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Abstract

We propose an overlapping generations framework in which life expectancy
is determined endogenously by governmental health investments. As a nov-
elty, we are able to examine the feedback effects between life expectancy and
R&D-driven economic growth for the transitional dynamics. We find that i)
higher survival induces economic growth through higher savings and higher
labor force participation; ii) longevity-induced reductions in fertility hamper
economic development; iii) the positive life expectancy effects of larger savings
and higher labor force participation outweigh the negative effect of a reduction
in fertility, and iv) there exists a growth-maximizing size of the health care
sector that might lie beyond what is observed in most countries. Altogether,
the results support a rather optimistic view on the relationship between life
expectancy and economic growth and contribute to the debate surrounding

rising health shares and economic development.

JEL classification: 115, J11, J13, J17, O41.
Keywords: Long-run growth, horizontal innovation, increasing life expectancy,

welfare effects of changing longevity, size of health-care sectors.



1 Introduction

Over the past decades, mortality has decreased at an historically unprecedented
pace all over the world. As depicted in Figure 1, on a global level, life expectancy
at birth has increased from 52.6 years in 1960 to 72.4 years in 2017. Nonetheless,
substantial differences between different regions of the world remain. Over the same
time period, the real GDP p.c. has risen roughly by a factor of 3.5 from $4,254 to
$14,574 (Roser, 2019).

Figure 1: Life expectancy at birth, 1960-2017
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In the literature, the following important reasons for increasing life expectancy
have been proposed: medical progress, economic development, increased health
shares and behavioral changes (see, for example, Christensen and Vaupel, 1996;
Harper, 2014; Currie and Schwandt, 2016; Dwyer-Lindgren et al., 2017). However,
the dynamic interrelations between life expectancy and economic development are
less clear.

Economists have tried to shed light on the correlation and causality between
health and income. The Preston curve (see Preston, 1975) provides interesting in-
sights by highlighting the positive correlation between the development status and
the health status of a country, which flattens out for high levels of income. Further-
more, as Bloom et al. (2019) show, the Preston curve has shifted upwards between
1960 and 2015 and still exhibits a strong positive correlation. All this points to
a relationship between health and income that requires further investigation. In a
prominent work, Acemoglu and Johnson (2007) find a negative relationship between
health and economic growth by exploiting the epidemiological transition after 1940.
However, this result got challenged by several contributions. Critiques by Aghion
et al. (2011) and Bloom et al. (2014) mainly emphasize the role of initial health that



is not considered in Acemoglu and Johnson (2007). In fact, Cervellati and Sunde
(2011, 2015) show that the effect of health on economic growth hinges on a country’s
stage of the demographic transition. Economic growth in less developed countries
with high mortality and fertility might even decrease in better health because longer
lifetimes do not decrease fertility or raise educational investments. Therefore, higher
survival primarily raises the population size, potentially affecting p.c. income neg-
atively. Focusing on high income countries, the relationship between health and
economic growth reverses since higher survival reduces population growth and spurs
human capital investments. This negative relationship is also supported by various
other works (for example Lorentzen et al., 2008; Cervellati and Sunde, 2013; Bloom
et al., 2014; Hansen and Lgnstrop, 2015; Gehringer and Prettner, 2019). Given the
tremendous improvements in health care during large parts of the twentieth century,
infant and child mortality is contributing less and less to gains in life expectancy
in high income countries, leaving decreases in old-age mortality as the main en-
gine for future increases in individual life spans (Breyer et al., 2010; Eggleston and
Fuchs, 2012). Also, since health care sectors in high income countries are usually
well-developed, additional gains in life expectancy come at ever higher cost, thereby
raising the opportunity cost of health care, e.g. productive investments (Bhargava
et al., 2001).

To analyze the complex relationship within models of economic growth, two
dimensions can be distinguished — exogenous vs. endogenous life expectancy and
exogenous vs. endogenous growth frameworks. There already exists quite a rich
literature on exogenous life expectancy effects in both exogenous and endogenous
growth models (see, for example, Blanchard, 1985; Reinhart, 1999; Heijdra and
Romp, 2008; Prettner, 2013; Baldanzi et al., 2019). These models usually empha-
size the saving effect, the role of human capital and the corresponding effects on
productivity and provide an important basis for a better understanding of the con-
sequences of changes in the lifetime horizon for economic growth. Nonetheless, no
feedback effects on longevity can be considered, which limits the models’ explanatory
power. Life expectancy has been endogenized mostly in exogenous growth models
as in Boucekkine et al. (2002), Chakraborty (2004) and Fanti and Gori (2014),
where life expectancy increases in the public resources directed toward health or in
the level of human capital. Given the endogenous nature of technological progress,
these models are also limited in their explanatory power. Last, there is the cat-
egory of models incorporating both endogenous survival and endogenous growth.
Contributions from this category are rare. A recent paper by Kuhn and Prettner

(2016) introduces individual survival into a Romer (1990) type of economy, where



life expectancy increases in the health care personnel. The authors find a hump-
shaped relationship between the size of the health care sector (which determines life
expectancy) and economic growth. However, in their analysis they solely focus on
balanced growth path effects with constant fertility and an exogenous health care
sector.

To provide additional insights, we fully endogenize life expectancy similar to
Chakraborty (2004) and combine it with a discrete time endogenous growth frame-
work in the vein of Romer (1990) and Jones (1995). Old-age life expectancy increases
in output per worker as well as in the health tax levied by the government. Addi-
tionally, there is a quantity-quality tradeoff in the sense that adults have to decide
on the number of children to have as well as on the children’s education. We include
three channels through which changes in the survival probability (and vice versa)
can affect economic development: the saving rate, fertility and labor force partici-
pation. Given an increase in the lifetime horizon, individuals save a larger fraction
of their income to account for the prolonged retirement period (Bloom et al., 2007,
2010). To finance the increase in savings, adult consumption and fertility decrease
and labor force participation increases (for works on the fertility and labor force
participation effects of health see Zhang and Zhang, 2005; Angeles, 2010; Cai, 2010;
Garcia-Gémez, 2011). We show that, in principle, longer individual lifespans foster
economic growth, as the positive saving and labor force participation effects out-
weigh the negative fertility effect. For a constant survival probability as well as for
an over-sized health care sector, economic growth slows down.

The paper is organized as follows. In Section 2, we set up the model structure
by implementing endogenous life expectancy into a R&D-based growth framework.
In Section 3, the balanced growth path is derived analytically. In Sections 4 and 5,
we calibrate the model to U.S. data and use the results to further investigate the
feedback effects between life expectancy and economic growth. Finally, in Section

6, we draw conclusions and discuss potentials for future research.

2 The model

2.1 Consumption side

In the vein of Samuelson (1958) and Diamond (1965), the economy is populated by
three single-sex overlapping generations: children, young adults and retirees. Child-

hood lasts for 20 years, adulthood for 40 years and, depending on the probability to



survive to old age, ¢, retirement lasts for up to 40 years.! Consequently, the max-
imum possible lifespan an individual can reach is 100 years. This is as in Baldanzi
et al. (2019) with the exception that life expectancy is determined endogenously

according to

by

¢t=rbt,

with b; being the health status of an adult. We closely follow Chakraborty (2004),
such that b; increases in the public resources devoted to health (see also Preston,
1975; Wolfe, 1986; Lichtenberg, 2004). The survival probability has the following

properties
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There is a strictly concave non-decreasing relationship between governmental health
investments and life expectancy. In the limits, if ¢ = 0, the corresponding life
expectancy equals 60 years and if ¢ = 1, individuals reach the maximum life ex-
pectancy of 100 years with certainty.

As a simplification, all economically relevant decisions are made by the adult
generation. We implicitly assume that children’s consumption needs are covered
for by parental consumption. Adults supply up to one unit of labor and, exactly
after half of their adult period, give birth to n number of children who will become
adults when their parents finish adulthood. Retirees consume out of the savings
accumulated and die with certainty at the end of the period, leaving zero bequests.
Maximum lifetime utility is then determined by a consumption-saving decision and
by choosing the number of children, n;, to have and the children’s educational level,

e;. Consequently, individual utility is given by

w = In(cry) + ¢efIn(casrr) +EIn(ng) + 61n(er), (1)

where c¢;; is adult consumption in period ¢, c341; is old-age consumption in period

t+1and g, & 0 € (0,1) are the utility weights of old-age consumption, fertility and

1Focusing on well-developed countries only, we assume that all children survive to adulthood.
For interrelations between economic development, fertility and child mortality see Cigno (1998).



children’s education, respectively. Individuals need to satisfy two constraints

(1 —Yn; — npe)wihy = c1y+ S, (2)
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Equation (2) describes the economic constraint of an adult. Labor income depends
on the wage rate per effective labor, w;, on the level of individual human capital,
h:, and on the labor force participation rate, 1 — ¢¥n; — nne;. As in Galor and Weil
(2000), we assume that labor supply decreases in the fertility rate to account for the
time spent raising children. Furthermore, as a simplification, we follow Prettner and
Werner (2016) in assuming home education.? Consequently, labor force participation
decreases in the time cost of raising children, v, in education, e;, and in the time
requirements for educating children, . Labor income of an adult in period ¢ can
then be spent on consumption during adulthood and on savings, s;, for retirement.

Equation (3) captures individual old-age consumption. As in standard over-
lapping generations frameworks, the only self-determined source of income during
retirement are interest payments on the savings accumulated in the previous pe-
riod. This is reflected in s;R;; 1. To account for individuals’ savings who die before
reaching retirement, we follow Yaari (1965), Blanchard (1985), Chakraborty (2004)
and Baldanzi et al. (2019) and implement perfect and fair annuity markets which
insure individuals against the risk of dying with positive bequests before reaching
the retirement stage. More specifically, at the end of adulthood, all adults invest
their savings in a mutual life insurance fund. Individuals who survive to retirement
receive two transfers, their deposited savings and transfers of individuals’ savings
who died. This is accounted for by dividing s, R;;1 by ¢;.> In so doing, the individual
saving behavior reflects the exact anticipated life expectancy. Combining Equations

(1), (2) and (3), utility maximization yields the following optimality conditions

c _ wtht 5, — 5¢twtht
18 1+ &+ Bo,’ T4+ Boy
(4)
§—0 0y
ng = , e = ————.
V(14 &+ Boy) n( —0)

First and foremost, the wage rate per effective labor, w;, and the level of individual

2To slim down the model and to put the spotlight on life expectancy effects, we abstract from
baseline education that children acquire without formal schooling as in Strulik et al. (2013).

3 Although, we do not explicitly include a pension system, the annuity dynamics are in line with
Cipriani (2014) who finds a negative relationship between population aging and financial transfers
received during retirement.



human capital, h;, increase adult consumption and savings but have no direct effect
on the fertility and education decisions. This is due to fertility and education being
modeled in terms of time-opportunity cost rather than in terms of absolute cost.
There is an income-independent quantity-quality tradeoff, which is reflected in the
optimality conditions for n; and e;. While the preferences for children, &, raise
fertility, they decrease educational efforts. The reverse holds true for the preferences
for education, #. For the reminder of the paper, £ > 6 is assumed to rule out negative
fertility rates.

The effects of the survival probability, ¢;, are similar to the ones of the individual
discount factor, 8. A change in life expectancy induces the same individual behavior
— the higher the probability to survive to old age, the less individuals discount
utility derived from future consumption. Therefore, both § and ¢, increase savings
and decrease consumption of adults. Also, fertility decreases in 8 and ¢; since
a higher preference for future consumption decreases the willingness of adults to
free resources for children These relationships are well-known from previous works
(Blackburn and Cipriani, 2002; Zhang and Zhang, 2005; Chen, 2010). However, since
our survival probability is endogenous, its marginal effects change as the economy
is growing. Therefore, the incentives to save and to have children change over time,
which, in turn, affects research and production. Given that capital accumulation,
population growth and technological progress are fundamental drivers of economic
development (Ramsey, 1928; Solow, 1956; Cass, 1965; Koopmans, 1965; Romer,
1990), implementing an endogenous life expectancy improves our understanding of
economic growth processes.

Inspecting the fertility rate more closely, we observe that it is constant in the

long run if the economy experiences sustained economic growth.

£-0 : _
ny (1+EFB) for limy, o0 & (by) = 1,
£-0 :
TOLE) otherwise.

The same framework without lifetime uncertainty would yield a constant fertility
rate from the beginning on. The effect of economic development on fertility would
be abrogated which can be reasonable if focusing solely on advanced economies that
have exhibited low and relatively constant fertility rates over the last few decades
(Prettner and Werner, 2016). By introducing an endogenously determined life ex-
pectancy, it is possible to separate the longevity effect on fertility decisions from the

income effect on fertility decisions, which leads us to Remark 1.

Remark 1. Increases in life expectancy induce higher savings for retirement at the



expense of reduced fertility.

These relationships are in line with the literature surrounding longevity and eco-
nomic growth (see Blackburn and Cipriani, 2002; Zhang and Zhang, 2005; Cervellati
and Sunde, 2005). Given that children born in period ¢ become adults in period t+1,

the size of the labor force, L;, evolves according to

£—0
P(1+ &+ By

Lin L.
)

Again, for sustained economic growth, life expectancy will be at its upper limit such
that population growth is constant in the long run. Turning towards human capital

creation, the law of motion for individual human capital is given by
hiyn = Agehy.

Since home education is assumed, parents’ level of human capital, h;, the educa-
tional effort, e;, and parents’ productivity in education, Ag, determine the level of
individual human capital of the next generation. Economy-wide aggregate human

capital is then given by
Ht - htLt, (5)

and the labor force participation rate can be expressed as

1+ B¢y

T+ ¢+ B0 (6)

t

Combining Equations (5) and (6), the stock of aggregate human capital available
for production and R&D, H;, can be calculated as

F[t = O H,. (7)

The available stock of aggregate human capital determines overall labor input. Since
the labor force participation rate increases but fertility decreases in life expectancy,
the long-run effect is ambiguous and requires further investigation. We go into more

details in Sections 4 and 5.

2.2 Government

Similar to Barro (1990), the government finances its health spending by taxing

aggregate income, Y;""  with a health tax, 7. It needs to keep a balanced budget at

8



all times, i.e., health investments can only be financed by the tax income received

in the same period. The governmental constraint then reads
v = B,

where the left-hand side are aggregate governmental revenues and the right-hand side
is aggregate governmental health spending, B;. Incorporating a medical technology;,
A, and remembering that the government only aims at improving adults’ health, the
health status of an adult is given by
B,
by = A—.
t i

Individuals’ health and, with it, the probability to survive to retirement increases in

the medical resources per adult invested and in the productivity of these investments.

2.3 Production side

The production side of the economy builds up on Romer (1990), Jones (1995) and
Prettner and Werner (2016). There are three sectors: the final goods sector, the
intermediate goods sector and the R&D sector. In short, employing scientists, new
ideas/blueprints are developed in the perfectly competitive R&D sector and are sold
to an intermediate goods producer who then becomes the monopolist in producing
that specific product for one period. The intermediate good of variant 7, xi, is
produced in a one-for-one technology using physical capital, k;, as the only input.
Due to Dixit and Stiglitz (1977) monopolistic competition, the intermediate good
is sold with a mark-up over the market price to the final goods producer. The
operating profits are necessary to compensate for R&D expenses.* The final goods
producer uses the intermediate good as well as final goods workers as inputs to
produce the final good under perfect competition.

Life expectancy affects productivity and production through two channels: ag-
gregate savings, S; = s,Ly, and the available aggregate human capital, H,. Longevity-
induced changes in the saving behavior affect the capital that can be invested in in-
termediate goods companies, which, in turn, affects the production of new blueprints
and final goods production. The size of the labor force and with it also R&D and
final goods production, is affected twofold: on the one hand, through fertility, in-

creases in life expectancy reduce the future size of the workforce, on the other hand,

4The monopolist only owns the patent for one period. For all future periods, we assume that
the government sells the patent and invests the proceeds unproductively.



fewer children increase labor force participation.

The final good, Y}, is produced according to

At

Y, = (-7 @) "y (=)

=1

where HY denotes workers employed in final goods production, A; is the number
of differentiated blueprints developed until time ¢, x¢ is the number of machines
for each blueprint ¢ used in final goods production and « is the elasticity of final
output with respect to machines. We include (1—7) to account for the governmental
health tax.® Perfect competition ensures that all production factors are paid their
marginal value products, such that the wage per effective worker, w} , and the price

for machines of type i, p, are given by, respectively

Y 8}/;5 Y\« -~ i\ o
Wy = ﬁ =(1-a)(l—-7) (Ht ) ; (flft) ) (8)
P = G =ali=) () @) )

Turning to the monopolistic intermediate goods sector, the profit function of inter-

mediate goods producer i, 7, * reads
@i Yii_ i i
Tt = plry — Ry (10)
Combining Equations (9) and (10) and using k! = z!, profit maximization results in

7

ony )t
— = () &
ok} L

B (11)

The more differentiated the intermediate goods are, i.e., the smaller « is, the more
market power the monopolist has and the higher the mark-up over the market
price is. Since all monopolists are similar, we can infer from Equation (11) that all
monopolists charge the same price and produce the same amount, i.e., pi = p; and
x! = x;. Therefore, dropping the machine variety index i, the aggregate production

function can be written as

Y, = (1—7)(A4H)" K,

5This formulation corresponds to the government taxing capital and labor income at equal
rates.

10



where K; = Ak, is aggregate capital. The production function has now the same
Cobb-Douglas form as in standard neoclassical growth models (see, for example,
Solow, 1956).

Moving on to the R&D sector, new ideas are developed according to the following

knowledge production function
Ay — Ay, = SAYH] (12)

H# are scientists employed in R&D. Their productivity depends on the general
productivity in research, d, and on the number of already existing ideas (standing
on shoulders effect). We allow for intertemporal knowledge spillovers x € (0, 1) to
partly nest the Jones (1995) framework. Given the price of a patent, pi, and the

wage rate per effective labor of scientists, w;, the profit function in the R&D sector

is given by
it = prSAXH? —wiH?.
Perfect competition then allows to derive an expression for w.
om! A A
BT =0 & w; = p;oAY. (13)

The wage per effective labor of scientists depends on the price that can be charged

for one blueprint and on scientists’ overall productivity.

2.4 Market clearing

The first condition for an equilibrium is that operating profits of the intermediate
goods producer, 7%, and the price of a patent, p7', equal. Combining Equations (9),
(10) and (11), we observe that this relationship holds for

Y;

pf‘ZWf:a(l—a)E (14)

The second condition for an equilibrium is that wages of workers and scientists
equal, wy = wf = w;. Equating Equations (8) and (13) and using Equation (14),
we derive an equilibrium condition for aggregate human capital employed in final

goods production

1-x
Ay

HY S

(15)

11



Considering that human capital is solely employed in final goods production and in
R&D, H{ is given as

HA = H,—H. (16)

Inserting Equations (7) and (15) into Equation (16), we are able to derive an ex-

pression for aggregate human capital employed in R&D

1-x
At

HtA - Qth - 50{ .

(17)

Using Equation (17) in the knowledge production function, the equilibrium stock of

ideas evolves according to

1
At+1 — 5A2<Qth — At ( a) . (18)
e
Defining a growth rate as g,; = (w141 — @¢) /¢, the growth rate of new ideas, g,
is given by
x—1 1
gA,t = 5At Qth — a (19)

Since we are interested in the growth effects of changes in life expectancy, we inspect
Equation (19) with respect to ¢;. We observe that the survival probability enters

through the labor force participation rate, €2;, which leads us to the following remark.

Remark 2. In the short run, through higher labor force participation, higher life

expectancy increases the rate at which new ideas are developed.

Proof. The partial derivative of g4, with respect to the survival probability, ¢, is
given by

BE
(1+&+ Bo)?

agA,t
ofon

SAX ' H,

The denominator of this expression is always positive. For 9, ,£ € (0,1) and for
the reasonable case of A; > 0 and H; > 0, the numerator is also positive, such that
the survival probability has a strictly positive effect on productivity growth in the

short run. O

Last, capital accumulation needs to be derived. For full depreciation of physical
capital and since savings of period t are invested in period ¢ + 1, the standard law

of motion for capital can be applied, where aggregate savings determine the stock

12



of aggregate physical capital in the next period
Kt+1 = StLt.

Combining Equations (8) and (15), the wage rate per effective labor can be written

as

AN\
wy = (1—04)(1—7')At1aKf‘( 6a> :

Together with the expression for individual savings, s;, from Equation (4), the stock

of physical capital then evolves according to

AN\
Ky = LthtL@—a)u—T)Ag—aKg( L ) :

1+f+ﬁ¢t da

The survival probability, ¢, enters positively through the propensity to save, (1 +
Boy)/(14+E+L:). Economic progress that raises life expectancy entails a multiplying
effect, since a longer life span increases capital accumulation and, with it, economic
progress and life expectancy.

To sum up, for labor market and financial market clearing, we have the following

system of equations that describes how our model economy evolves over time

1+ By -«
A = A ——W——h L, — A, ——
t+1 t1+€+ﬁ¢ttt T
B - AN\
K, = Lihy—"—(1— 1—7)A, K2
t+1 t t1+£+ﬁ¢t( 04)( 7') t t S ]
11—«
AT X N
Vi - (—gg;) Kio
E—10
L = L ,
o "1+ €+ Bon)
Ay
h = ———h
t+1 77(£ _ 9) ty
s
b1 = ————

yAgg "
1+ Al
t+1

For a given set of parameters and by choosing initial values for the endogenous
variables Ag, Ky, Lo and hg, this system fully describes the evolution of our model
economy over time. Life expectancy, represented by the survival probability ¢, 1,

is, of course, also endogenous but is completely determined inside the model.

13



3 Balanced growth path

The system above can be solved analytically by deriving its balanced growth path
(BGP). Along the BGP, ¢, = ¢st+1 = g, must hold. In the limit, the survival
probability approaches

lim ¢ (y;) = 1,

Yt —> 00

such that we can drop it in the BGP analysis. Accordingly, fertility is constant and
the growth rate of the labor force is given by

Lip £ 0

Ly Y1 +E+5)

The growth rate of individual human capital is also constant and given by

- %_1:14]5 0

—

hy n§ —0)

For a constant labor force participation rate, the growth rate of new ideas can be

ghn

derived as

Setting ga; = ga 1 and solving for g4, the BGP expression reads

1

- [otn] -
T hi+e+p) ’

where the term in square brackets represents the growth factor of aggregate human
capital. The BGP expressions for physical capital and for aggregate production can

be derived in the same way and read

Agh 1
g = [n(1+§+5)] -t

Agh ]
grem = [musm] b

where we note that gx = gyass. Since there are no life expectancy effects in the long
run, which seems reasonable considering that life expectancy gains are slowing down
(see Olshansky et al., 2005; Dong et al., 2016), economic progress is solely driven by

growth in aggregate human capital and in the intertemporal knowledge spillovers.

14



This result is similar to Prettner and Werner (2016). We summarize this is in the

following proposition.

Proposition 1. As the economy progresses, life expectancy reaches an upper limit,

such that there are no more longevity-induced growth effects in the long run.

This proposition has to be treated with some caution. From an analytical per-
spective, setting ¢ = 1 in the long run is correct, however, it ignores level effects and,
most importantly, it ignores that life expectancy is still projected to further increase
over the next decades (Oeppen et al., 2002; Strulik and Vollmer, 2013; Kontis et al.,
2017). To account for that, we examine the transitional dynamics in Sections 4 and
5.

4 Simulation

To analyze the transitional dynamics and to discuss the plausibility of our results,
we compare the model dynamics to U.S. data over the period 1960-2017. Given the
scope of the paper, we aim at resembling developments in p.c. GDP, life expectancy
at birth, fertility and the population size. All data have been taken from the World
Bank (2019).

The parameter and initial values chosen are summarized in Table 1. The health
tax rate is set to 11.4%, which corresponds to the average U.S. national health
expenditure as percentage of GDP over the chosen time horizon (CMS.gov, 2019).
The discount factor of f = 0.67 implies an annual discount rate of 2%, which is in
line with Auerbach and Kotlikoff (1987). The value of the elasticity of final output
with respect to intermediate inputs, «, is set to 0.3, which is close to the standard
value used in the literature (Jones, 1995; Acemoglu, 2009). Also, ¢ = 0.08 is similar
to Strulik et al. (2013). All other values are chosen for the model to fit the U.S.

data as precisely as possible.

To ensure sure that the model resembles the economic development of the U.S.
reasonably well, Figures 2 and 3 show to the evolution of p.c. output and of the
population size in the data (dashed red line) and in the model (solid blue line).
Keeping in mind that the model economy consists of three overlapping generations,
the model population size needs to be derived first. We do so by calculating the size
of the entire population in period t as Pop; = ¢;_1L; 1 + Ly + 0.5n,L;, where the
first term refers to retirees, the second term are adults and the third term represents
children. The model p.c. GDP is then calculated by dividing aggregate output by
the population size, i.e., y; = Y;"%/Pop;. We observe that p.c. GDP in the data

15



Table 1: Parameter and initial values for the simulation

Parameter Value Parameter Value Variable Value
T 0.114 a 0.3 Ap 17.5
8 0.67 1) 6.5 Ky 0.8
) 0.08 X 0.076 Ly 10
¢ 0.327 Ag 1.65 ho 1
0 0.181 n 0.16
A 0.9

and in the model increase over time by a factor of three, approximately. In the
data, p.c. GDP growth accelerates in the 1980’s and 1990’s and partially slows
down afterwards. In the model, a similar trend is visible. Economic progress is
strong until around the year 2000 when the dot-com bubble burst and slows down

afterwards. Also, the increase in the size of the population matches the one in the
U.S.

3.5
3 -
5_2.5 —
3 2 .
[&]
a 15 —
1 _
05 | | | | |
1960 1970 1980 1990 2000 2010 2020
Year

Figure 2: Evolution of p.c. output (model prediction: solid blue line; data: dashed
red line)
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Figure 3: Evolution of the population size (model prediction: solid blue line; data:
dashed red line)

Turning to the underlying driving forces of economic growth, changes in life
expectancy are of the main interest. U.S. life expectancy has been rising by ap-

proximately nine years from 1960-2010 and is stagnant since then. In Figure 4,
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the model life expectancy resembles the data quite well, only underestimating the
slowdown during the last decade. A critical examination, however, calls for caution.
The stagnant U.S. life expectancy is not driven by stagnant economic development
(as the model would suggest) but by several other aspects such as increased rates
of deaths of despair and unequal access to health services (Case and Deaton, 2015;
Dowell et al., 2017; Harper et al., 2017) that are out of the scope of this paper. Given
the positive effect of life expectancy on economic growth, discussed in Section 5, and
also supported by other studies (Lorentzen et al., 2008; Cervellati and Sunde, 2013;
Bloom et al., 2014), this result should rather be an incentive for governments to
improve health services in order to not only decrease mortality but to also promote
long-run growth. This conclusion is consistent with Baldanzi et al. (2019) where
increases in life expectancy increase both productivity and individual utility derived

from living longer. We further elaborate on that in the next section.
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Figure 4: Evolution of life expectancy (model prediction: solid blue line; data:
dashed red line)
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Figure 5: Evolution of fertility (model prediction: solid blue line; data: dashed red
line)

Figure 5 visualizes the fertility effects of changes in the lifetime horizon. Fertility
data are transformed into the number of unisex adults to make them comparable
to the model results. In the data, there is a sharp decrease in fertility until the
mid 1970’s visible. Afterwards, fertility fluctuates just below the replacement level.
Obviously, in the model, the longevity-induced fertility decline is not able to explain

the sharp decrease we see in the data. However, the life expectancy effect becomes
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visible. For the chosen parameter values, over time, the model fertility rate declines
to 0.91 along the BGP and approaches the fertility rate that we observe in the data.
Remembering that the change in the model fertility is solely driven by changes in
life expectancy, there is another possible takeaway. The unisex U.S. fertility rate
has fallen by 0.95, while the model fertility rate has fallen by 0.13. Accordingly, the
model captures approximately 14% of the changes in fertility over that time horizon,

which leads us to Remark 3.

Remark 3. The model result suggests that over the period 1960-2017, 14% of the

observed decline in the U.S. fertility rate is due to increases in life expectancy.

This result can be explained as follows. The quantity-quality tradeoff initiated
through increases in income is usually assumed to be the main driver for reductions
in fertility (Becker and Lewis, 1973). Through the design of our model economy,
this tradeoff is non-existent over time and the only time-dependent effect remaining
is how a change in the lifetime horizon affects individual choices. In our case, as life
expectancy increases, individuals require higher savings for old-age consumption.
In a standard overlapping generations setting, reduced adult consumption would
be the only effect. In our setting, individuals additionally have the opportunity to
increase their lifetime earnings by working more, i.e., by increasing the labor force
participation rate. Therefore, they choose to have fewer children in order to increase
labor income. Although, this is typically not the main motivation for having fewer
children, it is one piece of the puzzle to explain fertility behavior and its economic

implications.

5 Comparative statics

To shed some light on the directions and the magnitudes of the described chan-
nels, we test how p.c. output in the calibrated model changes if life expectancy is
kept completely constant, respectively, if only single channels are switched off. As
displayed in Figure 6, in the baseline case with a fully endogenous survival proba-
bility, p.c. output increases by a factor of 2.93. To asses the overall effect, we keep
the economy-wide life expectancy in 1960 constant and observe a reduction in p.c.
output of 11.9% over 58 years. This result comes as expected and is in line with
the central conclusions of many other works (see, for example, Chakraborty, 2004;
Cervellati and Sunde, 2011; Prettner, 2013; Prettner and Trimborn, 2017). Without
any longevity-induced effects over time, there is less innovation and less capital,

which drags down growth in the economy.
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Figure 6: Level of p.c. output keeping different channels constant

In a second step, we are interested in disentangling the aggregate life expectancy
effect. We do so by keeping the survival probability in savings, labor force partici-
pation and fertility constant, separately and sequentially. First of all, we notice that
all channels point in the expected directions. As life expectancy is switched off in
labor force participation, p.c. output decreases to 2.82. The effect is even stronger
for savings, where p.c. output in 2017 would only be at 2.42 times the level in 1960.
Combining both channels, the reduction in p.c. output amounts to 0.57 or 19.5%
in total. For fertility, the opposite effect can be observed. Ignoring the effect of
changes in longevity on the fertility decision, p.c. output increases by 0.008 because
of a larger workforce, which translates into a higher growth rate of new ideas. This
change seems reasonably small considering that only longevity-induced changes in
fertility are being accounted for. We summarize the findings of this comparative

static exercise in the following remark.

Remark 4. Through capital accumulation and the larger number of scientists and
workers, life expectancy induces economic growth. The positive effects of higher sav-

ings and higher labor force participation outweigh the negative one of lower fertility.

In principal, there are further potential effects that could be considered in future
works. Just to mention a few, including doctors and nurses as a third type of human
capital would impose an additional negative effect of life expectancy on economic
development since longer lives would reduce the share of human capital available for
production and R&D. One potential positive effect that has been abstracted from
in this analysis is the income-dependent quantity-quality tradeoff. Incorporating

longevity- or income-determined education as in de la Croix and Licandro (1999) and
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Strulik et al. (2013) would weaken the negative fertility effects and could, potentially,
even outweigh them.

So far, the average U.S. health share of 11.4% between 19602017 has been
used in the analysis. To gain additional insights into the relationship between life
expectancy and economic development, in Figure 7 we investigate the maximum

attainable 2017 life expectancy and level of p.c. output for 7 € [0, 1].
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Figure 7: p.c. output and life expectancy for 7 € [0, 1] (p.c. output: dashed blue
line; life expectancy: dotted red line)

As expected, we find a hump-shaped relationship. Also, for 7 = 0 and 7 = 1 zero
production takes place. For zero health investments, the survival probability and
the saving rate are zero and, thus, the capital stock and production are zero, too.
For small health shares, the gains in output as well as in life expectancy are large.
According to our model, a maximum output of y™* = 3.08 can be reached with a
tax rate of 7 = 0.271. This corresponds to a life expectancy of 88.6 years. For larger
health shares, there is a steep decline in output. The logic behind is that, at some
point, the positive effects of increasing longevity are outweighed by the resource
demand of health care. Interestingly, life expectancy continues to increase way
beyond the growth maximizing tax rate. For 7 = 0.734, a maximum life expectancy
of 92.9 years can be reached. The tradeoff in terms of economic development is,
however, huge. Compared to the growth-maximizing size of the health care sector,
an additional 3.85 years of life expectancy come at the cost of reducing p.c. output

by 38.2%.

Remark 5. Increasing the health share beyond its growth-mazximizing size comes at
the cost of a steep decline in p.c. output, while the additional gains in life expectancy

are rather small.

Our results also contribute to the discussion surrounding rising health shares and

the consequent effects on economic development. Given that the average OECD
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health share has increased from 9.3% to 12.6% over the period 2000-2017 (World
Bank, 2019), we can, at least, be guardedly optimistic that this increase in absolute
and relative health expenditures did not only extend individual’s lives but also
fostered economic growth. This result contrasts Kuhn and Prettner (2016) who
include health care personnel and find a smaller optimal size of the health sector of
8.61% along the BGP. Since in our framework, the optimal health share decreases
over time and remembering that we abstract from human capital employed in health
care, a larger optimal size of the health sector is corollary.

Turning to the welfare effects of longevity-driven economic growth, Kuhn and
Prettner (2016) conduct an analysis on the tradeoff between life and growth and
find that it can be optimal to increase the size of the health care sector beyond
its growth growth-maximizing size. In principle, our results do not rule out this
conclusion, nonetheless, a thorough analysis including more generations would be

necessary to properly assess the welfare effects within our framework.

6 Conclusions

We introduce an endogenous survival probability into a growth framework driven
by purposeful R&D. The frequency at which new ideas are developed increases in
the level of aggregate savings and in the number of scientists employed. Higher
savings imply higher operating profits since more machines can be produced. This
raises the demand for and, thus, the wage rate of scientists, resulting in higher R&D
employment and faster economic progress.

Life expectancy increases in the public resources devoted toward health, which, in
turn, raises the incentives to save and to work more, while it induces a negative effect
on the fertility decision. We disentangle the separate channels and are able to show
that, overall, life expectancy exerts positive growth effects. The reduction in the size
of the labor force over time is overcompensated by higher labor force participation
and, especially, by higher savings and investments. Additionally, we show that the
growth-maximizing size of the health care sector is way smaller than the size that
would maximize life expectancy. Given that within the OECD, the average share
of the health care sector is substantially smaller than our growth-maximizing size,
devoting further resources toward health care might not only increase life expectancy
but also foster economic development.

Our model approach allows for several interesting extensions. We abrogate
from income-dependent education, which would, most likely, spur longevity-induced

growth effects. Also, including human capital employed in health care might pro-
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vide additional interesting insights, as increases in life expectancy would draw away
labor from production and R&D and exert a potential negative effect on economic
growth. Related to that, dividing the health sector into health care personnel and
medical researchers could be a promising avenue for future research because it would

allow for a more realistic modeling of aging.
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27-2018  Sophie Therese Schneider NORTH_SOUTH TRADE AGREEMENTS AND THE  INEPA
QUALITY OF INSTITUTIONS: PANEL DATA
EVIDENCE
01-2019  Dominik Hartmann INTERNATIONAL TRADE, DEVELOPMENT TRAPS, INEPA
Mayra Bezerra AND THE CORE-PERIPHERY STRUCTURE OF
Beatrice Lodolo INCOME INEQUALITY
Flavio L. Pinheiro
02-2019  Sebastian Seiffert GO EAST: ON THE IMPACT OF THE INEPA
TRANSIBERIAN RAILWAY ON ECONOMIC
DEVELOPMENT IN EASTERN RUSSIA
03-2019  Kristina Bogner KNOWLEDGE NETWORKS IN THE GERMAN 520
BIOECONOMY: NETWORK STRUCTURE OF
PUBLICLY FUNDED R&D NETWORKS
04-2019  Dominik Hartmann IDENTIFYING SMART STRATEGIES FOR INEPA
Mayra Bezerra ECONOMIC DIVERSIFICATION AND INCLUSIVE
Flavio L. Pinheiro GROWTH IN DEVELOPING ECONOMIES. THE
CASE OF PARAGUAY
05-2019  Octavio Escobar DECOMPOSING A DECOMPOSITION: WITHIN- INEPA
Henning Muhlen COUNTRY DIFFERENCES AND THE ROLE OF
STRUCTURAL CHANGE IN PRODUCTIVITY
GROWTH
06-2019  Dominik Hartmann MAPPING STRATIFICATION: THE INDUSTRY- INEPA
Cristian Figueroa OCCUPATION SPACE REVEALS THE NETWORK
Mary Kaltenberg STRUCTURE OF INEQUALITY
Paolo Gala
07-2019  Stephan Fichtner BIOGAS PLANT OPTIMIZATION BY INCREASING 580
Herbert Meyr ITS FLEXIBILITY CONSIDERING UNCERTAIN
REVENUES
08-2019  Annika Lenz DATA QUALITY AND INFORMATION LOSS IN NegoTrans
Muhammed Kaya STANDARDISED INTERPOLATED PATH ANALYIS
Philipp Melzer — QUALITY MEASURES AND GUIDELINES
Andreas Schmid
Josepha Witt
Mareike Schoop
09-2019  Thilo R. Huning THE FETTERS OF INHERITANCE? 520
Fabian Wahl EQUAL PARTITION AND REGIONAL ECONOMIC
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Peter Spahn

Thorsten Proettel

Franz X. Hof
Klaus Prettner

Vadim Kufenko
Vincent Geloso

Laura-Kristin Baric
Niels Geiger

Jens Grib

David E. Bloom
Victoria Y. Fan
Vadim Kufenko
Osondu Ogbuoji
Klaus Prettner
Gavin Yamey

Michael Kuhn
Klaus Prettner

Simiao Chen
Zhangfeng Jin
Klaus Prettner

Andreas Orland
Davud Rostam-Afschar

Michael Fritsch
Martin Obschonka
Fabian Wahl
Michael Wyrwich

Sibylle Lehmann-Hasemeyer

Klaus Prettner
Paul Tscheuschner

Vladan Ivanovic
Vadim Kufenko

KEYNESIAN CAPITAL THEORY, DECLINING
INTEREST RATES AND PERSISTING PROFITS

INTERNATIONAL DIGITAL CURRENCIES
AND THEIR IMPACT ON MONETARY
POLICY — AN EXPLORATION OF
IMPLICATIONS AND VULNERABILITY

RELATIVE CONSUMPTION, RELATIVE WEALTH,
AND LONG-RUN GROWTH: WHEN AND WHY IS
THE STANDARD ANALYSIS PRONE TO
ERRONEOUS CONCLUSIONS?

WHO ARE THE CHAMPIONS? INEQUALITY,
ECONOMIC FREEDOM AND THE OLYMPICS

POLITICAL IMPLICATIONS OF
ECONOMIC INEQUALITY: A
LITERATURE SURVEY

MERGERS AND PARTIAL TACIT COLLUSION

GOING BEYOND GDP WITH A PARSIMONIOUS
INDICATOR: INEQUALITY-ADJUSTED HEALTHY
LIFETIME INCOME

RISING LONGEVITY, INCREASING THE
RETIREMENT AGE, AND THE CONSEQUENCES
FOR KNOWLEDGE-BASED LONG-RUN GROWTH

THE RETIREMENT MIGRATION PUZZLE IN CHINA

FLEXIBLE WORK ARRANGEMENTS AND
PRECAUTIONARY BEHAVIOUR: THEORY AND
EXPERIMENTAL EVIDENCE

THE DEEP IMPRINT OF ROMAN
SANDALS: EVIDENCE OF LONG-LASTING
EFFECTS OF ROMAN RULE ON
PERSONALITY, ECONOMIC
PERFORMANCE, AND WELL-BEING IN
GERMANY

THE SCIENTIFIC EVOLUTION AND ITS ROLE IN
THE TRANSITION TO SUSTAINED ECONOMIC
GROWTH

IT'S AMAN'S WORLD? THE RISE OF FEMALE
ENTREPRENEURSHIP DURING PRIVATIZATION
IN SERBIA
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01-2021

Stephanie Briel
Aderonke Osikominu
Gregor Pfeifer
Mirjam Reuter
Sascha Satlukal

Thomas Beissinger
Joél Hellier
Martyna Marczak

Benjamin Jung

Timo Dimitriadis
Xiaochun Liu
Julie Schnaitmann

Timo Dimitriadis
Andrew J. Patton
Patrick W. Schmidt

Maria Koumenta
Mario Pagliero

Davud Rostam-Afschar

Franziska Brall
Ramona Schmid

Paul Tscheuschner

OVERCONFIDENCE AND GENDER DIFFERENCES
IN WAGE EXPECTATIONS

DIVERGENCE IN LABOUR FORCE GROWTH:
SHOULD WAGES AND PRICES GROW FASTER IN
GERMANY?

THE HETEROGENEOUS EFFECTS OF CHINA'S
ACCESSION TO THE WORLD TRADE
ORGANIZATION

ENCOMPASSING TESTS FOR VALUE AT RISK
AND EXPECTED SHORTFALL MULTI-STEP
FORECASTS BASED ON INFERENCE ON THE
BOUNDARY

TESTING FORECAST RATIONALITY FOR
MEASURES OF CENTRAL TENDENCY

OCCUPATIONAL LICENSING AND THE GENDER
WAGE GAP

AUTOMATION, ROBOTS AND WAGE INEQUALITY
IN GERMANY: A DECOMPOSITION ANALYSIS

ENDOGENEOQOUS LIFE EXPECTANCY AND R&D-
BASED ECONOMIC GROWTH
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