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Abstract

Despite similar levels of per capita income, edocat and technology the
development of labour shares in OECD countriesdigdayed differing patterns since
1960. This paper examines the role of demographyhis regard. Employing an
overlapping generations model we simulate how labskhiares are affected by
increasing expected retirement durations and dsicrgdabour force growth rates. We
simulate these effects in closed economy and somgh economy frameworks for
countries with fully funded or pay-as-you-go pemnsgystems. The simulations indicate
negative labour share effects of both demogragioclss which are particularly large in
open economies. We test these results empiricalhygypanel cointegration methods for
a panel of 23 OECD countries and find significamig-run effects of all demographic
variables on labour shares supporting the restitsiosimulations.
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1 Introduction

After rising substantially in the 1960s and ear§7Qs, labour shares have been
steadily declining ever since in most OECD coustri;n some countries however,
despite similar levels of per capita income, edoocatnd technology, labour shares
have remained relatively stable (Table 1 and Fidufer selected countries). There has
been extensive research on factors that might hesesed these diverging
developments. It is widely argued in literaturetttiee interplay of institutional labour
market reforms and high real wage growth on the baed and a slowdown in
productivity growth caused by supply shocks ondtreer hand, lead to the rise in most
European labour shares in the 1960s and 1970so{Bamd Farina, 2007). The
following recovery of profit shares is by many awth interpreted as a result of the
reaction of firms who increased profit shares ung labour demand and by shifting
to more capital-intensive production techniquesa(Bhard, 1997). However, the
question remains why in several countries, afterrning to their levels of the 1960s in
the mid 1980s, labour shares have kept on faliegpite differing outcomes in terms
of real wage and labour market dynamics in theaetr@s. Possible explanations
brought up in the literature include sectoral cosipon effects (Serres et al., 2003),
privatisation and deregulation (Blanchard and Giaya2003; Torrini, 2005), union
bargaining power (Bentolila and St. Paul, 2003) globalisation (e.g. Guscina, 2006;
Jayadev, 2007).

This paper examines the role of demography asthefiupotential factor explaining
the differing developments of labour shares ac@BSED countries. As figures 2 and 3
exemplify, the extent to which these countries affected by demographic change
differs substantially. While some countries havenssteady population growth rates
others have experienced a substantial slowdowneMa@r, growing life expectancy has
led to substantial increases in expected retirerdardgtions if pension ages were not
adjusted accordingly. As a result of both factoof]-age dependency ratios are
projected to display substantially differing deymitents until 2050 (Figure 3 for
selected countries). Employing a 2-period overlagpienerations (OLG) model with
CES production function, we simulate how these dgagghic factors can affect labour
shares by altering households’ saving and invedtimgimaviour.

To our knowledge, theoretical analysis of labouarek has so far only been
conducted for closed economy frameworks and migsegotentially important impact
of international capital flows. Though a closed remoy model might be somewhat
realistic for large countries (e.g. the United &aand Japan), an open economy model
is certainly more appropriate for small countriegg( Luxembourg and Belgium). To
provide for both cases, we conduct model simulatiflmm both, closed and small open
economy frameworks. We also distinguish betweenntms with pay-as-you-go
(PAYGO) or fully funded pension systems to exantine role of pension systems in
this regard. The PAYGO and open economy varianth@fOLG model are based on
Pemberton (2000). The sole purpose of our simudatie to identify channels through
which demography can affect labour shares whichsabsequently tested empirically.
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We therefore try to keep the OLG model as simplpassible by assuming a 2-period
life-cycle and simulating only steady state effdotsdifferent combinations of pension
systems, openness and elasticities of substitution.

Our simulations indicate that in a closed econonuyap in population growth and
higher expected retirement duration can affectatshares by altering the economy’s
capital intensity. A shift in a country’s capitaiténsity affects the labour share either
positively or negatively depending on whether thedpction function’s elasticity of
substitution between capital and labour is greatelower than one. In a small open
economy (SOE) framework with perfect capital mapjlhowever, the economy takes
world interest rates as given and the capital sitgrremains thus unaffected. Both, a
higher expected retirement duration and a slowdawrlabour force growth can
nevertheless affect labour shares by creating abgdween domestic savings and
domestic investmentsSince interest rates are fixed and therefore tmestic capital-
intensity is constant as well, excess savings avested abroad. This improves the
country’s net foreign asset position and genetaigiser foreign asset income by which
the labour share is reduced independently of tlastielty of substitution between
capital and labour.

Based on these insights from the simulation we teeththe demographic impact on
labour shares empirically using a panel of 23 OE©Dntries for the period from 1960
to 2007. Employing a panel error correction modeti¢tect long-run relationships we
estimate how changes in expected old-age dependextims, expected retirement
durations and population growth rates have affedtdmbur shares. The estimation
results confirm our model simulations. We find $figant long-run relationships
between all demographic variables and labour shares

To examine whether demographic factors have diftem@pacts on labour shares
depending on pension systems and degree of openmesthen split the panel into
subsamples and run separate estimations for cesntrich operate predominantly a
PAYGO pension system vs. countries with predomigaininded pension system and
for relatively open vs. relatively closed countriéée find significant negative long run
elasticities between the expected retirement duraAnd the labour share in all
subsamples except for relatively open countries.gepulation growth rates the long-
run elasticity is positive, but significant only the funded pension system subsample.
The long-run effect of a higher old-age dependemtiyp which combines both other
effects is significantly negative in all subsamples

The remainder of this paper is structured as fato@ection 2 develops the OLG
model used to simulate demographic effects on lakbares. Section 3 contains the
calibration and results of our simulation for asedd and a SOE framework and for two

' The effect of demographic change on saving andsiment behaviour as well as international cafitals has
been subject to a number of theoretical and engbistudies (see Domeji and Floden (2006) for amadew).
Almost all of these suggest that differences in dgrmaphic trends have been an important determimént
international capital flows since WWII.



different pension policies. Section 4 presents émepirical specification and our
econometric analysis. Section 5 concludes.

2 Demographic change and the labour sharein an overlapping
gener ations model

2.1 The model for a closed economy

In this section we present a formal definition loé tabour share and develop a 2-
period OLG model for a closed economy with eith&YBO or funded pension
systemln a closed economy, savings are completely indesdtenestically and changes
in saving rates can therefore affect the laboureshg altering the capital intensity of
production unless the elasticity of substitutionween capital and labour is equal to
one. We show that the capital intensity dependtherhousehold’s expected duration of
retirement and the country’s labour force growtheraGeneral equilibrium is
constructed via the production sector where, glabour and capital inputs, output and
factor prices are determined by a CES productioctfan.

The labour share is defined as the ratio of laliewme to total income. It therefore
depends on factor prices (wage and profit rated)esndlowments of labour and capital,
and thus on the capital intensity of production.aliclosed economy framework total
income equals total production. The labour shagéndd in real terms, is therefore

wh  _wk , (1)
who+rK Y,
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where w is the wage rate, r is the interest raig,the labour force, K is the domestic
capital stock, and Y is total production.

Given factor inputs of capital and labour, outpuil dactor prices are determined by
a representative firm that uses a standard CESuptiod function in units of labour
given by
1 1-o0
“Le=—, (2)
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where k = K/L is the capital intensity, A represenodtal factor productivityg the
elasticity of substitution and is a factor share parametdrat allows the relative
importance of capital and labour in production &wy For simplicity we assume that A
is constant and not affected by demographic chdmg®ur inputs grow exogenously at
rate n-1 per period:

L =(n)'L,. 3)

For simplification we assume 100% capital depremmaper period and static profit
maximisation of firms. Both production factors g@aad their marginal product:
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We assume an economy with overlapping generatibm®wseholds with identical
utility functions. Each household lives for a wargiperiod during which savings are
accumulated, and with probability O<t<1, for a second, retired, period, in which the
household lives on its accumulated annuities (Petmibe2000). In a PAYGO system
economy, retired households additionally receivélipupensions paid by working
households. For simplicity, we assume no bequedthauseholds thus save only to
provide for old age.

By choosing an optimal consumption path, househaldsimise their inter-temporal
utility. As usual in life-cycle models, the tradé&-between consumption in young or old
age is determined by the ratio of interest ratetand preference rate, and by the degree
of relative risk aversion. Preferences are additwel separable over time. For a
representative household who is young at time btjective function is

_(@) o ()
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where ¢’ and ¢ are the consumption levels of a young and old Hwaldeat time tp

denotes the time preference rate a@hdhe coefficient of relative risk aversion.
Households can borrow and lend freely:atGross return on annuities is (1#r)¥ince
the average survival rate of each generation Maximisation of lifetime consumption
is subject to budget constraints which for an ecopwith PAYGO pension system are
given by

Q' =(1-T)w -5 (7)
1+, n
@ =TS, W, (8)

where t is a wage tax rate for working households assutoetbe constant. Old
households live on the annuities which their getrmmasaved during working age and
which are distributed to all pensioners still alisssuming that the government runs a
balanced PAYGO budget each period, every old hmldeteceives additionally a
public pension that depends on the currently yogergeration’s wages and the old-age
dependency ratia/n, which equals the ratio of the country’s surVivate and the
labour force growth parameter n. The old-age degecyratio is therefore determined
by both demographic factors — the survival probgbdnd labour force growth. In a
funded pension system economyis zero and old households live only on their
accumulated annuities.



Since we assume no bequest motives, all savingspened during retirement. The
accumulation equation is therefore

-3
kt+1 - n : (9)

Higher individual savings increase the capital nistgy. A drop in the labour force
growth rate will also increase capital intensityla@sour supply becomes scarce relative
to capital. This in turn will increase wage ratdscrease interest rates and thus lead to
lower saving rates. The direct effect of a droppopulation growth on the capital
intensity will therefore partially be compensatey the interest rate effect. For an
economy with PAYGO pension system the young hodd&heaving function derived
from inter-temporal utility maximisation is

REE
-t -7 —== + —
1+p 1+p m
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An increase i has a positive effect on savings of young houskhaho provide for a
higher probability of living through a second redrperiod. In a funded pension system
economyr is zero and therefore savings rates of young hmide are c.p. higher.

2.2 The model for a small open economy

Next, we assume a small open economy and constaid wterest rates which the
economy takes as exogenous. Capital is perfecthileiorhe domestic capital intensity
and wage rate are thus constant as well and n@idngctions of the domestic saving
rate. A decrease in a country’s labour supply legadswer demand for investment as
less capital is needed. In an open economy howdeweestic saving and investment no
longer need to be equal. Additional capital for @stic production can be acquired
from abroad and domestic excess capital investedadb Assuming that the factor
labour is not mobile, the only income from abroad asset income. All other
characteristics of the model remain unchanged.atlceamulation equation is now

fm+k=%, (11)

where f denotes net foreign assets per domestikenoSince the capital intensity is
constant the complete effect of a decline in thmmila force growth rate goes into net
foreign assets. Countries experiencing a slowdowabmur force growth relative to the
rest of the world should therefore see an improverogtheir net foreign asset position.

For the open economy framework we have to alterdedinition of the labour share
since now total income includes not only domegtimome, but also net international



factor payments. Assuming perfect capital mobillyt labour immobility the labour

share is now

- " - W, (12)
Wl +r(K +F) Y +rR
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From (12) it is obvious that capital returns froror@ad reduce the labour share.
Demographic change can therefore affect laboureshaot only by altering the capital

intensity of production (which is constant in a 9@kt also by increasing the share of
capital invested abroad. In other words, if labsummobile and gross national product
is increased relative to gross domestic produetJahour share will decline. Changes in
labour shares are therefore possible even if fipngduce using Cobb-Douglas

production functions witks = 1.

3 Mod€d calibration and ssmulation results

We analyse the steady state effects of a riseareipected retirement duration, a
decrease in the labour force growth rate as welthas combined effects of both
demographic factors. A rise in the expected retmetmduration is modelled as an
increase in the survival parametera decrease in labour force growth rate as a idrop
n. We conduct separate simulations for either dasesmall open economies, either
PAYGO or funded pension system economies, and ec@sowith elasticity of
substitution either lower or greater than ofiéis gives us a total of 24 variants to be
simulated.

The parameter values used in the calibration ofroadel are set as follows: We
interpret each period in the OLG model as lastorg3D years and assume 100% capital
depreciation each period. The coefficient on cépitas 0.5. We set the survival
parameter for the initial steady state 0.7 and the labour force growth rate to 1% per
year implying n = 1.35. The coefficient of relatisisk aversiorf equals 0.5. The time
preference rate = 1.43 and the wage tax rate for the variants Wig¥GO pension
systemt = 0.18 are taken from Pemberton (2000). Elastiof substitution are either
o = 0.9 orc = 1.1. For each open economy variant we takerttezast rate that results
from the respective closed economy'’s initial steathte simulation as exogenous and
constant.

Table 2 shows the results of our simulations of agraphic shocks for economies
with varying combinations of pension systems, ogssrand elasticities of substitution
between capital and labour. The table firstly pnésdahe initial steady state capital
intensities and labour shares. Since saving ratestlaus capital intensities are c.p.
higher in economies with fully funded pension sgsteéhe labour share is slightly
higher relative to the PAYGO system variantifis 0.9 (lower than 1) and slightly

* Since in closed economies labour shares are aunsyadefinition if the elasticity equals one, tligse is not
simulated.



lower if o is 1.1 (greater than 1). It further shows capit@énsity and labour share
adjustments when the survival parametas lifted from 0.7 to 0.9 and when labour
force growth is reduced to zero (n=1). Additionatle combined effects of both
demographic shocks are presented.

In the closed economy simulations all demographhocks increase capital
intensities. In line with the standard neo-cladsigawth model, a drop in labour force
growth directly leads to higher capital intensiyhigher survival rate also increases the
capital intensity by lifting saving rates of houskls who provide for a longer expected
retirement period. This effect is however mutedtly resulting lower interest rates.
The effect of higher capital intensity on labourasds is however ambiguous and
depends on whether the elasticity of substitutietwiken capital and labour is greater or
lower than one. Labour shares drop if= 1.1. Fore = 0.9, however, the demographic
shocks simulated lead to an increase of laboureshdihe closed economy version of
our model can therefore help to explain decliniagour shares in countries only if
elasticities of substitution exceed unitfhe pension system appears not to play a
particular role in our closed economy simulatiosstee extent to which labour shares
are affected is roughly the same in both systems.

In the simulations for small open economies witlfgx capital mobility we take the
interest rate resulting from the respective initbdsed economy simulation of each
variant as exogenous and constant. Unlike closedaguies, demographic change no
longer entails wage increases in open economieatal intensities are also constant.
Labour share adjustments are now only driven byigés in net foreign asset income.
Demographically induced excess savings are inveatedad which improves the
country’s net foreign asset position and increaseaseholds’ foreign investment
income. As table 2 shows, by increasing the sh&rbooseholds’ capital invested
abroad, demographic shocks can thus lead to reahsctn labour shares even if the
production function’s elasticity of substitution liswer than one. In case of = 1.1
reductions in labour shares caused by demograplbicks are also substantially larger
in open economies compared to the respective clesatomy variants. Furthermore, in
open economies the negative effect of a reductiofatbour force growth is slightly
stronger in variants with PAYGO system. This iss&i by households who increase
their saving rates to compensate for the expec®xldf income from PAYGO-financed
public pensions during retirement; the latter besagsed by higher old-age dependency
ratios. Unlike closed economies, this effect is@n economies no longer mitigated by
lower interest rates resulting from higher capitéénsities. In open economies with
funded pension system, households’ saving ratesatraffected by shifts in labour

* Demographic effects on interest rates are discdusstne literature evolving around the so-calledes meltdown
hypothesis (e.g. Abel, 2001, 2003; Poterba, 20040Bs, 2002).

* Empirical estimates display mixed results. Blanchard (1997) estimates be slightly greater than one in
Continental European Countries and slightly loweanttone in Anglo-Saxon Countries. Berthold et al. 2200
estimates to be substantially greater than one in GermamlyFaance and a Cobb-Douglas-like production strectu
in the US, whereas Rowthorn (1996) estimatés be substantially lower than one in all OECD daes.

* Accordingly a possible “asset meltdown” problenalieviated to the extent that capital is interoadily mobile
(Borsch-Supan et al., 2006).



force growth rates. The resulting decline in labsheres is therefore slightly smaller. A
switch of pension systems could also have an effactabour shares. This effect is
however likely to be rather small. As table 2 sh@avsomplete switch from a PAYGO
to a fully funded pension system would alter labsh@ares by just about one percentage
point in all variants.

The simulations suggest that diverging demograptegelopments could have
indeed been a factor contributing to the differdeyelopments of labour shares across
regions. Our simulations show that both, increasegokcted retirement durations and
dropping population growth rates can cause labbares to decline, particularly in
economies open to international capital flows. relatively closed economies the
demographic effect is likely to be substantiallyatler and could even be positive,
although the latter case is very unlikely given thet that nowadays all industrialised
countries have a certain degree of openness tdatdfmws. Our simulations also
suggest that pensions systems should have playlgdaominor role as labour share
effects of demographic shocks have been roughlysdme in PAYGO and funded
system variants. Switches between pension systesralso unlikely to be a substantial
factor, since our simulations suggest only a mlabour share effect even for complete
switches from PAYGO to fully funded pension systems

4 Empirical estimation and results

This section examines the empirical links betweemalgraphy and the labour share.
We use population growth rates, expected retirerdardtions, and expected old-age
dependency ratios as demographic variables (seeerpp for data sources and
definitions of variables). As shown in chaptert bld-age dependency ratio combines
both other factors. Data for these variables aadlale at an annual frequency for most
OECD countries from 1960 to 2007. This gives usatadield for 23 countries and 48
years. For this type of data-set time-series-cross-sec{ibSCS) methods are most
efficient in exploring the information of the datdime and cross section dimension (for
an overview see Breitung, Pesaran, 2005).

° Another possible channel through which demogramiiange can influence labour shares is factor #iase
technological change. If a slowdown in labour fogrewth leads to an increasing scarcity of labalative to
capital, firms may react by either shifting prodastabroad or by employing more labour-saving téphes. By
adopting technologies that use less labour and wapial at given factor prices, firms decreasentiageginal product
of labour at a given capital intensity (Blanchar897). In our model an increase of the proportiorredétively
capital-intensive methods of production would irg® the coefficient on capitaland decrease the coefficient on
labour (1e) which also causes the labour share to decline.r&hulting effect on the labour share can be shmwn
plugging (2) into (1). In this case, the labourrshequals

s = (1-a)L*
3 ak,c+(1-a)L”

- It is obvious thabls/oa < 0. An increase in reduces the labour share.

" We exclude a number of OECD countries from thepdanwhich have been or still are at different lsvef
development. These are mostly Eastern Europeantreesjnsuch as Czech Republic, Estonia, Hungary,népla
Slovak Republic, Slovenia, Turkey, and also Isritxico and Russia. Switzerland is also excludedtduack of
available income data.



Additionally to the full sample of countries we ltusubsamples of countries in line
with the simulations of the previous section. Adluatries are assigned to groups as
either PAYGO or funded system countries and adivelg open or relatively closed.
Since all countries in our sample operate pensigstems that include PAYGO
elementswve only distinguish between countries with predamity PAYGO systems
and predominantly funded pension systems. Countifesassigned to the PAYGO
subsample if the average PAYGO portion of the mepi@ent rate as estimated by
Bloom et al. (2007) exceeds 50 % and to the fursldbample if it falls below 50 %.
Due to lack of annual data on pension systems waadacontrol for changes in the
PAYGO portion of the replacement rate. Since demoigy can cause governments to
increase the funded portion of the replacementtrasecould potentially lead to a bias
of the demographic coefficients. However, as omusations suggest, even a complete
switch from a PAYGO to a fully funded pension systis likely to have only a minor
effect on labour shares. Moreover the data of Bl¢2@®7) computed for each country
for 3 years between 1961 and 2002 suggest thatrrshifs in the PAYGO portion of
the replacement rates have not taken place in dbatges included in our sample.
Capturing the impact of openness is also diffisuice all countries in the sample have
been more or less open to capital flows. We neetdis try to identify a certain impact
of openness by classifying countries as relativglgn or closed with regard to interest
rate autonomy. For this we refer to country sizetarms of population and GDP
assuming that relatively large countries have adrgnfluence on domestic capital
returns while small countries should rather beeptakers. The G7 countries plus Korea
and Spain are thus treated as relatively closedhmdhers as relatively open.

To get an impression of the properties of the daggerform panel unit root tests for
all variables and for all samples. As shown in ¢aBl unit root tests support the
hypothesis of unit roots in labour shares as welinaold-age dependency ratios. The
indication of a unit root for the other demographariables is not confirmed by all
tests, but Banerjee and Zanghieri (2003) argueptiiae! unit root tests may be distorted
by cross section cointegration. Since tests foroatnall individual series do not reject
the hypothesis of a unit root (Table 5) we treaisthvariables as non-stationary. Unit
roots are often removed by taking first differenaues, but that would allow us to
detect short-run relationships between labour shane the demographic variables only
and ignore possible long-run relationships if tlegies are cointegrated. As another
preparatory step we therefore test for cointegnabietween the labour shares and the
above mentioned demographic variables. The pamnelegration tests of Fisher (Table
6) and Pedroni (table 7) indicate a cointegrateation between the labour shares and
the expected retirement duration as well as betwabour shares and population
growth rates. The tests are devised for the nui@mtointegration in panels, including
regressions with multiple regressors, time tremu$ fixed effects. The results for the
expected old-age dependency ratio are mixed. TéteeFtest indicates no cointegration
while the Pedroni tests do. However, the resultthefcointegration tests may also be
biased if the cross sections are correlated. Weefilbe estimate an autoregressive
distributed lag model which has a simple error @ction representation:



a-1 b-1
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where Is is the labour share, x is the respectaraaraphic variable tested, and a and b
denote the respective number of significant lagkvaiables are log values.

To find the appropriate specification of equatid3)(for each group of countries we
proceed in the following steps. Firstly, we detarenthe lag order of the explanatory
variables by using the Hannan-Quinn informationtecion. Secondly, we use a
likelihood ratio test to analyse whether coeffitgerare homogeneous across cross
sections. We start from the most restricted modatkvis a fully homogenous model
(model 1) as in equation (13). This is tested axjam model with heterogeneous
constants (model 2), a model with heterogeneoust-sto coefficients (model 3). If
one of the later is superior it is tested againgilig heterogeneous model (model 4).
Thirdly, we use the Breusch-Pagan test to det@stscsection correlation. In the case of
cross section correlation we use the SUR-estinatdrotherwise OLS.

The estimation results for the long run coefficieeate presented in table 8 for the
whole group of countries, in table 9 for the penssgstem subsamples and in table 10
for the openness subsamples. The resulting longlasticities with respect to labour
shares (if significant) are presented in tableldithe sample covering all countries the
estimated long-run elasticities are significantdrdemographic variables and have the
expected signs, which are negative for the expec&tdement duration and the
expected old-age dependency ratio and positivethferpopulation growth rate. Our
empirical estimations thus confirm the results of simulations and indicate an impact
of demographic change on labour shares.

In the subsamples all specifications for expecttdament durations and old-age
dependency ratios also show negative long-runieitéss with respect to the labour
share. An exception is the case of the open cowsubgample in which the long-run
effect of the expected retirement duration is alegative but not significant. This result
is somewhat surprising, since the simulations tlearggested demographic effects on
the labour share to be larger in open economieweder, the elasticity for the expected
old-age dependency ratio which combines the effettsxpected retirement duration
and population growth rates is larger for the opeumntry group compared to the closed
country group which is again in accordance with sinulation results. Nevertheless
openness appears not to matter as much as coeijpleeted from the simulations. The
long-run elasticities for population growth rates positive, but significant only in the
common sample and in the funded pension systenr@aubgPension systems seem to
play a certain role as elasticities for the expdettirement duration and the expected
old-age dependency ratio are relatively largernea PAYGO system subgroup. The
elasticity of the population growth rate, howevisr,only significant in the funded
system subsample. The fact that the estimatediciiest in the sub groups are not
always in line with our simulations should not beerestimated, however. The
simulations were made for ideal type economies watiard to openness and pension
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system while the variation between countries assigio different groups is limited
since all are OECD countries that are more or tgsm to capital flows and operate
pension systems that include PAYGO elements.

5 Conclusions

This paper shows that the diverging patterns adualshare developments in OECD
countries also reflect their demographic differencBemographic change leads to
adjustments of households’ saving and investmehaveur. This in turn can affect
labour shares by either altering domestic capitiarisities or the share of income from
net foreign assets. Our simulation results indic#tat the magnitude of the
demographic impact on a country’s labour share midpen the country’s elasticity of
substitution between labour and capital and itsxapss to international capital flows.

A decline in labour shares in ageing countriesthenpublic debate often regarded as
a distributive problem - can thus also be attridut® provident behaviour of
households. Anticipating higher retirement duradion lower PAYGO-financed public
pensions due to higher old-age dependency ratimsseiolds increase their saving
rates. Higher savings, however, increase domespaat intensities and thus reduce
interest rates. Households adjust to the expectesl of capital returns by investing a
growing share of their savings in countries which less affected by ageing and thus
provide higher returns on capital. In return, highet foreign assets income reduces the
country’s labour share. If a country’s retiremegé aemains fixed despite continuously
growing life expectations, as has been the casadst countries in the past, and if
population growth is decreasing or even negative,dountry is thus likely to face a
declining labour share.

Our empirical findings generally support the sintioia results and provide evidence
for an impact of demographic change on the labbares. Interestingly, the important
role of openness to international capital flows,redicated by our simulations, is not
confirmed for all demographic variables. This cob&ldue to lack of variation between
our openness subgroups consisting of rather simBECD countries. However, it is
also possible that our simulations in fact ovemeates the role of openness since a
major shortcoming of our model is that it does tade account of international labour
mobility. Introducing labour mobility would add additional mechanism to arbitrage
away regional differences in capital intensities, teat the impact of international
capital flows would shrink. Another reason could tie&at some countries have
experienced gaps between rates of return on foragpets and those on foreign
liabilities as well as changes in asset valuatiergs due to currency adjustments
(Gourinchas and Rey, 2005). In many countries, ldpweents of net foreign asset
positions have thus not been matched by develommehtnet foreign investment
income positions. The U.S. for instance has maiethia generally positive balance of
net international investment income even as its foetign asset position became
increasingly negative. Other countries have seéfe lior even negative foreign
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investment income despite large surpluses in netigo asset positions. Finally, the
role of openness for the magnitude of demograpifécts might also be a matter in the
future rather than the past given that until relgedomestic savings and investments
have remained surprisingly correlated (Feldsteid Horioka, 1980). As a result most
countries’ GNPs haven't differed much from their B But as the Feldstein-Horioka
phenomenon appears to be increasingly disappeéBilagchard and Giavazzi, 2002)
the gap between GNPs and GDPs should likely coatiogrow as well.
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Appendix

Definitions of Variables

The labour share, unlike the wage share, alsodesllabour income of non-employees
(i.e. self-employed or family workers). Since tledtér is not provided in national
accounts, we follow the widely adopted approaciGofiin (2002) to adjust for labour
income of non-employees by assuming that othemyoaites of workers earn the same
average wage as employees:

w/L
ls=——.
GNI/N

where w is compensation of employees, L is the rermndd employees, N is total
employment and GNI is Gross National Income atenirmarket prices.

To obtain the expected retirement duration for ezatort E(RD) we use data on life
expectancy at age 4Q.E™) assuming that each year the average worker iged@s

old. For each year and country we take the lifeeetgncy at age 40, add 40 years and
subtract the respective standard national retir¢mgs in 2008 RA):

E(RD), = LE +40-RA.

The expected old-age dependency ratio E(AD®)omputed as the average old-age
dependency ratio that a worker at age 40 facesgluris expected retirement period.
Projected data on old-age dependency ratios arkabhlauntil 2050:

r+R
E(ADR)t:% > ADR ,R=|E(RD),+0.5|.
r=t+RA-40

Since real time data for life expectancy at aged@ old-age dependency ratios are not
available, we assume that earlier projections etinga?006 data.

* The assumption of constant retirement age at 088 2evel for all countries is certainly criticdh most
countries the official retirement age has beernuslly constant in the relevant time period begignin the mid
1980s. A few countries (e.g. New Zealand) howethere altered their official retirement age whichghti have
affected the expected retirement duration. Thigotfis very hard to quantify, however, as it ididifit to trace back
the exact dates when the reforms of the retireragatbecame publicly aware. If these reforms weaeted well in
advance, this might also have affected the behawbeohorts to which the new retirement age did yet apply.
We therefore assume the official retirement ag20f8 as applying to all cohorts.
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Groupings:

Countries classified as relatively open: Australia, Austria, Belgium, Denmark, Finland,
Greece, Iceland, Ireland, Luxembourg, Netherlahsy Zealand, Norway, Portugal,
and Sweden.

Countries classified as relatively closed: Canada, France, Germany, Italy, Japan, Korea
Spain, UK, and USA.

Countries assigned to PAYGO system subsample: Austria, Belgium, Finland, Germany,
Greece, ltaly, Japan, Netherlands, Portugal, Spaith Sweden.

Countries assigned to funded system subsample: Australia, Canada, Denmark, France,
Iceland, Ireland, Korea, Luxembourg, New Zealandiidy, UK, and USA.

Data Sources

Compensation of employees, number of employees, &MNlirrent market prices, total
employment: AMECO Database, 2008.

Old-age dependency ratios: OECD Social Indica086.
Life expectancy: OECD Health Data.
Retirement age: OECD - Pensions at a Glance, 2008.

Total population: OECD Factbook 2008: Economic, iEonmental and Social
Statistics

PAYGO portion of replacement rate: Bloom et al.Q2)) Gudmundsson (2001) for
Iceland.

’ Korea became relatively large with regard to GD®#y agecently. However, since the country was prasip
relatively autarkic we nevertheless treat it aatretly closed.
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Figurel
Labour sharesin selected OECD countries (1960 = 100)
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Figure2
Population growth in selected OECD countries (1960 = 100)
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Figure3
Old-age dependency ratiosin selected OECD countries
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Tablel
Adjusted Labour Sharesin 23 OECD countries

1960 1975 1985 2007
Australia 57.5 65.4 61.8 55.1
Austria 70.8 72.9 67.6 57.2
Belgium 55.8 64.1 64.0 59.5
Canada 64.6 62.4 60.8 57.0
Denmark 56.0 62.4 59.6 56.6
Finland 68.4 70.1 65.0 53.1
France 62.2 65.7 63.9 56.3
Germany 59.9 65.4 61.6 54.1
Greece 83.4 56.0 64.4 54.6
Iceland - 64.0 61.6 -
Ireland 64.1 68.1 68.3 58.7
Italy 66.6 69.9 64.8 54.4
Japan 73.2 76.5 68.0 56.6
Korea - 79.4 75.7 66.8
Luxemburg 59.2 67.8 55.4 57.1
Netherlands 56.1 69.1 62.5 55.8
Norway 59.3 61.9 52.4 45.7
New Zealand - - 54.9° 52.0
Portugal 63.1 85.3 68.6 63.1
Spain 61.6 66.9 61.3 56.3
Sweden 63.8 64.6 63.0 56.5
UK 64.2 71.9 64.7 61.4
USA 64.8 63.4 63.0 60.7

Source: AMECO Database

11986
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Table?2

Simulation results: Steady state labour shares before and after demographic

shocks
Elasticity of substitution c=11 =09

Pension System PAYGO Funded PAYGO Funded
Initial Steady State Capital Intensity
(r=0.7,n=1.35) 171.3 258.5 64.2 91.6
Initial Steady State Labour Share
(r=0.7,n=1.35) 374 36.5 60.3 61.1

Closed Economy
Capital Intensity# = 0.9) 2154 326.9 76.1 108.5
Capital Intensity (n=1) 276.5 419.2 84.8 120.9
Capital Intensity£ = 0.9, n=1) 353.7 539.4 100.7 143.7
Labour Sharen(= 0.9) 36.9 35.9 60.7 61.5
Labour Share (n=1) 36.3 35.3 60.9 61.8
Labour Sharen(= 0.9, n=1) 35.7 34.8 61.3 62.2
SOE

Labour Sharen(= 0.9) 34.5 33.8 56.5 58.2
Labour Share (n=1) 31.3 30.8 53.6 55.9
Labour Sharen{= 0.9, n=1) 28.6 28.2 49.7 52.6
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Table3

Descriptive Statistics of the Main Variables (All observationsin the sample; 1960-

2006)
Mean Standard Maximum Minimum Observations
deviation
Labour share 62.6 5.8 88.1 441 1048
Expected 12.3 2.7 22.1 5.4 915
retirement
duration
Expected old- 32.9 9.3 63.3 11.26 917
age dependency
ratio
Population 0.72 0.58 4.5 -0.89 1081
growth

21



Table4
Pandl Unit Root Tests

Test Labour share Expected Exp. old-age Population

Country retirement dependency  growth
group duration ratio

Levin, Lin, Chu 151 -5.04*** -5.18%* -1.60*

Im, Pesaran, Chin 2.08 -3.95%** 1.29 -2.65%**

All

ADF — Fischeix? 34.31 91.96*** 60.31* 66.91**

PP — FischeK?® 34.26 155.07*** 42.54 89.61***

Levin, Lin, Chu 0.21 -3.73%** -4.10%* -0.33

Im, Pesaran, Chin 0.59 -3.23%** -0.86 -2.41%**
Open

ADF — Fischeix? 29.15 58.33*** 35.74 43.77**

PP — FischeK?® 29.19 126.16*** 20.05 70.66***

Levin, Lin, Chu 2.03 -3.44%** -3.23%* -1.71%

Im, Pesaran, Chin 2.59 -2.32%** 0.97 -1.23
Closed

ADF — Fischeix? 5.16 33.62** 24,57 23.13

PP — FischeK? 5.08 28.91x** 22.49 18.95

Levin, Lin, Chu 1.62 -3.00%** -2.97%* 0.66

Im, Pesaran, Chin 2.58 -2.30** 1.55 -0.75
PAYGO

ADF — Fischeix? 13.65 36.62** 25.10 22.73

PP — FischeK?® 12.90 36.96** 25.36 37.00**

Levin, Lin, Chu 0.52 -4.04%** -4.36*** -2.50%**

Im, Pesaran, Chin 0.41 -3.25%** 0.36 -2.99%**
Funded

ADF — Fischeix? 20.66 55,33+ 35.21* 44.17%**

PP — FischeK*” 21.37 118.11%** 17.18 52.61***

* *x *xx Null hypothesis rejected at the 10 %,%, 1 % significance level respectively.
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Table5b

Unit Root Testsfor Individual Series

Labour Share Exp. Retirement Population Growth Exp. Old-Age
Duration Rate Dependency Ratio

Australia -1.38 -3.03 -2.19 -2.51
Austria 0.49 -4.05%+* -2.02 -1.45
Belgium -2.18 -2 -2.23 -1.82
Canada -0.31 -1.44 -2.19 0.41
Denmark -1.3 -0.01 -1.5 -4.75%*+*
Finland -0.31 -2.29 -1.33 2.05
France -0.7 -1.83 -2.89** -1.5
Germany -0.1 -1.98 -2 -2.6
Greece -3.15%* -3.16 -2.64* -0.88
Iceland -2.6 -10.08*** -3.61%** -1.13
Ireland -0.69 -1.57 -1.99 -0.58
Italy -0.06 -2.44 -1.66 -0.44
Japan 0.08 -0.39 -0.13 -0.47
Korea 0.31 -2.21 -1.82 -1.43
Luxemburg -2.01 -4.18** -2.37 0.06
Netherlands -1.12 -2.84 -0.85 -2.04
Norway 0.31 -1.86 -1.54 -3.87**
New Zealand -2.04 -4 5% -2.95** -2.75
Portugal -1.64 -2.83 -2.07 2.15
Spain -1.02 -3.78** -1.86 -1.85
Sweden -0.52 -1.57 -1.67 -3.01
UK -1.08 -2.87 -2.42 -0.47
USA -1.66 -1.85 -1.8 -3.09
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Table 6
Fisher cointegration test

Labour Share and Ex Labour Share and Ex Labour Share and
Retirement Duration Age Dependency Ratio Population growth

Hypothesized Fisher Stat.* Fisher Stat.* Fisher Stat.*

Sample  No. of CE(s) (from trace test)Prob. (from trace test)Prob. (from trace test)Prob.

None 96.9 0.00 136.5 0.00 84.9 0.00
All
At most 1 57.1 0.13 126.6 0.00 30.8 0.96
None 62.1 0.00 73.1 0.00 54.2 0.00
Open
At most 1 37.0 0.12 78.1 0.00 20.4 0.84
None 34.8 0.01 63.4 0.00 30.7 0.03
Closed
At most 1 20.1 0.33 48.5 0.00 10.4 0.92
None 57.1 0.00 82.0 0.00 57.5 0.00
PAYGO
At most 1 28.0 0.18 70.2 0.00 17.8 0.72
None 39.7 0.02 54.5 0.00 27.5 0.28
Funded
At most 1 29.1 0.21 56.5 0.00 13.0 0.97
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Table7

Pedroni cointegration tests

Labour share and ex Labour share and
Labour share and ex old-age dependency population growth

retirement duration ratio rate
Sample Test Statistic Prob. Statistic Prob. Statistic Prob
Panel v-Statistic 1.84 0.07 0.78 0.30 -0.73 0.31
Panel rho-Statistic  2.63 0.01 2.82 0.01 3.28 0.00
All
Panel PP-Statistic -1.23 0.19 -0.75 0.30 1.38 0.15
Panel ADF-Statistic  7.40 0.00 8.67 0.00 7.87 0.00
Panel v-Statistic 1.25 0.18 0.28 0.38 -0.66 0.32
Panel rho-Statistic  1.06 0.23 1.29 0.17 2.38 0.02
Open
Panel PP-Statistic -1.09 0.22 -0.73 0.31 0.55 0.34
Panel ADF-Statistic  4.10 0.00 5.39 0.00 5.55 0.00
Panel v-Statistic 1.65 0.10 1.32 0.17 -0.21 0.39
Panel rho-Statistic  1.77 0.08 1.87 0.07 1.87 0.07
Closed
Panel PP-Statistic -0.42 0.36 -0.08 0.40 2.15 0.04
Panel ADF-Statistic 5.84 0.00 6.30 0.00 7.90 0.00
Panel v-Statistic 1.46 0.14 1.04 0.23 -0.96 0.25
Panel rho-Statistic  1.39 0.15 1.54 0.12 1.28 0.18
PAYGO
Panel PP-Statistic -0.71 0.31 -0.37 0.37 1.33 0.16
Panel ADF-Statistic 5.99 0.00 7.13 0.00 8.15 0.00
Panel v-Statistic 1.12 0.21 -0.08 0.40 0.15 0.39
Panel rho-Statistic  1.29 0.17 1.45 0.14 1.96 0.06
Funded
Panel PP-Statistic -1.39 0.15 -1.07 0.22 0.38 0.37
Panel ADF-Statistic 4.22 0.00 5.11 0.00 3.96 0.00
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Table8

Estimation resultsfor all countries

@) (@) 3)
-0.29%** -0.08*** -0.36***
Labour share (t-1) (0.04) (0.01) (0.07)

Exp. retirement duration (t-1) _ pgws«

(0.03)
. 0.007***

Population growth (t-1) (0.001)

. -0.06***
Exp. old-age dep. ratio (t-1) (0.02)
ARDL 3,2 3,2 3,2
Model 4 3 4
Estimation LS SUR LS
Observations 811 979 811

* ** *x% indicate significace at the 10 %, 5 %, 1 % significance level
respectively. Model 1: all coefficients are homogewns, Model 2:
heterogeneous constants and homogeneous shorbagdun coefficients,
Model 3: homogeneous constants and long run caefie and heterogeneous
short run coefficients, Model 4: all coefficient® deterogeneous.
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Table9

Estimation results for openness subsamples

Closed Open
@) 2 3 4 ®) (6)

Labour share (t-1) -0.11**  -0.03** -0.04**  -0.29**  -0.04**  -0.05***

(0.02) (0.01) (0.01) (0.05) (0.02) (0.01)
Expected retirement -0.03*** -0.07
duration (t-1) (0.01) (0.04)

: 0.002 0.003

Population growth (t-1) (0.001) (0.002)
Expected old-age -0.01%** -0.02 ***
dependency ratio (t-1) (0.003) (0.02)
ARDL 54 2,1 54 3,2 3,2 3,2
Model 2 1 1 4 3 4
Estimation LS SUR LS LS LS LS
Observations 296 404 296 496 584 496

* *x *xxndicate significance at the 10 %, 5 %, % significance level respectively. Model 1: all
coefficients are homogeneous, Model 2: heterogeneounstants and homogeneous short and long run
coefficients, Model 3: homogeneous constants and lun coefficients and heterogeneous short run

coefficients, Model 4: all coefficients are hetezngous.
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Table10

Estimation resultsfor pension system subsamples

PAYGO Funded
1) 2 3 “4) ®) (6)
Labour share (t-1) -0.20**  -0.05***  -0.06***  -0.12*** -0.03** -0.11%**
(0.04) (0.01) (0.01) (0.03) (0.01) (0.03)
Expected retirement -0.10%** -0.03***
duration (t-1) (0.03) (0.01)
: 0.002 0.005**
Population growth (t-1) (0.002) (0.002)
Expected old-age -0.02%** -0.02%**
dependency ratio (t-1) (0.004) (0.01)
ARDL 3,2 3,2 3,2 3,3 3,2 3,2
Model 4 3 1 2 1 3
Estimation SUR SUR SUR LS LS LS
Observations 432 495 432 370 484 370

* *x *xxndicate significance at the 10 %, 5 %, % significance level respectively. Model 1: all
coefficients are homogeneous, Model 2: heterogeneounstants and homogeneous short and long run
coefficients, Model 3: homogeneous constants and lun coefficients and heterogeneous short run
coefficients, Model 4: all coefficients are hetezngous.
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Table1l

Long-run easticitieswith respect to thelabour share

Expected

Expected old-

Sample :jel::;etin;ﬁnt gpr(z)?/\lr]tlr?tion Zg;endency
ratio

All countries -0.26 0.09 -0.17

Open n.s. n.s. -0.39

Closed -0.32 n.s. -0.30

PAYGO -0.49 n.s. -0.35

Funded -0.26 0.16 -0.17
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