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Abstract

This paper examines the extent to which changes in working-age shares associated with popu-
lation aging might slow economic growth in upcoming years. We first analyze the economic
effects of changing working-age shares in a standard empirical growth model using country
panel data from 1950-2015. We then juxtapose the estimates with predicted shifts in population
age structure to project economic growth in 2020-2050. Our results indicate that population
aging will slow economic growth throughout much of the world. Expansions of labor supply
due to improvements in functional capacity among older people can cushion much of this

demographic drag.

JEL classification: J11, O11, O47

Keywords: Population health, life expectancy, prospective aging, labor supply, economic develop-

ment

*The authors wish to thank David Canning, Sachiko Kuroda, Warren Sanderson, Sergei Scherbov, Andrew Scott, Uwe
Sunde, and participants at the Population Association of America 2023 meetings, the ESRI International Conference
2023 on “Demographic Change and Economic Growth”, and seminars at Harvard University for helpful comments
and suggestions. Support by the German Research Foundation (Deutsche Forschungsgemeinschaft) through grant
471897412 is gratefully acknowledged. This study uses data from the English Longitudinal Study of Ageing, the Health
and Retirement Survey, and the Survey of Health, Ageing and Retirement in Europe. Appendix A.10 provides a detailed
acknowledgment of these data sources.



1 Introduction

Population growth and age structure change dramatically as countries transition from high to low
rates of mortality and fertility. These changes present an opportunity for societies to substantially
raise living standards. Initially, mortality declines faster than fertility, producing a bulge of young
dependents that tends to depress economic growth. However, once fertility decline accelerates
and this bulge of young people progresses into working ages, economic growth can take off. The
growing ratio of working-age people in the total population raises labor input; promotes productivity;
and frees resources for saving, educational attainment, and innovation.

Bloom et al. (2003) label this growth take-off the demographic dividend. Countries harness it
if they create a socioeconomic environment that beneficially employs their labor potential. The
dividend dissipates once countries complete the demographic transition. However, as fertility
remains below long-run replacement rates in many countries and large cohorts progress to older
ages, population age structures fail to stabilize in the foreseeable future. This threatens to turn the
demographic dividend into a demographic drag. How these powerful and unprecedented population
dynamics will affect economic growth remains unclear.

In this paper, we investigate the likely consequences of contracting working-age shares—the
proportion of the population that is of working age—for growth of income per capita in subsequent
years. To this end, we examine the economic effects of population age structure through the lens of a
standard empirical growth model that incorporates population age structure. Within this framework,
we test implicit assumptions underlying research on the demographic dividend and shed light on
how informative this abstraction is for past and future implications of population aging.

An important novelty of our approach is the distinction among different conceptualizations of
population age structure. Conventional measures of age structure define working ages retrospectively
based on years lived since birth (that is, based on chronological age). They classify entry into old
age at the same age for different generations. However, this classification ignores changes in age
patterns of health resulting from reductions in mortality and disability and thus misses heterogeneity
in people’s age-specific functional capacities across countries and over time (Fries 1980; Fries
et al. 2011; Cutler et al. 2006, 2014). Here we contrast this retrospective perspective with a new
prospective (or functional) concept of working ages developed by Sanderson and Scherbov (2005,
2007, 2010, 2019). They define entry into old age with a variable age threshold that depends
on expected years of life ahead and that correlates, as we will show, with functional capacity
in terms of mortality, disability, body strength, and cognitive capacity at the macro level. By
characterizing labor potential under fixed and evolving functional capacities, retrospective and
prospective measures indicate bounds for how shrinking working-age shares might affect economic

growth in the years ahead.



Based on this distinction, we answer two research questions. Will foreseeable changes in the
working-age share slow economic growth? And to what extent does the effect depend on variation
in functional capacities as captured by a prospective concept of working ages?

The analysis proceeds in two steps. In the first step, we develop an empirical growth model
that uses an accounting identity to describe the effects of population age structure on economic
growth, which we then fit to country panel data from 1950-2015. In the second step, we combine
the estimated parameters with demographic predictions to estimate the implications of population
aging for projected growth of income per capita in 2020-2050. Our projections contrast scenarios
for retrospective and prospective measures of working-age shares with a counterfactual scenario in
which population age structure is fixed. Quantitative differences among these scenarios indicate a
range for the effect of changes in working-age shares on the pace of economic growth; moreover,
they allow us to gauge the extent to which expansions in labor supply associated with improvements
in functional capacity can counteract this effect.

We fit our empirical model for 145 countries observed in five-year intervals throughout 1950-
2015. The specifications leverage within-country variation in working-age shares in a dynamic
panel that allows for economic convergence and controls for physical and human capital, quality of
economic institutions, population health, and growth trends. Identifying the effects of working-age
shares on economic growth is challenging because variation in population age structure may be
endogenous and effects need not be uniform across countries and over time. We address these
challenges in four ways. First, we verify that the estimates match the parameter constraints our
model imposes on the causal effects of population age structure on economic growth. Second, we
deal with reverse causality and other confounding factors by instrumenting changes in working-
age shares with the predicted inflow of young people into working ages based on cohort sizes in
preceding periods. Third, we demonstrate the results’ stability with respect to sample composition
and observation period. Fourth, we show that the results are robust to measuring population
age structure with workforce data, estimating alternative models and specifications with richer
instrument sets, adding control variables, and calibrating selected parameters.

The model successfully reproduces patterns of economic growth observed in the data. Our
estimates match parameter restrictions on the economic effects of population age structure, conform
with stylized facts of the growth literature, and closely replicate per capita income levels in within-
sample projections. Specifically, the results document that shifts in population age structure
significantly affect economic growth. A 1 percent increase in the working-age share (0.5 percentage
points on average) raises income per capita by about 1 percent. In addition, a 1 percent greater
working-age share amplifies growth by 0.1-0.4 percent in subsequent periods. These patterns
are stable across specifications and over time and obtain for both Organisation of Economic Co-

operation and Development (OECD) and non-OECD countries.



We combine the empirical estimates with demographic predictions and project economic growth
in 2020-2050. These projections show that future growth depends not only on how population
age structures change as cohorts pass through the age distribution but also on how labor potential
changes with improvements in functional capacity as longevity rises. Contractions in working-age
shares will slow growth; however, gains in functional capacity thanks to higher life expectancy can
cushion perhaps half of this slowdown. Without population aging, income per capita in OECD
countries is projected to grow on average by 2.5 percent annually between 2020 and 2050. With
population aging, growth is projected to slow by 0.8 percentage points if we measure working ages
retrospectively but only by 0.4 percentage points if we measure working ages prospectively. These
values define bounds for the average demographic drag across OECD countries with and without
the potential gains from expansions in labor supply due to improved functional capacities. Whether
or not these gains can be realized depends on labor markets and institutions. In contrast, population
aging is projected to spur average growth of income per capita in non-OECD countries. When we
focus on the country level, we find pronounced differences in growth that depend on heterogeneity
in the pace and scale of demographic change.

Caution in interpreting projected economic growth is necessary. How much economies will
grow depends on factors that are not fully foreseeable today such as technological progress. Our
projections approximate growth processes that are exogenous to the model by extrapolating trends
in the data. If our extrapolations systematically overstate or understate actual growth, projected
income per capita levels will be inaccurate. However, the purpose of this exercise is not to accurately
predict these levels. Instead, we seek to quantify the contribution of changes in population age
structure to economic growth by comparing alternative projections across which only population
age structure is varied and everything else is held constant. As the exogenous growth trends enter
each projection, they do not change the differences between projections. Hence, the projected effects
of changes in working-age shares on growth we derive from these differences are insensitive to the
exact specification of exogenous growth processes, which is a key feature of our methodology.

The results offer novel insights into the economic ramifications of population aging in later
stages of the demographic transition. Previous work documents that a falling youth share in the
population creates the opportunity for a demographic dividend (Bloom and Freeman 1988; Bloom
and Williamson 1998; Bloom and Canning 2000, 2008; Bloom et al. 2003; Mason 2007; Bloom et al.
2009). However, the implications of a rising old-age population are still debated. This debate ranges
from pessimistic predictions about inflationary pressure and economic stagnation due to shrinking
populations (Goodhart and Pradhan 2020; Jones 2022) to modest negative effects of population
aging on living standards (for example, National Research Council 2012, in the context of the
United States of America). Some contributions even argue that capital deepening and automation

may (at least temporarily) promote growth (Cutler et al. 1990; Acemoglu and Restrepo 2017).



Recent evidence finds negative economic effects of population aging in simulations or samples
that are restricted to few countries, often the United States (Sheiner 2014; Cooley and Henriksen
2018; Aksoy et al. 2019; Gagnon et al. 2021; Maestas et al. 2023). Here we examine the economic
effects of population aging globally, using a framework that encompasses previous models designed
to analyze the demographic dividend (Kelley and Schmidt 2005; Crespo Cuaresma et al. 2014; Lutz
et al. 2019; Kotschy et al. 2020). In doing so, we contribute a new stylized fact to this literature
by demonstrating that a demographic drag will be the norm as countries advance through the
later stages of the demographic transition. The results document that population aging will slow
economic growth in 70 countries of our sample—uvirtually all those whose working-age shares
contract in the near future.

Our findings for prospective aging also add a new perspective on the quantitative importance of
population aging for economic growth. For example, Maestas et al. (2023) predict 0.6 percentage
points lower income per capita growth in 2020-2030 using variation in the (retrospective) population
share age 60 and older across U.S. states (Aksoy et al. 2019 report a comparable estimate based
on vector autoregression for a subsample of OECD countries). Our projections predict a similar
slowdown of 0.54 percentage points in this period for retrospective aging (upper bound) but only
a 0.26 percentage point reduction for prospective aging (lower bound). Hence, the economic
consequences of population aging will likely be less severe than retrospective measures of aging
suggest. The consideration of both retrospective and prospective aging will become ever more
crucial for economic analyses as people live longer and healthier lives (Lutz et al. 2008).

Finally, the evidence highlights that, over and above improved welfare, there are sizable eco-
nomic gains due to increased population health and longevity. In developed countries, life expectancy
and functional capacity improve predominantly in adulthood and especially after 65 (Eggleston and
Fuchs 2012). These improvements shape how people learn, work, and save over the life course
and thus promote income growth and wellbeing (Bloom et al. 2007; Cervellati and Sunde 2013;
Sénchez-Romero et al. 2016; Hansen and Strulik 2017; Kotschy 2021; Scott 2021a,b,c; Dalgaard
et al. 2022a). Our results demonstrate that gains in age-specific functional capacities thanks to
changing age patterns of health can help counteract negative consequences of population aging
for growth by enabling people to expand economic activity into older ages. The projections for
retrospective and prospective aging constitute bounding cases that identify the economic gains
associated with such expansions. Whereas retrospective working-age shares describe the case in
which economic activity stays constant, prospective working-age shares describe the case in which
economic activity expands with longevity. Whether countries can harness these gains will depend
on people’s preferences for retirement and the extent to which labor markets and health and social

policy facilitate retaining workers productively in the workforce.



2 Conceptualization of Population Age Structure

To gauge the plausible consequences of population aging for economic growth, we distinguish
between retrospective and prospective conceptualizations of population age structure. The two
concepts differ in how they define the correspondence between age and functional capacity.

Retrospective (or chronological) measures of population age structure determine entry into old
age by counting people’s years lived since birth and comparing them with a fixed threshold. While
these measures are easy to compute, they assume populations’ age-specific functional capacities
are stable across countries and over time. Consider an old-age ratio that calculates the proportion
of people age 65 and older relative to the working-age population 20-64. Using this metric to
compare age structure over time posits that the average 65-year-old in 2020 is similarly functional
as a 65-year-old in 1970 or 2050 (conditional on other determinants of productivity such as human
capital and technology). However, gains in life expectancy indicate that functional capacity is
improving over time—a fact colloquially summarized by “70 is the new 60.” In the United States,
for example, life expectancy at age 65 rose from 15 to 19 years in 1970-2020 and is projected to
reach 23 years by 2050 (United Nations 2022). If we believe 65 is the right age to categorize an
average U.S. citizen in 1970 as old, classifying 65-year-olds in 2050 as old will inflate the measured
old-age population and deflate the measured working-age population.

Prospective measures of population age structure evolve with functional capacity to facilitate
comparisons across countries and over time. These measures, which were pioneered by Ryder
(1975) and generalized by Sanderson and Scherbov (2005, 2007, 2010, 2019), determine entry
into old age with a variable prospective old-age threshold (POAT) that changes with people’s
remaining life expectancy and that can exceed or fall short of 65 years. Sanderson and Scherbov
define this threshold as the age at which remaining life expectancy falls below 15 years to match life
expectancy at age 65 in low-mortality countries around 1970 (Sanderson et al. 2017). Under this
definition, the prospective old-age threshold in the United States was about 65 in 1970 and 72 before
the Covid-19 pandemic struck in 2020, and it is predicted to reach 76 by 2050 (Lutz et al. 2018).
Analogous to the retrospective metric, one can construct a prospective old-age ratio that calculates
the proportion of people equal to or older than the prospective old-age threshold relative to the
working-age population 20—POAT. By relying on an evolving age threshold, this ratio balances
intergenerational and cross-country differences among old-age and working-age populations.

Validity of prospective measures requires that changes in the old-age threshold derived from
remaining life expectancy reflect improvements in age-specific functional capacity. Our analysis
relies on this threshold rather than other potential proxies of age-specific functional capacity, such
as physiological aging (Dalgaard et al. 2022b), (upper) body strength (Bohannon 2019), or cognitive

capacity (Skirbekk et al. 2012), because the necessary data are readily available for past and future



Table 1: Prospective old-age threshold and functional capacity

Proxy for functional capacity

Dependent variable: Life expectancy Average deficits per Maximum Immediate
prospective old-age threshold at age 65 person aged 50-79 grip strength word recall
M (@) 3 “
Regression coefficient 0.88*#* —122.01%%%* 0.13%* 0.51%%*
0.04) (28.94) (0.06) (0.23)
R? 0.96 0.96 1.00 1.00
Within R? 0.48 0.05 0.04 0.09
Countries 183 181 22 22
Observations 3842 1086 76 79

Note: This table shows correlations between the prospective old-age threshold (defined as the age at which remaining life expectancy falls below 15 years) and proxies for functional capacity in terms
of mortality (1), physiological aging (2), body strength (3), and cognitive capacity (4). Data on the prospective old-age threshold are obtained from Lutz et al. (2018), data on life expectancy are from
the World Population Prospects (United Nations 2022), data on physiological aging stem from Dalgaard et al. (2022c), and data on physical prowess and cognitive capacity are aggregated from the
English Longitudinal Survey of Ageing (Banks et al. 2021), the Health and Retirement Survey (HRS 2022), and the Survey of Health, Ageing and Retirement in Europe (Borsch-Supan 2022).
Measures of maximum grip strength and immediate word recall are age-corrected measures to account for country-specific quadratic age trends in the population age 50 and older. All regressions
include country fixed and time effects. Standard errors are clustered at the country level and reported in parentheses. Asterisks indicate significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01.

periods across many countries. Nevertheless, we can test the extent to which the prospective old-age
threshold correlates with functional capacity in these dimensions for the countries and periods
for which data are available. To this end, we regress the prospective old-age threshold on life
expectancy at age 65, average deficits per person aged 50-79, and maximum grip strength and
immediate word recall in the population age 50 and older, while controlling for country fixed and
time effects (Table 1). The prospective old-age threshold significantly correlates with all proxies
of functional capacity. A one-year increase in life expectancy at 65 is associated with a 0.9-year
rise in the threshold. Likewise, a one-standard deviation increase in maximum grip strength (2.11
kilograms) is associated with a 0.27-year rise in the threshold, and a one-standard deviation increase
in immediate word recall (0.5 words more recalled out of a list of 10) is associated with a 0.25-year
rise. Conversely, a one-standard deviation decrease in average deficits per person 50—79 (about
0.008 deficits per person) is associated with a 1.08-year rise in the threshold.

Retrospective and prospective measures of population age structure can produce qualitatively
and quantitatively different demographic trends. Figure 1 contrasts retrospective and prospective
old-age ratios and working-age shares for OECD and non-OECD countries between 1950 and 2050.
Panel (a) displays an upward trend in old-age ratios since 2010 reflecting population aging in most
countries around the world. However, two striking features are evident. First, OECD countries
look younger when we employ prospective instead of retrospective measures, whereas non-OECD
countries look older. Hence, the retrospective measures conceal considerable variation in functional
capacity. Second, the retrospective old-age ratio trends almost monotonically upward, whereas the
prospective ratio reveals prolonged phases in which populations grow younger rather than older.
Such patterns emerge when improvements in life expectancy outpace population aging.

Panel (b) depicts working-age shares for OECD and non-OECD countries, which differ ap-

preciably depending on how working ages are defined. While prospective working-age shares
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Figure 1: Differences between retrospective and prospective measures of population age structure

Note: This figure shows trends in old-age ratios and working-age shares for OECD and non-OECD countries. The
figure compares trends for a retrospective definition of working ages (20—64) and a prospective one (20-POAT), where
POAT denotes the age at which remaining life expectancy falls below 15 years. Retrospective old-age ratios refer to the
quotient of people age 65 and older relative to those aged 20-64. Prospective old-age ratios instead refer to the quotient
of people equal to or above the POAT relative to those aged 20—-POAT. Working-age shares refer to the proportion of
people in the total population that are of working age. Data source: Lutz et al. (2018).

exceed retrospective working-age shares in OECD countries after 1995, they fall short of them
in non-OECD countries throughout all periods. After 2010, population aging implies opposite
trends in working-age shares between OECD and non-OECD countries. While retrospective and
prospective working-age shares shrink and diverge in OECD countries, they grow and converge in
non-OECD countries. By 2050, the two shares differ by 5 percentage points (about 10 percent of

the potential workforce) in OECD countries, whereas they all but coincide in non-OECD countries.

3 The Effects of Population Age Structure on Economic Growth

We examine the effects of population age structure on economic growth through the lens of a
standard aggregate production model that expresses output as a function of input factors and total
factor productivity (see, for example, Barro 1991; Mankiw et al. 1992; Caselli 2005; Jones 2005,
2016). This abstraction provides a theoretical framework through which we can assess the economic
consequences of population aging with respect to retrospective and prospective definitions of
working ages, holding other determinants of economic growth constant. Hence, we can determine
the extent to which countries’ growth trajectories differ with respect to how quickly and healthily
their populations age.

Suppose time ¢t = 1,2,...,T evolves discretely and there are i = 1,...,I countries. Each country



produces aggregate output Yj; (which equals aggregate income in a closed economy) using stocks of

physical capital Kj;, human capital Hj;, and labor L; as inputs:
l—a—
Yy = AgKSHP L F )

The parameters o, 3 € (0, 1) denote the income elasticities with respect to physical and human
capital. A;; denotes total factor productivity, which describes the economy’s stock of technology
and efficiency. All income elasticities sum to unity, such that production exhibits constant returns to
scale consistent with competitive factor and output markets. We assume all workers are identical
and inelastically supply one unit of labor, so that the human capital stock H;; equals the number of
workers L;; multiplied by average human capital per worker 4;; (Lucas 1988).!
Expressing income in per worker units then yields
W 2
Yit = AjtKj it ( )
where y; = Y;; /L;; denotes income per worker and k; = Kj; /L;; denotes capital per worker. Because
we are interested in economic welfare per person, we multiply y;; by the working-age share
wir = Lir /Nj to translate income from per worker into per capita units:
Yy Yy Ly B
Vi = — = — — = yiWiy = Ak ht wis. 3
yn Nit Lit Nit yn i g Mo Wt ( )
This formalization implies that change in population age structure has first-order effects on income
per capita growth so long as physical or human capital cannot perfectly substitute for labor input.

Taking logs and first-differencing expresses the model in growth rates:
Alny; = AlnAj + aAlnk; + BAlnh; + Alnwy. 4)

We model productivity growth AlnA;; as a conditional convergence process in which countries

converge to their long-run productivity potential (Bloom et al. 2004):
AlnA; =2 {lnA,’-‘, — lnA,-t_l} + & (5)

A} denotes country i’s period-specific productivity potential in its long-run equilibrium, A € (0, 1)

IFor simplicity and without loss of generality, we restrict & to the consideration of education and account separately
for other dimensions of human capital, as we specify subsequently. Alternatively, these dimensions can be meaningfully
incorporated in /;; by assuming human capital is an argument in a generalized Mincerian wage equation (see, for example,
Hall and Jones 1999; Bils and Klenow 2000; Bloom et al. 2022). The exact specification of A; is inconsequential for
the projected effects of population aging on economic growth.



denotes the rate at which a country adjusts toward this potential from productivity A;;_ in the
preceding period, and €; denotes idiosyncratic productivity shocks. Accordingly, a country grows
faster the further it is away from its productivity potential.

This specification of productivity growth allows countries’ long-run productivity potentials
to differ even after technological diffusion is complete. We assume the productivity potential is
a function of the world technology frontier, as captured by time effects 7;; human capital at the
beginning of each period determining the country’s capacity to innovate (Romer 1990; Strulik et al.
2013); and country-specific factors x;, which may include demographic, economic, geographic, and
institutional characteristics, as we specify subsequently. By including human capital not only as a
production factor but also as an engine of technological development, the model precludes potential
bias that arises if one of these channels is omitted (Sunde and Vischer 2015). We approximate
productivity in the preceding period by income per worker times a factor p. Under these assumptions,

productivity growth reads
AlnA; =A |7+ YInhj +x§,5 —plny;_1| +&;. (6)

Adding p allows us to test whether additional variables influence the speed at which a country
converges to its productivity potential. If p = 1, the convergence speed depends only on the distance
between past productivity and its current potential. However, human capital may not only be a
production factor but may also facilitate the adoption and implementation of existing technologies
(Nelson and Phelps 1966; Benhabib and Spiegel 1994, 2005; Cervellati et al. 2023). We incorporate
this mechanism by assuming p = (1 + %lnhi,,l). Conditional on income per worker, a country
then converges faster the more human capital it has.

Translating income into per capita units and plugging the ensuing expression into (4) yields our

estimation equation:

8 s 6 s
Alny; = A Tt‘l"ylnhitfl+x;t5_lnyit71+lnwizfl_Ilnhitfl(ln)’itfl_lnwit71>

+aAhlkit+ﬁA1nhit+A1nWit+8it. (7)

According to this model, growth in income per capita Alny; has four components. The first
component comprises growth in the input factors: physical capital Alnk;;, human capital Alnh;,,
and the working-age share Alnw;;. The second component accounts for countries’ productivity
potentials, which depend on productivity growth at the world technology frontier 7;; human capital
available for innovation and adoption of technologies In#;;_1; and country-specific characteristics
xit, which include the quality of economic institutions, population health, and country fixed effects in

the main analysis. The third component consists of past income per capita Iny;,_1; the past working-
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age share Inw;_; and their interactions with human capital Ink;_; (Iny;—; —Inw;_1), which
govern convergence to the productivity potential. Finally, the fourth component is an idiosyncratic
productivity shock €;, which serves as the model’s error term. The log structure allows us to
interpret the parameters for all input factors including the working-age share as elasticities.

We fit equation (7) with a dynamic panel leveraging variation in explanatory variables over
time and across countries. Our strategy for identifying the effects of population age structure on
economic growth has four aspects: i) we test whether the estimated parameters for the working-age
share match the constraints our model imposes on its economic effects, i) we instrument changes
in the working-age share to deal with reverse causality and other potential confounding factors, iii)
we inspect parameter stability with respect to sample composition and observation period, and iv)
we probe the results’ robustness with respect to alternative data and model specifications.?

First, we test whether the estimated parameters of the working-age share match the constraints
on the economic effects of changes in population age structure that are implied by the accounting
identity we use to transform income into per capita units in our model. The extent to which changes
in population age structure affect economic growth depends on the size of two effects: a growth
effect of changes in the working-age share, Alnwj;, over the interval (¢ — 1,7), and a level effect of
the working-age share at the beginning of this interval, Inw;,_;. Our model constrains the growth
effect to unity and the level effect to A under the null hypothesis. Significant differences from these
values would indicate misspecification of the production function or endogeneity of the working-age
share. The tests support our empirical specification if they fail to reject the null hypothesis.

Second, we use an instrumental variables approach that takes advantage of the persistence
in population age structure over time. We instrument changes in the working-age share over the
interval (¢ — 1,¢) with the population share of young people aged 15-19 in # — 1 who reach working
ages in the subsequent period (Figure 2). This instrument uses variation in the predicted inflow of
young workers into the working-age population based on the pre-period’s cohort size (Kotschy and
Sunde 2018 and Maestas et al. 2023 have previously used variants of this instrumentation). The
extent to which working-age shares vary depends on persistent heterogeneity