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Can divergent demographic trends account for differences in per capita output across countries? We
address this question by offering evidence that the process of population ageing is positively and
significantly related to cross-country economic performance. We define and estimate the effect of
demographic change in two ways. First, a growing cohort of working age persons (15–64) as a share of
the total population is found to have a large positive effect on GDP per capita. Second, an increase in
the number of prime age persons (35–54) relative to the younger working age population (15–34) is
found to have a positive but curvilinear effect with respect to per capita GDP. We find that changes in
per capita GDP peak when the ratio of the prime-to-younger age population reaches an optimum of
prime age workers for every younger aged worker. Beyond or below this optimal ratio, per capita
output is lowered.

1. Introduction

“What will you do, when you have built all the houses, roads, town halls,
electric grids, water supplies and so forth, which the stationary population of
the future can be expected to require?” (Keynes, 1937, p. 100)

Official demographic projections suggest that many high-income economies
are rapidly ageing and will start witnessing steady declines in population after the
first decade of this century (Kosai et al., 1998; Greenwood and Seshadri, 2002).
Though largely a by-product of economic development (Galor and Weil, 1996,
2000), the effects of population ageing on macroeconomic performance have been
of interest to economic thinkers as far back as Malthus and later Keynes (1937), with
most viewing the ageing process as detrimental to growth. This belief, in part, stems
from the definition of population ageing, which usually refers to a growing share of
older aged workers and dependants (those aged 60 plus) in the total population. But
population ageing is in fact part of a longer term process of what could better be
termed “demographic maturation.” Missing, from the typically gloomy demo-
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graphic scenarios is the transition from a youthfully dominated labor market to one
full of more experienced workers; a process which occurs prior to the later-stage
ageing process and which has the potential to improve, rather than dampen,
economic performance. Estimating the effect that this process of population ageing
has on economic output is the central aim of this paper.1

Until the late 1990s, most estimates of population demographics on economic
output focused on a single causal mechanism: the so-called “demographic divi-
dend.” This is where falling birth rates cause the size of the working age population
(15–65-year-olds) to increase faster than total population growth, producing a
positive, though purely transitional effect on per capita growth rates but a perma-
nent one on levels of GDP per capita (Bloom and Williamson, 1998). The demo-
graphic dividend is a direct effect akin to adding more labor inputs to an aggregate
production function. The dividend can also alter output indirectly, through
changes in savings rates, capital accumulation and labor force productivity;
though the direction of these latter channels is more ambiguous given that savings
behavior and individual productivity vary systematically by age of worker.

These aforementioned life-cycle effects highlight a second but no less impor-
tant link between population ageing and economic performance. Since falling birth
rates affect not only the size (Alesina et al., 2003) but also the structure of the
working age population, a country with greater numbers of experienced workers
will differ substantially from one that is younger, even if both have workforces that
are of the same relative size.2 In particular, if we consider that labor force partici-
pation and productivity grow fastest and peak during the prime working ages of 35
and 543—when the balance between general and experiential human capital
reaches its optimum—then the productive capacity of a society with a large frac-
tion of prime age persons should be markedly different from one with many more
younger or older labor force participants (Mincer, 1974; Lemieux, 2003).

Recently several authors have incorporated age structure into their growth
modeling and have applied age structure effects empirically to account for the
growth of developing economies (Bloom and Canning, 2003a) specific cases such
as Ireland (Bloom and Canning, 2003b), and the rise of East Asian economies
(Bloom et al., 1999; Mason et al., 2008). Most of these recent studies have found

1Our ability to estimate independent demographic effects stems from the fact that current age
structure is itself determined by past fertility, making it predetermined with respect to current economic
conditions (Feyrer, 2002).

2We are not using “size” here in the same way as Alesina et al. (2003) or Jones (2003). We focus
only on the size of the working age population rather than size of market as measured by total
population. The size of the population may actually play an important role in growth. Jones (2003)
estimates that 10–20 percent of U.S. per capita growth from 1950 to 1993 is simply due to overall
population growth.

3More precise estimates can be found if we consider the typical Mincer (1974) wage regression,
where experience is entered along with its square to reflect the rising but diminishing returns of
experience with respect to productivity. Recent empirical evidence suggests that wages grow fastest for
workers with at least 10 years of experience, slowing down for workers with at least 20 years of
experience and reaching a plateau for U.S. workers with roughly 30 years of experience (Krueger and
Pischke, 1992). If workers earn their marginal product, then earnings equations imply a 50 percent
difference between the productivity of a 20-year-old worker as compared to that of a 50-year-old with
the same formal level of schooling (Feyrer, 2002). This Mincerian regression evidence, though fast
approaching its 35-year mark, is still considered by most labor economists as the most useful “work-
horse” model of wage determination (Lemieux, 2003).
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significantly important effects on economic outcomes such as savings, productivity
and growth associated with age structure changes. One exception was an earlier
attempt by Bloom and Malaney (1998), whose work on Russia’s dramatic drop in
life expectancy following the collapse of the Soviet Union provided a window into
how demographic shocks could potentially affect economic output. Their esti-
mates suggested that the net effect of the drop in life expectancy, the decline in the
rate of total population growth, and the even larger decline in the rate of growth
of the working age population was to lower the annual rate of growth of income
per capita in Russia by roughly one-third of one percentage point. Given that
Russia’s per capita income fell at an average annual rate of 9 percent during
1990–95, the authors concluded that demographic effects had been at most a small
contributor to Russia’s poor macroeconomic performance.

In this paper both the direct and indirect effects of demographic ageing are
estimated using a large cross-country panel spanning the past four decades. In
keeping with earlier findings, we show that there is a positive relation between the
ratio of working age persons (those aged 15–64) over the total population and
levels of per capita GDP. Specifically, we find that a 5 percent increase in the ratio
of working age persons can account for roughly one-quarter of per capita GDP
differences across countries over the course of a decade. This finding is fairly
robust to specification changes and the use of the Arellano–Bond estimator that
takes account of potential endogeneity and the role of biases in dynamic models
with fixed effects (Nickell, 1981; Arellano and Bond, 1991).

Our work also suggests that an optimal ratio of prime age workers exists.
Specifically, we find that the ratio of prime age persons (those aged 35–54) to the
younger working age population (15–34) should exhibit positive but diminishing
returns with respect to per capita GDP. We calculate that there is a turning point
for most countries in maximum per capita output growth that occurs when there
are roughly 0.950 workers aged 35–54 for every single worker aged 15–34 (i.e.
roughly one mentor for every mentored worker). Below or above this ratio, output
is lower. This finding, however, was higher in the dynamic estimation partly
because our sample included later time periods (a facet of using the lag and
differencing procedure of dynamic estimation); and so the optimal ratio of prime
age to youth is higher at 1.37.

The remainder of the paper proceeds as follows. Section 2 examines the causal
mechanisms linking demographic maturity to faster economic growth. It is here
that a theoretical rationale for an optimal prime-age ratio is developed. Section 3
presents the empirical approach. Section 4 describes the data. Section 5 presents
the results along with robustness checks. Section 6 concludes.

2. Demographic Ageing and Economic Growth?

2.1. Maturity and the “Canonical” Growth Literature

As noted above, demography is both a by-product and a cause of the process
of economic growth; the latter of which is the focus of this paper.4 Before we

4Galor and Weil (1996) made fertility decline part of their feedback-loop model, whereby declines
in fertility (brought about by rising women’s wages) raise capital per worker, and hence growth.
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estimate how much of the observed variation in per capita growth across countries
can be accounted for by differences in demographic age structure, we will first
examine the potential effects of an ageing population through the lens of the
neo-classical production function (Temple, 1999).

To fix ideas, consider the basic Solow–Swan production function with factors
and output measured in per capita terms and augmented with human capital:

y k h A lit it it it= ( ) ( ) − −β α α β1 .(1)

Here the impact of demographic maturity will depend on the adjustment of
the determinants of per capita output—i.e. relative labor supply l, physical capital
k, human capital h, and an index of technical efficiency A—to changes in age
structure.

The most obvious link between demography and output can be seen if we
simply trace through the effect on relative labor supply li of a constant or rising
birth rate in period t - 1 followed by a subsequent decline in period t (i.e. the effect
of a “baby boom” and “baby bust” on the economy). As a reference point consider
the case of Japan, which as seen in Figure 1, follows this pattern fairly closely. In
period t, the demographic transition which began a decade earlier in Panel A
begins to have an impact over potential labor supply in Panel B, since an increasing
ratio of working age persons (15–64-year-olds) over the total population increases
li, which in turn positively affects yit. This is the positive first order effect of a
demographic transition.

However, demographic transitions eventually affect not only the size, but also
the structure of the working age population, playing a potentially important role
in capital accumulation; both physical ki and human hi. This is the second order
effect of a demographic transition.5 In a country where the birth rate has fallen for
any length of time, a predetermined age structure change will occur in the working
age population a decade and a half later—or the earliest age at which most persons
can begin working.

Under the standard life-cycle model, individuals smooth consumption over
the course of their lives. Hence, they borrow when they are young and save when
they are economically active, and in particular, save most when they are of prime
working age.6 This implies that a demographic transition will have a positive
impact on aggregate savings—and over the stock of capital per person—in that
fewer dependants and a greater percentage of prime-age persons will increase
relative savings and capital. An increase in savings brought about by the growth of
the working age population should therefore have a positive effect on output per
capita.

The link between age structure and human capital accumulation centers on
education and learning-by-doing, two factors essential in fostering productivity

5To see this more clearly, imagine two countries sharing working age populations of the same
relative size. Both are equally mature in the sense that both share the same ratio of working age persons.
The first order effect should therefore be identical. However, one country, by virtue of having had more
recent falls in its fertility rate, has a greater share of young workers than the other. Two workforces of
the same relative size may therefore be composed of a greater share of either young (15–34) or
prime-age (35–54) workers.

6See Modigliani (1986) and Modigliani and Ando (1963) for classic references in this regard.
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growth. The stock of individual human capital peaks when the balance between
formal education and experience reaches its optimum.7 This tends to happen
sometime during the prime working ages of 35 and 54, after which wages stop
growing and as workers transition into retirement. An economy with a large
cohort of prime age workers should therefore be more productive than an
economy populated by younger workers.

This type of “Mincerian” argument also implies that a turning point should
be observed with respect to output per person, whereby too few workers at the
younger end of their working lives should be associated with fewer prime age

7Fougere and Merette (1999) also suggest that under a situation of scarce employment, incentives
to human capital investment increase.
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workers in the future and hence slower output growth (Willis, 1986; Card, 1999).
Firm-level observations simultaneously reinforce and attenuate this view. Not
only do firms require workers with formal education, they also require the right
combination of youth, experience and seniority; highlighting the need for an
optimal rather than a strictly greater number of prime age workers in order to
maximize output (Lazear and Freeman, 1996). Finally, with regard to the potential
impact of ageing on technical efficiency A, endogenous growth models allow for
the introduction of several links between demography and technology. At the
macro-level, some authors argue that new entrants in the labor market are the
main channel for the creation of new jobs and innovation (Simon, 1986; Ermisch
and Joshi, 1987; Shimer, 2001; Jones, 2003). At the micro-level, evidence suggests
that although the capacity to invest in new technology is significantly constrained
by age, technological adoption within firms may actually be accelerated, rather
than hindered, by the presence of older workers (Weinberg, 2002).

2.2. Is there an Optimal Ratio of Prime Age Workers that Maximizes Growth?

The evidence discussed above suggests that economies may benefit from
having relatively more experienced workers in the population, but only up to a
point, since a mix of young and older workers is likely to produce the most
productive work environment. The reason has to do with skill complementarities
that cannot be solved by simple wage adjustments; i.e. paying younger human
capital less than experienced human capital will not solve the problem since mature
and young human capital do different things. Experienced workers are associated
with lower monitoring costs, have greater firm specific human capital and more
skills learned on the job. Young workers, on the other hand, bring with them new
ideas and general human capital embodied in formal education. Imperfect substi-
tutability between the human capital of young and older workers may therefore be
a key feature of aggregate production and may even explain why per capita output
does not converge instantaneously as some open-economy growth models suggest
(Kremer and Thomson, 1998). Micro-level evidence drawn from the field of per-
sonnel economics reinforces this view (Lazear and Freeman, 1996). Firms typically
have a bias towards more experienced workers, all things equal, but are ultimately
concerned with the relative level of prime-age human capital than the absolute
level, since they recognize that some balance between youth and experience is
required.

In order to explore the implications of this reasoning a bit further, consider a
variant of equation (1), where an economy consists of firms that produce output Y
with technology A, but instead of utilizing one type of labor, utilize experienced/
prime age Lm and young Ly labor inputs,

Y K H A L Lm y= ( ) +( ) − −β α α βθ 1
,(2)

where q is the marginal product of Ly relative to Lm. If workers were perfect
substitutes then relative productivity would be q = 1, and there would be no single
mix of both labor inputs that would maximize output. In equilibrium with perfect
substitutability, firms would be indifferent to the proportional mix of young and
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prime age labor employed. However, if experienced labor is more productive q < 1,
and both young and prime age human capital are necessary in production (e.g.
there is a need for both mentors and the mentored), then firms maximize output
using a production function similar to that found in Neumark (1988). Holding K
and H fixed and focusing only on changes in labor supply:

Y A L L L Lm y y m= +( ) − ( )θ δ ,(3)

we identify d, which is simply the inverse of the relative productivity ratio and is
akin to an “experiential bias”; a coefficient capturing the desire of firms (other
things equal) for prime age workers. In this set-up, however, employers care
about the relative level of Lm rather than the absolute level since they recognize
that some balance between youth and experience is required. Maximization of
(3) implies

θ δ δ= ( ) − ⋅ ( )⎡⎣ ⎤⎦L L Lm y m 2
.(4)

Here the (falling) marginal product from one additional unit of Ly is not fixed,
but depends on the relative level of Ly.

The impact of this type of production structure on output change is captured
in Figure 2, where the effect of adding prime age workers follows an inverted U
pattern. A country populated with an optimal level of prime age human capital Lo

m

relative to the younger working population will grow faster than a country that has
either too few Lm

1 or too many Lm
2 experienced/prime age workers. Note, as well,

that birth rate falls are a precondition for relative increases in the ratio of prime
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0
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m
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Figure 2. The Hypothesized Effect of Second Order Maturity on Medium Term Growth Rate
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age workers, but that persistent birth rate declines will eventually push countries
past the optimal prime age ratio, and may ultimately dampen rather than promote
growth.

The intuition developed above does not preclude cross-country heterogeneity,
as d may vary across firms, industries or different economies; i.e. economies with
a higher d will optimize by employing more Lm at the expense of Ly. Why would
firms or economies differ in their need for older workers? Two reasons seem
plausible. First, the more idiosyncratic are firm or country experiences, the higher
will be the experiential bias d, since prime age workers are likely to have better
knowledge of these idiosyncratic details. Labor market idiosyncrasies would pre-
sumably be increased the greater the service orientation of an economy; e.g.
banking and legal services are highly tailored and differentiated and require more
experienced workers to deliver them. Second, to the extent that on-the-job skills
are relatively more important than skills learned in formal education, experienced
workers will again be more desired since there will be a greater need for “mentors”
and senior workers fill that role better than younger ones. To the extent that an
economy is younger and more manufacturing based—i.e. the economy requires
labor to simply stamp out more widgets—so the bias would tilt more to youth than
experience. Changes in the structure of the working age population, rather than in
the size, can therefore affect output in this model by increasing the relative supply
of Lm relative to Ly.

To think of a real world example, consider the case of an increase in young
workers entering the labor market—as occurred in the late 1970s in the U.S. as the
peak of the baby boom generation (born in the early 1960s) entered the labor
market. Because of imperfect substitutability between young and prime age labor
inputs, firms will work to keep the optimal ratio of young and prime age
labor intact.8 Firms may hire fewer younger workers and/or divert resources away
from production to monitoring. The logic here is that an older worker may be able
to supervise/mentor two junior workers properly but the ability to supervise effec-
tively diminishes as the number of junior workers increases. Now consider the
opposite case of a fall in the relative supply of youth labor—as occurred in the
early 1990s in the U.S. as the baby bust generation (born in the 1970s) began
entering the labor market. Here again, an economy may suffer since too few junior
employees relative to prime age workers will impede the upward flow of new
knowledge and new ideas. Firms that are faced with fewer younger recruits may
therefore be forced to downsize throughout the middle ranks of the organization
(i.e. lay off middle aged workers) in an effort to preserve the optimal prime
age–youth labor mix.

In both cases, if we assume that a firm works to keep its labor mix at an
optimum, output may fall as a result of a change in the relative supply of mature
and/or youth labor. At the cross-country level, this model implies that second
order maturity may not always be associated with improved economic perfor-
mance. Specifically, a greater cohort of prime age workers unambiguously benefits
a country’s output per capita if firms are already below the optimum prime age–

8Assuming constant attrition rates for both young and old workers.
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youth ratio;9 if economic experiences are highly idiosyncratic; or if on-the-job skills
are relatively more important than general skills to the economy. Otherwise, most
countries prefer a balance of young and prime age human capital.

3. Empirical Approach

The theoretical discussion above has highlighted two testable propositions
related to demographic ageing and economic performance:

1. That the first order effect of a demographic transition should have an
unambiguously positive impact on economic output; hence the coefficient
associated with the ratio of working age persons aged 15–64 over total
population should always have a positive sign with respect to per capita
output.

2. That the second order effect of a demographic transition implies the ratio
of prime age-to-young working age persons in the population should
display an optimum with respect to economic output; thus, increases in the
proportion of working age persons aged 35–54 relative to the younger
working age population (aged 15–34) should exhibit positive but dimin-
ishing returns with respect to per capita economic output.

To test these two propositions we initially make use of the convergence
equation, popularized by Barro and Sala-i-Martin (1995) and Mankiw et al.
(1992), which follows a specification like the one below:

Δy y X D uit it it it it= + + +β β β1 2 3 ,(5)

where Dyi is the growth rate of log real per capita GDP for country i between time
t and time t + 1, and is regressed against yit the log of per capita GDP for country
i at time t, a vector of initial period determinants of growth Xit, our measures of
first and second order demographic effects and uit, the error term. Because of the
panel nature of our data, we are able to assume that the error term for the
corresponding i-th country in the t-th time period is made up of three components:
one country-specific, one time-specific, and a remainder which is truly random:

u vit i t it= + +λ ε .(5.1)

Applying standard fixed effects (within-group) estimation with period
dummies to (5) will wipe out the fixed error component and allow one to obtain
coefficients on the exogenous variables which do not suffer from bias due to
omission of relevant individual attributes. Such an empirical framework can be
used to test for conditional convergence, which states that the rate of growth
between two periods is a decreasing function of initial levels of income per capita
and distance to the steady state. The vector Xit therefore controls for differences in
the steady state across countries, which is generally proxied by the capital stock k
(if available), or share of output devoted to accumulated physical sk capital, and

9Conversely, if firms are already past the optimum, they benefit from a falling rather than a rising
ratio of prime-age workers.
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the level of human capital sh, and a variable capturing the growth rate of popula-
tion Ṅ, the exogenous rate of technological progress �θ, and capital depreciation
rates (sk and sh assumed to be equal).10

Unfortunately, as first pointed out by Nickell (1981), a fixed effects growth
model of the type presented above suffers from an important drawback in that
estimations are liable to lead to biased coefficients in dynamic models. Moreover
for a typical panel data set like ours—with a rather small number of time periods
relative to individual observations—biases of the Hurwicz type are most serious.
To correct for these biases, a difference-GMM estimator—proposed by Arellano
and Bond (1991)—using lags of the level of the dependent variable and differences
of the exogenous variables is implemented.

Difference-GMM exploits the dynamic nature of panel data sets by utilizing
the moment conditions with lagged values of covariates. The moment conditions
imply that instruments for endogenous variables need only be predetermined
(weakly exogenous) and not strictly exogenous to the empirical model. All our key
explanatory variables, including our age-structure population measures, are pre-
determined with respect to our dependent variable and hence fit well with the
Arellano–Bond estimator. Additionally, difference-GMM allows one to account
for any persistence of GDP growth over time by using the lag of the dependent
variable as a right-hand side control. In contrast, traditional instrumental-
variable-fixed effects estimation requires strict exogeneity of instruments and
would yield inconsistent coefficient estimates with a lagged dependent variable.
The Arellano–Bond dynamic panel-data estimator is therefore applied to a second
empirical model of the form:

y y X D vit i t j it it i i it
j

p

= + ⋅ + ⋅ + + +−
=

∑β β β λ ε1 2 3
1

, ,Δ Δ(6)

where yit is the log of per capita GDP in country i at time t, yi,t-j the dependent
variable with lag operator(s); Xit is the set of first differenced non-demographic
explanatory variables including average level of schooling sh, capital stock k (where
available)11 and/or the investment share of GDP per capita sk, and a measure of
rate of population growth, rate of technological change and rate of capital depre-

10An equation like (5) can be derived from the augmented Solow model seen in (1) with constant
returns to scale, but is also consistent with some endogenous growth models that predict different forms
of convergence to the steady state. In this paper we are not interested in validating different models of
economic growth. Instead we use this generic specification because it captures most of the common
factors that have traditionally been considered as determinants of growth in the empirical literature
(Temple, 1999) and because it allows us to treat population age structure as an added component of the
steady state. Our intention, therefore, is to estimate a version of (2) with fixed effects.

11Unfortunately a consistent capital stick dataset is only obtained up to Penn World Table 5.6 (not
6.1). Hence the year by year data spans from 1965 to 1992, so for each country this has been
“translated” into four data points from 1960 to 1990, in jumps of 10 years, as follows: the first data
point of each country (normally 1965, but not always) is assigned to 1960. For successive points, the
average of that year and the two years above and below is taken. For example, for the 1980 data point,
the average of the data from 1978 to 1982 was taken. If one of the data points was not available (for
example, if there is no data for 1992), the average was taken for only three or one data points (that is,
if 1992 is missing, the average from 1989 to 1991 was used; if 1992 and 1991 were missing, the data for
1990 was used, no averaging).
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ciation, (N + q - s); and Dit is the differenced pair of population age structure
variables measuring the size of the working age population and prime age-to-
youth ratio.12

The vector Dit includes the variable WORKING_AGE, which captures the
first-order ageing effect defined as:

WORKING AGE
W

N
it

it

it

_ =
∑

∑
15

64

0

99 .(7a)

This is a ratio measuring the number of potentially active persons (15–64), W
over the total population, N. The expectation is that countries with higher shares
of 15–64-year-olds will experience faster growth and be associated with higher per
capita output.

A second measure PRIME_YOUTH uses the number of prime age persons
aged 35–54, w, over the number of young working age persons aged 15–34, g, to
measure the following ratio:

PRIME YOUTH
w

g
it

it

it

_ =
∑

∑
35

54

15

34 .(7b)

This variable recognizes that the productive capacity of a society with a high
fraction of more experienced prime age persons relative to younger less experi-
enced workers is generally higher than that of a society with many young labor
market entrants. Beyond a certain threshold, however, having too many or too few
older workers may actually dampen growth. To capture the non-linearity inherent
in second-order maturity, our preferred estimate preserves the PRIME_YOUTH
variable as a ratio along with its square PRIME_YOUTH_SQ.13

4. Data

We employ a composite dataset made up of versions 5.6 and 6.1 of the Penn
World Tables, and demographic data provided by the United Nations’ Population
Division. The Penn World Tables, which Summers and Heston (1991) and Heston
et al. (2002) have been collecting for more than a decade, includes observations
from 1950 to 2000 for approximately 144 countries. It is used primarily for its PPP

12If using an unbalanced panel, a set of time dummies would also be included.
13First and second order population ageing effects as measured by (7a) and (7b) and estimated as

in (5) and (6), will test whether there is a significant first order effect and allow us to more accurately
identify the non-linear effect of the PRIME_YOUTH variable implied by the Mincerian and personnel
economic literature surveyed. Finally, by controlling for the stock of physical capital and technical
progress, the two primary demographic channels above are zeroing in on ageing effects arising from
human capital and firm level maturity described in Section 2.
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adjusted measures of income per capita across countries. Version 5.6 of Penn
Tables, which ends in 1990, is used for its real capital stock series available for 61
countries. A second data source, the United Nations World Population Prospects
(United Nations, 1998), provides corresponding demographic data for 160 coun-
tries from 1950 to 2000—with age structure and population projections running
until 2050.

Table 1 provides an overview of the patterns of changing age structure
observed across countries over the past 40 years. The table documents changes in
our key measures of population ageing; i.e. the share of the working age popula-
tion (15–64) over the total population, the proportion of persons aged 35–54 over
the size of the potential working age population, and the ratio of prime age (35–54)
workers over young (15–34) workers. The first row of the table documents the all
country total and shows a positive shift in first order maturity from 1960 to 2000.
The percentage of persons aged 15–64 increased from 56.4 in 1960 to 60.9 in 2000.
The row also identifies the U shaped pattern in prime age structure brought about
by the delayed effect of the post-war baby boom, which from the 1960s to 1980s
made many national working age populations younger than their historical aver-
ages.

A comparison of age structure patterns for different country groupings—such
as between OECD and non-OECD countries in row 2 and in Figure 3—shows that
the global average masks a marked diversity of age structures. Countries in the
OECD have had larger PRIMEAGE ratios from the 1960s onward. Despite
having grown younger in the 1970s and 1980s, the OECD has never approached
levels found in the non-OECD world. In 2000, for example, 43 percent of the
OECD’s working age population was aged 35–54 and there were 1.3 prime age
workers for every 15–34-year-old, versus 34 percent and 0.75 for the rest of the
world respectively. The countries in row 6 also show the heterogeneity that is
masked if we look only at row 1.

Rows 3–5 of Table 2 illustrate what are probably more interesting facts about
age structure over the past 40 years: the dramatic difference in the proportion of
prime age persons between countries with high and low indices of civil liberties and
individual freedom, the consistently higher proportions of prime age workers in
more equal societies (as measured by the GINI ratio) and in countries with greater
political participation (as measured by the percentage of voting age population
who casts a vote). By many measures, it seems, being older as a society carries with
it a number of benefits.

5. Results

We begin with a fixed-effect (within group) estimation of equation (5) using a
balanced panel of 84 countries.14 The sample is split into four ten-year periods

14Countries are often missing data and hence drop out of our sample. Of the 106 countries that had
complete LHS data, 22 were either missing two or more key pieces of RHS data or were categorized as
having low quality data by Summers and Heston. We therefore chose to focus on a high quality
balanced sample.
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beginning in 1960 and ending in 2000. This gives us a total of 336 observations.
When using our capital stock variable in place of investment share of GDP, we are
restricted to just three ten-year time periods and 52 countries; as a consequence our
sample size is 208 observations. Our dependent variables are the percentage change
in GDP per capita observed over a ten-year period and the level of GDP per capita
at the end period.15 For our growth equations, the values of our steady state and

15The decision to employ a 10 year period for growth rate estimates is threefold. First, demo-
graphic variables are typically collected by a national census prepared every decade, while intervening
figures are often obtained by interpolating two consecutive census periods. Second, it is difficult to find
significant changes in the demographic variables in shorter time periods. Finally, 10 year growth rates
also smooth out any short-run output fluctuations.
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Figure 3. Age Structure across Countries, 1960–2000
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demographic variables are all measured at their initial (one period lag)
levels.16

5.1. Baseline Fixed-Effect Estimates

The within-group estimates in Table 2, column 1 imply that the first order
effect of demographic ageing is decidedly positive with respect to 10 year per capita
growth rates. Specifically, a 1 percent increase in WORKING_AGE—the ratio of
persons aged 15–64 over the total population—increases economic growth by
0.539 percentage points over the course of a decade. Given that the 10 year

16The reason for doing so is that estimates that use period averages for the independent variables
may not capture the possibility that the relationship between maturity and economic performance is
largely spurious and the result of ex post migration decisions; i.e. working age persons may move from
regions that are depressed to regions where the economy is strong. Part of this effect would indeed be
picked up in our fixed effect panel estimation—since countries with persistently stronger economic
performance would be captured by country i’s fixed effect. A remaining portion of the migration impact
would nevertheless remain since a temporary increase in economic performance in country i might
temporarily attract more working age persons and simultaneously lower the proportion of working age
persons in slower growing country j. To mitigate the possibility of reverse causality, therefore, we
measure WORKING_AGE and PRIME_AGE and all other variables at the beginning of each growth
period rather than as decade averages.

TABLE 2

Fixed-Effect Estimates of Demographic Ageing and Economic Output Across Countries,
1960–2000; Dependent Variable(s): 10 Year Compound Growth Rate of Log GDP PER CAPITA

(Growth) and Level of Log Real GDP PER CAPITA (Level)

Independent Variables

Within Group Estimates

Growth (1) Level (2) Growth (3) Level (4)

1. Ln(Yt-1) -0.374*** 0.625*** -0.560*** 0.813***
(-14.61) (14.65) (-8.59) (13.95)

2. Ln(Sk,t-1) 0.094*** 0.269*** 0.148*** 0.375***
(3.10) (7.25) (3.02) (9.20)

3. Ln(Sh,t-1) 0.010 0.267*** -0.002 -0.003
(0.29) (6.72) (0.06) (0.06)

4. Ln(N + q + s) -2.226 -2,329** 8.17* 9.13*
(-0.78) (-2.44) (-1.98) (-1.94)

5. Ln WORKING_AGEt-1 0.539*** 2.32*** 1.05*** 1.65***
(2.50) (9.47) (4.34) (6.45)

6. PRIMEAGE _YOUTHt-1 0.688** 1.57* 1.79*** 1.84**
(1.99) (1.78) (2.51) (2.26)

7. PRIMEAGE_YOUTH_SQt-1 -0.372** -0.821* -0.937*** -1.02***
(-2.01) (-1.70) (-2.55) (-2.44)

Real capital stock measure No No Yes Yes
Observations 336 336 208 208
Countries 84 84 52 52
R2 0.32 0.46 0.43 0.74

Notes: Balanced panel. GDP is always measured in its initial period to control for conditional
convergence in growth estimates. All other independent variables are measured at their initial levels.
The stock of physical capital sk is the investment share of GDP per capita in columns (1) and (2) and
actual capital stock estimates in columns (3) and (4). The stock of human capital sh is the average years
of schooling. Rate of population growth, technological efficiency and depreciation (N + q + s). The
t-statistics are in parentheses.

***Significant at 1% level, **significant at 5% level, *significant at 10% level.
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compound average GDP growth rate was 19.8 for the entire sample period, these
impacts appear very small. However, if we calculate this first order effect using a
more realistic increase in the ratio of working age persons, we get a slightly
different picture. A 5 percent increase in the average number of persons aged 15–64
over the total population—which is equivalent to a 3 percentage point increase in
the WORKING_AGE ratio—now leads to a more substantial 2.65 percentage
point increase in the ten year growth rate. In terms of PRIMEAGE effects, we find
that the ratio of prime age workers relative to youth has a positive effect on output
growth up to a ratio 0.924.

Next in column 2 we turn to estimates of per capita GDP levels. All else
remains as before except that our conditional convergence term (i.e. initial level of
GDP) used in our growth estimates is now expected to be positively associated
with end of period of GDP levels, since rich countries tend to grow richer albeit at
a slower rate (Hall and Jones, 1999). Apart from this change in sign, our specifi-
cation is run with expectations as above.

The results are supportive of a positive first order and a curvilinear second
order demographic ageing effect. The only difference is that our first order effect is
larger—given that the mean of log per capita GDP in the sample was 8.48, the
coefficient for WORKING_AGE of 2.32 corresponds to 26 percent of the differ-
ence in GDP per capita observed across countries. The turning point in our levels
estimation for second order ageing is apparent once again; though slightly higher
than for our growth estimates. Increases in the PRIME_YOUTH ratio beyond
0.956 (compared to 0.924) are associated with lower levels of per capita GDP.

Columns 3 and 4 repeat the same specifications as above, only replacing the
investment share of GDP (which was always a proxy for the capital stock) with
real capital stock data. Unfortunately, as noted earlier, this consistent series ends
in 1990 and has a smaller set of countries.17 The smaller set includes an effective
total (after missing data) of 52 countries, which includes all the OECD and a few
remaining high quality data countries. One can think of this specification as being
analogous to a sub-sample of OECD economies. The offsetting advantage of
analyzing this smaller sub-sample with capital stock data is that institutionally
these countries are much more similar than the entire sample, yet demographically
they still differ quite significantly. This may help to isolate more precisely the effect
of ageing on growth. The results in columns 3 and 4, as judged by the R2, confirm
that these estimates offer a far better prediction of model (5).

The results on our variables of interest show a much more robust and signifi-
cant effect associated with capital accumulation and an effect which seemingly
increases our estimates of first order demographic ageing. In column 3, the coef-
ficient attached to WORKING_AGE now doubles in size to 1.05.18 A 5 percent
increase in the relative size of the working age population is associated with a 5.25

17The smaller set includes an effective sample of 55 countries, which by and large includes all the
OECD and a few remaining high quality data countries. One can think of this specification having the
more homogenous set of characteristics.

18This is not surprising since the OECD sample has experienced a relatively greater change in the
structure of the working age population (see Figure 1 and Table 2) than in its relative size over the last
50 years.
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percentage point increase in the ten year growth rate (or close to a quarter of the
overall average growth observed in the period averages). The increase in GDP
growth rates associated with PRIME_YOUTH turns around the same ratio as
before, 0.955.

Column 4 shows the same specification as in column 2. Our results demon-
strate again that the capital stock measure is an effective predictor of cross country
differences in GDP. The effects on our demographic variables, though still sig-
nificant at conventional levels, show a slight weakening in magnitude. Our
WORKING_AGE coefficient is 1.65 (compared with 2.32 in our earlier estimate)
and our turning point for PRIME_YOUTH is lower as well at 0.901.

5.2. Dynamic Panel Estimates

As noted in our empirical approach discussion, neither the fixed-effects
models just presented nor standard IV estimation can tackle the issue of potential
high persistence of our national income dependent variables or any potential
endogeneity associated with our right-hand side variables. The Arellano and Bond
(1991) methodology addresses potential endogeneity with the use of appropriate
instruments and allows one to account for the persistence of per capita GDP over
time by including lagged GDP as a regressor. The country fixed-effect is eliminated
by first-differencing and the set of valid instruments follows from the moment
conditions with lagged variables. This has the advantage that all lagged values of
the right-hand side covariates can be used as instruments for the first-differenced
covariates.

In this subsection we therefore apply the difference-GMM estimator to our
model of per capita GDP as outlined in equation (6). As several cross sections will
be sacrificed when the differencing and lag structures associated with this estima-
tion are used, we employ our unbalanced panel dataset, which includes more
countries (greater sample depth) and also one more time period, 1950–2000
(greater sample length) to test our key findings.

In Table 3 we report difference-GMM estimates of our dynamic per capita
GDP equations for our unbalanced dataset. We take our preferred estimation
found in column (4) of Table 2 and use it ubiquitously here with the addition of
time dummies as is recommended for unbalanced panels in dynamic estimations
(Nickell, 1981; Arellano and Bond, 1991).19 Comparing columns (1) and (2) in
Table 3, shows that the estimated coefficients on our variables of interest appear
much the same across the unbalanced samples with and without the real capital
stock variable. Both models appear well determined and have sensible long-run
properties for a cross-country output equation. However, our demographic vari-
ables do change as a result of this dynamic estimation technique. Comparing the
first difference coefficients for WORKING_AGE in column (1) of Table 3 with
our corresponding preferred specification using the within-estimator in column (3)

19The unrestricted GMM estimator treats all variables (including the dependent variable) in first
differences and lags the dependent variable one period. In doing so, two cross sections are lost so that
the estimation period is 1970–2000 for our unbalanced panel.
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of Table 2, we see that the size of the first-order effect drops to 0.725 (compared to
1.05). The coefficient is still highly significant. By contrast the non-linear effect is
not so accurately measured. The turning point is now much higher at 1.45 prime
age workers for every younger worker, but significance level drops.

In column (2) the capital stock variable is added in place of investment share.
Because the capital stock variable stops at 1990, we lose one more cross section and
hence the panel runs from 1970 to 1990. The WORKING_AGE effect of 0.802 is
closer to our earlier estimate and the PRIME_YOUTH ratio and its square are
jointly significant at the 10 percent level. The turning point of 1.37 is greater than
our earlier estimates, most likely due to the time period in which fast growing
economies were ageing and adding more prime age workers and fewer younger
workers.

TABLE 3

Difference-GMM Estimates of Demographic Ageing and Economic Output Across Countries,
1970–2000; Dependent Variable is the First Difference of Log Real GDP PER CAPITA

Independent Variables

GMM Estimates (all variables in first differences)

Instrumenting Size of Effective Working Age Population†

(1) (2) (3) (4)

1. Ln (Yt-1) 0.522*** 1.153*** 0.747*** 0.904***
(3.30) (4.89) (3.22) (4.11)

2. Ln(sk) 0.098*** 0.006 0.109** 0.094*
(3.02) (1.24) (2.13) (1.66)

3. Ln(Sh,) 0.010 0.073 0.061 0.048
(0.24) (1.43) (0.70) (0.38)

4. Ln(N + q + s) -0.991 0.282 4.201 3.391
(-0.30) (0.07) (0.67) (0.55)

5. LnWORKING_AGE 0.725** 0.802*** 4.617** 4.564**
(2.20) (2.70) (2.05) (1.92)

6. PRIMEAGE _YOUTH 0.566 1.26* 1.842** 0.971*
(1.50) (1.72) (1.87) (1.69)

7. PRIMEAGE_YOUTH_SQ -0.188 -0.450* -0.555 -0.271
(-1.28) (-1.69) (-1.51) (-1.36)

8. Size of effective working
age population

No No Yes Yes

9. Real capital stock
measure

No Yes No Yes

Observations 340 157 340 157
Countries 96 55 96 55
Wald test 242.28 (10) 176.92 (9) 280.88 (17) 256.92 (14)
Sargan test 10.51 (9) 5.95 (5) 11.54 (8) 12.365 (8)

Notes: Unbalanced panel. Effective working age replaces WORKING_AGE in row 5 in columns
(3) and (4). This is the ratio of total participants in the labor market to total working age population.
Time dummies are included in all equations. The stock of physical capital sk is the investment share of
GDP per capita in columns (1) and (3) and actual capital stock estimates in columns (2) and (4). The
stock of human capital sh is the average years of schooling. Rate of population growth, technological
efficiency and depreciation (N + q + s). The t-statistics are in parentheses.

†We treat our “effective size of the working age population” variable in row 5 (which is the size of
the working age population aged 15–64 relative to the total population) adjusted for participation
rates) as endogenous in columns (3) and (4). Levels of the endogenous variables lagged two or more
periods serve as instruments.

***Significant at 1% level, **significant at 5% level, *significant at 10% level.
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5.3. Dynamic Panel Estimates with Instrumented Working Age Variables

It is important to note that our previous estimations did not control for the
size of the economically active population. As such, we have estimated the
effects—in terms of both size and structure—of the potentially active workforce on
output, rather than these effects conditioned on the actual number of labor market
participants (i.e. effective labor supply). We preferred these unconditioned UN
population measures to the similar ILO dataset that adjusts for effective labor
supply, primarily because participation rates are not as reliably measured across
countries as is pure demographic data. Participation rates are also likely to suffer
from potential endogeneity problems with respect to economic performance in a
way that our pure demographic measures do not (i.e. persons usually re-enter the
labor force when economic prospects improve). Fortunately, the Arellano–Bond
estimator allows us to treat variables as endogenous and use levels lagged one or
more periods as instruments.

In principle, therefore, the different channels through which population might
impact growth, as described in Section 2, could be better captured by the relative
size of the labor force than by the relative size of the working age population.
Indeed, the choice between these two measures might not be irrelevant for the
results since major changes in participation rates have been observed in the last
four decades in many countries. The participation of women, for example, has
significantly increased in many countries while that of people over 50 has dramati-
cally fallen. Likewise, irregular participation in the labor market might be quite
relevant in some developing countries. The use of the potentially active (as
opposed to the active) working age population also poses the problem that this
variable might be capturing not only supply-side effects, as outlined in our theo-
retical framework, but also demand-side effects related to differences in the com-
position of savings-expenditure by age group.

In order to see whether our results are robust to the inclusion of effective labor
supply, in Table 3, column (3) using data from the ILO,20 we substitute
WORKING_AGE with this effective labor supply measure (i.e. the ratio of total
participants in the labor market to total working age population). When including
this regressor in our estimates, along with lags of levels used as instrumented
variables, the results in columns (3) and (4) show a very large increase in first order
demographic effects. The size of the participation adjusted working age population
variable increases four-fold. Instrumenting tends to produce these increases,
though even by IV estimates this increase is large but the estimate still carries a
sensible interpretation. The estimates of our second-order demographic effects do
change as well, but not significantly so.21 For example, the coefficients for prime-
youth and prime-youth squared in column (3) are 1.84 and -0.55 respectively,
meaning that economic output is first increasing and then decreasing in the ratio of
prime-age workers to younger age workers. The overall relationship between
country output and prime-youth ratio is rising when the ratio of prime-age
workers (35–54) to young workers (15–34) is less than 1.67 and falls when the ratio

20This data is downloadable from http://laborsta.ilo.org/.
21Except for column 4 (where we are restricted to our sub-sample of countries with capital stock

data and a smaller time period on account of the dynamic panel estimates).
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is over 1.67. Since the sample mean value of prime-youth ratio is 1.07, for the
average of country in our sample, prime-youth ratios have a generally positive
effect on per capita country growth.22

6. Conclusion

This paper has focused on the response of per capita GDP growth to the
process of population ageing as measured by changes in the proportion of working
age workers across countries. We defined and estimated population ageing in two
specific ways. First, in keeping with recent literature, a growing cohort of working
age persons (those aged 15–64) was found to have a large positive effect on the ten
year growth rate of GDP per capita. Second, we found that an increase in the
number of prime age persons (aged 35–54) relative to the young working age
population (aged 15–34) was found to have a positive but diminishing effect on per
capita GDP growth. We estimated in a baseline estimate using fixed effects that the
optimal ratio of prime age persons to youth is approximately 0.950. Up to this
point, the prime-youth ratio is positively related to growth but beyond this point
it is negative. Given that the whole country sample in 2000 had a mean prime-
youth ratio of 0.845 (see Table 1, row 1), this means that for the majority of
countries in our sample, increases in the prime-youth ratio lead to increases in real
GDP per capita. However for OECD countries (see Table 1, row 2) that by 2000
already had average prime-youth ratios of 1.37 or more, the prime-youth ratio is
likely acting as a drag on real GDP growth. Size of working age population
remained positive throughout all the specifications.

We also take account of the dynamic nature of our panel data to control for
potential endogeneity and persistence of both dependent and independent vari-
ables. The use of difference-GMM estimates initially produces results that are not
too dissimilar to our fixed effects in signs and magnitudes of key variables, but our
second order demographic effects are less precisely estimated. However, when we
use GMM estimates that take account of the potential for endogeneity problems
associated with our participation-rate adjusted estimate of working age popula-
tion, the coefficients on our key demographic variables remain significant and the
signs remain the same and as expected (see Table 3, columns (2) and (3)). Our
overall results suggest that the process of population ageing produces intermediary
changes to population age structure that can actually increase economic perfor-
mance rather than dampen it.

22As an additional robustness check, we treated our working age population variable used in
columns (1) and (2) of Table 3 as not strictly exogenous, using levels lagged one or more periods as
instruments. These results are not presented but are available upon request. The results of these
additional tests mirror the same specifications found in columns (1) and (2) of Table 3, and they
indicate that treating working age population as predetermined makes it less difficult to reject the null
hypothesis that the over identifying restrictions are valid, providing evidence that working age is better
modeled as an exogenous variable as in Table 3, column (1).
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