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Abstract

In this paper we analyse the effects of asymmetric demographic shocks in a two-
region framework with perfectly mobile capital. Regions may differ in their
individual thriftiness or the generosity of their social security arrangements.
We find that population ageing in one region causes international spillover
effects. Whether the ageing region is a net lender or not appears to be of
significant importance. Both the short-run dynamics and the long-run effects
of an asymmetric demographic shock are discussed. Special attention is paid
to the welfare effects for the different generations residing in either region.
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1 Introduction

In a globalising world where capital markets are further liberalised and integrated,
economies are increasingly affected by developments that take place elsewhere. One
such development is the ageing of the population that will occur in most industri-
alised countries in the upcoming decades. Because this demographic shift causes
concerns about the feasibility of pension schemes that are financed on a Pay-As-You-
Go (PAYG) basis, the transition to a funded pension scheme is much debated (see for
example Feldstein [1996a]). However, not much attention has been paid to the open
economy aspects of pension schemes, and in particular not to the effects of population
ageing and the institutional design and generosity of intergenerational redistribution
on international capital movements and the associated changes in factor rewards.
Casarico (1999) investigates the effects of the integration of two large economies,
running different pension schemes, in a world of perfect capital mobility. She finds
that it is not trivial and straightforward to establish who gains and who loses. This
is due to the short-run effects of this integration being different from the long-run
implications. Furthermore, Shiller (1999) discusses the risk-sharing functions that
governments have in designing social-security systems. Among other things, he com-
pares alternative pension schemes in terms of their ability to fulfill the government’s
role in promoting international risk-sharing.

As Feldstein (1974, 1996b) pointed out, unfunded social security negatively im-
pacts private savings. Because this reduces the capital stock, output per capita
will be lower. Yet the extent to which the design and generosity of social-security
arrangements thus impacts overall welfare strongly depends on both the size and the
openness of the economy, as reflected in the degree to which capital can freely move
across countries. A small open economy with a relatively large PAYG-scheme will
merely run a current-account deficit as capital flows into the country. In a closed
economy, though, a larger PAY G-scheme will negatively affect savings and thus push
the interest rate up so that investments, and thereby the capital-labour ratio, decline.
In case of two open economies and perfect capital mobility, the downward pressure
of the PAYG-scheme on savings will also affect the other country. Because savings
are lower in the country with a generous social-security scheme, capital is relatively
scarce and would therefore earn a higher rate of return. This induces capital to move
out of the country with a small PAY G-scheme, so this country ends up with a lower
capital stock, and thus a lower level of output. Hence, the institutional characteristics
of pension schemes cause international spillover effects that are likely to become more
important as many countries will experience a higher relative number of pensioners
and capital moves more freely between countries. This issue was also addressed by
Pemberton (1999), which analyses the international externalities of social-security
systems in a world consisting of many countries. A change in the savings of an indi-
vidual country, e.g. caused by a more generous social-security scheme, hardly affects
the world interest rate. Local governments do not take these spillover effects into



account and consequently implement a too large PAYG-scheme. International policy
coordination could therefore improve welfare.

This paper takes the size of the PAYG-scheme as given, and focuses on the effects
of asymmetric demographic shocks on factor prices and welfare in a world consisting
of countries whose capital markets are fully integrated. The model is an extension
of Buiter (1981), which is based on the overlapping-generations model of Diamond
(1965). As in Buiter (1981), we consider two regions. However, we also include a pub-
lic pension scheme in both regions. In this aspect, we differ from Geide-Stevenson
(1998) who analyses the connection between social-security policy and international
factor movements within a world where one country runs a PAYG-public pension
scheme and the other a fully funded private pension scheme. Contrary to Geide-
Stevenson (1998) and Casarico (1999), we do not focus on the effects of integration,
but on both the short-run and long-run implications of demographic shocks when both
regions’ (capital) markets are already fully integrated. Moreover, we distinguish be-
tween social-security arrangements with different intergenerational risk-sharing prop-
erties and investigate their impact on international risk-sharing.

In order to capture the fact that most OECD-countries are hit by population
ageing at different moments and to a different degree', one region experiences a
decline in the rate of population growth. In other words, one country ages relative
to the other. In general, ageing causes two effects. First, a smaller labour force
implies capital thickening, i.e., an increased capital stock per worker. Second, the
dependency ratio rises, which means that total output per worker has to be shared
with a larger number of pensioners.

Section 2 presents the model of this paper. In Section 3, we analyse the effects of
a regional shock to the rate of population growth when individual thriftiness differs
across regions and social security is absent. We find that the capital-labour ratio
increases in the short run, but the long-run effects depend on the relative patience of
the ageing country. If the population of the relatively patient country grows old, then
the capital-labour ratio eventually falls. This is due to the average individual savings
declining worldwide. Section 4 introduces PAYG-pension schemes. In Section 4.1,
we find that in the long run, the impact of population ageing on the capital-labour
ratio depends on the relative generosity of the regional social-security arrangements,
as private savings are inversely related to the size of intergenerational redistribu-
tion. The extent to which population ageing impacts the economies depends on the
intergenerational risk-sharing properties of the social-security scheme. The higher
the degree of risk-sharing between generations, the more the effects of ageing appear
to be confined. In particular, we show that sharing the burden and/or blessings of
capital thickening between generations is of significant importance for the confining

IThe United Nations (1998) record striking differences in the degree and moment of occurrence of
population ageing in their World Population Prospects. For example, the increase in the dependency
ratio over the next 40 years is much larger in Japan than in the USA. In Europe Italy appears to
be the runner in front as far as population ageing is concerned.



of the economic effects that population ageing brings about. In the short run, we
distinguish between unexpected and anticipated demographic shocks. The short-run
dynamics depend both on the relative size of the PAYG-scheme and its institutional
design.

In Section 4.2 we analyse how relaxing some of our assumptions would change the
main results. Section 5 concludes.

2 The Model

We apply a two-period overlapping-generations model of an open economy with no
intrinsic uncertainty. Following Buiter (1981) and Ihori (1996, Chapter 6), the world
economy consists of two regions, the Domestic region and the Foreign region. These
regions are denoted by the superscripts D and F', respectively. Both are identical in
every respect, except in taste, demographics, and the size of intergenerational redis-
tribution. Production per young individual is described by a standard neoclassical
constant-returns-to-scale production function, f(k%), where k} stands for the amount
of capital per young individual in period ¢ in region i, i = D, F.? Perfect competition
among producers gives the usual equilibrium conditions on the regional production
factor markets, r; = f/(ki) and wi = f(ki)— f'(ki)ki, where 7} is the interest rate and
w? denotes the corresponding wage rate in period ¢, in the respective region. Capital
is perfectly mobile across regions, but labour is immobile. In particular, the following
assumption holds.

Assumption I Af any moment in time, any region is able to instantaneously adjust
its capital stock by shifting capital from or to abroad.

This assumption implies that there are no (short-term) capital rigidities and the
required amount of capital can immediately be obtained by importing or exporting
capital. So, even i a region is unexpectedly hit by a (demographic) shock, the
inhabitants will be able to adjust their stock of capital at once and any region will
face the same rate of interest, i.e., 1P = rf" = r,, Vi.> As we assumed that both
regions are endowed with the same production technology, we have kP = kI' = k,

D _ ,F _
and consequently w,” = w; = w.

2The production function f is assumed to be twice continuously differentiable; f(0) = 0; f'(k) =

%]é > 0; f'(k) = g—;ﬁ < 0; limy_o f'(k) = o0; limg .o f'(k) = 0. Moreover, we assume that
limy_o[—f"(k)k] > 1. This condition is stronger than the Inada-condition and is required for
(local) stability of the steady-state equilibrium of our model (see Appendix B and Galor and Ryder
[1989, p. 369)]).

3For example, one might think of instantaneously movable capital as portable computers, trans-
portable machinery and transferable private knowledge capital. Relaxing Assumption I means that
one considers capital as machinery and factories, that cannot instantaneously be shipped from one

region to another. The effects of (short-term) capital rigidities are discussed in Section 4.2.



Both economies are populated by a large number of non-altruistic individuals with
perfect foresight who live for two periods, such that in each period, both a young and
an old generation are alive. Apart from age, individuals are identical. Young agents
inelastically supply one unit of labour. Part of their gross wage income is taxed away
by the local government via an exogenous lump-sum tax (77);* the remainder is either
spent on consumption (c}) or is saved for old age (st). Consequently, at any time ¢,
first-period consumption is restricted by the following budget constraint,

¢ =w, — 7} — 8, i=D,F (1)
In the second period of their lives, the individuals are retired and entitled to a pub-
lic pension benefit. They derive utility from old-age consumption (2! 1), which is
financed from the return on first-period savings and the pension benefit (r;, ). The
second-period budget constraint can thus be written as

Z§+1 =(1+ 7"t+1)3i + 71§+1- (2)

Lifetime utility of a representative individual in region i is given by the following
additively separable utility function,’
Ulct, 2z, 1) =logcl + ——log 21, (3)
14p
where p” > 0 stands for the (constant) pure rate of time preference of an individual
from region 1.

Local governments run their social-security systems as PAYG-schemes with, at any
time ¢, the following (balanced) budget constraint,

n = (1+mn; )7, (4)

where n? | is the one-period proportional rate of population growth in region 7 at
time ¢ — 1. So, the number of young individuals present in region i during period
t, Ni, equals N} szo(l + n;), where N} is the initial population size in region i.
Throughout the paper, we assume both economies to be dynamically efficient, i.e.,
re >ni Vi, i =D, F.

4 Applying a proportional tax rather than lump-sum taxation only affects the risk-sharing prop-
erties of the public pension schemes. For a discussion of proportional taxes as well as endogenous
labour supply, it is referred to Section 4.2.

®We consider an additively separable utility function with logarithmic felicity functions for ex-
positional clarity only. Our main results still hold if we assume the utility function U to be twice
continuously differentiable, strictly quasi-concave and increasing in its arguments. Furthermore, the
Inada-conditions should apply.



An individual maximises lifetime utility (3) subject to her single-period budget con-
straints (1) and (2). The optimal levels of first-period and second-period consumption
are uniquely determined by the following first-order condition,

i LA 7o,
e el s (5)

Irom (5) it immediately follows that individual savings equal

i 1 i L+p" nip
s; = (wy — 7)) — . . 6
t 2+pl< t t) 2+p11+7,,t+1 (>

An increase in the net first-period income (w; — 7;) has a positive impact on the level
of private savings; the same holds for an increase in the rate of interest,® whereas a
more generous PAYG-benefit (¢, ,) influences savings negatively.

Domestic agents save by holding either domestic or foreign capital and are as-
sumed not to suffer from a so-called home-bias or other factors that would impede
capital flows.” If the amount of net foreign capital owned by the domestic agents is
positive (negative), the domestic region is a net lender (borrower). In our two-region
framework, the capital exports of one region by definition equal the capital imports
of the other region. In other words, at any time ¢, equilibrium on the financial market
requires

NtDStD ‘|‘NtF3tF = (Nt?rl "‘Ntfil)k‘tﬂ- (7>

Even if both regions are identical, there is international dependence due to the perfect
capital mobility. Shifts in the domestic rate of population growth or changes in the
design or generosity of the domestic social-security system can therefore have spillover
effects on the foreign region. Furthermore, it directly follows from equation (7) that a
region’s aggregate savings can differ from the value of its capital stock because of the
scope for international borrowing and lending (Buiter [1981, p. 782]). This allows
countries to run a current-account surplus or deficit. In our simple framework, a
region’s current-account surplus (deficit) is exactly equal to its capital-account deficit
(surplus). For a full description of the current account, which relates regional produc-
tion to regional absorption, as well as a representation of other economic relations, it
is referred to Appendix A.

We normalise the initial population size of both regions (NP = N{" = 1)® and
we assume that the population in the foreign region is constant, (nf’ = 0, V). Let

5Due to our specification of the utility function the income effect and the substitution effect of a
change in the interest rate exactly cancel out; a changing rate of interest only affects the net present
value of the pension benefit and thereby savings.

"Such as capital controls, transactions costs, exchange rate risk and asymmetric information
across countries (see for example Gordon and Bovenberg [1996]).

8 Allowing for differences in initial population size among the regions does not affect the main
results, except for the case where one of the regions is infinitely small relative to the other. This
would imply a small open economy, for which it is referred to Appendix C.



the population growth rate in the domestic region be equal to n” = n? + wh,, where
n? = 0 denotes the (initial) steady-state value of the domestic population growth
rate,” h, describes the time pattern of a perturbation of this steady-state value and 7
reflects its magnitude. The capital-accumulation equation (7) then reads as follows,

H(l + wh;)sP + st = (H(l + wh;) + 1) ki1 (8)

r =0

In the initial steady state, this equation boils down to
sP st = 2k. (9)

Given this setup, domestic ageing can be modeled as an unexpected (temporary)
decrease in the domestic rate of population growth (i.e., at some time t = 0 : hg < 0,

hy = hy = --- = 0) or as an anticipated negative (temporary) shock at time ¢ = t*
that becomes publicly known at time ¢ = 0 (i.e., at some time t* > 0 : hyg = hy =
oo =hp 1 =0, b= <0, hpeyy = hpeyo = -+ =0, with t* ﬁnite).lo This distinction

will appear to be of significance for the short-term effects of population ageing.

The effects of a marginal change in the domestic rate of population growth can
be traced by the method of comparative dynamics, i.e., by linearising the capital-
accumulation equation (8) with respect to m around the initial steady state.!! So
the analysis of relative ageing of the domestic population in the subsequent sections
will be based on a linearised version of the model presented above. In particular, the
evolution of the capital-labour ratio as a result of demographic shocks is described
by a linear first-order difference equation.

3 Differences in Individual Thriftiness

This section deals with the effects of ageing of the domestic population in a set-
ting where the regions (initially) only differ in the individual thriftiness of their
inhabitants. For the time being, we abstract from intergenerational redistribution
(P =1 =0, Vt). So, private savings are completely determined by the wage and
the pure rate of time preference,

1
W
24 p

t (10)

T _
S =

By omitting time subscripts we denote the (initial) steady-state value of the respective variable.
10We only allow for temporary demographic shocks to avoid problems that will occur if one region
grows infinitely large or small. We restrict ourselves to one-period shocks for expositional simplicity
only; incorporation of multi-period shocks is straightforward. Note that a temporary decline in the
rate of population growth does not imply that once the shock has come to an end, a baby boom
occurs following the baby bust. It only means fertility regains its original level.
''The method of comparative dynamics was first introduced by Judd (1982) for a continuous-time
model. It can easily be transformed to discrete time, however.

6



As wages in both regions are equal, differences in the level of savings are completely

determined by differences in time preference. In particular, this difference appears to

be responsible for the long-run effects of ageing on the capital-labour ratio.
Substituting (10) into (8) gives the following capital-accumulation equation,

(H(l + 7Thj)2 —I—lpD + 5 —I—lpF> Wy = (H(l +7h;) + 1) ki1 (11)

j—0 =0

Linearising (11) around the initial steady state, the evolution of the capital-labour
ratio is described by the following linear first-order difference equation,'®

Ok 1 Lo 1 1 oks
AALA N WAV ot 1
on 3/ () 2—|—pD+2—|—pF on 4

(s” — s")H, — 1khyy, (12)

with H, = E;:O h;. Whether or not ageing is anticipated, the change in the capital-

labour ratio at the moment the shock occurs is unambiguously positive (%ﬁ =
—%k‘ht/ > 0, ' = 0,t*). This increase is due to the declined labour force of the
world economy. The short-run effect of an anticipated shock is equal to the effect
of an unexpected shock because individuals base their savings decision only on their
first-period income (see equation (10)), which is not affected by future shocks.®
The term ;ll(sD — s), which directly follows from equation (9), determines the
(sign of the) long-run effect of a temporary demographic shock. Therefore, the long-
run impact of population ageing on the capital-labour ratio depends on the difference
in individual thriftiness of both regions’ inhabitants. The following proposition sum-

marises these effects.

Proposition 1 In the long run, the sign of % is determined by the sign of (s —sT').
It holds that

Ok
— > 0 if P <s"epl >l
on
Ok
— < 0 if sP>s"ep? <)l
on
Ok
— =0 if sP=s5"opP=)p"
on
PROOF In the long run, the change in the capital-labour ratio (%) is determined by
the fixed point of difference equation (12), which is given by 2 = s s
P d ( > & Y o 4+2f”(k)k<2+1pD+2+1pF>

“This difference equation is locally stable as 0 < —31 (k)& (ﬁ + ﬁ) < 1. For a detailed

analysis of the stability properties, it is referred to Appendix B. See also Galor and Ryder (1989)
and Michel and de la Croix (2000).

BRecall that due to the logarithmic felicity functions and the absence of PAYG-benefits, the
current savings decision is not based on the next-period’s rate of interest.

7
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95" < 0, which com-

where H = Z;‘io h; < 0. Furthermore, it follows from (10) that oo

pletes the proof. B

Proposition 1 can be interpreted as follows. If inhabitants of the domestic region are
relatively impatient (p? > p!'), the level of domestic private savings will be relatively
low (s < s™). Domestic ageing then implies that eventually, the population share
of the impatient region in the world economy decreases. So the world is on aver-
age populated by relatively more patient individuals. This implies that on average,
savings per individual increase, and thereby, because of perfect capital mobility, the
capital-labour ratio increases. The reverse holds if the inhabitants of the domestic
region are relatively patient. Frgo, a temporary demographic shock can have persis-
tent effects on the world economy. If individuals are equally patient in both regions,
average savings do not change in the long run, and the capital-labour ratio is not
affected.

4 Different Public Pension Schemes

In the remainder we will assume that all individuals have the same pure rate of time
preference, irrespective of their region of birth (p” = pf' = p), as we will focus on
different designs of the PAYG-pension schemes. Regional governments are assumed
to run the same type of pension scheme; the only difference is their generosity. We
will distinguish three institutional settings with respect to the intergenerational risk-
sharing properties. First, a Defined-Contribution (DC') scheme, where the social-
security tax is constant and the benefit level is allowed to vary. Second, a Defined-
Benefit (DB) scheme, where the PAYG-tax is varied in order to keep the pension
benefit at a constant level. And finally, a Fized-Replacement (F'R) scheme, where
the current benefit level is a constant fraction of the current gross wage.!*

Defined Contribution

If the local governments run their public pension schemes as D(-schemes, the social-
security tax is kept constant (7fpcj= 7%moj, Vt). Apart from adjustments in private
savings and the capital-labour ratio, the effects of domestic population ageing are
only reflected in the benefit level, i.e.,

Ot e P e
L=, 7’57:0 = Pcthy, VL. (13)

Naturally, the PAYG-tax and benefit in the foreign region are not affected by the
demographic shock in the other region.

14We restrict ourselves to cases where both regions have the same type of pension scheme. As is
discussed in Section 4.2, this makes no significant difference to our results.



Defined Benefit

If the local governments run their public pension schemes as D B-schemes, the level of
the public pension benefit is kept constant (nips= 7'sj, Vt). Apart from adjustments
in private savings and the capital-labour ratio, the effects of domestic population
ageing are only reflected in the PAYG-tax, i.e.,

87]?[DB] aTtD[DB]
o ’ o

Again, the PAYG-tax and benefit in the foreign region are not affected by the demo-
graphic shock in the other region.'?

= —nPprhy, VL (14)

Fixed Replacement Ratio

For welfare-political reasons, government policy may be directed towards linking the
public pension benefit to current gross wages. The level of the PAY G-benefit is then
a constant fraction ¢’ of the gross wage, T]ti[FR]; ©'w;. A balanced government budget

implies that the social-security tax is 7/rri= L%, For the domestic region, the effects
t 1+4nt )

of domestic population ageing on the social-security arrangements are now given by

8@ [FR] Dawt D aT]tD[FR] Dawt
— _ h P Vit 15.
on or on 7 or ’ (15.:2)
where 7Pprj= nPrrj= ©Pw and %ﬁ = f”(k:)k:%’;t. For the foreign region, these effects
are 9o o 3
Tt [FR] T]t [FR] F Wi
= = vt 15.b
on o 7 on ’ (15.b)

with 7¥rr= 7 rrj= ©"w. Contrary to the settings with DC- and D B-schemes, the
domestic social-security arrangements are not only directly affected by population
ageing, but also indirectly through changes in the capital-labour ratio that influence
the gross wage. As capital is perfectly mobile and therefore the (change in the) gross
wage is the same for both regions, domestic ageing now also affects the foreign public
pension arrangements.

In the following, we will assume that, irrespective of the institutional design of the
public pension schemes, the initial level of the PAYG-tax is the same, i.e., T8 pc=
Toe= Tirrj= 7%, i = D, F. This implies that the initial steady-state values of all

15 As democratic governments exhibit a tendency to orientate themselves more towards the inter-
ests of larger voting groups, one could also assume that the generosity of the social-security scheme
depends on the relative number of older and younger voters. This relative number is reflected in the
rate of population growth. Therefore, the PAYG-tax could be a function of this growth rate, i.e.,
7i = 7%(n!). Ageing then has an upward pressure on the PAYG-tax, 8—877‘? = 7'hy, where 7' < 0 de-
notes the marginal political influence of an individual young voter, as she strives for a low PAYG-tax.
These simple politics are captured by our DB-setting if one assumes that 7" = —n”ps).

9



other variables are also the same, irrespective of the specific form of intergenerational
redistribution. Therefore, to avoid notational complexity, the subscript referring to
the specific pension scheme is omitted in the initial steady state.

4.1 The Effects of Population Ageing

As mentioned before, the consequences of a (temporary) decline in the domestic rate
of population growth can be traced by linearising equation (8), where s! is given by
(6). For the different institutional settings, X = DC, DB, FR, this linecarisation

eventuates in the following first-order difference equation,

Okt y11x) N Okyx)
— X
or N or

+ Bixihe + Yxiheyr + 6 (78 — 7P) H,. (16)

Appendix B specifies the parameters of (16) for the different pension schemes. For
all settings, difference equation (16) is locally stable as 0 < axi< 1, X = DC, DB,
F'R. Besides local stability, the following assumption will hold.

Assumption II For any institutional design of the regional pension schemes, it is
assumed that

‘asi“}” i=D.F Wi

Okyx)

Ds"4ix]
Ok 1x)

. 9st4[X] 9st4[X] . 9st4[X]
So, together with the fact that th > (0 and m < 0, it holds that Wt[x] >

dst4[X]
Orgy1[X]

change in the rate of interest only affects the net present value of the PAY G-benefit. '

> 0. This seems plausible, since for our specification of the utility function, a

Moreover, the assumption implies that in the long run, there is a positive relation
dsi[X]
Ok[X]

from Appendix B, Assumption II induces a positive upper bound for the (initial)
generosity of the local social-security arrangements.

First, we analyse the long-run effects of a temporary shock to the rate of popula-
tion growth of the domestic inhabitants. Second, we describe the short-run dynamics

between private savings and the capital-labour ratio ( > 0). As can be seen

of such a demographic shock. In particular, we focus on the effects of unexpected
ageing versus anticipated ageing.
The long-run effects

The following proposition describes the long-run effects of domestic ageing on the
capital-labour ratio.

16%% = 0 whenever Tti +1 = 0 due to the logarithmic felicity functions. However, we restrict

ourselves to situations with a positive social security tax over time.

10



8k/X/

Proposition 2 In the long run, the sign of <;=* is determined by the sign of (rf —

).
(i) For X = DC, DB, FR it holds that
Okx

>0 if h<tPes?<s” (17.a)
on
ok

8[X] <0 if T">1P s>t (17.b)
i
ok

87[:] =0 if TF=7P ol =5" (17.c)

(4) Furthermore, it holds that
Okme Ok e Okrr)
= > 18
‘ on ‘ or |~ ‘ on (18)

PROOF (i) In the long run, the change in the capital-labour ratio (%) is deter-

mined by the fixed point of difference equation (16), which is given by ak[x] =

1f[fif[]x](7’F—7'D)H. As x> 0 and axi€ (0, 1), the relation between 8(1;[ and (77 —TD)

immediately follows. The inverse relation between savings and the generosity of the
social-security scheme follows from (4), (6), and the assumption of dynamic effi-

ciency. ( ZZ) Relation (18) follows from 1‘5[;’[?)]0] = 1‘5[;’[];’)]]3] > 1 aFR . The equality holds
for 77" = 7P, because then ZX aw = 0, which completes the proof. B

Notice that the sign of the long-run change in the capital-labour ratio is independent
of the institutional design of the regional pension schemes; it only depends on the
relative generosity of the local social-security arrangements. The first part of Proposi-
tion 2 can be interpreted as follows. If the government of the domestic economy runs
a relatively generous public pension scheme (77 > 71"); the level of domestic private
savings will be relatively low (s” < sf'). Domestic ageing then implies that even-
tually, the population share of the domestic region in the world economy decreases.
So individual savings increase on average, and thereby, because of perfect capital
mobility, the capital-labour ratio. This implies a reduction of the interest rate and
an increase of the (gross) wage. A lower interest rate causes savings to decline, while
a higher wage stimulates savings.!” As by assumption, the latter effect dominates
the former, savings eventually increase. The second part of Proposition 2 states that
the change in the capital-labour ratio is smaller if the regional governments operate
a I'R-scheme. Suppose 77 > 71'; the capital-labour ratio then increases, ak 2> 0.
This causes the wage to increase in both regions. Because pension beneﬁts are a

"For DC- and DB-schemes, the relation between the wage and individual savings is unambigu-
ously positive, both in the short run and in the long run. However, in case of a F'R-scheme, this

relation is only positive (in the long run) if ¢ < 2_41-_)17'
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constant fraction of the wage in this setting, both social-security taxes and benefits
will be higher, which in turn has a negative impact on private savings. Therefore, the
increase in the capital-labour ratio will eventually be lower than in a setting with a
DC- or a DB-scheme. In the latter two settings, the capital-labour ratio changes to
the same extent because in the long run, the size of intergenerational redistribution
is not affected by a temporary demographic shock (see equations (13) and (14)).

If savings increase, then there is a shift from the inefficient unfunded social-security
arrangements to a more efficient funded pension system. Together with the increased
wage this will have a positive effect on overall long-run welfare, irrespective of the in-
stitutional setting. This effect is smaller in case of a F' R-scheme because, as mentioned
above, the increased wages also imply an extension of the inefficient PAY G-scheme
(in both regions).

The reverse holds if 72 < 7%, A F'R-scheme then implies that the decrease in
overall long-run welfare will be smaller relative to the other two settings. This is
due to the decreased capital-labour ratio, implying a lower wage and thereby smaller
(inefficient) unfunded social-security outlays. So a F'R-scheme curbs the long-run
effects of demographic changes.

Finally, if 7" = 77, a temporary demographic shock will not affect the average
long-run level of private savings and therefore the capital-labour ratio will remain
unaltered; lifetime utility of inhabitants of both regions will eventually not be affected
either.

The short-run dynamics

In the short run, we distinguish between unexpected and anticipated ageing. We
first analyse the effects of an unexpected asymmetric demographic shock, i.e., an
unanticipated decline in the domestic rate of population growth.

unexpected ageing

If at time ¢t = 0 a once-only negative shock to the domestic rate of population growth
unexpectedly occurs (hy < 0), the capital-labour ratio will increase, irrespective of
the institutional design and the (relative) generosity of the regional social-security
arrangements, that is,

Okox) k

=—=h X =DC, DB, FR. 1
87(_ 20>07 C? ) R (9>

This capital thickening is due to the labour force being smaller than expected, im-
plying a larger capital stock per worker, both in the domestic and the foreign region.
This leads to a decrease in the rate of interest and an increase in the wage. Be-
sides the capital-thickening effect, the inhabitants of the domestic region are also
confronted with an increase in the dependency ratio, that is, an eroding tax base.
This eroding tax base harms the domestic elderly alive at the time the shock occurs
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if a D('-scheme is in place. In case of a D B-scheme, the current domestic young
have to pay an additional amount of taxes to keep the PAYG-benefit in the domestic
region at its current level. When the benefit is linked to their (increased) gross wage
(F'R-scheme), the current young inhabitants of both regions are confronted with a
higher PAYG-tax. Since the dependency ratio in the domestic economy increases
when the shock occurs, the additional amount the current domestic young have to
pay under a F'R-scheme will exceed the additional payments of the current foreign
young. Note that, if a F'R-scheme is in place, the PAY G-benefit of the elderly alive at
the moment ageing occurs increases, irrespective of their region of birth. They may
even benefit in terms of lifetime utility from the demographic change if the increased
benefits outweigh the decline in the returns on their savings.

Private savings of the young at time ¢ = 0 unambiguously increase in case of a
DC-scheme (due to Assumption II). With a D B-scheme, average savings increase
less relative to the increase under a D('-scheme because the domestic young are now
confronted with a higher PAYG-tax and next-period pension benefits equal those
under a DC-scheme.!® Under a I'R-scheme, the increase in average savings is even
smaller than with a D B-scheme due to, on the one hand, the higher taxes they pay
when young, and, on the other hand, the increased benefits they receive when old as a
result of the fact that benefits are linked to gross wages. Because of the specific nature
of the demographic shock (a once-only decrease in n” at time ¢ = 0), lifetime utility
of both the domestic and foreign young individuals alive at the moment ageing occurs
initially increases the least under a F'R-scheme, as in this case the inefficient PAYG-
scheme is extended in the short run.'® Lifetime utility of the domestic young born at
time ¢ = 0 increases relatively more under a DC'-scheme than under a D B-scheme if
the increased tax payments under the latter regime outweigh the lower interest rate
at time £ = 1 under the former regime. Lifetime utility of the foreign young born at
time ¢t = 0 unambiguously increases the most in case of a D B-scheme because the
interest rate at time ¢ = 1 is higher for a D B-scheme than for a D(-scheme. This
higher interest rate is a result of a smaller increase in average savings as under the
former regime the increase in domestic savings is confined by increased tax payments.

Notice that the results described above do not depend on the relative generos-
ity of the regional social-security arrangements; the relative generosity merely has
quantitative implications. Figure 1 to Figure 3 display the evolution over time of the
capital-labour ratio (Figure 1) and the lifetime utility of the inhabitants of both re-
gions (Figures 2 and 3), for the case where 77 < 77.20 If 7P > 7' the figures would be

13The net present value of the next-period benefit is even higher in case of a DC-scheme than
under a DD B-scheme, as the smaller increase in savings in the latter case implies a higher next-period
interest rate.

9Under a DB- or FR-scheme, the net wages of the domestic generation born at the time of the
shock may decrease and thereby their private savings and even lifetime utility. The exact condition
for this decrease in net wages is given in Appendix B.

20The figures are based on the following Cobb-Douglas production technology, f(k) = Vk. Fur-
thermore, p = 0 and 77 = %TF = 0.104w. This results in £ = 0.04 and 7 = 2.5.
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similarly shaped, since the parameters of difference equation (16) do not change sign.
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Next we describe the economic effects of an anticipated demographic shock.
anticipated ageing

If it becomes publicly known at time ¢ = 0 that a once-only negative demographic
shock to the domestic rate of population growth will occur at time ¢ = t* > 0
(hy= < 0), the generations born (in either region) at time ¢t = 0 through ¢ = t* — 2 will
not adapt their behaviour because this shock does not affect any economic variable

during the time interval [0,* — 2|, so % =0,t=0,1,...,t" = 1. In particular,
note that w = 0, as a change in the capital labour ratio at time ¢ = ¢* — 1 can

only be brought about by either a change in the level of savings at time ¢ = * — 2

. . dst, . . .

in any region (Sta—;f[x]), or a change in the domestic rate of population growth at
D

time t =¢* — 1 (8n5;’1 = ht*,l) (see the capital-accumulation equation (8)); neither

of these variables is affected by the shock at time ¢ = ¢*.2!

The generation born at time ¢ = t* — 1 is the first to adapt its behaviour to the
next-period shock. This adaptive behaviour is due to the next-period rate of interest
(re+) and their pension benefit (ni.x)) possibly being affected by the demographic
shock. Ageing implies - ceteris paribus - capital thickening, i.e., an increase in the

2L Allowing for endogenous labour supply does change the results in this respect, as is described
in Section 4.2
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capital-labour ratio. The increased capital-labour ratio results in a decrease of the
interest rate which negatively affects savings as it holds that % > (0. Furthermore,
a higher capital-labour ratio also leads to higher wages for the young workers at time
t = t*. In case of a F'R-scheme, higher wages imply higher benefits. Besides these
effects caused by capital thickening, the domestic region also incurs an increase in
the dependency ratio at the moment of the shock. This erosion of the tax base will
result in a higher PAYG-tax that the domestic young born at time ¢ = * have to
pay in order to keep the benefit level constant (D B-scheme), or in addition to the
already higher taxes due to capital thickening (F R-scheme). In case of a DC-scheme,
taxes are constant by definition and therefore an increase in the domestic dependency
ratio at time ¢ = ¢* will result in lower pension benefits for the elderly born at time
t =1* — 1. The short-run effects of an anticipated demographic shock on the capital-
labour ratio for the different public pension schemes are summarised by the following
proposition.

Proposition 3 Given that the ageing of the domestic population at time t = t* is
anticipated, it holds that

(i) at the time the shock occurs, the capital-labour ratio changes the most if a DC-
scheme is in place and the least if a F'R-scheme is in place,

Ok pc) Ok« pB) Ok s rr)
> >

o o o >0, (20)

(ii) for hg = hy < 0, the initial marginal change in the capital-labour ratio due to an
unexpected shock [M and the marginal change due to an anticipated

on }unexpected
shock [M

e are related as follows,

:| anticipated

ok Ok ¢«
l 0““1 l L ““1 . Y =DB,FR, (21)
87[_ unexpected 87[_ anticipated
81{70[DC] > 8l{ft*[DC] o 7D < kf”(k)
l 87[_ unexpected < 87[_ anticipated 7 Zf = _2(1+T)+kf”(k)‘ (22>
PRrROOF (i) If ageing is anticipated, the initial increase in the capital-labour ratio is
given by [a—kaf%} = yxjhg (see equation (16)). As o< o< yrri< 0, (20)
anticipated
immediately follows. (ii) Relation (21) follows from —% <w< 0,Y = DB, FR.

< kf" (k)

Relation (22) directly follows from —% ; vve, that boils down to :—? S TR A

which completes the proof. B

The first part of Proposition 3 can be interpreted as follows. Due to capital thickening,
the capital-labour ratio increases, but as this increase is anticipated by the generation
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born just before the shock occurs, this increase is confined by a decrease in the level of
private savings in period ¢ = t* — 1. In case of a DC-scheme, this decrease in savings
in the domestic region is smaller relative to the decrease in domestic savings with a
D B-scheme, since in the former case, the lower pension benefits due to an increased
dependency ratio are (partly) compensated (this can even result in an increase of
domestic savings as we will show later on). So, average savings decline more in a
setting with a D B-scheme compared to a setting with a DC-scheme. Given a F'R-
scheme, the anticipative decrease in average savings is even larger because (contrary
to a D B-scheme) pension benefits then increase due to the linking to the wage.

The second part of Proposition 3 states that for a DB- or a F'R-scheme, the
increase in the capital-labour ratio is larger if the shock is not expected. This is
because of the anticipative decrease in average savings. In a setting with a DC-
scheme, the dependency-ratio effect can dominate the capital-thickening effect, and
thus domestic savings at time ¢ = £* — 1 may even increase. In the foreign region,
savings are only affected by capital thickening and therefore decrease. If the domestic
increase in savings dominates the foreign decrease, average private savings go up. So
the increase in the capital-labour ratio in case of anticipated ageing may be larger
than the increase as a result of an unexpected demographic shock. In case of a
Cobb-Douglas production function, f(k;) = k¢, a € (0,1), the condition given in (22)

ﬁ S 1—a)ake—1 . . . . Ok [DC]
reduces to Iz = J_;2+(1+a)ak“*1 . So for this specification it holds that | =5 — >

[%}una{pected if 77 >

Again, the results described above do not depend on the relative size of the regional
public pension schemes, except for the relation described in (22). Figure 4 to Figure 6
display the evolution over time of the capital-labour ratio (Figure 4) and the lifetime
utility of the inhabitants of both regions (Figures 5 and 6) for an anticipated shock

that occurs at time ¢ = 1, (t* = 1), for the case where 77 < 7.2

22Figures 4 to 6 are based on the same parametrisation as Figures 1 to 3, i.e., a Cobb-Douglas
production technology, f(k) = Vk, p=0and 7P = 178 = 0.104w.
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4.2 Modifications

This section is devoted to relaxing some of our assumptions and how this would change
our main results. We first introduce short-term capital rigidity. Second, we allow for
elastic supply of labour. After that, we analyse the implications of international
labour mobility. The next modification is a proportional social-security tax instead
of lump-sum taxation. Finally, we discuss international differences in the design of
regional pension schemes.

Capital rigidities

Relaxing Assumption I allows for the existence of short-term capital rigidities®® and
therefore, capital cannot be instantaneously moved to the region yielding the high-
est return. This amounts to regarding capital as machinery and factories, that are
immobile in the short run. If a region is unexpectedly hit by a (demographic) shock,
the inhabitants will then not be able to adjust their stock of capital at once. Con-
sequently, the regions will temporarily face different rates of interest, and thereby
different capital-labour ratios. How short-term capital immobility influences our re-

23We are aware of the fact that our modelling of imperfect capital mobilty is somewhat uncon-
ventional but suffices our purposes. A more standard way would be to follow the adjustment-cost
approach by Hayashi (1982), but this is beyond the scope of our analysis.
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sults with respect to differences in individual thriftiness and different types of public
pension schemes, is discussed below.

Different pure rates of time preference

If the capital stock is not mobile in the short run, an unexpected shock to the domestic
rate of population growth at time ¢ = 0 (hg < 0) implies the following initial shifts
in the capital-labour ratios of both regions,

oKy
o

F

— kho >0, aai;; 0. (23)
So, wages and interest rates initially differ among the two regions. Due to the short-
term capital rigidity, the spillover effects of domestic ageing on the foreign region are
reduced. The older generation residing in the foreign region at time ¢ = 0 is not at
all confronted with the effects of the ageing of the population in the domestic region.
The younger generation born at the beginning of period 0 in the foreign region is only
confronted with a different capital-labour ratio in the next period, when they are old.
Since the change in the next-period capital-labour is only reflected in the interest
rate and because the next-period interest rate does not affect the current savings
decision (due to our specification of the utility function and the absence of public
pensions), there will initially be no spillover effects at all. Consequently, the burden
and blessings of a lower domestic rate of population growth are completely felt by
the inhabitants of the region that is hit by the shock. The workers are now blessed
by an additional increase in their wage, while the retirees have to bear the burden
of a larger decrease in the domestic rate of interest, compared to the case where
short-term capital rigidities are absent. It immediately follows from (12) that the
next-period change in the capital-labour ratio (which is the same for both regions) is
larger (smaller) relative to the case with an instantaneous adjustment of the capital-
labour ratio if the domestic region is a net lender (borrower),

la/ﬁ - la/ﬁ

oM Z |
o ] rigidities om

This difference is due to patient (impatient) individuals saving relatively more (less)
of the additional wage income. From period 1 on, the evolution of the capital-labour

it pP S p (24)

1 no rigidities

ratio over time is similar to the evolution described in Section 3 and is given by
difference equation (12).

Different types of pension schemes

If the capital stock is immobile in the short run, unexpected ageing of the domestic
population at time ¢ = 0 implies a similar asymmetric initial shift in the capital-
labour ratio as in case of differences in individual thriftiness (see (23)). So, wages
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and interest rates initially also differ among the regions. Again, the spillover effects
are reduced. The older generation residing in the foreign region at time ¢ = 0 is
not at all confronted with the effects of the ageing of the population in the domestic
region. The younger generation born at the beginning of period 0 in the foreign
region is only confronted with a different rate of interest in the next period, and
a change in the pension benefits they receive when old (if the foreign government
runs a F'R-scheme). As the change in the interest rate influences the net present
value of the pension benefits, the current savings decision is affected, irrespective of
the type of pension scheme in the foreign region. So the burden and blessings of the
decline in the domestic rate of population growth are shifted abroad to a lesser extent,
relative to the case where capital rigidities are absent. The domestic workers are now
blessed by an additional increase in their wage, while the pensioners suffer from an
additional decrease in the domestic rate of interest. It immediately follows from (16)
that the next-period change in the capital-labour ratio (which is the same for both
regions) is equal to the case with an instantaneous adjustment of the capital-labour
ratio if the local governments both run a DC- or a D B-scheme, irrespective of its
relative generosity. In case of a I'R-scheme, however, the change in the capital-labour
ratio at time ¢ = 1 will be larger (smaller) if the size of the domestic social-security
arrangements are relatively small (large), i.e.,

[%1 _ [%1 Y — DC, DB (25.)
87[_ rigidities 87[_ no rigidities 7 7
akl[FR]l > lak‘l[FR]l . D< F

= if "= e (25.b)
l 87[_ rigidities 87[_ no rigidities =

Equation (25.a) immediately follows from the fact that the positive impact of initial
capital thickening on the wage is not affected by the (size of the) social-security
arrangements. In case of a F'R-scheme (equation (25.b)), the positive impact of
capital thickening on the net wage is confined by the fact that capital thickening also
implies an increase in the PAY G-tax as benefits are linked to gross wages. From period
1 on the evolution over time of the capital-labour ratio is similar to the evolution
described in Section 4.1 and is given by difference equation (16).

Elastic labour supply

If we incorporate elastic labour supply into our framework, individuals have an ad-
ditional instrument to react to a demographic shock. Besides adapting their private
savings, they can also adjust the allocation of their time endowment over labour and
leisure. If we assume that both material consumption and leisure are normal goods, a
decrease (increase) in material consumption possibilities is accompanied by a decrease
(increase) in leisure time, implying an increase (decrease) in the amount of labour
supplied. By varying their labour supply, individuals affect the tax base. If taxes
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and benefits are to some extent related to this tax base, the size of intergenerational
redistribution is thereby affected too (for example, if taxes are levied proportionally
as discussed below).

In particular, elastic supply of labour is of significance if ageing is expected. Sup-
pose that it becomes publicly known at time ¢ = 0 that a negative demographic shock
to the domestic rate of population growth will occur at time t = ¢* > 0. The gen-
eration born at time £ = t* — 1 will adapt its behaviour because this shock changes
- ceteris partbus - the interest rate and the pension benefits in period t*. The gen-
eration born just before the shock will anticipate by changing their private savings
and the amount of time spent on labour activities. A change in the supply of labour
in period t* — 1 affects the tax base at that time and thereby (possibly) the pension
benefits of the generation born at time ¢ = t* — 2. This generation will react to a
change in their pension benefits by altering their savings and supply of labour. So,
the tax base at time t = t* — 2 will be affected implying anticipative behaviour of
the generation born at time ¢t = t* — 3. As this process of anticipative behaviour of
generations continues back in time, the generation of youngsters alive at the moment
the future shock becomes public will also anticipate. Therefore, incorporating elastic
labour supply implies that demographic shocks can have consequences for economic
behaviour as soon as the shock becomes publicly known.

Labour mobility

In the absence of perfect international capital mobility, allowing for international
mobility of labour will affect our results as follows. We will distinguish between
permanent and temporary migration regimes, which, according to Karayalcin (1994),
correspond to transatlantic migrations in the past centuries and to recent Gastarbeiter
systems, respectively. Permanent migration means that young migrants leave their
region of birth at the beginning of their industrious life and never return. So, this
kind of migration involves the international movement of both labour and capital:
the migrants invest their savings in the host region. Temporary migration is defined
as the international movement of labour only. Agents spend their industrious life
abroad and return to their region of birth when old and thereby invest their savings
in that region.

Permanent migration

Permanent migration in a (two-period) overlapping-generations framework has been
studied by Galor (1986). He shows that, in the absence of an immobile factor and
PAYG-public pensions, there exists an incentive to migrate to the patient region,
which means in our setup, the region with highest individual thriftiness. As migrants
import their own capital stock (through their own savings), the wage of the host
region remains above that of the source region, and therefore the entire young popu-
lation of the impatient region will eventually migrate to the patient region. For their
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descendants as well as for the offspring of the native inhabitants of the host region it
holds that they will reside in their region of birth. Therefore, only one region will be
populated in the long run. It is straightforward that population ageing will not incite
any migration flows given the distribution of agents in the (initial) equilibrium.
Analogously, in case of PAYG-public pensions, there will initially be an incentive
to migrate to the region with relatively meager social-security arrangements (as this
is the region with a relatively high capital stock). Immigration into this region has
two opposite effects on the net wage. First, gross wages go down due to capital
dilution. Second, the dependency ratio decreases because young people enter the
region, which broadens the tax base. Depending on the type of pension scheme, this
could imply a lower social security tax. In the other region, which faces emigration,
gross wages go up due to capital thickening and the dependency ratio increases,
which may increase the PAYG-tax. If, on the one hand, the dependency ratio-effect
dominates the capital-dilution effects in the host country and the capital-thickening
effect in the source country, then immigration has a positive effect on the net wage
and emigration a negative effect. This immediately implies that the total young
population of the region with the generous pension arrangements will instantaneously
migrate to the region with the meager arrangements. On the other hand, if the capital
effects are dominant, there will be a gradual transition eventually also leading to one
populated region (the one with the relatively low PAYG-taxes) and one completely
empty region. In both cases, the same equilibrium arises and ageing of (a part of)
the population will therefore not cause any incentives for migration (see also Meier

[1998]).

However, in the absence of a store of value and exogenously given wages, no unique
steady-state equilibrium exists. There will also be an incentive to migrate to the
region with relatively meager social-security arrangements. But if all agents have
migrated to this region, the next-period young will have an incentive to migrate to
the other (now empty) region because then they do not have to pay any PAYG-
taxes, as there are no retirees present. The next generation of mobile young agents
will make a similar deliberation. Since agents are gifted with perfect foresight, these
future migration flows will put a strain on their incentives and multiple equilibria
originate (see for example Von Hagen and Walz [1995]). Ounly the introduction of a
fixed factor in production will assure the existence of a unique equilibrium because in
that case the relative redundancy of (migrant) labour will result in an agglomeration
disadvantage through a downward pressure on the (migrants’) wages, thereby curbing
the subsequent migration flows.

Temporary maigration

With respect to temporary migration we restrict ourselves to the case of cross-border
workers who supply labour in one region while they reside in the other. Furthermore,
we assume that social-security taxes are residence based, i.e., agents are liable to pay
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taxes in their region of birth and not in the region in which they work. Only allow-
ing for temporary migration, in the presence of PAYG-social security, results in the
following initial (steady-state) migration flows. If both regions have equally generous
social-security arrangements, agents will initially supply labour in their region of birth
only and there is no cross-border labour mobility. If the regional pension schemes
differ in their generosity, part of the labour force of the region with the relatively high
pension benefits and taxes will cross the border and supply their labour abroad. This
is due to capital being relatively scarce in the former region, implying relatively low
wages. Cross-border labour mobility will equalise wages. So there will be no initial
interregional wage differential.?* In the short run, population ageing will, irrespective
of the relative size of the public pension schemes, induce a movement of cross-border
workers to the ageing region as capital is relatively abundant. In the long run, the
change in the number of cross-border workers depends on the relative size of the pub-
lic pension scheme in the ageing region. If, on the one hand, the government of the
ageing region (say the domestic one) runs a relatively generous social-security scheme
(and therefore initially some domestic workers supply labour in the foreign region),
the number of domestic cross-border workers will decrease because the relative size
of the domestic region has decreased since we model ageing as a once-only negative
shock to the domestic rate of population growth. The decrease in the size of the do-
mestic region implies that the decision of one single domestic cross-border worker to
supply labour abroad has a high positive impact on the domestic wage relative to the
situation before the occurrence of ageing. So there will be less domestic cross-border
workers. If, on the other hand, the domestic government runs a relatively meager
public pension scheme (and therefore initially some foreign workers supply labour in
the domestic region), the number of foreign cross-border workers will decrease as the
capital stock of the domestic region has decreased (because of less domestic private
savings). The decrease in the domestic capital stock implies that the decision of
one single foreign cross-border worker to supply labour in the domestic region has a
negative downward effect on the domestic wage relative to the situation before the
occurrence of ageing. So the number of foreign cross-border workers will decrease.

Proportional taxes

If taxes are not collected in a lump-sum fashion but rather as a proportion of the gross
wage, the intergenerational risk-sharing properties of the different types of pension
schemes will change. With proportional taxation, taxes and benefits are respectively
given by 7, = myw, and 7, = (1 4+ ny)7yw,. We show below that, in the absence of
endogenous labour supply, proportional taxation only implies different risk-sharing

24Karayalcin (1994, Proposition 1, p.206) shows that temporary migration and international capi-
tal mobility are equivalent in the sense that at any instant, the rate of interest, wages, private savings
and first-period and second-period consumption possibilities are the same under both settings. In
particular, given the analysis of Karayalcin, it is straightforward to show that %’;—t = v (%),
¥'(-) < 0, Vt, where 1, denotes the number of domestic cross-border workers.
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properties compared to lump-sum taxation, but does not affect our main results.
Defined Contribution

Recall that for DC-schemes, the social-security tax is kept constant (1fpo= 7°, Vt).
Therefore, the effects of domestic population ageing are only reflected in the benefit
level, 1.e.,

8’?;[DC] . Tiawt

= Vi 13.a’

on o’ ’ (13.2)
8ﬁ?[DC] Dawt D af]f[Dc] Dawt
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Contrary to lump-sum taxation, the PAYG-tax and benefit in the foreign region are
affected by the demographic shock in the other region through capital thickening.
Comparing (13’) to (15) shows that both under a DC-scheme with proportional
taxation and under a F'R-scheme with lump-sum taxation, the effects of ageing caused
by capital thickening are shared by the current old and young. The dependency-ratio
effect 1s in the former case only felt by the pensioners, and in the latter case by the
tax payers.

Defined Benefit

In case of D B-schemes, the level of the public pension benefit is kept constant ('f]i[DB]:

i osl, Vt). So, the effects of domestic population ageing are only reflected in the
PAYG-tax, i.e.,
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Comparing (147) to (14) shows that in case of proportional taxation, both the dependency-

ratio effect and the capital-thickening effect are at the expense of the tax-paying

generation, as total tax revenues have to be constant.
Fized Replacement Ratio

If the level of the PAYG-benefit is a constant fraction ¢ of the gross wage, then }rn=
g@iwt. A balanced government budget implies that the social-security tax is Tirr=
Tf?@" The effects of domestic population ageing on the social-security arrangements
are now given by

37A'tD[FR] 3?’5[FR] B 3?]i[FR]

on or O

A comparison of (15°) with (14) shows that a F'R-scheme with proportional taxation
is equivalent to a D B-scheme with lump-sum taxation (with n? = o).

—= —@Dht7 = 07 Vt (157>
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International differences in the design of pension schemes

We restricted ourselves to cases where both regions have the same type of pension
scheme. For any domestic institutional design, it makes no difference for the effects
of (domestic) ageing on the capital-labour ratio whether the foreign government runs
a DC- or DB-scheme, as the foreign population size is assumed to be constant over
time. If a F'R-scheme is superimposed on the foreign region, then (given Assumption
IT) the effects of domestic ageing on the capital-labour ratio are curbed relative to any
other type of foreign pension scheme. Suppose, for example, that domestic ageing
implies - ceteris partbus - an increase of the capital-labour ratio. This leads to a
higher wage and, in case of a F'R-scheme in the foreign region, to an increase of the
generosity of the foreign social-security scheme. This has, given dynamic efficiency, a
negative effect on foreign private savings and thereby on the increase of the capital-
labour ratio.

5 Concluding Remarks

In the light of further European unification and global integration, asymmetric de-
mographic shocks will increasingly bring about international implications. Atop in-
tergenerational risk-sharing, international risk-sharing therefore deserves more atten-
tion. In this paper, we analysed the effects of asymmetric demographic shocks in
a two-region framework with perfectly mobile capital. We found that population
ageing in one region causes several international spillover effects. The magnitude of
these spillovers depends on regional differences in individual thriftiness and the design
and generosity of social-security arrangements. Whether the ageing region is a net
lender or borrower turned out to be of significant importance for both the short-run
dynamics and the long-run effects. It would be interesting to expand our analysis
to investigate capital market imperfections, as described by Gordon and Bovenberg
(1996), and international policy coordination (see Pemberton [1999]) or fiscal com-
petition between for example the member states of the Furopean Union through the
introduction of taxes on capital income. Furthermore, allowing for a multi-period
framework and a world with a larger number of regions which differ in the degree and
the moment of ageing could help gaining more insight into the effects of upcoming
demographic shocks on the world economy. Another extension would be to explic-
itly take into account that the relatively more numerous elderly may become a more
powerful actor in the political arena.
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Appendix

A The linearised model

This part of the Appendix describes the linearised relations of the model. The changes
in the wage and the rate of interest are given by

awt " ak‘t
— = —f'k)k—=— Al
87} " al{ft
— = k)—. A2
L s (A2)
The change in private savings is now given by
ds, 1 Owy or! B (A.3)
or  24p \ O Om '
L+p' (1 01}y 7t T O
24p \1+7r or  14+r " Q42 ox )
Consumption possibilities when young and old change as follows,
act ow, Or; 9s!
e A Tt A4
o or  Oor  Or’ (A4)
D244 ds’ Oreyr  OTE, :
— = (1 *hey. A5
e e (4.5)
The change in lifetime utility is now given by
oU;  1d¢ 119z, (A6)
or  con 14+p2 On '
The linearised version of the capital-accumulation equation reads
dsP  Osl o ki1
— 4+ —— —k)H, =2 kheyq. AT
on + on (s JH on Rl (A7)

As in the (initial) steady state, capital accumulation is given by s” + sP = 2k, we
get (sP — k) = %(SD — s). The following economic relations, the balance of trade
and the current account, provide additional information of the economic interaction
between the regions. The balance of trade (BT}) for region i at time ¢ is given by

BTZ = NZf("ft) - Nfci - Ntiflzi - (KZH - KZ)? (A-8)

where K} is the capital stock of region 4 at time ¢. Per inhabitant of region i the
balance of trade reads

N = bly = f(ke) — ¢ = 1 +tni = (L + ks — ko). (A.9)
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The current account (CUA}) is defined as the balance of trade plus the returns on
investments abroad, i.e., CUA! = BT/ +7r,(S; ;— K;), with Si_, the aggregate savings
of region 7 at time ¢ — 1. Per inhabitant the current account is

CUA; st

L _ b G S ) A.10
Ntz t + Tt<1 _I_ n% t) ( >

P
cua, =

Using the fact that f(k;) = w; + r¢k: (constant returns to scale), we can write (A.10)

as .
, , st ;
cua; = sp — ﬁ — (L +nty1)kers — k). (A.11)
The linearised versions of (A.9) and (A.11) read respectively

abt; % 8(3; 82’; _ 8l{7t+1 3k‘t

- f(E sl A ded 1 bt —kdt —_— A12
on = TGy T T TR Ty Mt (ALY
dcual st Osi_, s Okyyq , Ok
= — gy — — kgy — A.13
o on on T o Girr on’ ( )
where gP = h; and gf = 0,Vt. As in our world there is no long-run population

growth, which implies cua” = cua® = 0, and because it only consists of two regions,

it holds by definition that cua? + cual” = 0, Vt and thereby acg:f’ = _acg: F, Vt.

B Stability conditions

For the different pension schemes presented in Section 4 the parameters of the linear
first-order difference equation (16), which has been rewritten here for convenience,

Ok 1x) . Okyx)
o H o

are given by (where ® = 2(2 +p)(1 +7)>2 — (7P + 7)1 + p) f"(k) > 0)
C2f"(k)k(L+1)?

+ ﬂ[Dc]ht + ’y[Dc]htJrl + (5[DB]<TF — TD)Ht, (A14>

Qpc] = (QDB] = D € (0,1), (A15>
Pwe; = 0, (A.16)
k(2 1 D1 1
2 1
6pc) = O = ( —I—p—l—?")( +7) >0, (A.18>
20
D 1 2
ﬂ[DB] = MT—'—T) >0, (A19>
k(2 1 2
o = M +p21)< = (A.20)
1" D F _ 2
SN ()] it ot O o0 T (A.21)

D — (14 p)f"(k)k(0P + ™)1 +7)
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B TP (1 +7)?
I = AT P ke o) (4.22)
k(24 p)(1 + 1)’
T TG kT 4 o)) A2
2+p+r)(1+7)
2(® = (L+p)f"(K)E(p? + ") (1 + 7))

Using (A.15) and (A.21) we get 0 < apri< apei= qpr|< —%f”(k:)k:. Galor and Ryder

(1989) proof that, given our assumptions with respect to the production function and

> 0. (A.24)

our specification of the utility function, —%f”(k‘)k‘ € (0,1). So, irrespective of the
type of pension scheme, the (initial) steady state is locally stable.

Assumption II. As mentioned in the main text, Assumption II implies a positive upper
bound for the initial generosity of the regional social-security arrangements. For a
DC- or a D B-scheme this assumption boils down to

2
i)y (A.25)
L+p
For a I'R-scheme we get
- (L+r)?
P < k. A.26
P pwr @ otk (4.26)
Combining (A.25) and (A.26) gives
2 2
7 < min l“ 7 wl+7) k:] . (A.27)
l+p "(I+pw+ (247+p) 1 +r)k

The initial change in the domestic net wage. In case of a D B-scheme, the net

2 0> it 7P < —f”(k:)k—;. In case of

. . . . 8 _7 D
wage initially increases (decreases) < [w(;;o]

C . d|wo—78
a I'R-scheme, the net wage initially increases (decreases) <%

—f”(k‘)%.

. D
20) if 12 =

C The small open economy

If we consider a small open economy instead of (two) large open economies, the
interest rate is exogenously determined at the world capital markets (r, = r, Vt) and
consequently both the capital-labour ratio and the wage are constant,

ko= f ), (A.28)
w = f(k)— f'(k)k. (A.29)
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Conform (6), savings are then given by

1 1 + SOE[X]
stE[X] = m(w — TtSOE[X]) - FZ%, (A.30)

where the superscript SO FE refers to the small-open economy case. If the population
of the small open economy ages relative to the rest of the world, and again, ageing is
modeled as an unexpected or expected one-period decrease in the rate of population
growth (b} < 0, ¢ = 0,¢*), the marginal change in the level of private savings for a
D(-scheme is given by

9s;%Fpe) 1+ p7OF

or  24pl+r

For a DB- and F'R-scheme, the change in private savings reads

8850E[Y] 7_SOE

5 2—|—pht/’ Y =DB,FR. (A.32)

Because a current demographic shock does not affect the current PAYG-tax if a
D(-scheme is in place and the next-period dependency ratio is at its old level again,
the next-period pension benefit does not change. Therefore, if ageing is unexpected,
savings do not react and remain at their initial steady-state level, as can be seen from
(A.31). On the other hand, if ageing is expected, the young alive at the moment
before the shock occurs, anticipate the decrease in their next-period benefits by an
increase of their savings.

In case of a DB- or F'R-scheme, both expected and unexpected ageing only cause
a change in the level of private savings at the time the shock occurs (see (A.32)).
This is due to benefits remaining unaltered whereas the dependency-ratio effect is
completely reflected in an increase of the social-security tax, resulting in a decrease
of their net wage and thereby lower savings. Therefore, population ageing in a small
open economy is merely reflected in a temporary change of the current account.
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