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Abstract

This paper contributes to the already vast literature on demography-induced in-
ternational capital flows by examining the role of labor market imperfections and
institutions. We setup a two-country overlapping generations model with search
unemployment, which we calibrate on EU15 and US data. Labor market imper-
fections are found to significantly increase the volume of capital flows, because of
stronger employment adjustments in comparison with a competitive economy. We
next exploit the model to investigate how demographic asymmetries may have con-
tributed to unemployment and welfare changes in the recent past (1950-2010). We
show that a policy reform in one country also has an impact on labor markets in

other countries when capital is mobile.
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Résumé non-technique

Le vieillissement de la population est un phénoméne connu dans la plupart des pays indus-
trialisés. Cependant, le rythme du vieillissement peut sensiblement différer entre ces pays.
Ainsi, plusieurs études ont montré que ces différences généraient des flux de capitaux notables,
généralement des pays ol le processus de vieillissement est plus avancé (épargne abondante)
vers les pays ot il est moins avancé (investissement élevé). Dans cette étude, nous essayons de
mieux comprendre les liens entre démographie et flux de capitaux, ainsi que les répercussions
que cela peut avoir sur le marché du travail.

Pour ce faire nous développons un modéle a générations imbriquées, que nous étendons a deux
régions afin de pouvoir représenter les flux de capitaux. De plus, nous introduisons des imper-
fections sur le marché du travail afin d’introduire des variables comme le taux de participation
ou le taux de chomage, et de pouvoir représenter plus finement certaines institutions du marché
du travail comme les allocations de chdmage et les pensions. Enfin, nous calibrons le modéle
sur I’'Union européenne (région 1) et les Etats Unis (région 2). En effet, le processus de vieillisse-
ment est moins avancé aux Etats-Unis qu’en Europe et des flux de capitaux importants existent
entre ces deux régions. De plus, les institutions du marché du travail sont généralement plus
généreuses en Europe qu’aux Etats-Unis. Les implications de ces divergences nous semblent
donc intéressantes a analyser avec notre modele.

Nos quatre principaux résultats sont les suivants. Premierement, le vieillissement plus prononcé
en Europe stimule I'épargne, ce qui génere des flux de capitaux de I’'Europe vers les Etats-Unis.
Par rapport a une situation sans flux de capitaux, cela diminue les taux d’intéréts aux Etats-Unis
et les augmente en Europe et donc cela pousse a la baisse le chomage américain et a la hausse
le chomage européen. Deuxiemement, le vieillissement de la population et les flux de capi-
taux induits expliquent une bonne partie de la hausse du différentiel des taux de chomage entre
I'Europe et les Etats-Unis observée entre 1950 et 2005.! Le reste de la hausse s’explique par les
progressions des ratios de remplacement (pour les allocations de chomage et les pensions) plus
fortes en Europe qu’aux Etats-Unis. L'introduction de seulement deux chocs (démographie et ra-
tios de remplacement) dans notre modele permet donc de reproduire assez fidelement certaines
évolutions historiques. Troisiemement, nous montrons qu’une réforme des pensions implémen-
tée dans un pays peut, a travers les flux de capitaux, avoir également des effets — bénéfiques —
dans une autre région. Enfin, quatriemement, nous ajoutons a notre modéle une troisieme ré-

'En 1950, le taux de chomage européen était 3 points de pourcent plus bas que le taux de chomage
américain. Fin des années 70, les deux taux de chdmage étaient plus ou moins semblables et en 2005,
le taux européen était supérieur de 3 points de pourcent au taux américain. Il faut cependant noter que
le taux de chomage US a fortement augmenté récemment, mais cela est principalement du a la crise
financiere.



gion, représentant les pays émergents comme par exemple la Chine, et nous montrons que cela
ne change pas fondamentalement les résultats exposés ci-dessus.



1 Introduction

Population aging is a phenomenon common to all the regions of the world (United Nations,
2010). Its intensity and pace however differ greatly across countries. There are stark differences
not only between the North and the South, but also among advanced countries (see Figure 1).
Several studies have stressed that cross-country demographic differences generate international
capital flows (see, for instance, Higgins, 1998). In countries where the labor force is shrinking, the
increased life expectancy raises total savings above domestic investment needs (at the prevailing
interest rates), whereas countries where the labor force continues to grow have insufficient do-
mestic savings. Capital is thus expected to flow from rapidly aging countries to countries with
positive population growth rates. Many papers analyzed the determinants and consequences of
these capital flows. Our paper contributes to this literature by examining the role of labor mar-
ket imperfections and institutions. More specifically, we investigate how demographic trends,
through their effects on capital movements, affect unemployment and participation rates, and
interact with labor market institutions.

Figure 1: Demographic indicators
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Source: United Nations (2010).

General equilibrium models with overlapping generation dynamics have proven to be a most
appropriate tool to examine the implications of population aging. Most models have been devel-
oped in a closed-economy setting (e.g. De Nardi et al., 1999). More recent contributions extend
these models to multiple countries, to incorporate the effects of capital flows between coun-
tries and thereby quantify the international implications of demographic changes (Borsch-Supan
et al., 2006; Attanasio et al., 2007). Indeed, many papers show that demographic differences ex-
plain a large fraction of historical capital flows between advanced countries (Feroli, 2003; Hen-
riksen, 2002; Domeij and Floden, 2006). Brooks (2003) uses projected demographic changes to
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forecast international capital movements across eight world regions. Other works focus on the
impact of aging on the viability of pension systems, when capital is mobile across countries
(Fehr et al., 2003; Borsch-Supan et al., 2006; Attanasio et al., 2007; Aglietta et al., 2007; Krueger
and Ludwig, 2007). One of the main findings of these studies is that, although capital mobility
(largely induced by demographic differences) does not quantitatively change the evolution of
the fiscal variables compared with a closed-economy setting, it does matter from a quantitative
point of view for factor prices, macroeconomic aggregates and the distribution of wealth. In
the receiving country, capital inflows boost labor income (which enhances the welfare of young
workers) and reduce capital returns (which harms the elderly). Existing studies however assume
competitive labor markets and do not account for the effects of labor market imperfections and
institutions. The cross-country differences (especially between the EU15 and the US) in labor
market imperfections and institutions may considerably influence the macroeconomic effects of
aging and of induced capital flows. For instance, we observe that the EU unemployment rate
has remained higher than that in the US for 2-3 decades, which coincides with the rise in inter-
national capital flows, including capital flows from Europe to the US.2 Nevertheless, few papers
in the literature incorporate labor market frictions and focus on labor market outcomes. One
exception is de la Croix et al. (2010) but their model works in a closed-economy setting and,
therefore, does not investigate the interaction between capital flows and labor market frictions.

Our contribution aims to fill this gap by setting up a general equilibrium model with overlap-
ping generation dynamics a la Auerbach and Kotlikoff (1987) that combines imperfect labor mar-
kets, endogenous retirement decisions and international capital mobility>. The focus is on the
consequences of demography-induced capital flows when there are search frictions and early
retirement possibilities. The model includes two exogenous driving forces: the (usual) demo-
graphic variables and the variables that shape labor market institutions (replacement ratios),
which have considerably changed over time in the US and EU15.

Our main findings can be summarized as follows. First, the existence of labor market imperfec-
tions reinforces the effects of demographic asymmetries on capital flows. Like other authors, we
find that capital flows from a country that is aging more quickly (the EU15) to the one that is ag-
ing more slowly (the US). In our setup, though, this flow has a positive impact on EU unemploy-
ment (and a negative effect on US unemployment) and strengthens the European net creditor
position. More precisely, because, in a frictional economy, the employment rate reacts strongly

2See section 5 for empirical evidence and Head and Smits (2004) for a similar observation.
Diaz-Gimenez and Diaz-Saavedra (2009), Sdnchez Martin (2010) and Fehr et al. (2011) investigate the

consequences of the demographic transition using models with endogenous retirement, albeit in closed-
economy environments with competitive labor markets. See Hairault et al. (2010) for a model with en-
dogenous retirement decisions and labor market frictions, but without demographic changes and capital
mobility.



and positively (resp. negatively) to capital inflows (resp. outflows), the amount of capital flow
needed to arbitrage out cross-country differences in capital returns becomes substantially larger
than in a competitive economy. These mechanisms and effects change the welfare implications
of demography-induced capital flows. Second, when examining the implications of our model
for the developments of the past few decades, we find that demography-induced capital flows
may have contributed up to 2-3 percentage points to the rise in the unemployment gap between
the EU and the US. Of course, most of the rise in unemployment comes from asymmetrical
changes in labor market institutions. The importance of these latter variables is not surprising
and is in line with previous findings (see, for instance, Nickell (1997) and Nickell et al. (2005)).
The impact of demographic asymmetries and of capital flows is not negligible, however, and has
been changing over time. A high proportion of prime-age workers (as in the US between 1975
and 1995) means, ceteris paribus, lower savings, higher capital costs and unemployment rate.
With capital flows, part of this unemployment rise is "exported" and contributed to the EU-US
unemployment gap of the late 20th century. Third, we show that a policy reform implemented
in one country also has an impact on labor markets in other countries when capital is mobile. In
particular, we find that a pension reform in one region also improves labor market conditions in
the other. In fact, savings and investment are stimulated in the region where a pension reform is
undertaken, leading to improvements in labor market outcomes. In addition, part of the newly
accumulated capital will flow to the other region, inducing positive effects on (un-)employment
rates.

The remainder of this paper is organized as follows. Section 2 describes the model. Section 3
details the calibration. Section 4 presents the key simulation results and illustrates the role of
capital flows and labor market frictions. Section 5 further discusses the roles of demographic
variables and capital flows in explaining unemployment and welfare changes after 1950. We
also examine the international effects of pension reforms and check the robustness of our results
to the introduction of a third, capital-exporting country (meant to capture the effect of rising
capital inflows from China). Section 6 concludes.

2 The Model

This study develops a two-region general equilibrium model featuring overlapping-generations
(OLG) dynamics and calibrated to real data. Capital markets are integrated between the two
regions, the EU15 and the US. Each region i (=A, B) is characterized by frictions a la Diamond-
Mortensen-Pissarides, with (exogenous) job destruction and a matching function. There is per-
fect substitutability between all workers, although labor productivity is age dependent. Perfect
substitutability means that there is a single matching function (all vacancies can be filled by any



worker of any age). Age-directed search is not a credible strategy in our setup. Because the
value of an unfilled vacancy is zero at equilibrium (free entry condition), a firm that would open
a vacancy targeted at young workers, for example, would eventually hire the first worker she
meets, provided the surplus to be shared is positive. Bargained wages will reflect differences in
work efficiency. For the time being, the regional index ¢ is hidden for notational convenience.

2.1 Demography

We do not model education and human capital accumulation and focus on behaviors of people
between 25 and 104 (the maximum life duration). One period of time lasts five years. Each
member of a given generation can thus live for up to sixteen five-year periods (from age 25 till
104), indexed from 0 to 15. Let Z, ; denote the size of the generation reaching age a at period t.

The size of new generations changes over time at an exogenous rate x;:
ZO,t = (1 + iUt) Zg7t_1, Vit > 0, 1

where z; includes both fertility and migration shocks at age zero. Abstracting from later migra-
tion shocks, the size of a given generation ¢ declines deterministically through time. This size is
determined by a cumulative survival probability 3, 4+, so that:

Za,t+a = ﬁa,tJra ZO,t + Xa,tJraa Va € (07 15]a (2)

where 0 < B,++q < 1is decreasing in a, with Sy = 1. Migration flows after age 0 are taken
into account through X, ;. Total (adult) population at time ¢ is equal to Z; = S"1° | Z, ;. The
demographic growth and survival probability vector can vary over time. These changes are
assumed to be exogenous.

We use the dummy variable z, ;4. to define the population of working age:

Pa,t+a = Za,t+a Za,tJra (3)

where 24114 = 1for 0 < a <7, 244+, = 0 otherwise. We assume a mandatory retirement age
of 65 so that all people older than 64 (8 < a < 15) are inactive. We further assume that the
participation rate between 25 and 54 is exogenous and normalized to unity. Between ages 55
and 64, workers can choose to retire early. People of working age are thus either employed (),
unemployed (U), or on an early retirement scheme (E):

Pa,t = Na,t + Ua,t + Ea,t ’

= Nat + Uat + ea,t] Pa,t ) 0<a<7

2N 1 = nat+tas+ear, 4)



where lower-case letters denote the proportion of individuals in each status. The early retire-
ment rate before 55 is zero (e, = 0 for a < 6). Let \¢; denote the fraction of people who choose
to retire early and leave the labor market at age a = 6 (between 55 and 60) so that the number of
early retired workers of that age group is Eg; = A6 Fs,+- Similarly, let A7 ; denote the fraction of
active workers who decide to leave the labor market at age a = 7 (between 60 and 64). The total

number of workers on early retirement at time ¢ is then equal to:
Esi+FEry = estPot+eriPry,

with: €6,t = )\G,t y (5)
ert = Xe—1+ A (1 — N6 1) -

2.2 Labor Market Flows

We assume a constant returns to scale matching function:
My = M(Vi, ) (6)

where V; and ; stand respectively for the total number of vacancies and job seekers at the
beginning of period t. {2, is the sum across all age categories:

7
Q0 => Qu,
a=0

5
=P+ > 1= (1=X)na14-1] Pay @)
a=1

+ 1= (1 =x)ns-1] (1 = Aet) Por
+ (1= A6 e—1) — (L = x) nei—1] (1 — A7) Pry
At the beginning of time ¢, all new entrants P ; are job seekers. Except for early retirement

decisions, job separations are determined by an exogenous job destruction rate y. Parameters
X6, and A7, introduce the effects of early retirement.

The probabilities of finding a job and of filling a vacancy are defined as follows:

_ M
-5

M,

d = .
an q v,

Pt (8)

The number of employed workers in age group a is determined by the sum of non-destroyed
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jobs (when a > 0) and of new hires:

Q
Nat = ptﬁ::7 fora=0;
= (1=x)na—1,4—1+ Dt ot forl1 <a<5;
Pa,t
Qa,t
= (1_)\a,t) (1_X)na—1,t—l+pt77 for6 <a<7.
Pa,t
After substituting for €, ¢, this equation becomes:
Nat = Pt fora=0;
=1 =p)(1 = x)na-14-1+pt, forl1<a<5;
)
=1 =pe)(1 = Xat) (T = x)na—1,6-1 + (1 = Aay) fora=6;
=1 =p)(1 = Xat) (T = x)na—1,0—1 +2e(1 = Aae) (1 = Aa—16-1) fora=7.

The same equation can be written in terms of the probability of filling a vacancy ¢; by using
Pt = q¢ Vi /4. Total employment will then be equal to:

7
Ny = Z Ny, with Nog =ng Py
a=0

2.3 Households

Each individual is assumed to belong to a representative household, one for each age category.
There is no aggregate uncertainty, and all households have perfect foresight. There is perfect
insurance against the adverse effects of individual lifetime uncertainty. There are no intended
bequests. Participation rates of workers below age 55 are assumed to be exogenous and normal-
ized to unity. The household’s decision variables are consumption, savings and early retirement
rates, subject to the lifetime budget constraint.

Optimization Program of the Representative Household
We write the objective function of the household (effectively one cohort) as follows:

11—k

15
H (ea,t+a)
Wt = nax Z /Ba ﬁa,t+a{u(ca,t+a) —d" Na t+a Zat+a T dz e
=0

Ca,t+as N6,t+65 AT, 647 - 11—k

(10)

where (3 is a subjective discount factor?, Ba,t+a is a cumulative survival probability, z, 4, is the
working age dummy variable (244, = 1 for 0 < a < 7, 0 otherwise), and Zj; is the initial size

*As stressed by Rios-Rull (2001), 3 can represent both pure time preference and the effect of family
size changes (implying that consumption is enjoyed differently at different ages).
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of the cohort. Instantaneous utility is assumed to be separable in ¢, n and e. The utility of per
capita consumption is represented by a standard concave function (we shall use a logarithmic
function). The marginal disutility of working is assumed to be constant® and equal to d". The
extra utility derived from early retirement is represented by a concave function of the early
retirement rate (0 < x < 1). The decision variables are ¢, A\¢ and A7. These last two variables refer
to the fraction of agents in the corresponding age groups who decide to go on early retirement
and leave the labor market at ages 55 and 60, respectively. Employment rates n, ;, and early
retirement rates e, ¢+, (and their connection to the \s) are given by (5) and (9).

The household’s flow budget constraint at time ¢ + a takes the form:

Ba—l,t—i—a—l [

Tty + 1+ TZFJra(l - ﬁkJra)] “Sa—1litta—1 = (1 + 7T{ ) Cajt+a + Sat+a (11)

ﬁa,t—i—a

where [, ;, comprises labor income and various transfers:

w u e
Ia,t+a = Za,t+a [(1 - Tt+a)wa,t+a *Natta + ba,t+a *Ug,t+a + ba,t—l—a s Cat+ta + (1 - Za,tJra)bfl,tJra-

Wage and consumption tax rates are given by 7% and 7€, respectively; by ;. 4,05 ;14 bit 4o are
the replacement benefits received, respectively, by the unemployed worker, the early retiree and
the pensioner; s, ¢, is the financial wealth accumulated at time ¢ + a, in per-capita terms. This
tinancial wealth is held in the form of either shares or physical capital. Because there is perfect
insurance against individual lifetime uncertainty (as if there were a perfect annuity market), the
total return to savings is equal to one plus the risk-free international interest rate 7}, ,, net of
capital taxes 7% divided by the survival probability 5, :/5a—1¢—1-

The optimal consumption plan must satisfy the usual Euler equation:

u’ u’

Ca,t+a _ * k Ca+1,t+a+1
1 C - B [1 + Tt+a+1(1 - Tt+a+1)} 1 C °
+ Tita + Titat1

After substitution and rearrangements, the condition determining the optimal proportion of
early retirees of age 60 can be shown to be:

(4
b7 147
(L+787) craer

_ (1 —T780) wr g7
+d (er447)”? = M7 47 [ — —d"
7 (ere) LA+ ) eraa

(12)

U
7 47 ]

1 _
T =) [(1 + Tfi) Crper

where 7 is the unconditional probability of being employed (i.e., the probability that an active
worker chosen at random is actually employed). A similar condition holds for early retire-
ment at age 55 Equation (12) says that the household’s optimal early retirement rate is such that

>Our formulation normalizes the disutility of search activities of the unemployed to zero. Setting
d™ > 0 amounts to assuming that the disutility of working can be larger than that of searching.
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the marginal utility of early retirement (early retirement income plus leisure utility) is equal to
the expected marginal utility of remaining active on the job market (wage income net of labor
disutility and unemployment benefit, each weighted by their respective probabilities). Which
member of the household will actually go on early retirement does not depend on the initial
employment status. It follows from our specification of labor market flows (equation (9)) that
both employed and unemployed workers may become early retirees. Imposing the restriction
that only previously unemployed workers can shift to early retirement would be much too re-
strictive and unrealistic. Firms do take advantage of the generosity of early retirement schemes
to adjust the number of their employees, and elderly workers agree to retire earlier if the early

retirement compensation is appropriate.

For later use, we also note that the value of an additional job for a household of age a is given
by:
1 owf 1 1 owH
ug, ONg ol

7

Za,t Za,t 8na,t

]

St

I
Q

/ w . . hu
Batitri gj Yearsirs {(1—Tt+j)wa+y,t+y batjuyy  d" }5na+j,t+j

5(1,1& u’cw (1 + thJrj) u’ 8na,t

j=0 Catjt+s

(13)

where On,4j¢+j/0nq.: can be obtained from (9).

2.4 Firms

There are two productive factors, labor and capital. Labor is measured in efficiency units. Ef-
ficiency may vary across age (because of experience) and across generations (because of educa-
tion). We define the total labor input as follows:

7
Hy =7 hat-Nag-
a=0

We assume a constant return to scale production function in labor and capital:
Y, = A F(Ky, Hy) (14)

where A; stands for total factor productivity. Firms rent capital at cost vy = R} + ¢ — 1, with
R; =1+ r;, and pay a gross wage w,; to workers of age a. We denote by ( the employer wage
tax. The representative firm maximizes the discounted value of all the dividends (profits) that
will be distributed to its shareholders. Profits at time ¢ are given by:

7
M =Y — v K =Y (14 G) way Nag —aVi (15)
a=0
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where "a" stands for the cost of posting a vacancy. The value of the firm can thus be written as
follows®:
7
W = max {Yt 0 K= (14 G) way Nay — aVi } + (R )W, (16)
bt a=0

subject to (9) and p; = ¢; V;/Q:. The first-order optimality conditions are:
Vr = AtF K » (17)

a = q Z Qt aNa,t ) (18)

where g]v\lf/ is the value at time ¢ of an additional worker of age a. With a job destruction rate Y,

this value is equal to:

owr 1 owf
8Nat _ZatZat 6nat

5(1 ,t * — ]
- Z “ +J (Rf )" (1= Aasjmttjo1) (1= Aasjers) (1= x) (19)
. {ha—l—j,t—i-j AtFHtJrj — (1 + Ct—i—j) wa-i-j,t-‘rj} )

where A\, y;+i =0fora+1i <6.

2.5 Government

We assume that unemployment and (early or legal) retirement benefits are determined by an
exogenous fraction of the relevant gross wage, so that

bat = P Wat for 0 <a<T;
bat—patwat for 6 <a<T7; (20)
—ptzwa Ll for 8 < <15,

The retirement benefit is computed on the average wage of the last four periods. Total transfer
expenditures are then equal to:

7 7 3 15
. W i
T, = ,0? g Wq,t Uq,t Za,t + g pgt Waq,t €a,t Za,t + p{ g - 41’t . E Za,t- (21)

®Shareholders may belong to different age groups and have different consumption level. Still, they all
have the same discount factor given by 3, = [ “eatlisl — (Rfy1)™h, Vae{0,14}.

u
Ca,t

14



Public consumption is assumed to be a fraction of output, net of vacancy costs, i.e.
Gi=g(Yi—aWy). (22)

We further assume that the "government" balances its budget in every (five-year) period by
adjusting consumption taxes (ie, 7f is the adjusting variable)’:

7 Co+ (7 + &) < > Wa,tna,tpa,t> + 7t ( D Samtprant Za—l,t+a—1> =G +T;, (23)
a

a

where aggregate consumption C; = > ¢.+ Zq . For convenience, we assume no public debt.
Public debt could be introduced by postulating an exogenous path of the debt, and assuming
that the deficit adjusts (via 7¢) to match that path.

2.6 Wages

Wages are renegotiated in every period. They are determined by a standard Nash bargaining

oWFN"T (1 awi "
. 24
Ew <8Na7t> W, 0N @4

The first-order optimality condition can then be written:

rule:

1 owH 1—77 oW
1— = : 25
( 1) u,  ONgy i (14+G)(1+7F) ONgy (25)

Ca,t

2.7 International Capital Market

Let Q; denote the total financial value of firms at time ¢. In our deterministic setup, the return
on equities must be equal to the market interest rate. In other words, the value of equities must

be such that, for all ¢ > 0:
Qrr1 + 1

o

The left-hand side is the return of one unit of savings investment in equities while the right-hand

side is the return if invested in firms” bonds.
The aggregate stocks of capital in the two regions satisfy

14
KA+ QP +FA =Y st 22 (27)

a=0

’Changes in 7¢ affect all incomes in the same way, whereas changes in 7/ for instance would change
net replacement rates.
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14
KB +QF —FA =) s2, 27, (28)
a=0

where F A;(= FA;{') denotes the net foreign assets position of region A4, and region B’s external
wealth is FAP = —FA,.

The current account surplus of region A (or the net capital outflow from region A to region B) is
given by the change in the net foreign asset position of region A,

CA} =CA, = FAy — FA,. (29)

Consequently, region B’s current account is CAP = —CA;.

2.8 Intertemporal General Equilibrium

The intertemporal general equilibrium is formally defined as follows.

Definition 1 Given the following exogenous processes and initial conditions:

— demographic variables {x;}1—o. o0 (fertility), {Ba}i=012 (mortality), { X, }i=0-15, (migra-
tion),

— policy variables {p{, p5, ;, P} i—o. oo (replacement rates) and {7F, 71, ¢, Y=o+ 00 (tax rates),

14
— initial population {Z, _1 =015, assets {sq 1 }*= and capital stock K, < Z Sa,—17Za,1,
a=0

an inter-temporal equilibrium with perfect foresight and labor market frictions is such that:

1. saving {sq}i=01%., consumption {caz}¢=012 and retirement {ea,t,/\a7t}f::06_’_loo

households’utility (10) subject to budget constraint (11) and to (5),

maximize

2. capital input { K }+=0..+c0, posted vacancies {V; }1=0. 40 and output {Yy }1—0. oo maximize firms’profits
(16) subject to (8), (9), (14), and Ko = K,

3. the number of new hires { My }1—o. oo, the probabilities of finding a job {p: }+—0. 0 and of filling
a vacancy {q; }1—o.. 40, and the employment rates {nq }¢=3-7  satisfy the matching technology

(6), (8) and (9),

4. total population and population of working age {Za 1, Pat}{=01 ., and number of job seekers
{Q% }1=0. +o00 satisfy the population dynamics (1), (2), (3) and (7).

5. unemployment {uq,}¢=0-7_ is such that the time constraint (4) holds.
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6. wages {wq }¢=0"1 . are negotiated following the Nash bargaining rule (24),

7. government benefits {b*, b$, b }—o._+ oo follow the rules defined by (20), and government spending
{G}i=0..+00 follows (22),

8. consumption taxes {7{ }+=0. +o0 are set by the government to balance its budget (23),
9. stock market prices { Q4 }+=0..+o0 Satisfy the arbitrage condition (26),

10. the international interest rate {r; }+—o. +o0 clears the world capital market, i.e., (27) and (28).

3 Calibration

This section describes the calibration of the model’s parameters and exogenous variables. The
model starts from an initial steady state in 1900 and is calibrated to reflect the economic condi-
tions of both regions in 2005. After 2125, all exogenous variables are kept constant. The popula-
tion distribution stabilizes at the beginning of the 23"¢ century, and the economy progressively
reaches a new steady state in the following decades. Our analysis focuses on the subperiod from
1950 to 2100 within the transitional path.®

Technology and human capital. We assume a constant returns-to-scale Cobb-Douglas produc-
tion function. The elasticity of output with respect to capital is set to a = 0.33. To focus on the
effects of demographic changes, we leave aside technological progress and assume constant val-
ues of the TFP and age-specific human capital parameters (A4; and h, ¢ respectively). TFP is set
to 20 in the EU15 and 24.054 in the US to match the ratio of GDP per capita between the EU15
and the US at 72.64% over the period 2003-2007 (see Table 2, data from the IMF, 2009). Moreover,
to reproduce the life-cycle profile of wages, we assume that a worker’s productivity increases
with age until he or she turns 50, and then slowly decreases, as suggested by empirical findings
(see, for instance, Kotlikoff and Gokhale, 1992; Johnson and Neumark, 1996; Aubert and Crépon,
2003). The efficiency parameters h to h7 are set at the following values: 3.4, 3.68, 4,4.32,4.4,4.4,
4.2 and 4.2. Finally, the depreciation rate of capital is set at 2.5% per quarter.

Preferences. We assume identical preferences in both regions. Utility is logarithmic in consump-
tion, so the wealth and substitution effects of a change in the interest rate cancel each other. There
is no bequest motive and the labor disutility parameter d,, is set equal to 0.25, which represents 9
to 12% of wage income in both regions. Parameter « is set to 0.80, implying a Frisch elasticity of
about 0.6, in line with estimated values (Den Haan and Kaltenbrunner, 2009). The leisure (early

8Starting the simulations in 1900 and ending them in 2300 allows us to isolate the period in which we
are interested from the initial and final conditions.
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Table 1: Parameter values

Variable EU-15 uUs Variable EU-15 Us
Produc‘ition funct‘ion Pre‘ferences
A 20 24.054 B (quarterly) | 0.9924 0.9924
0 (quarterly) 0.025 0.025 K 0.80 0.80
«@ 0.33 0.33 dan 0.25 0.25
d§ 0.153 0.153
Policy variables (in %) ds 0.164 0.164
g 19.37 14.49
TW 12.27 7.65 Labor market variables
Tt 25.64 7.65 a 38.28 73.78
Tk 24.45 34.70 v 6.50 6.50
P 43.45 23.27 n 0.50 0.50
o 58.24 38.60 X (quarterly) | 0.02 0.03
P& 17.45 0.00
i 34.90 28.95

Most parameters are time invariant and calibrated to reproduce 2005 data. Only the four p’s change over
time, as a result of important historical institutional shifts. We reproduce their 2005 values here. See

Figure 12 in Appendix C for the full historical values.

retirement) parameters are set at d§ = 0.153 and d = 0.164, and contribute to reproducing se-
nior activity and exit rates (see below). As in Attanasio et al. (2007), we fix the subjective rate of
time preference at 0.77% per quarter to obtain a capital-output ratio in 2005 of 2.50 annually in
the United States. With these values, individual consumption rises over the life cycle and sav-
ings are negative during the first two periods of life. Our calibration yields a real interest rate of
5.93% per annum in 2005 (4.55% in the final steady state), in line with the equilibrium interest
rates in similar models (e.g. 6.6% in 2005 in Attanasio et al. (2007) and 7.4% in Krueger and
Ludwig (2007)). Although these interest rate levels may seem high at first sight, Attanasio et al.
(2007, p.165) notice that they are still lower than the postwar real return on US equity (about
8%).

Taxes. Government consumption is a constant fraction of GDP g = 19.37% in the EU15 and
g = 14.49% in the US on average over the 2000-2005 period (WDI, 2006). Data on capital taxation

are taken from Bosca et al. (2005). The capital tax rate 7% equals 24.45% in the EU15 (population-
weighted average) and 34.7% in the US.” Data on employer’s and employee’s wage taxes (7/

9See Cuadro 1 (p.128) of Bosca et al. (2005). Their study belongs to the research line initiated by Men-
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and 7%, respectively) originate from the OECD Tax Database (OECD, 2010b). More precisely, we
use averages over the 2000-2009 period of the “Employer SSC” item to compute 7/ and of the
“Employee SSC” item for 7. The employer’s wage tax is 7.65% in the US and 25.64% in the
EU15 (population-weighted), whereas the employee’s wage tax is 7.65% in the US and 12.27%
in the EU15.

Transfers. The generosity of transfers, i.e., the replacement rates for unemployment and for
mandatory and early retirement, increased greatly during the 20" century, and we must use the
full set of historical values in the simulation exercises. Appendix C details the computation of
these historical values from available data (Martin, 1996; Cornelisse and Goudswaard, 2001) and
displays them in Figure 12 (where the 2005 values correspond to those shown in Table 1). The
following paragraphs briefly present the calculation of replacement rates for 2005, and a more
complete description is provided in Appendix B.

Gross replacement rates over a five-year unemployment spell in both regions are calculated from
OECD (2009, Table 1.6, population-weighted averages). They are set to a value corresponding to
90% of the gross replacement rate in the first year of an unemployment spell and are displayed
in Table 1. The reference wage used to compute pension benefits is typically an average over the
best years of activity. We set the reference wage at the average wage of workers aged 45-64. At
a given replacement rate, our formulation implies that pensions are indexed on current wages.
The values for the gross replacement rate p/ correspond to 38.6% for the US and 58.24% for the
EU15 in 2005 (OECD, 2009).

In the US, there is no public pension scheme before age 62 and the replacement rate for early
retirement for workers aged 55-59, pg, is therefore set to 0 (see e.g. Gruber and Wise, 2004, p.15).
Workers retiring between 62 (the early retirement age) and the normal retirement age (NRA)
obtain limited pension benefits, implying a (gross) replacement rate for early retirement at age
60-64, p<, of 75% of the benefit a person receives at NRA, p’. In contrast to the US, workers
retiring before early retirement age in the EU15 may be compensated through unemployment
and disability programs or by large severance packages if they are laid off (Gruber and Wise,
1999). However, as not every EU country provides old-age benefits to people retiring before age
60 and not every senior worker qualifies for such programs, p is set at a lower value than p$
(50% of p%). The value for the (gross) replacement rate at age 60-64, p$, in the EU15 is based on
OECD computations (see Duval, 2003, Figure 1).

These values allow us to reproduce the different senior activity and exit rates in the EU15 and
the US, despite identical values for the leisure parameters dg and d. Table 2 shows that early
retirement and activity rates for the groups aged 55-59, 60-64 and 55-64 years in 2005, resulting
from these parameter values, are in line with those calculated from the OECD (2010a) data (see

doza et al. (1994), but improves on the latter by providing data for a larger set of OECD countries.
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Appendix B on the computation of target activity rate values).
Labor market parameters. Following den Haan et al. (2000), we adopt the following constant
returns-to-scale matching function:

Vi (4
(Ve +9p)

The major advantage of this approach, compared with the standard Cobb-Douglas specification

M(Vy, Q) = (30)

used in the literature is that it guarantees matching probabilities between zero and one for all €,
and V; (0 < pg, ¢ < 1).1° In contrast, RBC models, which study the effects of (smaller) shocks
in the short term, tend to use the Cobb-Douglas specification. However, function (30) is more
appropriate in our case, where labor markets are subject to large shocks over a longer period.

Several sources report that job destruction rates differ between the US and the EU15. Bassanini
and Marianna (2009, Figure 4) use inter-industry data that are comparable across eleven OECD
countries to suggest an average annual job destruction rate of about 13% in the US. This number
is close to the one in Klein et al. (2003, p.244), who report 10.2 jobs destroyed each year per 100
positions in U.S. manufacturing over the 1974-1993 period. Moreover, quarterly job destruction
rates over the 1990-2005 period range between 5 and 8 per cent across US industries (excluding
the construction sector which is characterized by a 14 per cent rate of job destruction per quarter,
Davis et al., 2010). For the EU15, Bassanini and Marianna (2009, Figure 4) report an average job
destruction rate of about 8% per annum in some European countries (Germany, Finland and
Sweden). In their model applied to the euro area, Christoffel et al. (2009) use a quarterly rate of 6
per cent. We fix the quarterly job destruction rate x at 3% for the US and 2% for the EU15.

The values for our quarterly x’s may seem low compared with the above-mentioned magnitudes,
but they imply high x’s over the five-year period (45.62% in the US and 33.24% in the EU15) and
are, therefore, reasonable. The bargaining power of workers 7 is set to the conventional value
of 0.5 (see, e.g., Mortensen and Pissarides, 1994). Vacancy costs a and the parameter of the
matching function v are used to reproduce unemployment rates of workers ages 25-54 in 2005
(own calculations based on data from the OECD, 2010a), under the condition that the matching
efficiency parameter, v, is the same in the EU15 and the US. A similar v in both regions implies
that the matching process is the same in the US and the EU15 (although this does not exclude
the possibility that other labor market parameters, like the cost of posting a vacancy, the job
destruction rate and the generosity of unemployment benefits, may differ across regions<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>