcomings. It completelgtedcts from the skill
composition of additional migration flows, from the crogs#otry differences in
welfare programs and labor market institutions, from a esiegdback effects on
wages, taxes and interest rates, etc.

Hence, macroeconomic models are required to accuratedgstise costs and
benefits of such policies. Although the implications of glbbation on trade,
outsourcing and foreign direct investment gave rise to avgrg number of stud-
ies, the literature on replacement migration has beenivekatforsaken. Four
strands of literature can be distinguished. The first kindtaflies relies upon
a generational accounting methodology; a second type dfestwsegheoreti-

IMedium variant of the population prospects of the Unitedidéet (2008) and own computa-
tions.
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cal OLG models; a third type of papers relies on single-couaknged-economy
computableOLG models; and finally one usesulti-countrycomputable OLG

models. As the last strand of studies, our analysis is baseth@pen-economy
multi-region CGE-OLG model.

Models using a generational accounting perspective aedahg impact of a
change in migration policy on the average fiscal burden eedthy different co-
horts of individuals. The study of Auerbach & Oreopoulosgapfor the United
States stresses that the net benefit of immigration on thal fistance is small
relative to the size of the overall imbalance itsetdn the other hand, Bonin et al.
(2000) for Germany and Collado et al. (2004) for Spain find itmanigration has
a positive impact on intertemporal public finance. Yet afigh studies agree that
a policy that acts upon the structure of migration flows (agél, and gender) has
more beneficial effects than one that simply increases thenmof these flows.

The issue if immigration can be a solution to the viabilitypeinsion systems
in aging countries has also been addressed in theoretidal®@adels. The most
cited is the two-period open-economy model of Razin & Sadi99). Their
model suggests that even though migrants may be low-skilkeldnet beneficia-
ries of a pension system, they provide a net contributiorutdip finance in the
period they arrive. In addition, all age groups living at tlmee of the migrants’
arrival are better off. As the time horizon of the economynifinite, the cost
of a permanent openness to migration is postponed to thdinitdefuture. In
the closed economy OLG model of Scholten & Thum (1996), nmtgdave a
negative effect on wages. Natives (i.e. the median votar)ateose the im-
migration policy, the outcome of which will depend upon thlye @f the natives.
Old individuals will choose a high immigration rate, becatramigrants improve
the situation of the pension system. The younger indivelpatfer a restrictive
immigration policy as immigrants have a negative impact @ages. In general,
the outcome is a too restrictive immigration policy andtlifee income could be
increased by fixing a higher but steady immigration rate.

The impact of immigration in mitigating future tax hikes isantified incom-
putableOLG models. One category of such models consistdaged-economy
computable OLG models. The well-known study of StorestetB900) explores
the case of the U.S. in a CGE model where agents differ in &gjés and legal
status (native, legal immigrant, or illegal immigrant). Anportant message of
this study is thaselectiveimmigration should be able to alleviate some of the
fiscal burden associated with the aging of the populatiomidght also provide an
alternative to a rise in taxes or a reduction in pension ben@fi order to finance
fiscal deficits)

2Chojnicki (2005) arrives at the conclusion by performingraikar study for France.
3In a similar framework, Chojnicki (2005) compares the pensystems of the U.S. and of
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The articles presented above were done for single countries closed-
economy setting. Our paper belongs to the last group ofesudihich develop
multi-country open-economy CGE-OLG models. Such modele leen devel-
oped to account for the effects of international capital iitglin mitigating the
effects of demographic transition, because capital mghiiduces factor price
responses to demographic shocks (see below). These madets dnd are not
particularly suited to address issues concerning replangmsince they feature
skill-homogeneous agents.One exception is the multerejimodel of Fehr et al.
(2004), which distinguishes three income classes of agemtalyze the conse-
qguences of skill-heterogeneous migration. They find thatréased immigration
does very little to mitigate the fiscal stresses facing thesliged world". Their
finding is similar to the one of Storesletten (2000): whilereased immigration
does little to reduce the burden of aging in the United Siaeise in the number
of skilled immigrants may be beneficial. But, they stressithereasing the num-
ber of immigrants is not unproblematic. If high-skilled ingrants come from
developed regions, it does not help the public finance of dweldped world. If
they come from developing regions, it may worsen the braamdithat is already
greatly depleting the human capital of developing regions”

Our analysis builds on a calibrated multi-region compgaiptneral equi-
librium (CGE) dynamic overlapping generations (OLG) moadeith integrated
capital markets between the regions. Studies advocatmgntbdeling of capi-
tal mobility claim that in a closed economy framework, a dgnaphic transi-
tion strongly raises the capital-labor ratio and affectédaprices in a more pro-
nounced way. As a consequence, interest rates are stroggased and wages
are strongly reduced. This reduces the saving rate sincegypaople are the
highest net savers and rely mainly on labor income. Cap@epdning may then
partly mitigate the negative consequences of a demogragarisition (Aglietta
et al., 2007; Borsch-Supan et al., 2006; Storesletten, , 28815). Our model dif-
fers from the study of Storesletten (2000) and from Fehr.€2a04) by different
aspects. While closer to the latter study, two differen@eshe highlightened and
may explain somehow different findings. First, our model pases also devel-
oping regions, which are considered as migrants’ regiomsigin, while in Fehr
et al. (2004), migrants to the developed world originatenfrautside the model.

France over the 21st century. In his CGE model, agents drerdiw-, or medium- or skilled.
He contrasts a scenario without any immigration at all anitbiaton with projected immigration
flows. The finding is that, in both countries, immigration lady a slight impact on public
finance and cannot be considered as a solution to populaing.aHowever, if a more selective
immigration policy would be applied, immigration could berteficial for the pensions systems
of both countries at least for the first half of the centuryteAf070, the positive effect on public
finance will be offset by the increase in the share of the parssin the GDP as the immigrants
getold.
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Apart from being more realistic, this feature allows us teess the impact of la-
bor mobility on migrants’ source regioAsMoreover, it allows to consider capital
mobility between developing and developed regions, amaltalsaccount for the
non-synchronous aging process in a more global way by ¢gtitie demographics
of developing regions come into play. Second, compared ko Eeal. (2004),
a more relevant difference for the issue addressed hergesion the modeling
based on skill-composition of agents. Agents are grouptxdskill groups ac-
cording to existing data on education levels (Barro & Le)1) and are either
high-skilled (post-secondary education) or low-skillbelow secondary educa-
tion). In Fehr et al. (2004) agents are categorized intcethmeome groups: low-,
medium- and high-income according to an arbitrary rule (80%0/10%). Thus
there is no difference in the skill composition across regjoas it is actually
observed between North-America and Western Europe. Merdavehr et al.
(2004), agents from the three income groups are perfectigitbs as in Storeslet-
ten (2000) implying fixed skill premia. However, accordilngicemoglu (2002),
low- and high-skilled workers are rather imperfect subgtis in production. We
account for this by introducing a constant elasticity ofditbtion (CES) function
for efficient labor®

Our study addresses two main issues. First, is increasedgnation be a
solution for paying the pensions of the elderly in developeantries? More pre-
cisely, building on the immigration forecasts of the Unit¢ations (U.N.) Popu-
lation Division, we consider two immigration variants in iwh migration flows
to developed countries are doubled between 2000 and 2069dith-America
and for Western Europe. In the first variant, the majority @vnomers are high-
skilled; in the second one, the majority of them are lowiskil We examine
the implications of an increase of 25% in immigration flowsween the 2010
to 2050 in mitigating the pressure on the contribution ratédoth regions in
North-America (Canada and the US) and in Western Europel(&Euvhen cur-
rent generosity of the welfare state is held constant. Twaignation policies are
studied: a selective immigration policy and a non-selectimmigration policy.
In the former 70% of the additional migrants are high-skilend in the latter
70% are low-skilled. A second objective is to compare the ignation policies
to “potential” changes in labor market characteristicseSéhpotential alternative
remedies to aging suggested in this study, as well as thedswed immigration
policies, can be thought of being “realistic" i.e. the magde of these policy
changes is not excessive. Such policies comprise a postporieof 2 years in
the retirement age of either high- or low-skilled workergradual acceleration

4This issue is beyond the scope of this paper, but will be adaain a further study.
SAnother interesting difference, linked to the skill-typlenmrkers, is the modeling of pension
systems that differ in their redistributiveness acrossoresg
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of skill-biased technical change (SBTC) from 1% in 2010 to 22050 and a
10 percentage points increase in the share of high-edupatgle. It can be
relevant to analyze such policy changes since, in the UrStates (US) and in
many European countries governments plan to or have alraldyed manda-
tory retirement age. Moreover, retirement regimes vargsecountries, but also
within countries since mandatory retirement age may fongxta differ across
sectors or professions. In fact, high educated workerscspene time in school
than low-skill workers and have thus shorter periods of gbations. But when
they enter the labor force, they usually contribute by higireounts to (and also
benefit less from) welfare systems. Furthermore, anothpoitant labor market
characteristic is the demand for skills. In fact, the lastadies have been char-
acterized by an increase in skill complementary technekgausing a rise in
wage inequality (between high- and low-skill workers) andverall inequalities
Acemoglu (2002, 2003a). An acceleration of SBTC may alsehaoplications
for fiscal policy through changes in the wage differentidie®en higher and less
educated workers. A maodification in the skill premium wilfeadt the tax base
and thus the contribution to the welfare state. Lastly, gbt@ducated workers
are contributing relatively more to the welfare in net terihsould be worthwhile
to see how an increase in the proportion of high-skilledcfféiscal pressure. In
particular, as the supply of skills is relatively high in td& compared to Europe,
it would also be interesting to investigate how pensionesystin Europe would
be affected when education levels of the European populafproach the ones
in the US®

Obviously, part of our results is driven by the model assuomst Three
main assumptions characterize the current version of thdemé&irst, the world
economy is characterized by free capital mobility. Secdmal; and high-skilled
workers are imperfect substitutes and policy changes kil taffect skill premia.

Within the limits of these assumptions and as previous studie find that
immigration has only a small impact in mitigating future tasikes. Another im-
portant finding is that of our study is that the impact of imratgpn in financing
pension systems has a similar impact as the other poteetr@dies in terms of
magnitudes. In North-America, a selective (hon-selegtivmenigration policy re-
duces the tax rate by -1.79 (-1.56) percentage points. Augitaatceleration in
skill-biased technical change from 1% in 2010 to 5% in 205@Malo a similar
job by cutting the tax rate by -1.78 percentage points in 2058Vestern Europe,
a postponement of the retirement age by 2 years from 2010rdswlacreases the
tax rate by -2.19 percentage points, while a selective @eective) immigration

SFollowing Cheeseman Day and Bauman (2000), who carry ogégtions of school atten-
dance for the US until 2028, we can consider that the propoaf high-skilled individuals in
North-America will not increase in the future, justifyingwvwe do not carry out a simulation of
a rise in the educational attainment for the North-Americagion.
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policy entails a -2.13 (-1.83) reduction in the contribati@te. Moreover, both
increased immigration policies have a quantitatively Emeffect in mitigating

the expected fiscal burden of population aging in developethities. The find-
ing, that a non-selective immigration policy can be benafiaifinancing pension
systems contrasts with the literature and can only be paxiiyained by the fact
that we do not consider an extreme immigration policy witl@%0of additional

migrants being low-skilled. Doing so would reduce the fidoahefits from a
non-selective immigration policy, but would not make theamigh. Another ex-
planation hinges on the fact that skill premia are affectgdhimigration, unlike

in Storesletten (2000) and Fehr et al. (2004). A non-sele@inmigration policy

increases skill premium and thus the contributions to théaneemade by main
net tax payers: high-skilled workers.

The paper is organized as follows. Section 2.2 introduced@regions of the
world and presents the model. The calibration of the basslienario is provided
in section 2.3. Section 2.4 explains the results of the diffescenarios. Section
2.5 concludes.

2.2 The Model

This study builds upon a calibrated overlapping generatimodel where indi-
viduals live for 8 periods each of 10 years. We calibrate tb@nemies of 2
regions: North-America and Western Eurdpeédge classes go from 15-24 to
85-94 years, implying that individuals are “born" at the afd5 and die at the
age of 95. However there is a probability of being alive athgaeriod, because
some individuals are assumed to die before the age of 95.eTdrermoreover
two types of individuals, high- and low-skilled individgal'high-skilled individ-
uals" identify individuals with an education above higlsal degree (tertiary
education), whereas "low-skilled individuals" compriedividuals having an ed-
ucational level less than high-school (primary educatarg with a high-school
degree (secondary education). The educational che)aan@ thus also the pro-
portion of highly educated individuals among one genenafif) is exogenously
determined.

As in de la Croix & Docquier (2007), we postulate the exiseentan insur-
ance mechanism a la Arrow-Debreu (or a la Yaari (1965)). Eaohk an individ-
ual dies, her/his assets will be equally distributed amaodg/iduals belonging to
the same age class. In other words, individuals do not leayéeaquests to their
children (or to next generations). Furthermore, there iy one consumption

’North-America contains the United States and Canada, Whéstern Europe comprises
Europe-15 plus Australia and New-Zealand. There are 1®nsgin the model, 3 developed
and 7 developing, see chapter 1.
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good and its price is the numeraire of the model. There is eagihg economy
(North-America), in the sense that the technological pgeg(TP) of each region
is expressed in terms of the TP of the leading economy. Thaeteia always
ahead in terms of TP compared to the other regions. Besliesyblution of the
TP is exogenous.

The model introduces skill heterogeneity among individualA constant
elasticity of substitution (CES) function for efficient labis used to define the
mix of high- and low-skilled labor forces in the productioropess. Moreover,
the model is characterized by full-employment. Finallgleaconomy has three
agents: households, a representative firm and a publicrsdatohe following
subsections, we describe the regional decomposition ofwbed, agents’
behavior and the equilibrium of the model.

Demography At each date, some individuals die and a new generationaappe
A cohort of agex and born at time is denoted byV, ;. Since we consider only

individuals aged from 15 to 94, households reaching agedtilgd as age 0 in

our notations) at yearbelong to generation The size of the young generation
increases over time at an exogenous growth rate:

No,t = mt—lNO,t—la (2-1)

whereN, ; measures the initial size of generaticamdm;_, is one plus the demo-
graphic growth rate, including both fertility and migratiocEach household lives

a maximum of 8 periodsu(= 0, ..., 7) but faces a cumulative survival probabil-
ity decreasing with ag&.The size of each generation declines deterministically
through time.

Na,t-i—a = a,t—l—aNO,ta ] = hal (22)

where0 < P,;:, < 1is the fraction of generatiohalive at ageu (hence, at
periodt + a). Moreover,F%; = 1. Obviously, total population at timeamounts
to N, = ZZZO N,.. High- and low-skilled cohort sizes are given by:

N(?,t = ¢?N0,t = ¢tN0,t
N(l),t = ¢iN0,t = (1 - ¢t)N0,t

where ¢! equalsg; and denotes the proportion of high-skilled (post-secondar
educated) individuals among the generation borh in

8To avoid agent heterogeneity, migration flows are allowedg among individuals of the first
age class. Population is calibrated to match the populptiaspects of the United Nations (2008).
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Preferences The expected utility functionl{) of high- (upperscript) and low-
skilled (upperscript) individuals is assumed to be time-separable and logarith-
mic:

7
E(U]) =Y Porraln(c)iya). (2.3)

a=0

wherecgvtﬂ is the consumption of age classit timet + a.

The budget constraint of low<{)(and high-skilled £) individuals requires
equality between the expected value of expenditures anéxpected value of
incomes (). It writes as follows forj = h, I:

Z H at+a 1 + Tt-‘,-a a,t+a Z H at+a at+a7 (24)

&
v=1 Rt+v ve1 B4

Incomes consist of labor income ), pension benefitd) and other welfare trans-

fers ()
[g,t+a = |i)‘i,t+a(]' - 6?—1—(1)(1 - Tgﬁ—a)wg+a + (]' - )\z,t-l—a) t+a + ¢t+aC wt+a

Where)\g,Ha is the labor participation rate for atype individual of age class,
w] is labor income of g type worker,R; is one plus the international interest
rate, 7/ is consumption taxs,” stands for income taty represents (individual)
pension benefits;/ are other welfare transfers received by an individual oétyp
j and are represented as a time-constant fraction of labomacand finallyy,
is the generosity factor, which is the factor by which thetbeepwelfare transfers
are multiplied at time. Moreover, education is exogenous and individuals spend
a fractione? of their total time (which is only positive in their first ped of life).
Individuals maximize their utility (2.3) subject to themtertemporal budget
constraint (2.4) with respect to the levels of consumptidhe optimal (contin-
gent) levels of consumption for both types of househgldsh, [ will then be:

CZ+1,t+a+1 = R:+a+1ci,t+a~ (2.5)

Equation (2.5) reveals that to know the optimal lifetime smmption ¢, to ¢;) of
a cohort born int can be known once its consumption level at ge identified.
The optimal level of consumption in the first period of lifendae determined by
substituting (2.5) in (2.4).

Moreover, we can also define the implicit asset holdings chesge class.
We assume that individuals are born with no assets at #jroein other words,
there are no bequests. At time- a with a > 0, assets of high- and low-skilled
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individuals (ZZ,H@) depend on their assets in the previous peri@j;lt(a_l) plus
an interest rate as well as on current expenditures (cortsom@and incomes
(labor income, pension benefits and other welfare transfdfsrmally, at the
beginning of their first period of life (whem = 0), ngt = (0 forall t. Fora > 0,
aggregated assets, fpe= h, [, correspond to:

Zc]H-l,t—l—a—l—l = R:—i—athz,t—l—a + ¢iNa,t+a[(1 - Tgﬁ—a)(l - 6g+a))‘ﬁl,t+awi

_(1 + thc+a)cé,t+a + (1 - )‘i,t+a)bg+a + 1/%(3“’?] (26)

where N, ., represents the number of individuals of age clasizing at time
t + a, ¢] is the proportion of individuals of skill typg among generatioh

Firms. At each period of time and in each region, a representative dises
efficient labor ;) and physical capital/K;) to produce a composite goo#;].
We assume a Cobb-Douglas production function with cons&duatns to scale:

Y, = Kta<AtLt)1_a7 (2.7)

wherea measures the share of wage income in the national produtt ais an
exogenous process representing Harrod neutral techcalqgiogress.

Total efficient labor force combines the demands of higlieski(Z!) and of
low-skill labor (L!) according to the transformation function characterizgdib
constant elasticity of substitution (CES):

Ly = [oi(Ly)7 + (L = ve) (Ly)7]7, (2.8)

whereuv, is an exogenous high-skilled biased technological prayi®BTC), and

o is defined ag=1 — % with £ being the elasticity of substitution between high-
and low-skill labor. The capital share in outputs set to one third, as estimated
in the growth accounting literature. We follow Acemoglu @2) in fixing the
elasticity of substitutiorr to 1.4 and thus the parameter equals t00.2857 in
the CES function. One of our scenarios analyzes the impaah @fcceleration
in skill-biased technical change, which, in terms of the slpt$ translated by a
gradual increase in the parameter

Government The government levies taxes on labor earningy @nd consump-
tion expendituresr(’) to finance general public consumptiati){ pension bene-
fits (b)) and other welfare transferg)(,). The government surplus() can be
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written as follows for; = h, I:

7
Sy =1 Z ngﬁ + 7/ Z Zﬁbg—aNa,t t;,t

j:{hvl} j:{h’l} a=0

7
= N Y G Nar(l— )1 - N

j={n1} =0

7
~r Y, w0l Y ¢ Nas(l =€) = Y, (2.9)

j={h,l} a=0

wherec! is a part of national income used to finance general publiodipg.
The government also issues bonds and pays interests o gebli. Thus the
government’s budget constraint may be written as:

dt+1Y2+1 = R;tkth; - St> (2-10)

whered represents the debt-to-GDP rati); is one plus the international interest
rate andsS is the government’s surplus. Equation (2.10) says thatipalelbt in
t+ 1 depends on past debtimnd its interests, minus the government’s surplus
The evolution of the public debt is exogenously given. Simaasfers and taxes
on consumption are exogenous as well, the wage tax ratedjilstto satisfy the
government’s budget constraint (2.10).

Finally, in contrast to existing multi-regional modelsgtimodeling of the
pension systems should account for the skill-heterogenagents feature of our
model. In fact, a social security system can be charactenne only by its gen-
erosity or size but also by its redistributiveness (Pesgti&899). In the following
equations, the first characteristic is captured by the cepteent ratey, and the
second one by the paramegemwith both parameters comprised between 0 and 1.
Pension benefits for lowd{) and high-skilled §) write as follows

by = xwl, (2.11)
b = xi [pwp + (1 = pwy], (2.12)

A value forp close to 0 implies more redistributive pension systemseslaw-
and high-skilled would receive similar amounts of benefitewretired. Ifp is
close to 1, then pension systems are weakly redistributittereplacement rates
that are constant across income levels. This modeling all@gional pension
systems to be partly Bismarckian or Beveridgian.

9Bismarckian systems can be defined as highly generous amly pedistributive, while Bev-
eridgian pension systems are small-sized and more rduliste. This remains however a sim-
plistic categorization (Pestieau, 1999).
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International capital markets In an economy with perfect capital mobility, the
aggregate value of world assets equals the market value efahd-wide capital
stock plus the sum of the debts of all regions:

Sy = Y (KP+dyyy), (2.13)

zeX zeX

whereX is the set containing each world region. MoreoVéf, is the sum of the
capital stock of region: at timet, €2 is the sum of the assets of all the cohorts of
regionz, dyY," is the level of regionr’s debt at timet. An economy with perfect
capital mobility is also characterized by the arbitragedion of the returns to
capital which requires the equality between the rates ofrmetio capital in each
region.

Definition (Competitive Equilibrium) Given an initial stock of capital K; },—o,
an exogenous demographic structure summarizefiMy; },—o.7.:>0, an exoge-
nous distribution of high-skilled individual{s@b{m_a}azo,,m:h,l,tzo and an initial
distribution of wealth £7 , . }a—1 7.—0 j=ny With {Z7 , = 0}4—o >0, @ cOMpetitive
equilibrium in an economy with perfect capital mobility, tapa confiscation rate,
is

> a vector of individual variable$c;t}azo,,mzo,jzw that are the optimal so-
lutions to the households’ maximization problem, i.e. eigug2.3) subject
to (2.4);

> a vector of the firm’s variable$ K, L{}tzo,j:hvl that maximize the firm’s
profit subject to technology (2.7);

> a vector of income taxe§r;”} balancing the budget of the government
(2.10);

> a vector of Wage$wg}t207j:h,l such that labor markets are in equilibrium

> an interest factoK R, },>( satisfying the no arbitrage condition of the rates
of return to capital;

> and finally, an international interest factak; satisfying the equality be-
tween the aggregate value of world assets and the markee \afuhe
world-wide capital stock plus the sum of the debts of alloagi i.e. equa-
tion (2.13) holds.

The equilibrium on the goods market is achieved by Walras. la
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2.3 Parameterization of the model economy

In this section we explain the calibration of the paramedsra/ell as of observed
and unobserved exogenous variables. We also define theneaseénario and
the assumptions on the future. Finally we focus on the diffescenarios char-
acterized by changes in the retirement age, skill-biaseldnieal progress and
education levels.

The model is calibrated in such a way that it matches registnattures and
world disparities over the period 1950-2000. We start froningtial steady-state
in 1870 and we focus on the transitional path of the world econuntil it reaches
the final steady-state in 2200. Our period of interest is 2Z2000.

2.3.1 Parameters and exogenous variables

Table 2.1 gives an overview of the values for model’s paramahnd exogenous
variables. The following lines explain the calibration pees'®

Table 2.1: Overview of main calibrated parameters (for tbar\2000)

0] DYDY v A cd X P Te
North-America  55% 0.7 05 481% 1 14.9% 415% 0.2 20%
Western Europe 30% 0.7 05 73.3% 0.74 1957% 425% 0.6 20%
Various sources are used (see below) and own computations.
The table shows the values for the year 2000.

Population process and individual characteristics In the baseline, we compute
P, 1., the probability for an individual of generatianof being alive at time
t + a and the population growth rate, for the period 1950 to 2050 from the
United Nations data of World Population Prospects, Unitedidhs (2008). In
order to compute the share of high-skill individuals of a gtion¢,, we use
the Barro-Lee Dataset (2001), which provides data on theatthnal attainment
of individuals aged 25 to 74 for the years 1950 to 2000 per tgih In the

1The model splits the countries of the word into 10 world regio Here we focus on the
calibration of two of them: Western Europe and North America

e firstly aggregate this data set by region and then partitito obtain shares of highly
skilled per age group. We proceed as follows in order to dgregate the Barro-Lee data by age
group. First, it is reasonable to assume that, at each pehieghare of highly skilled individuals
is higher for the younger age class. In particular, we asstimaethe share of highly skilled
individuals aged 85 to 94 corresponds arbitrarily to 80%hefshare of highly skilled aged 75 to
84, which in turn is equal to 80% of that of the next younger aelgss, and so forth. As all the
shares of highly skilled per age class then depend on the sifilighly skilled aged 25 to 34, we
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future, we assume that the young cohorts are educated aeuhg pne in 2000.
Labor participation rates of high- and low-skilled indiuials (respectivelyxgi
and Afl,t) are set to 1 for the age groups 15-24, 25-34, 35-44 and 455
participation rate for the three last age groups equals 0 tHeofifth age group,
the labor participation is between 0 and 1. Low-skilled widiials work until 60,
i.e. the patrticipation rate for individuals aged 55-64 dg@e5 ogt = 0.5), and
high-skilled individuals until 62)(§,t = 0.7). Time spent in education is set to
0.6 for high-skilled individualsd®), meaning that they obtain a secondary school
diploma (or above) and enter the labor force at the age of 2t.Idw-skilled,

¢ equals 0.2. Finally, the introduction of migrants in the mloid explained in
appendix.

Technology and skill-biased technical changeFirst of all, the two parameters
0 anda are assumed to be identical for across regions. As Aglie¢th €2007)
we argue that there is no reason to think that these parasnstewuld differ
across regions. We use an annual depreciation rate of tapitdo like in
Chojnicki et al. (2005) and de la Croix & Docquier (2007), ainimplies that

0 equals 0.4. The capital share in outputs set to one third, as estimated
in the growth accounting literature (see also GTAP, 2008). olir baseline
scenario, we use a back-solving calibration method praposele la Croix &
Docquier (2007) that allows to exactly match the observeddvdisparities
between and within regions, i.e. the distance of a regioD®® the GDP of the
leader (North-America), and the wage differential betwé®n two skill-types
of individuals. The method consists of swapping the exogsenariablesA,
for the endogenous variablés/Y;*, whereY* is North-American GDP, and
then solving the identification step with the Dynare aldont(Juillard, 1996).
Skill-biased technical change is calibrated in the same manner by targeting the
wage differential among skill-type of individuals, i.é1; (= w!/w!). The ratio
of GDP’s is computed by employing the data of the GDP per msitiy power
parity from the World Bank Development Indicators (WDI, Z0@or the three
years 1980, 1990 and 2089.We hold the value of 1980 (respectively 2000)
constant for the years preceding 1980 (respectively faligu2000). The skill

compute this share in order to matches the total share ofyhidfiled in 1950, as given by the
Barro-Lee Dataset. Second, we report the values of thesbétiee age classes 25-34 to 65-74 of
the following years. For example, the share of highly sHibged 35 to 44 in 1960 is equal to the
share of highly skilled aged 25-34 in 1950, as we assumetteatigh- and low-skill individuals
have the same probability to be alive at the beginning of @actod. Third, for all the following
years, we compute the share of highly skilled aged 25 to 3darsame way as for the year 1950.
Lastly, the share of highly skilled aged 15 to 24 in 1950 is@imequal to the share of highly
skilled aged 25 to 34 in 1960.

12\We take the 5-year average value for the three time period8, 1990 and 2000: 1978-1982,
1988-1992 and 1998-2002.
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premium£; is fixed at 2.3 for Western Europe and 3 for North-America fa t
year 2000 and depicts the fact that skill premium is highethim US than in
Europe. These two values reflect the pattern of the US collegge premium in
Acemoglu (2003a) during the period 1950-2000. We follow moglu (2002)

in fixing the elasticity of substitution to 1.4 and thus the parameter in the CES
labor demand functions, which corresponds tb— % equals 0.2857. Finally, the
technical progress growth of the leader, i.e. North-Anmerie=A;, , /A;, where

A* is the leader’s technical progress, is calibrated on obgierns and set to 1.2,
which means that the annual growth rate is equal to 1.84%.

Government, transfer profiles and pension systemdPublic debt¢;, and public
spending¢{ are computed from the World Development Indicators (WDDQ20
for North-America and from the OECD (2006b) for Western EagoSocial secu-
rity transfer profiles for each educational grogf,are assumed to be stable over
time. The data for the social security transfer profil€§ come from US and
European generational accounting studies (Chojnicki520Bor the US, he dis-
aggregates the profiles in the homogeneous agent study dfaioé&t al. (2000)
by individuals’ education level: below high school, highheol and above high
school. These profiles are also used in Chojnicki & Docqu@0{) and comprise
eight types of transfers: old age security, disability nasice, medicare and med-
icaid, unemployment insurance, general welfare, aid talfesnwith dependent
children, food stamps and finally, educational transfer@ur model we take the
average profiles of the two first groups as the profiles of ‘thited’ individuals
for the North American region. For the Western Europearorggie rely on Eu-
ropean data from Chojnicki (2005), which stem from Cretteale(1999). The
profiles for both regions are shown in table 2.2. The gengrestor of the social

Table 2.2: Time-constant transfer profil€$ (

Age groups 15-24 25-64 65-74 +75
Western Europe

High-skilled 3% 6% 10% 15%
Low-skilled 10% 18% 20% 22%
North-America

High-skilled 0.5% 1% 6% 12%
Low-skilled 7% 12% 20% 25%

Source: Chojnicki (2005) and own computations

security transfersy; is increasing during the period 1950-2000 and normalized
to 1 from 2000 onwards. To parameterize pension systemseeé to set the
values of the replacement ratg, and of the time-invariant pension scheme pa-
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rameterp. We calibrate the replacement rate in order to match theesifgoublic
pension spending to GDP of the year 1990. The data for thiwéagble come
from Table A.5 of Palacios (1996) and from the World Bank @09Ve assume
that the replacement rate of 1950 corresponds to 3/4 of teeob1990. The
replacement rates of 1960, 1970 and 1980 are chosen in artheild an linear
upward trend between 1950 and 1990. The ones before 195@ptrelkentically
to the value of 1950, whereas the replacement rates aft€r d@®espond to the
value of 1990. The pension scheme parametezaptures the redistributiveness
of the pension system and is specific to each region. We canlsetelying on
the data on the size and redistributiveness of pensionmagdiar several OECD
countries collected by Johnson (1998) and exposed in Ragtl®99)* Accord-
ing to this data, the ratio of replacement rates between itfeebt and lowest
income levels is 0.33 in Canada and 0.5 in the United State®eTprecise, this
data reports replacement ratios for an average incomeadeeefor incomes that
are half or twice as large as the average level. We take tleeahteplacement
rates between the highest and lowest income levels as a ejpmybximation of
the ratios between high- and low-skilled wages. The raticepfacement rates
for North-America will correspond to the weighted averafi¢he Canadian and
US ratios (weighted by the population of both countries i)9 By using the
formulas (2.11) and (2.12) we can write this ratio in the temh our model as
[p+ (1 —p)/H] whereH = w"/w'. Thenp is set in order to match the ratio
of replacement rates between high- and low-skilled indigid (the value off is
given below). We obtain a of 0.2 for North America, and similarly equals to
0.6 for Western Europ¥.

2.3.2 Baseline and assumptions on the future

In the baseline scenario, the distance of the technicalrpssgf each region to
the technical progress of the leading economy is assumee tmhstant after
2000. Furthermore, like the policies conducted in many gieg countries, the
baseline already features less generous pension systémesiear future because
of population aging, e.g. a postponement by 1 year of theera@int age of high-
and low-skilled individuals between 2000 and 2050. In addjtwe hold the

13Since data on the size of the pension systems in Johnson)(t68®rises only several de-
veloped countries, we prefer to use the more complete ddatedforld Bank to calibratg.

4pension systems differ quite a lot across Western Europmamtiies, with the largest coun-
tries as Italy, Germany and France being Bismarckian (i.&h & large percentage of public
spending for social security systems to GDP and a less egdiskribution), while smaller coun-
tries as the Netherlands being Beveridgian. In contrasta@a and the United States are clearly
more Beveridgian than Western Europe, with a smaller sizelthve system and a more egalitar-
ian distribution of pension benefits across income levels.
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proportion of skilled individuals among each new generationstant from 2000
onwards.

e Population structure:The main driving force of the model over the*21
century is the evolution of the population structure, sitiee predictions
of the United Nations Population Projections last until@0%hus, as said
above, the growth rate of the first cohort and the probabditif being alive
are calibrated until 2050.

e Education: The proportion of high-skilled individuals among each new
generation is held constant from 2000 onwards. As youngrt®hoe more
educated than older cohorts (or in other words, cohorts befare 2000
are less educated than those born born in 2000 and aftemplieis that
the proportion of educated workers continues to increase 2000. In the
long run, the proportion of educated individuals will eqtte proportion
of educated among the cohort born in 2000.

e Pension systemsdn line with the policies conducted in many developed
countries, we consider that pension systems will be leserges in the
near future because of population aging. To represent thesepated
forthcoming pensions reforms, our baseline scenario ffitat half of the
215 century accounts for two changes compared to the year 2060, ife-
tween 2000 and 2040, the retirement age is gradually postploy 1/4 year
for both low- and high-skilled individuals, meaning thag ttetirement age
for low- and high-skilled increases from respectively 6@ &2 in 2000 to
respectively 61 and 63 in 2040. Formally, for the age grous&5\. (re-
spectively\!) passes steadily from 0.5 to 0.6 (respectively from 0.7 8) 0.
over the period 2000-2040 in North-America and Western geir&econd,
the replacement rate is reduced implying lower pensionfiiene the next
decades. Between 2000 and 2050, the replacement rate in-Nor¢rica
is gradually reduced from 41.5% to 36%, while the one in Waskirope
falls from 42.5% to 37%.

2.3.3 Scenarios on labor market characteristics

Table 2.3 presents the "realistic" changes in the varidusrlmarket characteris-
tics with the benchmark model. Five scenarios are congideraéNorth-America
and six for Western Europe. In the first scenario, retireragetof less educated
individuals is postponed by two years beyond the baselwe feom 2010 on-
wards both in Western Europe and in North-America. In a sémulation,
the same scenario is run for the retirement age of skilletviehgals. In scenario
three the firms augment their demand for skilled labor in tleelpction process



2. REPLACEMENT MIGRATION, LABOR MARKET CHARACTERISTICS AND PENSION SYSTEMS:
64 NORTH-AMERICA VERSUS EUROPE

scenario during the first half of the 21century. This scenario is characterized
by a continuous acceleration in skill-biased technicahgeawith respect to the
baseline from 2010 to 2050: from a 1% augmentation in 201®&zh a 5%
increment in 2050 compared to the basefine.

In simulation four we assume that the proportion of educatddiduals rises
during the first half of the 21 century, but only in Western Europe. The pro-
portion of young educated people augments steadily fromr2epgage points
in 2010 to 10 percentage points in 2050 with respect to thelibesscenario.
There will be no scenario of increased supply of skills in thekmerica, be-
cause according to Cheeseman Day and Bauman (2000) thetwapad skilled
among young skilled individuals may not vary much in the niedre in the
US. Finally, we consider two policies of increased immignat We track mi-
gration flows from the seven developing regions to North-Aozeand Western
Europel® To avoid additional agent heterogeneity, we also assuntertigmants
enter at the age of 15 when they have no assets (the intagodtmigration flows
in the model is explained more in detail in appendix). In twe immigration
scenarios, 25% of additional immigrants (compared to tlselrze scenario) ar-
rive to North-America and to Western Europe between 201@a850. When the
non-selective immigration policy (scenario 5) is applidd% of these additional
migrants are highly skilled and 70% low-skilled whereas 7@Pthese migrants
have a higher education level and 30% a lower education lavile selective
immigration policy (scenario 6). Table 2.3 shows how thepprtion of young
high-skilled individuals in the population changes acaagdo these two policies
(details about the calibration of the migration scenariolwafound in appendix).

The evolution of the parameters in the different scenararslze justified in
the following way. We argue that a prolongation of the wogkiifie can be imple-
mented immediately via a public policy and thus the totalraegtation in legal
retirement age happens in one period. In the scenarios 3thedhanges are pro-
gressive (and occur over several periods), because theniapof highly skilled
in a population and skill-biased technical change may naoabdeally influenced
over a short time period.

Moreover, instead of simulating two radical policies ofrie&sed immigration
(e.g. an arrival of 100% of low-skilled versus 100% of hidtiled immigrants),
we prefer to compare the effects of two more "realistic” igration policies:
70% of high-skilled / 30% of low-skilled versus 30% of higkiked / 70% of
low-skilled migrants. We argue that when a country chooseslbpt a selective

5The values of all exogenous variables are fixed after 205Gt ecenario, expect for,
which continues to vary slightly from 2050 to 2100 in the bimsecase.

®We do not quantify migration flows from the North (developedions) to the South (devel-
oping regions) as well as North-North and South-South niigna, because they are implicitly
taken into account in the UN Population data.
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immigration policy, it can never "attract” 100% of high-#&d migrants, because
a migrant may for example arrive with his family members, vahe probably not
all highly skilled.

Table 2.3: Simulations for Western Europe and North-Angeric

Scenario 1 Postponement of low-skilled retirement age (increaseysats from 2010 onwards)

2000 2010 2020 2030 2040 2050
Both regions: Baseline 60 60.2 60.4 60.6 60.8 61
Both regions: Scenario 1 60 62.2 62.4 62.6 62.8 63
Scenario 2 Postponement of high-skilled retirement age (increaseyafars from 2010 onwards)

2000 2010 2020 2030 2040 2050
Both regions: Baseline 62 62.2 62.4 62.6 62.8 63
Both regions: Scenario 2 62 64.2 64.4 64.6 64.8 65
Scenario 3 Rise in SBTCv (from a relative change of 1% in 2010 to 5% in 2050)

2000 2010 2020 2030 2040 2050
Western Europe: Baseline 48.1% 51.8% 54.2% 55.3% 55.5%  %65.5
Western Europe: Scenario 3 48.1% 52.4% 55.3% 57% 57.8% 58.2%
North-America: Baseline 73.3% 75.3% 76.2% 76.7% 76.9% 9%6.9
North-America: Scenario 3 73.3% 76% 77.8% 79% 80% 80.8%

Scenario 4 Increase in the share of young skillédfrom 2 percentage points in 2010 to 10 pp in 2050)

2000 2010 2020 2030 2040 2050
Western Europe: Baseline 30% 30% 30% 30% 30% 30%
Western Europe: Scenario 4 30% 32% 34% 36% 38% 40%
North-America: Baseline 55% 55% 55% 55% 55% 55%

North-America: No Scenario 4  — — — — _ _

Scenario 5 and 6 Share of young skilledg) when the inflow of migrants increases by 25%

2000 2010 2020 2030 2040 2050
WEU: Baseline 30% 30% 30% 30% 30% 30%
WEU: Scenario 5 (Non-selective)  30% 30% 30% 30% 30% 30%
WEU: Scenario 6 (Selective) 30% 30.78%  30.82% 30.85% 30.86%0.87%
NAM: Baseline 55% 55% 55% 55% 55% 55%
NAM: Scenario 5 (Non-selective)  55% 53.98% 54.04% 54.08% .1B%  54.15%
NAM: Scenario 6 (Selective) 55% 55.61% 55.58%  55.55%  55.53%65.51%

Source: Docquier & Marfouk (2006) for scenarios 5 & 6 and ovemputations; own calibration for scenarios 1-dis

the proportion of high-skilled among individuals aged 14-2 is high-skilled biased technological change

Besides, unlike Ingenue (2005) and Fehr et al. (2004) whaoléammigra-
tion flows to sending countries/regions, the immigratiogrszios presented here
do only augment by 25% the migrants coming to Western Eurape@North-
America. The reason is that we prefer to follow again the dimare "realistic”
changes on the labor supply. Table 2 shows how a prolongg@ifdawo years) in
the working life of low- or high-skilled individuals and andrease (by 25%) in
high- or low-skilled migration inflows affects the labor sy compared to the
baseline. The rise in the labor supply (compared to the imegadue to a post-
ponement of the legal retirement age is obviously relativelinstant (because
it is a one-time change in labor supply), while immigratiamstantly increases
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Table 2.4: Labor force increase under retirement age andgration scenarios

Increase in the labor force compared to the BSL

Advanced Countries 2010 2030 2050 2060 2080 2100
Scenario 1: postponement of RA-h  0.64% 1.51%  1.47% 1.41% 6%.3 1.36%
Scenario 2; postponement of RA-l  3.69% 3.91%  3.43% 3.28% 798.1 3.18%

Scenario 5: increase in IMMI-h 0.23% 2.23% 6.39% 8.48% 1983 11.15%
Scenario 6: increase in IMMI-I 0.30% 2.31% 6.44% 8.44% 1%79 11.15%
North-America 2010 2030 2050 2060 2080 2100

Scenario 1: postponement of RA-h  1.94% 2.19%  2.49% 2.42% 9%.4 2.53%

Scenario 2: postponement of RA-l  2.20% 1.98%  2.03% 1.98% 3%.0 2.07%

Scenario 5: increase in IMMI-h 0.62% 4.98% 12.47% 16.08% 1&% 20.81%

Scenario 6: increase in IMMI-| 0.81% 5.16% 12.56% 16.01% 12% 20.81%
Source: Docquier & Marfouk (2006) and own calculations

RA-l and RA-h stand for the postponement in retirement ag@wefand high-skilled individuals

IMMI-I and IMMI-h represent the non-selective resp. sdiectmmigration policy.

the labor supply as additional migrants arrive each pewdteir destination re-
gion until 2050. We see that the increase in the labor forae tduany of the
two immigration policies is more than two (four) times higlean the increase
in the labor supply due to a prolongation of the working lifeWestern Europe
(North-America). Thus doubling immigration would have awessive effect on
the labor supply.

2.4 Results

In this section we present the implications of the differpotential remedies
for the tax-to-GDP ratio and GDP per capita in Western Eurape in North-
America. First, we investigate if any of the scenarios catigaie the old age cri-
sis, by sustaining pension systems. But we will also anallye& consequences
on GDP per capita, as they are likely to have an impact on theamuic perfor-
mance of these two regions.

2.4.1 Impact on the tax rate

As mentioned above, the labor income tax rate (or simply &R’ hereafter)
balances the government budget. The main driving force efribdel over the
215" century is the evolution of the population structure. Intigatar, aging will
put a strong pressure on pension systems which will be refldny a rising labor
income tax rate. This can be clearly seen in figure 2.1. In begfons, the
evolution of the support ratio (the share of working age pafan to pensioners)
dictates the financial pressure on pension systems.In WesSteope, the tax rate
needs to be multiplied by 1.3 between 2000 and 2050 to maittiai generosity
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of the welfare state as in 2000 (figure 2.1.c). In the long-tha fiscal impact is
mainly explained by the progressive rise in life expectardye peak observed
between 2020 and 2060 is due to the graying of baby boom gemesaDuring
the first half of the century, North-America is able to keemaryger demographic
structure and the demographic transition results in a moadugl increase in
the tax rate. North-America is more open to immigration aad thus avoid a
dramatic rise in the tax rate caused by the retirement ofaélvy boomers. Let us
observe that Western Europe has the highest social secantgibution rate in the
world. This is due to its relatively higher dependency ratial to the relatively
high replacement ratio people enjoy at constant policy. alst, fpublic pension
spending to GDP ratio is largest in Western Europe (9.2% inlM¢Bmpared to
6.5% in NAM, see Palacios, 1996) and translates into a higiptacement rat¥'’.

Figure 2.2 displays the impact of the different policy chesign the tax-
to-GDP ratio in percentage point changes with respect tdo#seline. In the
following lines, we explain the impact of all the non-migrat policies (solid
lines in the graph), first for Western Europe and then for Ndwnerica. The
effects of immigration (dashed lines) are described subs®ty in a separate
paragraph.

Western Europe. Postponing retirement age of low-skilled individuals i th
most effective among all policy changes in reducing the figgassure on
Western European pension systems. During2bié century, younger cohorts
are more skilled than the previous generations and we asstiratefuture young
cohorts are educated like the 2000 young cohort (see sez®nimplying that
share of high-skilled individuals will be increasing dugithe 2 century® De-
laying retirement of low-skilled induces a relative straterrease in the tax rate
in the first quarter of theé1’ century, with a reduction of -1.89 percentage points
already in 2010. The reason is that there is still a relativgd pool of low-skilled
middle aged individuals in the beginning of the century. démtcast, postponing
the retirement age of high-skilled individuals, has a serailitial impact on
the tax rate, but becomes more significant during the fohgwdecades as the
labor force becomes more skilled. Still, in the long run (ehthe century), the
reduction in the tax rate amounts to -1.3 percentage poittksaxpostponement
of low-skilled retirement age and only -0.86 with high-$#kal retirement age.

7Our labor income tax rates passes from 45.73 in 2000 to 59i87450 in Western Europe
and from 20.10% to 26.10% in North-America. This is comp&abth Fehr et al. (2004), where
the combined social insurance payroll tax and wage tax mr@esfrom 40.70% to 69.20% in
Europe and from 23.50% to 39.40% in the United States.

8The share of high-skilled among a new born generation is 264980, 27.8% in 1990 and
30% from 2000 onwards. Thus the proportion of highly edugt@itehe population rises steadily
in the 215 century and tends to 30% in the long run.
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Figure 2.1: Support ratio and labor income tax rate in thelas
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The explanation is that the proportion of low-skill workersmains relatively
large enough to dominate the fact that a high-skill workertebutes marginally
more to the welfare system than a low-skill one. Nevertl®lescause the share
of high-skilled individuals increases over the first halftbé 215 century, the
difference in the reduction of the tax-to-GDP ratio due t¢hbetirement age
policies is lower. Our model supports also the magnitudetheffindings in
the skill-homogeneous agent model of Aglietta et al. (200Mey obtain that
a gradual increase in the retirement age from 60 to 65 yedvseba 2000 and
2020 in Western Europe induces a relative change in the ibation rate of
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-22.67% in 2050 (-8.5 percentage points) and of -21.88% énléimg run (-7
pp). Transposing their scenario in our framework impliesekay in retirement

of both skill group$®, which induces a relative decrease in the labor income tax
rate of 14.27% in 2050 (-8.47 percentage points) and of 5B5.ih the long run
(-7.84pp). Finally, an acceleration in skill-biased techhchange reduces taxes
by -0.55 percentage points in the long term (compared to #isellme), while a
rise in the proportion of high-skilled has an even smallgract on taxes.

Figure 2.2: Impact of the different policy changes on thertdg )
(Percentage points change w.r.t. baseline)

a. Western Europe b. North-America
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RA-landRA-hstand for the postponement in retirement age of low- and-bligifed individuals

SBTCandEDU are respectively the scenarios in which skill-biased teaichange and education levels increase
IMMI-I andIMMI-h represent the non-selective resp. selective immigratidicyp

North-America. In North-America, an acceleration in skill-biased teclahic
change has a bigger impact on pension systems than delafirggment age. In
the long run (from 2100 onwards), the cut in the tax rate cpoeds to -1.98
percentage points (compared to the baseline). Postpoigheskilled retirement
age induces a slightly larger reduction in the tax rate theaying retirement of
low-skilled. In North-America, the proportion of high-dkid leans to 55% in the

19To compare to Aglietta et al. (2007), we increase the remerage for both skill-groups by
4% in 2010 and by 8% from 2020 onwards.
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long term?°® There is thus a more equal number of low- and high-skilled/idd-
als than in Western Europe. But then we could expect a laayeirgthe reduction
of the tax rate between the two types of policies, since postgy high-skilled
retirement age increases the effective labor supply byeasing the number of
contributors and their “quality”: a high-skilled individlicontributes more and
benefits less from the welfare system. The explanation Birmgethe impact
of both policies on the skill premium, which increases by2%tland drops by
-3.18% in 2050 when retirement age of low-skill respectivabh-skill workers
is postponed. Since the contribution and the benefits (permnefits and other
welfare transfers) of tax payers are a fraction of the labooine, delaying retire-
ment age of (low-) high-skill workers will (decrease)inase the net contribution
of a high-skill worker. As a consequence, there is no reas@ulvocate a longer
working time of one skill-type of workers compared to anotheNorth-America.

Immigration. Finally, the impact of immigration in financing pension gss
has a similar impact as the other potential “remedies" im$eof magnitudes. In
both regions the reduction in the tax rate is highest in thediei of the century,
more precisely in 2060 when the first wave of migrants is fudliiired and the
last wave fully joins the workforce. The beneficial effecttames disappears by
the end of the century, when all the additional migrants etieed. This supports
the results of the two-period theoretical OLG model of Ra&iBadka (1999), in
which individuals work in the first period of their life andearetired in the second
period. Razin & Sadka (1999) find that an immigration pol&yeneficial to the
pension systems of the receiving countries in the perioti@htigrants’ arrival,
as they increase the labor force. We also find that the pesffects of immigra-
tion last until the immigrants retire. In addition, becaase individuals live for
eight periods, the beneficial effects of immigration holdesal periods after the
stop of the increased immigration policy. Even though thmtagorce remains
higher than in the baseline in the long run, the number of ipeess benefiting
from contributions will also be higher. Furthermore, in Ra& Sadka (1999),
also low-skilled immigrants may contribute to finance thagien systems of de-
veloped countries. This corroborates with our result, lmutasts with existing
generational accounting studies and with the outcome oéSletten (2000), who
argues that only selective immigration policies may be usa@duce the fiscal
pressure on the welfare state. This is also one of the canoki®f Fehr et al.
(2004), where a doubling of low-skilled immigration leadsan increase in the
tax rate?!

20In 1980, 50% of the 15 to 24 years old are high-skilled. In 138@re are 52.5% of the
high-skilled among the same age group and 55% from 2000 aiswar

2170 be precise, in their model, low-skilled migration leadstoto a rise in the social insurance
tax rate and the wage tax rate.
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In fact, figure 2.2 shows that both immigration policies léadimilar cut in
the tax rat¢? Compared to the base case, a selective policy relieves ttad fis
pressure by -1.85 in North-America and by -2.23 percentagetpin Western
Europe in 2060 while a non-selective one induces a decreatbe itax rate of
-1.62 in North-America and by -1.98 percentage points intéfesEurope . What
explains this result? Compared to generational accoustundjes, where wages
are exogenously given and which predict a negative impatbwefskilled mi-
gration in contributing to the welfare state, general equum effects are into
play here. An inflow of workers will change the capital-lalvatio and impact
on factor prices by lowering wages and increasing the istawge. However,
the frameworks of Storesletten (2000) and Fehr et al. (200dich can be very
roughly defined as an open economy version of the former modeiprise such
effects and deliver a pessimistic message concerning tpaadtrof low-skilled
migration in sustaining the financing of pension systemso Te@asons are put
forward. A first explanation, is that unlike in the two aforemtioned studies the
skill-composition of our proposed immigration policieqist a “radical” one, in
the sense that the selective policy is not composed of 100Btgbfskilled mi-
grants, but of 70% of high-skilled and the non-selective daes not comprise
100% of low-skilled migrants, but only 70%. We argue thatrefggovernments
wish to attract only high-skilled workers, they may fail to slo, for example be-
cause they can not impede that these workers come with @mityf members,
who are less likely to have a higher education level. Needess, in order to con-
front our model with the aforementioned studies we simuaieh the effects of
such extreme migration policies on the tax rate. The diffeaéimpact between
low- and high-skilled immigration would be indeed slighithcreased?

Another reason explaining the similar impact of both imratgm policies is
that when the additional immigrants are high-skilled, tkid premium decreases
(a -0.81% relative change compared to the baseline in 20@D)ras reduces the
average contribution of a high-skill worker in financing pem systems. Con-
versely, when additional migrants are low-skilled, a hgigilled worker will pay
more taxes since the skill premium is enhanced (+2.71%velehange in 2050).
In Storesletten (2000) and Fehr et al. (2004) the skill ptemare fixed, i.e. work-

22\When simulating the two immigration policies, general pubbnsumptiond/Y;) is the same
in the two scenarios of increased immigration. The govemragends more public goods when
additional migrants arrive (becau¥gwill rise when the labor force increases). However, there
is no reason to believe that general public expenditureldrahange if the composition of these
migrants is different.

23/ very selective migration policy, increasing migrationito by 25% and comprising only
high-skilled migrants would reduce the tax rate by -2.41 &h@1 percentage points in West-
ern Europe respectively North-America in 2060. Its coypdet;, all additional immigrants are
low-skilled, would lead to a decrease of -1.78 and -1.43 irstéfm Europe respectively North-
America.
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ers of different skill-types are perfect substitutes. Hnave can also make a
very rough comparison with Fehr et al. (2004). They obtaat th the United
States a 1% increase in low-skilled immigration from 200@ards would result
in an rise of the combined tax rate by 0.12% in 2050, while a h&beiase in
high-skilled immigration would reduce it by -0.56%.0ur results suggest that
a similar shock i.e. with a 1% increase in low- respectivaghkskilled immi-
gration flows between 2010 and 2050 would result in a redaoaifche tax rate
by -0.21% and by -0.3% in 2050. These results are thus legsispit with re-
spect to high-skilled immigration and less pessimistihwigspect to low-skilled
immigration than the findings of Fehr et al. (2004).

Our findings suggest that realistic changes in labor matkatacteristics are
potentially as beneficial in reducing the fiscal pressure emsn systems as
an increase in immigration: in North-America (a rise in kkiased technical
change) and in Western Europe (a postponement of low-gkidierement age).
Moreover, our results are less optimistic in advocatindhsgilled immigration
and less pessimistic in recommending low-skilled immigrato mitigate future
tax hikes than the existing literature.

2.4.2 Income per capita

In Western Europe, a progressive increase in the share lofdkidjed individuals,
up to a level of 40% in 2050, is the scenario that leads to tgbdst long term
increase in per capita GDP of 7% with respect to the basatemesio (figure 2.3).
Postponing retirement age of either high- or low-skillediwiduals increases per
capita GDP by less than 2.5% compared to the reference c#se liong run.

Higher skill-biased technical change leads to a long teronadese in per capita
GDP of almost 2.5% compared to the baseline. In North-Amagaadelay in the
retirement age of high-skilled individuals produces thestrimportant increase
in per capita GDP among all the scenarios: a 3.5% rise by tbeo&ithe 215
century compared to the reference case. high-skilled tieesdnical change and
a delayed low-skilled retirement age increase per capit® Gparound 1%.

24These numbers originate from own computations based orethdts exposed in Fehr et al.
(2004) and the impact on the tax rate is based on the combmbétween the social insurance
and the wage tax rate. The two skill-specific immigrationigies they analyze are an yearly
increase from 100’000 to 200’000 high-skilled migrants¥didicrease in immigration flows) and
an increase from 1 to 2 million, where all the additional raigs are low-skilled (this corresponds
to a doubling in total immigration flows). While our modelféifs in many aspects from the one of
Fehretal., itis more reasonable to compare our findingstmtfather than to Storesletten (2000).
In fact, they also assume that integrated capital markévedes the regions of their model while
Storesletten employs a closed economy model, implyinggetaesponse of factor prices to labor
inflows.
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Figure 2.3: Impact of the different policy changes on GDPqgagita
(Relative change w.r.t. baseline)

a. Western Europe b. North-America
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RA-landRA-hstand for the postponement in retirement age of low- and-bligifed individuals
SBTCandEDU are respectively the scenarios in which skill-biased teaichange and education levels increase
IMMI-I andIMMI-h represent the non-selective resp. selective immigratidicyp

We notice that an increase in skill-biased technical chiwagalifferent effects
on the economies of North-America and of Western Europe.ndteases per
capita GDP in the former and decreases it in the latter. Bhitasely linked to
the different education levels in both regions and can epnéted as follows. A
high supply in the high-skill labor force induces North-Anean firms to apply
more advanced technologies in the production process (Agkm2002, 2003a).
Following a reasoning a la Nelson & Phelps (1966a) or a la Bbitth& Spiegel
(2005) where a follower imitates the technology of the leagmnomy, we can
argue that the skill-complementary technologies develap&orth-America are
adopted by Western Europe. Because of lower educatiorsletved production
process in Western Europe is not adapted to use the new fegie® They lead
to a higher skill premium and widen the per capita income gatgveen North-
America and Western Europe.

Lastly, immigration has a beneficial impact on per capita GiDPagain only
as long as the labor force is increased and as long as the nwhpensioners
does not increase (by too much). In 2050, the increase ingutacGDP is by
51% higher in Western Europe and by 111% in North-Americdn \&iselective
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immigration than with a non-selective immigration polidie fact that the skill-
complementary production process is more important in INé&rnerica (higher
v) can explain that a selective immigration policy has a maedficial effect in
North-America.

2.5 Conclusion

This paper analyzes the impact of immigration on the coatign rate in North-

America and Western Europe, when holding the generosithefielfare state
constant at current levels. This question is addressednagtitalibrated over-
lapping generations model featuring integrated capitakata. Two immigration

policies are considered: a selective one, where the mapirinigrants are high-
skilled and a non-selective one with a majority of low-gtdimigrants. It is found
that increased immigration yields small fiscal gains. Mgegpboth the selective
and non-selective immigration policies result in similax ttuts. Our findings
also suggest that realistic changes in labor market claarsiits are potentially
as beneficial in reducing the fiscal pressure on pensionregsie an increase in
immigration: in North-America (a rise in skill-biased texbal change) and in
Western Europe (a postponement of low-skilled retiremege).aMoreover, our

results are less optimistic in advocating high-skilled iigration and less pes-
simistic in recommending low-skilled immigration to miaitg future tax hikes
than the existing literature.

Several extensions may undoubtedly enrich the analysiwould be inter-
esting to see what would be the effects of such scenarios\eiapeng regions.
Besides, endogenizing the educational choice (i.e. the sjpent in education) of
the individuals, could add one more feedback into the mddelformation of hu-
man capital. We could then see how the impact of various pamsforms affects
the tax rate via changes in the education level of the pojpulatinally, endo-
geneizing the labor supply would allow us to have a framewdikre individuals
choose when they want to retire. These issues are left forduesearch.

Appendix

Appendix A: Calibration of migration

Throughout the paper, migration refers to migrants fromdéeeloping regions
going or living in the North. In order to calibrate these naigon stocks and flows
for the baseline, we explicitly track migrants from the sedeveloping regions
into the North-America and Western Europe. North-to-Nald South-to-South
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migrants are implicitly dealt with through the U.N. poputet data and forecasts.
To introduce migration flows in the model, we make 3 assumgtid=irst, mi-
grants are directly assimilated to natives, i.e. they aediie same characteris-
tics (e.g. productivity) as natives as soon as they entedéisénation region. A
second assumption is that there is no return migration. lligjradl the migrants
arrive at the age of 15 (i.e. without any asséts).

Each of these two receiving regions experiences two diftgpelicies of in-
creased immigration between 2010 and 2050. Instead of atingltwo radical
policies of increased immigration (e.g. an arrival of 100#4owv-skilled versus
100% of high-skilled immigrants), we prefer to compare tfieats of two more
"realistic" immigration policies: 70% of high-skilled / 30 of low-skilled versus
30% of high-skilled / 70% of low-skilled migrants. We argumat when a coun-
try chooses to adopt a selective immigration policy, it camen "attract” 100%
of high educated migrants, because for example a migrantamaye with his
family members, who are probably not high-skilled.

Table 2.5: Additional Migrants to NAM and WEU by region of gim

Source region EAS MEN LAC JAP SSA RUS CHI IND
Host region

NAM 6.19% 5.03%  53.58% 0% 281% 297% 21.76%  7.66%
WEU 21.61% 33.10% 8.86% 0% 11.19% 2.90% 9.68%  12.66%

Source: Docquier & Marfouk (2006) and own calculations

Table 2.6: International migrants as a proportion of theytagmon

Region and scenario 2010 2030 2050 2070 2090 2110 2130
WEU: Baseline 6.15% 7.36% 8.33% 9.07% 9.50% 9.66% 9.67%
WEU: +25% of migrants 6.43% 8.15% 9.67%  10.43% 10.44% 10.0198.67%
NAM: Baseline 12.39% 14.38% 15.68% 16.41% 16.48%  16.45% 45P6.

NAM: +25% of migrants  13.11% 16.07% 18.21% 18.70% 17.97% 99% 16.45%
Source: Docquier & Marfouk (2006) and own calculations

25These assumptions are necessary in order not to increabetdr@geneity of agents in the
model, which would further complicate the computation of thansitory path. In fact, in our
model we have individuals with 2 different educational iattéents of 8 different age classes and
belonging to 10 different regions. If there was for exam@m migration in the model (no
permanent immigration), migrants would go back to theiiage(s) of origin after some periods
with different characteristics than the individuals that dot emigrate from their home region.
Agent heterogeneity in the region(s) of origin would thecr@ase. For the same reason we have
to assume that migrants arrive at the age of 15 years. Wherangarrive later, they will come

with different characteristics than natives and the hefeneity of households in the destination
country will also change.
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In the following step we need to determine the "additionalinier of mi-
grants arriving to North-America and to Western Europe leetn2010 and 2050.
According to the projections of the U.N. Population Divisj64’375 respectively
39’104 thousands of migrants will arrive to North-Ameriespectively to West-
ern Europe between 2010 and 2050. From this number we stibteaaumber
of 0 to 14 years old migrants. In the United States, 8% of theignants are
aged between 0 to 14 years (U.S. Census Bureau). We appbhtiris also to the
migrants of Western Europe. Next, we only want to consideyramts from the
seven developing to North-America and Western Europe. Weusubtract from
the migrants aged 15 and more, all the migrants coming fractuntries be-
longing to these two developed regions and from Japan. Ukedata available
in the World Bank sponsored study of Docquier & Marfouk (2)08e obtain
that 79.02% respectively 58.44% of the total immigrants WMNrespectively
WEU come from the 7 developing regions in 2000. We assumertliaé periods
following 2000 the share of migrants coming from the severettging regions
will be more and more important in NAM and WEU. We assume thatshare of
migrants coming from the seven developing regions will @ase progressively
from 79.02% in 2000 to 85% in 2050 in North-America and from4384% to
70.13% in Western Euroé.To determine from which developing region the ad-
ditional migrants will arrive we assume that they will beispp according to the
region of origin of the 2000 stock of migrants in North-Aneariand in Western
Europe again by making use of the data available in the WoaldkBsponsored
study of Docquier & Marfouk (2006). Table 2.5 indicates ttra additional mi-
grants to North-America and Western Europe have quiteréfffieorigins. While
most of the additional migrants to North-America originitem Latin America
and the Caribbean (54%) and from the Chinese World (22%) taffeEurope
experiences most of their additional immigration from thieltle East and North
Africa (33%) and from the Eastern European Countries (22%).

Table 2.6 shows the evolution in the proportion of interoiadil migrants under
different scenarios. The share of immigrants is much higmétorth-America
than in Western Europe. When migration inflows are incredseé5%, there
are around 2.5% more migrants in North-America and alImdslin Western
Europe in 2050.

26The value of 85% for North-America is fixed arbitrarily and.Z8% corresponds to an arbi-
trary 20% increase in the value of 2000.



Chapter 3

Brain Drain and the World
Economy:

Lessons from a General Equilibrium
Analysis

Abstract. The paper aims to address concerns of brain drain due toskifibiased
immigration policies. The potential impacts of South-Niohigh-skilled migration are
simulated on GDP per capita, GNI capita, and the high-tod&il income inequality at
origin. A ten-region CGE-OLG model is built and dynamicatiglibrated so as to match
observations from the world economy. While our results nfican the important role of
remittances in subsidizing the income of those left behimely are also robust to different
assumptions as to whether the highly skilled remit less or Rorthermore, the paper
assesses the significance of several feedback effectsedymorprevious CGE works.
First, it is shown that the high-skilled diaspora may gsebttinefit domestic production
by reducing information-related risks and bringing in méeeign direct investments.
Second, the so-called “brain gain” effect acts to reduceirtbeme disparity between
workers of different skills. These feedback effects mayl wetweigh losses of high-skill
labor, and they are especially pronounced for regions veith high-skilled emigration
rates. In contrast, brain drain indeed poses as a cursedmneealready facing severe
high-skill outflows, including Eastern Europe, Latin Ancexi

JEL Classifications: F22, J24, O15.
Keywords: Brain drain, Human capital, Remittances, Developn’rent.

Ljoint with Frédéric Docquier, Elisabetta Lodigiani andrig Shen.
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3.1 Introduction

The South-North migration of talented workers is an impatrtaamponent of the
globalization process. Although the world proportion dieimational migrants
remained stable over the last decades, the immigratiomratgh-income coun-
tries has, similarly to the trade-to-GDP ratio, tripledcgri 960 and doubled since
1985. Thanks to new harmonized and original data sets oratiogrstocks and
rates by educational attainment, it is today possible teteawmore accurate vi-
sion of the educational structure of international mignati For instance, Doc-
quier et al. (2009) show that the number of highly educatadignants living in
the OECD countries has increased by 70 percent during th@s1@@ainst a 30
percent increase only for low-skilled immigrants. Two tlsiare due to migration
from developing countries. Obviously, such a change pagflgcts a general rise
in educational attainments in developing countries. lofes that, in proportion
of the highly skilled labor force at origin, brain drain rateere relatively stable
over time (see?). Nevertheless, many developing countries exhibit braaind
rates well above 40 percent, especially sub-Saharan Afrecaintries, Central
American countries and small state3he brain drain is thus a major source of
concern in some developing regions and could become anasiogdy impor-
tant issue if developed countries reinforce the selectiotie@ir immigrants (in
response to aging, occupational shortage, etc.).

In principle, international migration can generate sutisshwelfare gains for
many parties concerned. One of the most fundamental res@tonomics is the
Arrow-Debreu “first welfare theorem” which states that, endome conditions,
a competitive market economy leads to a Pareto efficientrgeequilibrium. As
far as the brain drain is concerned, it typically means thHamhighly skilled in-
dividuals take decisions that are good for them, an effi@#atation of resources
is obtained. In particular, if high-skill workers are mogito rich countries, they
contribute to increasing the total amount of welfare at tiogelavievel: they work
in a more productive environment and potentially contrtat higher productiv-
ity improvements. The rest is a matter of redistribution.

With appropriate transfers, the brain drain could potdgtlaad to a Pareto-
improving situation in which origin and destination couesrwould gain. How-
ever, in the absence of redistributive transfers, the loteam is usually consid-
ered as a curse for origin countries, especially for devetppountries. Indeed, it
deprives poor countries of one of their scarcest resouncesan capital. In turn,
it reduces their capacity to adopt recent technologies radhalcies a fiscal cost for
those left behind. Unsurprisingly, since the 1970s Bhap&vaiamada (1974);
McCulloch & Yellen (1975, 1977), the traditional literatéunas delivered more or

2The high-skilled emigration rate exceeds 70 percent in @dcpuntries.
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less the following messages: i) the brain drain is a negatwernality imposed
on those left behind; ii) itis a zero sum game, with the richrdoies getting richer
and the poor countries getting poorer; and, iii) at a poleel, the international
community should implement a mechanism whereby internatiwansfers could
compensate the origin countries for the losses incurredxample in the form of
an income ‘tax on brains’ (or ‘Bhagwati Tax’) to be redistribd internationally.
Modern theories of endogenous growth have considerabBwed the analysis
of the relationships between education, migration and growhe first models
to address the issue of the brain drain in an endogenous lyfaavhework also
emphasized its negative effects (Miyagiwa, 1991; Haquek&Kjim, 1995, for
example).

The recent literature is less pessimistic. While recogugzhe importance
of human capital for economic development, it stresses afdeedback effects
through which the brain drain positively affects sendingremmies. As a substi-
tute to official/public redistributive transfers, remiitaes constitute an important
channel through which the brain drain may generate posgifexts for origin
countries. The new literature also puts forward a range loérotfeedback ef-
fects” such as return migration after additional knowledgd skills have been
acquired abroad, the creation of business and trade nexviackitating foreign
direct investments and exports in the South, diasporarediges on technology
diffusion or the effects of migration prospects on humanteaformation. Many
elasticities have been estimated in the recent literahaneis to the new data sets
presented above.

Nevertheless, to the best of our knowledge, there is no studlye litera-
ture that analyzes how all these direct and feedback effetdsact. It is thus
almost impossible to figure out what are the dominant and nmrechanisms at
work. It is also difficult to assess the global impact of thaibrdrain on devel-
oping regions. The objective of this paper is to combine tlagonresults of the
empirical and theoretical literature in a unified generalildgrium model of the
world economy. We use an overlapping generations framewattk low- and
high-skill workers. We divide the world in ten regions (tardeveloped and seven
developing regions) and model the various interdependsrmtween them. In
our baseline scenario, we use an original back-solvindgpiion method that al-
lows to exactly match the observed world disparities betvaze within regions.
Increasing high-skilled migration has multiple effectstba equilibrium:

e ex-post (i.e. for a given number of educated natives in thet§pit reduces
human capital in origin regions. This affects their averpgeductivity of
labor and capacity to adopt modern technologies;

¢ the emigration of young individuals deteriorates the deleeiy ratio in the
South;
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¢ high-skilled migration stimulates (resp. deterioraté®) itnarginal produc-
tivity of physical capital in the North (resp. in the Soutfis leads to a
reallocation of physical capital;

¢ high-skilled migrants abroad generate diaspora extémsin terms of for-
eign direct investments and diffusion of knowledge,;

e new migrants remit a fraction of their income. Their propgn® remit
depends on their level of education;

e increased migration prospects for the highly skilled stateithe expected
returns to schooling and generate more human capital faymex-ante at
origin.

Accounting for all these factors, our general equilibriuradal allows us to
provide a first global evaluation of the brain drain impactemonomic activity,
income, inequality in source and destination regions. db @llows us to disen-
tangle the relative impact of each specific mechanism andrduwct robustness
checks on key assumptions. This is important since thergllis $ot of uncer-
tainty about the magnitudes of some feedback effects, aertaicty arising from
the fact that causality is hard to establish using crosseseempirical studies.

A related study is Walmsley & Winters (2003) who used the \Wdank’s
standard global general equilibrium mod¢éNKAGE to estimate the gain from
international migration. They simulated the impact of a&éhpercent increase in
South-North migration flows between 2000 and 2025. Consigehat 70 per-
cent of these new migrants are low skilled, the world reabime would increase
by 1.19 percent in US$ (i.e. a 39 percent elasticity to migrat The gain would
be equal to 0.36 percent for natives in high-income counmweho benefit from
the immigration surplus, reduced taxation). The gain wauttbunt to 0.86 per-
cent for natives in developing countries, mainly due to teances. The main
winners are new migrants who see their income multipliedibysUS$ and by
two in PPP. Correcting for the change in the cost of life fe@sdnew migrants, the
global increase on the world real income becomes 0.63 peficena 20 percent
elasticity to migration). The only loss of income is expaded by old migrants.
The LINKAGE model leaves out many aspects of the brain drain debatee# do
not account for the endogeneity of productivity and thedibktween human capi-
tal and technological changes at origin and destinatiatistegards the potential
of migration to spur higher investments (through diaspottarealities or brain
gain effects). Except for remittances, it disregards thetthat migrants keep with
their origin countries. Finally, since remittances playacgl role, nothing guar-
antees that the same “win-win” outcome would be obtainedditeonal migrants
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would have higher skills (since high-skilled individualg aisually considered to
remit a lower proportion of their income to their home coyhtr

By incorporating human capital-related externalities andounting for the
various ties between migrants and their origin country, madel refines the
World bank study in many ways. Our main results are the fahow

e The high-skilled diaspora may contribute greatly to domgsiduction in
the developing regions, as it decreases informationaelasks and brings
in higher amounts of FDI. However, this positive effect isrdpated by the
loss of labor force in regions where high-skilled emigratrates are high
and/or population aging is acute.

e Remittances receipts play an important role in subsidiivegincome of
those left behind. Moreover, the magnitudes of their eftactGNI per
capita are robust to different assumptions as to whethéfhgkilled emi-
grants remit less or not.

e The incentive effect of human capital formation (or the thrgain” effect)
is responsible for changes in the high-to-low skill incomequality. For
regions where high-skilled emigration rates are low, whitge human cap-
ital is formed due to better migration prospect for the hygékilled, more
also remains at origin and helps to reduce the disparity éatvdifferent
types of workers. Moreover, in these regions, this compengaffect also
saves GDP per capita from a potentially large adverse inghaeto high-
skilled emigration.

¢ If the diaspora externality is weaker (i.e. less FDI) or theentive effect
is absent (i.e. less high-skilled and more low-skill woseit is observed
that the domestic production is adversely affected, whegults in more
pessimistic effects on GNI per capita. Furthermore, indtyualso deteri-
orates when better migration prospects fail to induce maradn capital
formation.

¢ While some empirical studies show that the high-skilledsp@a acceler-
ates technological progress in relatively backward coesitit is found that
this effect is rather negligible on domestic production.

The remainder of this paper is organized as follows. Sedi@ndescribes
the model and its calibration. The analysis of simulatedltess presented in
Section 3.3. Robustness analyses are provided in SectioRiBally, Section 3.5
concludes.
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3.2 The model

We introduce international migration with skill heterogéw into a general equi-
librium model with overlapping generations of individualhe world is divided
into ten regions similarly to Ingenue (2005). We distinguilsree developed re-
gions, North America (NAM), Japan (JAP) and other high-meocOECD coun-
tries (ADV). The latter group is essentially made up of EwapUnion countries
but also comprises Australia and New Zealand. We distitgsesen developing
regions, Eastern Europe (EAS), Middle East and NorthericAffMEN), Latin
America and the Caribbean (LAC), Sub-Saharan Africa (S8%)Former Soviet
Union (RUS), the Chinese world (CHI) and the Indian world QN

Table 1: Regional characteristics in 2000 (in %)
Region Demog Human Average High-skilled Low-skiled Rem/Y

CHI 36.6 3.8 0.5 7.3 0.2 0.8
EAS 3.9 12.4 6.6 11.8 5.3 1.3
IND 30.3 4.5 0.4 5.2 0.2 1.8
LAC 10.2 11.8 4.3 11.0 3.1 2.0
MEN 6.2 8.5 3.5 8.5 2.8 2.8
RUS 3.0 18.9 2.0 2.6 1.8 0.6
SSA 9.7 2.8 0.8 12.9 0.4 2.6

Source: Docquier et al. (2009) and IMF.

Our analysis focuses on developing regions. Table 1 cleraes the de-
mographic patterns of these regions, i.e. their demogcagitare in the popula-
tion aged 25+ of the developing world (Demog), the propartd highly skilled
in the resident population (Human), their average emignatate towards the
OECD members (Average), the emigration rates of high- andskill workers
(High-skilled and Low-skilled) and the ratio of remittaisde GDP (Rem/Y). Re-
garding remittances, the amounts presented in Table 1 kea feom the IMF
database and are usually seen as underestimating thg ssadie many transfers
are channeled through the informal sector. It is a priofidlift to estimate the
region-specific bias. Thus, we will only consider the offitMF numbers in our
analysis.

Each region has three types of agents: households, firméampdiblic sector.
The adult population is divided into 8 overlapping generadi from age 15-24
to age 85-94. Age is denoted by a=0, ... ,7. Individuals haaeedain lifetime
and can die at the end of every period. In each generationawe time-varying
proportions of low-skilled and high-skilled individual®ue to data availability
constraints, the highly skilled are those with post-seeopéducation completed.
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Migration occurs at the first period of life and is permandifiis is a realistic
assumption since we focus here on the migration of high-skitkers, who are
most likely to emigrate on a more permanent basis with tlaemnilfy members.
We only track migrants from the South to the North. Othernma¢ional migrants
are included in the demographic forecasts.

The model has two main blocks with a recursive structurerdieoto account
for the empirical elasticities estimated in the literafuree build an ‘upstream
block’, calibrated outside the core of the model using dathempirical studies.
This block predicts the evolution of demographic variaplesman capital and
the magnitude of diaspora externalities. Then, these gieds are introduced in
a ‘micro-founded general equilibrium block’ which gen@spredictions for the
world output, prices, remittances, asset accumulatiengéographical allocation
of assets, the international flows of capital income and nahgr endogenous
variables. In fact, one may have the feeling that the norrerfmunded block is
less coherent than the micro-founded one, where variabdegemerated through
the optimization behavior of households and firms. UsuaBEGvorks are crit-
icized because the parameters used are calibrated to mageinved values of
specific indicators at a given moment and are thus discoaddaim the empir-
ical evidence. In the present work, we believe that the narenfounded block
is an improvement upon such criticism since we calibrateesparameters using
existing estimations. In the next sub-sections, we desc¢hb structure of these
two blocks.

3.2.1 The upstream block

The upstream block is used to predict the evolution of derqalgc variables, the
effect of migration on human capital accumulation and thgmitade of diaspora
externalities. Starting from the U.N. forecasts, our shogklves a 10% increase
in the flows of emigrants originating from each region betw2600 and 2050.
These additional migrants are assumed to be highly skillégkir allocation by

destination region is assumed to be identical to the onerabdén 2000. Such

a change could be due to increasingly selective immigrgimities at destina-
tion. Figures 3.3 to 3.6 display the evolution of six indarafvariables under
the baseline (left panel, labeled “a”) and under the varghecks accompanying
high-skilled emigration (right panel, labeled “b”). Eachtbese figures will be

commented successively in this section along with a desenipf the specific

shock corresponding to it.

Population. Individuals reaching age 0 at yeabelong to the generation The
size of the young generation increases over time at an erogegrowth rate:

NO,t = mt—lNO,t—b
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where N, ; measures the initial size of generatiorandm,_; is one plus the
demographic growth rate, including both fertility and naitjon.

At every period, agents of the same age class (), 1, ..., 7) face an identical
cumulative survival probability, which decreases with .adg¢ence, the size of
each generation declines deterministically over time:

Na,t+a = a,t—i—aNO,t

where0 < P, .., < listhe fraction of generationalive at age: (at period: +a).
Obviously, we haveé?, ; = 1.

Denoting by, the proportion of highly skilled (post-secondary educated
among the first cohort, the high- and low-skilled cohort siaee given by:

N(?,t = ¢tNO,t
Nyy = (1—¢)Noy

- We assume an exogenous participation profile per age anatatugroup,
A,,.¢- Hence, labor supply of type j at time tis given by

Li=> MN,NJ,,  j=hl

Specifically, we assume full participation except for thikofeing three groups.
First, young highly skilled spend a fraction of their timedhtaining education
and do not fully participate in the labor markeét € )\g,t < 1). Second, part of
the population aged 55 to 64 years old are retied<( Ait < 1). Lastly, all
individuals aged above 65 are retir@(i( = 0foralla > 4).

Demographic changes affect the economic performanceseottionomy
(GDP or GNI per capita) through the support ratio, definechasatio of labor

force to population: o
D0 2 XapVa

Za Z] Ng,t

Finally, we define human capital as the proportion of highifled in the
residents labor force:

SRt -

S Ab NB

o a tat” Ta,t

Za Z] )\‘(Yl,tNg,t

In the baseline, we compute, ;. ,, the probability for an individual of gen-
erationt of being alive at time + a and the population growth rate, for the

period 1950 to 2050 from the United Nations data of World Rafan Prospects,
the 2000 Revision. In order to compute the share of higheskihdividuals of a

HC,
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generationy;, we use the Barro-Lee Dataset (2001), which provides dathen
educational attainment of individuals aged 25 to 74 for tharg 1950 to 2000
per country? In the future, we assume that the young cohorts are educatibe a
young one in 2000.

As shown in figure 3.3.a the Chinese world (CHI) and the MidgHstern and
North African region (MEN) have the largest high-skille@sipora, i.e. the num-
ber of highly skilled individuals living abroad. One aspetthe demographic
evolution in each region is described in figure 3.4.a. Wlhigeih some regions, in
the Indian world (IND), MEN and Sub-Saharan Africa (SSA),riuing age pop-
ulation (individuals aged 15 to 64) increases during th#é @dntury, it decreases
in some others as in CHI, the Eastern European countries)(BAdthe Russian
world (RUS). This reduction in the labor is one factor cdmiting to the aging
phenomena arising in most regions. The evolution of the aupptio (the pro-
portion of labor force to the total population) is an indmwabf the aging pattern
of the population and its evolution in the baseline is deggiah figure 3.1.a. We
see that, according to the U.N. Population Projectionspatrall the developing
regions of our model will be affected by the aging processhefrtpopulations
during the 21 century. The only exception, is Sub-Saharan Africa (SSAktvh
keeps having the highest proportion of young people amoeagléveloping re-
gions. In contrast, the Eastern European countries (EABhawe to cope with
the oldest population among the seven regions.

In the baseline scenario, we assume that future young choeteducated
like the 2000 young cohort. Since cohorts born before 20@0less educated
than the ones born from 2000 onwards, our assumption indugesgressive rise
in the average level of human capital depicted in Figurea3.2he proportion of
highly skilled is lowest in SSA.

South-North migration. In order to calibrate migration stocks and flows for the

3We firstly aggregate this data set by region and then partitito obtain shares of highly
skilled per age group. We proceed as follows in order to dgr@gate the Barro-Lee data by age
group. First, it is reasonable to assume that, at each pehiedhare of highly skilled individuals
is higher for the younger age class. In particular, we asstimaethe share of highly skilled
individuals aged 85 to 94 corresponds arbitrarily to 80%hefshare of highly skilled aged 75 to
84, which in turn is equal to 80% of that of the next younger elgss, and so forth. As all the
shares of highly skilled per age class then depend on the siiaighly skilled aged 25 to 34, we
compute this share in order to matches the total share ofyhidfilled in 1950, as given by the
Barro-Lee Dataset. Second, we report the values of the slodtbe age classes 25-34 to 65-74
of the following years. For example, the share of highlylskiilaged 35 to 44 in 1960 is equal
to the share of highly skilled aged 25-34 in 1950, as we asghatethe high- and low-skilled
individuals have the same probability to be alive at the leigig of each period. Third, for all the
following years, we compute the share of highly skilled agbdo 34 in the same way as for the
year 1950. Lastly, the share of highly skilled aged 15 to 28980 is simply equal to the share of
highly skilled aged 25 to 34 in 1960.
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baseline, we explicitly track migrants from the seven depilg regions into the
three developed regions. North-North and South-Southantgrare implicitly
dealt with through the U.N. population data and forecasts: @libration strat-
egy is based on immigrant-to-population ratios, or the prispns of stock of
immigrants to total population observed in the three dgyatdioregions. To begin
with, we use published statistics on the number, age stieianud education levels
of immigrants in 2000 (combining the U.N. and the Docquiearfduk datasets).
From the gross number of immigrant stock in each region, Wé&aat the number
of 0 to 14 years old migrants, and then we subtract all Narthtorth migrants.
Based on the Docquier-Marfouk dataset, we calibrate theeshaf immigrants
by education level and by region of origin. To construct thenber of migrants
before 2000, we use survival probabilities as well as thevgreate of the immi-
grant population. For immigration forecasts, we start ftbe2000 numbers and
let migrants die according to the survival probability foasts. Assuming that
all future migrants are aged 15-24, we let the change in theksif immigrants
follow the UN forecasts (from which we subtract the 0-14 geaid and North-
to-North migrants using the 2000 proportions). We assuragftliure migrants
are distributed by educational level and by origin as in 2000

As mentioned above, our shock involves a 10% increase in dlaes fbf em-
igrants originating from each region between 2000 and 209tese additional
migrants are assumed to be highly skilled. Figure 3.3.bictefhe change in the
high-skilled diaspora compared to the baseline. MEN and MWAICexperience
the highest increase in their number of highly skilled adrge25% in 2050). In
all the regions, the increase will be largest in 2050 whethalfadditional’ high-
skilled migrants left their region of origifi. Figure 3.4.b represents the change
in the working age population due to the migratory shock (cared to the base-
line). Increasing emigration by ten percent will obvioustyluce the number of
people aged 15 to 64, since only the individuals from the gesgh cohort are
assumed to migrate. Similarly, increased migration wabadlepress the support
ratio as shown in figure 3.1.b. The most serious drops in th&ing age pop-
ulation and in the support ratio are expected for the Eagtenmtries and Latin
America.

Brain drain versus brain gain. A recent wave of theoretical contributions
demonstrates that high-skilled migration can raise thesmesof human capital in
the sending countries Mountford (1997a); Stark et al. (19988); Vidal (1998);
Beine et al. (2001a); Stark & Wang (2002). These papers asthanhthe return to
education is higher abroad and that high-skill workers leawreich higher proba-
bility to emigrate than low-skill workers (a hypothesisostgly supported by the

4The highest change in the number of high-skilled emigraotsics at a later period for EAS,
because its high-skilled diaspora is expected to fall irbdeeline after 2050.
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data). Hence, migration prospects raise the expectechr&gidruman capital and
induce more people to invest in education at origin. Ex-amtere people opt
for education. Ex-post, some of them will be leaving. Undentain conditions
detailed in these models, the incentive effect (or braieatffdominates that of
actual emigration (or drain effect), which creates the fiagy of a net brain gain
for the source country.

Beine et al. (2008) found evidence that the prospect of Bigted migration
is positively associated with gross or ex-ante (pre-migrathuman capital levels
in cross-country regressions. They usegleonvergence empirical specification:

Aln (HCP) = a — BIn(HCP) +yin(m}') + > n: X

whereAln (HCY) is the growth rate of human capital betweeandt + 1, HCY
denotes human capital measured as the proportion of higfilgdamong na-
tives at timet (superscript: stands for natives, or human capital ex-ante, before
emigration occurs)m! is the high-skilled emigration rate; ; is a vector of
other control variablesof, 3, v, n;) is a set of parameters. The long-run elastic-
ity of natives’ human capital to the high-skilled emigraticate is equal to’ﬁl.

It amounts to 9.6 percent in the parsimonious IV model. Tdquar the above
estimation, Beine et al. (2008) use the data on human cdpit&larro & Lee
(2001b) and on migration by Docquier & Marfouk (2006). Gitbe availability

on migration data by skills in the latter dataset, the grovetie of the ex ante
stock of human capital (i.e., including emigrants) is defibetween 1990 and
2000, Aln (HCY) = In(HCSyy,) — In(HCYygy). Their sample comprises 127
developing countries excluding countries from the form&3R, Yugoslavia and
Czechoslovakia (for consistency between the 1990 and the @ata points) as
well as high-income countries, since their study focusesherbrain drain im-
pact on developing countries. To evaluate the incentiveothgsis, they use a
(#-convergence empirical model and regress the growth ratieeoéx ante stock
of human capital (i.e., including emigrants) between 19@92000°

SControl variables include (i) the log of the initial level ek ante human capitaly(H{y, ),
to capture potential catching-up effects: a negative s@nttie coefficient al would indicate
convergence in natives (residents plus emigrants) humgitatamong the countries sampled,
(i) the log of the high-skilled migration rate at the begimyp of the period, as a proxy for the
migration incentives faced by educated individuals, (iferaction terms of this initial high-
skilled emigration rate, with dummy variables for whethee tountry’s income per capita was
lower than a given threshold at the beginning of the periag,pfopulation density in 1990, as
a proxy for the cost of acquiring education, (v) workers’ igamces as a share of GDP, first
because they can relax credit constraints on human capiedtment, and second, because in the
absence of statistics on return migration, they providaediréct means of controlling for possible
returns in subsequent periods, (vi) regional dummies forSaharan African and Latin American
countries.



3. BRAIN DRAIN AND THE WORLD ECONOMY:
88 LESSONS FROM A GENERAL EQUILIBRIUM ANALYSIS

In our simulations, we build on Docquier et al. (2009)’s datal compute the
relative change in high-skilled emigration rates resglfitom the rise in emigra-
tion flows to the North. We assume that these relative chaagegxperienced
by all the countries belonging to the region. Using the abdowg-run elasticity,
we compute the change in human capital of natives and rdsi¢eatives minus
migrants). Assuming that the long-run level of human cédjsteeached in 2050,
we compute the proportion of highly skilled among remaimesgjdents, denoted
by HC,. We first do it country by country and then aggregate cousnitrieregion.
The convergence to the 2050 level of human capital levehisali. Finally, we
compute the change in; required to obtain the desired levels of human capi-
tal. After 2060, the high-skilled emigration rates and theeome back to their
baseline value.

The effect of increased high-skilled migration may eith@nance or deterio-
rate the level of human capital, depending on the calibral&sticities of natives’
human capital to the high-skilled emigration rate. Figu3depicts the change
in human capital in percentage points. The brain drain tetdes the human
capital level in SSA, EAS and LAC, while it turns out to be bfcial for IND,
CHI and RUS. The effect on MEN is almost nil.

Total Factor Productivity (TFP). Regional outputy;, is determined by a Cobb-
Douglas production function with two inputs, physical ¢apik;, and labor in
efficiency unit,A; L;. The number of efficiency units of labor that a worker sup-
plies depends on his/her level of education (capturefd)rand on the aggregate
level of technology (denoted by,):

Y = K{ (ALy) ™"

There is one leading regional economy, North America (NAM}Xhe sense
that the Harrod neutral technological progress of eacloregi a fraction ofA?,
namely that the leader is always ahead of other regions mst@f production
technology. Exogenous paths for the Harrod neutral tedyicdl progressi;
and growth of the leading economy are unobservable and/st briproperly
calibrated.

To obtainA; for non-leading regions, we use the observed paths of GId? rat
Y:/Y,, whereY;* is the leader’s GDP. We proceed as in de la Croix & Docquier
(2007), who use a backsolving identification method to catidTotal Factor Pro-
ductivity. It consists of swapping the exogenous variablefor the endogenous
variablesY;/Y,* and then solving the identification step with the Dynare algo
rithm Juillard (1996). The ratio of GDP’s is computed by eaywhg the data
of the GDP per purchasing power parity from the World Devalept Indicators
(WDI) for the three years 1980, 1990 and 2000. We adopt theevad 1980 for
the years preceding 1980 and the value of 2000 for thosenfmlgp2000. Finally,
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the leader’s growth of Harrod neutral technological pregrés calibrated on real
observations, and for future years, the value is calibrateth that the annual
growth rate is equal to 1.84 percent.

Following Benhabib & Spiegel (2005), themselves building elson &
Phelps (1966b), we consider an endogenous Harrod-neatfahital progress
of the neo Schumpeterian type. Technical changes are detatroy the regional
capacity to innovate and to adopt modern technologies. &famassche et al.
(2006), henceforth VAM, estimated a neo-Schumpeterianahaging panel data
on OECD countries. More recently, Lodigiani (2008) has edezl the frame-
work by adding a diaspora externality: high-skilled emigsdiving in rich coun-
tries increase the capacity to adopt modern technologibs. r&estimated the
model for a larger sample of 92 countries, including highiddte- as well as
low-income countries. Having 276 observations by using @iatthe years 1980,
1990 and 2000, she obtained the following specification:

*
t

Aln(4;) = 59— .28In (%) +1.43HC, — 0.10In(M]")

+0.871n (ﬁ) HC, —0.061n (ﬁ) In(M") +¢ (3.1)
Af Af

whereAln (A;) is the rate of technical progress; is the technological level of
the leader (typically, the NAM region)i//* is the stock of high-skilled emigrants
living in the leading economy andl is an exogenous componéntConfirming
VAM, the interaction effect between proximity and the pradpm of workers with
tertiary education is positive, meaning that high-skillriaers are more important
for growth in economies closer to the frontier. On the cawiréhe interaction
effect between proximity and the log of high-skilled emigssis negative, imply-
ing that high-skilled emigration has a decreasing effegramth when a country
approaches the frontier, or that migration is more impdtfi@ancountries far from
the frontier. Backward countries, that rely more on adapto@an beneficiate more
from the high-skilled diaspora as it facilitates techngl@agd knowledge transfer
from abroad.

In the baseline, we plug the human capital and migratiorctsts in the above
equation to predict the evolution of the technology. On taeqa 1950-2000, we
calibrater, so that our baseline simulations perfectly match the GDRmbsions

6We transpose this equation also to high-skilled migratiotie other two developed regions.
Thereby we assume that the diaspora in Japan and the Adv&acedries has a similar impact
on the TFP of migrants’ origin regions. This is not unreasd@aince the total productivity level
in these two developed regions is close to the North-Amaraee: the technology levels of the
Advanced Countries and of Japan are respectively 96% anddd3ke North-American one in
2000.
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(as percentage of the leading economy). The calibratedfpath is rather sta-
tionary and distributed around zero in all the regions ekaethe Indian world,
the Chinese world and Eastern Europe where a positive teeololsierved.

In our baseline forecasts, we consider thas equal to zero everywhere ex-
cept in India, China and Eastern European countries wheremains positive
until 2100. Our baseline accounts however for a catch-uphoh&; India and
Eastern Europe to North America. This would be in line with tecent acces-
sion of the majority of the Eastern European countries toBhmpean Union
and with the last years’ increased growth pace of India andaCH.ikewise the
assumptions of Ingenue (2005), the Eastern Countries @a¥éhncreased their
GDP per capita level by 25% compared to North America, whithtihe Chi-
nese and Indian worlds will have doubled it (compared to ¢éaglér) by 2100. It
is also assumed that 75% of this catch-up occurs between&d @050 while
the remaining 25% between 2050 and 2100. These catch-upsrtbh Nmerica
in the baseline are obtained by calibrating the produgtivitof these regions
via the backsolving identification approach described @vigus paragraphs and
represented by the exogenous parameiethe above ‘technology’ equation.

Figure 3.5.a depicts the evolution of the technologicakdlise to the frontier
in developing regions in the baseline. For IND and CHI theetpath is increasing
and the regions are approaching to the frontier. For CHIdfiexct is particularly
strong. For EAS, the closest region to the frontier, the toah is first increasing
and then slightly decreasing. For all these regions (IND| &l EAS), the path
is exogenously imposed. For all the other regions (SSA, MBS and LAC) the
time path is quite stable. Since our shock modifies humariaagpid the number
of high-skilled emigrants abroad, it affects the rate ohtecal progress as well.
Given the specification aboveé\ In A; increases inHC; when lnﬁ—;’; - —1.64

(% > 19.4%), i.e. the economy is not too far from the frontier. Moregver
t

Aln A, increases inV/!" if ln% < —1.67 (% < 18.8%), i.e. when the economy
is far from the frontier. t t

Figure 3.5.b represents the effect of our migration shoctherevel of tech-
nology. A positive change is observed for IND and MEN, regidar from the
technological frontier. However, albeit being the regiartliest from the frontier,
SSA suffers from high-skilled emigration because its ddinésiman capital is
so low that technology adoption is very unlikely to occurrevéth an enlarged
high-skilled diaspora. Therefore, the loss of an alreadycschigh-skilled pop-
ulation imposes a negative effect on SSAs technology. Give mechanism
explained above, a negative effect is instead observedA@, ICHI and EAS.
For RUS the effect is nil.

Confiscation rate. A large sociological literature emphasizes that the coeabi
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migrants’ networks facilitates the further movement ofsoss, the movement of
goods, factors, and ideas between the migrants’ host an@ ltoomtries. Sev-
eral studies investigated whether FDI and migration arst#uies (as one would
expect) or complements. Using cross-section data, Doc&ui@digiani (2009)
find evidence of significant network externalities in a dyiaempirical model of
FDI-funded capital accumulation. Their analysis confirhreg business networks
are mostly driven by high-skilled migration. Using bilateFDI and migration
data, Kugler & Rapoport (2007) also found strong evidenaaimplementarity
between FDI and high-skilled migration with a similar eieity.

In our model, we assume that physical capital is mobile aa@gions, the op-
timal marginal productivity of capital is equal to the intational interest rates
augmented of country-specific confiscation rateeflecting informational costs
or risks. The confiscation rate is endogenous and dependeize of the high-
skilled diaspora abroad\{/*). We have:

rl+m) = oK V(ALY =6
1+m) = (L+my) (M7

whereJ is the capital depreciation rate,; is an exogenous variables used to
calibrate the baseline level of the confiscation rate ant the elasticity of the
confiscation rate to the high-skilled diaspora size.

Using panel data, Docquier & Lodigiani (2009) have estirdatat the long-
run elasticity of foreign direct investments to the highliskl diaspora is equal to
0.75.More precisely, they use migration data containedafobrt (2008), which
provides high-skilled emigration stocks and rates from51L8Y 2000 (one ob-
servation every 5 years). This data focuses on six majoindesin countries
representing 75 percent of the OECD total immigration stddle study of Doc-
quier & Lodigiani (2009) is based on 83 countries for a tofa382 observations
in a balanced panel data getUsing the specifications above and relying on the
fact that foreign direct investments represent 12.5 peémktotal investments in
developing countries, the calibrated value ¢ois equal to 0.05.

In the year 2000, we calibrate 20 in such a way that the regional confis-
cation rate reflects country risk rating. The confiscatide ia modeled here as
governmental tax on investment. In a risky region, a partnohaestor’s returns

"They compute the growth rate of FDI-funded capital stockweerker for 4 sub periods of
5 year each (1980-85, 1985-90, 1990-95, 1995-00) and regres (i) total lagged migration
stock, (ii) lagged share of high-skilled migrants, (iiigged FDI-funded capital (in logs), (iv)
lagged GDP per capita (in logs), (v) labor force growth r&t, lagged democracy score, (Vii)
dummy for high-income country, (viii) interaction term b&gten lagged democracy score and the
high-income dummy, (ix) lagged trade costs (in logs, théadise to most important countries)
(x) interaction term between lagged trade costs and theihighme dummy (xi) and finally some
time dummies.



to capital is collected by the government, who uses it for maauctive purposes
(e.g. extra-goods consumed by corrupted civil servants).ugé data available
from the OECD for region specific risk, which in turn rely uptire Knaepen
Package methodology. To compute the risk classificatiomgmgon, we take an
arithmetic mean of ratings of the available counfries

In the baseline scenariay, is adjusted to keep the regional confiscation rate
constant over time. Figure 3.6.a shows the flat profileg for 7,;) in the base-
line. Then, as our shock increases the size of the higheskiliaspora abroad, it
reduces the confiscation rate and stimulatteris paribudoreign direct invest-
ments at origin. The intuition is as follows. When there am@renhigh-skilled
migrants abroad, the information costs or informatiorated risks will decrease,
migrants in fact can provide important information to fgreiinvestors, which
may otherwise be difficult or costly to obtain, and they catue communication
barriers. Therefore, the return to capital increases arabse FDI. Figure 3.6.b
shows how(1 + ;) varies over time. In particular, the largest change ccurs
in MEN and in LAC. MEN and LAC have the largest increases inhksfilled
diaspora, which contributes to the large effect. In comtiagelative terms, CHI
has a very small increase in diaspora, thus the changesinery small too.

8The Knaepen Package is a system for assessing country Gsiditnd classifies countries
into eight country risk categories (0 - 7), from no risk (Ohtgh risk (7). Basically, it measures
the credit risk of a country. In our calibration, there arerisés for the three developed regions
whereas the seven developing have risk classificationsllasvéo CHI (3.2), EAS (3.4), MEN
(4.2), IND (4.9), LAC (5.2), RUS (6.2) and SSA (6.4).
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Figure 3.3: High-skilled Diaspora (Number of high-skilledlividuals living abroad)
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Figure 3.5: Technological Progress
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3.2.2 The micro-founded block

The global impact of the brain drain also depends on its &ffea labor and

capital income (at destination and origin), on asset actation by region, on

the amounts remitted by emigrants and on the distributicihe$e remittances.
To simulate these effects, we use a micro-founded blockctiagifirms’, states’

and households’ behaviors.

Preferences.The expected utility function of our agents is assumed tdrhe-t
separable and logarithmic:

E(Uf) = iPa7t+a. (o), =l
a=0

Wherec{;,t 1o fepresents expenditures of age clasd timet + a. For natives in
both developing and developed regionfg,Ha is equivalent to goods consump-
tion. However, for immigrants in the developed regimﬁg*a is a Cobb-Douglas
combination of goods consumptios{”) and remittancesi{A/ )

. M.j L M,j i .
C(]z,t—l—a = (ca,t—]i-a)l v (RMa,t—ij-a)A{Jv J= ha l7

where’ is an age-invariant propensity to remit that determineptogortion of
expenditures a migrant in the skill groypsends as remittance to his region of
origin. This parameter varies with region of oridin.

Furthermore, following de la Croix & Docquier (2007), we pdate the ex-
istence of an insurance mechanism a la Arrow-Debreu. Eawoh #éfter an in-
dividual dies, her/his assets are equally distributed gmodividuals belonging
to the same age class. Individuals thus maximize their éggdeadtility subject
to a budget constraint requiring equality between the disterd expected value
of expenditures and the discounted expected value of incaiieh consists of
net labor income, pension benefits, other welfare transfeigor net remittances.
The household optimization problem determines the agel@sdior consump-
tion, remittances, saving and asset accumulation.

Controversies on remittances. In the former optimization problem, the only
parameters to be calibrated are the propensities to remmitigfants,’ (j =
h,l). These parameters are assumed to vary by education levekgiwh of
origin. Disregarding differences by education level, itulgbbe easy to fixy so
as to perfectly match the remittances/GDP ratios observddveloping regions.

%We model remittances in this way so that migrants and naliees identical asset accumu-
lations. The age-invariance of propensity to remit comemfour assumption that there is no
remittances decay.
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However, it is important to capture the potential heter@igrn propensities to
remit since remittances constitute an important sourcaeaime for developing
countries (see Table 1).

Although little attention has been paid to the role of migsarkills, the em-
pirical literature on the determinants of remittances ibgmous. Ratha (2003)
argued that educated migrants earn more and remit morehwbggests that the
cost of the brain drain can be offset by migrants’ transfeiing aggregate data,
however, Faini (2007) challenged this view with very diéfiet results: the amount
of remittances increases in the number of migrants but deerewith their aver-
age educational attainment. One interpretation is thataed migrants tend to
come from better off families who rely less on remittancestfeir livelihood.
Another argument is that educated migrants are more likebgttle permanently
and to bring their close family members into the destinationntry; thus, they
have less incentives to remit. The shortcoming of such tymapers is that they
rely on cross-country data, and therefore, the causalitygoward in their argu-
ments is extremely hard to establish, especially as somerpalemonstrate that
remittances may alleviate liquidity constraints and alle®ople to obtain more
education in the origin countries (see Cox Edwards & Ure@8 and Duryea
et al. (2005)). Nimii et al. (2008) recently accounted foclsendogeneity prob-
lems. Using Instrumental Variable (1V) regressions, theyfom that remittances
are negatively correlated with the average level of schgadf migrants, i.e. the
highly skilled remits less.

In spite of this evidence, it does not imply that remittarsest by high-skilled
migrants are negligible, particularly if the high-skillgdoportion of temporary
migrants increases. For example, Kangasniemi et al. (20xy that nearly half
of Indian medical doctors working in the United Kingdom seardhittances back
to India and that these transfer on average represent 16matthe remitters’
income. In addition, cross-country regressions couldestdifbm a bias of omitted
variable. The average level of schooling of migrants isrggtp correlated with
the level of schooling of residents: the more educated eess] the higher their
income and the less they need remittances.

Another source of uncertainty concerns the distributieffeict of remittances
in the recipient region. Taylor & Wyatt (1996) find that retaiices are distributed
rather evenly amongst the sampled income groups in ruraiddexVioreover,
remittances have the highest shadow value for householtdse dower end of
income distribution since the additional income helps taxeredit and risk con-
straints. Hence, they conclude that remittances have aalieog effect on in-
come inequality at origin. In contrast, Barham & Boucher98pargue that the
equalizing effect is found mainly because remittances i@&tdd as an exoge-
nous transfer. Instead, they construct counterfactuats mo migration and no
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remittances in order to study how they affect income inaguat Bluefields,
Nicaragua. After controlling for self-selection problentss found that the po-
tential home earnings of migrants have a more equalizirggethan remittances;
in other words, inequality is deepened with migration anditeances. In addi-
tion, several studies show that the relationship betwemitt@&nces and inequality
exhibits a Kuznets curve. Stark et al. (1986) and McKenziedpéport (2007)
suggest that the network effect lowers migration costs timex and thus gradu-
ally facilitates migration from the low-income household#ence, in the begin-
ning when only the high-income households can afford migmatosts, inequal-
ity is accentuated because remittances are received atgherlend of income
distribution.

Given the controversies above, we simulate our model witketivariants of
remittances behavior, that will be explained in Section 3.4

Firms. At each period of time and in each region, a representatidepaofit-
maximizing firm uses efficient labor ) and physical capitalK;) to produce

a composite goodY{). As stated in the previous section, we assume a Cobb-
Douglas production function with constant returns to scale

Y, = Kta(AtLt)l_aa (3-2)

where a measures the share of capital returns in the national ptpdad A,
is an exogenous process representing the Harrod neuthaldiegical progress.
Total efficient labor force combines the demands of highiylesk (L?) and of
low skilled labor !) according to the transformation function characterizgd b
constant elasticity of substitution (CES):

L = [, (LM + (1 — vy) (LY7o, o<1 (3.3)

wherewv, is an exogenous high-skill biased technological prograsdg is de-
fined aso=1 — % with € being the elasticity of substitution between high- and
low-skill labor. The capital share in outputis set to one third, as estimated in
the growth accounting literature. We follow Acemoglu (2D02fixing the elas-
ticity of substitutions to 1.4 and thus the parameter equals t00.2857 in the
CES function. Regarding the high-skill biased technolagahange, we apply
the same procedures as for TER )by using skill wage premiumé, = w’ /w!.
The skill premiums for each region in year 2000 are arbiirdisied.’’° Then, we

let these values vary according to the pattern of the USgeNeage premium for
the period 1950-2000 in Acemoglu (2003b).

105,000 are fixed at 3 (NAM), 2.35 (ADV), 3 (EAS), 3 (MEN), 3.15 (LAC),(3AP), 3.5 (SSA),
3.25 (RUS), 3.25 (CHI) and 3.25 (IND).
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Government. The government levies taxes on labor earnings and on corisarmp
expenditures in order to finance general public consumppiension benefits and
other welfare transfers. The government also issues bartipays interests on
public debt.

The pension system is modeled in a way as to allow for diffepamsion
systems in each region. The regional pension systems atlg Basmarckian
(benefits proportional to wages) and partly Beveridgiamf@tesum benefits). We
use aregion-specific parameter capturing the wage-rediatetibn of benefit. The
government’s budget constraint is satisfied at each peyaabusting the wage
tax rater}V. Public debtd; is computed from the WDI Database. Exceptions are
the public debt of the ADV and the JAP regions, which are oigdifrom the
OECD data on Gross Financial Liabilities.

Equilibrium. A competitive equilibrium of the economy with perfect capit
mobility is characterized by (i) households’ and firms’ fiostler conditions, (ii)

market-clearing conditions on the goods and labor markig)sbudget balance
for each regional government, (iv) the equality betweeratjgregate quantity of
world assets and the quantity of the world capital stock ghessum of public

debts of all regions, and finally (v) the arbitrage conditodéthe rates of return to
capital. The equilibrium on the goods market is achieved layr&g’ law.

3.3 Interpretation of simulated results

In this section, we interpret the simulated results of acg@ieimmigration policy,
which in effect increases by ten percent the outflows of eamty (all assumed
to be highly skilled) from each developing region into theeleped world. Our
period of interest is 2000-2100, or the year before the filmtevof additional
migrants in the developed regions to the year when the |last is&ntirely retired.
We pay special attention to year 2060, or when the first waweigfants is fully
retired and the last wave fully joins the workforce. The degenent indicators in
guestion are defined as follows.

e GDP per capita: total domestic production divided by total populati%q

e GNI per capita: GNI, composed of GDP minus consumption taxes plus

foreign aid, remittances receipts and net capital inflovigddd by total
populationt!

¢ high-skilled/low-skilled inequality: ratio of high-skilled to low-skilled

< GNI}/N]
GNI per Cap'ta'cmg/wg :

INet capital inflows are calculated as natives’ assets miapisat used in domestic production.
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A selective immigration policy affects the indicators abdkirough four dif-
ferent channels, including demography, human capitahnelogical progress,
and information costs/confiscation rate. We begin with tiseuwssion with the
disentangled effects on GDP per capita, then we turn ouysisab total impacts
on GDP and GNI per capita, as well as on high-to-low skill inggy.

3.3.1 Disentangled effects on GDP per capita
The disentangled effects on GDP per capita are depictedjur&i3.7.

Demography. Increased high-skilled emigration acts to reduce the sizbe®
youngest cohort at origin. While reducing the working agpuation at origin,
migrants settle in the North and add into the work force atidagon!? This re-
allocation of labor results in higher returns to capitalhie technologically more
advanced North, and therefore, labor outflow is accompaedmore than pro-
portional capital flight to the developed regions. As a cqnsace, GDP per
capita is negatively impacted in the South (see Figure B.Tt& observed that
EAS and LAC experience the largest negative impacts, mauaé/to their very
high emigration rates. Although the shock is the same foh eagion (ten per-
cent increase in emigration flows), additional outflowsgered by a selective
immigration policy result in huge losses in the labor fonceagions that experi-
ence already large emigration rates. Moreover for EASgit®as aging problem
further exacerbates the impact of losing working-age pafpan.

Human capital. On the one hand, increased high-skilled emigration acts-o r
duce the average human capital of the youngest cohort, mgahaits skill com-
position. On the other hand, however, it may induce more mucapital forma-
tion through the so-called brain gain effect. Figure 3.&pidts the isolated effect
of human capital on GDP per capita. For regions where thientiee effect more
than fully compensates for the loss of the high-skilled ygatars, a more skilled
working force contributes positively to GDP per capita. hwstance in RUS,
the effect is always positive. For regions with significaigfaskilled emigration
rates, however, a selective immigration policy tends toseorbrain drain. EAS
experiences the worst impact, and it is closely followed Bland SSA.

Technological progress. The distance to the technology frontier is affected by
increased high-skilled emigration, as it modifies humantabgt origin and the

2wWhen isolating the effect of:;, the total amount of remittances receipts are kept conatant
the baseline. This means that remittances receipts paaaamEnge since the population at origin
is reduced.
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size of high-skilled diaspora abroad (and therefore thecap of a region to
innovate or to adopt).

Given this mechanism, it is found that MEN and IND experiepositive ef-
fects in terms of GDP per capita, thanks to technologicayss through adop-
tion, that is enhanced by enlarged high-skilled diaspora. nkore advanced re-
gions, however, an increase in the number of emigrants hgetine effects on
technology, and consequently on GDP per capita, due to fdsgle-skill work-
ers who are crucial in terms of innovation. For instance, 3Htlose enough to
the frontier to experience a negative effect in terms of GBPcppita. In general,
for all the regions the effect is relatively small.

Transaction costs.Transaction costs, or the information related confiscatbs,
m, may be reduced by the high-skilled diaspora externalitg. olr shock in-
creases the size of the high-skilled diaspora abroad, itcesithe confiscation
rate and stimulateseteris paribudoreign direct investments at origin for all the
regions. With more FDI, capital inputs are increased andsequently, total do-
mestic production, thus contributing to positive effects@DP per capita. The
effect is quite important for all the regions. In particyldre largest effects occur
in MEN and in LAC, regions with the largest change in highHski diaspora. In
contrast, as CHI has a small increase in diaspora in reltgives, the change in
m is rather small .



Figure 3.7: Disentangling the change in GDP per capita
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3.3.2 Total impact

GDP per capita. The total impact of a selective immigration policy on GDP per
capita mainly results from the interplay between changetemography and in
transaction costs. The overall effects are positive for MESA, IND, and RUS,
ranging from0.22% to 0.67% in 2060 (see Figure 3.8.a). The major contributor
is the diaspora externality, for that it brings in more FDkedo lower informa-
tion costs. Moreover, these regions suffer only slightlyarms of working-age
population, either because they have a relatively lowl-$kidor force or their
high-skilled emigration rates are not very high. In cortirdespite a decreased
confiscation rate, the total effects are negative for EASLak@. This is because
both regions are encountered with significant high-skillgration rates, and as
already mentioned, there is a serious aging problem ocguin EAS; more-
over, LAC experiences very negative changes in terms oht@olyy, which fur-
ther damage its domestic production. Lastly for CHI, thaltohpact is slightly
negative mainly due to the adverse effect of high-skill ewtign on technology
innovation.

GNI per capita. In terms of GNI per capita, the channels at work are the same
as for GDP per capita, except that remittances also comepiagpand act to
alleviate the negative impact on GDP per capita. In facinftbe perspective of
migrant sending regions, the direct impact of an enlargadmira is to increase
the amount of remittances receipts, and the impact is raikable (see Figure
3.8.b). It is the largest in MEN, which is also the region wviitle largest increase

in remittances thanks to a selective immigration policy. rétver, remittances
receipts have a very significant poverty-reducing effectpimorer regions, such

as SSA, where even a very small amount of remittances camactar a large
part of national income.

The total impact is generally positive for all regions andakperiods after
the shock (see Figure 3.8.c). The optimistic overall effenainly come from
two sources: i) increased GDP per capita through more FDI jipnemittances
receipts, with the former contributing more to enhancingl @b capita. The
only exception is EAS in 2060, when it experiences the wonggact in terms
of domestic demographic structure. This negative demdueagifect outweighs
its large increases in remittances receipts, which havesadenounced effect in
EAS when compared to more impoverished regions.

Inequality. So far as the high-to-low skill inequality is concerned,tittal impact
is mostly driven by the effect on skill composition of humaapital, which leads
to changes in the skill premium. That is to say, inequalitisfé&ise) in regions
with net brain gain (drain).
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In regions where the brain gain effect is absent, reductiornke size of
youngest cohort bring down the average skill level in theees®@conomy since
younger cohorts in the model are more skilled than the pusvgenerations (see
Section 3.2.1). Hence, when skilled labor becomes scattverskill premium
goes up and skilled-to-unskilled income inequality wosseithis is especially
the case for SSA, for that it has a very low level of human @pa begin with.
MEN and LAC are the two exceptions, however, where remitanaocrease by
the highest degree and contribute the most to inequalityatezh, under an equal-
sharing scenario for remittances.

Last yet not the least, it follows from Beine et al. (2008)ttteagions with the
largest high-skill emigration rates are those who do noebefrom brain gain
but suffer brain drain. In the meantime, they are also theonsgthat are most
seriously impacted, in terms of demography, by the high4siased immigration
policy. Thus, when a region (e.g. EAS) finds its GDP per cagitzersely im-
pacted mainly due to a strong demographic impact, it wilbdisd that it is its
low skilled population who disproportionally shares thadiship.



Figure 3.8: Total impact on GDP/GNI per capita and ineqyalit
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3.4 Robustness checks

In this section, several alternative assumptions are doted as robustness
checks to our main results.

Alternative remittances behavior. We denote a migrant’s propensity to remit as
~7, 5 = h,l. We have 3 different alternative remittances behavior&n&dos 1
and 2 differ in the ratio of high-to-low skill migrants’ prepsities to remit. Sce-
nario 1 assumeg = ~" and thus fits Ratha (2003) where he argues that high-skill
migrants send more remittances due to higher earnings.a8oehcorresponds
to Faini (2007) and Nimii et al. (2008) and assumés- v* = 0.74!: given other
things equal, high-skill migrants remit less. On the othendy Scenarios 2 and
3 distinguish in the ways remittances are distributed. WAadriant 2 assumes an
income equalizing effect of remittances in the same spirinaraylor & Wyatt
(1996), Scenario 3 considers that (low-) high-skill onlgnreto (low-) high-skill
individuals and thus high-skill households are the majoipients of remittances
under brain drain.

Notice that, when calibrated to the official remittancesadat the period
2000, it is apparently not viable that high-skill migrantavl a much lower
propensity to remit when compared to the low skilled. Othsewremittances
from the low-skilled migrants will have to account for an easonably high share
of total remittances receipts. It is unreasonable becamseskilled emigrants
then remit a very high fraction, even more than 100%, of tha@l income to
their regions of origin.

These alternative remitting behaviors lead to little cheanigp the impacts on
GDP and GNI per capita, while obviously, Scenario 3 stroredgcerbates in-
equality in each region.

No Remittances. The effects of a brain gain are also analyzed within a variant
where migration entails no money transfers back to origgioms. As observed
before, remittances do not affect GDP per capita and a beamlgads to similar
results under the ‘no remittances’ variant as in the cemaabant when remit-
tances are present. However, the beneficial effect of ranaéts in terms of GNI
per capita and inequality is lost in the ‘no remittances’iaa. Thus GNI per
capita is less improved and inequality less reduced by bkiglhemigration. In
the case of Latin America, GNI per capita would even be redacel inequality
increased.

Brain drain vs brain gain. In the brain drain (BD) scenario the incentive effect
for human capital formation is absent. Thus the impact on @BPcapita and
GNI per capita is more pessimistic for all the regions. We gathe previous
section that, under the ‘brain gain’ scenario, human chypia not the most im-
portant factor in explaining the change in GDP per capitae fdason is that the
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externality of high-skill emigration on human capital fation is important to

prevent a huge drop in the level human capital and may evertdéehdigher level

after emigration. In fact, it can be observed that, in theeabs of this side-effect
of high-skill emigration, GDP per capita is quite negatwehpacted. Since the
high-to-low skill inequality is largely determined by thidlspremium, changesin
the average skill level of the labor force are negativelpeasged with changes in
inequality. Therefore, in the brain drain scenario hight&kbor is more scarce,
inequality increases in all the regions.

Brain waste. Brain waste implies that additional high-skill migrante aam-
ployed as low skilled in the destination regions and impaetgatively all indica-
tors. GDP per capita is depressed since the new migrantstdoeanease the size
of the high-skill diaspora and do thus not contribute to pialgy information costs
for foreign investors. Additionally, the total amounts efnwittances are lower
than in the benchmark due to lower earnings of the new migranhis further
depresses GNI per capita and brings about a lower ineqguralitycing effect of
remittances.

Less optimistic network effects.In this alternative scenario the long-run elastic-
ity of the diaspora effect on the confiscation rate is lowantim the benchmark
Since FDI inflows brought by reduced information costs ang waportant for
GDP and GNI per capita, predictions on both indicators aresrpessimistic. The
change in inequality is negligible since it does not affbet $kill premium.

Low skilled. The ‘low-skilled’ scenario considers that the additionadigrants
are all low skilled and that low-skilled migration entaile Bxternalities on the
incentives to educate, technology diffusion and foreigediinvestments. In-
creased low-skilled migration raises the proportion ohhygkilled in the sending
regions and has a similar negative impact on demographygasshkill migration.
The positive effect on human capital is however not sufficiercompensate for
the demographic impact and for the fact that low-skilled rangs do stimulate
foreign direct investments. low-skilled migration leatisig to more pessimistic
results on GDP and GNI per capita. An exception is the Indiandy which
sees its GDP per capita enhanced even under low-skillectrogr The reason is
that this region suffers relatively little from the negatidlemographic effects, has
a relatively smaller emigration rate and benefits relayiviglle from the exter-
nality of FDI to high-skill migration. Moreover, despitedlact that low-skilled
migrants have a higher propensity to remit than high-skiks the amounts of
remittances will be lower than under high-skill emigrateomd contribute thus to

Bt is set to 0.53 as it is obtained from the cross-countryesgion in Docquier & Lodigiani
(2009), compared to scenario 1 where the long-run elasiket to 0.75 as it is obtained from
the panel regression.
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further depress GNI per capita. Finally, inequality mayeitbe exacerbated or
reduced compared to a ‘brain gain’ scenario. The harmfecefon inequality
due to lower amounts of remittances may be counterbalangcedréduced skill
wage premium due to the departure of unskilled workers.



Figure 3.9: Robustness analysis on GDP
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Figure 3.10: Robustness analysis on GNI per capita
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Figure 3.11: Robustness analysis on inequality
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3.5 Concluding Remarks

Brain drain has long been a major source of concerns, edlyegteen it involves
South-North high-skill migration. By combining major réisuof existing theo-
retical and empirical literature in a general equilibriurarhework of the world
economy, the major contribution of this paper is to proviseae thorough anal-
ysis regarding the total effects of high-skilled biasedmigration on the devel-
oping countries.

It is found that the empirically observed diaspora extetyain FDI inflows
may have significant contributions to domestic productiborayin, and hence,
when this effect is ignored, the negative impacts of braairdcould be overes-
timated. Similarly, the incentive effect on human capitainfiation contributes
to alleviate the negative impact of a loss in the high-skibidr force on GDP
per capita, as it prevents huge drops in the level of humaitatafurthermore
it may help to reduce the high-to-low skill inequality in regs experiencing a
“brain gain”. Moreover, in spite of the concern expressedrany that a more
selective immigration policy in the North may do little tolemce the benefits of
remittances to the South as some studies show that the ragitiigd remit less,
it is found in our robustness checks that the total effect&bihper capita do not
vary much with different propensities to remit for the higkiH migrants.

All'in all, our paper highlights the significance of the higkil diaspora in
attracting FDI, which enhances GDP and GNI per capita andntipertance of
the brain gain effect in reducing income inequality. Moreg\t reconfirms the
role of remittances in subsidizing the income of those leftibd and shows that
the effects are robust to different remitting behaviorswideer, it also dismisses
the relevance of some feedback effects that are argued emeatldomestic pro-
duction at origin, such as the diaspora externality thatmmtes technological
diffusion. Although our results present a more optimisiatyre of brain drain,
its destructive impacts on domestic production are stirakhelming in regions
already facing large outflows of their highly skilled ancetatled. Finally, the de-
mographic impact should not be disregarded in aging sesietuch as Eastern
Europe.
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Chapter 4

When Nature Rebels:
International Migration, Climate
Change and Inequality

Abstract. We study climate change and international migration in at¢aontry over-
lapping generations model with endogenous climate cha@ge.main findings are that
climate change increases migration; small impacts of ¢énthange have significant
impacts on the number of migrants; a laxer immigration golicreases long-run mi-
gration, aggravates climate change, increases NorttiSpetjuality if climate change
impacts are not too small; a greener technology reducesrlamgnigration, provides a
double-dividend in favor of the environment, reduces iradity if the migrants’ impact
to overall climate change is large. The preference over tfieips depends on whether
the policy maker targets inequality, wealth, the number framts or the environment.

JEL Classification¥ 22, J 61, O 13
Keywords:climate change, migration, North-South model.

1This chapter is a joint work with Ingmar Schumacher.
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4.1 Introduction

Without doubt there is a growing concern over how and whetherate change
will affect international migration. Although the econamliterature has dealt
with many aspects of migration, the treatment of the retestiip between climate
change and migration has not yet been satisfactory. Ousfocthis article is to

shed some light on the interaction between endogenousteliomange, interna-
tional migration, optimal migratory policies and ineqtpali

The recently published Stern review on climate change amhsan unam-
biguous message: “An overwhelming body of scientific evadenow clearly
indicates that climate change is a serious and urgent i3$igeEarth’s climate is
rapidly changing, mainly as a result of increases in greesb@ases caused by
human activities” (Stern, 2007, p.3). This claim is withaudoubt now a widely
accepted fact in the scientific community. Another commamigicipated point is
that the “poorest countries will be especially hard hit bgnelte change, with mil-
lions potentially pushed deeper into poverty” (Stern, 2q0487). Possible and
predicted effects of climate change include land loss diseédevel rise, loss of
biodiversity, productivity declines, warmer and driemadites or wetter regions
and more extreme weather events, see IPCC (2007).

As some regions are proner to be affected by several of tltherse effects
than others, it seems logical that inhabitants of thesensgwill try to avoid those
effects. However, many poor regions either lack financeb&teaor they do not
emit enough to have any significant impacts from abatementitgc Usually,
mitigation or adaptation are then proposed as the only plesgiays of dealing
with these problems. As ought to be clear however, thosemsghat are already
extremely poor and vulnerable even before climate changadts them, will be
unable to mitigate or adapt in the usual sense. Thereforg ofen the only hope
left for people is to move away from the inhabitable area t®which might give
them better living conditions.

It is this particular setting which shall be investigatedhis article. We shall
focus on the link from human activity over climate changentetinational migra-
tion. The main questions which we wish to explore are thefalhg: What are
the environmental reasons for people to migrate? What arevéifare effects?
What could potentially be welfare-improving? Which are éfects of different
policies?

It is well-known that the effects of climate change are difico measure.
The evident lack of strong data thus requires a more thorthagretical analysis
of a kind which we intend to pursue here. The first sectionl gjiag an overview
of the data which exist on international migration and clenehange. We then
build upon a model similar of Galor (1986) and investigatep<soy-step, the key
issues driving migration in a two-country, overlapping getions world with
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climate change and migration. As climate change is a long-flhenomenon we
shall mainly focus on the steady state perspective, butrtimless allow for the
effects of short-run interactions.

Migration between two countries or regions has traditignaéen analyzed
within the Harris-Todaro model (Harris & Todaro, 1970), s¢&0 Ghatak et al.
(1996) for a survey. The model of Harris and Todaro explaimalrurban migra-
tion in a general equilibrium model. However, the statierfeavork of the Harris
and Todaro model may miss endogenous feedbacks or can @oipnashese ex-
ogenously. Models which are able to analyze these feedkmeksvo country
models like Galor (1986). He analyzes the welfare effect mfration in a two-
country overlapping generations model where he allows flatdral migration
where migration decisions are mainly driven by differenoggreferences. Cret-
tez et al. (1996) extend Galor’'s model to include land asrd irioduction factof.
Here we shall focus on climate change as a possible driventb@higration de-
cisions.

Our main findings are as follows: (i) climate change will midstly increase
overall migration; (ii) even small impacts of climate chargan have significant
impacts on the number of migrants; (iii) taking respongipfior its externality
a laxer Northern immigration policy will increase world magion and worsen
climate change; (iv) North-South inequality may increasdexcrease via appro-
priate green or immigration policy; Finally, the type of ylis crucial for the
preference over the one or the other, especially if the Noigh to pursue several
targets simultaneously. The targets we look at are weltheepolicy’s implica-
tion for climate change on the effect on North-South ineiyal

4.2 Climate change and migration: facts and future

This section is designated to provide an overview of impuarfacts on climate
change and migration, as well as to present reasons for thieytar assumptions
which we use later throughout the article. In the first parswemarize key facts
on climate change and in the second part we focus on the @amenot as a leading
cause of migration.

2The literature has also focused on the impact of migratiothereconomy of the destination
and origin countries. Migration can affect labor marketomes such as wages (Borjas, 2003) or
unemployment (Bencivenga & Smith, 1997), pension systdtazii & Sadka, 1999) or human
capital formation (Vidal, 1998) and growth (Beine et al.02b).
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4.2.1 Climate change

The IPCC Third Assessment Report (TAR) concludes that tHestom of green-
house gases from human production activity led to an inersa€0, equivalent
concentrations from 290 ppm to 440 ppm during the courseeopést 150 years.
The more greenhouse gases accumulate in the atmosphererénthey will pre-
vent the infrared radiation emitted by the sun to escape tim@sphere of the
Earth. This then leads to a warming which is expected to lisviuere between
2 °C and 6°C for the next 100 years, depending on the path we humans e€hoos
for economic development (see IPCC 2001 ). Most of theseasas in green-
house gases must be attributed to the rich countries. Fongrathe estimates
provided by Enerdata in its Energy Statistics Yearbook esgtiat the European
Union, North America and Japan together account for closg0# of annual
world emissions, even though they host only 16% of the woolgiypation.

The main reason for this disparity is the use of the amountioigry energy
resources in production, which accounts for most of the €Qitted into the at-
mosphere. According to the International Energy Agencydf4 approx. 80%
of world total primary energy supply came from oil, coal arakg The use of
these inputs differs drastically between the developeddnanmd the less devel-
oped world. Estimates from the International Energy Anri()4 suggest that
Northern America, Europe, Japan and China together acéourdughly 65% of
the total world primary energy use. In comparison to this, lteast Developed
Countries use roughly 5% of total world primary energy (I2A04). Therefore,
the developed world is the main emitter of €@nd thus responsible for most of
the human-induced climate change.

The costs of climate change can vary drastically, depenaliritpe size of the
change in temperature. Whereas the IPPC in various publisaguggests that an
increase of 2C from pre-industrial levels may lead to economic costs@rénge
of 2% to 5% of GWP per year, increases above that level mayttepdtentially
catastrophic costs.

In addition, the distribution of the damages is extremelgipalar to regions.
It is expected that the less developed countries will haviade close to 80% of
the world damages from climate change. This is particuladyblesome for sev-
eral reasons. Most of the developing countries alreadytfecproblem of binding
income constraints. It is estimated that in 2004 around 8ilompeople were
at risk of hunger (FAO 2004) and malnutrition accounts fopragimately four
million deaths annually. It is believed that half of thoseatths from malnutrition
arise in Africa alone. The current estimates suggest thatngérature increase
of 2-3°C will potentially raise the number of people at risk of hunggg 30-200
million. If the temperature increases by more tha@ 3which is a likely scenario
of the IPCC, then the number of people facing hunger coulcease by an ad-
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ditional 250-500 million. It is also believed that most oe#e will be observed
in Africa and Western Asia (Warren et al., 2006). The Worldakte Organiza-

tion even estimates that an additional one to three millieapbe will then die

from malnutrition, diarrhea or malaria. For example, Sveddl. (1998) estimate
that temperate cereals might be faced by yield decreases wf 22%, thereby
substantially increasing food shortages.

Another problem of the effects of climate change concerespitoductive
capacity of countries. For example, the value added to Gm fagriculture
is around 33% for less developed countries, whereas forrupple income
countries only 6.2% (WDI 2007). In addition, around 54% oé teveloping
world’s population works in the agricultural sector butyiPs of the developed
countries’ population. These numbers can be up to 90% higgoime of the Sub-
Saharan Countries (FAO 2004). The temperature in thosetigesinncreased
on average by & during the past decade whereas the total amount of rainfall
decreased by roughly 4% between 1960 and 2000. Some cauatm® face
decreases up to 20% like Burundi or Rwanda. This suggestoteaall these
countries have become drier. If they however face bindirgnme constraints,
have a high share of agriculture in GDP and in addition if ned$he population
is rural and works in the agricultural sectors, then thesmtiees will face more
severe consequences from climate change than can inkllyasped.

Remark 1 Two preliminary conclusions can be drawn from the analysis
above:

(1) Developed countries are the main emitters and therefor@tedominant
source of human induced climate change,

(2) Developing countries are likely to face the strongest impcclimate
change.

4.2.2 Migration

Here we wish to give a list of examples where migration oaaidue to envi-
ronmental factors. We shall then proceed to investigatd séneral researchers
suggest will be the future of migration from climate changearticular.

Examples are, contrary to what some critics might suggedadt abundant.
A quick reading of the existing literature provides manyesas For example,
droughts in the US displaced more than 30,000 people in tB8sl@Rosenzweig
& Hillel, 1993); a tsunami in Indonesia in 2004 displaced P00 people (FIG
2006); droughts in Burkina Faso or Sudan from 1968-1973lalisnl around
1,000,000 people (Afolayan & Adelekan, 1999; Hugo, 199&)r Rore exam-
ples, see e.g. McLeman (2006), Ezra (2001), Morris et aDZ0Kaye (1994).
For a critical opinion see Black (2001).
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Several of these cases deserve an additional remark. ImS3uskeems that
only a part of the household migrates (the male usually) aed teturns after
the drought stops. Similar observations hold for Ethiopiere the young gen-
erations seem of migration when droughts occur (Afolayan d&el&kan, 1999).
This suggests two possibilities: either the costs to meyeae too high for ev-
eryone to bear such that only a part of the household is aldEat@; or people
are particularly attached to their homes and expect bettestto come again.
However, these droughts usually last a short period of tintesse therefore only
transitory. One would expect that areas where irreversifidages in the climate
lead to a permanently higher level of aridity would not s¢anmemigration. This
is supported two-folded by Henry et al. (2004). Firstly, foe case of Burkina
Faso they show that people from arid regions are more likelyigrate (tem-
porarily and permanently) than those from wetter regioreso8dly they suggest
that long-run “migrations are likely to be more influencedabglow-acting pro-
cess such as land degradation than by episodic events sdctughts.” A similar
conclusion is drawn by Chen et al. (2007), who suggest thelptpn distribu-
tion in China depends mainly on the proportion of arable laFfeerefore, if that
proportion changes due to environmental deteriorationranst also expect a
change in the population distribution.

Apart from droughts one can observe that extreme weatherteatso lead
to permanent migration. For example, according to Morriale€2002), after a
strong hurricane in Honduras and Nicaragua in 1998 the atrafumigrants to
the US and adjacent countries rose sharply. Clearly, ecandeprivation thus
induces people to migrate, but it can also simply be in ordeavbid the same
event happening in the future. For example, even one year ¢ Hurricane
Katrina had passed, Louisiana had a 4.87% lower populatienta emigration
(Christie, 2006).

In Indonesia a tsunami in 2004 displaced around 500,000lpdtgerna-
tional Federation of Surveyors (FIG 2006) internally, magrthey did not leave
the country. However, one can expect that they increaseetcttreomic and social
pressures in the areas they moved into and will therefoexEtiie migration de-
cisions in those places. Thus, people who were before onrthle &f migrating
might now finally decide to move.

Remark 2 From this quick overview we can draw a particular conclusion
Permanent migration seems to occur because of irreversildleng-lasting prob-
lems like desertification or continuous environmental degtion which removes
the subsistence possibility of people; or simply becausplpeexpect further ex-
treme events in the future and try to avoid these.

These results therefore point toward a further analysihefeffects which
climate change has on the expected future migration dexssio
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It is estimated that the amount of people affected by natdisdsters has
tripled to a staggering number of 2 billion people over tharse of one decade
only. Approximately 211 million people are believed to béefed each year.
Scientific evidence suggests that this amount is likely tvease the larger the
change in temperature from climate change, as this leadste floods, extreme
weather events and desertification (IPCC, Stern review).

Also, as approximately two billion people are living in grsemi-arid and
sub-humid regions, one can expect that only small climdtanges will induce
particularly large damages there. For example, it is sugddbat the resilience
of many arid regions is already weakened. Estimates coachat up to 20 per-
cent of drylands are degraded, droughts seem to become raqreefit ((Millen-
nium Ecosystem Assessment, MA 2003), groundwater deplatiensifies and
groundwater quality deteriorates due to increased fegtiluse (Brown, 2000;
Brown et al., 1988). It is thus clear that if the temperaturd the weather vari-
ability increase as is expected, then the resilience of tdosystems will have
difficulties to support further stresses.

Many people will then only have the option to leave their hermeorder to
find a place which is able to support them. For example, thebeurof migrants
increases annually by approximately three million peopkdf of which come
from Africa. It is believed that most of these come from ruaetas with severe
land degradation. Estimates suggest that more than 13mjileople could be
at risk of needing to migrate due to desertification aloneC@CD, 1994), and
roughly 200 million due to sea-level rise (Myers, 1996). dsdrtification and
land degradation thus continues as expected, then the muwhb&grants will
shoot up, too.

Another reason for migration can be the effect of climatengeson health and
thus working ability. Flavin & Tunali (1998) inform that riesses like cholera,
malaria and others are very likely to spread vastly due toesmsed temperatures
and higher humidity. They inform that an increase of arout@ &an potentially
increase mosquito-transmitted diseases by up to two timespical regions and
by up to 10 times in areas like Europe. Higher water tempegatoan increase
the production of algae, which again can increase the pililyadf cholera out-
breaks. It is estimated that around 3 million people die froalaria each year
with up to 500 million suffering near fatal consequences.difidnally, around
17.3 million deaths worldwide (around 33% of total) are &edid to be caused
by infectious diseases. These deaths are thought to bedcdusdo shortages of
water which result in more use of contaminated water anddaleanliness (see
WHO, 1996). The dark figures for lost working hours due toafia from infec-
tious diseases should by far exceed the deaths. If we usahe tio as near
fatal consequences to fatalities for malaria (ratio of 1@} leads to a (certainly
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too large) figure of 3 billion people losing some working h&uihis however
can provide some estimate for lost working hours or redadtiqoroductivity. If
this extrapolation is only marginally correct, then thisgumes a strong effect of
climate change on productivity.

Faced with these figures one cannot easily reject the neadbef investigate
the impact of climate change on migration and its feedbadkes shall therefore
develop a theoretical model which incorporates these fsddb Through this
we expect to add to the understanding of the relationshivdezi the economy,
migration and climate change.

4.3 The Model

Here we construct a two-country, general equilibrium, @amging generations
model. As we wish to concentrate on analyzing internatiomgration we shall

simply assume that firms are profit maximizers in a perfeatiypetitive world

with international capital mobility. Generations howefiest analyze how much
welfare they are likely to obtain at home and then compare tthithe welfare
they might get from migrating to another region. In case atign is expected
to leave them better off, then they shall migrate. Our apghrda designed to
understand, step-by-step, the welfare implications froigration when climate
change plays a significant role for welfare. Most of the &twill concern itself

with the steady-state perspective of our dynamic modeledms of notation we
shall denote with small letters per capita, with large Isttetal population. The
first subscript refers to the country, the second to the paitime. We write

subscript; to denote a solution which applies to both North and Soutth shat

i = N,S. Constant returns to scale will be abbreviated by CRTS, edstng

returns to scale by DRTS and total factor productivity by TFP

4.3.1 The firm’s problem

We assume that in each region there exists a representativefiich produces in
a perfectly competitive market using capital and labor a@siis. The production
function in each country is of a Cobb-Douglas type where \Wwa&for decreasing
returns to scale, such thgt = AithgLﬁ, anda + 3 < 1.

The discussion on whether production is subject to DRTS oF&Ras been
ongoing for quite some while. DRTS have also been used irr¢tieal models
by e.g. Facchini & Willmann (2005) and are empirically sugpd by the estima-
tions of the Global Trade Analysis Project (GTAP), see Bathrayanan G. and
Terrie L. Walmsley, Editors (2008), as well as by other eigplrstudies (Basu &
Fernald, 1997). On the one hand, DRTS makes one vulneratie teplication
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argument, which is solely a theoretical argument sugggstiat a firm producing
under DRTS can split in two and thereby increase overallwut@®n the other
hand, DRTS seems to be a realistic assumption given the ieai@vidence that
has accumulated during the recent years (see GTAP datéfetjecided to give
up a slight amount of theoretical rigor in favor of what is dggparently more
realistic assumption. A partial reconciliation betweea tise of DRTS and the
replication argument is that allowing for DRTS can also iyngilat one views
other unpriced and roughly constant factors (like land beoexternalities) as
another factor of production. We would then have for exangpid, (), such that
Yy = ByK3LPQ!™* ", and via simplification arrive at;; = A;K$L. with
Ay = ByQ) " (see also Cigno, 1981, for a model with a three factor CRTS
production function and endogenous population).

TFP in the North is constan#dy; = Ay, whereas the one in the South is
Agi = As(Ty), whereT; is the change in temperature at tim&om human in-
duced climate change. We view this as a proxy for the effett¢iimate change
bears on production. The assumption of climate changetefedFP can be
rationalized by taking TFP as accounting for any residuetidiaof production
which is unpriced. Firstly, assume TFP accounts for the arnofulland used in
production, then increases in the sea-level or desertdicaeduce the amount
and productivity of land. Secondly, assume TFP capturetheffects, then
one can argue that climate change is expected to increasantient of malaria
which has significant impacts on the health and thus prodticof workers. The
assumption that climate change only impacts the Southekefirom the observa-
tions presented in the previous section.

Assumption 1 We assumels(T) > As(T),VT > T.

T denotes the level of temperate without human induced cérohainge. This
assumption allows us to compare the different scenaridsamt without climate
change.

Firms then maximize profits accordingoxy,,; I1;; = Aith;Lft — wir Ly,
fori = N, S, where equilibrium wages are given by

wy = BAZKSLE! (4.1)

Following Hahn & Solow (1995) we assume that in the case of BRie excess
profits are distributed to the investors, which is the youagegation of the pre-
vious period, such thaf;, = (1 — ﬁ)AitK;;Lft, which gives a return to a unit of
capital of

Ris1 = (1= 0) A K§ i1 Ly (4.2)

In the case of CRTS, we would have- 5 = « and there would not be excess
profits.
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4.3.2 The generation’s problem

Here we shall only analyze migration from the South to thethan line with
empirical observations. The generations in the South @aosording to a two-
step procedure. In the first step they calculate their mamimtility at home (this
step is equivalently done by the North). In the second steyp ¢hlculate whether
it is more profitable for them to migrate or to stay in their feooountry.

In the first step we thus have

maxlog(ci) + plog(dirs1) subject to (4.3)
Wi = Sy + Cit, (4.4)
Riyp15 = dit+1 ) (4-5)

fori = N, S, wherew;, refers to wages in regianat timet, log(c;;) + plog(disv1)

is the utility of consuming:; when young and;,.; when old,p € (0, 1) is the
discount factor,s;; are the savings an®;,,; the return on the savings. This
givess; = pwy/(1 + p). Consumption will thus be; = w;/(1 + p) and
dir1 = pwyRiv1 /(1 + p). We write indirect utility in the steady state as

- W; pRyw;
;=1 — | +pl ) 4.6
! Og(1+p> pog(lﬂ)) (4.6)

In the second step the agents from the South compare wha#ielifietime util-
ity will be higher when migrating, and if this is the case tlieay migrate North.
If an agent wants to migrate, this will cost him an amoupt anddyz, where
x € (0, 1) reflects adaptation costs in various forms. This gives &rike utility
of uny,, = log(zwn;) + plog(zdyey1) for agents that migrate North. We wish
to keep these migration costs as general as possible, afjdat both subjective
and financial costs. Our preferred interpretation is subjecosts, which are re-
flected in the ex ante probability of finding a job or in the vaedf loss (expressed
in consumption units) of having to adopt to different cudtsiand circumstances.
In this sense, we avoid putting an explicit structure behivedlevel of migration
costs. Government policies obviously also affects miggadosts. Whereas some
countries are rather liberal towards the amount of migréngg take, other coun-
tries restrict the inflow of migrants and regions like the Bldrebuild migratory
camps in Africa to catch potential migrants even before ttayattempt to cross
the boarder. When agents thus compare indirect utilities) they calculate

A = ’&Nm—ﬁs, if 'lNLNm>’l~Ls,
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If this difference is positive, then a proportion of the gextion in the South will
migrate to the NortR.

From this we obtain that an agent born in the South is in dajuilm indiffer-
ent between living in the South and migrating to the North if

WN P RN
log (228 ) = P jog (X)), 4.7
Og<st) 1+Pog<RS) @D

The population accumulates accordingiq;; = Ly; + msir1Ls, and
Lgiy1 = Lsi — mgsii1Lsi, Wheremg, > 0 refers to the percent of people mi-
grating in that point of time. We denote the total populatidrich has migrated
as Zizl m.L._1 = M,. In the steady state we then halig = Ly + M and
Lg = Lg — M, whereM > 0.

4.3.3 International capital market

In the framework presented here we can solve for both theafasetrade in cap-
ital and for the case of free trade. We assume that capitaédeges fully during
the course of one generation. This assumption for exampule §apport in de la
Croix & Michel (2002). No international capital mobility ipties that savings;;
in one region become the capita) = K;;/L; of that region in the next period,
sit = k1. Free capital mobility requires that total world capitalcit is equal to
total world savings, such thdty, 1kni11 + Lsit1ksit1 = Lnesne + Lgiss:, and
perfect competition on the international capital markeqtlies Ry = Rg, Vt.

Henceforth we shall denote frictionless internationalitzdpnarkets as inte-
grated and the case of no international capital mobilityldbe called autarky.
We already start with a first important result which we previd the subsequent
proposition.

Proposition 1 Given the optimization problem of the firm and the problenmef t
generations, the long-run results of the integrated caseemuivalent to those of
the autarky case.

Proof 1 Inthe autarky case the interest rate is givermhy= “‘ﬁﬁ)ﬂ. As both
(£ andp are the same for North and South this implies that botﬁ intemates are
the same. ARy = Rs by assumption in the integrated case, we can solve for

’B a—1
Kg = [ﬁ—g <i—fsv) } Ky, which together with the clearing of the world capital

3Modeling migration decisions in this way is common in thediture and implies that a
decline in Southern income stimulates migration presstitewever it is important to have in
mind that a decreasing income in low-income countries may lelad to a reduction in the number
of emigrants if liquidity constraints become more binding.
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market implies that the long-run capital stock is the samieaith the integrated
and autarky casdll.

This proposition therefore allows us to derive the resultiout having to subse-
quently compare both the integrated and the autarky ts¢eremind the reader
that this result only holds in the long-run at the steadyestéthether one allows
for autarky or integrated markets will nevertheless haveaificant impact on
the transition period with the main impact being on the spgembnvergence. In
the following sections we therefore focus on the long-ready state and assume
integrated markets.

4.3.4 The climate sector

The climate sector is as follows: The total stock of Northegpital drives the
amount of emissions of CQequivalent gases, denotéil. CO, equivalent con-
centrationsZ; are increased by emissions and reduced by a natural decay. Th
resulting temperature is non-linearly increased by, EqQuivalent concentrations.

Ey = uKn (4.8)
Zy = (1=0)Zi—1 +vE,
AE = g(Zt)7

with ¢’(Z) > 0 andg¢”(Z) < 0 and initial conditionT;, = 7. Then, the tem-
perature change from human production activities affdegoroductivity in the
South, such thatls, = Ag(7;). Our interpretation of the temperature change
is that it measures the deviation from the pre-industriahate level caused by
productive activity.

As observed in the previous section, we assume that emssgamn the South
are negligible. This assumption is even strengthened if eewo consider the
South as being composed of small developing countries oW know that
large emerging economies like China or India repredént% and4.9% of the
world’s CO, emissions in 2004, while Western Europe, United Statesa@an
and Japan contribute togethig’, of total emissions. African countries and other
developing countries like Bangladesh or small Pacific id¢anrepresent negligible
amounts of the world’s COemissions.

41t should be clear that this result only holds if preferencd production parameters are the
same and in the absence of any taxation or subsidy.



4.4. SOLVING THE MODEL 127

4.4 Solving the model

To summarize, we have the following equations at steadg:stat

w; = BAKCLP™' where Ag = Ag(Ky) (4.9)
R = (1=-p)AK'L], (4.10)
Ay [ Ly \151
Ky = |—/— | — K 411
s { - ( LS) } . (@.11)
KN+K5 = LNSN+L585, (412)
PW;
s 15 (4.13)
w; p R;
1 —) = - log | =2 4.14
Og<xwz‘) 1+Pog<Rz')7 (#.19
i T
AT = g(TKN). (4.15)
Ly+Lg = [_/N“—[_/S- (416)

To remind, we havels = Ag(T") with A5 (7)) < 0. At steady state we know that
temperature is a function of the capital stock in the Nortthaith some abuse of
notation we shall denotds(7) simply asAs(K ). Equation (4.9) gives wages
in each country, (4.10) the interest obtained on investimgieof capital, (4.11) is
equality of interest rates on the international markef, Z%is the market clearing
condition for capital due to international capital molyili{4.13) gives optimal
savings in each country, (4.14) holds if no one from count&ants to migrate to
countryj, and (4.15) is the steady state temperature, a proxy foatéimohange.
For the moment we shall not introduce any policy consideratiyet.

The following assumption is based on empirical evidencehok us to focus
our analysis.

Assumption 2 Throughout the article we assume thét, > Agy, meaning that
TFP inthe North is higher at = 0 than in the South. Furthermore, in accordance
with the data, we havéy < Lg.

Though the model implicitly allows for two-way migratiome conditions given
in Assumption 2, which are easily verified through data, wilply that in the
long-run only one way migration will occur.

Proposition 2 summarizes the results in section 4.

Proposition 2 Given the problem as described in equati¢h®)to (4.16)we find
that endogenous climate change is a significant propagatevarld migration
and reduces per capita welfare in both the North and the South
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Due to the various feedbacks involved we shall derive theselts step-by-step,
where we firstly allow for no feedbacks and then switch thenooe after the
other.

4.4.1 Benchmark case

Firstly we assume no climate change effect on total factedpctivity and
no labor mobility but international capital mobility Theeady state capi-
tal stock will then be given by, = [HpﬁA L7]™=. This leads tow; =

[BAi(5;) Lo+ = and R, = lﬁﬁ)ﬂ We denote indirect utility in the
benchmark case by* and it will be given by

1
i =045 e log <5AiL§‘+5‘1), (4.17)
—

whered = 22l 10 (%) +log (1) + plog (* ﬁﬁ). Given the utility and
production functlons are the same, tﬁen in the case of CRa ®rily difference
between indirect utility of the two countries comes from TP, By Assumption
2 we thus know that, > @%. Under DRTS a largeL; implies a smallet:{.

In this benchmark case we obtain a temperature of

e leen] )

The steady state change in temperature is increased by ddeqbivity in the
North, i.e. the more productive the North is the more it maydpice and therefore
we would expect a stronger climate change. Similarly, the fEtient agents are
(a lowerp) the more they will consume when young and therefore therovile
be the polluting capital stock, which reduces long-run eliexchange. The more
people live in the North the more they will produce overaltdaherefore the
stronger will be climate change. This also suggests thagaianigration to the
North should impact climate change, an intuition which wafem later. The
dirtier the production technology (high@) and the stronger emissions impact
CO2 concentrations (e.g. emissions made higher up, for pheafitom airplanes,
impact CO2 stocks longer and worse than emissions on thendydbe higher
will be the long-run temperature.

4.4.2 Benchmark and migration

We now move to the case of benchmark with migration. The dayiiim condi-
tion for migration from the South to the North then impliesy = ws. Rewrit-
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ten, we obtain the condition that no one moves from the Sautihe North if
T TOANLST T = AgLETP (4.18)

A steady state in migration from the South to the North theisteX where we
denote the steady state level bf as M, if z'=*AyLS™ ™" > AgLE™P ",
Intuitively, this condition requires that, at the initiadipt in time, agents from the
South have an incentive to migrate North. We can solve fotdked amount of
migrants in the steady st&tejiven by

Ag)a T Lg — (a1~ Ay)"T5 T Ly

M(lm — ( . -
(As)77 + (1= Ay) 7T

(4.19)

A larger stock of population in the North reduces the incaa#tito migrate due
to the DRTS. On the other hand, the larger the populationerSiuth the more
migrants would we expect since per capita welfare in thelSisubwer the larger
the population in the South. Moreover, if its productiviy@nhanced (increase in
Ap), the North will become more attractive leading to more raiigm

dMe™ 11 (AgAyz'~*)a571 (Ly + L)
dAN 1—06—/6 AN [Agﬁ—'—(l’l_aAN)#ﬁfl]Q

>0 (4.20)

Moreover, if globalization is associated with lower trangption, migration costs
would be reduced (i.e. a highe) and more people will find it profitable to
migrate. This can be seen from the following

dyMaem B 1—« 1 (AsANJIl_a)“HlB*l (EN + ES)
dx l—a—pF =z [AW+($1_QAN)ﬁ/H}2

>0 (4.21)

We denote indirect utility in this case lay™ and it will be given by

1 _

@ = @t fg log <5AS(LS - M‘"“)“*ﬁ‘l), (4.22)
1 _

s = o+ : j Z log (ﬁAN(LN + Mam)a+5—1) (4.23)

SProof: We check whether the equilibrium condition can exbgt varying M along
its domain[0, Ls]. We getlimyoz' “AnLETP™1 > limpo AsLETP™! > 0, and
limy, 7, o' " ANLYT T < limy, ;. AsLETPT'. Sinces'~*AnLYT’ " is a monoton-
ically decreasing function of\/ and sinceAng““B_1 is a monotonically increasing func-
tion of M from a positive number to infinity we conclude that a uniqueady state exists if
IlfaANL?\ﬁﬁil > Ang+ﬁ71.

6Under CRTS no non-trivial steady state exists sinte® Ay = Ag is a knife-edge condition.
Thus, we have either no migration or complete migration.
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Thus we obtain that if one allows for migration, thét* > u$, whereasiy" <
u$%. Therefore, the South benefits from international migratuereas the North
loses. This result is attributable to the decreasing returmproduction. If the
North is initially better off, then people from the South mate North until the
per capita utility in the North decreases to such a level thigtation does not
pay any longer. Since fewer people in the South now shareaime $or more)
capital, this raises the average wage in the South and trerefility increases.
Steady state temperature is then

==
™" =g (% {%ﬁANuN + M“’“ﬂ )
Since there are now more people living in the North which allyge according
to the Northern living standards, this will unambiguousgd to an increase in
emissions and therefore long-run temperature. A currdithate by the UN of
the amount of migrants in the North is around’d0Assuming that they lead the
same lifestyle as the Northern population, this may work agaificant prop-
agator of climate change. By reducing migration costs armsingithe number
of migrants, increased globalization would raise tempeeatA rise in Northern
productivity would directly exacerbate climate change foyréasing the produc-
tive capacity of the North, but also indirectly affect temmgtere by making the
North more attractive and leading to more migration.

4.4.3 Benchmark with climate

Here we shall assume that there is a climate change effectalrfdctor produc-
tivity in the South but no migration possibilities. We dematdirect utility by
ug*. In this case the North will grow to the same long-run levaetapital as in the
benchmark case and end up with the same indirect utilityy Hwatu$; = a5;.
The steady state capital stock of the South is however depgrah the
amount of climate change induced by the production of thetiNoiThe pro-
ductivity in the South can then be writteds = Ag(Ky), with Ky =

[FppﬁANL]ﬁV} s Therefore, the indirect utility of the South at steadyestail
be given by

ug = o+

1+ e
— g log <5AS(KN)LS+5 1), (4.24)

which implies thatiy® < u$ < a3 = uf,. As expected, the externality imposed
by the North on the production capacity of the South reductsd wvelfare in the
South. The indirect utility in the South is a decreasing fiorcof emissions in the
North (sinceds(K ) < 0). The stronger the effect of climate change on TFP, i.e.
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the larger the slope ols(K ) for a givenK y, the lower will be indirect utility.
Conclusively, the worse the impact of climate change the V@l each person
in the South produce which will lead to a lower average incofer example,
a likely scenario for temperature increases®€,3vhich could imply an at least
doubling of malaria victims in the South (Flavin & Tunali,98). With currently 3
million death annually and 500 million near fatalities (armhsequently many lost
working hours), the productivity decreases in the regiohglvsee a doubling of
malaria victims can be enormous.

Since there are no migrants in this scenario and since tegrated case is
equivalent to the autarky case, we observe no change in giiodun the North,
and therefore no divergence from the total emissions in émetmark case.

4.4.4 Benchmark with climate and migration

We now extend the previous case by allowing for migration. téady state in
migration from the South to the North then existwhere we denote the steady
state level ofM asM®™, given thatz!~* Ay Lo~ > Ag(Ky)LEP~'. This
requires that at some point in time, be ittat= 0 or when climate change has
sufficiently reduced TFP in the South, there exists an ireemd migrate North.
The total amount of migrants in the steady state is then diyen

1

(AS(KN))ﬁ/H[_/s — (2" Ay)oT5 T Ly
(Ag(Ky))ao i + (z1-oAy)avi

Meem = (4.25)

We know thata(,)K—jvfjV > 0. This implies more climate change and therefore TFP
in the South with migration is lower than if one does not allfm& migration.

In terms of indirect utility we can then conclude thgf™ < ag™ iff M >
M*™. The denominator of equation (4.25) is increasing whety < 0 and the
nominator is increasing wheAAs < 0. This comes about because migration
implies two things: Firstly, more migration means more @tsmchange which
reduces income in the South; secondly, more migration esglihigher per capita
steady state income in the South. Itis this cumulative e¥fd@re more migration
implies further climate change which leadsikt#“™ > M*™. We can therefore
conclude thatiy¥™ < u¢™. Let us observe that increased globalization translated

by an increase in would now have the following effect

acm omem™
dM e

dl’ = 1 . OMacm %M{_N (426)

0Ag OKx OLy

"Proof:limy;—o LHS > limpy—o RHS > 0, andlimy, ;. LHS < limy,_,; RHS.
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The nominator is positive and the sign of the denominatombiguous because

oif=— < 0.2 A necessary condition for an interior solution 16" requires

QML fas 8N < 1. This condition holds only if changes iAs have small
impacts on the number of migrants or if climate change hasmahimpacts on
TFP in the South. Put differently, if the migration costsmi@, then the impacts
unfold subsequently as follows. Initially, more people lwie migrate since the
costs are lower, and thus the perceived benefit of movingadibrth is higher.
The secondary effect of this is, however, that more migraotkite more and
therefore induce a further decrease in the productivitthef$outh. If migrants
have only a small impact on climate change, thiéff™ will be insignificantly
higher than)/ ™. However, if the impact of migrants on total climate charge i
large enough and climate change impacts the migrationidasistrongly, then
this could potentially lead to a corner solution: All inhits from the South
wish to migrate to the North. In any case we can concludedh&t™ /(dx) >
dM*™/(dx).

Similarly, higher productivity in the North would now not lgnmake the
North more attractive but also impact on Southern proditgtiv

dhen G 4 B s i
— 4 s DN A (4.27)

— 9Macm 9Ag 0Ky
dAy 1 9Ag 0Ky 0Ly

The nominator is positive while the a necessary conditiorafointerior solution
to M™ requires agaifhi— 545 95y < 1. As for a change im, this condition
is satisfied when changes in Southern productivity havelsfiatts on migration
or when climate change does not impact too much on Southeduptivity. As

in the benchmark case with migration, an increase in Nantpeoductivity will

raise Northern income per capita and make the North moractiite to migration
(first term on the nominator). Moreover, a higher TFP in thetNavill raise its
productive capacity and induce a decrease in Southern gtigiy via climate
change (second term on the nominator). Increased mignatlbimave an indirect
impact on climate change and further reduce Southern ptivity¢second term
in the denominator).

The strength of climate change will be given by

acm __ M P T acm\ 3 i
!

Therefore, 7*™ > T, In this scenario therefore, not only the direct migration
incentives play a vital role, but also the cumulative efeat more migrants. If

2—a—f

acm —_— 1 — —
8In fact, we hav@ng = —175751451“9’1 (xl_O‘AN)aHf—l . Ls+Ln . _ <
s (Ag+ﬁ’1+(zl’az41v)m)
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more migrants also increase emissions in the North andftireraurther reduce
income in the South, this can imply a strengthening of theratign incentive and
will increase climate change further. Since approximatély of all the Northern

population is made up of migrants, this snowball effect maysbbstantial and
should not be neglected in policy decisions. An intensikcabf globalization

or higher Northern productivity may in fact be the causes wéiaforcement of
climate change via the migration they induce.

4.4.5 A Data Experiment

Our objective is to give some numbers to these otherwise/acalresults. This
is supposed to be viewed as a rough exercise which allowsaxdrapolate some
numerical implications of the model. We take data from todayrapolate into
the future (year 2050), and then use these estimates as eoxapation for the
steady state values.

GTAP data suggests that World GDP in the year 2000 is 31.2i@buUS $,
of which the US, Western Europe and Japan have 70%. We askosewill be
the migrants destination countries (North). The Southésttomposed of most
of the remaining countries of the world (we do not considestalia and New-
Zealand in our calculations). Assuming a growth rate of 1#4He North and 2%
for the South, we calculate GDP in 2050 to be 36 bn for the Namith 25 bn for
the South. Total world population is 6.6 billion, of which U&estern Europe,
Japan currently hold 17%. In the year 2050, the estimatésdiMorld Population
Prospects of the United Nations (2008) are 1.1bn for EurtymeNorthern Amer-
ica, and 8bn for the rest of the world. In the year 2000, 5218animigrants born
in the South live in the North (UN data and Docquier & Marfo2R06). We take
this as the baseline case with migration but without clinthi@nge. The average
sources of GDP worldwide are: skilled plus unskilled lalgoring 5 = 0.44, and
capital, givinga = 0.37, which suggests significant decreasing returns.

Knowing Y, «, L, 3, we can use our Cobb-Douglas functional form=
AK“L? to calculatek; as follows: take the interest rate= a4, K>~ ' L5, then
divide byY’, givesr/Y = «/K. Solve forK, givesK = aY/r. We knowa and
Y, assume: = 1.02, then we can calculat& y and K5. We then calculated;
from solving the income equation fet, giving A = Y/(K*L"). Independent of
the scaling, the ratioc = Ag/Ay is always the same. Rewriting equation (4.25)
asx = o'/~ (Ly/Lg)1~2=A/1-2) "we obtain ther that matches the value of
migrants in 2000, namely = 0.27.

Having now constructed the variables that we need, we pdbteealculate
the effects of climate change on steady state migratiorceSimere exists barely
any data or knowledge of the consequences of climate chamtfgegroductive
capacity, we take a shortcut and assume that climate chasigalizes as a per-
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centage decline in. Table 3 shows that the proportion of migrants in the North,
M/(Ly + M), will change from 9% to up to 35% if the ratio of productivity
(=As/Ay) drops by up to 5%. This suggests that even small impactsrobht
change can lead to significant changes in the number of nggran

Table 4.1: Effect of climate change on migration

decrease i 0 -1% -2% -3% -4% -5%

Migrants in 2050, (in millions)| 98.77 | 150.95 | 205.80 | 263.45 | 324.02 | 387.64
change in migrants’ stock | 0.00% | 52.84% | 108.38%| 166.74%| 228.07%| 292.49%
share of migrants (North) 8.98% | 13.72%| 18.71%| 23.95%| 29.46%| 35.24%
share of migrants (Sorth) 1.23% 1.89% 2.57% 3.29% 4.05% 4.85%
share of migrants (World) 1.50% 2.29% 3.12% 3.99% 4.91% 5.87%

Source: GTAP, UN Population Division and own computations

The results in this section immediately raise questionsanious concerns:
Empirically, how can we differ between incentives for migwva, namely purely
utilitarian incentives and forced migration? Ethicallyhat value do we give to
space and place (or origin) and is someone responsibleKomgtéghe migrants?
Politically, how are we to deal with possible migration of iw35% of Northern
country’s population? Economically, what is the effect afigus policies on the
number of migrants, on the inequality between North andis@g well as on the
amount of climate change?

Though each of the above questions poses challenging pneplee are only
going to deal with the economic ones here. In the subseqaetibs 4.5 we deal
with policies of the North.

4.5 Northern Policies

We shall now investigate the effects of several possibleigsl undertaken by the
North. The first policy is an immigration policy whereas tleesnd one leads to
greener production. In the last part of this section we catdwhether the US or
Europe would, in the long-run, invest more in green techgwlor immigration
policy. In the subsequent propositions, whenever we refeatistracting from
climate change’, we mea#s(7;) = As(T), VT.

The following analysis considers that policies are costlthie long-run. Let
7 be a production tax paid by firms in the North per unit of ougpuatduced and
let 7, and 7, be amounts per unit of output produced invested by the govent
in respectively border controls and green technology. &ihe government taxes
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production, it adheres to the polluter pays principle. Thgegnment’s budget
constraint is then given by

YN = (To + 70) YN (4.28)

Let us observe that the following analysis would not leadiffeknt implications

in terms of migration, climate change and inequality in aafdeng-run costliness
of these policies. The results would just be simplified byfdw that there is no
taxation and thus an absence of the impact of taxes on pioddcThe only ef-
fect that we see is a level effect, but not a qualitative cleanghe results. We now
assume that the immigration cost9 @nd the impact of the Northern production
on emissionsy) are both a function of government expenditure. We theeefor
have that:(7,Yy) andu(7,Yx), where both functions are decreasing in their re-
spective arguments. In the previous analysis higher ptamubad a negative
effect on climate change via the generated pollution anda#&d more migrants
because of a higher North-South indirect utility gap. Tlhylothe mechanisms in
z(1,Yn) andu(7,Yn), higher production will also generate higher tax revenues
which strengthen immigration controls and amplify the antsunvested in green
technologies. As a consequence, increased migration atilbnly have a nega-
tive feedback effect on climate change but also a positigdldack effect via an
increase in tax revenues.

In the presence of such a tax scheme, firms must solve the epnobl
maxgr,y 1L = (1 - T)AitK;;Lﬁ —w; Ly, fori = N, S, where optimal wages are
given by

wip = B(1 = 7) Ay KLy, (4.29)
Again excess profits are distributed to the investors (thengaeneration of the
previous period) such that;, = (1 — 3)(1 — 7) A, K§ Ly;, which gives a return
to a unit of capital of

Riy1 = (1= B)(1 = 1) Ain K L. (4.30)
Following the analysis in section 3, the capital stock in $heady state will be

Ki = [0 - 1) ALY 7.
The steady state utility in the North is

Rl log <5(1 — T)ANL?V—W_I). (4.31)

—

. 1

SWhile policies may certainly bear costs at the time they amglémented, it could be argued
that these costs will be zero in the long-run. This could feectise if one considers for example
R&D expenditure in emission reductions: If a greener tedbgyis developed once, then it is
clear that further R&D expenditure is not necessary in thgioun. Similarly, immigration policy
which leads to a higher probability of obtaining a job for thigirants only requires a discussion in
the parliament. The long-run costliness of policies willMewer not change the results. A formal
demonstration is available on request from the authors.
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while steady state migration changes to

—1 _ —
AT T L — (#17(1 — 7)Ay) " T Ly
. .
AT 4 (z1o(1 — 7)Ay) 75T

We now derive the direct impact of taxes on the stock of stestakg migrants. It
is straightforward to calculate thdt\/*"/dr < 0. Since taxes reduce the total
capital stock in the North they provide less incentive fait phthe Southern pop-
ulation to migrate North. Allowing for climate change toexf migration leads to
dMe™ [dr < 0if Ag > —(1—7)AG(Kn)(OK N /OT+OK N /OM* ™ OM*™ /OT).
If the number of migrants are very responsive to increas&ses and if climate
change bears a significant impact on the productivity in thetls then a small
increase in taxes has the potential to reduce the stock ahntig

In the next two sections we analyze how the North should cgtjnallocate
its tax revenues between border controls and clean tedhiesfd The govern-
ment maximizes (4.31) subject to= 7;, wherej = z, 1. From equation (4.31)
we know that the Northern government will raise taxes iff

dM?
de

M= (4.32)

Ly <-(1-a-3)1-1)

Jj=x, 4, = am,acm. (4.33)

A necessary condition is théaiv— < 0. The intuition is that an increase in taxes,
which reduces per capita income in the North, has to lead tdfigiently strong
reduction in migration to increase Northern utility. Thdldaing assumption
insures that the North sets positive taxes.

Assumption 3 In the subsequent analysis, we assume that condfddB) is
always satisfied.

45.1 Investmentin border controls

We assume here that all the government’s tax revenues agst@w/in border
controls only. The following proposition summarizes thgulés of this section.

Proposition 3 Abstracting from climate change, a higher investment indeor
controls leads to a reduction in the Southern utility and acréase in the North-
ern one; to a reduction in steady state temperature and taharease in North-

South inequality. In presence of climate change, invessnarborder controls

will decrease further the long-run number of migrants, ioy@ the environment
and decrease or increase North-South inequality.

0we neglect the fact that the government may wish to raisestaxenot invest everything in
border controls respectively green technologies, an assomequivalent to the no-Ponzi scheme
assumption.
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Abstracting from climate change, taxes affect migratiofodews

omem | omem ( or dr YN OKn
dMem OTs O o1, | OYN 0Ky O7s

dr, - 1 _ OM™ 9z OVy 9Ky (4.34)

ox 8YN BKN 8LN

For an interior solution in migration we require that the olermator of (4.34) is
positive. AsZ= < 0 and aM:” > 0, the sign of22"~ depends on the terms
inside the parentheses An increase in taxes reduces rargifat

dM™ ox or 0YN 0KN
i <V an < T ovy ok o, (4.35)

Since immigration costs depend on the tax rate and on priaiiyc higher tax
rate may either increase or decrease the amounts spend aer lsontrols. In
fact, an increase in the tax rate implies an increase in thyggotion of production
allocated to border controls (term on LHS) but also a reducin steady state
production leading to a reduction in tax reventfe8Ve can show that the former
effect will dominate the latter if taxes are not too high stitdt production is not
reduced too muck If the level of the tax rate is initially low, then an increase
will lead to higher tax revenues. On the contrary, if tax Ievare already high
at the beginning, a further increase in the tax rate will dase tax revenues. In
effect, this result points in the direction of a Laffer curve

What happens in the South? If condition (4.35) holds, we kti@atthe utility
in the South will decrease, becaucia;“,(,L TE2(l—a—0)£5 < 0. If we
assume that the government increases taxes only if it l@ads increase in the
Northern utility, i.e. the increase in taxes leads to a seffity high decrease in
migrants to mducgui > 0, then North-South inequality will increase.

Allowing for cllmate change, we obtain the following result

oM acm oM acm (ﬁ or OYy BKN> gMacm BAS K N

dMaem O dr  \9m, | 9Yy 0Ky Om 9As 0Ky Om (4.36)
de T 1 . aKN aM(LC’HL Bm BYN _'_ aM(LC’HL 8A !
OLN dxr 0Yy OKn 0Ag 8KN

The numerator is negative if condition (4.35) holds. Theahemator is positive
for an interiord/*™, which implies| 2—| > | |.% Similar to section 4.4.4,

)t is straightforward to see that the direct impact of taxesteady-state production is nega-
tive, sinceYy = [(Hpﬁ)a( - )O‘ANLﬁ]ﬁ.

2Jmagine the following functional form for the immigratiomstsz (7, Yy): z = m
wherea > 0 is a parameter angdl are immigration costs without government interventioneith
condition (4.35) drops down ta, < 1 — a. Thus the Northern government can improve the
welfare of its citizens if taxes on production are not lardpan the share of non-capital revenues
in production.

13)f we take the same functional form as in footnote 12 for theigration costs, then it is easy
to show that aufficientcondition fordM <0isty <1-—a.
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the denominator is positive if changesn have small impacts on the number
of migrants or if climate change has small impacts on TFP enSbuth. If the
deterioration of the climate impacts the migration decisistrongly, then this
could lead to a corner solution where no inhabitants of thelswish to migrate
to the North.

Condition (4.35) is also sufficient for taxes to improve thgionment. Tem-
perature in the steady state is a functior= g( Ky),

drem 0T (0K N 0K dMeem
dr, 0Ky \ 07, OLy dr,

BecauséyX < 0 andSFX > 0, the effect of taxes on temperature will depend on

- WhICh one Would expect to be negative given the previoulyaisa Taxes
will improve TFP in the South not only by diminishing the ptmtive capacity
in the North but also by reducing the number of migrants ang their effect
on climate change (the second term inside the parenthekesyuch a case the
indirect utility in the South might increase, if DRTS are doated by the positive

effect of taxes on Southern TFP

dug™  1+4+p|l—a—pBdMem , 0Ky 0Ky dMe™
= —A K 37
dt, 11—« Lg dt, * Ag s(Kn) 0T, oM aem ( )

The first term in equation (4.37) captures the effect of DRI &duction in the
number of migrants implies that more people have to sharsdhee pie. The
second term acts in the opposite direction: less migramidsl¢o less climate
change, then this allows for a higher per capita productidhe South.

The effect on inequality is as follows. A reduction in inelityafrom the
immigration policy requiresl(ay/us)/(d7.) < 0. This is equivalent to the con-
dition
1+p[ < )dMacm is . Ag(Ky) (aKN 0Ky dewm)

(I—a—p) - —Uun
11—« LN Lg dr, 1—7, Ag 0r, OLyx dr,

<0

The first term inside the square brackets is positive ancesgmts DRTS. A de-
cline in migration lowers Southern utility because due toll3Rnore people have
to share less wealth. The indirect effect of less migrationnequality is given

by the two other terms, which are negative. The second tesiderthe square
brackets shows that higher taxation has a (direct) negatipact on Northern
utility (ay | if 7. 7). The third term indicates that higher taxation also acts
upon the Southern productivity via a direct decrease on threhidrn productive
capacity & < 0) and via an indirect decrease Ky through a reduction in

the feedback effect of migrants on climate chan%@l(M < 0). In short with-
out DRTS, higher taxation will reduce inequality prowde1hd|t|on (4.35) holds,
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while the two other effects work in favour of equality. We d¢aerrefore conclude
that North-South inequality will increase or diminish dedag on which of the
terms is stronger.

Finally, it is certainly true that many Northern governngeahdertake immi-
gration policies in order to regulate the amount of migrahsre one could also
imagine that the North is more concerned with aftercare orea<e.g. by taking
responsibility for inducing climate change on the South tettefore takes care
of the forced migrants, then it might adopt a more relaxed ignation policy.
Such an aftercare policy would reverse the above resulesdaction of taxation
would increase the number of migrants (if it leads to lowgr&venues i.e. equa-
tion (4.35) is satisfied), worsen climate change and haverdngaious effect on
North-South inequality. Alternatively, investing in gresx technology may be
understood as a precautionary or preventive policy. Suatlieyps analyzed in
the following section.

4.5.2 Investment in clean technologies

When the government decides to invest all its tax revenugee@n technologies,
then we obtain the following.

Proposition 4 More taxes directed towards a greener technology will rediine
number of migrants, improve the environment and eitherease or decrease
North-South inequality.

We can calculate the effect of on M/*“™ as

dMa™ | Macm [BAS < O | op aYN> | 94s BKN]

dMem dr,, 0Ag | op \0r, ' oYy O, 0Ky 01, (4.38)
dr, | _ (24s 9 vy | 0As 0Ky Mecm '
ou OYn OLN OKn OLNn 0Ag

The first term in the numerator is the direct effect of taxesslincome in
the North makes is less attractive to migrate from the Sottte second part in
the numerator describes the marginal impact of climategdépbrought about by
changes in taxes) on the motivation to migrate. These temgiade the direct
effect of higher better green technology from higher taxks;impact of lower
income due to higher taxes on climate change; the impact @ivarl production
level due to higher taxes. The denominator in (4.38) is gue@iby two opposite
feedback effects of migrants on climate change. When hitghation induces
less migration, then the tax base will be reduced and lessiress will be allo-
cated to green technologies. The second term inside th&disacorresponds to
the ‘traditional’ feedback effect: more migration meangenaroductive capacity
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in the North and thus more pollution. Provided that the deinator is positive,
then a sufficient condition foﬁ‘% < 0is given by

8u Lo ou 0Yy
87'“ 8YN 87'“

An increase in investments in green technologies has thewiolg effect on
Southern productivity

8A‘§C7” a“ BYN aAaan BKN aA(LC’HL au 8YN aA%crn BKN OM
dAE™ u (am + vy BN + aKN o7, + ap ovy 0Ly T OKn 0Ly ., 39)
dr, 1 _ (2A&™ op ovy | 9AE™ oK) oM v
o 0Yy 0Ly 9Ky 0Ly | 0Ag

The denominator is the same as the denominator in (4.38)renslaime reason-
ing applies concerning its sign. If the ‘traditional’ feexti effect of migrants
on climate change is not too strong then the denominatorsgip® and we have
an interior solution fordA¢™. In this case the numerator will be positive as well
and > 0. Lower migration decreases pollution by decreasing Nortpeo-
ductlon (direct effect) but may increase pollution via autibn in tax revenues
(indirect effect). SIHC%— <0 anda—M < 0, if the direct impact of migrants on
pollution is stronger than the |nd|rect impact then this su#icient condition for
Y,

The effect of higher investments in green technologies arit&on utility will
be

dug™ 1+p[l—a—gdM*™ n 1 dAE™
dr, 11—« Lg dr, Ag dm,

(4.40)

Higher investments in green technologies have a negatigetefn utility in the
South due to DRTSﬂ(M < 0) and a positive effect ofig via improvements in

Southern productlwtyf’(A— > 0). The effect of higher investments on Southern
utility will depend on which of the effects dominate.

The effect on inequality is as follows. A reduction in inelityafrom the
immigration policy required(uy/us)/(d,) < 0. This is equivalent to the con-
dition

1—« LN+LS dr, _1_Tu_ AS dTM

If DRTS are not too strong then inequality decreases prtniﬂ%é? > 0.
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4.5.3 Investment in clean technologies or in border contral

Should a Northern government, that maximizes the utilitga ®forthern citizen,
invest in greener technology or in immigration controls3ése the government
has a fixed amount of resources= 7, then the budget constraint can be written
ast, = T — 7,. The Northern government will choose the optimal share of
tax revenues for border controls by maximizing the utilifyadNorthern citizen
subject tor,.

dﬂN . 8uNdM
dr,  OM dr,

The sign ofdﬁN will determine if the government should spend more on border

controls or more on green technologies. Wﬁd@h > 0, the government will raise
7, and indirectly reduce, such that the tax rate remains fixedratThe reverse
is true if d“N < 0. Slncea“N < 0 the government’s decisions will depend on the

sign ofaM Thus foraglventax rate, if M < 0, then the government will invest
more |n border controls while reducmg its investments ieegr technologies. A
change inr,, will have the following impact on the number of migrants

OM Oz | OM 0As Op 9y
am 01y Otz | 0Ag Op Ot 074 (4.42)
dr, OM 8As OKy _ OM 9Ag Ou Yy _ OM Oz OYN' .

T 9A5 0Ky OM  0Ag Op 0YN OM dx OYn OM

The numerator of (4.42) depicts the impact of the policy misar a fixed tax
rate, an increase in, allocates more resources to border controls, which dyrectl
reduce migration (first term). At the same time, a rise imeprives the produc-
tion sector of subsidies for green technologies, which ceduan exacerbation
of climate change and more migration (second term). The meraior shows
the multiple feedback effects of migration on climate cha(gecond term) and
on the tax base (third and fourth terms). These differendldaek effects have
different impacts on migration. The first effect states thatmigration induced
climate change will generate further migration, the twoeotterms suggest that
migration will increase production and thus the tax baseckwallocates more re-
sources to the government to reduce migration indirectygreen technologies
or directly via border controls. A sufficient condition tovgsan interior solution
for M requires theng4- 58< 2%x < 1. This condition holds only if changes in
Ag have small impacts on the number of migrants or if climatengeshas min-
imal impacts on TFP in the South. Under this condition, thenogl policy mix
{72; 7} will be determined by the following equation:

dM PN _OM Oz OM 0As Op 07,
dr, Oty Or,  0Ag Ou or, 07,

(4.43)
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Condition (4.43) states that the optimal policy nfix;; 7} is achieved when a
change in migration due to subsidies in border controls (LidS&xactly com-

pensated by an opposite change in migration via foregoresiments in green
technologies.

45.4 A numerical illustration

In the following we shall give a numerical illustration byrmparing the situa-
tion of two developed regions. Consider the North to be eilg-15 (EU) or

North-America (NAM), which comprises United States and & Will each
of these two regions should spend more on green technolog@s border con-
trols? In order to address this issue we do a similar extedjonl exercise as
before and choose the following functional form&s (K y) = 1:‘%, T = uKy,

z . Condition (4.43) can then be rewritten as

T

_ _ Iz
T = Tranyn M= Thon, vy

wuKy bl+ar,Yn
- =1- 4.44
1+ wpKyal+br,Yy “ (4.44)

The aim of the following illustration is to find a tax scherfwe; 7, } satisfying
condition (4.44). This exercise is performed twice, thdbrsthe cases where the
North is represented by either Europe-15 or by North-Angmnd subsequently
we compare the so obtained tax schemes of either region.

Calibration of Ly, Lg, and Ay. As in section 4.4.5, the structural parameters
«, § andp are respectively equal to 0.37, 0.44 and 0.9. The unknovampeters

w, a and b are set (subject to subsequent sensivity analysis) regekgcto
0.045, 0.01 and 0.5. In condition (4.44) the variablesKy and Yy, are
endogenous while the following variables need to be cakiokalg, Ly, Ly,

Ag, i andz. Table 4.5.4 summarizes the values for these variablesghwhi
take on different values whether the North is considered easgbEurope-15
(EV) or North-America (NAM). Knowing total population in ¢hSouth and the
number of Southern migrants in Europe and North-Americanftbe data of
Docquier & Marfouk (2006), it is easy to compute the popuwlatoriginating
from the SouthLgs. According to Docquier & Marfouk (2006), the share of
migrants from developing countries iU and N AM corresponds td0.13%
and 4.9% in 2000. We can thus compute the number of migrants in Europe
and North-America as well aézy and Ly4y,. Then, Lg equals to around
5.75 bn in 2000 in both cases.The next step is to compute thedéogy level

in the North, Ay. Using the data from the WDI (2007), GDP PPP equals
to Yyan = 1043 andYzy = 9.27 thousands bn in 2000. Following the
procedures described in section 4.4.5, we obk&in,, = 3.78 and K gy = 3.36,
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Anaymy = 10.6 and Ay = 8.96 as well as the TFP in the South, which is
calculated in the same way, givings = 4.429. In the following we explain
the calibration of the last parameters for Europe and NArtterica: i,  and Ag.

Calibration of i, z and Ag. First, we sefiy 4, andjizy equal to the observed
values foru. It can be observed that total emissions in North-Amerieataice
as much as in EU-15 with respectiveliy 41, = 6.32 compared tabg; = 3.06
thousand bn tons in 2000. Knowing from equation (4.8) fhat KLN we ob-
tain the emissions per productive capital ratip,,;, = 1.67 andu gy = 0.91 for
2000. The parametefsy 4y andjigy are set equal to those values. We thereby
assume that these observed valuesfaorrespond to a situation without taxes
on production £ = 0). Our analysis will then consist in exploring how the in-
troduction of a tax rate of > 0 should be allocated between green technologies
and border control¥ The observed values for indicate that the production of
the EU-15 is much more emissions-saving than the one of NAh fEason is
largely due to the North American climate policy. In factistwell-known that
the United States and Canada are ranked behind Westerndaumrgpuntries in
terms of emissions to GDP ratio to carbon dioxide ratio, Wwhgan indicator
that represents a very specific aspect of a composite emva@otal performance
index developed by the CIESIN center of the Yale universiég CIESIN (2006).
Second, knowingly, Lg, Ay and M for Europe and North-America as well
as As, we can compute migration costs as in section 4.4/5; = 0.2197 and
xyanm = 0.1744. These values indicate that migrants face higher migratists
when migrating to North America than to Europe. Again, cdasng that these
values correspond to a situation without taxes or wherdipgitaxes are implic-
itly taken into account, we apply these valuesti9, andzy 4,,. Finally, since
we havew, fi, Ky andAg, we can calculatels for Europe and North-America.

Table 4.2: Calibration of exogenous variables
Ly Lg AN I T Ag
North=Europe-15 039 574 869 091 0.2197 5.04
North=North-America 0.31 5.75 10.60 1.67 0.1744 5.69

Results. Given the proposed functional forms for 1 and Ag, the calibrated
values for the parameters, and the equations of sectionod.thé endogenous
variablesKy, M, Yy, the resulting steady-state of the model with a production

YAlternatively, imposingix 47 and figy to be equal to what the data suggest focould
be interpreted to reflect a situation where existing taxeproduction are implicitly taken into
account in the data. Our analysis would then be to focus onthewntroduction of an additional
tax rate on production should be allocated between borderale and clean technologies.
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tax rate of 10% will give us the policy mixr,; 7,,} satisfying condition (4.44)
for the Europe-15 and North-America. The so obtained tarsehcorresponds
to the decision rule of a Northern government, which maxesithe utility of
Northern citizens and which does not internalize the feeklleéfects of migration
on climate change and on the tax base. We obtain that Eurapddsimvest a
larger share of its tax revenue in immigration costs thartiNakmerica ¢V =
67.4% compared taV M = 50.16%), and correspondingly invest less in green
technologies than North America{” = 32.6% compared taY 4 = 49.84%).
An explanation of these findings is that North-America has aaremission-
intensive production and higher border controls than Eeropphus compared
to Europe, it would be optimal to invest a larger share of égnue in green
technologies and less in border controls.

The results of this exercise should obviously - like anylraliion exercise
with unknown parameters - be approached with care. The gsiocis rest solely
on a per capita utilitarian approach, neglecting any otligical or political di-
mensions. We used a rather stylized model and did not acéouother reasons
to migrate (like wars) which could lead to different policgailsions. However,
our findings are informative about how a region should chatsseptimal tax
revenues when needing to allocate these between greeroteglas and border
controls (or anything else which affects subjective migratosts).

4.6 Conclusion

In this article we investigate the relationship betweemalie change and interna-
tional migration. We make use of a two-regions overlappiegegations model
similar to Galor (1986) but allow for climate change to afféee productivity in
the South.

Our main findings are that climate change will most likelyrggse world mi-
gration and that even small changes in its impact can imglgitant changes
in the amount of migrants in the long-run. A simple calibvatexercise suggests
that the number of migrants increases by a factor of fouiniate change reduces
Southern productivity by approximately 5 percent. Howefrem our empirical
overview in the first part of this paper it is very likely thagtreduction in South-
ern productivity exceeds 5 percent in the future. Thus, gsgwithout saying
that migration is expected to re-shape world orders if itasproperly guided by
international policies.

We then analyze what effect a softer immigration policy ameestment in
greener technology might have on the long-run number of anigg, on the en-
vironment and North-South inequality. Both policies cobkel undertaken for
different reasons. Whereas we interpret the softer imrtigraolicy as an after-
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care policy which makes the North take responsibility fa #ffects of climate

change which ititself imposed upon the South, the investimegreener technol-
ogy may be understood as a precautionary or preventiveypdlie show that the
immigration policy clearly increases the number of migsamit worsens climate
change and has an ambiguous effect on North-South inegu@lit the contrary,

the investment in greener technology leads to fewer lomganigrants, a better
environment, but again an ambiguous sign for the inequalégsure. It is there-
fore clear that any policy undertaken by the North will deghen the importance
which the North places upon displacement of people, climbasage or inequal-
ity. Importantly, the qualitative results do not depend drether the costs of the
policies are sunk in the future or whether the policies immntinuous costs. With
a numerical example we show that the US should invest morts tdx revenues
in green technologies than the EU and less in border corttratsthe EU, a re-

sult which stems from the differences in production tecbgi@s and in existing

immigration policies.

There are many extensions which this model could see. ¥iistshould
be interesting to analyze the short-run migration decsemd compare these to
the long-run choices. Since we know that a policy which hasitppe effects
in the long-run might have significant costs in the short;itinan be important
to compare the costs and benefits of both. Furthermore, thiuthe long-run
this is clearly unimportant, in the short-run we could semiicant impacts of
population growth. Including this in this model is howevertallenging task.
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Chapter 5

Migration and Human Capital in an
endogenous fertility model

Abstract. How does high- and low-skilled migration affect fertilitpéthuman capital in
migrants’ origin countries? This question is analyzed imidn overlapping generations
model where parents choose the number of high- and lowegkghildren they would
like to have. Individuals migrate with a certain probalildnd remit to their parents.
It is shown that a brain drain induces parents to have more digl less low educated
children. Under certain conditions fertility may eitheseaior decline due to a brain drain.
Low-skilled emigration leads to reversed results, whike ¢lrerall impact on human cap-
ital of either type of migration remains ambiguous. Subsadjy, the model is calibrated
on a developing economy. Itis found that increased emigratdf the high-skilled reduces
fertility and fosters human capital accumulation, whileviskilled emigration induces
arise in population growth and a reduction in the proportibhigh educated individuals.

Keywords: Migration, human capital, fertility.
JEL Classification: F22, J13, J24.

1This chapter is co-authored with Patrice Pieretti and Beni#ou.
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5.1 Introduction

At the world level, the number of international migrantsedsom 76 million
in 1960 to 175 million in 2000, but considering populatiorowth the world
share of migrants remained quite stable (2.5% in 1960 to 2r02000). Nev-
ertheless, by making countries increasingly interdepetidgobalization, rising
income inequality, enhanced transportation technologgtehsing transportation
costs, and stronger demographic disparities between afmeland developing
countries play in favor of a reinforcement of internatiomagration in the next
decades. Moreover, the fact that developed countries arengore attractive for
workers from developing regions is documented by the shargernational mi-
grants in developed countries that rose from 4% in 1970 tor82000 (see UN
2003 and IOM 2005). This is even more true for high-skilledigration (i.e.
emigration of post-secondary educated individuals), Widcexpected to be in-
creasingly important since immigration policies in migigiost countries tend
to be more and more skilled-biased. Docquier & Marfouk (JQ@port that be-
tween 1990 and 2000, the augmentation in the number of hidfleesimmigrants
in OECD countries was about 64%, while it was only about halhach for low-
skilled immigrants. Moreover, most of these additional raigs originated from
developing countries. The exodus of high-skill workersrirdeveloping coun-
tries is however feared to have severe consequences odyafsear economies,
since it deprives them from their most talented labor force.

While the early theoretical literature of the 60s pointedlthat a brain drain
has basically no impact on migrants’ origin countries aralgthnot be a cause for
worry (Grubel & Scott, 1966), during the 70s economists, fanemost Bhagwati
& Hamada (1974), stressed that high-skilled emigratiomaas a negative exter-
nality on sending countries and that “thésa loss to those left behind". In recent
years, economists took a fresh look at the issue and higklighrange of positive
side-effects of high-skilled emigration. One major benafiexternality of a brain
drain is that it induces greater incentives for individual®ducate because of a
higher expected skill premium. Then, if the newly educatetividuals outweigh
the ones leaving the country, human capital at origin is robd compared to a
situation without a brain drain (Mountford, 1997b; Starlakt 1997; Beine et al.,
2001b), which may act as a substitute for educational sidss{®tark & Wang,
2002)? However these migration models take population as conatahtio not
analyze fertility decisions. In fact, an important litereg shows that the decisions
parents face in terms of fertility and of investment in theeation of their chil-
dren are central for a country’s economic development,@eastance Becker &

2In an extensive survey, Docquier (2006) describes therdifiipositive externalities linked to
high-skilled emigration.
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Barro (1988) as well as de la Croix & Doepke (2003). Since tnaity-quantity

trade-off in terms of children influences human capital fation, it is crucial for

a country’s economic growth and it seems straightforwarstwdy the impact of
emigration within an endogenous fertility model. To our Wedge, only the mi-
gration model of Chen (2006) features endogenous fertbity restricted to the
brain drain issue. He analyzes the difference between@abhli private funded
education systems in a model where agents have an averags loapital level

and a stochastic probability to emigrate. Our study diffeterms of the aim and
of the framework used.

This paper analyzes how high- and low-skilled emigraticeyshparents’ fer-
tility choices and thus human capital formation. Contyard most endogenous
fertility models, individuals do not decide upon the totahmber of their children
and their education level (or investment in their educatidmut directly about
how many low- and high-skilled children they would like toviea This is also
a major contrast to Chen (2006) and allows us to explicittyoiduce skill het-
erogeneity among agents in our overlapping generation&{@hodel. Also the
end of their childhood, individuals migrate with a certamlpability and remit to
their retired parents. This is another distinct featurenfil@hen, since remitting
behavior may influence the expected return of raising anetlacating children
and thus adults’ fertility decisions. It is shown that a brdrain induces parents
to have more high and less low educated children, but magreigtise or reduce
fertility (total number of their offspring). Asufficientcondition to experience a
rise in fertility due to high-skilled emigration is that thelative cost from raising
a high compared to a low educated child must be lower thaelisive expected
gain. In contrast, when the reversed inequality ieeaessargondition to have a
reduction in fertility due to a brain drain is i.e. the relaticost of raising a high
educated child is larger than the gain. Low-skilled emigrateads to reversed
results: parents choose to have less high- and more lovedgkihildren. Finally,
the impact of migration on human capital is ambiguous.

To provide more concrete findings, the model is calibratetherPhilippines,
which is an economy open to migration and experiencing larfi@wvs of remit-
tances. It is found that increased high-skilled emigratieduces fertility and
fosters human capital accumulation, while low-skilled gration induces higher
population growth and a lower level of education. More ely, a permanent
increase of 10% in emigration flows is simulated. When theteacl emigrants
are high-skilled (low-skilled), the share of high-skilledthe work force changes
from 22.2% to 28.4% (to 21.2%) and the annual population grdvom 1.98%
to 1.36% (to 2.1%).

The paper is organized as follows. Section 5.2 introducesntbdel and
explains the theoretical effects of increased emigratidhe illustration on the
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Philippines economy is presented in section 5.3. Sectiidncludes.

5.2 The Economic Model

We consider an overlapping generation economy where ithgials live for 3 pe-
riods: childhood, adulthood and old age. Each individual tiae parent, which
creates the connection between generations. Individuads kither a low (su-
perscript!) or a high education level (superscrigt Higher education is costly,
while lower education is offered for free by the socitypuring their childhood,
individuals who attend school do not work, whether they wbitdgher education
or not. Also, agents work only in their adulthood and earn gewvidnat depends
on their education level. High-skilled adults earn a wade while low-skilled
ones a wage' with w" > w'.

We consider a small open economy where capital is perfeablyile, which
implies a fixed international interest rat&. Also, both high- and low-skilled
wages are exogenous and constant. Both low- and high-akitlrlin this small
open economy can emigrate to an advanced economy and egrea salary;v*

(i = h,1), which is exogenously given with** > w*. Finally, we assume that
emigration is not large enough to affect the economy of tlstidation country.

5.2.1 Individual behavior

All decisions are made by the individual during her adulithod@hus at time,
each adult with education levetares about her own old age consumptiein
and about the expected income of her childféh, . Itis assumed that individuals
consume only when old. Thus there is no arbitrage oppostémitconsumption,
which is purchased through savings and remittances. Theidiuidl also cares
about the return from her “education investment”, thatie,éxpected income of
her childrenV, ;, which represents the altruistic component in the utilypre-
over, an adult chooses how many low:) and high-skilled childrens(}) she
would like to have.

At the beginning of their adulthood, individuals with edtioa level i can
emigrate with a probability’, i = h, [ to a more advanced economy. Hence the
expected income of a child with education levet h, [ is

w' = (1—p)w' + p'w™, i = h,l. (5.1)

3For instance, individuals with a college degree could besitlared as high-skilled and indi-
viduals without a college degree as low-skilled. Then etanafter high school would be costly,
while education below college level would be free.
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The probability to emigratg’ is exogenous and will serve as a policy variable in
the comparative statics as well as in the numerical examplise inp’ can either
be associated with a more liberal immigration policy of auhegion country, such
as, for example, a reduction of the entry barriers, or witlieriberal emigration
policies in the origin country, such as larger exit quotas.
Raising one child takes time fractiane (0, 1) of an adult’s time and high-
skilled children induce an additional cost for their edimat. Therefore savings,
i1, result from an adult’s labor earnings minus raising anccatianal costs of
her children,
b = Rw'(1— ¢(ni +mi))] — xm, (5.2)
where in the following we normalize the fixed constant indérateR* to 1.
It is assumed that all children care about their parents emit ia proportion
of their (foreign) income to their parents. Therefore foraagmt of education
expected transfer§)’, from her high- and low-skilled children are given by

Qi =Ty + Zl = 0" mi + 0w'n], (5.3)

which comprise not only money transmitted by adults stayrige home country
to their parents] = (1 — p')0lw!'n’ + (1 — p")§"w"m?, but also remittances;,
defined asZ! = pl0'w*n’ + p"0"w*hmt. Thend’(> 0) is the propensity to
transfer money to her parents for an individual with educatevel: (or to remit
for a migrant with education leve).

Lifetime consumption writes as follows

Di+1 = Sti+1 + Qi+1- (5.4)

The utility function of an individual who is an adult with ecltion level at time
t is then given by:

U(Dz—i-lv th—i-l) = 1H(D§+1) + ln(vti-l)v (5-5)

and
‘/ti—i-l = oz(ni)ﬁwl +(1- oz)(mi)ﬁwh.

A part from the fact that we explicitly introduce heteroggynamong the types of
children, the non-linear term i’ ; is similar to Becker & Barro (1988); Barro
& Becker (1989); Doepke (2005), with € (0, 1) measuring the weight given to
low-skilled children and € (0, 1) playing the role of the elasticity of the utility
to any type of children. As mentioned by Barro & Becker (1988)s form of
the altruism term means that, for a given expected incomehiletw’, “parental
utility U (+) increases, but at a diminishing rate, with the number ofickil" (here
n' andm?).
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Thus, combining the above ideas, each adult is facing thewoig problem

maxU' = max{ln(Dj,,) + In(V},)},  i=1h, (5.6)

n*,m n*,m

subject to (5.4) and which consists into the maximizatiohasflifetime utility by
choosing the number of lown() and high-skilled children?).

5.2.2 Solving the individual problem

In appendix, we show that the first order conditiorifwith respect tou! is

; 1—l —1 i\e—1
pwy — Wi,y N Wy 1 €(ny)° (5.7)
: = : , .
Diyy Vi

which states that the net marginal cost of raising a lowteithild, pw; — 6'w! , |
(cost minus expected transfers), in terms of consumptiboulg equal the
marginal utility gain from a low-skilled child’s expecteddome, in terms of the
future value of total childrenl(). If this equality does not hold, raising children
is either too costly (it is then optimal to have no childresr) not costly enough
(then individuals choose to have more and more children).

Similarly, the first order condition df* with respect ton: shows that

waz + x _ ehwl}fl-i-l — (1 - O{)w?_,!_1€(mi>5_l (5 8)
Dl%-i—l ‘/tl-i-l ’

which reads that the net marginal cost of educating one chitérms of con-
sumption (left hand side) should be equal to the marginagfikinom educating
a child.

The second order conditions of the agents’ maximizatiomlera are satis-
fied. Therefore the solutions from (5.7) and (5.8) are opitiimathe household
problem.

It is easy to see that in (5.7) and (5.8), both the right haddssare positive,
implying that the left hand sides are positive also. Theseacessary conditions
for the existence of interior solutions and it is assumet] thavhat follows, these
conditions always hold.

Assumption 4 The following conditions are supposed to always hold{terl, h
andVvt),

i o gl
pwy > 0wy 4,

pw; + x > Qhﬁiﬁrl.
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Assumption 1 guarantees that raising children is expenstherwise parents
will have as many children as they can; at the same time, #&dgcehildren is
also costly, otherwise all children will get higher eduoati

Combining these two equations (see appendix), we obtailicéxgnlutions
for m andn, which are put forward in the following proposition.

Proposition 1 Under Assumption 1 we have

i (1 — o)y, w;

L (14 [pw; + z — MW}, | [ow!l, 0%, + (1 — a)wl, |
and 4 L
ny = (0y,,n) <My, (5.10)
where
U;m:<%)ﬁ7 with A¢ = qbiwi—elméilh | BFL&.
: Aj pw; + x — 0hMwy, (1—a)wy,,

(5.11)

In fact A! represents the ratio of net costs of raising a low to a higltatal
child (see (5.7) and (5.8)), whilB, is the ratio of the contribution of a low edu-
cated child to a high educated child in parental utility. Al ¢ is the elasticity
of the utility to any type of children, thesy, ,, can be considered as the elasticity
of substitution between high and low educated children andeusehold.

Given the explicit expression ofi’ andn‘, we can study the change in these
two choice variables with respect to a changg’inin the appendix we prove the
following proposition.

Proposition 2 Under assumption 1 the number of high educated children is an
increasing function of the emigration probability of higkilledp”, while number
of low educated children is a decreasing functiop/af Mathematically, we have

om,
oph

on
oph

> 0, <0, Vt,i=1,h.

The intuition of this proposition is very clear: a brain dravould lead to a
trade-off between high- and low-skilled children whichnsfavor of an increase
in the number of the former. However, the impact of a risg@/iron the total
number of childrenp! + m!, is not so clear. Nevertheless, we have the following
results by combining equations (5.28), (5.29), and (5.8@ypipendix.

Proposition 3 Assume Assumption 1 holds.
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(i) The effect op” on fertility, n¢ + m¢, is ambiguous.

(ii) A sufficient condition for a rise in fertility following rise inp", o(né +
mt)/op" > 0, is
(1—a)w" pw' + x — O _

aw owt — Ot

(5.12)

wheree = (=)'~

and the right hand side is increasing .

(iif) Furthermore, the other direction of the above inegtyabffers a necessary
condition to have a reduction in the total number of childfedowing a
rise inp”.

(iv) Finally, the effect ofp” on average fertility and on the fertility differen-
tial between high- and low-skilled parents is ambiguousne¥we impose
condition(5.12)

The above proposition can be commented as follows. A riseamptobability
for high-skilled to emigrate” leads to an ambiguous effect on the total number
of children since the number of low educated children desgeand the one of
high educated children increases (point (i) in proposi8hn

However, through the sufficient condition (5.12), we get eamsights on
the mechanisms that lead parents to have more children exsaafirain drain.
Condition (5.12) can be interpreted in the following way. rail drain induces a
rise in fertility when the relative gain of having a high coaned to a low-skilled
child is larger than its relative net cost (up to a term cosipg the elasticity of
the utility to any type of childg). In fact, the left hand side in (5.12) is a parent’s
utility value from a high-skilled child’s expected inconié¢,— o)w", to a parent’s
utility from a low-skilled child,aw’. The right hand side comprises a discounted
(by an elasticity terma) ratio of the raising and education costs of a high educated
child (pw’ + ) net of expected remittances from this chitizp") to the raising
costs of a low educated child net of expected remittances.

The interpretation of the necessary condition in poin) {8i now straight-
forward. If the relative gain from having a high-skilled kchis lower than its
relative net cost, then the reduction in the number of lowcatkd children fol-
lowing a brain drain dominates the additional high-skilidddren. Thus fertility
decreases after a risejif.

The effect ofp” on average fertility and on the fertility differential beten
high- and low-skilled parents is unclear (point iv of the position). Average
fertility may decrease even when condition (5.12) holds,both types of parents
have more children. This would be the case when many higregkndividuals
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left the country and raise their children abroad. Furtheeni condition (5.12)
holds, the effect of a brain drain on the fertility differexttbetween low- and
high-skilled, i.e. the difference between the total numdfechildren from low-
and high-skilled parents divided by the total number of pteeis unclear. Intu-
itively, a rise inp” in periodt leads to a decrease in the fertility differential only if
the increase in fertility of high-skilled parents domirgtke increase in fertility
of low-skilled parents and the decreaseperiodt in the share of high-skilled
parents. This is shown in appendix.

Finally, due to the symmetry of the effectsgdfandp” onn’ andm?, the same
calculations lead us to the following corollary

Corollary 1 Assume Assumption 1 holds. Thehis decreasing and is in-
creasing inp', while the effect on the total number of children is ambigiou

5.2.3 The impact of a brain drain on human capital

In the following analysis, we study the dynamic impact of aoréase ip" on
human capital. But let us first look at the long-run behaviahe economy. Let
NI and N! be respectively high- and low-skill active labor forcesiatet, i.e.
the stock of high- respectively low-skilled individualsrbat timet — 1 from both
low- and high-skilled families and staying in their home oty

Ntl =(1- pl)<NtZ—1nzZS—1 + Nth—1n?—1)a (5.13)
N = (1= p")(N_ymi_y + N ymiy). (5.14)
. N[ N
The growth rates of both labor forces are definedjas —+* andg} = —,

while the ratio of the high to low-skill labor force gs= ]]\\/,—t}l

Definition 1 Along the balanced growth path of our economy, both workoy p
ulations grow at the same rate i.¢/* = ¢' = ¢ and thus ratio of the high- to
low-skill labor force is constang; ., = ¢; = q.

The following proposition summarizes the behavior of thereemy in the long
run

Proposition 4 If parameters and constants che(&S?)then the system globally
converges to its unique steady stgtewhereq = Y7 = gandg' = ¢" =
(1=p")(n'+n"7).

N
The proof of this proposition is given in the appendix.
From the previous section, we know that parents choose te mare high-
and less low-skilled children, which acts positively on tbamation of human
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capital. However, a brain drain means also that more higledkpeople leave.
Thus which effect dominates? Human capital at timdenoted byH;, can be
defined as the share of high educated labor in the total detde force. That is

Nh
H =—1t A
where N} and N! are respectively the high- and low-skill active labor farea
timet, defined as Thus’/(N/) are the low- (high-) skill individuals born at time
t — 1 from both low- and high-skilled families and staying in theome country.
Therefore in order to study the effect of a changg’obn human capital, that

%, we only need to study the effect pf on ;- =1 + %
Case I.If p” varies at timet and this change ip” is not anticipated by the
individuals, then allv} |, n! |, N |, n? |, m!_, andm! | are independent of a

change inp". Therefore, it follows that
o Nl l
_ -t — & # > O7
oph \ N N ) (1 —ph)

0 1
o () >
OH,
apt
which means that if there is no information about a policyngeconcerning
in p", then parents are not prepared for it and will not send moilerein to
obtain higher education following a brain drain. The remithat more high-skill
workers emigrate without inducing any additional formatad human capital.

Case Il. There is perfect foresight and parents are prepared fortthiege in

p" that happens in the next period. Imagine that at timé, p" increases. Direct
calculation shows

0 (N 1—pf 1—p!) 0G(n,m
r (32) ~ Gt - R, e

is

that is,

As a result, we have
<0, (5.16)

where

Ninl + Nhnh
G ’ _ t' t 't ]
() = Nl N}
We know that bothn! andm” (n! andn”) are increasing (decreasing) in terms
of p". Thus a highep” will lead to a rise in the denominator and to a reduction
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in the numerator, whilév! and N} are decided at time— 1 and will thus not be
affected by a change it happening at timé + 1. Hence we obtain

0G(n,m)
oph

To conclude, the first term on the right hand side of (5.17)ositive and repre-
sents the ex post loss of human capital due to a brain draite Wie second term
on the RHS stands for the ex ante stimulation of human cagitalto a brain
drain. Since these two effects also depend on the populsizenV;! and N}, it
is open to question whether at the end a brain drain resuftsnain loss or in a
brain gain within our endogenous fertility modeh calibration of our model on
a situation of a typical developing country open to labor ftitgtmay give us a
specific answer.

< 0.

5.3 Numerical Analysis

In this section we provide a numerical illustration to azalythe effects of in-
creased emigration on fertility and human capital. Highgration can be due to
the fact that destination countries adopt more liberal igration policies. Since
immigration policies tend to be more and more skilled-higsee first focus on
the effects of highehnigh-skilled emigration. Consecutively, we compare the find-
ings with a situation of increasdolw-skilled migration. Moreover, we focus upon
the long term impact of changes;ifi andp'.

5.3.1 Calibration

Our model is calibrated to depict a typical situation of $ehiorth migration and
as such the parameter of our model are adjusted to match tmemy of the
Philippines (to be the migrants’ origin country). This ot®iseems appropriate
since international migration and large flows of remittanaee notorious charac-
teristics of the Philippine economy for several decades (sme the IMF study
of Burgess and Haksar, 2005). The foreign country of the masleepresented
by a combination of OECD countries, where the importanceasheof them is
weighted by the share of Filipino emigrants they host (sdewje The initial
steady state is assumed to correspond to 2000 data. The wdlparameters and
exogenous variables are reported in table 5.1 and chosefi@sd.

According to Haveman & Wolfe (1995) parents spend around d5%eir
time raising children, which enables us to set the raisirsg parametes to 0.15.

4t is also theoretically unclear whether a brain drain wiltiease or decrease human capital
in the steady state.
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Table 5.1: Parameter values for the Philippines

$=0.15 €=0.5 wh=1 wh =254 ph=0.08 p'=0.043
a=062 0'=01 w'=474 whr=929 2L=092 R*=1806

Also, following the wage of a high-skill worker in the Phipmes is 2.54 times
larger than the one of a low-skillédThus ifw' is set to 1" equals 2.54. Since
one period is considered to be 20 years, the interest fast®atitoR* = 1.806
which corresponds to an annual interest rate of 3%.

A next step is to choose the probabilities to emigrateand p', which are
not directly observable. However, Docquier & Marfouk (2Dp@®cument that
67% of the Filipinos living in OECD in 2000 are high-skilleide| post-secondary
education), thus we can sgt = 2 p'. Also, since one period lasts 20 years, it
can be considered that the number of migrants in the OECDG0 2&ported by
these authors represents the number of emigrants duringesioel in our model,
meaning that 1'678'735 Filipinos go abrodd.If the number of migrants can be
written asp! N! + p" N" then takingN! and N* from Docquier and Marfouk, we
have thap' = 0.043094295 andp” = 0.08618859.

For the remaining exogenous variables no data are availabkart with, the
parametet in the “altruistic” argument of the utility function is set 0.5, but will
be subject to several robustness checks in a later sect@nairing variables are
set in order to match four main characteristics of the Ppitip economy. Let us
now describe this procedure. First, we know from Docquier &rfduk (2006),
which themselves rely on the data of Barro & Lee (2001a), itha000 the ratio
of the low-to-high skill labor forcel/h (= N!/N"), amounts to 3.5045. This
value is met by fixing the education costs of a childifo= 0.917045 and by
the plausible assumption that = 2!. Second, if we consider one period to
be 20 years, then population growth in our model eqyais 1.481, implying
thata = 0.621093. Moreover, we can consider the wage differential between
the Philippines and the OECD to be similar to the per capitdGliferential.
According to the World Development Indicators WDI (200A)e&ge per capita
GDP between 1999-2004 was $3'991 in the Philippines and2s®4in the OECD

5The data is originally collected by the United Natio@gneral Industrial Statisticand cor-
responds to the skill premium in the manufacturing sectottfe year 2000, see also Zhu (2005).

5This number is not exaggerated, because when considesadeahporary residents (42%)
and irregular migrants (21%) together with permanent ssgi (37%), the number of Filipinos
living and working overseas was estimated to be around 7iBi®min 2002 with an increase of
1 million since 1996. This number is equivalent to almost quarter of the domestic labor force
(Burgess & Haksar, 2005; Castro, 2006)
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(PPP, constant 2000 international $), thus 7.98 times highthe OECD’ If
average domestic wage is definedias- (w" + 1/hw')/(1 + 1/h) and average
foreign wages* = (w*"+1/h*w*')/(14-1/h*), then the average wage difference
w = w*/w equals 7.98. Relying on the same sources as for the domestiomy
and applying the same weights for the distribution of mi¢ggaaamong OECD
countries as for GDP per capita, the average ratio of lowigt+skill labor force
in the OECD,1/h*, was 1.096703272 and the skill premium?" /w*!, 1.968
Then to match the average wage differenc#’ is required to be.2902, while
w* = w*/1.96. Finally, we need to set the propensities to reghiand 0.
While high-skilled migrants remit a larger amount than losdweated migrants,
recent research claims that their propensity to remit ielavan the one of low-
skilled migrants, see Faini (2007) and Nimii et al. (2008)our central scenario
it is assumed that the propensity to remit of the high-sttiike 50% as much
as the low-skilled one and th#d = 0.5 #'. This assumption will be subject
to robustness checks. Based on Fund staff estimates andedvdHd Bank,
indicate that remittances in percentage of GDP amount t% 9.4 we define
GDP, Y, by the sum of incomes from labor and savings, then= N}w! +
N'w! + (R* — 1)(N} ;s? , + N!_,s!_,) and the total amount of remittances in
one period,A, by A, = NI, Z! + N|_,Z!. ThenA;/Y; = 0.094 implies that
0" = 0.103657.°

5.3.2 Results

We analyze the effects of a permanentincrease of 10% in atrogrflows, which
means that more people leave the Philippines at each pertbdegpect to the
baseline. For instance, in the first period of the shock, thditimnal migrants
amount to 164 thousand. Two scenarios are compared. Unel@igh-skilled
emigration scenario, additional migrants are all higHks#tiand thusp” rises
from 0.086 to 0.109. Conversely, under tlosv-skilled emigration, additional
migrants are low-skilled ang changes from 0.043 to 0.05. Moreover, we focus

"According to Docquier and Marfouk, migrants from the Phgiipes living in the OECD in
2000 were distributed as follows: United States (69.31%pdcla (11.41%), Australia (4.65%),
Japan (4.56%), Italy (2.44%), United Kingdom (2.07%), Ganyn(0.75%), Korea (0.72%), Spain
(0.67%), New Zealand (0.51%), Austria (0.45%), Switzedlg0.43%), Netherlands (0.34%),
Greece (0.29%), France (0.28%), Norway (0.25%), Swed@3%0), Ireland (0.21%), Denmark
(0.15%), Belgium (0.13%), Iceland (0.04%), Mexico (0.04%inland (0.037%), Czech Republic
(0.0014%), Hungary (0.001%), Slovakia (0.0001%).

8The same data source as for the skill premium in the Philggpis used.

9According to aggregate data on remittances from the Intienmal Monetary Fund (IMF
2007) remittances amount to $7876 million in 2003. More@verore recent report of the World
Bank (2006) indicates that the remittances share of GDPeifPtiilippines would even amount to
13.5% (see World Bank, 2006, p.90, Figure 4.1).
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on the long-run impact of such policies, and therefore ®bl& and table 5.3 in
appendix will refer to long-run changes in main variablesrigd 10).

Figure 5.1: Impact of increasdtgh-skilled emigration
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The long run impact of increased high-skilled emigratiomeigorted in ap-
pendix (table 5.2, column ‘benchmark’), but can be sumnealr&s follows. Both
types of parents choose, as expected from our theoretmatseto finance higher
education to a larger number of children and to raise lessskilled children.
While theoretically the effect gf* on total children was ambiguous, low-skilled
parents would prefer to have less children, while highls#tifaise slighty more
children. On average, fertility decreases as shown in fi§ute Moreover, the
fertility differential between low- and high-skilled, i.ethe difference between
the total number of children from low- and high-skilled patedivided by the
total number of parents, is reduced as well. What about hurapital? In the
framework of de la Croix & Doepke (2003), a high fertility tlifential leads to
lower human capital accumulation. One of the reasons igbat families have
more children than rich families and their children havewdohuman capital.
Then for a given initial level of human capital, an economywva high fertility
differential generates a lower future human capital. Inraodel, there is no ex-
plicit link, a lower fertility differential is associatedithh a higher human capital.
The effect of a brain drain on human capitélis (slightly) negative in the short
run (when the policy is adopted). This is because the shodktisanticipated
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Figure 5.2: Impact of increasdow-skilled emigration
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and more high-skilled individuals leave the country in pdri. In the meantime,
parents decide to have more high-skilled children. Whesédtladitional high-
skilled children, having obtained higher education thatkhe new policy, add
to the high-skill labor force in period 2, they will more thaompensate for the
high educated workers that have left. Moreover, we can seétib growth rate of
the population declines slightly in the first period, be@ofkthe departure of ad-
ditional migrants. In the following period, population grh declines compared
to the baseline, also because of fertility choices. A 10% insemigration flows,
where all additional emigrants are highly educated leadthe long run (period
10), to a 27.80% rise in human capital (i.e. the proportionigh-skilled within a
generationH rises from 22.2% to 28.4%) and to a 8.47% decrease in popualati
growth rate (which means that the annual population groaté declines from
1.98% to 1.36%).

Under the low-skilled emigration scenario, all additiomagrants have lower
education. From the theoretical analysis, we know that tfeéces on the number
of high- and low-skilled children are upturned compared lbwaan drain (see also
table 5.2, column ‘benchmark’). Such a policy will lead toiacrease in average
fertility and in the fertility differential between low- a@high-skilled parents (fig-
ure 5.2). Moreover, the impact on fertility, population gth and human capital
is not only reversed, but also of much smaller magnitude thretter high-skilled
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emigration. Increased low-skilled emigration inducesthi@ long run, a drop of
4.46% in human capitalH{ goes from 22.2% to 21.2%) and a rise of 7.15% in
population growth (the annual growth rate changes from 1098.1%).Finally
the impact of both migration policies on welfare indicat@discussed in the
appendix.

5.3.3 Robustness

Are the above findings consistent with migrants’ remittanioehavior and with
the choice ot? Figure 5.3 reports the impact of high-skilled emigratiarnaman
capital formation and population growth when low-skilledynants have a higher
propensity to remit (i.e. the ‘benchmark’ case witén= 0.56'), when both types
of individuals have equal propensities to reniit & ¢') and when no remittances
are sent back = 0).1° The effects on human capital and population growth
are robust under these different scenarios. When higkedkiémit in the same
propensity as low-skilled, more remittances are sent bse& (able 5.2, column
‘0" = 0") and thus the incentives to send more children to get eicare
higher. It results that human capital is more improved thathe benchmark.
However, in the absence of remittances, human capital isrtteless enhanced
(even though less than in the other two scenarios), becarsatp are altruistic
and prefer having more high-skilled children who are exgedb earn a higher
wage. In terms of population growth, the scenario in whicthibogh- and low-
skilled remit in the same way has a less reducing impact t@bé&nchmark. The
reason is that since high-skilled migrants remit more, tivalmer of high-skilled
children is further stimulated and the decrease in pomuajrowth is dampened
(see table 5.2). In the absence of remittances, there is moge to raise high-
skilled children only to obtain additional remittances dmd-skilled children are
then relatively more interesting in the ‘no remittance®rsario than in the other
two scenarios. Then the decline in the number of low-skitéddren is less
important and the effect on population growth reduced.

Figure 5.4 shows the consequences of increased low-skiftedgration. The
scenario with the same remitting behavior for high- and &kiled leads to an
inferior reduction in human capital than the benchmark. éirtble latter scenario
low-skilled remit more than in the case wheéfe= ¢', and thus parents react in
a stronger way to a rise ipf. This also explains the higher increase in popula-
tion growth. The absence of remittances leads to a slighitctexh in population
growth, because low-skilled parents do not choose to cersidly increase the

OFor each alternative scenarios, the different exogenatahlas are recalibrated to meet the
characteristics of the Philippine economy in the basellieis, among other features, we always
have that human capital is equal to 22.2% and the annual atiquligrowth rate 1.98% in the
baseline.
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Figure 5.3: Impact ofiigh-skilled emigration under alternative behaviors to remit

human capital population growth rate

40

—15}

_50ob
—30l
o 5 10 15 —4% 5 10 15
baseline — benchmark - --@"=@' =< A=0

Figure 5.4: Impact ofow-skilled emigration under alternative behaviors to remit
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number of low-skilled children, since these ones do notygpam with any re-

mittances. Ultimately, the implications of larger emigwaton human capital
formation and population growth are robust to a choice (fee tables 5.2 and
5.3).

5.4 Conclusion

An endogenous fertility model with overlapping generasianintroduced, where
parents choose the number of low- and high-educated chilidhey would like

to raise. We analyze the impact of high- and low-skilled eatign on parents’
fertility choices and on human capital. It is shown that airbdrain induces
parents to support higher education to a larger number af ¢thédren and to

raise less low-skilled ones. Moreover, we find that a sufficendition to see
a rise in the total number of children is that the relativet@israising a high-

compared to a low-skilled child is smaller than its expeaath. Besides, low-
skilled emigration leads to contrary results. However,ithgact of either type of
emigration on human capital is ambiguous.

Finally, the model is calibrated on the Philippines to pdasome quantitative
results. We examine the consequences of an increase of 1@&ignation flows.
When these additional migrants are high-skilled, humantaiis enhanced in
the long run (the share of high-skilled individuals risesnfr22.2% to 28.4%)
and population growth experiences a slow down (annual @ojpual growth rate
falls from 1.98% to 1.36%). Alternatively, when the addi@ emigrants are
low-skilled, the impact is reversed and of a lower magnitutie level of human
capital is exacerbated (the share of high-skilled drop® f22.2% to 21.2%) and
population growth is stimulated (from 1.98% to 2.1%).

Appendix A: Proof of Proposition 1

The explicit solutions for’ andm® are obtained in two steps. We first compute
the linear relationship betweer andm?, and find the explicit solutiom/.
Step 1. The relationship betweem’ and m/!

By substituting teh equation af’ into the utility function and the ones 61,
and(); , into D;_,, we are facing the following optimization problem

max U} = max [In(Dj,) + (V)]

nt,m? nt,m?
with

Dy, = [wi (1 — o(n; + mi)) - xmi] + [wilﬂehmi + @iﬂﬁlnﬂ . (5.18)
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and
V;+1 = wt-i—la(nt) + E?H(l —a)(my)", (5.19)
First order condition ot/* with respect to:: reads

I— — e
—pw! + 0 th aw, , e(ny)<?

7 7
Dt+1 V;-i-l

=0,

which is equivalent to

pw; — leiﬂ awiﬂe(ni)“l

- = - : (5.20)
Dt+1 Vvt—l—l
Similarly, the first order condition df* with respect ton! shows
—ow; —x+ 0wy, | (1 — )W e(m) ! —0
Diyy Vit ’
which is the same as
waz +T— ehwl}fl-i-l _ (]' — a)m?-i-le(mi)e_l (521)

Dy B Via
Dividing (5.7) by (5.8), we obtain
¢wt wt+1 _ a@iﬂ (ni)ﬁ_‘l .
¢wt +T— ehwt-i—l (1 - O‘)W?Jrl(m%)e_l

Denote

i 1—I —1
i pwy — 0wy - AWy
A= i ohph By = 1 —h
ow; + x — 0"wy (1 —a)wyyy

Hence, we obtain

i B = i iye— A iye—
wi= () o = () e 622

Step 2. Obtainingm?
By rewriting (5.7) as follows

(wai - leiﬂ) Vti—i-l = afmi+1(”i)e_1Dti+1>
using (5.18) and (5.19), and rearranging the terms, yields

Aa(1+ E)wiﬂ(”i) = aewi—i—l(nt)e ! [ 2 - Fimﬂ — A1 - Q)E?H(mi)e-
(5.23)
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with A = ¢w! — 6w, andl} = ¢wi + = — 6"wl, ;.
When substituting (5.22) into the right hand side of (5.28] after rearrang-
ing the terms, we obtain

, 1 — a)ea?
o(1+ it () = U~V

= ST g ) = (1= ) (L el )
t t+1

(5.24)
Using (5.22) again and rearranging terms, yields
4 4 e(1 — a)w! 4
(1+e€) (a@iﬂaﬁ“m +(1- O‘)W?H) mi@ﬁrl = ( J0i1 wy, (5.25)

owi +x — ehw?ﬂ
C (p\i=
whereo;, = <A—:) :
Hencem; can be explicitly rewritten as
€(1 — a)wy,

(1+¢€) [ow; + o — 0", | [0Wiy107,, + (1= )WL |

i
m; =

Finally, due to (5.22) and (5.9), we have

7
n,m

ni = (o) )emd.

Appendix B: Proof of Proposition 2

This proof can be established in three steps. In step 1, feeteff p" on the
elasticity of substitutiom, ,, is computed. Step 2 shows that is an increasing
function ofp”, while step 3 demonstrates thétis decreasing ip”.

Step 1. Elasticityo?, ,, is decreasing inp".

€

Taking logarithm o, ,, = <%> " it follows

; € Bt
v == 1 ey .
ln(an,m) . n <A§)

1 aa’;,m € Ai 3 ( Bt )

ot Oph :1—6§tﬁph Al

n,m

() (0 (B
sign aph = Sign aph Ai s

due to the fact tha{j—e >0 and%f > 0.

Thus

and
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From the definition of3; and A!, we have that
By Oy

Ai (1- a)(gbwi - Ql@iﬂ) w?ﬂ .

By the definition ofw! ,, it follows

d (By\ AW,y pwy+T h
apr (Ai)‘(l—a><¢wz—elwi+l> AR

where we use the first order condition @ssumption 1)

j —h i —I
QWi+ & > Wyyy, QW > Wy
Therefores!, ,, is decreasing in terms of', or

Lol

n,m

i <O

Step 2.m/! is increasing inp”.
Denoting

g B i1 —_h i i
= ¢w;+z—0 wt+17 Iy = OWy 10y, 4y + (1— oz)th, " =141,

and directly taking the derivative of (5.9) with respecptoyields

Om; (1 — a)w; [ 00y, i—h 0011
_ 7 _ Fz _
0ph (1+€)F2 0ph 2wt+1( 0 ) 0ph
. o}, 1 owh
- My, (O‘wi—i-l aph +(1—-a) 8]2;:1)} -

Define
M =T"+ 0w, — Tl — a)wp, ,,

then amt can be rewritten as

8mi _ (1 — a)wi (Mzﬁwfﬂ aaﬁzm

—
apt — (1+er? aph Flwt—i-lwt—i-l aph )

In step 1, we prove tha?t?;—gm < 0, so the second terms in the right hand side

Eh H
is positive, anaaa]‘%1 = w*" —w" > 0. Therefore, we only need to study the sign
of M°.
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From the above definition, it follows
M = (¢wi +T - Qhﬁiﬁrl) (amzlf+10-;,m + (1 — Q)E?H)

+ehw?ﬂ (amiﬂafmn + (1 - a)m?-i-l)

—(1- O‘)@?ﬂ (wai +r— ehw?H)

= ((bwi +z— thiﬁrl) a@iﬂaim + thiﬂrl (a@iﬂafl,m +(1- a)@?ﬂ)

> 0.
Therefore, we obtain

om?

t

oph

>0, Vt, i=1h (5.26)

Step 3.n! is decreasing inp"

( In the following, we omit the time subscripf Taking logarithm in (5.10),
yields

In(n') = = In(o},,,) + In(m*).
6 )

Hence direct calculation shows

1 on' 1 00}, 1 0m

nt Oph €T m oph + mi oph’ (5.27)

where the fist term is negative and the second term is posikieeefore we con-

tinue the analysis study to see which term dominates andndigtes the sign of
on®
aph*

It is easy to check that

1 om' 1 4 . ——79%m
— @mh =i [Ml(w*h —w") — T awhw! ; -
m? i
g v o y (5.28)
 Mi(wt—wh) aw! oy,

Digh Iy oph -~

Substituting (5.28) into (5.27), yields

7 1l o i i(,%h o h
Lo (1 awl) 0%, MW —w?) (5.29)
nt Oph ol 1% oph ik
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Denote
; 1 aw!
R Y
= ; (Fi — aecwlo! )
€t mlh 2 o
1 - . _
— _ I ik
ol T ((1 e)aw'o, . + (1 — a)w )
> 0.
Recall that
1 80;% € A9 (B
ol 00" (1—€) Boph \ A’
e A a w - )(<bwi + ) (w*h — wh)
- (1-¢) B(1-a)(puw' — 0w (@")? ’
where
éi  (w' =) (1 - )"
B (pw' +x — Ohwh) aw'
Hence
o i T
L %nm ___€ (w0 +a)(w” —w?) (5.30)
Ol Oph (1—-¢€) (pw'+ 2z —0hw")w
Substituting (5.30) into (5.29), it follows
1on'  (ow' +2)(w” —w")(} - acg, ,ul) N M (w — w")
n' oph (1 — e)Tiwh Diwh
(w*h — wh) , , , R
=——~ (1 —-e)M' — (pw" + z)(Ty — aeo;, ,,wh)|,
i (1 OM — (Gu' + (T} — oo, )
(5.31)
where

(6w + o)aeo), @ ~T3) = (6w + ) (et il — g, — (1 - a)uF)

= —(¢pw' + z)(1 — e)cw;’mm

—(pw' + z)(1 — a)wh,
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and
(1-—aM  =(1—e [rg YO — (1 — a)rgﬁ}
=(1- e)aafhmfilm + (1 — )Ty wh
= (1 - €)ao,, 0 [((bwi + ) — ehﬁ} +(1— 6)9hﬂ(awa;7m
+(1 — ajuwh)
= (pw'" + 2)(1 — e)aaﬁhmﬂ + (1 —€)(1 — a)f"(wh)
Hence,

1 on’ _ (1 —a)(w* —w") h, h i
ro <UD gt - ot +0)

>0, if (1 —e)f"wh > (pw' + 1),

(5.32)
=0, if (1 — )" = (puw' + ),

<0, if (1 —e)f"wh < (pw' + z).

However, if Assumption 1 holds (i.e. the first order condi)icthen the first
two cases in (5.32) are not possible, and as a result, we have

on
oph

<0, Vt, i=1h. (5.33)

This finishes the proof.

Appendix C: Proof of Proposition 3

Dropping the time subscripts for simplicity, a sufficientdition to have a rise in
fertility, o(n’ + m?)/0p" > 0, is

m; (pw' + z — o"w") _ e(1 — a)uh

(m} +nj) (pw? — 0w') ~ aw'ol ,, + (1 —a)w"’

(5.34)

which is equivalent to (5.12). Before proving propositigne us first show how
to rewrite (5.34) into (5.12). Using (5.10) and the resufig%.11), condition
(5.34) can be rewritten as
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1

Knowing thatBo}, ,, = (i;; , the above condition can be rearranged in the
following way
1 1
. B 1—e Blfs
AZ + . € > . €

Simplifying further yields,

€ B 1—¢ ; 1
1—c¢ = (E) - (U"’m)s

By the definitions ofA* and B we obtain condition (5.12). Proving that condtion
(5.12) is sufficient foro(n® + m?)/dp" > 0 is thus equivalent to prove that
condtion (5.12) is sufficient fad(n’ + m?)/op" > 0.

This finishes the proof.

Proof of case (ii) of Proposition 3
Denote the right hand side of (5.34) as

_ e(1 — a)w®
F(a") = , .
@) aw'ol ,, + (1 —a)w"
And hence ‘
1 aw'o! 1
—hy T
F@") €el—-—a)w" ¢
Moreover
d 1 B 1 dF(w")
do" \F(@w")) — F2@") do"
o (wh _agé’ﬁ" -0 fém)
(1 —a) (@h)2 ’

where, by the definition o(fr;,m and by omitting subscriptfor simplicity, leads

to . €
d0ym € (B\™='1[ B Bo"
oo 1-€e\A Al @t ¢w +x— O
€ i pw' + x
L—e " (g + & — O )"

<0,
due to Assumption 1 anti< € < 1.
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Hence
d 1 <0
dw" \ F(w") ’
and JF ()
w
>0
da"

The proof is finished.

Proof of case (iv) of Proposition 3

In the following we define average fertility and the fertildifferential between
high- and low-skilled parents in terms of our model and Idukimpact ofp” on
these two indicators. Average fertility can be defined as

_ NP (mi 4 nf) + Ni(mi i) g (my + nf) + (mg + 1)

NP + N @ +1
Then the impact of a change jit on F happening at time can be written as
follows

OF, G o(mp +nl) n 1 9(mj +ny) I (my +nt') gy (5.35)
ot 14¢q  Oph l+q  Op (1+g:)* oph

F,

The sign of‘%ﬁ is unclear. Under condition (5.12) the first two terms aratpes
and the sign mﬁ% is negative. In facty, is a function ofp”, p', Nj_,, ni_, and
m!_,. Thenp" has a direct negative impact gpthrough the additional high-
skilled that emigrate i but does not affect the choices in terms of children made
by parents at — 1. Thus the total effect of* on average fertility is ambiguous
even if we impose condition (5.12).

The fertility differential between high- and low-skillecgentst can be de-
fined as

N} N} 1

Fl= N}Tt]\fth(mi +np) — m(m? +nf) = T+aq [(my +ny) — g (mf +n})]
The impact of a brain drain on the fertility differential laeten high- and low-
skilled parents will be ambiguous.

OF¢ B 0<1iqt> [<

ml +nl) — g (ml +nl)]

oph oph
1 A(m! + n!) b s Ot A(mh +nl)
1+qt[ oph —(m* 4 )8ph_qt oph

Again, even if we impose condition (5.12), then the first éhterms on the right
hand side of the above equation will have a positive impackpmhile the last
term will contribute to decreas’. This finishes the proof.
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Appendix D: Proof of Proposition 4
At the steady state,. ; = ¢; = ¢ and thus we have that

N _~mz+th

q:m_p nl + gnh

wherep = 11:7;? The above equality can be rewritten as

n"¢* + (n' — pm")g — pm! =0 (5.36)

There exist two solutions to the above equation

—(nt — pmh) £ \/(nl — pm™)? + 4pnhm!
2nh

q:

Since the term in the square root is larger than- pm”, there exist one unique
positive solution to equation (5.36), which is the steatitesvalue of q

—(nl — fﬁmh) + \/(nl — pmM)2 4+ dpnhm!
2nh

q =
Define the function/(q) as

l h
~my +qmy
Jq ZQt+1:pt7

@ n ¥ gl

The first derivative of this function with respectqaives

[y (g + qenf) — g (my + qmy)]_ [mitng — nimy]
(nl + gnl)? (n} + gnf)?

J'(q) =p
Our economy converges to its steady state, if and only if
convergence iff J'(7) <1
which is equivalent to
J'(q) <1< p[m"nt —n"m'] < (n' +qn")

After dividing both sides by:", usingm’ = n‘[(d}, ,,)
obtain the following condition

P ! - 1)l}<n—h<n—l+a) (5.37)

The proof is finished.
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Appendix E: Additional indicators, figures and tables

Additional indicators

This section shows the impact of the two migration policiasweelfare indica-
tors. Remittances per highZ{) and per low-skilled parent/receiver?), total
remittances ) and average remittances per receivéy ¢an be written as

Ay = N}, Z} + N,_, Z},

M
(N1 + Ny

2|

t:

We also look at the impact on average utilify)(and average utility from con-
sumption {):

T, — N{ LU + N{ U

N+ Ny

= NLIn(DE) + NLin(D)
' N[+ N, .

Moreover, the ratio of the high-to-low skill utilitiess] or of high-to-low skill
utilities from consumptionl{) can be considered as indicators of inter-household
inequality:

= — Uy
—t — Ftlv

—_

(D))
=Ty

Average fertility F' can be defined as

— N! Nh

— l l

(m? +ny)
The fertility differential between high- and low-skilleéigentsF? can be de-
fined as l .
Nt l Nt
Ntl + Nth (mt + nt) Nl Nh
The average human capital, is defined as the average papofthigh educated
childrenm

Fi- TR ILTRE)

h h 1 l
N; my N; my
N} + N{mi +n} NP+ Nfmj +n;

my =
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The differential in the proportion of high educated chillleetween high- and
low-skilled parents is defined as the human capital diffeagnn?

NI mh N! ml
md — t t _ ¢ t
T NEE Nl NP+ N

The long run impact of the different migration scenarios bbtha@se indicators is
shown in tables 5.2 and 5.3.
Impact on welfare

Figure 5.5: Impact of increasdugh-skilled emigration on welfare

remittances h total remittances utility h average utility average cons
40 20 20 20

10
5 20 ﬁ 10 10 ﬁ 10 f
o o of o o
- -20 -10 -10 -10
—-10 %0
—40 -20 —-20
o 5 10 15 o 5 10 15 [¢] 5 10 15 o 5 10 15 o =) 10 15
remittances | average remittances utility | utility h/l consumption h/I
20 20 20
10 10
10 10 10
5 5
- s -10 -10 -10
—-10 —-10
—-20 —-20 —-20
o 5 10 15 o 5 10 15 o 5 10 15 o 5 10 15 o 5 10 15

Values display percentage changes with respect to theimasel
“I" refers to low- and “h" to high-skilled individuals.

Figure 5.5 points at the impact of high-skilled emigrationather economic
indicators, and more specifically at some welfare indicat&vhile total remit-
tances and average remittances received rise in the long@olumn 2), average
remittances received by each skill group behave diffeyefatblumn 1). Obvi-
ously in the first period average remittances for both skdlugs rise when more
individuals leave the country. However, in the long run réamces for low-skilled
individuals are decreased, because the remittances eddeom their additional
high-skilled children do not compensate for the remittanfoeegone by raising
less low-skilled children. In contrast, high-skilled patebenefit from higher per
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capita remittances. In column 3, high-skilled emigrati@s bnly a slight impact
on average utility of high-skilled individuals but raisemesiderably the utility of
low-skilled ones. Then average per capita utility will resed the welfare of low
compared to high-skilled individuals will improve (columi

Figure 5.6: Impact of increaséow-skilled emigration on welfare

remittances h total remittances utility h average utility average cons
5 5

5 2 2
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Values display percentage changes with respect to theimasel
“I" refers to low- and “h" to high-skilled individuals.

These latter results are explained by the “altruistic” comgnt of the utility.
In fact, if we consider welfare to be measured only by the con#ion part of
the utility, In(D?), then average utility per skill group will have only a temaiyr
impact. The ratio of high-to-low skill utilities from consption,I1;, will decline
in the first period (bottom graph in column 5) because utfligm consumption
of a high-skilled individual/n(D"), decreases more than the utility from con-
sumption of low-skilled individuals. Finally, averagelityi from consumption,
¥, rises also in the long run because more and more people ledtigm-skilled
and enjoy a higher utility.

Figure 5.6 shows the impact on welfare indicators undee®ed low-skilled
migration. Similarly to a brain drain, higher low-skillechegration leads to more
remittances in the short run (column 2) because more peapiata. In the long
run, total remittances decrease, because the number cimsgiemitting higher
amounts (i.e. the high-skilled migrants) decrease. Theoress that the low-skill
biased emigration policy leads parents to finance highecaddhn to a smaller
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number of children leading to fewer high-skilled emigraniiscan also be ob-
served that in contrast to the brain drain scenario, lowWeskparents benefit on
average from higher remittances (bottom graph in columnli@)both scenar-
ios, the utility of low-skilled individuals rises in absaéuterms (bottom graph in
column 3) and relatively to high-skilled individuals (batt graph in column 4).

Table 5.2: Long run impact of an increasepihunder different variants

Impact on household decisions| Var Bmk A" =4 A=0 €=025 €e=0.75
HS children of HS parents mh 2.09 3.96 5.36 5.10 1.04
HS children of LS parents m! 6.53 10.60 9.09 10.28 8.54
LS children of HS parents nh -14.65 -14.23 -9.44  -8.07 -28.33
LS children of LS parents n! -12.20 -11.00 -6.23 -7.51 -24.12
TOT children of HS parents mh 4 nh 022 -0.28 -1.77 0.57 0.98
TOT children of LS parents mt 4 nl -9.95 -840 -4.08  -4.77 -20.46
Savings of HS parents sh -0.88 -1.49 0.00 -0.77 -0.82
Savings of LS parents st 161  -1.27 0.00 -1.07 -0.02
Human capital H 27.79 28.98 15.14 17.06 18.68
Population growth rate g -36.62 -28.87 -12.24 -18.81 -23.53
Impact on welfare

Remittances per HS receiver Zh 9.23 11.01 0.00 10.50 8.96
Remittances per LS receiver A -3.61 3.59 0.00 2.59 0.06
TOT remittances A 26.98 37.22 0.00 18.20 19.49
AVG remittances 4 3.38  14.07 0.00 5.58 4.47
AVG U U 1326 14.49 9.15 7.90 8.79
Ratio of U (HS/LS) = -3.56 -3.69 -2.71 -2.60 -2.72
AVG U from consumption b7 18.31 19.09 9.97 8.42 10.08
Ratio of U from consumption 11 0.00 0.00 0.00 0.00 0.00

Values display percentage changes with respect to theimasel
Var stands for ‘variables'Bmkis the benchmark caselSand LS stand for ‘high-skilled’ and ‘low-skilled{) is ‘utility’,

AVGmeans ‘average’ antiOT is ‘total’.

Summary of results and robustness
The long run impact of sustained high- and low-skilled miigrais summarized
in tables 5.2 and 5.3.
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Table 5.3: Long run impact of an increasepirunder different variants

Impact on household decisions| Var. Bmk " =47 A=0 €=025 €=0.75
HS children of HS parents mh -0.07 -0.18 -0.53 -0.24 0.00
HS children of LS parents m! -0.70 -0.78 -0.87  -0.53 -1.39
LS children of HS parents nh 1.62 1.44 0.94 0.89 3.39
LS children of LS parents n! 3.21 1.74 0.60 2.46 5.85
TOT children of HS parents ml 4+ nh | 012 0.20 0.18 0.15 0.01
TOT children of LS parents m! + n! 274 144 0.39 2.00 5.04
Savings of HS parents sh 0.00 0.01 0.00 0.00 0.00
Savings of LS parents st -1.11  -0.33 0.00 -0.73 -0.83
Human capital H -4.46  -2.26 -0.78 -2.44 -2.95
Population growth rate g 7.15 2.60 -0.69 4.32 4,95
Impact on welfare

Remittances per HS receiver Z" 0.02 -0.08 0.00 0.01 0.00
Remittances per LS receiver A 2.49 0.92 0.00 1.78 2.00
TOT remittances A -2.12  -1.45 0.00 -0.84 -1.16
AVG remittances Z 1.43 0.02 0.00 1.26 1.27
AVG U U -1.19 -051 0.07 -0.36 -0.55
Ratio of U (HS/LS) = -0.33 -041 -0.54 -0.27 -0.28
AVG U from consumption v 294 -1.49 -0.51 -1.20 -1.59
Ratio of U from consumption II 0.00 0.00 0.00 0.00 0.00

Values display percentage changes with respect to theimasel
Var stands for ‘variables’'Bmkis the benchmark caselSand LS stand for ‘high-skilled’ and ‘low-skilled{) is ‘utility’,

AVGmeans ‘average’ antlOT is ‘total’.
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