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POPULATION AGING AND INVENTIVE
ACTIVITY
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This research empirically establishes and interprets the hypothesis that the relationship
between population aging and inventive activity is hump-shaped. We estimate a reduced
form, hump-shaped relationship in a panel of 33 OECD countries over the period
1960–2012, as well as in a panel of 248 NUTS 2 regions in Europe over the period
2001–2012. The increasing part of the hump may be associated with various channels
including the acknowledgement that population aging requires inventive activity to
guarantee current and future standards of living, or the observation that older educated
workers are more innovative than their young peers. The decreasing part may reflect the
tendency of aging societies to lose dynamism and the willingness to take risks.
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1. INTRODUCTION

What is the relationship between population aging and the propensity to engage
in inventive activity? The answer to this question matters for at least two reasons.
The first is related to economic growth. It is widely recognized that population
aging poses serious challenges for many important fields of economic policy
including health care, pensions, or public debt (see, e.g., Rechel et al. (2009)
or Börsch-Supan (2012)). Economic growth is often seen as a means to solve
or at least to alleviate these problems. Since innovation and technical change
are the main drivers of economic growth, it is important to know how inven-
tive activities adjust in aging societies. The second reason is cultural. It concerns
the hypothesis that old societies tend to lose dynamism, are less forward-looking,
and more reluctant to accept change. The French demographer, anthropologist,
and historian Alfred Sauvy (Sauvy (1948), p. 188) put this succinctly:
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In countries suffering from ageing, the spirit of enterprise, and hence the willingness
to take risks without which capitalism cannot function, gradually atrophies and is
replaced by a new feeling: The desire for security.

If Sauvy’s conjecture is true, then population aging may lead societies into a
state of stagnation with little inventive activity. Yet, is this dismal prediction borne
out in the data?

The present paper argues that the relationship between population aging and
inventive activity is indeed more intricate. For a panel comprising 33 OECD
countries over the period 1960–2012, we empirically establish that the relation
of population aging to inventive activity is hump-shaped. Our proxy for popula-
tion aging is a country’s old-age dependency ratio (OADR).1 We use the number
of patent applications per 1000 residents to measure a country’s propensity to
engage in inventive activity. For the whole panel, the estimated peak of the hump
occurs at an OADR between 24 and 27, roughly the OADR of Japan for the period
1999–2003 and of Germany for the period 2001–2004. In countries to the left of
this critical level, the propensity to engage in inventive activity increases, ceteris
paribus, with population aging. The opposite holds for countries to the right.
We also obtain qualitatively similar results for a panel of 248 European NUTS
2 regions over the period 2001–2012.

Where does the hump come from? Our interpretation assumes two simulta-
neous relationships between inventive activity and population aging. The first is
increasing and dominates the overall relationship to the left of the hump, and the
second is decreasing and dominates to its right. The increasing relationship may
capture the spirit of the saying “necessity is the mother of invention.” Inventive
activity is necessary in aging populations to raise the productivity of the working
young. This guarantees a decent standard of living for the economically dependent
old while keeping the burden of the supporting working young at an acceptable
level. Therefore, we would expect that aging societies implement institutions and
policies that foster inventive activity. In addition, population aging may also have
a positive impact on innovation through an aging workforce since older educated
workers are more innovative than their younger peers (Ang and Madsen (2015)).
The decreasing relationship captures the spirit of Sauvy’s conjecture.

The main result of our empirical part suggests that the sum of these two rela-
tionships is strictly concave and hump-shaped with a unique interior maximum.
Hence, our empirical strategy identifies the reduced form, that is, the aggregate
effect, of two broadly defined and opposing trends.

The explicit identification of all potential mechanisms and their effects on the
two opposing trends is beyond the scope of this paper. However, in the discussion
section, we explore some mechanisms, for example, the life-cycle hypothesis and
the role of pension schemes (see Table 12). We find that our aggregate result sur-
vives these robustness checks. Further inquiry into the determinants of these two
opposing trends is a fruitful research agenda. For instance, our companion paper,
Irmen and Litina (2017a), has a detailed empirical analysis of one of the multiple
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channels, the cultural channel. There, we establish that population aging also has
a hump-shaped effect on individual attitudes towards new ideas and innovation.

We derive our empirical results estimating a panel with country and time
fixed effects that capture time and country-specific unobservables. Moreover, we
include a wide range of aggregate level controls including per-capita income, life
expectancy, fertility and mortality, institutions, urbanization, aggregate national
expenditure (including public spending on education and health), trade flows as
well as standard controls from the existing literature (e.g., working cohorts as in
Feyrer (2007)).

Arguably, our panel analysis may neglect important controls since appropriate
data, for example, on R&D and health spending or on the number of researchers
in R&D are not available for the full set of countries and years. To address this
issue, we study in addition a more demanding specification, using richer data
of 248 European NUTS 2 regions that belonged to the OECD for the period
2001–2012. This analysis allows us to introduce regional fixed effects that elim-
inate unobserved heterogeneity at a highly disaggregated regional level. These
fixed effects net out relevant country-wide controls like government spending.

Our paper is at the cross-road of two strands of the recent empirical and theoret-
ical literature on the consequences of demographic change and population aging
for economic performance (see Weil (1997) or Bloom and Sousa-Poza (2013)
for selective surveys). On the one hand, there is a literature that derives a negative
impact of aging on economic performance. For instance, Kogel (2005) argues that
a higher youth dependency ratio reduces “residual,” that is, total factor productiv-
ity growth. The focus of Feyrer (2007) is on the relationship between workforce
demographics and aggregate productivity. According to this, author changes in
the age structure of the workforce are significantly correlated with changes in
aggregate productivity. Kulish et al. (2010) show that aging increases the capital
intensity in the long-run but decreases it in the short-run. Poterba (2014) explores
the effect of population aging on a wider range of issues including life-cycle plan-
ning and retirement. He also argues that an aging population may be associated
with a declining rate of innovation. In the same vein, the study of Maestas et al.
(2016) seems to confirm Robert Gordon’s view of aging as a headwind for US
economic growth (Gordon (2016), p. 627). These authors study population aging
across US states over the period 1980–2010. They find that a 10% increase in the
fraction of the population older than 60 decreases the growth rate of gross domes-
tic product (GDP) per capita by 5.5%. Similarly, for Europe, Aiyar and Ebeke
(2016) find that workforce aging reduces growth in labor productivity. Derrien
et al. (2018) study the effect of the labor force age structure on corporate innova-
tion and provide evidence for the hypothesis that a younger age structure causes
more innovation.

On the other hand, there are contributions that support a positive relationship
between aging and economic performance. As mentioned above, Ang and Madsen
(2015) argue that population aging may also have a positive impact on innovation
through an aging workforce since older educated workers are more innovative
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than their younger peers. These authors establish this finding in a study of 21
OECD countries over the period 1870–2009. The explanation includes evidence
according to which the individual ability to innovate peaks around the age of 50
and then plateaus (Giuri and Mariani (2007), Hoisl (2007)). Moreover, there is
evidence suggesting that today successful innovators are older than in the past
since more education and experience is necessary before a major innovation is
possible (see, e.g., Jones (2009), Jones (2010), Mokyr (2005)). Finally, there are
empirical arguments supporting the view that aging societies may grow faster
since they provide better incentives to adopt automation technologies (see, e.g.,
Acemoglu and Restrepo (2017)).

Our findings reconcile these two opposing strands of the literature arguing
that the positive effects of aging on economic outcomes are dominant up to
some threshold of aging. Beyond this threshold, the negative effect becomes the
dominating one.

Recent theoretical contributions underline that the two tendencies emphasized
in the present paper have sound economic underpinnings. For instance, Heer and
Irmen (2014) and Irmen (2017) argue that aging populations will invest more
to raise the productivity of the workforce. This leads to faster per-capita GDP
growth unless the role of capital-augmenting technical change becomes relevant.
Our empirical analysis controls for these channels and enriches this literature by
accounting for the downward sloping part of the hump.

The literature on the consequences of population aging for economic growth
in dynamic economies with probabilistic voting suggests a negative relation-
ship between population aging and economic growth (see, e.g., Kuehnel (2011)
or Gonzalez-Eiras and Niepelt (2012)). Here, population aging implies that the
median voter gets older. Then, the political–economic equilibrium shifts in favor
of the old implying less inventive activity and slower economic growth. However,
these models feature no counterpart to the necessity-is-the-mother-of-invention
motive.

To the best of our knowledge, the present paper is the first that explores the
direct link between population aging and inventive activity at the macroeconomic
level across countries and time as well as across regions and over time. Moreover,
unlike the above-mentioned literature that predicts linear effects, we uncover a
non-linear, hump-shaped effect of population aging on inventive activity. In other
words, the direction of the effect of population aging hinges on its level.

The structure of the present paper is the following. Section 2 describes the
empirical strategy and the data used in our paper. Section 3 presents the empir-
ical results for our main research question. Section 4 conducts robustness tests.
This section also includes the regional analysis which captures a larger number of
unobservables. Section 5 discusses several issues of interest related to our find-
ings, whereas Section 6 concludes. The definitions and the sources of the variables
used in our analysis are provided in the appendix.
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2. DATA AND EMPIRICAL STRATEGY: PANEL DATA ANALYSIS
OF 33 OECD COUNTRIES

This section serves two purposes. First, we describe our data in Section 2.1.
Second, we explain our empirical strategy in Section 2.2.

2.1. The Data

We study the effect of population aging on inventive activity in an unbalanced
panel dataset of 33 OECD countries including Australia, Austria, Belgium,
Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Israel, Italy, Japan, South Korea, Luxembourg, Mexico,
the Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Turkey, United Kingdom, and the USA. For these
countries, the full set of controls used in the baseline model is available. This is
not the case for Iceland which is therefore excluded. We consider annual data for
the period 1963–2010.2 We consider the included OECD countries as a represen-
tative set of the world’s industrialized countries that already face the threat of an
aging population.3

Our proxy for inventive activity is the number of patent applications filed per
1000 inhabitants. The data are available from the World Development Indicators
(WDI), and the original source is the World Intellectual Property Organization
(WIPO). WIPO is a very systematic source of filing patents applications all over
the world in a way that makes comparisons across countries feasible. We choose
patent applications as opposed to actual patents to avoid concerns associated
with the system of patent granting. As such, patent applications appear to be
a better proxy for the inventive activity of a given year. In Section 4, we use
the number of researchers in the Research and Development sector per million
people as an alternative proxy for inventive activity. Here, the source is again
the WDI.

Our dependent variable is the OADR which we interpret as the proxy for pop-
ulation aging. The OADR states the number of people above the age of 65—the
old—per 100 people of the working population aged 15–64. In Section 4, we use
the number of old people per 100 members of the total population as a measure
of population aging and we show that our main results still hold. Moreover, we
conduct placebo tests with the young age dependency ratio, that is, the ratio of
young people (below 15) per 100 members of the working age population.

Our analysis controls for a wide range of confounders, also available from
the WDI. They include income per capita, life expectancy, fertility and mortal-
ity rates, urbanization, institutional quality, gross national expenditure (GNE),
and trade flows as a percentage of GDP. All of these variables qualify as plau-
sible determinants of inventive activity. Section 4 takes additional controls into
account that are only available for shorter time periods or for fewer countries.
They include population density, secondary enrollment rates, the ICRG measure
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TABLE 1. Summary statistics

Obs Mean Std. Min Max

Patents per 1000 inh. 1225 0.281 0.472 0.001 3.028
OADR 1225 18.685 5.770 5.951 39.043
Income per capita 1225 23,706.73 14,396.6 1106.754 86,127.24
Institutional quality 1225 8.466 4.0255 −9 10
Urbanization rate 1225 1.298 1.215 −2.051 7.543
Mortality rate 1225 125.393 48.107 54.234 354.973
Life expectancy 1225 74.541 5.189 47.574 83.096
Fertility rate 1225 2.060 0.9384 1.076 6.777
Trade flows as % of GDP 1225 68.031 42.568 8.333 349.849
GNE as % of GDP 1225 99.572 6.337 67.113 124.5386

of corruption, unemployment rates, and immigration stocks. We do not employ
all these controls in the baseline model to keep the sample as large as possible.

Tables 1 and 2 provide the summary statistics for the sample of 33 countries
over the period 1960–2012. The panel has 1225 observations. The sample features
primarily developed countries with a mean annual per-capita income of 23,706 in
constant $2005. Most of these countries were democratic throughout most of the
years with an average institutional quality score of approximately 8.5 on a scale
from −10 to 10. The average life expectancy at birth is 75 years, and the average
total fertility rate is 2 births per woman.

The number of patent applications per 1000 inhabitants also varies consider-
ably from 0.001 (again for Turkey in the 1970s) to 3.028 for Japan (during the last
decade). We observe that the mean value of inventions increases steadily starting
already from 1960s (see left panel of Figure 1). After the year 2005, there is a
pronounced increase in the mean number of patent applications in some countries
such as Japan, Korea, USA, Denmark, or Finland. Similarly, in this set of coun-
tries, the OADR varies from 6 (for Turkey in the 1970s) to 39 (for Japan during
the last decade). The OADR also increases steadily from 1960s onwards.

2.2. Empirical Strategy

We estimate the baseline model described by

Pit = α0 + α1�it + α2�
2
it + α3Xit + α4Ii + α5Tt + εit. (1)

Here, Pit is the number of patent applications per 1000 inhabitants filed by
residents of country i at time t. The OADR is denoted by �it, whereas �2

it is its
squared value. The presence of the quadratic term allows for the identification
of a non-linear effect of population aging on inventive activity.4 We use the con-
temporaneous values of the OADR in the baseline specification. This suggests
a contemporaneous effect of population aging on inventive activity. However, as
will be shown in Section 4 below, our results are robust to the use of lagged
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TABLE 2. Summary statistics

Patents OADR Income p.c. Inst. Urbanization Mortality Life exp. Fertility Trade flows GNE

Patents per 1000 inh. 1
OADR 0.1594 1
Income per capita 0.2046 0.6098 1
Institutional quality 0.1548 0.5389 0.4424 1
Urbanization rate −0.1383 −0.6715 −0.2899 −0.5077 1
Mortality rate −0.2851 −0.6198 −0.6428 −0.5413 0.4977 1
Life expectancy 0.2871 0.6692 0.6368 0.5192 −0.579 −0.941 1
Fertility rate −0.2128 −0.6389 −0.4415 −0.5654 0.7562 0.6847 −0.7706 1
Trade flows as % of

GDP
−0.163 0.2833 0.4478 0.2309 −0.2504 −0.2435 0.2871 −0.3488 1

GNE as % of GDP −0.1 −0.1569 −0.6156 −0.1776 0.1432 0.2649 −0.2621 0.2135 −0.5573 1
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FIGURE 1. Mean values (for all years averaged across countries) of OADR and patent
applications.

values of the OADR, lead values of the OADR to proxy aging projections as well
in specifications with 3 and 5-year averages.

The vector of confounders, Xit, includes a large number of time-varying con-
trols that may have an effect on inventive activity. It includes income per capita,
life expectancy, fertility and mortality rates, urbanization rates, institutional qual-
ity, GNE, and international trade flows, both as a percentage of GDP. The vector
of country fixed effects, Ii, captures unobserved heterogeneity at the country level,
at least for time invariant characteristics such as geography or climate. The vector
of year fixed effects, Tt, captures time-specific shocks, for example, the pres-
ence of the baby-boom generation across countries. Finally, εit is the country- and
time-specific error term.

3. EMPIRICAL FINDINGS

This section develops the findings of our baseline model.
Column (1) of Table 3 shows that the estimated value of α1 is strictly posi-

tive, whereas the estimated value of α2 is strictly negative. Both estimates are
significant at the 1% level. This specification has year and country fixed effects.
Hence, the effect of population aging on inventive activity is hump-shaped. The
hump attains a maximum of 4.18 patents per 1000 inhabitants at an OADR of
approximately 25.536.
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TABLE 3. The effect of population aging on inventive activity—baseline regressions

(1) (2) (3) (4) (5) (6) (7)

Dependent variable: Patents per 1000 residents

OADR 0.342∗∗∗ 0.264∗∗∗ 0.260∗∗∗ 0.248∗∗∗ 0.260∗∗∗ 0.258∗∗∗ 0.251∗∗∗

(0.120) (0.079) (0.080) (0.079) (0.080) (0.079) (0.082)
(OADR)2 −0.007∗∗ −0.005∗∗∗ −0.005∗∗∗ −0.005∗∗∗ −0.005∗∗∗ −0.005∗∗∗ −0.005∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Log income per capita 0.624∗∗∗ 0.547∗∗∗ 0.535∗∗∗ 0.541∗∗∗ 0.551∗∗∗ 0.565∗∗∗

(0.111) (0.111) (0.113) (0.110) (0.106) (0.107)
Mortality rate −0.003 −0.003 −0.003 −0.003 −0.003

(0.002) (0.002) (0.002) (0.002) (0.002)
Life expectancy −0.029∗ −0.024 −0.028∗ −0.028∗ −0.029∗

(0.015) (0.015) (0.016) (0.016) (0.016)
Fertility rate −0.038 −0.008 −0.034 −0.034 −0.037

(0.046) (0.056) (0.063) (0.064) (0.064)
Urbanization rate −0.036 −0.036 −0.036 −0.030

(0.023) (0.023) (0.024) (0.024)
Institutional quality −0.010 −0.010 −0.010

(0.007) (0.007) (0.007)
GNE as % of GDP 0.001 −0.000

(0.004) (0.004)
Trade flows as % of GDP −0.002∗

(0.001)
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TABLE 3. Continued

(1) (2) (3) (4) (5) (6) (7)

Dependent variable: Patents per 1000 residents

Country and year FE Yes Yes Yes Yes Yes Yes Yes

Time period 1960–2012

No. of countries 33 33 33 4 33 33 33 33
R-squared 0.523 0.642 0.649 0.655 0.664 0.664 0.668

Peak of the hump (SE) 25.536 (1.571) 26.837 (1.607) 27.19 (1.531) 27.19 (1.62) 27.14 (1.50) 27.12 (1.542) 27.11 (1.561)

Summary: The table establishes the hump-shaped effect of population aging on inventive activity. The analysis controls for log income per capita, life expectancy, fertility and mortality rates,
the urbanization rate, institutional quality, gross national expenditure, and international trade flows both as a % of GDP. All regressions feature time and country fixed effects.
Notes: (i) The old-age dependency ratio is the ratio of the population aged 65 and over to the population 15–64 stated as the number of dependents per 100 persons of working age; (ii)
“Patents per 1000 residents” is measured as the number of patent applications filed per 1000 residents; (iii) standard errors are clustered at the country level; robust and clustered standard
errors are reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.
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The remaining columns gradually introduce our additional time-varying con-
trols that are available for the baseline model.5 Column (2) introduces a control for
income per capita to capture the stage of development of the country. As antic-
ipated, higher levels of income are associated with a higher number of patent
applications. Column (3) adds three demographic controls, mortality rates, life
expectancy, and fertility rates, that may capture a long-lasting effect on the incen-
tives of individuals to invest in education and on their ability to invent. Only
life expectancy confers a statistically significant effect which comes with a neg-
ative coefficient, perhaps reflecting the fact that all countries in the sample are
in the post-demographic transition period. Column (4) augments the set of con-
trols with the urbanization rate to capture the effects of clustering around cities
and of increasing returns due to agglomeration. Columns (5) and (6) present the
results obtained with the inclusion of institutional quality and of GNE. GNE,
that is, gross national expenditure as a percentage of GDP, includes all types of
government final consumption. Hence, this variable implicitly controls for public
level investments in health and education infrastructure.6 Interestingly, all these
controls are insignificant, perhaps because the suggested channels are already
captured by the control “Log Income per Capita.”

Finally, Column (7) adds the control “Trade Flows as a % of GDP.” The coef-
ficient is negative and significant implying that the higher the trade volume, the
lower is the number of patent applications. This result could be related to trade
crowding out domestic inventive activity. Henceforth, we shall refer to the spec-
ification in Column (7), which includes the full set of controls, as the baseline
specification.

Reassuringly, the regressions of Columns (1)–(7) suggest a significant effect
of population aging on inventive activity. Moreover, the estimated coefficients for
OADR and for OADR2 remain remarkably stable in all columns. Turning to some
orders of magnitude, notice that the hump attains its maximum of 3.15 patents per
1000 inhabitants at an OADR of approximately 27.11.7 For countries like Japan
or Germany with an OADR in 2010 of about 36 and 32, respectively, further pop-
ulation aging is predicted to have an adverse effect on inventive activity, holding
everything else constant. On the contrary, countries like Israel with an OADR
of 17 or Canada with an OADR of 20 in 2010 find themselves to the left of the
hump’s maximum. Therefore, further population aging is predicted to increase
inventive activity. At its peak, a 10-point change in the OADR (i.e., moving the
OADR to 37.11 or to 17.11) is associated with a decrease in the number of patent
applications per 1000 inhabitants of 0.5. Roughly, this corresponds to a decline of
16%. Given that the range of “patents per 1000 inhabitants” in our sample extends
from 0 to 3, the order of magnitude of this decline is substantial.8

4. ROBUSTNESS

In this section, we conduct a series of robustness checks to test the validity of our
analysis to a number of different assumptions and specifications. Moreover, we
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conduct a regional analysis, in a sample of NUTS 2 regions in Europe in order to
capture a large number of unobservables not only at the country but also at the
regional level.

4.1. External Validity

One important question is whether our main result holds only for the sample of
OECD countries or whether it is also valid for a wider range of countries. As
discussed in Section 2.1, we consider the 33 OECD countries as a natural set of
countries where population aging is a plausible concern. Here, we show that our
main result is also valid for the complete set of the worlds’ countries for which
data are available. Moreover, it is valid for the subset of countries selected under
different assumptions.

Consider Table 4. Column (1) uses a world sample, whereas Column (2) is
based on a sample of non-OECD countries. Columns (3)–(5) use samples of coun-
tries where life expectancy is higher than 50 years, higher than 60 years, or higher
than 70 years, respectively. Columns (6)–(8) are based on samples of countries
where, respectively, the birth rate is lower than 4, 3, or 2 children per women.
The regressions in all columns feature the full set of controls used in the baseline
specification.

Our findings may be interpreted as follows. First, our main result is confirmed
in all samples except for the non-OECD countries. This suggests that the result
is primarily driven by countries faced with the threat of an aging population.
Moreover, our results become increasingly stronger once we move to countries
were population aging is an imminent problem since life expectancy is higher
and/or fertility is lower. As far as the peak of the hump is concerned, the effect of
population aging on inventive activity reverses at higher levels of the OADR as
we move to older countries. For instance, for the whole world, the peak occurs at
a level of 26.5, whereas for countries with life expectancy higher than 70 years,
the peak occurs at 30.

4.2. Alternative Specifications

Table 5 shows the results for several alternative specifications. The full set of
controls available for the baseline model is always employed.

Column (1) uses lagged values of the OADR as the main explanatory variable
of inventive activity. Our estimates are similar in magnitude and significance to
the baseline regression. This finding further mitigates potential concerns about
reverse causality.

Column (2) tests whether five year leads in the OADR variable have an effect
on inventive activity. The idea is to scrutinize the hypothesis of DellaVigna and
Pollet, 2007, who argue that demographic change is easy to predict, and thus, we
would expect it to affect inventive activity “early on.” While systematic data on
current projections for future aging are available for recent years, the same is not
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TABLE 4. Robustness—external validity

(1) (2) (3) (4) (5) (6) (7) (8)

Dependent variable: Patents per 1000 residents

World Non OECD Life expectancy Birth rate

>50 years >60 years >70 years >4 children >3 children >2 children

OADR 0.105∗ 0.008∗ 0.110∗ 0.127∗∗ 0.178∗∗ 0.156∗∗ 0.189∗∗∗ 0.246∗∗∗

(0.057) (0.005) (0.058) (0.061) (0.074) (0.070) (0.070) (0.071)
(OADR)2 −0.002∗ −0.000∗∗ −0.002∗ −0.002∗ −0.003∗∗ −0.003∗∗ −0.003∗∗∗ −0.005∗∗∗

(0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Country and year FE Yes Yes Yes

Controls Yes Yes Yes

Time period 1960–2012

No. of countries 123 90 116 109 83 104 93 60
R-squared 0.329 0.197 0.345 0.374 0.391 0.378 0.442 0.536
Peak of the hump 26.25 – 27.5 31.75 29.66 26 31.5 24.6

Summary: This table establishes the validity of our main result for different samples. Column (1) uses a world sample, Column (2) uses a sample of non-OECD countries. Columns (3)–(5)
are based on samples of countries where life expectancy is higher than 50 years, higher than 60 years, or higher than 70 years, respectively. Columns (6)–(8) employ samples with a birth
rate lower than 4, 3, and 2 children per women, respectively. The analysis controls for log income per capita, life expectancy, fertility and mortality rates, the urbanization rate, institutional
quality, gross national expenditure, and international trade flows both as a % of GDP. All regressions feature time and country fixed effects.
Notes: (i) The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64 stated as the number of dependents per 100 persons of working age; (ii) “Patents
per 1000 residents” is measured as the number of patent applications filed per 1000 residents; (iii) standard errors are clustered at the country level; robust and clustered standard errors are
reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.

https://doi.org/10.1017/S1365100520000516 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1365100520000516


1140
A

N
D

R
EA

S
IR

M
EN

A
N

D
A

N
A

STA
SIA

LITIN
A

TABLE 5. Robustness—alternative specifications I

(1) (2) (3) (4) (5) (6) (7)

Dependent variable: Patents per 1000 residents

Lagged aging 5-Year lead First diffs Dynamic panel (1 Lag) Time trends 3-year aggr. 5-year aggr.

OADR lag 0.261∗∗∗ 0.191*** 0.250*** 0.234*** 0.222***
(0.086) (0.068) (0.056) (0.081) (0.084)

(OADR)2 lag −0.005∗∗∗ −0.002** −0.006*** −0.004*** −0.004*)
(0.002) (0.001) (0.001) (0.002) (0.002)

OADR diff. 0.165∗∗∗

(0.064)
(OADR)2 diff. −0.003∗∗∗

(0.001)
OADR 0.009∗

(0.004)
(OADR)2 −0.0002∗∗

(0.000)

Patents lag 0.957∗∗∗

(0.014)
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TABLE 5. Continued

(1) (2) (3) (4) (5) (6) (7)

Dependent variable: Patents per 1000 residents

Lagged aging 5-Year lead First diffs Dynamic panel (1 Lag) Time trends 3-year aggr. 5-year aggr.

Country and year FE Yes Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes Yes

Time Period 1960–2012

No. of countries 33 33 33 33 33 33 33
R-squared 0.667 0.618 0.132 0.976 0.892 0.660 0.667

Peak of the hump 26.1 47.7 26 22.5 20.8 29.25 27.7

Summary: This table establishes that our main result is robust to a number of alternative estimators and specifications. The analysis controls for log income per capita, life expectancy, fertility
and mortality rates, the urbanization rate, institutional quality, gross national expenditure, and international trade flows both as a % of GDP. All regressions feature time and country fixed
effects.
Notes: (i) The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64 stated as the number of dependents per 100 persons of working age; (ii) “Patents
per 1000 residents” is measured as the number of patent applications filed per 1000 residents; (iii) standard errors are clustered at the country level; robust and clustered standard errors are
reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.
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true for projections on aging back in 1960s. Thus, we make the implicit assump-
tion that future values of aging are close to the predicted ones, and we use 5-year
leads to proxy aging projections. The results remain qualitatively and quantita-
tively similar. What changes though is the peak of the hump, which increases
compared to the other columns.

Column (3) shows the findings of a first-difference model. Our main result
remains largely intact with both coefficients reducing somewhat in magnitude.

Column (4) adopts a more demanding specification and estimates a dynamic
panel model. We interpret our findings with caution as the dynamic panel format
introduces a bias into our model.9 Our findings are still significant at the 5% and
10% level, whereas the coefficient of lagged patents is highly significant. Hence,
introducing some inertia coming from R&D of the previous period somewhat
tends to lower the OADR at which the hump peaks. It is now at a level of 22.6.

Column (5) adds time trends to capture omitted trends that affect all OECD
countries. This also leaves our main result unchanged.

Finally, Columns (6) and (7) show the results using, respectively, 3-year and
5-year aggregates of all included variables. Our main result is robust to both
aggregations. This reduces the role of missing observations and absorbs the
potential effect of cyclical fluctuations.

The specifications of Table 6 further challenge our choice of a quadratic esti-
mation. Column (1) in Table 6 explores the alternative of a linear specification.
Clearly, the linear relationship is not supported by the data. Column (2) introduces
a cubic specification. All three terms are highly significant. However, the coeffi-
cient on the cubic term is equal to 0, thus supporting our choice of a quadratic
specification.

4.3. Additional Controls

Our baseline specification includes a set of controls that maximizes the number of
observations. Additional controls that are only available for a shorter time period
or for fewer countries are introduced in Table 7. They include population den-
sity, secondary enrollment rates, the ICRG measure of corruption, unemployment
rates, and immigration stocks. Moreover, we include explicit controls for tertiary
education to capture the fraction of people with a university degree who most
likely engage in inventive activity (Toivanen and Väänänen (2016)). All these
controls could confer an effect on inventive activity. Introducing these controls
gradually on top of the controls used for the baseline specification does not alter
our main result. The peak of the hump remains roughly at a level of the OADR
equal to 25. Hence, the inclusion of a wide range of time-varying controls along
with the fixed effect estimator indicates that unobservables are not driving the
results.

The issue of additional controls is further addressed in the regional analysis,
where the addition of regional fixed effects allows to account for an even larger
number of unobservables not only at the country but also at the regional level.
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TABLE 6. Robustness—alternative specifications II

(1) (2)

Dependent variable: Patents per 1000 residents

Linear Cubic

OADR 0.020 0.603∗∗∗

(0.013) (0.171)
(OADR)2 −0.021∗∗∗

(0.007)
(OADR)3 0.000∗∗

(0.000)

Country and year FE Yes Yes

Controls Yes Yes

Time period 1960-2012

No. of countries 33 33
R-squared 0.469 0.703

Summary: This table explores whether other functional forms may explain the data. The specification of Column
(1) is linear, whereas the specification in Column (2) is cubic. The analysis controls for log income per capita, life
expectancy, fertility and mortality rates, the urbanization rate, institutional quality, gross national expenditure, and
international trade flows both as a % of GDP. All regressions feature time and country fixed effects.
Notes: (i) The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64 stated
as the number of dependents per 100 persons of working age; (ii) “Patents per 1000 residents” is measured as the
number of patent applications filed per 1000 residents; (iii) standard errors are clustered at the country level; robust
and clustered standard errors are reported in parentheses; (iv) *** denotes statistical significance at the 1% level, **
at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.

4.4. Alternative Innovation Measures

This section introduces alternative innovation measures. Consider Table 8 where
we use the same set of controls as in the baseline model in all columns and test
the stability of the results with respect to the dependent variable. In Columns
(1) and (2), we use as a proxy of innovation the number of researchers in R&D.
In Columns (3) and (4), we use the number of technicians in R&D as a proxy
for innovative activity. Columns (1) and (3) use as an explanatory variable the
OADR, while Columns (2) and (4) use the fraction of the old in the population.
While the samples are much smaller due to the lack of availability of the data, the
results are qualitatively unaffected.

4.5. Alternative Measures of Population Aging

Consider Table 9 where we use the same set of controls as in the baseline model
in all columns. In Column (1), the new explanatory variable replacing the OADR
is the fraction of the old aged 65 and above to the total population. The numerator
of this fraction serves as a proxy for the retired population.10 According to the
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TABLE 7. Robustness—additional controls

(1) (2) (3) (4) (5) (6) (7)

Dependent variable: Patents per 1000 residents

OADR 0.382∗∗∗ 0.366∗∗∗ 0.357∗∗∗ 0.384∗∗∗ 0.363∗∗∗ 0.243*** 0.345∗∗∗
(0.080) (0.071) (0.073) (0.076) (0.075) (0.062) (0.080)

(OADR)2 −0.007∗∗∗ −0.007∗∗∗ −0.007∗∗∗ −0.007∗∗∗ −0.007∗∗∗ −0.005*** −0.006∗∗∗
(0.002) (0.002) (0.002) (0.002) (0.002) (0.001) (0.002)

Population density −0.002 −0.001
(0.001) (0.001)

Secondary enrollment 0.001 0.001
(0.002) (0.002)

ICRG corruption 0.014 −0.017
(0.028) (0.024)

Unemployment 0.010 −0.003
(0.007) (0.007)

Immigration stocks 0.004 0.018
(0.011) (0.013)

Tertiary education −0.001 −0.001
(0.002) (0.002)

Country and year FE Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes
Time period 1985–2010 (5 year intervals)
No. of countries 33 33 33 33 33 33 33
R-squared 0.825 0.822 0.822 0.826 0.821 0.705 0.724
Peak of the hump 27.28 26.14 25.5 27.42 25.92 24.3 28.1

Summary: This table establishes that our main result is robust to the extension of our set of controls. The regressions in the table augment the baseline model by adding population density,
secondary school enrollment, ICRG corruption, unemployment, and immigration flows. These controls are added to the baseline controls that include log income per capita, life expectancy,
fertility and mortality rates, the urbanization rate, institutional quality, gross national expenditure, and international trade flows both as a % of GDP, time, and country fixed effects.
Notes: (i) The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64 stated as the number of dependents per 100 persons of working age; (ii) “Patents
per 1000 residents” is measured as the number of patent applications filed per 1000 residents; (iii) standard errors are clustered at the country level; robust and clustered standard errors are
reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.
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TABLE 8. Robustness—additional innovation measures

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

Number of researchers Number of technicians
in R&D in R&D

OADR 473.039∗∗ 177.300∗∗∗

(190.409) (48.591)
(OADR)2 −8.976∗∗ −3.420∗∗∗

(3.344) (0.800)
Old above 65 ratio 684.207∗ 301.885∗∗∗

(365.517) (69.496)
(Old above 65 ratio)2 −19.760∗ −8.799∗∗∗

(9.835) (1.747)

N 418 418 308 308
R-squared 0.691 0.683 0.460 0.460
Peak of the hump 26.350 17.312 25.920 17.172

Summary: The table establishes the robustness of our results to the use of alternative innovation measures.
Notes: (i) The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64 stated
as the number of dependents per 100 persons of working age; the old above 65 ratio is measured as the number
of people above the age of 65 as a fraction of the total population. The old-age dependency ratio is the ratio of
population aged 65 and over to the population 15–64 stated as the number of dependents per 100 persons of working
age; (ii) in Columns 1 and 2, we use the total number of researchers in R&D and in Columns 3 and 4 the total number
of technicians in R&D; (iii) standard errors are clustered at the country level; robust and clustered standard errors
are reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the
10% level, all for two-sided hypothesis tests.

summary statistics of the sample, this fraction varies from 0.33 to 24.4. The results
remain quite strong and significant at the 5% level. The peak of the hump occurs
at the level of 17.95 old people per 100 members of the total population. Not
surprisingly, this number is smaller than the estimated level of the OADR that
delivers the peak in our baseline regressions.

Column (2) conducts a “placebo” test using the youth dependency ratio, that
is, the ratio of the young population below the age of 16 to the working age
population aged 15–64. The purpose is to explore whether our main result is truly
driven by the presence of the old or whether there is something related to the
structure of the population that is being masked by the OADR. Interestingly, we
find that none of the two terms comes out as significant. This suggests that our
main finding does not operate via the demographic structure of the population or
via the fraction of the future OADR, that is, the current young. On the contrary, it
is the presence of the old that triggers our results. Columns (1) and (2) also capture
the life-cycle hypothesis by accounting for the structure of the population.

4.6. Cross-Sectional Dependence and Unit Roots

We conducted Fisher type unit root tests (Choi (2001)) as well as the Pesaran test
for cross-sectional dependence (Pesaran (2004)). Our findings (not reported but
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TABLE 9. Robustness—alternative measures for aging

(1) (2)

Dependent variable Patents per 1000 residents

Old above 65 ratio 0.359∗∗

(0.135)
(Old above 65 ratio)2 −0.010∗∗

(0.004)
Young dependency ratio −0.016

(0.014)
(Young dependency ratio)2 0.000

(0.000)

Country and year FE Yes

Time period 1960-2012

No. of countries 33
R-squared 0.653 0.345

Peak of the hump 17.9 -

Summary: The table discusses several issues of interest related to our main result of a hump-shaped relationship
between population aging and inventive activity. Column (1) employs the fraction of the old to the total population
as the explanatory variable. The explanatory variable in Column (2) is the young dependency ratio. The analysis
controls for log income per capita, life expectancy, fertility and mortality rates, the urbanization rate, institutional
quality, gross national expenditure, and international trade flows both as a % of GDP. All regressions feature time
and country fixed effects.
Notes: (i) The old above 65 ratio is measured as the number of people above the age of 65 as a fraction of the total
population. The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64 stated
as the number of dependents per 100 persons of working age. The youth dependency ratio is the ratio of individuals
less than 16 to the total working age population (aged 15–64); (ii) “Patents per 1000 residents” is measured as the
number of patent applications filed per 1000 residents; (iii) standard errors are clustered at the country level; robust
and clustered standard errors are reported in parentheses; (iv) *** denotes statistical significance at the 1% level, **
at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.

available upon request) do not suggest cross-sectional dependence or the presence
of a unit root.

4.7. Outliers

This section illustrates conditional scatter plots where we eliminate influential
observations (see Figure 2). The first graph shows the scatter plot of all countries
fitting a quadratic equation. The second graph eliminates Japan, the third Korea,
the fourth Germany, the fifth the USA, and the last one eliminates all the previous
three countries. In all case, the data support the presence of a hump.11

To ensure that we do not enforce a non-linear equation on the data, we run
non-parametric estimations and predict the entire function. Both non-parametric
estimations and the implementation of the U-Test are in favor of a non-linear fit.
The non-linear shape is supported for the entire sample (see Figure 3). The peak
of the hump is close to our baseline prediction.
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FIGURE 2. Outliers.

FIGURE 3. Non-parametric estimations-total sample.

4.8. Panel Data Analysis of NUTS 2 Regions

In this section, we replicate the baseline analysis of the effect of population aging
on inventive activity in a panel of NUTS 2 regions in Europe. This allows us to
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capture a larger number of unobservables which helps to eliminate most of the
unobserved heterogeneity present at the regional and the country level.

4.8.1. Data and empirical strategy. Our sample consists of 248 NUTS 2 regions
that belong to 21 European countries, that is, Belgium, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovenia, Spain,
Sweden, Switzerland, and the United Kingdom. The period for which the regional
data are available is 2001–2012 (annual data). As in the baseline analysis, we
include only OECD countries.

As in the baseline analysis, our proxy for inventive activity is the number
of patent applications filed per 1000 inhabitants. Our dependent variable is the
OADR, that is, the number of people above the age of 65—the old—per working
age population aged 15–64. The data are available from Eurostat.

We estimate the following model:

Prt = α0 + α1�rt + α2�
2
rt + α3Wrt + α4Rr + α5Tr + εrt. (2)

Here, Prt is the number of patent applications per 1000 inhabitants filed by
residents of region r at time t. The OADR is denoted by �rt, whereas �2

rt is its
squared value. The vector of confounders, Wrt, includes a set of time-varying con-
trols that may have an effect on inventive activity such as income per capita, life
expectancy, fertility and mortality rates, and individuals with tertiary education.
The vector of regional fixed effects, Rr, captures unobserved heterogeneity at the
regional level (NUTS 2), at least for time invariant characteristics such as geog-
raphy or climate. Thus, compared to the baseline model, we capture unobserved
heterogeneity not only at the country level but more importantly at the regional
level. The vector of year fixed effects, Tt, captures time-specific shocks. Finally,
εrt is the region and time-specific error term.

4.8.2. Findings for the panel data analysis of NUTS 2 regions. Column (1) of
Table 10 shows that the estimated value of α1 is strictly positive, whereas the
estimated value of α2 is strictly negative. Both estimates are significant at the 1%
level. Hence, the effect of population aging on inventive activity is hump-shaped.
The hump attains a maximum at an OADR of approximately 26.5.

The remaining columns gradually introduce our additional controls.
Column (2) adds year and regional (NUTS 2) fixed effects. This eliminates any
unobserved heterogeneity at the NUTS 2 level (that remains constant across
regions) as well as time trends that may be common to all regions. This already
captures several factors that could not be accounted for at the country panel anal-
ysis. Column (3) further adds a control for income per capita to capture the stage
of development of the region relative to the other regions in the country. Column
(4) has three more demographic controls, that is, mortality rates, life expectancy,
and fertility rates that may capture a long-lasting effect on the incentives of indi-
viduals to invest in education and on their ability to invent. Column (5) augments
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TABLE 10. The effect of population aging on inventive activity—regional analysis
(NUTS 2)

(1) (2) (3) (4) (5)

Dependent variable: Patents per 1000 residents

OADR 3.879∗∗∗ 2.129∗∗∗ 2.146∗∗∗ 2.462∗∗ 2.395∗∗

(0.569) (0.776) (0.758) (1.077) (1.033)
(OADR)2 −7.293∗∗∗ −2.852∗∗ −2.879∗∗ −3.481∗∗ −3.481∗∗

(1.050) (1.197) (1.177) (1.718) (1.715)

Region FE Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes

Time period 2001–2012

No. of obs 2842 2842 2842 2842 2842
R-squared 0.009 0.746 0.746 0.746 0.746

Peak of the hump 26.59 37.32 37.27 35.34 34.40

Summary: The table establishes the hump-shaped effect of population aging on inventive activity at the regional
NUTS 2 level. The analysis controls for log income per capita, life expectancy, fertility and mortality rates, and the
fraction of the working age population that have tertiary education. All regressions feature time and regional fixed
effects.
Notes: (i) The old-age dependency ratio is the ratio of the population aged 65 and over to the population 15–64; (ii)
“Patents per 1000 residents” is measured as the number of patent applications filed per 1000 residents; (iii) robust
standard errors are reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5%
level, and * at the 10% level, all for two-sided hypothesis tests.

the set of controls with the fraction of the working age population that have ter-
tiary education to account for differences in the educational level across regions.
The list of time-varying controls that are available at the regional level is smaller
than in the county panel analysis. However, this captures many more unobserved
heterogeneity due to the presence of NUTS 2 effects.

Comparing the results of the regional analysis to the baseline estimation, we
conclude that accounting for the full set of available controls and fixed effects,
the peak of the OADR is a bit higher than in the cross-country analysis, that is,
approximately 35. This can be attributed to the fact that some countries with high
rates of innovation, such as Japan, are not part of the sample. Another important
element of this analysis is that in spite of much less variation of the OADR across
regions and, more importantly, across time (recall that now the analysis is con-
ducted for the period 2001–2012 where the changes are not as pronounced as for
the period 1960–2012) we nevertheless obtain significant and consistent results
even when accounting for NUTS 2 regional fixed effects.
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5. DISCUSSION

This section discusses several issues of interest related to our findings.

5.1. Population Aging and Innovating Sectors

Is the effect of population aging on inventive activity hump-shaped if we switch
from the country level to the level of particular innovating sectors? This section
establishes a hump-shaped effect for a subset of innovating sectors.

As in our baseline regressions, we analyze a sample of 33 OECD countries. We
consider the period 1979–2011 for which the OECD statistics provide data on 12
distinct sectors. Our findings are shown in Table 11.

The dependent variable is now patent applications in each sector per 10,000
inhabitants. Column (1) illustrates the results for the aggregate number of patents
using the full set of controls as in our baseline analysis above. The results are
significant at the 5% level. In Column (2)–(6) of Panel A, the OADR has a sig-
nificant effect on most of the sectors (with the exception of Biotechnology). In
Columns (1)–(6) of Panel B, population aging does not confer any significant
effect on inventive activity, not even in sectors that one would have anticipated
such as the pharmaceutical or the medical sector.

There are at least two reasons why these findings are of interest. First, popula-
tion aging has no effect on sectors related to improvements in medical technology
or in technology that can prolong the life of individuals. This finding further
mitigates potential concerns about reverse causality of medical innovations on
population aging. Second, the fact that the OADR has an effect on sectors such as
nanotechnology, physics, or chemistry potentially indicates that population aging
has an effect on inventive activity via fostering technical change. The peak of the
hump, if it exists, may occur at a wide range of values.

5.2. The Role of Pension Schemes and Retirement Age

Consider Table 12 where we use the same set of controls as in the baseline model
in all columns. In Column (1), we explore the role of the pension system. Using
several OECD sources, we construct a dummy variable that takes on the value of
1 if the pension system is a pay-as-you-go (PAYG) system and a value of 0 in
all other cases that include fully funded, partially funded, book reserved schemes,
or any combination of these. The data are constructed using the type of pension
scheme in the year 2013. The reason for structuring our variable in such a way
is that a PAYG system imposes a direct burden on the young people in working
age. Under this system, it is reasonable to believe that the problem of aging is
perceived by the young in a more transparent way than in alternative pension
scheme.

We interact this dummy with the OADR and its squared term. Interestingly, our
results indicate that the interaction terms come out as highly significant. Thus, it
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TABLE 11. Discussion—OECD innovation sectors

(1) (2) (3) (4) (5) (6)

Dependent variable: Number of patent per 10,000 inhabitants—panel A

Total Nanotechnology Biotechnology Chemistry Physics Electricity

OADR 0.134∗∗ 0.003∗∗∗ 0.005 0.022∗∗∗ 0.052∗∗∗ 0.066∗∗∗

(0.063) (0.001) (0.004) (0.007) (0.018) (0.022)
(OADR)2 −0.003∗ −0.000∗∗∗ −0.000 −0.000∗∗∗ −0.001∗∗∗ −0.001∗∗∗

(0.001) (0.000) (0.000) (0.000) (0.000) (0.000)

R-squared 0.783 0.638 0.692 0.678 0.732 0.553

Peak of the hump 22.3 – – – 26 33
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TABLE 11. Continued.

(1) (2) (3) (4) (5) (6)

Dependent variable: Number of patent Per 10,000 inhabitants—panel B

Medical Pharmaceutical Human Performing Textiles Mechanical

OADR −0.011 −0.001 −0.010 0.005 0.001 0.002
(0.007) (0.004) (0.013) (0.012) (0.003) (0.011)

(OADR)2 0.000 −0.000 0.000 −0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

R-squared 0.678 0.647 0.731 0.707 0.147 0.531

Country and year FE Yes Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes Yes

Time period 1979–2010

No. of countries 33 33 33 33 33 33

Peak of the hump – – – – – –

Summary: The table employs an OECD sample of 33 countries to study the effect of population aging on inventive activity in different innovating sectors. The analysis
controls for log income per capita, life expectancy, fertility and mortality rates, the urbanization rate, institutional quality, gross national expenditure, and international trade
flows both as a % of GDP. All regressions feature time and country fixed effects.
Notes: (i) The old-age dependency ratio is the ratio of the population aged 65 and over to the population 15–64 stated as the number of dependents per 100 persons of
working age; (ii) “Patents per sector and per 10,000 residents” is measured as the number of patent applications filed in a sector per 10,000 residents; (iii) standard errors
are clustered at the country level; robust and clustered standard errors are reported in parentheses; (iv) *** denotes statistical significance at the 1% level, ** at the 5% level,
and * at the 10% level, all for two-sided hypothesis tests.
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TABLE 12. Discussion—demographic structure, pension scheme, and retirement
age

(1) (2)

Dependent variable Patents per 1000 residents

OADR 0.041 0.381∗∗

(0.036) (0.152)
(OADR)2 −0.001 −0.009∗∗

(0.001) (0.004)
OADR × Pension scheme 0.328∗∗∗

(0.061)
(OADR)2× Pension scheme −0.006∗∗∗

(0.001)
OADR × Retirement age −0.142

(0.165)
(OADR)2× Retirement age 0.005

(0.003)

Country and year FE

Time period 1960–2012

No. of countries 33
R-squared 0.789 0.693

Peak of the hump 27.3 21.16

Summary: The table discusses several issues of interest related to our main result of a hump-shaped relationship
between population aging and inventive activity. Column (1) interacts the OADR with the type of retirement system.
Column (2) interacts the OADR with a threshold level for the retirement age. The analysis controls for log income
per capita, life expectancy, fertility and mortality rates, the urbanization rate, institutional quality, gross national
expenditure, and international trade flows both as a % of GDP. All regressions feature time and country fixed effects.
Notes: (i) The old-age dependency ratio is the ratio of the population aged 65 and over to the population 15–64 stated
as the number of dependents per 100 persons of working age; (ii) “Patents per 1000 residents” is measured as the
number of patent applications filed per 1000 residents; (iii) Retirement System is a dummy variable that takes on the
value of 1 if the pension system in the country is PAYG and 0 otherwise; (iv) Retirement Age is a dummy variable that
takes on the value of 1 if retirement age is above 63 and 0 otherwise; (v) standard errors are clustered at the country
level; robust and clustered standard errors are reported in parentheses; (vi) *** denotes statistical significance at the
1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.

suggests that the results are more pronounced in the presence of the PAYG. The
peak of the hump now occurs at a level of 27.3 which is similar to the one obtained
in the baseline regression.

Column (2) explores whether our main result hinges on the country-specific
retirement age of individuals. Our variable “Retirement Age” is constructed using
several OECD sources. It takes on the value of 0 if the retirement age is below
63 and the value of 1 otherwise. The data are derived from 2013 OECD reports.
We use a dummy variable since there are several exceptions to the general rules
defining the retirement age, and moreover, there are differences for men and
women. Overall, we aimed at minimizing the level of errors. As shown in Column
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TABLE 13. Discussion—demographic structure, pension scheme, and
retirement age

(1) (2) (3)

Patents per 1000 residents

10-year intervals As a fraction of

(in 1000’s) Working age population Per capita

OADR 0.289∗∗∗ 0.272∗∗∗ 0.263∗∗∗

(0.057) (0.068) (0.067)

(OADR)2 −0.005∗∗∗ −0.005∗∗∗ −0.005∗∗∗

(0.001) (0.001) (0.001)

Labor force 15_24 −0.000 −0.014 −0.027
(0.000) (0.021) (0.029)

Labor force 25_34 −0.000∗∗∗ −0.061∗∗∗ −0.095∗∗∗

(0.000) (0.019) (0.026)

Labor force 35_44 0.000∗∗ 0.021 0.027
(0.000) (0.023) (0.035)

Labor force 55_64 0.000 0.045 0.056
(0.000) (0.036) (0.055)

Labor force 65_plus 0.000 0.039 0.064
(0.000) (0.051) (0.074)

N 786 786 786
R-squared 0.846 0.801 0.803
Peak of the hump 28.9 27.2 26.3

Summary: This table replicates the baseline analysis introducing age groups as in Feyrer (2007). Column
(1) uses the absolute numbers in 1000’s, Column 2 uses the fraction of workers per working age population,
and Column 3 uses the per capita workers. The omitted category is always the group 45–54.
Notes: (i) The old-age dependency ratio is the ratio of population aged 65 and over to the population 15–64
stated as the number of dependents per 100 persons of working age; (ii) “Patents per 1000 residents” is
measured as the number of patent applications filed per 1000 residents; (iii) The data for the size of the
working population per age category is ILO; (iv) standard errors are clustered at the country level; robust
and clustered standard errors are reported in parentheses; (v) *** denotes statistical significance at the 1%
level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests.

(4), none of the interaction terms come out as significant. This suggests that the
retirement age confers no significant effect on our main result.

5.3. Age Distribution

The aim of this section is to explicitly account for the controls introduced in
Feyrer (2007), namely the size of individual cohorts. The concern is whether our
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analysis picks up cohort effects, which according to Feyrer matter for TFP and
output. In Table 13, we replicate the analysis in the baseline model adding the
size of the working age population per age group. Column (1) uses the absolute
size of workers in each age group per 1000 members, Column (2) uses the fraction
of workers in each age group in the total working age population, and Column (3)
uses workers in each age group in the total population. The omitted category is
always the working group aged 45–54. The source of the data is the ILO labor
statistics. In line with Feyrer (2007), we find that countries with a large fraction
of workers in their 20s and 30s are less productive in terms of patent production
while those with a high fraction of workers in their 40s, 50s, and 60s are more pro-
ductive. Despite the role of the age distribution, the OADR remains hump-shaped
related to inventive activity.

6. CONCLUDING REMARKS

This paper explores the intricate relationship between population aging and inven-
tive activity. We empirically establish a hump-shaped relation between population
aging and inventive activity. Remarkably, our estimated results are robust across
different specifications and samples. We attribute the increasing part of the hump
to a rising acknowledgement in aging populations that inventive activity is nec-
essary to keep the standards of living at current levels for both the economically
dependent old and the supporting working young. We attribute the decreasing part
of the hump to Sauvy’s conjecture according to which old societies lose the spirit
of enterprise and the willingness to take risks. In our panel, the interplay of these
two opposing forces gives rise to a hump with an estimated peak at an OADR
between 24 and 27.

As a caveat, let us re-iterate that our analysis identifies the reduced form rela-
tionship between population aging and inventive activity. Ideally, one would also
inquire more specifically into the explicit mechanisms that are behind this hump.
We make one step in this direction in our companion paper (Irmen and Litina
(2017a)), where we estimate the effect of population aging on individual attitudes
towards new ideas and risk. We find this relationship to be hump-shaped too.
Hence, even from this perspective, it is highly questionable that Sauvy’s conjec-
ture is a valid overall description for the relationship between population aging
and inventive activity. This is a first approach to explain this result. We believe
that our findings spur future research into additional mechanisms.

NOTES

1. The OADR is the ratio of the economically dependent old (people older than 64) to the work-
ing population aged 15–64. Throughout, this ratio is stated as the number of dependent old per 100
members of the working age population. The source of our data is the World Bank Indicators.

2. Our panel is unbalanced. However, for country level data this is not due to attrition and, there-
fore, of little concern. The sample of already developed OECD countries mitigates this concern even
further. Moreover, we replicated our analysis taking 3-year and 5-year aggregates of all included

https://doi.org/10.1017/S1365100520000516 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100520000516


1156 ANDREAS IRMEN AND ANASTASIA LITINA

variables. This reduces the role of missing observations and absorbs the potential effect of cycli-
cal fluctuations. We show in Section 4 that our main result remains valid with 3-year and 5-year
aggregates.

3. In Section 4, we establish that our results hold for alternative samples as well as for the sample
of 123 countries for which the full set of baseline controls is available.

4. In Section 4, we investigate the non-linear specification further. In particular, we show that
neither a purely linear specification nor an additional cubic term is supported by the data.

5. Section 4 uses a smaller sample in order to control for an even larger number of time-varying
controls. As Table 7 illustrates, the results are unaffected by the addition of these controls. The coef-
ficients as well as R-squared remain roughly stable, implying that unobservables do not appear to be
of concern.

6. We use the aggregate measure GNE since this is the only measure available for such a long
period. A disaggregation of GNE is possible, but data are only available for shorter time periods.

7. In parentheses, we estimate the standard error at the peak OADR using the Delta method.
8. Other countries to the left of the hump in 2010 include Australia (20), Canada (20), Chile

(14), Czech Republic (21), Korea (15), Mexico (9), New Zealand (19), Turkey (10), and the USA
(19)—OADR in parenthesis. Austria (26), Belgium (26), Switzerland (24), Denmark (25), Spain (25),
Estonia (26), Finland (25), France (26), and the Netherlands (23) are close to the peak. Countries to
the right of the peak include Germany (31), Greece (28), Japan (35), Portugal (28), and Sweden (28).

9. Whereas the coexistence of country fixed effects and of lagged values of the dependent vari-
able may yield inconsistent estimates, the bias nevertheless gets smaller in magnitude and ultimately
becomes negligible as the time dimension reaches infinity (Nickell (1981)). Judson and Owen (1999)
suggest that the bias on the lagged dependent variable is around 2–3% for 20 periods. This number
drops to 1–2% for 30 periods.

10. While the mean retirement age varies across countries, the age of 65 is a rather good proxy for
most countries. Therefore, it is a preferred measure of the retired population used by the World Bank
and the ILO.

11. The baseline regression without one of the above countries delivers qualitatively similar results,
that is, the presence of the hump is confirmed, though the magnitude of the coefficients changes.
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APPENDIX A: VARIABLE DEFINITIONS
AND SOURCES

A.1. WORLD BANK INDICATORS AND AGGREGATE DATA

Patent Applications. Patent applications are worldwide patent applications filed through
the Patent Cooperation Treaty procedure or with a national patent office for exclusive rights
for an invention—a product or process that provides a new way of doing something or
offers a new technical solution to a problem. A patent provides protection for the inven-
tion to the owner of the patent for a limited period, generally 20 years. “Patents per 1000
residents" is measured as the number of patent applications filed per 1000 residents. The
source of the data is the World Development Indicators and the World Intellectual Property
Organization (WIPO).

Researchers in Research and Development. Researchers in R&D are professionals
engaged in the conception or creation of new knowledge, products, processes, methods,
or systems and in the management of the projects concerned. Postgraduate PhD students
(ISCED97 level 6) engaged in R&D are included. The source of the data is the World
Development Indicators.

Technicians in Research and Development. Technicians in R&D are expressed as per
million. Technicians and equivalent staff are people who perform scientific and technical
tasks involving the application of concepts and operational methods, normally under the
supervision of researchers. R&D covers basic research, applied research, and experimental
development. The source of the data is the World Development Indicators.

Old-Age Dependency Ratio (OADR). The old-age dependency ratio is the ratio of the
population aged 65 and over to the population 15–64 stated as the number of depen-
dents per 100 persons of working age. The source of the data is the World Development
Indicators.

Fraction of Old above 65. The old above 65 ratio is measured as the number of people
above the age of 65 as a fraction of the total population. The quadratic term is the squared
term of the fraction of old. The source of the data is the World Development Indicators.

Youth Dependency Ratio. The youth dependency ratio is the ratio of individuals less than
16 to the total working age population (aged 15–64). The source of the data is the World
Development Indicators.

GDP per Capita. GDP at purchaser’s prices is the sum of gross value added by all resident
producers in the economy plus any product taxes and minus any subsidies not included in
the value of the products. It is calculated without making deductions for depreciation of
fabricated assets or for depletion and degradation of natural resources. Data are in constant
2005 US dollars. Dollar figures for GDP are converted from domestic currencies using
2000 official exchange rates. The source of the data is the World Development Indicators.

Mortality Rate. Adult mortality rate is the probability of dying between the ages of 15
and 60—that is, the probability of a 15-year-old dying before reaching age 60, if sub-
ject to current age-specific mortality rates between those ages. The reported values is the
mean mortality rate for men and women. The source of the data is the World Development
Indicators.
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Life Expectancy. Life expectancy at birth indicates the number of years a newborn infant
would live if prevailing patterns of mortality at the time of its birth were to stay the same
throughout its life. The source of the data is the World Development Indicators.

Fertility Rates. Total fertility rate represents the number of children that would be born
to a woman if she were to live to the end of her childbearing years and bear children in
accordance with current age-specific fertility rates. The source of the data is the World
Development Indicators.

Urbanization Rate. Urban population refers to people living in urban areas as defined
by national statistical offices. It is calculated using World Bank population estimates and
urban ratios from the United Nations World Urbanization Prospects.

Institutional Quality. The source of the data is the POLITY IV dataset and measures
the level of democracy for all independent states. The variable takes values from −10
(dictatorship) to 10 (democracy).

Gross National Expenditure. Gross national expenditure (formerly domestic absorption)
is the sum of household final consumption expenditure (formerly private consumption),
general government final consumption expenditure (formerly general government con-
sumption), and gross capital formation (formerly gross domestic investment). Data are
expressed as a % of GDP. The source of the data is the World Development Indicators.

Trade Flows. The source of the data is the WDI, and it is the sum of exports and imports
of goods and services measured as a share of gross domestic product.

Retirement System. Using several OECD sources, we construct a dummy variable that
takes the value of 1 if the pension system is a pay-as-you-go (PAYG or unfunded) system
and 0 in any other case (fully funded, partially funded, book reserved, or any other com-
bination). The data are constructed using the type of pension system as of the year 2005.
The definitions for each funding scheme, as derived by the 2005 OECD report on the clas-
sification and glossary of private pensions (http://www.oecd.org/finance/private-pensions/
38356329.pdf, accessed on July, 21st, 2015), are the following:

Unfunded pension plans: plans that are financed directly from contributions from the
plan sponsor or provider and/or the plan participant. Unfunded pension plans are said to be
paid on a current disbursement method (also known as the pay-as-you-go, PAYG, method).
Unfunded plans may still have associated reserves to cover immediate expenses or smooth
contributions within given time periods.

Funded (fully or partially) pension plans: occupational or personal pension plans that
accumulate dedicated assets to cover the plan’s liabilities. These assets are assigned by
law or contract to the pension plan. Their use is restricted to the payment of pension plan
benefits.

Book reserved pension plans: sums entered in the balance sheet of the plan sponsor as
reserves or provisions for occupational pension plan benefits. Some assets may be held in
separate accounts for the purpose of financing benefits, but are not legally or contractually
pension plan assets.

Retirement Age. Our variable on the retirement age is constructed using several OECD
sources and takes the value of 0 if retirement age is below 63 and 1 otherwise (http://www.
oecd.org/pensions/public-pensions/OECDPensionsAtAGlance2013.pdf, accessed on July,
21st, 2015).

https://doi.org/10.1017/S1365100520000516 Published online by Cambridge University Press

http://www.oecd.org/finance/private-pensions/38356329.pdf
http://www.oecd.org/finance/private-pensions/38356329.pdf
http://www.oecd.org/pensions/public-pensions/OECDPensionsAtAGlance2013.pdf
http://www.oecd.org/pensions/public-pensions/OECDPensionsAtAGlance2013.pdf
https://doi.org/10.1017/S1365100520000516


1160 ANDREAS IRMEN AND ANASTASIA LITINA

Population Density. Population density is a measure of population per unit area. The
source of the data is the World Development Indicators.

School Enrollment. School enrollment ratio is the total enrollment in secondary educa-
tion, regardless of age, expressed as a percentage of the population of official secondary
education age. This variable can exceed 100% due to the inclusion of over-aged and under-
aged students because of early or late school entrance and grade repetition. The source of
the data is the World Development Indicators.

International Country Risk Guide (ICRG) Corruption. A measure of corruption con-
structed by the PRS group. It takes values between 0 and 6 with 6 denoting the most corrupt
country.

Unemployment. Unemployment refers to the share of the labor force that is without work
but available for and seeking employment. Definitions of labor force and unemployment
differ by country. The source of the data is the World Development Indicators.

Immigration Stocks. It measures the total migrant stocks residing in each OECD country.
The source of the data is the World Development Indicators, and they are available for
every 5-year intervals. The source of the data is the World Development Indicators.

Tertiary Education. Tertiary education is the gross enrollment ratio in tertiary education
of both sexes. The source of the data is the World Development Indicators.

APPENDIX B

B.1. OECD DATA

OECD Patent Applications. Patent applications are worldwide patent applications
filed through the European Patent Office (EPO). The data are available from 1978
onwards. The measure is the total count of patents in each of the following sectors:
Nanotechnology, Biotechnology, Chemistry, Physics, Electricity, Medical, Pharmaceutical,
Human Necessities, Performing Operations, Textiles, and Mechanical Engineering. The
data are available from the OECD statistics. They are measured in per 10,000 residents
units. A detailed description of each sector can be found at OECD 2008 Compendium
of Patent Statistics (http://www.oecd.org/sti/inno/37569377.pdf, accessed on July, 21st,
2015) and at WIPO homepage (http://web2.wipo.int/ipcpub/#refresh=page, accessed on
July, 21st, 2015).

APPENDIX C

C.1. NUTS 2 REGIONAL DATA

Patent Applications. Patent applications are worldwide patent applications filed through
the Patent Cooperation Treaty procedure or with a national patent office for exclusive rights
for an invention—a product or process that provides a new way of doing something or
offers a new technical solution to a problem. A patent provides protection for the inven-
tion to the owner of the patent for a limited period, generally 20 years. “Patents per 1000
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residents" is measured as the number of patent applications filed per 1000 residents. The
source of the data is Eurostat.

Old-Age Dependency Ratio (OADR). The old-age dependency ratio is the ratio of the
population aged 65 and over to the population 15–64. The source of the data is Eurostat.

Fraction of Old above 65. The old above 65 ratio is measured as the number of people
above the age of 65 as a fraction of the total population. The quadratic term is the squared
term of the fraction of old. The source of the data is the World Development Indicators.

Youth Dependency Ratio. The youth dependency ratio is the ratio of individuals less than
16 to the total working age population (aged 15–64). The source of the data is the World
Development Indicators.

GDP per Capita. GDP at purchaser’s prices is the sum of gross value added by all resident
producers in the economy plus any product taxes and minus any subsidies not included in
the value of the products. It is calculated without making deductions for depreciation of
fabricated assets or for depletion and degradation of natural resources. The source of the
data is Eurostat.

Mortality Rate. Adult mortality rate is the total number of deaths at the regional level.
The source of the data is Eurostat.

Life Expectancy. Life expectancy at birth indicates the number of years a newborn infant
would live if prevailing patterns of mortality at the time of its birth were to stay the same
throughout its life. The source of the data is Eurostat.

Fertility Rates. Total fertility rate represents the number of children that would be born
to a woman if she were to live to the end of her childbearing years and bear children in
accordance with current age-specific fertility rates. The source of the data is Eurostat.

Tertiary Education. Tertiary education is the fraction of men and women who are enrolled
in tertiary education. The source of the data is Eurostat.

APPENDIX D

D.1. ILO DATA

Workers Age Disstribution. The absolute size of workers in each age group per 1000
members. The age groups (15–24, 25–34, 35–44,45–54, 55–64, 65, and above) are given
for every 5-year intervals originally and are aggregated every decade for the purpose of
this study. The source of the data is ILO.
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