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Abstract

We examine the link between equity risk premiums and demographic changes using a very long
sample over the whole twentieth century for the US, Japan, UK, Germany and France, and a
shorter sample covering the last third of the twentieth century for fifteen countries. We find
that demographic variables significantly predict excess returns internationally. However, the
demographic predictability found in the US by past studies for the average age of the popula-
tion does not extend to other countries. Pooling international data, we find that, on average,
faster growth in the fraction of retired persons significantly decreases risk premiums. This de-
mographic predictability of risk premiums is stronger for countries with well-developed social

security systems and lesser-developed financial markets.

JEL Classification Codes: G12, G15, J10, P46
Keywords: population aging, demography, risk premiums, international

predictability, social security
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NON TECHNICAL SUMMARY

This paper contributes to the ongoing debate among researchers concerning the link between stock prices
and demographic changes. Special interest was drawn toward this topic from financial economists
because of the remarkable size of retirement savings flowing into financial markets in the last decade. In
the United States, in particular, much has been said, both in academic papers and in specialised press,
about the relationship between the so-called baby boom generation retirement savings and the
phenomenal increase in financial asset prices which characterised the period from 1990 to 1999. This fact,
coupled with demographic projections forecasting population ageing in all the developed countries over
the next 20-30 years, raised concern for a possible “financial market meltdown” when people currently in

working years will retire and withdraw funds from those same financial markets.

The ratio of people belonging to the age groups characterised as prime borrowers and prime savers
changes because of different population growth rates. Those changes in the population age distribution
have an impact on financial asset ownership essentially in two forms: changes in the amount of securities
that households - belonging to different generations - hold and changes in the composition of investment

portfolio among assets with different risk profiles.

Bakshi and Chen (1994) found evidence that changes in the average age of the adult population predict
equity premium when analysing US data. This result is consistent with the assumption that investors’
relative risk aversion increases with age. However, empirical evidence supporting this argument is fairly
weak. In particular, Poterba (2001) finds evidence that age is indeed related with risk tolerance, but this
relationship is not monotonic. This might suggest that simple summary measures, for instance the average
age of the population, might not be appropriate when studying the impact of demographics on asset
pricing. In this study, three different measures of demographic changes are used as explanatory variables:
the average age of the population above 20 years old, the fraction of adults over age 65 and the proportion

of population in the working ages 20-64.

The study is first carried out for five developed countries (France, Germany, Japan, US and UK) using
data covering the period 1900-2001 (1920-2001 Japan). While the levels of the demographic measures
that we consider are quite highly correlated across countries, changes in those same demographic
measures and average returns across the G5 countries are not highly correlated, so observing population
changes and expected returns in these markets gives extra information which effectively increases our
sample size. Second, a fairly large cross-sectional sample of 15 countries, covering most of the developed
markets, is constructed. This data covers the last third of the twentieth century. While this second data set
is much shorter, it provides a large sample of cross-sectional variation in demographic experience and
expected returns. In both studies, the econometric framework adjusts for overlapping observations and
heteroskedasticity by using Hodrick (1992) standard errors. Finally, the cross-sectional information of
both the long time-series over the G5 countries and the larger sample of 15 countries are pooled to jointly

estimate the coefficients of the demographic variables. This, in effect, increases the statistical power.
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The main finding of the empirical study is that demographic changes do indeed predict risk premia
internationally. However, the particular relationship between changes in average age and risk premia in
the United States, which Bakshi and Chen (1994) find, seems to be unique to the United States and is not
replicated in other countries. Instead, the change in the proportion of retired adults is a significant
predictor of excess returns internationally. Specifically, increases in the retired proportion of the

population as a fraction of the total adult population decrease excess returns.

This result is somewhat surprising, because theoretical models used to study the link between
demography and asset pricing usually predict that when a larger proportion of individuals retire, they
would liquidate their financial asset positions in order to fund consumption. This in turn would lower
asset prices and increase expected returns. The apparent counterintuitive result obtained in this empirical
study may be explained in several ways. Two factors are considered more closely: the availability and
extent of Social Security benefits in each country and the “development” of the financial markets. Using
the same technique of pooled regression as in the first part of the study, evidence is found that the impact
of changes in the proportion of retired people on financial asset returns is higher in countries with large

Social Security benefits and less developed financial markets.
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1 Introduction

During the 1990’s, the baby boom generation (those born roughly in the two decades following
World War II) entered its peak savings years. Individuals aged between 40 and 60 years old are
the prime savers of the economy in the US and this age class is projected to rise until roughly
2010 and then decline. Several theoretical models have argued that the baby boom generation
was a contributing factor to the high stock returns and the large increase in stock prices observed
from 1990 to 1999." Some, such as Abel (2001b), argue that as the baby boomers retire, asset
prices are likely to fall. Thus, understanding the effect the baby boomer cohort has on current
and future asset returns is important for economic policy, social planning and social welfare
issues. In this paper, we investigate the link between equity risk premiums and demographic
changes in several countries. We contribute to the debate on expected returns and demography
in a number of ways.

First, we construct long data samples covering most of the twentieth century for the largest
five developed countries (France, Germany, Japan, UK and US). In the US, there has been only
one baby boom shock in the past 40 years, but there have been demographic changes throughout
the whole twentieth century. Linking the increase in asset prices in the US with only the high
returns in the 1990’s may correspond to only one, non-representative, observation. Focusing on
this one observation opens up the possibility of data mining regarding inference of demographic
predictability of expected returns. Moreover, since demography is a slowly evolving variable,
testing for low-frequency changes in expected returns should be done with long time-series.

We use three explanatory variables to summarize dynamic demographic composition: the
average age of the population above 20 years old, the fraction of adults over age 65, and the
proportion of the population in the working ages 20-64. While levels of these variables are quite
highly correlated across countries, changes in these demographic measures and average returns
across the G5 countries are lowly correlated, so observing population changes and expected
returns in these markets gives extra information which effectively increases our sample size.

Second, we construct a fairly large cross-sectional sample of 15 countries, covering most of
the developed markets, similar to Erb, Harvey and Viskanta (1997). This data covers the last
third of the twentieth century. While this second data set is much shorter, it provides a large

sample of cross-sectional variation in demographic experience and expected returns.

' Mankiw and Weil (1989) make a similar argument trying to explain the rise of real estate prices in the late
1970’s and early 1980’s.
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Third, we use an econometric framework which adjusts for overlapping observations and
heteroskedasticity by using Hodrick (1992) standard errors. These standard errors have good
small sample properties and account for heteroskedasticity and the moving average structure
induced by using overlapping observations when looking at long-horizon returns (see Hodrick
1992; Richardson, 1993; and Ang and Bekaert, 2001). Using standard OLS, Newey-West
(1987) or Hansen-Hodrick (1980) standard errors to judge predictability, especially over long
horizons, may cause severe size biases. In particular, improper inference leads to over-rejection
of the null hypothesis of constant expected returns. If correct inference is made using appro-
priate standard errors, there is no reason to restrict the data to be non-overlapping, . Thus, our
analysis uses all the available data, for most efficient estimation and most powerful tests. In
contrast, Poterba (2001) uses 5-year non-overlapping returns. We test predictability of the risk
premium over horizons of 1 year, 2 years and 5 years.

Finally, we pool the cross-sectional information of both our long time-series over the G5
countries and our larger sample of 15 countries to jointly estimate the predictability coefficients.
In this procedure, we specify each country to have its own (constant) expected return as the
null hypothesis. We use the cross-sectional data to estimate the demographic predictability
coefficients over several horizons, and conduct statistical inference with heteroskedastic-robust
standard errors. Indeed, pooling the cross-sectional data increases statistical power as shown in
section 3.3.

We find that demographic changes do indeed predict risk premiums internationally. How-
ever, the particular relationship between changes in average age and risk premiums in the US,
which Bakshi and Chen (1994) find, is unique to the US and is not replicated in other countries.
While changes in the average age of the population have no forecasting power in international
data, the change in the proportion of retired adults is a significant predictor of excess returns.
However, unlike the US experience, increases in the retired proportion of the population as a
fraction of the total adult population, decrease excess returns. These results are consistent with
the ones recently found by Davis and Li (2002), which however consider /evels of demographic
variables and different cohort ratios.

This result is surprising, because overlapping generations models predict that when larger
proportions of agents retire, they dis-save, and sell the assets not bequeathed to the next gen-
eration to fund their consumption. If these agents affect asset prices by selling their assets,

asset prices would be pushed down and ex-ante expected returns up. However, our international
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results show that, on average, the reverse happens. This result may be explained by dissimi-
lar cross-sectional patterns of saving across different age cohorts, which are influenced by the
availability of social security benefits and the ease of participation in securities markets. In the
last part of the paper we address this issue and we find supporting evidence that changes in
the proportion of retired people predict risk premiums in countries with large social security
benefits and less-developed financial markets.

There have been few other empirical studies exploring the link between demography and
risk premiums, and most of these focus on the US.?> Three studies using international data are
Erb, Harvey and Viskanta (1997), Brooks (1998) and Poterba (2001). Erb, Harvey and Viskanta
(1997) consider the predictability of demographic variables on asset returns in a large cross-
section of developed markets, but with a short time series. They focus on predictability of
total equity returns, rather than equity risk premiums, do not compute robust standard errors, or
pool cross-sectional data. Brooks (1998) examines demography and equity prices in the OECD
nations over the post-war time period, but focuses on asset price levels rather than returns. Using
information from the Survey of Consumer Finances, Poterba (2001) investigates the relationship
between age and the demand for financial assets. His analysis is mainly limited to the US, but in
the last part of the paper he explores time-series relationships between demographic change and
asset returns in Canada and the UK, and finds little evidence of predictability of asset returns
by demographic variables in these countries. All these studies do not conduct pooled cross-
sectional estimations using international data over long horizons, nor do they compute robust
standard errors.

The remainder of the paper is organized as follows. Section 2 presents the theoretical and
empirical framework. Section 3 describes the data and shows how pooling international data
leads to improvements in power. Section 4 presents the core findings on the demographic pre-
dictability of risk premiums. In Section 5, we examine the relationship between demography,

social security and the relative degree of financial market development. Section 6 concludes.

2 See Bakshi and Chen (1994), Yoo (1994b), Bergantino (1998) and Goyal (2002).
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2 Theoretical and Empirical Framework

2.1 Theoretical Motivation

Demographic factors can be included in theoretical models of asset pricing in several ways.
In the following, we show how demographic factors can affect risk premiums by building on
the model of Donaldson and Maddaloni (2002). Being an overlapping generations model, it
captures many of the features of recent theoretical models of this kind.> Our goal here is not
to intricately solve a complicated economy, rather, it is to show how demographic changes are
related to the equity premium in one particular theoretical model. The comparatively simple set-
up, which considers only changes in the population growth rates, is however flexible enough to
illustrate how demographic variables can impact risk premiums. Subsequently, in the empirical
work, a wider set of measures of demographic developments is taken in account, which are not
directly captured in the theoretical model.

Each generation born into the economy lives for three periods: young, middle-aged and old
(or retired). The total population growth rate n is exogenously given and fixed. The fraction
of young people in the population is an increasing function of the rate of growth n, while the
fraction of middle-aged and of old people are inversely related to it. This allows different values
of the population growth rate to give rise to different age distributions of the population. There
are two financial assets in the economy, a stock and a bond. Let p§ denote the price of the equity
security, which pays a stochastic dividend d¢, ; next period and p} denote the price of the debt
security in period ¢, a perpetuity bond, that pays a coupon of 1 at ¢ 4+ 1. We also assume that the
supply of equity and bonds grows at rate n. Despite the latter assumption, aggregate population
growth rates still affect the value of risk premiums. Relaxing the link between the supply of
financial assets and population growth rates potentially produces even larger effects.

The utility from consumption at time ¢ is described by the function u (¢;, i) wherei = 0,1, 2
accounts for the current period of investor’s life. An agent born in period ¢ (a young agent)

maximizes his lifetime utility subject to three different budget constraints, one for each period

3 See the overlapping generations models of Yoo (1994a), Brooks (1998, 2000), Constantinides, Donaldson and
Mehra (1998), Abel (2000, 2001a, 2001b), Donaldson and Maddaloni (2002), Luo (2000) and Goyal (2002).
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of his life:

max E,

t, z’mt 7

2
> 8u (e, i)] (1)

=0

subject to Cio + pt$to + pt$t0 < wt’

Ct+1,1 T pt+1$t 1 +pt+1551t 1> (pt+1 + dt+1> fff,o (14+n)+ (pt+1 + 1) x?o (1+n)+ wtlv

)

Cip22 < (pt+2 + dt+2> zi (1+n)+ (P?Jrz + 1) 95?,1 (1+n)

7

where z7,; and xfl signify the holdings of equity and debt securities, respectively, in period ¢ of
his life, ¢, ; denotes consumption at time ¢ for an investor at stage ¢ and w} is the wage received
in period . Wages to young agents w) are fixed, wages to middle-aged agents w; are stochastic
and retired people 7 = 3 receive no wage. The agents’ utility function is CRRA u(c) = 1/(y —
1)1 and the agents’ subjective discount factor 6 are presumed lifetime invariant.*

The middle-aged investor may revise portfolio holdings relative to what he had chosen when
young, depending on the payofts and prices of the securities as well as his middle-aged income
realization. A middle-aged representative agent solves the following optimization problem at

time t¢:

max F;
b
zf,l "Lt 1

2
Z 5i_1u (Ct—l—i—la Z)] (2)

=1

ce1 +piag s +playy < (pf +d) ap_y o (L+n)+ (p) +1) )y o (1+n) + w;

Cy1,2 < (pt+1 + dt—H) x;l (1+n)+ (plt?-i—l + 1) x?g (I+n).

Note that the portfolio choices z§_, , and z{_, ; are the ones made in the previous period when
the investor was young. Hence, in any period both middle-aged and young agents are potentially
active in the securities markets. Conversely, retired people do not actively invest in the financial
markets; instead, they liquidate their asset positions and finance consumption with the sale
proceeds.

At time ¢, let Y; denote the aggregate output and B, the aggregate interest payment to the

outstanding bonds. Then aggregate output is related to its constituent components according to:

Y, =w) +w + B+ d; 3)

4Like in Constantinides, Donaldson, and Mehra (2002), a constrained economy where young investors are

prevented from entering the securities markets can also be considered.
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Donaldson and Maddaloni (2000) specify a driving process for (Y;, w}) with a set of parameter
©, which is later calibrated to the data.
The solution of the optimization problem for young investors gives rise to the following first

order conditions:

u (¢, 0)pf = O0F; [ur (ci1,1) (1 +n) (pfyq + dfy)]
uy (¢, 0)p] = 6B [u (ceyr, 1) (1+n) (9}, +1)] )

where u, is the first order derivative of the utility function. The term (1 4 n) in the expectation
reflects the windfall to economic agents due to an increased supply of securities in period ¢ + 1.

Comparable equations can be derived for the middle-aged investor:

uy (e, 1) pf = 6By [ur (ciy1,2) (1+7) (pfyy +dfy,)]
ur (e, 1)p] = 6B [ur (c1,2) (14 7) (pfy; +1)] - )

Equilibrium for this economy is characterized by a set of stock and bond prices p¢ and p?
and individual demand functions x{ and z{ such that () the demands for securities by young
and middle aged agents satisfy the respective optimality conditions in (4) and (5), respectively,

and (7¢) aggregate supply must equal aggregate demand, in the equity and debt markets:

(1+n)zg+2f = 1
(1+n)ad+2° = 1. (6)
Under sufficient conditions, a unique equilibrium can be numerically computed, but an-
alytical solutions are unavailable. Hence, there exists a unique, implicitly defined (but non-

analytical) pricing kernel m;,; that is a function of the population growth rate n, the parameters

O of the data generating process for output and wages, the discount rate 6 and risk aversion ~:
My = F(na @7 67 7) (7)

This stochastic discount factor prices all securities, in particular equity:

p; = By [meq (05,0 +diy)] 3)
and one-period bonds (R{)~!:
1
RN 1=—"™" = 1+rf*1, 9
( t ) Et [mt+1] ( t ) ( )
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where r{ is the one-period risk-free rate.

Hence, the equity premium E,[y; 1], defined as:

Pii1 +d§+1} T

Ei[yi1] = E [ o Tt (10)
2

is also characterized by the Euler equation:

Et[mt-‘,—lyt-i-l] =0, (1T)

and is an implicit function of the same parameters (n, ©, ¢, ) governing the pricing kernel.

Calibrated simulations by Donaldson and Maddaloni (2002) show that the risk premium is
a decreasing function of n, but the effect of demographic changes on the value of the risk pre-
mium is generally small. This result can be explained via a substitution effect between risky
and riskless asset. As n increases, the proportion of young investors in the population increases
and the share of total output going to young people, as aggregate wage, consequently increases.
Since, in this model, dividends are a residual of output less wages and interest payments on
bonds, equity investment becomes less attractive relative to bonds, decreasing in turn the pre-
mium required by investors to hold equity. Similar results are derived in other models such as
Brooks (2000), who works with a production-based economy rather than an exchange-based
economy.

The model outlined above shows how differences in the population growth rate n can af-
fect the risk premium even in a simplified economy where output and financial asset supply
are growing at the same rate as the population, and where rational agents anticipate future pop-
ulation growth. Population demographics can potentially drive the risk premium in several
additional ways. For example, the cross-sectional profile of the population may also change
and have important financial effects. Even in this simple theoretical economy, a non-zero pop-
ulation growth rate n implies changes in the cross-sectional age profile of the population: a
particular value of n gives rise to different cross-sectional growth rates of young, middle-aged
and old people, but all governed by n. In reality, it is possible that total population growth
may not change, but the proportion of working people to retired people may change through
immigration and other channels, and this may have even larger effects on financial prices.

The relationship between equity premiums and cross-sectional population distribution is
also theoretically supported in models including some form of social security. For example,
Campbell et al. (2001) assume that during years of working life the individual must save a frac-

tion of current labor income as illiquid retirement wealth, which after retirement is converted
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into a riskless annuity. In this model, returns on financial assets are crucially affected by the
relative proportions of working people and retirees. Goyal (2002) also shows that inflows (net
new investments) in the stock market are directly related to changes, rather than static levels, in
the demographic structure of the population.

In the empirical work described in the next section, several measures of different cohort
growth rates in the demographic cross-sectional profile are taken in account. In particular, we
investigate the empirical relationship between excess returns and the growth of the fraction
of people belonging to the age classes of middle-aged (working) and old. Statistically, levels
of demographic variables are also unit root, while changes of growth rates of demographic
variables are more stationary. Hence, we examine log changes in the demographic variables of
interests as predictors of risk premium. We denote these variables with “d” prefixes.

Risk aversion itself may depend on demographic variables. Bakshi and Chen (1994), for ex-
ample, find empirical evidence that an investor’s relative risk aversion increases with age. While
earlier studies based on the Survey of Consumer Finances, like Bossons (1973) and Lampman
(1962), found similar evidence, more recent work finds richer results at a cross-sectional level.
In particular, Poterba (2001) finds supporting evidence that age is indeed related to risk toler-
ance, but this relationship is not monotonic. This might suggest that simple summary measures
used by previous authors, such as the average age and the median age of the population may
not be appropriate when studying the impact of demographics on asset pricing. These mea-
sures may also hide developments in population structure. In contrast, we use several different
cross-sectional population measures as predictor variables.

Demographic changes may affect asset returns through several indirect ways. For example,
Abel (2001b) comments that demography affects the composition of agents in the economy
and their risk-sharing abilities. Ameriks and Zeldes (2001) show that households’ portfolios
vary with age, so demography is related to limited equity participation and non-participation,
which affect expected returns and return variability, as Allen and Gale (1994) demonstrate. To
further examine the relationship between demography and risk premiums, we examine how de-
mographic predictability may change across countries with different social security systems
(economies with different risk-sharing profiles) and different financial market development
(economies with different financial market participation). Even in small open countries (like
Belgium and Australia, for example), we might expect that demography is related to risk pre-

miums, since even in these countries there is a pronounced home-bias, and low stock market
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participation (see, for example, Tesar and Werner, 1995; and Guiso, Haliasos and Jappelli,

2000).

2.2 Empirical Framework

In order to empirically investigate the relationship between expected returns and demographic

variables we run regressions of the form:

By [yey1] = a+ B z. (12)

Y441 18 the log excess return in period (¢ + 1), calculated as the difference between the contin-
uously compounded total return of the stock market index and the continuously compounded
return on a risk-free asset, and z; includes demographic variables and other, non demographic
known predictor variables. We work with several demographic measures. The first is the frac-
tion of people over 65 years old, called %age63, a proxy for the percentage of retired people;
the second is the percentage of people in the age class [20-64], called %working, a proxy for the
work force population. We consider also the average age of adult population, called age, calcu-
lated as the weighted average age of individuals over 20 years old, which is the same measure
Bakshi and Chen (1994) employ.

Under the null that 3 = 0 in equation (12), expected excess returns are constant. To test

empirically the predictability of equity premium over £ periods we use the regression:

Uk =+ 'z + €ttk,k (13)

where Gy, = (1/k) (Y1 + Yero + - -+ + Yesx) is the annualized k-period excess return for the
aggregate stock market, where all annual excess returns y;,; are continuously compounded.
The error terms €, have an M A(k — 1) form because of over-lapping observations.

We first run regressions with only one explanatory demographic variable. In this first
set of regressions, z; in equation (13) is either z; = dage;_1, zz = d%age65;_1, or z; =
d%working, 1. The RHS variables are lagged by one year to ensure they are observable at
time ¢ and to take in account the direct impact of savings from a given age group. The literature
has found other predictor variables, which have proved to explain movements in equity returns.
In a second set of regressions, we control for other explanatory variables on the RHS of (13)
by adding consumption growth dcons; and the term spread term;, the difference between a

long-term yield and a short-term yield. In the standard consumption-asset pricing framework,
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asset returns are a function of consumption growth, so following Bakshi and Chen (1994) we
include dcons; as a control variable. This variable is also lagged one year to ensure that it is in
the information set at time ¢. Keim and Stambaugh (1986) and Campbell (1987) find that the
term spread is a predictor of risk premiums, so we also include term; in z;. The term spread
also represents the difference in expected intertemporal marginal rates of substitution over long
and short horizons (see Harvey, 1988). While the literature has found other predictor variables,
these cannot be obtained for the very long sample period (almost a century) that we consider,
and for the entire set of countries we consider.

For hypothesis testing, we compute standard errors using the method in Hodrick (1992),
which accounts for both the moving average errors and for heteroskedasticity. Using GMM, the
parameters # = (a3')’ in equation (13) have an asymptotic distribution /T (@ — 6) ~ N (0,9)
where Q = Z;'S,Zy", Zy = E (z43;) , 2 = (1%,) and Sy is estimated by:

k—1

=00+ [06)+CW] (14)
j=1
where
Ll ,
)= T 2. <wt+kwt+k—j> (15)
t=j+1

and wiy, = €4k1%¢. The Hodrick (1992) standard errors exploit covariance stationarity to
remove the overlapping nature of error terms in the standard errors computation. Instead of

summing €, 5, into the future to obtain an estimate of S, xt:v;_ ; 18 summed into the past:

T
A 1 /
SO = ? t_gk wk:twk:t (16)

where

k-1
wk; = €t+1,1 <Z 9Ut—i> . (17)
i=0

As Ang and Bekaert (2001) and others report, Hodrick (1992) standard errors do not over-
reject the null of no-predictability, which OLS, Newey-West (1987) and Hansen and Hodrick
(1980) t-statistics do. This feature is critical, especially for long horizon studies. Ang (2002)
reports that the true size for a Newey-West standard error may be over 40%, when the nominal
size is 5%, for long horizons. If we were to use non-Hodrick (1992) standard errors, we would
not know if a rejection of the null in favor of predictability would be due to over-rejections of the

null hypothesis, or actually reflects a true predictive relationship in line with a given confidence
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level. The size distortions of Hodrick (1992) standard errors are minimal, ensuring we do not
capture spurious predictability relations.

In order to increase power, we pool cross-sectional data across countries. In particular, we
estimate a pooled version of regression (13) but impose cross-sectional restrictions, following

the method in Ang and Bekaert (2001). In particular, we estimate the equation:
Uiow = i+ Biz + €irin (18)

for each country i subject to 3; = (3 across different countries. Under the null hypothesis of
constant excess returns, this specification allows each country to have its own individual mean
excess return. We pool data by imposing the restriction that the age structure of the population
has an impact of the same magnitude on the equity premium in different countries. Appendix B
shows how to estimate this system and how to compute Hodrick (1992) standard errors for /3.
In the second part of the study, we use monthly data for 15 countries. We place annualized
monthly returns over 1, 2 and 5 years horizons on the LHS of equation (13). In this case,
Yok = (12/k) (Y441 + ... + yerr) Where y;1 now represent monthly excess returns. Since
our demographic data has an annual frequency, we use the population variable in z; which
corresponds to the last annual number at the start of the calendar year. (The demographic
variables are again lagged by one year to ensure that they are time ¢ measurable). Hence, there
are 12 identical observations for z;, 2411, ..., 2;111 over the calendar year starting from time
t. The same exact procedure is applied to annual data on aggregate consumption as a control

variable.

3 Data

Our empirical analysis uses two data sets. The first data set spans most of the twentieth century
for the US, France, Germany and UK (1900-2001) and from 1920 to 2001 for Japan. This data
set consists of annual observations on excess aggregate equity returns, several demographic
variables, consumption growth and term spread predictors. Section 3.1 describes the US time-
series while Section 3.2 compares the US experience with the other G5 countries. In the second
data set, we consider a much larger range of countries but a more restricted time period covering
the latter third of the last century, 1970 to 2000. We have monthly observations for the following

15 countries: Australia, Austria, Belgium, Canada, Denmark, France, Germany, Italy, Japan, the
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Netherlands, Spain, Sweden, Switzerland, the United Kingdom and the United States.> One
concern about using international data is that since the broad demographic trends are shared by
major countries, pooling information across countries may not dramatically increase power. In
Section 3.3, we show that since the cross-country variations in changes in demographic growth
rates are lowly correlated, pooling data from five countries gives almost the same power as

increasing the sample size of the US by five times.

3.1 Description of Annual US Data

Figure 1 displays the three US measures of demographic changes we consider: age, the average
age of the population over 20, %age65, the percentage of adult people aged 65 or higher; and
%working, the proportion of the population which is aged [20-64]. We report the levels for
these variables in the left column of Figure 1 while the right column shows the continuously
compounded annual change of these variables, which are denoted with a “d” prefix. The average
age of the adult population is increasing for the whole sample except for the decade 1960-70.
The percentage of people over 65 years old rises over the whole last century, although the slope
of the graph is lower in the second half of the century. The percentage of the population in the
[20-64] working age class increases until the 1950’s, then it decreases and starts to rise again
after 1970.

These plots all highlight the same phenomenon: the effect of the baby boom generation, an
abnormally high increase in the birth rate of United States recorded in the period 1950-1960.
The fraction of people in the workforce dropped during those years, because there was a larger
number of new babies. In addition, since we calculate the average age only over people over
20 years old, the variable dage shows a sharp decline after 1970, exactly when the baby boom
generation enters into the calculation of the average. The fraction of adult people over age 65
increases at a lower rate in the last ten years: people from the baby boom generation are not yet
retired which implies a larger proportion of the population in the younger age classes. Hence,
the proportion of the older age class grows at a slower rate. Demographers forecast a reversal
of this phenomenon in the very short future when the baby boom generation retires.

The first few columns of Panel A of Table 1 report summary statistics for the US of the
demographic variables and asset returns over the full sample. The average age of the US pop-

ulation over the last century is 43, but the average age has increased from 41 in the first half

3 Summary statistics of the monthly data set are available upon request.
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of the century 1900-1945 to 45 from 1946-2001. The proportion of retired people as a fraction
of the adult population averages 12% across the century, but this has increased on average by
nearly 1 percent (0.89%) per year. In contrast, the proportion of the working population has
stayed at roughly the same level across the century (around 55%). The levels of the demo-
graphic variables age, %age65 and %working are highly autocorrelated (over 0.99 in the full
sample). On the other hand, the log changes of these variables are more stationary: for example,
the autocorrelation of dage is 0.91 in the full sample.b

We calculate the excess return (“excess”) on the US market as the difference between the
continuously compounded total return (price appreciation and dividend return) of the S&P 500
and the continuously compounded return on a short term risk-free asset. Panel A reports some
well known stylized facts on the excess return. US excess returns over the last century are on
average 5.22% and have a volatility of 19.53% over the whole sample.

The last two rows of Panel A report summary statistics of the two additional regressors we
use in our predictive regressions. The first, the US term spread (“term”) is calculated as the
difference between the long term bond yield and the short term yield. The average term spread
is 1.41% over the entire sample. The second, is the log change in consumption, dcons. Average
US consumption growth is around 3.28% with a volatility of 5.45%.

The US correlation matrix reported in Panel B of Table 1 contains several interesting styl-
ized facts. First, as expected, the demographic variables are correlated with each other: while
the correlation is positive between dage and d%age65 (0.58), the variable d%working is neg-
atively correlated with both of them (-0.74 and -0.54 respectively). This is because dage and
d%age65 are both measures of population aging and a population with an increasing number of
retired people means fewer people in the workforce as a proportion of total population. Second,
we confirm that demographic variables are significantly correlated with the risk-free return, as
Poterba (2001) finds. In contrast, the correlations between the excess returns and the demo-
graphic variables are much lower and go in the opposite direction to the correlations with the
risk-free rates. Hence, there is some unconditional relation between demographic variables and

asset returns in US data.

¢ For the US variables age, %age65 and %working, we cannot reject the null of a unit root using Dickey-Fuller
tests. We also cannot reject the null of a unit root for US dage, d%age65 and d%working because of lack of power.

However, the dage, d%age65 and d%working variables for the other G5 countries are statistically stationary.

ECB «Working Paper No 208 « January 2003 19



3.2 Description of Annual G5 Data

In Figure 2, we present plots of the demographic variables age, %age65 and %working across
the US, UK, France, Germany and Japan. The experiences of the US, UK, France and Germany
share the same broad trends, but Japan’s experience is quite different. However, even within
these broad trends, the demographic experiences of each individual country are different. We
illustrate this with one variable, age, in detail.

In the UK, the average age increases steadily until 1980 and then starts to decrease, possibly
due to a high rate of immigration. The pattern in France is less clear: although the trend is
increasing, there are several peaks (corresponding to 1921, 1938 [the effect of World War 1I]
and 1966) and downturns (corresponding to 1931, 1939 and 1980). In Germany, the average
age of the adult population above 20 years rises at a high rate after World War II, and it starts to
slow down during the 1950°s. There is a decrease in the 1980’s, which may be due to increased
foreign immigration. Recently, the average age has started to increase again. In Japan, the
average age starts to increase only after 1970. Before this, the age structure of the population
is much more stable. After 1970, the increase is quite sharp until the last decade, when the
value of the average age stabilizes at a higher level. This observation is consistent with the fact
that only recently has the Japanese government relaxed its immigration policies toward foreign
citizens, in particular allowing descendants of Japanese ancestors to emigrate back to Japan.

Panel A of Table 1 lists summary statistics for the G5 countries. Turning first to the de-
mographic variables, the US has a relatively younger population than the UK, Germany and
France. While, on average over the last century, 12% of the US adult population is above age
65, 14% of the UK and German adult population and 16% of the French adult population is
above retirement age. In contrast, only 11% of the Japanese adult population is over 65. Com-
pared to the other G5 countries, the US has a fairly fast rate of increase in the demographic
variables. The US has a fast average increase (0.89%) in the proportion of the adult population
over 65, and only Japan’s population has a faster average increase (1.47%). France’s population
shows the slowest rate of aging: its means of dage, d%age65 and d%working are uniformly the
lowest across the five countries. Mean excess returns range from 3.02% for Germany (with a
26.24% volatility) to 6.89% in Japan (with a 24.37% volatility).

Panel C of Table 1 lists correlation matrices across countries for dage, d%age65, d%working
and excess. While Figure 2 shows that population levels have broad trends across the G5, Panel

C shows that growth rates in the cross-sectional population are lowly correlated. Hence, the US
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experiences in population growth rates have not been shared by the UK, Germany, France and
Japan. The cross-country correlations for dage, d%age65 and d%working are generally low.
Japan’s dage is generally negatively correlated with the Western countries, but even in Europe
the rate of change of the average age is not uniform (the UK-French correlation is close to zero).
The US and UK correlation of d%age65 is high at 73%, but the correlation of the growth of the
fraction of the US population above retirement age is only 8% with France and is significantly
negatively correlated with Japan (-50%). The cross-country correlations for d%working have
the same signs as those for d%age65 and are also fairly low. Turning finally to cross-country
correlations of the excess return, the highest cross-country correlation is the US-UK (53%). The
US excess return has only a 25% and 35% correlation with France and Germany, and only a
14% correlation with Japan.

In summary, the demographic experiences of cross-sectional changes and excess return pat-
terns of the G5 countries over the past century are generally lowly correlated. This implies that
the time-series data of other countries contain valuable cross-sectional information which we
will exploit by cross-sectional pooling. To explicitly show the increase in power by exploiting
the cross-country information, we now conduct a simulation exercise to examine the increase

in power by using data from foreign countries.

3.3 Does Cross-Country Data Increase Power?

Table 1 shows that changes in demographic variables across countries are lowly correlated. We
show that this low correlation allows us to increase power by pooling this data across countries.

To illustrate this, we work with a univariate predictive regression of the form:
Y = a+ fr1 + oyuy, (19)

for a predictive instrument x; forecasting the variable y; (in our case the excess return) and u; ~
IID N(0,1). To examine power in small samples, we work with the framework of Stambaugh

(1999), so that x; is an endogenous regressor:
Ty = PTy—1 + Oz€, (20)

where ¢; ~ IID N(0,1).
Our strategy is as follows. We use the data-generating process (DGP) of (19) and (20) to

simulate out data from one country (the US), of 99 years, the same length as our G5 one-period
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ahead regression sample. We simulate out under the alternative that 3 # 0, and re-estimate
the predictive regression (19) (which corresponds to (13) with £ = 1) in the small sample
and record the Hodrick (1992) t-statistic. Using critical values corresponding to 10% and 5%
nominal size levels (for two-sided tests), we record the proportion of rejections of the null
hypothesis. Our goal is to see the improvement in power by increasing the US sample to 2 x 99,
3% 99,4 x99 and 5 x 99 years. We compare this to the power of pooling the data from 2, 3, 4
and 5 ‘average’ countries, which are correlated with the US sample. The pooled regression (18)
data is estimated in each simulated samples, where each country has a sample length of 99.

Our calibrated values for the DGP are determined as follows. We set p = 0.94, from the
autocorrelation of d%age65 for the US, o, = 0.0024 giving x; an unconditional volatility of
0.007, as in US data. We conduct our power analysis under the null hypothesis that 5 = 0 and
under the alternative hypothesis that 5 = —2.1, which is the empirical value of the regression
(detailed in Section 4). We set o, = 0.23, which is the volatility of the US excess return. Panel
B of Table 1 shows the unconditional correlation in the US of excess returns and d%age65 is
0.05, which we set as the correlation of u; and ¢; under the null. In Panel C of Table 1, the
average cross-country correlation of US d%age65 and d%age65 in other countries is 0.32, and
we set the correlation of US shocks to d%age65 and shocks to foreign excess returns at zero.

Table 2 lists the results of the small sample power analysis. First, power is fairly low,
with power being only 17.08% (10.59%) for a 10% (5%) nominal size level for using only US
data. This is because the volatility of excess returns is very high, 23%, relative to the variation
caused by the predictable components due to demographic variables. Hence, trying to pick up
demographic predictability of risk premiums is very difficult even with samples of a century of
data without pooling or further increasing the data sample. Second, power naturally increases
as the data sample for the US is increased from 99 years to 495 years. Increasing the data
sample of a single country by a factor of five increases power to 45.32% (33.45%) at a 10%
(5%) nominal size level.

Third, we see that the increases in power for using pooled cross-country information is al-
most the same for increasing the sample length of the US. For example, at a 5% level, using data
from three countries produces a power of 20.72% which is almost exactly the same power as in-
creasing the data sample of the US alone by three times (21.38%). For five countries, the power
corresponding to a size level of 5%is 31.63%, only slightly less than increasing the US data

sample by a factor of five (33.45%). Power from using cross-country information is lower than
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simply increasing the US data sample because the demographic information across countries is
correlated. However, the power loss from using cross-country information is almost negligible,
compared to increasing the US data sample, because the correlations for demographic changes
are low (Panel C of Table 1). In summary, cross-country pooling is a very good way to increase

power for examining the relationship between demographic variables and excess returns.

4 Empirical Results

4.1 Demographic Predictability in the US

Table 3 reports the results of the regression in equation (13) for the US over the full sample
1900-2001. We present forecast horizons of the excess return over 1 year, 2 years and 5 years.
For each horizon, we list the results of univariate regressions of changes of each demographic
variable dage, d%age65 and d%working. We include the two predictors dcons and term as
control variables in trivariate regressions with each demographic variable.

Table 3 shows very weak predictability, generally not even significant at the 10% level, for
the risk premium by any demographic variable. In one sense, this is consistent with many the-
oretical studies who find only weak relationships between demographic effects and risk premi-
ums. The point estimates show that a 1 basis point increase in the average adult age increases the
risk premium by 16 basis points at a 1-year horizon. Controlling for dcons and term, d%age65
is significant at the 10% level at a 1-year horizon but produces an R? of only 3.90%. The point
estimates are consistent with Bakshi and Chen (1994), and other US studies, who find that a
change in the average age is positively related to changes in risk premiums. However, with
robust standard errors and a larger sample period, our predictability evidence is weak. We now
check the robustness of the relationship between population changes and risk premiums with

international data.

4.2 Demographic Predictability Across the G5 Countries

The regression results over the full sample are reported in Tables 4 and 5 for the UK and Japan.
We comment (but do not report) on the regression results for France and Germany below. Table
6 reports results of a joint regression estimated cross-sectionally across all G5 countries.

We turn first to the UK in Table 4. For a 1-year horizon, the point estimates of the coef-
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ficients of dage, d%age65 and d%working have the same sign as the US. However, the UK
dage coefficient is one order of magnitude less than the US and becomes negative over longer
forecast horizons. Like the US, d%working is not a significant predictor at any horizon. The de-
mographic variable which does have significant predictive power for excess returns is d%age63,
which is positive and significant over all horizons (significant at the 1% (5%) level for a 1-year
(2-year and 5-year) horizon). In particular, a 1% change in d%age65 increases the equity pre-
mium by around 3-4% at all horizons. These are almost the same point estimates as for the
US, except the US point estimates are all insignificant across all horizons. The change in the
proportion of retired persons also retains its significance controlling for dcons and term in the
trivariate regression.

Table 5 reports the results of the predictive regressions for Japan, which are run over the
period 1920-2001. The demographic coefficients are all significant at the 1-year horizon, but
are exactly the opposite sign to the US regressions. For the 1-year horizon in the univariate
regressions, dage, d%age65 and d%working are all significant at the 5% level. However, con-
trolling for dcons and term, the predictability of each of these demographic variables diminishes
so that the only significant predictor controlling for these instruments is d%age65. At 2-year
and 5-year horizons, no demographic variable is a significant predictor.

For the regressions for France and Germany, there is no evidence of predictability at the 5%
level, but some predictability at the 10% level. We expect that while the Japanese population
experience is quite different to the US, which gives us different predictability coefficients, we
might expect France and Germany to give similar results as the US. However, this is not the
case. For short horizons, the point estimates of the demographic for France and Germany have
the same sign, which is exactly opposite to the US coefficients. Overall, this suggests that any
relation between expected returns and demographic variables may be different in international
data to the US experience.

The first conclusion to draw from these results is that demographic variables do predict ex-
cess returns in international data, at least in the UK and Japan. This evidence is much stronger
than US data. Second, the demographic variable which other authors have found to predict ex-
cess returns in the US (change in the average age of the population with a positive sign) is not
a result that extends to other countries. Other countries have d%age65 as the best demographic
predictor of excess returns, which is highly significant. Third, the sign of the coefficient on the

demographic instruments is different in the US from other countries. The variable d%age65
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predicts excess returns in some countries with the same sign as the US (the UK) or with the
opposite sign to the US (France and Germany). Japan has exactly the opposite results of demo-
graphic predictability of risk premiums to the US.

To increase the power of the tests, we pool data across all G5 countries and estimate equation
(18) constraining the demographic variables to have the same coefficients in each country, but
allow each country to have different constant excess returns under the null of no predictability.
We introduce a dummy variable to account for the years of the World Wars, where data points
are missing for several countries. Our sample period is 1920-2001, since the Japanese data
starts in 1920.

Table 6 reports the results of the pooled regression across the G5 countries. In the regres-
sions at the 1-year horizon, both dage and d%age65 have negative coefficients. These results
are the opposite to those obtained estimating only with US data. The variable d%working has a
negative sign at short horizons, but turns positive at long horizons. Across all horizons, only the
Hodrick (1992) t-statistic of d%age65 is significant at a 5% level in the regressions controlling
for dcons and term. The d%age65 coefficient increases its significance to the 1% level at the
S-year horizon. In particular, at a 1-year (5-year) horizon, for a 1% increase in the percentage
of the adult population which is retired, the risk premium is forecasted to decrease by 2.12%
(1.34%), controlling for the effects of predictability by consumption growth and term spreads.

The pattern of increases in d%age65 driving reductions in the risk premium is largely due
to the relationship between excess returns and the aging of the populations in France, Germany
and Japan. In these countries, it is d%age65 which has most predictive power, with a negative
sign, rather than positive sign as in the US regression. Hence, while demographic predictability
in the US is very weak, it is much stronger in international data. Furthermore, the weak positive
correlation between excess returns and the average age of population in the US is not a robust
empirical phenomenon which other countries share. Across the G5 countries, it is the change of
the fraction of retired people which has most predictive power, with a negative sign, for excess

returns.

4.3 Demographic Predictability Across Fifteen Countries

Figure 3 shows the coefficients of the demographic variables with 95% confidence bounds from
trivariate regressions over the 1-year forecast horizon. In each regression we control for dcons

and term using monthly data. Each country is abbreviated by a code in the x-axis. Panel A
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shows the coefficients of dage, where every country except Spain and the US has insignificant
coefficients. The US coefficient is roughly twice the magnitude across this shorter 30-year
subsample, as over the full century, and is now significant at the 5% level. This is a much
stronger result than over the full century in Table 3.

Panel B shows the coefficient d%age65. In contrast to the full sample, the point estimate of
the US coeflicient is negative, although the standard error is very large. With the exception of
the UK, every country has negative point estimates. Italy and Spain are significantly negative at
the 5% level, but many countries, including Australia, Austria, Denmark, France, Germany, and
Sweden are significantly negative at the 10% level. Panel C of Figure 3 shows the regression
coefficients of d%working. Most countries have positive coefficients, many of them significant,
while the US has a significantly negative coefficient.

Table 7 reports pooled cross-country regression results for the fifteen countries. The coef-
ficients for d%age65 and d%working have the same sign as the joint regressions over the G5
countries in Table 6. The most significant demographic variable for the US, dage, is not signifi-
cant at any horizon, but the positive sign is the same as the US regressions. However, the pooled
country estimation over 15 countries supports the hypothesis that there is a negative correlation
between the growth in the fraction of the adult population over 65 years old and future excess
equity returns.

In Table 7, d%age65 is significant at the 1% level in univariate regressions for all horizons,
and controlling for dcons and term, d%age65 remains significant at the 1% level across all
horizons. Looking at the point estimates, at a 1-year horizon, increasing the growth of the
fraction of the adult population over 65 by 1% decreases the equity premium by 4.11% (2.31%)
at a l-year (5-year) horizon, controlling for dcons and term. This negative sign on d%age65
is the opposite of the US regressions. Turning finally to d%working, this variable is also not
significant at the 5% level over any horizon, controlling for consumption growth and the term
spread. The positive signs on d%working are the opposite of the US coefficients.

Hence, the results of a much larger sample confirm that the US experience with demographic
change and excess returns does not conform to international experience. While demographic
variables significantly predict excess returns, the US demographic variables are not the same
variables which predict excess returns internationally, nor do they even predict with the same
sign. Internationally, increases in the proportion of retired people decrease risk premiums.

As already addressed in the introduction, a general characteristic of overlapping generations
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models including demographic changes is the assumption that people sell their financial assets
in order to consume when retired. In this framework, population aging would imply a general
decrease of asset prices (both equity and bonds) and an increase of required expected returns.
In Abel (2001b), a bequest motive is included in the model, but this is shown not to overturn the
basic conclusions, at least for generally accepted calibrations. Concerning the effect of popu-
lation aging on the risk premium, this depends also on the relative attractiveness of equity with
respect to bonds, which is likely to be affected by investors risk aversion. In the theoretical sim-
ulations carried out in the paper of Donaldson and Maddaloni (2001), which are parametrized
to US data, population aging and equity premium are positively correlated, implying that the
effect on expected returns is higher on equity than on bonds.

Structural differences among the financial system of the United States and other developed
countries might partly explain the differences in the results. For example, as shown in Con-
stantinides, Donaldson and Mehra (2002), the presence or absence of the young as financial
market participants is seen to influence equilibrium security returns substantially. The degree
of participation to equity market and the ability to borrow against human capital can be quite
different across the countries considered in the sample. In addition, Anglo-Saxon countries are
characterized by lower social security benefits and a more established households equity cul-
ture. On the other hand, in other countries, like the Wester European for example, the existence
of a “more generous” social security system, which may specifically affect portfolio allocation
between risky and riskless asset, as well as a much lower rate of equity participation may have
resulted in an effect in the opposite direction. In the next section we try to make a first attempt

to address these issues.

5 Demography, Social Security and Market Development

There could be several reasons why the US risk premium predictability by demographic vari-
ables is different from the experiences of other countries. We examine two possibilities in this
section, due to cross-country differences in social security systems and the relative degree of
the development of financial markets.” We use the same technique of pooled cross-country re-
gressions, but divide our group of countries into two subgroups, depending on the institutional

characteristics of each country. Our motivation here is to further examine which characteristics

7 We thank an anonymous referee for suggesting this analysis.
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of the countries are behind the strong predictability of excess returns by demographic changes.

5.1 Social Security Benefits

In international data, we find that the greater change in the proportion of people over 65, the
lower the risk premium, both for the G5, and for the larger sample of 15 developed countries.
For this age class, as well as middle-aged investors saving for retirement, investment choices
are likely to be affected by the amount of social security benefits that households receive during
retirement and by the expected variability of those same retirements as perceived when investors
are middle-aged. To see if cross-country differences in social security affect the relationship
between demography and expected returns, we divide countries into two groups, depending on
how “socially developed” the country’s social security system is.

We construct an indicator of “social security development” using data from the OECD So-
cial Expenditure Database. This indicator captures the percentage of public expenditures that is
directed to benefits for retired people. These benefits are the sum of old age cash benefits and
services for the elderly and the disabled. The indicator of Social Security benefits is constructed
as follows:

(old age cash benefit) + (services for the elderly and the disabled)
(total public expenditures) x (percentage of people over 65)

ey

Iss =

The indicator is divided by the percentage of people over 65 in order to correct for the size
of the “old population.” This value is greater than one for most of the countries we consider,
which implies that the percentage of social expenses directed to the old population is higher
than the percentage of people over 65. The fifteen countries are then divided in two groups,
split according to the median value. Panel A of Table 8 lists the two groups. The groups are
as expected, with Switzerland and Italy appearing as the two countries with the highest level of
social security benefits, except that Canada and Sweden appear as the countries with the least
benefits. This might be due to the fact that in the OECD data health benefits paid cannot be
portioned into benefits paid only for old people, so Canada and Sweden are most likely severely
under-ranked.® Nevertheless, the ranking provides a first-cut look at the generosity of social

security benefits.

8 A second indicator adds health x (percentage of people over 65) to the numerator in (21). The results obtained

including health expenses are very similar to the results obtained when health expenses are excluded in (21).
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Panel B of Table 8 reports the results of the two pooled cross-country regressions. We
report only the demographic coefficient in a trivariate regression (and omit the coefficients on
dcons and term). The most interesting result is that d%age635 is a significant predictor, with
a negative sign, for both groups of countries at all horizons. However, d%age65 is a more
significant predictor, with larger magnitudes of the point estimates of the regression coeflicients,
for high benefit countries than for low benefit countries. This result is intuitive: in countries
with low social security benefits, retirees are forced to dis-save some of their wealth to fund
their consumption, and the demographic predictability of d%age65 is muted. In contrast, in
countries with high social security benefits, old people participate in financial markets not to
sell securities to fund their retirement, but may save for other purposes like bequest motives and

pure speculation, and hence more directly affect equity premiums.

5.2 Financial Market Development

The relative importance of financial markets compared with the “real” side of the economy is
different across countries. This in turn is likely to affect households’ equity participation, as
argued, for example, by Ameriks and Zeldes (2001). To examine the effect of financial market
development on the demographic predictability of excess returns, we divide the countries into
two subgroups, according to the value of a “market development” indicator. This indicator is
calculated as follows:

GDP ( US$)
domestic market capitalization (USS$))

for each country. The larger the value of the indicator, the less important is the financial market
compared with the real economy. Panel A of Table 9 reports the average values of this indicator
for the fifteen countries. The sample of countries is split in two subgroups, according to the
median value. At the top of the list is Switzerland. The country with the smallest traded financial
markets relative to the size of its economy is Austria.

Panel B of Table 9 lists the results of the cross-country pooled regressions. For countries
with a low level of market development, d%age65 is extremely significant across all horizons,
with a negative coefficient. In contrast, for countries with highly developed financial markets,
the point estimates of the d%age65 coefficient are smaller (-5.31 (-2.88) for the low (high)
market development countries) and are generally less significant. At the 1-year horizon, low

market development countries are highly significant at less than the 1% level (t-stat = -5.09),
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while high market development countries are significant only at the 5% level (t-stat = -2.17).
Note that the pooling according to social security benefits and market development differ only
for two countries.” Hence, countries characterized by higher social security benefits tend to
also have less developed financial systems.

Countries with less-developed financial market are likely to have less liquid, smaller markets
with low stock market participation, quite different from the US experience (see Guiso, Halias-
sos and Jappelli, 2000). (The three largest stock markets, the US, Japan and the UK all belong
to the high market development group.) Hence, in countries with less-developed financial sys-
tems, the segment of the population holding relatively large amounts of stocks, especially old
people, would likely have a larger influence on stock prices. In countries with less-developed
financial markets, if the elderly seek to own stocks, an increasing proportion of retirees would

bid up stock prices, subsequently decreasing risk premiums.

6 Conclusions

We investigate the link between demographic changes and excess returns in the largest five
developed markets over most of the twentieth century, and a larger sample of 15 countries over
the last third of the twentieth century. We pool this cross-sectional data allowing for more
efficient estimation and more powerful tests, and conduct inference of short and long horizon
predictability with robust Hodrick (1992) standard errors.

Our results have several implications for the development of theoretical models. First, Over-
lapping Generations models predict that shifts in age distributions of the population do change
the relative pricing of financial assets, even when these demographic changes are rationally an-
ticipated. We find strong empirical evidence that demographic changes predict future excess
returns in international data, but the US evidence is very weak.

However, the theoretical models in the literature are calibrated only to past US demographic
changes, which we find is lowly correlated with international demographic experience. Hence,
other countries provide additional cross-sectional data to test if demographic changes predict

excess returns. Moreover, the changes of demographic variables in other countries is lowly cor-

? Specifically, Japan and Switzerland belong to Group 1 in the market development pooling, while they were
part of Group 2 in the social development pooling. Consequently, Belgium and Denmark belong to Group 2 for

the market-development pooling and to Group 1 for the social development one.
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related with the US and the degree of stock market participation in some other countries is also
quite different to US experience. Testing the predictions of theoretical models internationally is
important to check their robustness.

The demographic variables that predict US excess returns are not the same demographic
variables that predict excess returns on other countries. We confirm previous studies using US
data that changes in the average age of the population weakly predict US excess returns. How-
ever, this variable has no predictive power for excess returns internationally. The most powerful
predictive demographic variable for international excess returns is the change in the proportion
of retired people, as a fraction of the adult population. A growing proportion of retired people
significantly forecasts decreases in the equity premium, over 1, 2 and 5 year forecasting hori-
zons. Our international empirical results back up the predictions of Abel (2000 and 2001b),
who suggests that as the baby boom generation enters retirement, and leaves the middle-age
peak-saving years, future realized excess return on equity will be low. This demographic pre-
dictability of risk premiums by changes in the proportion of retirees is strongest for countries
with high levels of social security benefits and for countries with less-developed financial sys-

tems.
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A Data Appendix

Financial data on stocks and interest rates for the annual database are provided by Global Financial
Data (GFD). Whenever possible we indicate the way the historical series has been constructed by GFD.
Population data from 1900 to 1949 are from Mitchell (MI) (1992). From 1950 on, population data are
from Eurostat (EU). Annual aggregate consumption is estimated as the difference between the total value
of the real GDP and the share of GDP that is invested. Data on GDP, Savings and Investments are from
various sources: the World Bank (WB), Jones and Obstfeld (JO) (1997), Bordo and Jonung (BJ) (1987),
Taylor (TR) (1999) and (MI).

Annual Data

Annual excess returns are calculated as the difference between the total return (price index plus dividend
return) on the local equity index and the total return on a short term “risk-free” investment. Data on total
returns are provided by GFD, which combine both current indices that are calculated by national stock
exchanges since the 1980°s and recalculated indices based on historical data for dividend yields and price

appreciation before their publication by the national stock exchanges.

United States: Equity returns represent price plus dividend returns (total returns) from GFD, which are
compiled from the S&P 500. Risk-free returns are total returns from GFD, calculated from Commercial
Bills prior to 1935 and from 3-month T-Bills thereafter. Long-term and short-term yields are from GFD.
The long-term yield is the yield on the 30 year Government Bond, the short-term yield is the yield on
a Commercial Bill until 1914, the discount rate from 1915 to 1930 and the yield on a 3-month T-Bill
thereafter. Population data are from the U.S. Census Bureau, “Statistical Abstract of the United States”,
various years. The real GDP is from JO until 1939, BJ until 1959 and WB thereafter. For the investment
share of GDP we use JO until 1945, TR until 1964 and the WB thereafter.

United Kingdom: Equity returns represent price plus dividend returns (total returns) from GFD, which
are compiled from the FTSE All-Share Index. Risk-free returns are total returns on a 3-month Govern-
ment Bill, from GFD. Long-term and short-term bond yields are provided by GFD. The long-term yield
is the yield of a Consol Bond, while the short-term yield is computed from a 3-month T-Bill. Population
data come from MI from 1900 to 1949 and EU from 1950 to 1998. The real GDP is from JO until 1939,
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BJ until 1959 and WB thereafter. For the investment share of GDP we use JO until 1945, TR (1999) until
1964 and the WB thereafter.

France: Equity returns represent price plus dividend returns (total returns) from GFD, which are con-
structed by replicating the MSCI index for all the last century. Risk-free returns are discount rates from
1900 to 1929 and total returns on a 3-month T-Bill thereafter, from GFD. Long-term and short-term
yields are provided by GFD. The long-term yield is the yield of a 10-year Government Bond, while
the short-term yield is the discount rate from 1900 to 1930 and the yield of a 3-month T-Bill thereafter.
Population data are from MI from 1900 to 1949 and EU from 1950 to 1998. For the real GDP we use
JO until 1979, BJ for missing years and WB from 1960 on. For the investment share of GDP we use JO
until 1945, MI until 1966 and WB from 1967. The years from 1914 to 1920 and from 1939 to 1948 are

excluded from the multivariate regressions because of missing data on aggregate consumption.

Germany: Equity returns represent price plus dividend returns (total returns) from GFD, which are
compiled from the CDAX Composite index. Risk-free returns are discount rates from 1900 to 1919,
total returns on 3-month Private Bills until 1952 and total returns on 3-month Government Bill thereafter.
Long-term and short-term yields are provided by GFD. The long-term yield is an average of yields for all
8-15 year bonds, which is an index reported by the Bundesbank. The short-term yield is the discount rate
from 1900 to 1952 and the yield of a 3-month T-Bill thereafter. Population data are from MI from 1900
to 1949 and from Myers and Mauldin (1952) for the years 1939-1945. Population statistics from 1950
to 1998 are provided by EU. For real GDP we use MI until 1959, WB from 1960 on. For the investment
share of GDP we use JO until 1945, TR from 1946 to 1966, WB from 1967. In the univariate regressions,
the years from 1914 to 1925 are excluded from the sample because of missing data for equity returns. In
the multivariate regressions, the years from 1939 to 1949 are excluded because of missing consumption

data.

Japan: Equity returns represent price plus dividend returns (total returns) from GFD, which are compiled
from the NIKKO Securities index. Risk-free returns are total returns on 3-month Private Bill until 1959
and total returns on 3-month Government Bill thereafter. Long-term and short-term yields are provided
by GFD. The long-term yield is the yield of a 7-year Government Bond, while the short-term yield is the
discount rate from 1900 to 1959 and the yield of a 3-month T-Bill thereafter. Population data are from

“Japan Statistical Yearbook: 1996 from 1920 to 1996 and from the United Nations Annuary thereafter.
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For the real GDP we use JO until 1939, BJ until 1959 and WB thereafter. For the investment share of
GDP we use JO until 1945, TR until 1964 and WB thereafter.

Monthly data

Excess returns are calculated as the difference between the total return on the local MSCI total return
index and the domestic discount rate. Monthly data on discount rates are from “International Financial
Statistics” (IFS) published monthly by the International Monetary Fund (IMF) Statistics Department,
except data on Swedish discount rates that were provided by the Central Bank of Sweden. Monthly
yields on long-term bonds are from IFS, following the IMF classification for long-term bonds. Annual
consumption is Private Consumption Expenditures from the country table of the publication “Main Eco-
nomic Indicators” of the OECD. For the G5 countries, population data are from the same sources as the
annual data. For all the other European countries population data are from EU. For all the remaining
countries, population data are from the “Demographic Yearbook” published by the United Nations. The
value for the monthly change in consumption and population is the one year continuously compounded

change repeated for 12 months over the calendar year.
Social Development and Market Development Indicators

Data on social expenses are from the OECD Social Expenditure Database (1999). The database contains
social indicators from 1980 to 1997. Data on market capitalization are from the World Federation of
Stock Exchanges from 1975 to 1998, in US dollars. GDP values are from the OECD database and they
refer to GDP in US §$ (series in local currency have been converted using the exchange converter of the

OECD), calculated at market prices, in nominal terms.

B Estimating the Pooled Regression and Deriving Hodrick (1992) Standard Errors

We want to estimate the system:

Jin = i+ Bizf + uf g, (B-1)
fori = 1... N countries and subject to the restriction that
B; =08 Vi (B-2)

There are K — 1 factors in 2{. This derivation is based on Ang and Bekaert (2001).

Denote the free parameters 0 = (a...an B/)’ , and the unrestricted parameters stacked by each equa-
tion 3 = (1] ... anB)'. We can estimate the system in equation (B-1) subject to the restriction that
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Cp =0,where Cisa NK x (N — 1)(K — 1) matrix of the form:

010 1
0 O0 I O
c=|.
0 O 0

o
(B-3)

0 —1I

where 0 is a (K — 1) x 1 vector of zeros, O isa (K — 1) x (K — 1) matrix of zeros, and I isa (K — 1)

rank identity matrix.
Denote:

~ ~1 N
Yt+k = (C‘Jt+k s yt—i—k)l

7y = (12])

1 N
Ut+k = (ut+k,k e ut+k,k)/

x) 0
Xi

N
0 b

Then the system can be written as:

~ /
Uik = Xi 8 + Upykk,

subject to C3 = 0. To write in compact notation let Y = (¢}, ... 97,,), X = (X1... X7)’,

(W) gk - - - Upypp) - Then the compact system is:
Y=X3+U
A consistent estimate 3 of 3 is given by:

B _ /Bols -

subjectto C'3 = 0.

(X/X)flcl[C(X/X)710l]710ﬁ0l57

(N x1)
(K x1)
(N x1) (B-4)
(NK x N).
(B-3)

(B-6)

(B-7)

with 3% = (X’X)~1X'Y. This gives us an estimate 0 of 0.

To derive Hodrick (1992) standard errors, we set up the moment conditions of the system in equation

(B-5):
E(htx) = E(Xtut+k,k) =0. (B-8)
By standard GMM, 0 has distribution:
VT (6 —6) & N(0,(DySy " Do) ™) (B-9)
with ol
D)y =E |4k B-10
0 |: 60/ ( )
and
So = E(hutrhiyy,)- (B-11)
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The Hodrick (1992) estimate 5’% of Sy is given by:
. 1 &
Sh == whpwk (B-12)

where wk; (N K x 1) is given by

k-1
wky = (Z th') €141 (B-13)
=0

Under the null hypothesis of no predictability w1 = €141 + . .. e;4x Where e;1 are the 1-step ahead

serially uncorrelated errors. This is the SUR extension of the estimate given in Hodrick (1992).
A consistent estimate D7 of Dy is given by:

T
A 1 Ohyyk
Dy == B-14
r—r Z Y ( )
t=0
0= (ay...ayn3') with
1 ztl/ 0 1
o 1 th,
t+k
_ = B-15
o0’ , (B-15)
0 1 2N
2 zlzt 22 222 L 2N 2NN

Hence, the estimate 0 has distribution

VT(0—0) ~ N(0,[Dr(S5) D] ™t). (B-16)
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Table 1: Summary Statistics for the G5 countries

Panel A: Summary Statistics

United States United Kingdom Germany France Japan
Mean SD Mean SD Mean SD Mean SD Mean SD
age 42.89 22882 | 43.78  2.5327 | 4447  2.7208 | 45.50  1.2529 | 43.15  2.5371
%age65 0.1237 0.0390 | 0.1377 0.0463 | 0.1429 0.0463 | 0.1626 0.0278 | 0.1225 0.0346
%working  0.5561 0.0240 | 0.5750 0.0219 | 0.5802 0.0378 | 0.5781 0.0195 | 0.5683 0.0528
dage 0.0017 0.0018 | 0.0013 0.0028 | 0.0018 0.0024 | 0.0010 0.0031 | 0.0029 0.0040
d%age65 0.0089 0.0069 | 0.0088 0.0078 | 0.0086 0.0118 | 0.0052 0.0137 | 0.0147 0.0164
d%working  0.0013  0.0050 | 0.0012 0.0034 | 0.0021 0.0070 | 0.0002 0.0039 | 0.0043 0.0055
excess 0.0522 0.1953 | 0.0366 0.1820 | 0.0302 0.2624 | 0.0624 0.2442 | 0.0689 0.2437
riskfree, 0.0420 0.0268 | 0.0491 0.0357 | 0.0441 0.0192 | 0.0506 0.0315 | 0.0478 0.0194
term; 0.0141 0.0146 | 0.0084 0.0172 | 0.0085 0.0232 | 0.0113 0.0167 | 0.0101 0.0188
dcons 0.0328 0.0545 | 0.0178 0.0492 | 0.0391 0.0329 | 0.0303 0.0654 | 0.0424 0.0421
Panel B: Selected US Correlations
d%age65  d%working  excess  riskfiee term dcons
dage 0.5844 -0.7428 0.1508 -0.4695  0.0557  0.0300
d%age65 -0.5375 0.0536 -0.5815 -0.1503  0.0485
d%working -0.1763 03453  0.1591 -0.0602
excess -0.2025 0.1386  0.2358
riskfree -0.3120 -0.1673
term 0.1668
Panel C: Selected International Correlations
Correlation Matrix for dage Correlation Matrix for d%working
UK France  Germany Japan UK France Germany  Japan
UsS 0.2924  0.2885  0.3667  -0.2909 0.4497 04656  0.1294  -0.5414
UK 0.0294  0.2398  -0.3430 0.6500  0.6285  -0.5723
France 0.2303 0.0991 0.4626  -0.4246
Germany -0.0845 -0.1975
Correlation Matrix for d%age65 Correlation Matrix for excess
UK France Germany  Japan UK  France Germany  Japan
UsS 0.7283  0.0794  0.3437  -0.5012 0.5308 0.2520  0.3482 0.1411
UK -0.0491  0.2914  -0.4033 0.4624  0.3573 0.1764
France 0.3873 0.0653 0.3080 0.1932
Germany -0.1496 0.0591

Panel A lists means and standard deviations (SD) for age, the average age of the population over 20 years old;
%age65, the fraction of adults over 65 years old; and %working, the percentage of people in the [20-64] age
class. dage, d%age65 and d%working are the log change in age, %age65 and %working respectively. The
values are calculated over the period 1900-2001 (1999 for population and consumption) for the G5 countries
except Japan which covers 1920-2001 (1999). excess is the difference between the continuously compounded
total return on the equity index and a riskfree investment. term is the difference between the long bond yield
and the short bond term yield. dcons is the continuously compounded change in aggregate consumption.
Panel B reports correlations of variables for the US. Panel C reports the correlations across the G5 countries

for dage, d%age65, d%working and excess.
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Table 2: Small Sample Power Simulations

10% Nominal Size

One Sample of Length (Yrs) 99 198 297 396 495
Power 0.1708 0.2381 0.3160 0.3891 0.4532
Number of Countries 1 2 3 4 5
Power 0.1708 0.2357 03015 0.3635 0.4255
5% Nominal Size

One Sample of Length (Yrs) 99 198 297 396 495
Power 0.1059 0.1577 0.2138 0.2746 0.3345
Number of Countries 1 2 3 4 5
Power 0.1059 0.1522 0.2072 0.2629 0.3163

We report the power for equations (19) and (20), simulated for one country and pooled multiple countries.
We compare the power of successive samples of 99 years for one country in the row “One Sample of Length
(Yrs)” with the power of using pooled cross-sectional country information in the row “Number of Countries,”
with each country having a sample length of 99 years. We simulate 10,000 small samples to obtain a small
sample distribution for the t-statistics.

ECB «Working Paper No 208 « January 2003



Table 3: United States: Regression Results

Horizon dage d%age65 d%working  dcons term  Adj. R

15.6497 0.0204
(1.50)
4.5221 0.0248
(1.59)
-5.6764 0.0207
1 year (-1.45)
15.2627 -0.2721 0.8119 0.0286
(1.44) (-0.78)  (0.54)
4.9829 -0.3026  1.2989  0.0390
(1.73)f (-0.90)  (0.88)

63473 -03067 12810 0.0348
(-1.58)  (-0.89) (0.87)

17.1977 0.0485
(1.67)f
43234 0.0443
(1.53)
-5.5352 0.0397
2 years (-1.47)
16.6372 -0.0490 0.7305 0.0544
(1.58) (-0.16)  (0.52)
4.7043 -0.0817 1.2308 0.0607
(1.64) (-0.29)  (0.88)

-6.0324  -0.0830 1.2078  0.0556
-1.57)  (-0.28) (0.87)

15.0794 0.1120
(1.63)
3.9846 0.1062
(1.39)
-3.6679 0.0536
5 years (-1.15)
14.8616 -0.1886  0.4103 0.1322
(1.57) (-1.05)  (0.35)
4.4049 -0.2210  0.9215  0.1508
(1.51) (-1.27)  (0.79)

40932 -0.2103 0.7926  0.0902
(-126)  (-1.18)  (0.69)

The table lists coefficients and t-statistics for the US regressions over the sample 1900-2001. The explanatory
variables are dage, d%age65 and d%working. These are the log change of age, the average age of the
population over 20 years old, the log change of %age635, the fraction of adults over 65 years old and the log
change of %working, the percentage of people in the [20-64] age class, respectively. dcons is the continuously
compounded change in aggregate consumption and ferm is the difference between the long bond yield and
the short term yield. Standard errors are computed following Hodrick (1992); the t-statistics are reported in
parentheses with those significant at the 10% level denoted by .
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Table 4: United Kingdom: Regression Results.

Horizon  dage  d%age65 d%working  dcons term  Adj. R?

1.8508 0.0008
(-0.55)
4.012 0.0290
(2.58)**
-2.7639 0.0026
1 year (-0.43)
2.5711 -0.0687 -0.3361 0.0021
(0.54) (-0.28)  (-0.29)
4.7154 -0.0559 -0.9243  0.0360
(2.64)** (-0.23)  (-0.84)

3.6746  -0.1119 -0.3997  0.0048
(-0.51)  (-047) (-0.36)

0.6847 0.0002
(0.19)
3.4772 0.0437
(2.24)*
-2.4389 0.0043
2 years (-0.36)
1.3292 -0.0016  -0.2738 0.0014
(0.26) (-0.01)  (-0.22)
4.0882 0.0023  -0.7952  0.0542
(2.54)* (0.01)  (-0.75)

27130 -0.0298 -0.0608  0.1009
(2.43)  (-025)  (0.08)

-1.9468 0.0068
(-0.55)
2.7545 0.1002
(2.25)*
-2.6819 0.0196
5 years (-0.38)
-3.5362 -0.0474  0.6692  0.0331
(-0.91) (-0.39)  (0.81)
2.7130 -0.0298  0.0608  0.1009
(2.44)* (-0.25)  (0.08)

23170 -0.0563 03048  0.0268
(-0.33)  (-049)  (0.50)

The table lists coefficients and t-statistics for the UK regressions over the sample 1900-2001. The explanatory
variables are dage, d%age65 and d%working. These are the log change of age, the average age of the
population over 20 years old, the log change of %sage65, the fraction of adults over 65 years old and the log
change of %working, the percentage of people in the [20-64] age class, respectively. dcons is the continuously
compounded change in aggregate consumption and term is the difference between the long bond yield and
the short term yield. Standard errors are computed following Hodrick (1992); the t-statistics are reported in
parentheses with those significant at the 5% (1%) level denoted by * (**).
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Table 5: Japan: Regression Results

Horizon dage d%age65 d%working  dcons term  Adj. R?

-13.0242 0.0390
(-1.97)*
-2.5782 0.0367
(-1.99)*
11.8108 0.0704
1 year (2.33)*
-13.1233 1.1288 0.0050  0.0951
(-1.90) (1.74)  (0.34)
-2.5636 1.1566  0.0038  0.0930
(-1.99)* (1.79)  (0.27)

9.5925  0.8657 -0.0092  0.0942
(1.63) (1.17)  (-0.74)

-7.6248 0.0211
(-0.91)
-1.9184 0.0302
(-1.10)
8.5052 0.0700
2 years (1.54)
-9.8369 0.4820 0.0094  0.0589
(-1.11) 0.97)  (0.81)
-2.3576 0.4829 0.0096  0.0690
(-1.32) (0.94)  (0.87)

7.8141 02624 -0.0016 0.0740
(1.40)  (0.60) (-0.15)

-2.9667. 0.0096
(-0.35)
-1.1674 0.0341
(-0.67)
5.1007 0.0609
5 years (0.73)
-6.4259 04754 0.0128  0.1654
(-0.73) (1.18)  (1.37)
-1.8665 0.4637 0.0138  0.2036
(-1.11) (1.09)  (1.62)

2.1595 04656 0.0073  0.1364
0.31)  (1.59)  (0.76)

The table lists coefficients and t-statistics for the Japan regressions over the sample 1920-2001. The explana-
tory variable are dage, d%age65 and d%working. These are the log change of age, the average age of the
population over 20 years old, the log change of %age65, the fraction of adults over 65 years old and the
log change of %working, the percentage of people in the [20-64] age class, respectively. dcons is the con-
tinuously compounded change in aggregate consumption and ferm is the difference between the long bond
yield and the short term yield. In the multivariate regressions, the years 1945-1951 are excluded from the
sample because of missing consumption data. Standard errors are computed following Hodrick (1992); the
t-statistics are reported in parentheses with those significant at the 5% (1%) level denoted by * (**).
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Table 6: Pooled Regressions Across the G5 Countries.

Horizon  dage  d%age65 d%working  dcons term Adj. R?

-3.4543 0.0041
(-0.97)
-1.8897 0.0119
(-1.82)
0.8424 0.0026
1 year (0.34)
-4.9610 0.4881 0.0111  0.0196
(-1.41) (2.78)**  (1.26)
-2.1154 0.5064 0.0108  0.0279
(-2.37)* 2.75)**  (1.25)

04208 02473  2.8623  0.0175
(-0.08) 0.80)  (1.18)

0.8661 0.0045
(0.38)
-1.2816 0.0119
(-1.35)
0.3512 0.0044
2 years (0.22)
-1.1322 0.3184 0.0119  0.0284
(-0.52) (3.56)**  (2.83)**
-1.5883 0.3433 0.0125  0.0395
(-1.96)* (3.79)**  (3.47)**

04410  0.7488  3.5150  0.0296
(-0.07) 0.92)  (3.10)**

0.0688 0.0192
(0.06)
-1.2207 0.0417
(-3.43)**
0.3403 0.0196
5 years 0.57)
-1.2225 -0.0085  0.0074  0.0406
(-1.14) (-0.22)  (5.28)**
-1.3416 0.0094 0.0076  0.0663
(-4.45)** (0.25)  (6.47)**
1.6662 4.0388 0.1526  0.0414
(1.41) (1.27)  (6.16)**

The table lists coefficients and t-statistics for the pooled regressions across the G5 countries over the sample
1920-2001. The explanatory variable are dage, d%age65 and d%working. These are the log change of age,
the average age of the population over 20 years old, the log change of %age65, the fraction of adults over
65 years old and the log change of %working, the percentage of people in the [20-64] age class, respectively.
dcons is the continuously compounded change in aggregate consumption and ferm is the difference between
the long bond yield and the short term yield. In the univariate regressions, the years 1914-1925 are excluded
for Germany because of missing data. In the multivariate regressions, the years 1914-1920 and 1939-1948 for
France, 1914-1925 and 1939-1949 for Germany and 1945-1951 for Japan are excluded because of missing
data. Standard errors are computed following Hodrick (1992); the t-statistics are reported in parentheses with
those significant at the 5% (1%) level denoted by * (**).
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Table 7:

Pooled Regression Across 15 Countries

Horizon  dage  d%age65 d%working dcons term Adj R?
6.2822 0.0161
(1.15)
-4.4649 0.0526
(-4.91)**
3.8020 0.0182
1 year (1.54)
4.5353 -1.8295 0.3468  0.0469
(1.02) (-4.61)**  (1.64)*
-4.1088 -1.6330 0.4434  0.0782
(-5.54)** (-4.12)**  (2.09)**
2.5963 -1.7928 0.3693  0.0477
(1.19) A4 T70)**  (1.77)*
5.9676 0.0339
(1.51)
-4.1374 0.0968
(-4.84)**
3.7556 0.0385
2 years (1.72)*
4.0460 -1.9366 0.2268  0.1029
(1.20) (-6.08)**  (1.25)
-3.7071 -1.7570 03235  0.1541
(-5.63)** (-547)**  (1.73)*
2.4473 -1.9036 0.2469  0.1046
(1.37) (-5.99)**  (1.34)
3.0178 0.0890
(1.14)
-2.75 0.1646
(-3.99)**
3.1758 0.1055
5 years (1.4968)
1.8132 -1.3995 0.0550  0.1949
(0.91) (-7.24)**  (0.4472)
-2.3052 -1.2556 0.1203  0.2471
(-5.33)** (-6.63)**  (0.95)
1.9217 -1.3459 0.0558  0.2007

The table lists coefficients and t-statistics for the pooled regressions across the following countries: Aus-
tralia, Austria, Belgium, Canada, Denmark, France, Germany, Italy, Japan, the Netherlands, Spain, Sweden,
Switzerland, the United Kingdom and the United States. The sample period is 1970-2000 and the data is
monthly. The explanatory variable are dage, d%age65 and d%working. These are the log change of age,
the average age of the population over 20 years old, the log change of %age65, the fraction of adults over
65 years old and the log change of %working, the percentage of people in the [20-64] age class. dcons is
the continuously compounded change in aggregate consumption and zerm is the difference between the long
bond yield and the short term yield. Standard errors are computed following Hodrick (1992); the t-statistics

(154)  (-6.99)**  (0.44)

are reported in parentheses with those significant at the 5% (1%) level denoted by * (**).
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Table 8: Pooling by Social Security

Panel A: Ranking of Countries

Low Benefit High Benefit
Belgium 1.29 Switzerland 1.97
Netherlands 1.18 Italy 1.72
UK 1.17  Austria 1.71
usS 1.08  France 1.64
Australia 1.03 Germany 1.46
Denmark 1.02  Spain 1.43
Sweden 0.96 Japan 1.42
Canada 0.79

Panel B: Demographic Predictive Regressions
Low Benefit Countries High Benefit Countries

Horizon  dage  d%age65 d%working  dage — d%age65 d%working

Iyear 69318 -3.0288  -2.7727  0.8905 -4.6296 7.0535
(1.14)  (2.73)**  (-1.03)  (0.13)  (-4.60)**  (1.89)*
2years  7.7230 24472 23594 -1.1276  -4.1875 6.0736
(1.83)  (245)**  (-1.16)  (-0.19) (4.33)**  (1.57)
Syears 3.7043  -1.7427  -12778  -2.8323 24494 41371
(146)  (-2.59)%*  (-0.82)  (-0.75) (-2.75)**  (1.26)

We divide countries into two groups, low and high social security benefit countries, following equation (21).
Panel A lists the values of equation (21) and the countries within each group. Panel B reports coefficients and
Hodrick (1992) t-statistics in parentheses of the trivariate pooled regressions across the two groups. In each
entry, we regress the excess returns onto the demographic variable z;, together with dcons and ferm, but only
report the demographic coefficient and t-statistic. The sample period is 1970-2000 and the data is monthly.
T-statistics significant at the 5% (1%) level denoted by * (**).
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Low Market Development Countries

Table 9: Pooling by Market Development

Panel A: Ranking of Countries

Low Development

Spain 4.07
Belgium 4.89
Denmark 5.69
Germany 5.78
Sweden 5.82

France 7.15
Italy 10.17
Austria 19.79

High Development
Switzerland  0.79
Japan 1.28
UK 1.53
Canada 1.62
US 1.88

Australia 2.55
Netherlands 3.01

Panel B: Demographic Predictive Regressions

High Market Development Countries

Horizon  dage  d%age65  d%working dage  d%age65 d%working
1 year -8.3531  -5.3152 10.0431 8.6819  -2.8809 -3.9944
(-0.93)  (-5.09)** (2.78)** (1.43)  (-2.17)* (-1.46)
2years  -2.1119 -4.4127 9.3995 5.7231 -3.4172 -3.7172
(-0.31)  (-4.43)** (2.61)** (1.16)  (-3.22)** (-1.76)
Syears  2.1971  -2.6421 7.5059 2.0938  -2.5104 -2.6819
(0.43)  (-3.31)** (2.13)* (0.79)  (-3.60)** (-1.90)

We divide countries into two groups, low and high social security benefit countries, following equation (22).
Panel A lists the values of equation (22) and the countries within each group. Panel B reports coefficients and

Hodrick (1992) t-statistics in parentheses of the trivariate pooled regressions across the two groups. In each

entry, we regress the excess returns onto the demographic variable z;, together with dcons and ferm, but only
report the demographic coefficient and t-statistic. The sample period is 1970-2000 and the data is monthly.
T-statistics significant at the 5% (1%) level denoted by * (**).
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The graphs show the trends of demographic variables in the US over the period 1900-1999.

age is the

weighted average age of the population over 20 years old. %age65 is the percentage of adults over 65
years old and %working represents the percentage of people in the [20-64] age class. dage, d%age65 and
d%working are the log annual changes of those variables.

Figure 1: Demographic trends in the United States
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Panel A: Average Age
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Figure 2: Demographic Variables in 5 Developed Countries
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Plots of the average age age (Panel A), the fraction of adults over 65 in the population %age65 (Panel B) and
the proportion of people in the [20-64] age class %working (Panel C) for the G5 countries over the period
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Panel A: dage

Counay

Panel B: d%age65

d% age6s coefficientand confidence bounds

Panel C: d%working

d% working coefficientand confidence bounds

The plots report the value of the coefficients (squares) and 95% confidence bounds (vertical lines) for the
demographic variables dage (Panel A), d%age65 (Panel B) and d%working (Panel C) in the trivariate regres-
sions which control for dcons and ferm, for each of the following countries: Australia (AL), Austria (AU),
Belgium (BE), Canada (CA), Denmark (DE), France (FR), Germany (GE), Italy (IT), Japan (JA), the Nether-
lands (NE), Spain (SP), Sweden (SWE), Switzerland (SWI), the United Kingdom (UK) and the United States
(US). The sample period is 1970-2001 and the forecast horizon is 1 year.

Figure 3: Coefficients and Confidence Bounds for 15 Countries
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