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IMPACTS OF IMMIGRATION ON AGING WELFARE-STATE
AN APPLIED GENERAL EQUILIBRIUM MODEL FOR FRANCE

NON-TECHNICAL SUMMARY

Recent demographic projections set France in a more favorable situation compared with its main partners
of the European Union. With a fertility rate which remains one of the highest in Europe since the early
2000s, fears of a declining population have disappeared in the absence of a major trend shift. However,
life expectancy continues ti increase and should generate the phenomenon of demographic aging in
France. The old age dependency ratio (population aged 65 and over related to the population aged 16-
64) should increase from around 25% in 2000 to nearly 45% in 2050. With a welfare system essentially
based on upward redistribution, this aging population will mechanically result in a deterioration of public
finances. The social protection expenditures will increase by nearly 2.3 points of GDP from 2010 to 2050
and then stabilize during the second half of the century. Therefore, financial needs should reach 3 points
of GDP from 2050, while the social protection budget was broadly at equilibrium in 2000. Ageing thus
constitute a burden for social protection finances.

In this context, immigration is an important variable both through its direct effects on public finances and
as an instrument of policy seeking to reduce the aging process (in the early 2000s, replacement migration
was intended to partially counteract the predicted demographic decline). In this paper, we try to assess
and quantify, using a dynamic general equilibrium model, direct and indirect immigration impacts on
French social protection finances. Taking into account the (many) indirect effects of immigration requires
using a general equilibrium framework. Indeed, immigration affects the host country economy, and thus
its public finances, through various channels:

e The supply shock on the labor market. The entry of new workers affects the productivity of
production factors, thus altering their remuneration. A redistribution process then appears from
workers to physical capital owners.

e Another redistribution between workers is also at work. Immigrants are generally less skilled
than natives. Their arrival then causes a downward pressure on low-skilled workers wages and an
increase of the skill premium.

e The fiscal impact of immigration depends on the type of migrant considered, on the age structure
of migration flows an even more on their skill level.

e Changes in wages, interest rates and public finances, resulting from a significant immigrants in-
flow, would change native behavior, particularly their educational choices, their saving and their
work supply.

The general equilibrium approach has the advantage of allowing simultaneous assessment of all the
mechanisms described above and their interaction.
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The baseline scenario is based on the latest population projections from INSEE available when building
the model. Four simulations are then performed with the aim to quantify the immigration effects on the
French social protection finances. The first one assumes that net migration flows are nil from the base
year and for all subsequent years. The three other scenarios are the opposite of the first one, measuring the
effect of a more ambitious migration policy in level. More precisely, we study the effects of an additional
inflow that may be considered as "realistic" (corresponding to net inflows that have characterized the
second great wave of immigration in France in the twentieth century, i.e. between 1954 and 1961).
These three variants only differ in terms of the skill structure of new migrants (with a skill structure of
all new migrants similar to that of migrants from the baseline scenario (i), or a skill structure of new
migrants that matches that of total population from the baseline scenario (ii), or a skill structure of new
migrants similar to the one of the highly skilled native generation (iii)).

Variantial results show that immigration positively affects French social protection finances. Immigra-
tion, as projected in official forecasts, reduces the tax burden of an aging population. Without migration,
the financial need of social protection at the end of the century would increase by 2 percentage points of
GDP, from 3% to about 5% of GDP. These benefits are mainly explained by the age structure of net flows,
younger than the French population as a whole, and mostly affect unsurprisingly the two pillars of social
protection the most sensitive to demographic changes: pensions and health. For similar reasons, a more
ambitious migration policy would contribute to reducing the tax burden of an aging population. But the
financial gains are relatively moderate in comparison to the demographic changes it implies: a burden
reduction between 20% and 30% depending on the selectivity degree is combined with an increase of
the working age population between 16% and 20% and an immigrant share that will double by the end
of the century. A more selective policy (in favor of skilled workers) can amplify these gains in the short-
medium term while reducing demographic changes but in relatively low proportions. Most importantly,
and contrary to popular belief in the public debate, this improvement is only temporary. In the long term,
demographic changes of a more selective immigration policy (skilled migrants have lower fertility rates
and a longer life expectancy) outweigh its positive effects compared to a non-selective policy.
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ABSTRACT

Immigration is often perceived as an instrument of adaptation for aging countries. In this paper, we
evaluate, using a dynamic general equilibrium model, the contribution of migration policy in reducing
the tax burden associated with the aging population in France. Four variants, compared to a baseline
scenario based on official projections for France (INSEE, COR, etc.), are simulated with the aim to
quantify the immigration effects on the French social protection finances. The first variant assesses the
economic effects of immigration in France as projected into official forecasts. The three other variants
are built on the same more ambitious annual quantitative flows of immigrants (corresponding to net
inflows that have characterized the second great wave of immigration in France in the twentieth century).
These three variants only distinguish in terms of the skill structure of new migrants. We show that
the age and skill structure of immigrants is the key feature that mainly determines the effects on social
protection finances. Overall, these effects are all the more positive in the short-medium term that the
migration policy is selective (in favor of more skilled workers). In the long term, beneficial effects of
a selective policy may disappear. But the financial gains from more consequent migration flows are
relatively moderated in comparison of demographic changes it implies.

JEL Classification: C68, D58, E60, H55, H68, J61

Keywords: Migration, CGEM, Overlapping generations, Aging, Public finance, Social pro-
tection
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IMMIGRATION, VIEILLISSEMENT DEMOGRAPHIQUE ET FINANCEMENT DE LA
PROTECTION SOCIALE : UNE EVALUATION PAR L’EQUILIBRE GENERAL CALCULABLE
APPLIQUE A LA FRANCE

RESUME NON TECHNIQUE

Les nouvelles perspectives démographiques positionnent la France dans une situation plus favorable par
rapport a ses principaux partenaires de I’Union Européenne. Avec une fécondité qui reste I’une des plus
élevées d’Europe depuis le début des années 2000, le spectre d’un déclin démographique n’est plus a
craindre en I’absence d’un renversement de tendance majeur. Néanmoins, 1’allongement de I’espérance
de vie se poursuit et devrait nourrir le phénomene de vieillissement démographique en France. Le ratio
de dépendance (population des 65 ans et plus rapportée a la population des 16-64 ans) devrait passer d’un
peu plus de 25% en 2000 a pres de 45% en 2050. Avec un systéme de protection sociale essentiellement
ascendant (caractérisé en grande partie par des transferts des actifs vers les plus 4gés), ce vieillissement
démographique se traduira mécaniquement par une dégradation des finances de la protection sociale.
Les dépenses de protection sociale gagneront pres de 5,8 points de PIB entre 2000 et 2050 et 2,3 points
entre 2010 et 2050, pour ensuite se stabiliser sur la deuxieéme partie du siecle. En termes de besoin
de financement, ceux-ci devraient atteindre 3 points de PIB a partir de 2050, alors que le budget de la
protection sociale était globalement équilibré en 2000. Le vieillissement démographique constitue un
véritable fardeau pour les finances de la protection sociale.

Dans ce contexte, I’immigration devient une variable importante, tant par ses effets directs sur les fi-
nances publiques (les immigrés peseraient négativement sur les comptes de la protection sociale) que
comme instrument des politiques cherchant a réduire le processus de vieillissement démographique (au
début des années 2000, une immigration de "remplacement” était envisagée pour contrecarrer en partie
le déclin démographique annoncé). Notre objectif dans cet article est d’évaluer et quantifier, a I’aide d’un
modele d’équilibre général calculable dynamique, les impacts (directs et indirects) de I’immigration sur
les finances de la protection sociale francaise. La prise en compte des effets indirects, nombreux, néces-
site de se placer dans un cadre d’équilibre général. En effet, 'immigration affecte I’économie du pays
d’accueil, donc ses finances publiques, au travers de différents canaux :

— Le choc d’offre sur le marché du travail. L’entrée de nouveaux travailleurs affecte la productivité
des facteurs de production, modifiant ainsi leur rémunération. Une redistribution s’opére des lors des
travailleurs vers les détenteurs du capital physique.

— Une autre redistribution, entre les travailleurs, est également a I’ceuvre. Les immigrés étant généra-
lement moins qualifiés que les natifs, leur arrivée entralne une pression a la baisse du salaire des
travailleurs peu qualifiés et une hausse de la prime de qualification.

— L’impact budgétaire de I’immigration dépend du type de migrant considéré, de la structure par age des
flux migratoires mais surtout de leur niveau de qualification.

— Les modifications des salaires, du taux d’intérét et des finances publiques, consécutives a une en-
trée significative de nouveaux immigrés, ne sont pas sans effet sur les comportements des natifs ; en
particulier sur leur choix éducatif, d’épargne et d’offre de travail.
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L approche en équilibre général calculable présente I'intérét de permettre d’évaluer simultanément 1’en-
semble des mécanismes décrits ci-dessus ainsi que leur interaction.

Le scénario central reprend les dernieres projections démographiques de I'INSEE disponibles lors de
la construction du modele (basées notamment sur un solde migratoire net de 100 000 migrants par an).
Quatre variantes sont réalisées. La variante sans immigration suppose que les flux nets de migrations
sont nuls a partir de I’année de base (2000). L’écart variantiel mesure alors la situation économique avec
et sans les flux migratoires prévus sur la période et permet ainsi de mesurer leur éventuelle contribution a
la dégradation des comptes de la protection sociale. Les trois autres variantes prennent le contre-pied de
la premiere, puisqu’il s’agit de mesurer les effets d’une immigration plus ambitieuse, en fonction de sa
structure par qualification. Plus précisément nous étudions les effets d’un afflux supplémentaire pouvant
étre considéré comme "réaliste”, correspondant aux flux qui ont caractérisé la deuxieme grande vague
d’immigration en France au XXeme siecle (c’est-a-dire entre 1954 et 1961). Seul un degré de sélectivité
plus ou moins exigeant au niveau de la structure par qualification des nouveaux entrants permet de
distinguer ces 3 variantes. La variante immigration non sélective suppose une structure par qualification
de I’ensemble des immigrés qui entrent dans le pays a chaque période similaire a celle des migrants du
scénario central. La variante immigration neutre suppose une structure par qualification des entrants qui
correspond a celle de la population totale du scénario central. Enfin, la variante immigration sélective
suppose une structure par qualification des immigrés entrants similaire a celle de la génération des natifs
les plus qualifiés).

Les résultats variantiels des simulations du modele montrent que I’immigration a bien des effets sur les fi-
nances de la protection sociale en France. Ceux-ci sont globalement positifs. L’ immigration, telle qu’elle
est projetée dans les prévisions officielles, réduit le fardeau fiscal du vieillissement démographique. En
son absence, le besoin de financement de la protection sociale a I’horizon du siecle augmente de 2 points
de PIB, passant de 3% a environ 5% du PIB. Ces effets bénéfiques proviennent essentiellement de la
structure par dge des flux nets, globalement plus jeunes que la population francaise dans son ensemble et
affectent principalement, et sans surprise, les deux piliers de la protection sociale les plus sensibles aux
évolutions démographiques : les retraites et la santé. Pour les mémes raisons, une politique migratoire
plus ambitieuse contribuerait a une réduction du fardeau fiscal du vieillissement démographique. Mais
ces gains financiers sont relativement modérés en comparaison des évolutions démographiques qu’elle
implique : une réduction de ce fardeau entre 20% et 30% suivant son degré de sélectivité pour une aug-
mentation de la population en 4ge de travailler entre 16% et 20% et une part des immigrés dans cette
population qui double d’ici la fin du siecle. Une politique plus sélective (en faveur des travailleurs quali-
fiés) permet d’amplifier ces gains a court-moyen terme tout en réduisant les évolutions démographiques,
mais dans des proportions qui restent relativement faibles. Mais surtout, et contrairement a une idée re-
cue dans le débat public, cette amélioration n’est que temporaire. A plus long terme les transformations
démographiques d’une immigration plus sélective, découlant de taux de natalité plus faibles et d’une
espérance de vie plus élevée, compensent ses effets positifs par rapport a une politique non-sélective.
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RESUME COURT

L’immigration est souvent avancée comme 1’un des instruments d’adaptation des économies confrontées
au phénomene du vieillissement démographique. Dans cet article, nous évaluons, a I’aide d’un mod-
¢ele d’équilibre général calculable dynamique, la contribution d’une politique migratoire a la réduction
du fardeau fiscal 1ié au vieillissement démographique en France. Quatre variantes, par rapport a un
scénario central qui reprend les projections officielles pour la France (INSEE, COR....), sont réalisées,
avec pour objectif de quantifier au mieux les effets de I’'immigration sur les finances de la protection
sociale. La premiere consiste a évaluer les effets économiques de I’immigration en France telle qu’elle
est projetée dans ces prévisions officielles. Les trois autres sont construites sur 1’hypothese d’un flux
annuel d’immigrés plus élevé (correspondant aux flux qui ont caractérisés la deuxieme grande vague
d’immigration en France au XXeéme siecle). Elles se différencient par le niveau de qualification des
nouveaux entrants. Nous montrons que la structure par qualification et par dge des immigrés est une
caractéristique essentielle qui détermine en grande partie les principaux effets sur les finances de la pro-
tection sociale. Globalement ceux-ci sont positifs et le sont d’autant plus, a court moyen-terme, que
la politique migratoire est sélective (en faveur des plus qualifiés). A long-terme ces effets bénéfiques
peuvent disparaitre pour une politique trés sélective. Cependant, les gains pour les finances publiques
provenant de flux migratoires nets plus conséquents sont relativement modérés en comparaison des évo-
lutions démographiques qu’ils impliquent.

Classification JEL : C68, D58, E60, H55, H68, J61

Mots clés : Immigration, MEGC, Générations Imbriquées, Vieillissement, Finances Pu-
bliques, Protection Sociale
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IMPACTS OF IMMIGRATION ON AGING WELFARE-STATE
AN APPLIED GENERAL EQUILIBRIUM MODEL FOR FRANCE !

Xavier Chojnicki *, Lionel Ragot '

1. INTRODUCTION

France, like many European countries, is undergoing a process of population aging that is
induced by the combined effect of lower birth rates and continually longer life expectancy.
This new demographic change is temporary amplified by the aftershock of generations of baby
boomers. After having provoked a transitory decrease in population age, these generations have
now accelerated population aging as these baby boomers reach retirement age. With a wel-
fare system essentially based on upward redistribution, population aging will weigh heavily on
France’s public finances. It is estimated that France will experience a transition from its cur-
rent situation of approximately five retirees for every ten workers to eight retirees for every ten
workers by 2050. The majority of reports and studies on this subject (Conseil d’Orientation
des Retraites (2010) among others) agree on the magnitude of the burden that aging will place
on the pension system. Therefore, the portion of the GDP necessary to finance pensions will
increase from 11.6% in 2000 to more than 14.6% in 2050, resulting in a financing gap of almost
1.7% of the GDP. However, it is actually the entire set of expenditures for social welfare that
will be affected by population aging, including not only health care expenditures but also family
and unemployed expenditures.

Accentuated by the financial crisis of 2008-2009, concerns about the rising debt burden neg-
atively impacts Europeans’ perceptions of migrants, as indicated by data from the European
Social Survey (Boeri and Brucker (2005)). These negative perceptions are associated with the
notion that migrants, as beneficiaries of redistribution systems from social welfare programs, are
a financial burden. These potential adverse effects have to be compared to labour market needs
coming from a stagnant working-age population, the probable occurrence of sectoral shortages,
and the increasing number of dependent elderly. The need to mitigate, as much as possible, the

1. Correspondance: xavier.chojnicki @univ-lille2.fr
We thank Agnes Bénassy-Quéré, Gunther Capelle-Blancard, Christophe Destais, Jean-Christophe Dumont, and
Hillel Rapoport for helpful comments and discussions. The usual disclaimer applies. Author are grateful for the
financial support from the Mission recherche (MiRe) de la Direction de la Recherche, des Etudes, de I’Evaluation
et des Statistiques (DREES), aupreés du Ministere du travail, de la solidarité et de la fonction publique, du Ministere
du budget, des comptes publics, de la réforme de I’Etat, du Ministére de la santé et des sports.

+. EQUIPPE, Université Lille 2 et CEPII.

1. EPEE et TEPP (FR CNRS no 3126), Université d’Evry, CEPII et chercheur associé a la Chaire Transitions
démographiques, Transitions économiques (Fondation du risque).
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announced negative effects of population decline on economic activity has led the debate on a
policy of "replacement migration". Acting on the flows of immigrants, rather than on fertility
rates, has the double advantage of having a rapid effect and of being more manageable by public
authorities.

Therefore, this debate on replacement migrations arrives at the same time as that of selective
migrant policies. Two arguments are generally given to promote such a shift in the immigration
policy. A quota system ensures a better match between the supply of foreign labor and the
specific needs of the host economy. In addition, the selection of skilled entrants into the country
not only increases the workforce but also increases human capital. The second argument often
given is relative to the net contribution of immigrants to public finances. Most studies ? indicate
a relatively neutral effect of immigration on public finances. The magnitude of this effect,
however, is dependent on the level of skills and on the age distribution of the immigrants.
This is precisely the contribution of selective immigration to the reduction of the tax burden of
population aging that we wish to evaluate.

There is significant literature on the impact of immigration on the labor market, on public fi-
nances, on economic growth, and on inequalities 3. However, the majority of these studies adopt
the framework of partial equilibrium and are subject to three major drawbacks. First, the partial
equilibrium framework, by definition, poorly captures the interdependencies between different
markets or the response of natives to an immigration shock. Indeed, the geographic mobility
of natives, the changes in their labor supply, and their educational choice must be integrated
in the framework in order to properly capture the impact of immigration. Second, the absence
of a unified framework makes the dissociation between minor and major effects from immi-
gration extremely complicated. Although the largest strand of literature focuses on the labor
market impact of immigration, this effect is possibly less important in size than fiscal responses
or growth enhancing impacts. Finally, in the absence of a precise welfare criterion, partial
equilibrium models fail at providing a global assessment of the effect of immigration on na-
tives’ well-being. A fully micro-founded general equilibrium model is required to derive the
immigration impact on natives’ level of utility.

Our model attempts to overcome these shortcomings. Most of the ingredients of the immi-
gration literature are included in a harmonized framework where firms, the government, and
heterogeneous households interact:

e The entry of new workers affects productivity of production factors (and hence wages and
return to saving). Redistribution occurs from workers to suppliers of physical capital.

e Another redistribution between workers is also occurring. Immigrants are generally less
skilled than natives; their arrival causes downward pressure on the wages of unskilled work-

2. See Auerbach and Oreopoulos (2000) on the United States; Bonin et al. (2000) on Germany; Collado et al.
(2003) on Spain; and Chojnicki (2006), Chojnicki (2011), and Monso (2008) on France.

3. For a survey of literature on the economic effects of immigration, see Borjas (1999), Briicker et al. (2002),
and Chojnicki (2004).

10
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ers and increases pressure for training.

e The budgetary impact of immigration depends on the type of migrant considered, the age
distribution of immigration flows, and also their skill level.

e Through its impact on wages, interest rates, and taxation, immigration induces indirect ef-
fects on natives’ choices of labor supply, human capital investment, and saving.

The AGEM (Applied General Equilibrium Model) approach allows simultaneous assessment
of all the mechanisms described above and their interactions. Two studies, Storesletten (2000)
and Fehr et al. (2004), adopt a relatively similar analytical framework. Compared to these two
studies, our model has several distinguishing characteristics:

e It is based on a complex socio-demographic block consisting of 48 different types of indi-
viduals in each period according to their age, education level, and place of birth. This block
can reliably reproduce the past and future French demographic structure.

e In our model, migrants and natives differ in terms of human capital, financial wealth, and
eligibility to receive social aid. Fehr et al. (2004) consider that a migrant will automatically
adopt the characteristics of a native upon crossing the border. In the model of Storesletten
(2000), immigrants, whatever their skill level, enter the U.S. without any capital.

e The manner in which immigrants affect wages and inequality depends strongly on the choice
of a production function. An important characteristic of our model is that labor in efficiency
units consists of three components: raw labor, experience, and education level. This ap-
proach is similar to the Mincerian model on wage determination. Rather than assuming the
existence of multiple labor markets (for low-skilled workers, youth, etc.), we assume that
workers of different age, skill, and origin offer different combinations of human capital and
experience. The education and experience level of immigrants are different from those of
natives; therefore, these two categories of workers become imperfect substitutes in the labor
market.

e Inspired by neoclassical principle, our model assumes that markets are balanced by the free
adjustment of prices, with the exception of the labor market. We adopt the wage-setting/price
setting (WS-PS) approach to determine the equilibrium between levels of real wages and
unemployment at the aggregate level. There are wage negotiations between (homogeneous)
firms and unions that lead to a real wage determined by applying a mark-up. These negotia-
tions take place independently by two unions representing the interests of unskilled workers
and skilled workers, respectively.

e Our framework is based on accurate modeling of the French welfare system as it provides
the basis of concerns for population aging and eventual excessive utilization of the system
by immigrants.

The benchmark scenario (baseline) is built from the INSEE’s demographic projections of 2006.
Four alternative scenario were performed with the aim to better quantify the effects of immigra-
tion on the finances of social welfare in France. The first variant assumes that net immigration

11
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flows are zero from 2010 and for all subsequent years ("without immigration" scenario). The
gap between the two scenario measure the economic situation with and without immigration
planned for the period. The three other variants take the opposite view, making a more ambi-
tious effort to measure the effects of immigration as a function of its skill structure. We study
the effects of an additional inflow that may be considered as "realistic" (corresponding to flows
that have characterized the second great wave of immigration in France in the 20th century
between 1954 and 1961). Only the degree of selectivity, in terms of the skill structure of new
immigrants, allows us to distinguish among these three scenarios.

We show that immigration, as projected in official forecasts, reduces the tax burden of an ag-
ing population. In its absence ("without immigration" variant), the financing needs of social
protection at the end of the century increase from 3% to approximately 5% of GDP. These
benefits are mainly linked to the younger age distribution of net flows compared to the total
French population and affect, principally and not surprisingly, the two pillars of welfare system
most sensitive to demographic changes: pensions and health care. For similar reasons, a more
ambitious immigration policy would contribute to reducing the tax burden of an aging popu-
lation. However, the financial gains are relatively moderate in comparison to the demographic
evolution it implies: a reduction of this burden between 20% and 30% depending on its degree
of selectivity for a 16% to 20% increase in the working age population; in the same time, the
number of immigrants in this population will double by the end of the century. A more selective
policy (in favor of skilled workers) can amplify these gains in the short to medium term while
reducing demographic changes in proportions that remain relatively low. Importantly, and con-
trary to popular belief in the public debate, this improvement is only temporary. In the longer
term, demographic changes related to a more selective immigration (especially from lower fer-
tility rates and longer life expectancy from skilled migrants) outweigh its benefits relative to a
non-selective policy.

The rest of this article is structured as follows. The model is outlined in Section 2. The cal-
ibration method and data used are described in Section 3. Section 4 presents the simulation
results of the baseline. Section 5 assesses the impact of different migration scenarios on main
macroeconomic aggregates and on social protection finances. Section 6 concludes.

2. AN AGEM-OLG MODEL WITH HETEROGENEOUS AGENTS

To assess the impact of immigration on the public finances, it is necessary to accurately describe
the demographic and economic environment in which migrants interact with native. For this,
we develop an applied general equilibrium model with overlapping generations (AGEM-OLG)
of heterogeneous agents in line with the work of Auerbach and Kotlikoff (1987). The basic
structure of the model is an augmented version of that developed in Chojnicki et al. (2009) for
the US.

12
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2.1. Demographics

The demographic block provides an accurate representation of the structure of the French pop-
ulation by age, education level, and place of birth*. At each period, the population consists
of eight adult cohorts ranging in age from between 15 to 24 years (denoted as cohort 0) to be-
tween 85 and 94 years (denoted as cohort 7). One period of the model is 10 years. Cohort ¢ is
composed of individuals aged 0 at period .

There are two sources of heterogeneity within each cohort. The first one concerns educational
attainment. We distinguish low-skill, medium-skill, and high-skill individuals. These skill
levels are respectively denoted by the superscripts S = L, M, H. The second one refers to
country of origin/birth: we distinguish natives and immigrants (first generation). In the spirit
of Storesletten (2000), immigrants’ children are considered as natives. These categories are
respectively denoted by the subscripts X = N, M;

At time ¢, the population aged j (j = 0,...,7) of skill S (S = L, M, H), from origin X (X =
N, M) is denoted by P;g ;+ For the sake of simplicity, we assume that individuals give birth to
their children at age 30, in the middle of their second adult period of life. Fifteen years after
their birth, these children become new adults. Consequently, children born at time ¢ (by adults
of cohort ¢ — 1) reach age 15 at time ¢ + 2. Fertility differs across skill and origin groups. At
time ¢, the number of children per individual in a specific skill and origin class is denoted by
n;q(yt. Young agents take decisions about their level of education. At time ¢, the proportions of
young individuals opting for low, medium, and high education are respectively denoted by 7%,
M and 2. As explained below, 7 and 7/! are endogenously determined on the basis of the
expected lifetime income associated with these educational levels. A change in the skill level
of immigration flows then implies a change in the education choices of natives.

At each period, new immigrants are entering the country. The variable I3, measures the num-
ber of young immigrants entering in France at age 0 with a skill level S. At the same time,
a proportion of natives and immigrants leaves the country. The variables & %,j,t and §f4’j’t re-
spectively measure net emigration rates (emigrants minus immigrants compared to the previous
period population size) among natives and immigrants of skill S' at age j. These rates are pos-
itive for natives and they can be positive or negative for immigrants. Finally, some individuals
die at each age. Mortality rates are allowed to vary between skill groups. We denote by 5}%
(j = 1,...,7) the proportion of individuals of skill S dying between age j — 1 and age j.

The dynamic of population is then determined by the set of 48 equations per period (for 8 age
groups, 3 skills groups and 2 origins). The number of young natives (aged 15 to 24) of skill
S, Pj\qw’t, sums up children of natives and immigrants from generation ¢ — 2 (weighted by the
probability to belong to the skill group S). The number of young new immigrants, wa’t, is
exogenous:

4. Immigrants are defined as individuals who were foreign-born and who do not have French citizenship at
birth.
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Regarding subsequent age cohorts, we use a simple dynamic process that takes into account

mortality changes, in-migration and out-migration. The sizes of cohorts aged 1 to 7 are given
by (for S = L,M,H and X = N, M):

S S S S
PX,j,t = j,t(l - gX,j,t)PX,jfl,tfl
7=1,....7

2.2. Technology

The production sector plays a crucial role as it defines how the immigrants compete with the
natives in the labor market. Rather than considering the existence of multiple labor markets (for
the low, medium, and high skilled, for young and old workers, etc.), we assume that workers
belonging to different age, skill, and origin groups offer different combinations of schooling and
experience. The interest of this approach is that the number of competing factors is independent
of the number of groups considered >. Formally, in each period, a representative firm uses labor
in efficiency units (();) and physical capital (K;) to produce a composite good (Y;). We consider
a Cobb-Douglas production function with constant returns to scale:

Y, = A K] YQF (1)

where ¢ measures the share of labor income in national output and A; denotes an exogenous
process determining the total factor productivity. Arising from the mincerian literature on the
determination of wages, the amount of labor in efficiency units (();) explicitly aggregates at-
tributes of native workers and immigrants. It is based on the work of Ben-Porath (1967), Card
and Lemieux (2001), and Wassmer (2001a). As discussed in Chojnicki et al. (2009), the
choice of this production function strongly influences the impact of immigration on the supply
side. The quantity of efficiency unit of labor combines raw labor, experience, and education
according to a CES nested transformation function:

Qi = [Lf + pEf + O, H{V? )

5. This differs from the approach of Card and Lemieux (2001), which aggregates age-specific levels of human
capital in a CES function. The number of nested CES functions depends on the number of cohorts considered.

14



CEPII, WP No 2011 — 13 Impacts of Immigration on Aging Welfare-State

where L; measures the physical work, £ represents experience and /1, denotes education. The
parameter p is the inverse of the elasticity of substitution among these attributes, and y is a
fixed parameter of preference for experience. Finally, ©; is an exogenous skill-biased technical
progress.

The representative firm behaves competitively on the factor markets and maximizes its profit %:

PROF, =Y, — (ry + d)K; —wFL, — wl H, — wF E, 3)

where d is the depreciation rate of physical capital; r; is the interest rate ’; and w”, w/’ and w”
are the marginal productivity associated with raw labor, education, and experience, respectively.
The conditions for profit maximization are:

re = (1—@)AK;PQf —d (4)
wh = pAKITEQPP T L 5)
wl = QAK! QYT B! (6)
wfl = pAKTIQ ol @

Clearly, the supply of experience and education influences the rates of return of these two fac-
tors.

2.3. Preferences

Individuals have an uncertain life expectancy resulting from the probability of dying at the end
of each period of life. They maximize an expected life-cycle utility function that only depends
on consumption expenditures. Based on De la Croix and Docquier (2007), we use a time-
separable logarithmic utility function:

7
E(UR) =3 Ajuri (X i) (®)
=0

where cf(y ;144 1s the consumption of generation ¢ at age j of a consumer of skill S and origin
X.Theterm Aj;,; = ngl Bst (j = 1,...,7)is the cumulative probability of being alive at age

6. At each date, the composite good is taken as the numeraire. The spot price is thus normalized to one.

7. Considering that domestic investment is financed by domestic savings, we neglect the possibility that an
asynchronous aging between the major industrialized nations could affect capital flows. Thus, we retain here the
assumption of a closed economy, and the interest rate adjusts to balance the national financial market.
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J (evaluated relative to age 0) and such that Ay, o = 1.

In the spirit of Arrow-Debreu, we postulate the existence of a market for each contingent con-
sumption. That is, we assume that every individual has the opportunity to insure himself against
uncertainty at the beginning of his/her life. Agents born at time ¢ must select the optimal plan
for contingent consumption that maximizes expected utility under their budget constraint and
given the sequence of contingent prices®. The budget constraint requires equality between the
expected value of expenditures and revenues. For a native, this budget constraint is written as
follows:

7
Z Rj7t+jAj,t+j [C%,j,tJrj(l + th+j) - Tﬁ,j,z‘#j} ®)
=0

o L E S H S S
= {wj,t-ﬁ-j t Wi NG T %‘,t+th,j,t+j] CNjits

where 77, ; is the tax rate on consumption in period ¢+ 7, p;++; s the price of a unit of good when
the individual is still alive at age j; TJ%N +; denotes the amount of social transfers received at
age j; E*;(, ;++; measures labor supply at age j; e%’ 14 and h%} ; 1+, are education and experience
stock at period ¢t + 7; wﬁt 4o wft 4 et wft +; represent contingent net wages after taxes related
to raw labor, education, and experience, respectively. With 7, the interest rate between dates ¢
and ¢ 4 1, the discount factor applied to income and expenditures is given by

t+j
Ripy= [I Q+r(1—7)7"

s=t+1
with the convention Ry = 1.

The maximization of expected utility [8] in [9] determines the law of evolution of consumer
spending throughout the consumer’s life:

S (M +re)+ 7))
CX j+1t+j+1 — 1+ 76, CX jt+j

VX;VS;Vj=0,..6 (10)

The implicit asset holdings a% ;144 18 given by the difference between income and the consump-
tion of the individual:

8. Mortality is the only source of uncertainty. As mortality rates vary by age and educational level, prices and
wages only depend on these characteristics.
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S _
Porlxor = (Wo ¢t wo teX 0,6 T Wo, thX 0 t) KX 0t
S S
—Do,t {CX,O,t(l +7) — TX,O,J
_ S
RjijDjerjar; = RjaaDjariax j1ej +

L S S
(w] t+j + w] t+i€X G t+j + Wi, t+JhXJ t+5> @ X,J,t+7

5
—Djt+j [CX,j,tJrj(l + 7)) — TX,j,t+]}

We assume that immigrants have the same wealth as natives of the same skill and age when they
enter the country. This means that low-skilled immigrants enter the country with a low degree
of wealth, while an immigrant with higher skills will bring more wealth. This methodological
choice is relatively close to that of Fehr et al. (2004) but differs from Storesletten (2000), who
assumed that immigrants bring no wealth. However, this choice has only a marginal role in the
results, as 70% of immigrants enter France before age 35 in 2005, that is, at the beginning of the
period of wealth accumulation. The age structure and education of immigrants is significantly
different from that of natives, and immigration affects the capital stock per worker. Immigrants
entering at age j > 0 adopt the same behavior as natives of the same cohort.

2.4. Educational decisions

Through its effect on wages, interest rates, and tax rates, immigration induces behavioral changes
among natives. Our model accounts for the effect on natives’ education decisions.

Natives choose their level of education or, equivalently, the duration of their studies. The ex-
ogenous variable, 0 < ug < 1 (as Uy < Uy < upy), measures the proportion of time that a
native with a level of education .S must devote to his/her education between the ages of 15 and
24. As mentioned previously, the proportion of people terminating their studies before their
baccalaureate (77) is exogenous. This assumption is based on the fact that the decision to quit
school is often made at the family level. For individuals who have reached an intermediate edu-
cation level, the choice of the number of years of study is performed by comparing the gains and
costs of a longer education. The monetary gain is measured by expected lifetime labor income,
E(Z?), derived from the budget constraint [9]:

7
S\ — S H S
Z = Z ( Wit+j + w] t+5 € X g t+j + Wi t+j hX] t+J) £X7j7t+j

The effort required for graduation is assumed to be proportional to the opportunity cost of
education, /\wétﬂg (1 — v;), where v; denotes the rate of subsidy on the cost of education and
A is a scale variable determining the ability to educate. This ability, ), is distributed uniformly
over [A, X}.
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The following condition defines the range of A\ over which tertiary education dominates sec-
ondary education:

E(Z{") = b (1 —v) = E(ZM) — Mg (1 — vy)
This condition can be rewritten as

o EZ") - EZ")
A<<At:t%3@ﬁ~—ﬂMH1—vJ (11)

where \{ is the critical level of ability below which tertiary education dominates secondary
education in the cohort .

Therefore, the proportions of agents opting for primary, secondary, and tertiary education are
given by

7rtL = ﬁtL
A= Af
N e
_in A~ A
R R

where 7F is the exogenous share of young unskilled workers and ¢; denotes a iid. stochastic
process.

2.5. Wage and unemployment

Following d’ Autume and Quinet (2001), we adopt a WS-PS approach to determine the levels
of real wages and equilibrium unemployment at the aggregate level. We assume that wage
negotiations between firms and labor unions lead to a real wage determined by applying a
mark-up. These negotiations occur independently by two unions representing the interests of
unskilled workers (level of education L) and skilled workers (levels of education M and H),
respectively. The union representing the interests of unskilled workers is bringing claims about
the level of base wage (w), while the union representing the skilled workers negotiates the part
of the wages associated with education level w!?°. Claims of employees consist in applying a
mark-up on the reservation wage that grows at the same pace as productivity, A;, to ensure the

9. Therefore, the negotiations of a union, for example those representing the interests of unskilled workers,
will also slightly influenced, by a second-order effect, the level of wages and unemployment of skilled workers.
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existence of a structural unemployment in the long-term. In addition, this mark-up is expected
to decrease with the level of the average unemployment rate in the economy, thereby resulting
in an erosion of effective bargaining power of unions in case of a shortage of labor demand.
Thus, we have

1 1 -
log(wf) = log(wh ) + S (au®f +log(4,) + A})
1 1, =
log(wl!) = 5 log(wf!,) + 5(@ B} + log(A,) + Af)

where L and @M represent the average unemployment rate associated with unskilled workers
and skilled workers, respectively, with

o

4 4
(aj_chotLZ Z P)%j,tQt‘I)g(,j,t)/(Z Z P)L(,j,t%)

j=0 X=N,M i=0 X=N,M

4 4
(i)in = (aj_ChO:{WH Z Z P)]g{j,tQt@%]’,t + P)I({,j,tQte)fg,j,t) / (Z Z P)Jgj,tQt + P)I({,j,t%)

7=0 X=N,M j=0 X=N,M

where <D§(,j,t denote unemployment rates by age, origin, and education level coming from em-
ployment surveys and aj_choF and aj_choM* are, respectively, uniform distributions variables
to ensure that the average rate of unemployment of the unskilled workers (®F) and skilled work-
ers (OMH) resulting from the intersection of WS and PS curves is equal to the weighted average
unemployment rate for the two workforce groups.

AL and Al are adjustment variables, calibrated during the transition phase, so as to reproduce
the historical rate of unemployment (also from employment surveys) and to ensure convergence
in 2030 of the actual rate of unemployment to a long term unemployment rate 5.2% for unskilled
workers and 3.8% for skilled workers. These figures correspond, given the population structure,
to an average unemployment rate of 4.5% in 2030, compatible with the target hypothesis of the
central scenario of the Conseil d’Orientation des Retraites (2010) (with a more distant time
horizon). a, is the long-term elasticity of the cost of labor to the employment rate. We use a
value of -1.2, which is in line with d’ Autume and Quinet (2001).

2.6. Labor supply, education, and experience

The time invested in education determines pattern of labor supply, education, and experience.
The vector of raw labor supply for an agent of the generation ¢ is written as

f}gc,t = (@:(1 = Ts), qer15 Gr2, Gt3, Qrall — agq), 0, 0, 0) (12)
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where ¢; denotes the exogenous rate of activity in ¢ and oy 4 represents the time spent in retire-
ment (exogenous) during the fifth period of life (between ages 55 and 64). The variable ¢, is
mainly introduced to capture the rise in women participation rate.

As in Wassmer (2001b), we assume that the experience of an individual, eiyt, is an aggregate
of his/her past employment experiences such that

ex. = (0, (1 —1s)qb}, (1 —1s)qb? + g6}, (13)
(1 —us) @02 + q4107 + quy20?,
(1— ﬁs)%ﬂj + Qt+16§ + Qt+293 + Qt+3927 0, 0, 0)

where 67 € (0, 1) represents 1 minus the depreciation rate of experience over time.

Educational human capital, hi’t, transforms the investment during the first period of life in units
of effective labor as a function with decreasing returns. This vector is written as

hi’,t = (O, eﬂlsb, eﬂg, eﬂg, eﬂﬁ, 0, 0, 0) (14)

where € > 0 and ¢ € (0, 1) characterize the production function of human capital.

The aggregate quantities of raw labor (L;), experience ([}), and education (H;) are given by

7
S S
L = > Px 40x i 13
j=0X=N,M S=L,M,H
7
_ S S S
B o= ) Py jlx j1€x 5 (16)
j=0X=N,M S=L,M,H
7
S S S
H =) Py jilx jilvx g )

I
)
=
S
n
I
=
S
T

2.7. The public sector

. =S . .y . .
The vector of public transfers, T' X 1> CONSists of subsidies to education, pensions, health costs,
unemployment benefits, housing costs, family allowances, and social assistance spending:
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(18)

where yfz-sque’ X, gi*9" represents the total age-related transfers made by the government to

agents of age 7, level of education S, and origin X for retirement (ret), health (san), unemploy-
ment (cho), housing (log), family (fam), and social assistance (rmz). The variable fyfisque, X,
describes the profile of social aid by age, education, and origin, and g;"**“® is a scale variable

capturing the generosity of welfare programs.

The endogenous variable, vfet’ x,j.t+j» measures pension benefits allocated to each full-time re-
tiree from generation ¢ in period ¢ + j (j = 4 to 7), and ;4 denotes the elderly participation
rate. Following current legislation, we assume that the pension is proportional to the average
wage during the last twenty years of work '° such that

1 4
s _ L E S H 1.8 .
Tret, X jit+j = 77t+477X§ Z [wk,t-‘rk’ t Wk kX gtk T wk,t-{-th,k,t-&-k} (j=4,...7)
k=2

where 7;,4 denotes the replacement rate capturing the generosity of the pension system and
N 1S @ parameter capturing the relative pension of an immigrant compared to that of a native
with the same characteristics (ny = 1). Retirement pensions are implicitly indexed to price
following rencent reforms.

The evolution of health expenditures is based on the size and structure of the population (cap-
tured by the profile 5, x,) and the growth rate of the GDP (Af'?). According to estimates
by Mahieu (2000) and Azizi and Pereira (2005), we assume a price elasticity of health ex-
penditures equal to one. Thus, an increase of 1% of the GDP, assuming all other things being
equal, implies a 1% increase in health spending. This does not mean that health expenditures
are evolving at the same rate as the GDP. Other factors such as the changing age and skills
structure of the French population also influence health expenditures.

10. In fact, this is the average annual wage of the 25 best years of careers.
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Unemployment expenditures are derived directly from the application of unemployment rates
by age, skill, and origin (9%, ; ,aj_cho}) to individual profiles of unemployment benefits (v5,,, x ,)-
All other social expenditures (housing, family, and social assistance) are modeled as a function
of age, skills, and origin profiles and are adjusted uniformly to replicate the macroeconomic
aggregates.

The government issues bonds and levies taxes on labor income (7,”), on consumer spending (7;),
and on capital income (77) to finance public transfers and public consumption. Social transfers
are also supported by a number of specific social security contributions, including social con-
tributions (cot,) based on work income T and General Social Contribution (csg,) based on both
wages and capital income. We consider, therefore, four major expenditure categories: educa-
tion subsidies, social transfers (pensions, health, unemployment, housing, family, and welfare),
non age specific general government consumption, and interest on public debt. The government
budget constraint can be written as follows:

(11 + coty +csg,) (wELy + wP Ey +w Hy) 4+ 76Cy + (1F + ¢sgy)r I, + Dyyq
=S
= ZZZP};J’tTXJ’t +9:Y, + (141D, (19)
i X S

where D, represents the public debt at the beginning of period ¢, ¥J; is the share of government
consumption (non-individualized) in GDP, and Tfm’t is the total transfers previously defined
according to age, origin, and skill level.

Several fiscal rules can be used to balance the budget constraint (adjusted by taxes, expenditures,
and the public debt). We assume that the path of debt/GDP ratio is given and the apparent tax
on wages (7;") adjusts to balance the budget.

Considering 7;"*?" as the total transfers paid in period ¢, we can define the following for each

risk considered:

ret __ S S
" = ZZZP X5t Y+ Vret, X j t+j
i X S
san  __ S S san A PIB
" = D3 > Pr i Veanx 0 A
i X S
cho __ S S chos S . S
7" = Y3 ) PR ehox 9t P jeai_cho
i X S
caf __ S S log S fam
T = 32000 P (Megx 9% + Vamx 9t ")
i X S

11. Social contributions paid by employers are not explicitly introduced. We, therefore, assume that all social
contributions are paid by employees.
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Ttrmi = Z Z Z P§7j7t7§mi7X,jg{mi
S

7 X

For each risk there is a special fund that is financed autonomously. These funds include a
retirement fund, a fund for health expenditures, a fund for unemployment, a fund for family
benefits and housing, and a fund for social assistance expenses. The last one is directly funded
from the state budget and, therefore, does not receive specific funding.

All other funds receive funding based on three sources: (i) social contributions (based on
wages), (ii) earmarked taxes (mainly constituted by the csg and based on wages and capital
income), and (iii) public contributions.

risque risque risque risque L FE H risque
Soldey"™ ™ = Ty — (coty """ 4csg; ") (w; Ly + w;” By + w;” Hy) — esg """ r K,

risque risque/, L E H
—cpuby 1 coty " (wy Ly + wy By + wy” Hy)

where cot; *"¢ and csg; """ denote the rates of social contributions and taxes earmarked for

each of the social risks, respectively. cpub;*?“* represents the public contribution for each of
the funds, expressed here as a proportion of social contributions. We do not impose that each
social aid fund is balanced. Solde}”*"® moves freely given the demographic and economic
changes (but the public debt in the GDP is fixed; the apparent tax on wages (7;") adjusts to

balance the inter-temporal budget constraints of the government).

3. BASELINE CALIBRATION

The dynamic calibration process involves collecting data for the evolution of observed exoge-
nous variables, fixing some constant parameters and choosing paths for the unobserved exoge-
nous variables.

3.1. Demographic data

In the baseline, the demographic block is calibrated to reproduce the available socio-demographic
data. Between 1900 and 1960, we do not distinguish between immigrants and natives. Since
1970, we explicitly model the impact of immigration on the population structure by age and
education. Historical data on the age distribution of population before 1970 is provided by
Vallin and Meslé (2001). For the period from 1970 to 2005, the age, skill and origin structure
is obtained from the population censuses of 1968, 1982, 1990, 1999 and 2005.

To calibrate fertility, mortality, and net emigration rates, we use the following method. Data
from population censuses allow us to determine the proportion of people who are low-, medium-
, and highly-skilled among young people (7F, 7 and 7). In the baseline, these shares are
set to their observed values, and the educational endogenous process is calibrated to reproduce
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their historical path. As we consider monozygotic agents, fertility rates are calibrated such
that the number of young people in each period corresponds exactly to the observations. The
breakdown by age, sex, and origin for 2005, the starting point of our population projections, are
derived from the permanent sample census of the population. These population projections are
made by taking the assumptions of the central scenario of the latest projections from INSEE
and extending them to 2100 for the purposes of the model, thus fixing the rates of mortality,
fertility rates, and the net immigration to their value of 2050 (see Chojnicki (2011) for more
details). The data on fertility differentials by education level and origin (n%t) are obtained from
the national survey on health in 1993 (Enquéte soins/santé). Death rates by age and educational
level (@S”t) are calculated on the basis of life tables by age over the period 1900 to 2005 by
Vallin and Meslé (2001) and official projections of the population by Robert-Bobée (2006)
from 2005 to 2050. Differences in mortality by level of education are evaluated using estimates
of standardized mortality indicators (SMR) by educational level and age from Monteil and
Robert-Bobée (2005).

Starting from the structure by age, educational level, and origin of the population in 1970, the
demographic block is used to identify the two exogenous processes for which we have no data,
i.e. the net emigration rates of natives and immigrants (£ f, jrand § Jf/[ 5+ V7,,5) between 1970 and
2100. The future distribution of population by skill level is based on official forecasts of the
Ministere de 1’Education Nationale (2002).

3.2. Observed exogenous processes

The elderly participation rate, oy 4, is computed using data on the effective age of retirement
from Blondal and Scarpetta (1997) and the COR. Overall participation rates, ¢;, are based on
Wassmer (2001b). With regard to public finances, three types of taxes are included in the
model: taxes on labor income (7,”), on capital income (Ttk), and on consumption (7;). These
tax rates are calibrated so that the proportions of different income in the GDP correspond to the
observations. We use official estimates (Insee (2009)), giving a rate of 2.9% of the GDP for the
income tax, 3.4% for capital income, and 11.4% for consumption taxes in 2000. The evolution
of these taxes reproduces the historical evolution of tax revenue as a percentage of the GDP.
Between 1900 and 2000, the ratio of debt to the GDP is set exogenously to the observed values
and the observations stem from OECD statistics.

We distinguish between two main categories of expenditures in addition to interest charges.
They are public transfers related to age, Visq% x,j» and the public consumption expenditure
(with 1, being the part of these expenditures in the GDP). The historical evolution of non-age
specific spending is based on OECD statistics, and the proportion is held constant for future
years. With respect to age-specific transfers, we take the profiles of age, educational level,
and origin of Chojnicki (2011). These profiles include health costs, unemployment, housing,
family allowances, and social assistance spending. Within each age, education level, and origin,

the profile is corrected by an adjustment factor, g;"*?““. Indeed, we assume that the profiles of
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risque

transfers are constant over time and are adjusted by changes in g, to reproduce the evolution
of public transfers in the GDP until 2010, according to statistics from official reports on social
welfare. For the following decades, the evolution of the share of pensions and health expenditure
in the GDP, respectively, reproduced projections of the Conseil d’Orientation des Retraites
(2010) and the projections of Raynaud and Caussat (2007). The generosity of other social
transfers, captured by g, "*?"“, is kept constant, and the evolution of the share of transfers in
the GDP is calculated endogenously. Finally, the rate of subsidy on tertiary education, v;, is

estimated by De la Croix and Docquier (2007).

3.3. Parameters

The share of labor income in the GDP, ¢, is fixed at 0.7. The parameter ;4 of the production
function is a non-important scale parameter given the later choice ©,, it is set at 0.5. The
parameter p is found to be of particular importance as it determines the degree of substitution
between unskilled labor, education, and experience. We retain a value of 0.7, implying an
elasticity of substitution of 3.33 (= 1/(1 — p)). This value corresponds to the elasticity of
substitution between skilled and unskilled workers from conventional production functions.
The rate of depreciation of capital, d, is equal to 0.4 and implies a depreciation rate of 5%.

The depreciation rate of experience is based on median hypothesis of Wassmer (2001b) giving
an annual rate independent of the age of 3%. This implies that 0! = 0,737, 62 = (0})?, etc. The
parameter, 1), is the elasticity of substitution of educational capital to investment in education.
It determines the concavity of the relationship between income and education level. By setting
its value to 0.75, we reproduce, correctly, the income differences among low-, medium-, and
highly-skilled workers. The scale parameter in the production function of human capital, €, is
set to 1.2 so as to give an adequate wage profile. The parameter 7,; measures the retirement
pension of an immigrant relative to that of a native. This ratio is calculated using data from the
family budget survey of 2006 and is set to 0.75.

Finally, the lower and upper bounds of the distribution of skills in education, A and X, are cali-
brated to reproduce the historical evolution of the skill structure. We estimate these parameters
by a standard OLS regression.

3.4. Unobserved exogenous processes

To identify the unobserved exogenous processes, our methodology follows two steps. Starting
from the baseline (matching French demographic and economic trends), we use the model to
identify several unobserved processes such as the total factor productivity (A;), the skill-biased
technical progress (©,), the scale factor of pensions benefit (7)), the scale factors of age-specific
social transfers (g} 7", and the scale factors of the rate of unemployment among unskilled and
skilled workers (AF and AF). These six exogenous processes are used to reproduce six variables

directly related to the following endogenous variables: the GDP growth rate, the wage gap
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between highly-skilled and low-skilled individuals aged 45, the share of pension expenditures
in the GDP, the share of other social transfers in the GDP, and the unemployment rates for
unskilled and skilled workers. The historical growth rate of the GDP stems from Maddisson
(2001) and is set at 20% per decade. The wage gaps at age 45 between highly-skilled and
low-skilled workers comes from the Employment Surveys from 1960 to 2007.

Basically, this methodology involves swapping six exogenous variables with six endogenous
variables as a preliminary identification step. This resembles the recursive approach (backsolv-
ing) of Sims (1990) for general stochastic equilibrium models. We use a similar idea of treating
exogenous processes as endogenous, not to solve the model but as a calibration mechanism in
a deterministic framework. This procedure allows us to calibrate the model dynamically and is
more rigorous than performing the calibration in a hypothetical steady state as is done in most
AGE models, such as that of Auerbach and Kotlikoff (1987)).

4. THE BASELINE SCENARIO
4.1. The population

New demographic perspectives place France in a better position compared to its principal part-
ners of the European Union. This particular situation is the result of two recent changes. First,
the fertility rate has remained at a higher level since the beginning of 2000, and second, over
the same period, net immigration has been significantly revised upwards. The central scenario
projections from INSEE (Robert-Bobée (2006)) incorporate these changes by adopting a total
fertility rate that remains at 1.9 children per woman rather than the 1.8 children per woman
used in previous projections and an annual net immigration flow identical to that found for the
years 2004 and 2005, that is, 100,000 persons per year. This is exactly twice the number used in
previous projections. Another development must be reported, as it accentuates the positive de-
velopment for the financing of pension. On the basis of new developments in the last 15 years,
rather than the last 30, the pace of mortality decline is more moderate, which implies in 2050 a
life expectancy at birth for men of 83.8 years (84.3 in previous projections) and for women 89
years (91 in previous projections).

Table 1 — French population in the baseline (2000-2100)
2000 2010 2020 2030 2040 2050 2060 2080 2100

Total population 59376 62342 65041 67305 69306 70595 71309 72925 74790
(thousands)

Working-age population 38478 40531 40674 40354 40026 40352 40918 41726 43043
(15-64 years, in thousands)

Share of immigrants 7,3% 8.,3% 8, 7% 9,0% 9,1% 9,1% 9,0% 8.,5% 8,3%

(in % of total population)

Old age dependency ratio 25,5%  25,6% < 324% < 38,7% 44,1% 454%  45,1%  45,0% @ 443%

(65 years and more/15-64 years in %)

Source: authors’ calculations

The French population at the beginning of the century is marked by the following facts:
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e The total population of France in 2050 should be approximately 70.6 million, an increase of
over 11 million people compared to 2000 (Table 1). This increase continues in the second
half of the century, but at a slower pace, with a total population reaching 74.8 million in
2100. The specter of declining population is no longer a concern if these new demographic
assumptions are confirmed in the future.

e This positive outlook is reflected in the evolution of the working-age population, which ex-
perienced a sharp increase (+5.3%) over the last decade, rising to 40.5 million individuals in
2010 (2.1 million more than in 2000). It is expected to begin a slightly downward trajectory,
reaching an estimated 40 million people by 2040.

e If one accepts the traditional image of the "scissors effect” (an increase in the number of
elderly and a reduction of the working-age population) to characterize the demographic
prospects anticipated in the early 2000s, one must note that new projections only retain
increase in longevity. However, the data in Table 1 show that it is, indeed, this longer life
expectancy that is the main cause of the aging population. The dependency ratio is a good
indicator of this process. It should increase from 25.5% in 2000 to over 44% in 2050.

e Finally, with a positive net immigration of 100,000 people per year, the share of immigrants
in the total population is expected to grow continuously over the first half of the century,
from 7.3% in 2000 to 9.1% in 2050, while it is expected to decline slightly in the second
half.

Table 2 — SKill distribution of the working-age population (baseline, 2000-2100)
2000 2010 2020 2030 2040 2050 2100
High skilled (15-64 years)
Natives (a) 252% 293% 329% 359% 36,8% 369% 36,9%
Immigrants (b) 17,6% 21,5% 25,0% 27,0% 279% 28,1% 28,1%
Total population (¢) 24,6% 28,6% 32,1% 350% 359% 36,1% 36,1%
Medium skilled (15-64 years)
Natives (a) 169% 212% 25,6% 29,6% 329% 33,77% 33,7%
Immigrants (b) 103% 14,1% 182% 219% 254% 26,5% 26,5%
Total population (¢) 16,3% 20,5% 24,8% 288% 32,1% 33,0% 33,1%
Low skilled (15-64 years
Natives (a) 579% 49,5% 41,5% 34,5% 303% 29,4% 29,4%
Immigrants (b) 1% 644% 568% S51,1% 46, 7% 455% 45,5%
Total population (¢) 59,1% 50,9% 43,1% 362% 32,0% 30,9% 30,8%

(a) in percentage of total natives (15-64 years)

(b) in percentage of total immigrants (15-64 years)
(c) in percentage of total population (15-64 years)
Source: authors’ calculations.

These demographic changes are accompanied by a profound change in the education distribu-
tion of the working-age population (see Table 2). In the coming decades, maintenance of the
education level of native youth at current levels will drive an increase in skills of active cohorts
(ages 15 to 64). The group of highly skilled natives is expected to increase from 25.2% in 2000
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to approximately 37% in 2050, medium-skilled natives from 16.9% to 33.7%, and low-skilled
natives will systematically decrease 28.5 points (from 57.9% to 29.4% in 2100). This process of
increasing educational standards, which is not unique to France, is also found in the immigrant
population. The share of highly skilled immigrants is expected to increase from 17.6% in 2000
to 28.1% in 2100, and the share of low-skilled immigrants will shrink from 72.1% to 45.5%
over the same period. In terms of percentage points, changes in these two populations are simi-
lar. However, the initial situation, characterized by an education distribution of immigrants far
less favorable than that of natives, shows that immigration undermines the global improvement
of skills of the working-age population (see Table 2).

4.2. The social protection budget

Demographic changes are marked by a growth in population throughout the century, with an
average annual growth rate of 0.23%. However, growth slows after 2050 as the average annual
growth rate in the second half of the century is 0.11% versus 0.35% for the first half, thus
resulting in a much smaller increase in the working-age population (average annual growth rate
of 0.11% over the entire period). This rate actually becomes slightly negative in 2030 and 2040.
These two contrasting trends can be explained by the phenomenon of aging in France, as the
dependency ratio would increase from 25.4% in 2000 to 44.3% in 2100, and by the important
transformation of the skill distribution of the working-age population, as the number of low-
skilled workers is almost halved over the century.

Thus, these changes will have effects on the economic activity and on the budget of social wel-
fare. As shown in Table 3, the average human capital per worker increases substantially until
2050 and then stabilizes. Assuming the skill level of youth is maintained at the current levels,
the baseline scenario foresees a rise in human capital in active cohorts. The growth is very
strong between 2000 and 2010, which explains the significant increase of the GDP per capita
over the same period (average annual growth rate of 2.7%). This then oscillates between an
average annual growth rate of 0.8% (2030 to 2040) and 1.3% (2020 to 2030) under the effect
of exogenous technical progress. Aging and declining unemployment rates cause a slight in-
crease in workers’ levels of experience when compared to 2000. While the experience premium
remains almost stable (decreasing very slightly), the skill premium continues to grow slowly
despite the increase in human capital. This is explained by the presence of the skill biased
technical progress. Compared to the lack of a diploma, the baccalaureate degree generates a
premium ranging from 117% to 121% between 2000 and 2040.

The effects of aging are much more apparent in regard to the social welfare finances and, more
generally, to the public finances. As we have already noted, the social welfare system being
based on upward distribution, the aging of the French population is resulting in a deterioration
of social welfare funds (see Table 3). Social welfare expenditures will increase nearly 5.8 points
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of the GDP in 2050 compared to 2000 and 2.3 points compared to 2010, from 27.1% in 2000
to 30.6% in 2010 and 32.9% in 2050. This will stabilize around the value reached in 2050 over
the second half of the century. Financing needs will reach (and stabilize at) 3% of the GDP
from 2050 onward, while the budget for social protection was broadly balanced in 2000. We
assume that the ratio of total debt on the GDP remains fixed at its 2000 level, which is obtained
by adjusting the apparent tax on wages, excluding social security contributions and csg. The
latter, due to the consequent increase in social transfers, grows continuously over the entire
period from 7% in 2000 to 14.7% in 2100, corresponding to a tax burden of aging valued at
approximately 7.5% of the tax rate on wages.

Table 3 — Main macroeconomic aggregates (baseline, 2000-2100)

2000 2010 2020 2030 2040 2050 2060 2080 2100
GDP per capita 1,00 1,31 1,50 1,73 1,86 2,12 2,29 2,90 3,67
(base 2000 = 1)
Unemployment rate 11,4% 8,4% 5,1% 4,0% 3,6% 4,2% 3,7% 4,1% 4,1%
(in %)
Unemployment rate- high + medium skilled 7.2% 5,6% 3,6% 3,0% 2, 7% 3,3% 2.8% 3.2% 3.2%
(in %)
Unemployment rate - low skilled 14,3% 11.2% 7.1% 5.7% 5.5% 6,1% 5.7% 6,0% 6.,0%
(in %)
Tax rate on wages 7,0% 8,9% 11,5% 12,9% 13.8% 13,8% 14,2% 14,4% 14,7%
(excluding social contributions and csg, in %)
Average human capital per worker 1 1,130 1,246 1,333 1,384 1,389 1,386 1,387 1,388
(base 2000=1)
Average experience per worker 1 1,035 1,029 1,025 1,014 1,018 1,013 1,010 1,011
(base 2000=1)
Skill premium 116,8% 118,9% 120,2% 120,8% 120,9% 120,9% 120,9% 121,0% 121,0%
(secondary school - in %)
Experience premium 51,1% 50,6% 50,6% 50,7% 50,9% 50,8% 50,9% 50,9% 50,9%
(20 years of experience - in %)
Average wage for 15-65 years 1 1,116 1,276 1,510 1,675 1,928 2,060 2,615 3,251
(base 2000=1)
Return on capital 3,82% 2,69% 3,02% 3,00% 3,37% 3,22% 3.87% 3,84% 3.89%

(annual real interest rate - in %)

Source: authors’ calculations.

Table 4 describes more precisely the changes in the financing of social protection by disaggre-
gating each of its five pillars: pensions, health care, family and housing, unemployment, and
social assistance. The financing needs for the social protection described above stem from the
financial situation of retirement pensions and health care. Not surprisingly, these two pillars are
the most sensitive to aging populations. The other three pillars remain in balance over the period
from 2000 to 2010 and then emerge with budget surpluses, which are, nevertheless, insufficient
to offset the needs of the other funds’ deficits.

The pension fund, thus calibrated, confirms the projections of financing needs made by the
Conseil d’Orientation des Retraites (2010). Starting from a balanced position in 2000, the bor-
rowing represents 0.5% of the GDP ten years later and 1.7% from 2030, and it then oscillates
around 1.7% of the GDP from 2040 to 2100 (see Table 4). Health care fund spending, as a per-
centage of the GDP, increases until 2050 (from 9.4% in 2000 to 13.7%) and then stabilizes. The
decrease in unemployment and the resultant increase in skill levels have positive effects at the
beginning of the period on revenue of all funds that are partly financed by payroll taxes (except
for expenditures of social assistance, which are directly financed from the state budget). Social
contributions earn 1.5 point of the GDP during the first decade to stabilize at approximately
20% of the GDP. The General Social Contribution (csg) also increase by approximately 1 point

29



CEPII, WP No 2011 — 13 Impacts of Immigration on Aging Welfare-State

of the GDP between 2000 and 2010 to reach and remain at approximately 6.6% of the GDP. It
follows that from 2020, any additional pressure on these two funds spending relative to GDP
will translate into an almost equivalent increase in borrowing. In 2050, the pension expenditure
increases by 1.1 point of the GDP compared with 2010, and its net borrowing increases by 1.2
point of the GDP between these two years. During the same period, the fund sees its health care
spending increase by 3.2 points of the GDP and net borrowing increases by 3.2 points. Thus,
in 2050, the financing needs for these two funds would amount to slightly less than 5 points
of the GDP, while social welfare as a whole will have a funding requirement of 3 points. The
difference is the sum of the surpluses of the other three funds: 0.7 point of the GDP for family
housing, 1 point for unemployment insurance, and 0.1 point for funding expenditures of social

assistance.

Table 4 — Social protection (baseline, 2000-2100)
2000 2010 2020 2030 2040 2050 2060 2080 2100
Social protection expenditures 27,1%  30,6% 30,8% 31.8% 32,3% 329% 328% 33,0% 32,9%
(in % of GDP)

Social contributions 18,5% 20,1% 20,0% 200% 199% 199% 198% 199% 19,8%
(in % of GDP)
General Social Contribution 54%  65%  66%  66% 66% 66% 6% 61%  61%
(in % of GDP)
Public contributions 32%  34%  34%  34%  34%  34%  34%  34%  34%
(in % of GDP)
Financing needs 00% -05% -08% -17% -24% -30% -30% -30% -3,0%

(in % of GDP)
Retirement (in % of GDP)

- Expenditures 11,6% 13,5% 14,1% 14,6% 148% 14,6% 145% 145% 145%
- Financing needs 0,0% -0,5% -1,1% -1,7% -1,9% -1,7% -1,6% -1,6% -1,7%
Health (in % of GDP)

- Expenditures 9,4% 10,5% 11,5% 12,5% 13,0% 13,7% 13,6% 13,6% 13,6%
- Financing needs 0,0% 0,0% -1,0% -2,0% -25%  -32%  -3,1%  -3,1% -3,1%
Family-Housing (in % of GDP)

- Family expenditures 2,7% 3,1% 2,8% 2,6% 2,6% 2,6% 2,7% 2,7% 2,7%
- Housing expenditures 0,9% 1,0% 0,9% 0,8% 0,8% 0,8% 0,8% 0,8% 0,8%
- Financing needs 0,0% 0,0% 0,4% 0,7% 0,7% 0,7% 0,6% 0,6% 0,6%
Unemployment (in % of GDP)

- Expenditures 2,0% 2,0% 1,2% 0,9% 0,8% 1,0% 0,9% 1,0% 1,0%
- Financing needs 0,0% 0,0% 0,8% 1,1% 1,2% 1,0% 1,1% 1,0% 1,0%
Social Assistance (in % of GDP)

- Expenditures 0,4% 0,5% 0,4% 0,4% 0,4% 0,4% 0,4% 0,4% 0,4%
- Financing needs 0,0% 0,0% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1%

Source: authors’ calculations.

S. THE IMPACT OF IMMIGRATION ON PUBLIC FINANCES
5.1. The demographic consequences of the four scenarios of the immigration policy

As stated in the introduction, we simulate four scenarios of the immigration policy. The first is
built on the assumption of zero net flows after the year 2000 and for the entire length of the sim-
ulation. In other words, it describes the changing French demographics and economy without
immigration. The comparison of the obtained results with those of the baseline measures the
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impact of immigration as reflected in official population projections and its contribution to the
evolutions of the social welfare finances. The other three scenarios are developed on the basis
of an ambitious immigration policy that serves as a way to reduce the tax burden of an aging
population. From a quantitative point of view, this policy seeks to regain immigration patterns
similar to those observed during the second great wave of immigration from 1950 to 1960,
which was approximately 0.35% of the total population. The level of flows remains the same
for all three scenarios, that is, 100,000 people in 2000, approximately 200,000 thirty years later,
and 228,000 at the end of the century; only the skills distribution changes. In the first variant
(non-selective immigration policy), flows characteristics are identical to those of immigrants
from the baseline scenario. In the second variant (neutral immigration), the immigration pol-
icy imposes a skills distribution on immigrants identical, in each period, to those of the entire
French population of the baseline scenario. The last variant (selective immigration) considers
an extremely selective immigration policy where the skills distribution of incoming people is
similar to the generation of the most skilled natives, the generation aged between 25 and 34, for
all periods of the baseline scenario.

Table 5 identifies the main demographic implications of each of the scenarios considered. Stop-
ping immigration, the scenario without immigration, has a major effect on the French popula-
tion. The total population, compared to the baseline, is reduced by approximately 10% in 2050
and over 22% by the end of the century. The effect is more pronounced for the working-age
population at -11.5% and -24%, respectively. Immigrants in the French population aged 15 and
over, not surprisingly, continue to decline. They represent only 3.8% of the population in 2050
compared with 10.7% in the baseline. Furthermore, there are no more immigrants in the French
economy at the end of the century. Transitory effects on the skill distribution of immigrants are
unfavorable as the suppressed inflow, relative to the baseline, has a higher level of skill than im-
migrants already in France. Similarly, new immigrants are relatively young and the dependency
ratio deteriorates significantly from 46.9% in 2050 to 46.7% in 2100 compared to 43.4% and
42.7%, respectively, in the baseline.
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Table 5 — French population structure under alternative scenarios (2000-2100)

2000 2010 2020 2030 2040 2050 2060 2080 2100
Population (15 years and more) Baseline 47 959 50775 53 360 55725 57397 58 188 58 838 59954 61 494
(Thousands) Without immig. (b) 0,0% -0,8% -2,5% -4,5% -6,8% -9,3% -12,0% -17,2% -22,1%
Non-selective immig.(b) 0,0% 0,4% 2,6% 4,9% 7,5% 10,1%  124%  160%  191%
Neutral immig. (b) 0,0% 0,4% 2,6% 4,8% 7,2% 9,8% 12,0%  153%  17,8%
Selective immig. (b) 0,0% 0,4% 2,6% 4,8% 7,2% 9,6% 1L,7%  14,6%  16,8%
Working-age population Baseline 38318 40530 40466 40353 40025 40351 40919 41711 43052
(Thousands) Without immig. (b) 0,0% -1,0% -3,3% -6,0% -9,0% -11,5% -14,1% -19,5% -24,1%
Non-selective immig. (b)  0,0% 0,6% 3,4% 6,4% 9,6% 11,5%  12,8%  163%  19,0%
Neutral immig. (b) 0,0% 0,5% 3,4% 6,3% 9,3% 112%  123%  152%  17,3%
Selective immig. (b) 0,0% 0,5% 3,4% 6,2% 9,2% 109%  119%  143%  16,1%
Annual net migration flows Baseline 100 100 100 100 100 100 100 100 100
(Thousands) Without immig. 100 0 0 0 0 0 0 0 0
Non-selective immig. 100 184 193 201 208 214 219 228 236
Neutral immig. 100 184 193 201 208 214 219 228 236
Selective immig. 100 184 193 201 208 214 219 228 236
Share of immigrants Baseline 8,6% 9,7% 10,2% 10,5% 10,7% 10,7% 10,5% 10,0% 9,8%
(in % of population aged 15 years and more) Without immig. (a) 0,0% -0,7% -2,3% -3,9% -5,4% -6,9% -7,9% -9,1% -9,8%
Non-selective immig. (a) 0,0% 0,4% 2,3% 4,0% 5,5% 6,9% 7,9% 8,5% 82%
Neutral immig. (a) 0,0% 0,4% 2,3% 4,0% 5,6% 7,0% 8,0% 8,7% 8,5%
Selective immig. (a) 0,0% 0,4% 2,3% 4,1% 5,6% 7,1% 8,1% 8,8% 8,7%
Share of high skilled immigrants Baseline 17,6% 21,5% 25,0% 27,0% 27,9% 28,1% 28,1% 28,1% 28,1%
(in % of immigrants aged 15-64 years) Without immig. (a) 0,0% -0,4% -0,8% -0,7% -0,2% -0,1% 0,0% 0,0% -
Non-selective immig. (a) 0,0% 0,2% 0,4% 0,2% 0,0% 0,0% 0,0% 0,0% 0,0%
Neutral immig. (a) 0,0% 2,2% 4,3% 55% 6,1% 6,3% 6,3% 6,4% 6,4%
Selective immig. (a) 0,0% 4,2% 7,2% 8,2% 8,6% 8,9% 8,9% 8,9% 8,9%
Share of low skilled immigrants Baseline 72,1% 64,4% 56,8% 51,1% 46,7% 45,5% 45,5% 45,5% 45,5%
(in % of immigrants aged 15-64 years) Without immig. (a) 0,0% 1,0% 2,8% 3,4% 1,3% 0,1% -0,2% 0,5% -
Non-selective immig. (a) 0,0% -0,4% -1,2% -0,8% -0,1% 0,0% 0,0% 0,0% 0,0%
Neutral immig. (a) 0,0% 38%  -7.8%  -10,1%  -109%  -11,3%  -114%  -115%  -11,6%
Selective immig. (a) 0,0% 85%  -151%  -168%  -161%  -162%  -162%  -162%  -162%
Old age dependency ratio Baseline 252% 25,3% 31,9% 38,1% 43.4% 44.2% 43.8% 43,7% 42 8%
(Pop 65+ / Pop 15-64 in %) Without immig. (a) 0,0% 0,3% 1L,1% 2,3% 3,5% 3,6% 3,6% 4,2% 3,9%
Non-selective immig. (a) 0,0% -0,1% -0,9% -1,9% -2,8% -1,9% -0,6% -0,3% -0,2%
Neutral immig. (a) 0,0% -0,1% -0,9% -1,9% -2,7% -1,7% -0,4% 0,1% 0,6%
Selective immig. (a) 0,0% -0,1% -0,9% -1,8% -2,6% -1,6% -0,2% 0,5% 0,9%

(a) Percentage points of change compared to the baseline
(b) Change in percent of the baseline
Source: Authors’ calculations.

Regarding ambitious immigration policies, the significant increase in immigrant flow leads to
a continuous increase in the proportion of immigrants in the population 15 years of age and
older. This amounts to 12.5% in 2020 (for all three variants) compared to 10.2% in the baseline
and reaches a maximum (selective immigration) of 18.8% in 2080 versus 10% in the reference
scenario. From 2040, the increase is even more important with a selective policy. This result
is due to differential effects on the denominator, namely, the total population (15 years age
and older), resulting from differences in fertility rates by skill level. This rate decreases with
skill level. Thus, for an identical net flow of immigrants for the three variants, the population
over 15 years of age increases by 10.1% in 2050 compared to the baseline for a non-selective
policy and more than 19% at the end of the century versus 9.6% and 16.8%, respectively, for
the most selective policy. Given the age structure of new immigrants between 25 and 64, the
increase was even more pronounced for the working-age population, that is, between 10.9%
and 11.5% in 2050 depending upon the policy’s degree of selectivity. Consequently, these
inflows allow a substantial alteration of the skill distribution of immigrants in the country. If
the non-selective immigration variant leaves, by construction, the immigrants’ skills virtually
unchanged, both selective policies improve the skill distribution of immigrants. The variant
selective immigration leads to a share of highly-skilled immigrants almost identical to those of
natives in 2040. With the neutral immigration policy, the difference is relatively low between
the two populations and stabilizes at 3% for the highly-skilled beginning in 2040.
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What are the effects of the immigration policies on the dependency ratio? Table 5 indicates that
these important changes in the composition of the French population will eventually result in a
relatively moderate improvement in the dependency ratio; however, the reduction is temporary.
It reaches its maximum improvement level in 2040, with a drop of approximately 2.7 percentage
points. Note that the gain is greater with a non-selective policy. Neutral immigration variants
and selective immigration actually lead to a deterioration in this ratio from 2080, while the non-
selective variant still has a positive but limited (-0.2 percentage points) effect at the end of the
century. These opposite effects, depending upon the level of selectivity of the policy, are again
explained by the differentiation of the demographic parameters of each skill category. Part of
the explanation lies in the fertility rate. The growth of the labor force over the length of the
simulation is more important with a non-selective policy. Another part of the explanation lies in
the fact that skilled individuals have a higher life expectancy than non-skilled individuals. This
explains why the effects are similar at the beginning of the simulation but differ when additional
immigrants age.

5.2. A France without immigration: impact on public finances

If immigration is stopped after 2000, the first effect is the decline in the GDP per capita relative
to the baseline. As we saw in the previous section, a negative demographic shock affects the
working population more than the population as a whole. Inflows consist of a systematically
younger population than the entire French population. Their removal affects more people of
working age and, thus, the numerator in the ratio that determines the per capita GDP. Secondly,
these inflows are consistently less skilled than the population already present in the country.
Stopping immigration then also has the effect of increasing the skilled labor force and, thus, the
average human capital per worker (see Table 6). The immediate effect on the labor market is
that skilled labor is more abundant, and its relative wage decreases. Similarly, the skill premium
also decreases slightly. However, the more important consequences are at the funding level
for social welfare. The reduction in the GDP and the increasing dependency ratio both cause
increased expenditures in social welfare as a percentage of the GDP. Compared to the baseline,
the variant without immigration leads to increased spending by 1.3 point of the GDP in 2050,
reaching 34.2%, and almost 2 points, that is, 34.8%, of the GDP by the end of the century.
These increases result in an increased financing needs that are practically equal. This amounts
to 4.3% in 2050 and 4.9% in 2100 versus 3% for both periods in the baseline.

In terms of tax rate on wages (recall that this payroll tax is adjusted to maintain a constant ratio
of public debt), the suppression of immigration flows and, therefore, ultimately of immigrants
in the French population increases the tax burden of an aging population. It increases more
than 2 tax points in 2050 and 3 tax points at the end of the century. Immigration contributes to
reducing the tax burden of aging, and the overall impact is, therefore, unequivocally positive on
the social protection finances.
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Table 6 — Main macroeconomic aggregates - scenario without immig. (2000-2100)

2000 2010 2020 2030 2040 2050 2060 2080 2100
GDP per capita (base 2000 = 1)
Baseline 1,00 1,31 1,50 1,73 1,86 2,12 2,29 2,90 3,67
Without immig. (b) 0,0% -0,3% -0,8% -1,0% -1,4% -1,4% -1,6% -2,5% -2,6%
Social protection expenditures (in % of GDP)
Baseline 27,1% 30,6% 30,8% 31,8% 32,3% 32,9% 32,8% 33,0% 32,9%
Without immig. (a) 0,0% 0,2% 0,6% 0,9% 0,8% 1,3% 1,1% 2,2% 1,9%
Financing needs of social protection (in % of GDP)
Baseline 0,0% -0,5% -0,8% -1,7% -2,4% -3,0% -3,0% -3,0% -3,0%
Without immig. (a) 0,0% -0,2% -0,6% -1,0% -0,9% -1,3% -1,1% -2,3% -1,9%
Unemployment rate (in %)
Baseline 11,4% 8,4% 5,1% 4,0% 3,6% 4,2% 3,7% 4,1% 4,1%
Without immig. (a) 0,0% 0,1% 0,4% 1,2% -0,9% 1,2% -1,1% 0,7% -1,3%
Tax rate on wages (excluding social contributions and csg, in %)
Baseline 7,0% 8,9% 11,5% 12,9% 13,8% 13,8% 14,2% 14,4% 14,7%
Without immig (a) 0,0% 0,4% 1,0% 1,6% 1,4% 2,1% 1,9% 3,5% 3,1%
Average human capital per worker (base 2000 = 1)
Baseline 1 1,130 1,246 1,333 1,384 1,389 1,386 1,387 1,388
Without immig. (b) 0,0% 0,1% 0,5% 0,9% 2,0% 1,6% 2,3% 1,7% 2,1%
Average experience per worker (base 2000 = 1)
Baseline 1 1,035 1,029 1,025 1,014 1,018 1,013 1,010 1,011
Without immig. (b) 0,0% 0,3% 0,6% 0,6% 0,0% 0,8% 0,5% 0,7% 0,1%
Skill premium (secondary school - in %)
Baseline 116,8% 1189%  1202%  120,8% 1209%  120,9% 1209% 121,0% 121,0%
Without immig. (a) 0,0% 0,0% -0,2% -0,3% -0,7% -0,6% -0,8% -0,6% -0,7%
Experience premium (20 years of experience - in %)
Baseline 51,1% 50,6% 50,6% 50,7% 50,9% 50,8% 50,9% 50,9% 50,9%
Without immig. (a) 0,0% 0,0% -0,1% -0,1% 0,0% -0,1% -0,1% -0,1% 0,0%
Average wage for 15-65 years (base 2000 = 1)
Baseline 1 1,116 1,276 1,510 1,675 1,928 2,060 2,615 3,251
Without immig. (b) 0,0% -0,7% -1,9% -3,0% -2,4% -3,3% -3,9% -7,3% -7,7%
Return on capital (annual real interest rate, %)
Baseline 3,82% 2,69% 3,02% 3,00% 3,37% 3,22% 3,87% 3,84% 3,89%
Without immig. (a) 0,0% 0,0% 0,0% -0,1% 0,0% -0,1% 0,0% -0,1% 0,1%
(a) Percentage points of change compared to the baseline

(b) Change in percent of the baseline
Source: Authors’ calculations

If we examine more closely the various pillars of social welfare, Table 7 suggests that funds
that are affected by the immigration policies are those that are most sensitive to the age distribu-
tion of the population: pensions and health care expenditures. The breakdown of the increased
financing needs of social protection in 2050 is as follows: pensions -1.1%, health care 0.2%,
family housing 0.2%, unemployment -0.3%, and social assistance 0.1%. This results in a much
higher total financing requirement of 1.3 point of the GDP. The degradation of the financing of
retirement is the main source of the overall effect.

The structure of taxation and social security contributions is not changed in the variant. More-
over, the distribution of value added between labor and capital is not affected by the demo-
graphic shock. It follows that social contributions and the amount of csg perceived as a percent-
age of the GDP are broadly similar in the variant and the baseline. All effects, thus, pass on the
expenditure side. The evolution of the financing needs simply reflects that of expenditures (see
Table 7).
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Table 7 — Social protection - Scenario Without immig. (2000-2100)

2000 2010 2020 2030 2040 2050 2060 2080 2100
Retirement (in % of GDP)
- Expenditures
Baseline 11,6% 13,5% 14,1% 14,6% 148% 14,6% 145% 145% 14,5%
Without immig. (a) 0,0%  0,1% 05% 07% 1,0% 1,1% 1,3% 1,8% 1,8%
- Financing needs
Baseline 0,0% -05% -1,1% -1,7% -19% -1,7% -1,6% -1,6% -1,7%
Without immig. (a) 0,0% -02% -0,5% -0,7% -1,0% -1,1% -1,3% -1,8% -1,8%
Health (in % of GDP)
- Expenditures
Baseline 94% 105% 11,5% 12,5% 130% 13,7% 13,6% 13,6% 13,6%
Without immig. (a) 0,0%  0,1% 02% 01% 03% 02% 03% 05% 0,7%
- Financing needs
Baseline 0,0% 00% -10% -20% -25% -32% -3,1% -3,1% -3,1%
Without immig. (a) 0,0% -0,1% -02% -01% -03% -02% -03% -0,6% -0,7%
Family-Housing (in % of GDP)
- Family expenditures
Baseline 27%  3,1% 28% 2,6% 2,6% 2,6% 27% 27% 2%
Without immig. (a) 0,0%  0,0% -0,1% -01% -0,1% -0,1% -02% -0,1% -0,1%
- Housing expenditures
Baseline 09% 10% 09% 08% 08% 08% 08% 08% 08%
Without immig. (a) 0,0%  0,0%  0,0% 0,0% -0,1% -0,1% -0,1% -0,1% -0,1%
- Financing needs
Baseline 0,0% 00% 04% 0,7% 0,7% 0,7% 06% 06% 0,6%
Without immig. (a) 0,0% 0,0% 01% 01% 02% 02% 02% 02% 0,2%
Unemployment (in % of GDP)
- Expenditures
Baseline 20% 20% 12% 09% 08% 1,0% 09% 1,0% 1,0%
Without immig. (a) 0,0%  0,0% 01% 03% -02% 03% -03% 02% -0,3%
- Financing needs
Baseline 0,0% 00% 08% 1,1% 12% 1,0% 1,1% 10% 1,0%
Without immig. (a) 0,0%  0,0% -0,1% -03% 02% -03% 03% -02% 0,3%
Social Assistance (in % of GDP)
- Expenditures
Baseline 04% 05% 04% 04% 04% 04% 04% 04% 04%
Without immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% -01% -01% -0,1% -0,1%
- Financing needs
Baseline 0,0% 00% 01% 01% 01% 01% 0,1% 0,1% 0,1%
Without immig. (a) 0,0%  0,0%  0,0% 0,0% 0,0% 01% 01% 01% 0,1%

(a) Percentage points of change compared to the baseline

(b) Change in percent of the baseline

Source: Authors’ calculations
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5.3. The contribution of a selective immigration policy to finance social protection

The macroeconomic consequences of a more ambitious immigration policy are described in Ta-
ble 8. The demographic shock is symmetric to that specified in the variant without immigration.
However, the effects differ somewhat due to the predominantly transitory positive impact on the
dependency ratio, which is very sensitive to the skills distribution of new immigrants.

The selective policies translate systematically to an increase (compared to the baseline scenario)
of the average human capital per worker over the period, while the non-selective policy, from
2030, leads to a moderate reduction in this variable. These developments with respect to skill
level explain, systematically, the reduction of the skill premium in the case of selective policies
as well as the minimal improvement with a non-selective policy. Note also that with the latter
result, consistent flows of unskilled immigrants do not imply significant worsening of income
inequality. This improvement of human capital, in the case of selective policies, accompanied
by an increase of experience explains the moderate increase in the GDP per capita through-
out the period. All of these developments are characterized by a transitory effect, positive or
negative depending upon the variable of interest, that peaks around 2050 and then gradually
diminishes (or even reverses in some cases).

Whatever the degree of selectivity, the immigration policy improves public finances. The re-
duction of social transfers is more pronounced in the middle of the century, with a decrease of
1.2 and 1.1 point of the GDP for selective policies and 0.8 point for a non-selective policy. The
aging of additional incoming immigrants eventually limits the benefits and inverts the hierarchy
of the different policies. That is, a non-selective immigration policy reduced the social trans-
fers by 0.5 point of the GDP at the end of the century. A neutral immigration policy causes a
decrease of more than 0.2 point, while the most selective policy has virtually no effect, with
a reduction of 0.1 point of the GDP. This reduction in public transfers, combined with favor-
able wage developments (substantial increase in the average wage), leads to a lower tax rate
on wages of between 1.5 (non-selective immigration) and 2 (neutral immigration and selective
immigration) tax points in 2050. For the reasons stated above, the reduction is lower at the end
of the century and the largest gain requires the non-selection of immigrants.

We can, therefore, say that these more ambitious immigration policies would reduce the tax
burden of aging in 2050 to just over 20% without selection criteria and to approximately 30%
with a highly selective policy. While this, admittedly, is not negligible, it is relatively small
when we compare these results with demographic changes implied by these flows. If we focus
more specifically on the finances of different pillars of social protection (Table 9), we find the
following trends.
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Table 8 — Main macroeconomic aggregates - scenarios ambitious immigration policies (2000-

2100)

2000 2010 2020 2030 2040 2050 2060 2080 2100
GDP per capita (base 2000 = 1)
Baseline 1,00 1,31 1,50 1,73 1,86 2,12 2,29 2,90 3,67
Non-selective immig. (b) 0,0% 0,2% 0,9% 1,7% 2,2% 1,4% 1,0% 0,7% 0,8%
Neutral immig. (b) 0,0% 0,4% 1,5% 2,4% 3,1% 2,7% 1,9% 2,0% 1,6%
Selective immig. (b) 0,0% 0,5% 1,9% 2,8% 3,5% 3,1% 2,3% 2,2% 1,7%
Social protection expenditures (in % of GDP)
Baseline 27,1% 30,6% 30,8% 31,8% 32,3% 32,9% 32,8% 33,0% 32,9%
Non-selective immig. (a) 0,0% -0,1% -0,6% -0,6% -0,9% -0,8% 0,1% -0,7% -0,5%
Neutral immig. (a) 0,0% -0,2% -0,7% -1,2% -0,8% -1,2% -0,3% -1,0% -0,2%
Selective immig. (a) 0,0% -0,3% -0,8% -1,2% -0,9% -1,1% -0,4% -0,8% -0,1%
Financing needs of social protection (in % of GDP)
Baseline 0,0% -0,5% -0,8% -1,7% -2,4% -3,0% -3,0% -3,0% -3,0%
Non-selective immig. (a) 0,0% 0,1% 0,6% 0,6% 0,9% 0,8% -0,2% 0,6% 0,5%
Neutral immig. (a) 0,0% 0,2% 0,7% 1,1% 0,8% 1,1% 0,2% 0,9% 0,1%
Selective immig. (a) 0,0% 0,3% 0,8% 1,2% 0,8% 1,1% 0,3% 0,7% 0,0%
Unemployment rate (in %)
Baseline 11,4% 8,4% 5,1% 4,0% 3,6% 4,2% 3,7% 4,1% 4,1%
Non-selective immig. (a) 0,1% -0,3% -1,6% 0,5% 0,7% -1,2% 3,4% -0,3% 0,6%
Neutral immig. (a) 0,1% -0,7% -0,8% -1,6% 1,9% -0,8% 1,2% -0,4% 1,9%
Selective immig. (a) 0,1% -0,9% -1,0% -1,7% 1,7% -0,3% 0,9% 0,0% 1,6%
Tax rate on wages (excluding social contributions and csg, in %)
Baseline 7,0% 8,9% 11,5% 12,9% 13,8% 13,8% 14,2% 14,4% 14,7%
Non-selective immig. (a) 0,0% -0,2% -1,2% -1,3% -1,7% -1,5% -0,2% -1,2% -1,0%
Neutral immig. (a) 0,0% -0,4% -1,4% -2,1% -1,6% -2,0% -0,8% -1,6% -0,5%
Selective immig. (a) 0,1% -0,5% -1,5% -2,2% -1,6% -2,0% -1,0% -1,4% -0,4%
Average human capital per worker (base 2000 = 1)
Baseline 1 1,130 1,246 1,333 1,384 1,389 1,386 1,387 1,388
Non-selective immig. (b) 0,0% 0,0% 0,3% -0,2% -0,7% 0,0% -1,3% -0,2% -0,4%
Neutral immig. (b) 0,0% 0,7% 1,8% 2,7% 1,5% 2,5% 1,9% 2,4% 1,6%
Selective immig. (b) -0,1% 1,5% 3,1% 3,9% 2,7% 3,4% 3,1% 3,2% 2,6%
Average experience per worker (base 2000 = 1)
Baseline 1 1,035 1,029 1,025 1,014 1,018 1,013 1,010 1,011
Non-selective immig. (b) 0,1% -0,2% -0,4% 1,6% 2,3% 1,8% 3,1% 2,1% 2,3%
Neutral immig. (b) 0,1% -0,5% -0,2% 0,6% 2,5% 1,8% 2,3% 2,0% 2,6%
Selective immig. (b) 0,1% -0,5% -0,3% 0,6% 2,5% 2,0% 2,3% 2,2% 2,6%
Skill premium (secondary school - in %)
Baseline 116,8%  1189%  1202%  120,8%  120,9%  1209% 1209% 121,0% 121,0%
Non-selective immig. (a) 0,0% 0,0% -0,1% 0,1% 0,3% 0,0% 0,5% 0,1% 0,2%
Neutral immig. (a) 0,0% -0,3% -0,7% -0,9% -0,5% -0,9% -0,7% -0,8% -0,6%
Selective immig. (a) 0,0% -0,5% -1,1% -1,4% -0,9% -1,2% -1,1% -1,1% -0,9%
Experience premium (20 years of experience - in %)
Baseline 51,1% 50,6% 50,6% 50,7% 50,9% 50,8% 50,9% 50,9% 50,9%
Non-selective immig. (a) 0,0% 0,0% 0,1% -0,2% -0,3% -0,3% -0,5% -0,3% -0,4%
Neutral immig. (a) 0,0% 0,1% 0,0% -0,1% -0,4% -0,3% -0,3% -0,3% -0,4%
Selective immig. (a) 0,0% 0,1% 0,0% -0,1% -0,4% -0,3% -0,3% -0,3% -0,4%
Average wage for 15-65 years (base 2000 = 1)
Baseline 1 1,116 1,276 1,510 1,675 1,928 2,060 2,615 3,251
Non-selective immig. (b) 0,0% 0,8% 1,9% 2,8% 3,2% 2,5% 1,9% 2,5% 2,9%
Neutral immig. (b) 0,0% 0,9% 2,7% 3,7% 3,4% 4,3% 2,5% 4,0% 2,4%
Selective immig. (b) 0,0% 1,1% 3,0% 3,9% 3,6% 4,5% 2,8% 3,9% 2,0%
Return on capital (annual real interest rate, %)
Baseline 3,82% 2,69% 3,02% 3,00% 3,37% 3,22% 3,87% 3,84% 3,89%
Non-selective immig. (a) 0,0% 0,0% 0,1% 0,0% 0,0% 0,1% -0,2% 0,0% -0,1%
Neutral immig. (a) 0,0% 0,0% 0,1% 0,1% -0,1% 0,0% -0,1% -0,1% -0,1%
Selective immig. (a) 0,0% 0,0% 0,1% 0,1% 0,0% 0,0% -0,1% -0,1% -0,1%

(a) Percentage points of change compared to the baseline
(b) Change in percent of the baseline
Source: Authors’ calculations
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Table 9 — Social protection - scenarios ambitious immigration policies (2000-2100)
2000 2010 2020 2030 2040 2050 2060 2080 2100
Retirement (in % of GDP)

- Expenditures

Non-selective immig. (a) 0,0% -0,1% -0,4% -0,8% -09% -0,8% -0,6% -0,6% -0,5%
Neutral immig. (a) 0,0% -0,1% -05% -09% -1,0% -0,8% -0,6% -0,5% -0,4%
Selective immig. (a) 0,0% -01% -05% -09% -1,0% -0,8% -0,5% -0,4% -0,3%

- Financing needs
Non-selective immig. (a) 0,0%  0,1% 0,4% 0,8% 0,9% 0,7% 0,6% 0,6% 0,5%

Neutral immig. (a) 0,0%  0,1% 0,5% 0,8% 1,0% 0,8% 0,6% 0,5% 0,3%
Selective immig. (a) 0,0% 0,1% 0,5% 0,8% 0,9% 0,7% 0,5% 0,4% 0,2%
Health (in % of GDP)

- Expenditures

Non-selective immig. (a) 0,0%  0,0% 0,1% -02% -04% 0,0% -03% -02% -0,3%
Neutral immig. (a) 0,0%  0,1% 0,0% 0,0% -04% -03% -02% -04% -0,4%
Selective immig. (a) 0,0%  0,1% 0,0% 0,0% -04% -03% -02% -04% -0,3%

- Financing needs

Non-selective immig. (a)  0,0%  0,0% -0,1% 0,2% 0,4% 0,0% 0,3% 0,2% 0,3%
Neutral immig. (a) 0,0% -01% 0,0% 0,0% 0,4% 0,2% 0,1% 0,4% 0,4%
Selective immig. (a) 0,0% -0,1%  0,0% 0,0% 0,4% 0,3% 0,2% 0,4% 0,3%
Family-Housing (in % of GDP)

- Family expenditures

Non-selective immig. (a)  0,0%  0,0% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1%
Neutral immig. (a) 0,0%  0,0% 0,1% 0,1% 0,0% 0,0% 0,0% 0,0% 0,0%
Selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
- Housing expenditures

Non-selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,1% 0,1% 0,1% 0,1% 0,1%
Neutral immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
Selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
- Financing needs

Non-selective immig. (a) 0,0%  0,0% -0,1% -0,1% -0,1% -02% -0,2% -0,2% -0,1%

Neutral immig. (a) 0,0% 00% -01% -01% -01% -0,1% -0,1% -0,1% -0,1%
Selective immig. (a) 0,0%  0,0% 0,0% -01% -0,1% 00% -0,1% 0,0% -0,1%
Unemployment (in % of GDP)

- Expenditures

Non-selective immig. (a)  0,0% -0,1% -0,4%  0,1% 02% -03% 09% -01% 0,1%
Neutral immig. (a) 0,0% -02% -02% -04% 05% -02% 03% -0,1% 0,5%
Selective immig. (a) 0,0% -03% -03% -04% 04% -0,1% 0,2% 0,0% 0,4%

- Financing needs
Non-selective immig. (a)  0,0% 0,1% 0,4% -0,1% -0,2% 0,3% -0,9% 0,1% -0,2%

neutral immig. (a) 0,0%  0,2% 0,2% 04% -05% 02% -0,3% 0,1% -0,5%
Selective immig. (a) 0,0%  0,3% 0,3% 04% -04% 0,1% -02% 0,0% -0,4%
Social assistance (in % of GDP)

- Expenditures

Non-selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,1% 0,1% 0,1% 0,0%
Neutral immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
Selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%

- Financing needs

Non-selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% -0,1% -01% -0,1% 0,0%
Neutral immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
Selective immig. (a) 0,0%  0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%

(a) Percentage points of change compared to the baseline
(b) Change in percent of the baseline
Source: Authors’ calculations
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Regarding the pensions, the additional flows of immigrants, regardless of the distribution of
skills, increase, in the short term, the number of contributors and change very little the number
and distribution of inactive workers and the total amount of pensions. In the longer term, addi-
tional flows of older immigrants result in an increase in pensions, which is especially important
as these new retirees are skilled. With selective policies, the revenues of contributors improve
slightly, while in the medium term, the combination of a lower birth rate and a higher life ex-
pectancy outweighs the financial gains allowed by a non-selective policy. Thus, the financing
needs of the pension system at the end of the century are reduced by almost 0.5 point of the
GDP (approximately a 30% decrease in financing needs from the baseline) in the absence of
selection, while this decrease is only 0.2 point of the GDP (about 10% of baseline) with the
selective immigration variant. In the short- to medium-term, selection on the basis of skills
provides a reduction in the financing needs equivalent to the policy based on the no selective
policy.

For health expenditures, we must wait until 2040 for the beneficial effects to be actualized,
although they remain moderate until the end of the century. Only the family-housing fund saw
its financial situation deteriorate slightly as a result of increased inflows regardless of the skill
system in place.

6. CONCLUSION

Immigration has many effects, most of which are generally positive, on the social welfare fi-
nances in France. We have shown that immigration, as projected in official forecasts, reduces
the tax burden of an aging population. In the absence of immigration, the financing needs
of social welfare increased by 2 GDP points from 3% to approximately 5%. These benefits
are mainly the result of the age distribution of net flows, younger than French population as a
whole, and principally affect, not surprisingly, the two pillars of social protection most sensitive
to demographic changes: pensions and health care.

For similar reasons, a more ambitious immigration policy would contribute to reducing the tax
burden of an aging population. However, the financial gains are relatively moderate in compar-
ison to the demographic changes it implies. These changes include a reduction of this burden
of between 20% and 30%, depending on its degree of selectivity, for a growing workforce of
between 16% and 20%, while the proportion of immigrants in this population would double by
the end of the century.

A more selective policy in favor of skilled workers can amplify these gains in the short to
medium term while reducing demographic changes but in proportions that remain relatively
low. Most importantly, and contrary to popular belief in the social debate, this improvement
is temporary. In the longer term, demographic changes of a more selective immigration policy
outweigh its positive effects when compared to a non-selective policy.
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