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Abstract

We analyze the effect of fertility on income per capita with a particular focus on the experience
of Europe. For European countries with below-replacement fertility, the high cost of continued
low fertility will only be observed in the long run. We show that in the short run, a fall in the
fertility rate will lower the youth dependency ratio and increase the working-age share, thus
raising income per capita. In the long run, however, the burden of old-age dependency dominates
the youth dependency decline, and continued low fertility will lead to small working-age shares
in the absence of large immigration inflows. To illustrate these effects we construct a population
accounting model and simulate steady-state outcomes. Regression analysis indicates the differing
marginal effects of long-term fertility change in Europe versus the rest of the world.
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1. Introduction

The impact of demographic change on economic development has long been debated.
Although the Malthusian hypothesis that population growth is constrained by available resources
held a central position for centuries, the simultaneous occurrence of economic growth and
population growth over long periods of time has demanded new models of the interplay between
these phenomena (Becker, Glaeser and Murphy, 1999; Galor and Weil, 1999; Galor and Weil,
2000; Galor, 2005). Little consensus has been reached during the last 50 years on the effect of
population growth on economic growth. For example, Kelley and Schmidt (1995) find no
correlation between population growth and economic development in the 1960s and 1970s, yet

find evidence of a negative relationship emerging in the 1980s.

The concept of “optimum population growth” is an old debate (Samuelson, 1975;
Deardorff, 1976; Samuelson, 1976). Further debate over the effects of population pressure on
economic development remains fervent (Simon, 1996; Ehrlich, 2008). Ehrlich argues that
population pressure on natural resources and the environment is a contemporary issue that has
been ignored by policy makers. Simon takes an alternative view and stresses the benefits of the
technological progress that he argues is a natural concomitant of population growth. Larger
populations make innovation more likely, and moreover, increase the scope for technological

adoption.

Early work by Bloom and Freeman and by others highlights the importance of analyzing
the effect on economic growth of the individual components of population growth: fertility and
mortality (Bloom and Freeman, 1988; Kelley, 1988; Brander and Dowrick, 1994; Kelley and
Schmidt, 1995). In this paper we highlight the fertility channel, and in particular draw on the

experience of European countries.

For many, but not all, countries the decline in fertility in the last 45 years has been rapid.
The onset of a rapid fertility decline is a signal that a country is undergoing the demographic
transition from high fertility (and high mortality) to low fertility (and low mortality). In Figure 1
we show the change in fertility that occurred between 1960 and 2000 relative to the initial



fertility rate in 1960. Virtually all countries that had a fertility rate below 5.5 in 1960 experienced
a decline in fertility” — these countries are or have been undergoing the demographic transition.
Countries that had a fertility rate above 5.5 in 1960 either experienced rapid decline in fertility
and thus are part of the demographic transition trajectory, or maintained high fertility rates and

remain today in a high-fertility and high-mortality state.

Figure 1: Change in total fertility rate 1960-2000

Na
°
o °, o
=B ° ° ®,
Q q® ) o %o 0.. °
«OI) ."‘. [ ] ® L :
o) €0 oo o -
E .g ... .o o
o (1] (] PY )
Ilt' o.': ..".‘S ¢
£ ° oy ° ®
) [ ) .' PY
£ 0'.0..° .:‘co
® [ ] ...
o ° o® Y'Y
U‘,r* .. ° .' ®
[ ® o
o...
© |
T T T T T T T T T
1 2 7 8 9

4 5 6
Total fertility rate, 1960

Source: World Bank (2007)

To highlight the change in fertility in Europe between 1960-2000 Figure 2 illustrates the

same relationship as in Figure 1 for the European countries.

* Gabon is an exception to this pattern.



Figure 2: Change in total fertility rate (TFR) 1960-2000 in Europe
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In 1960, Estonia was the only European country to have a total fertility rate below two, at
1.96. Today all but two countries in Europe (Albania and Iceland) have a total fertility rate below
two. The reasons for the rapid decline in fertility in Europe, and its decline to “lowest of the low”
rates are varied (Lesthaneghe and Willems, 1999; Kohler, Billari and Ortega, 2002; Billari,
Frejka, Hobcraft, Macura and van de Kaa, 2004; Billari and Kohler, 2004; Aarssen, 2005;
Adsera, 2006; Adsera, 2006; Bjorklund, 2006; Coleman, 2006; Kohler, 2006; McDonald, 2006;
Feyrer, Sacerdote and Stern, 2007). Fertility decline in Europe is thought to be due to
socioeconomic incentives to delay childbearing, a decline in the desired fertility rate, and
institutional factors (labor market rigidities, lack of child care, changing gender roles) (Bongaarts
and Bulatao, 1999; Kohler, Billari et al., 2002; Garrido and Malo, 2005; Kohler, 2006). Eastern

European societies have also undergone major economic, political and social change.

Eastern and Western European countries share an important demographic feature: below-
replacement fertility. The economic consequences of below-replacement fertility are not well

understood. In this paper, we aim to analyze this relationship. We argue that while declines in



fertility generally induce positive economic outcomes in the short run, the same is not
necessarily true in the long run. In the long run, below-replacement fertility is likely to lead to
age structures that are sub-optimal with respect to their economic growth implications. The exact
magnitude of these effects depends on a host of demographic, social, and political factors that
critically shape the long-term development of age structure as well as the interactions between

age structure and the economy.

The analysis in this paper naturally links to previous work on the “low fertility trap” that
investigates the labor force consequences of low fertility (Billari and Kohler, 2004; Lutz and
Skirbekk, 2005; McDonald, 2006). McDonald (2008) argues that when fertility rates are below
1.5, it is difficult to raise fertility, due to changes in norms (through socialization) and
preferences regarding the number of children. Moreover, increased opportunities for women in
the workplace coupled with heightened consumerism, and the demographic, mechanical effect of
fewer women entering the childbearing age group have contributed to persistently low birth rates.
Open for debate among these authors is the threshold fertility rate at which countries enter the

“trap” and how countries can escape the trap.

In this paper we do not model the dynamics of fertility directly, but rather explore the
long-term relationship between fertility rates and the relative size of the workforce. We thus
formalize and generalize the issues and concerns raised by the above literature, without making

specific assumptions regarding the long-term determinants of family size.

The rest of the paper is structured as follows: in section 2, we discuss the basic
mechanisms through which fertility affects economic growth and highlight the non-linear long
run relationship between fertility and the working-age share. In section 3, we discuss recent
trends in fertility and the working-age share in Europe and show that working-age share has not
fallen yet despite fertility rates below replacement. In section 4, we use a panel data set covering
the period 1960 to 2000 to estimate the (reduced form) effect of fertility on output per capita in

Europe. We reflect on these results in section 5.



2. Theoretical Background

2.1 Overview

There are three theoretical channels through which fertility affects economic
development: population growth with fixed resources (the Malthusian theory), the Solow capital
stock effect, and the age structure effect. According to the Malthusian hypothesis, larger
populations imply lower resources per capita in the presence of a fixed factor (land is frequently
given as example), and thus lower income per capita. A similar, yet slightly more subtle
mechanism is at play in the Solow growth model (Solow, 1956) where capital stock is built up
through savings and declines with depreciation. With constant returns to scale, population
growth works in the same way as capital depreciation and thus lowers steady-state income per

capita in the traditional Solow model.

The third link between fertility and economic growth, and the main focus of this paper, is
age structure. The age structure of a population follows from the historical sequence of fertility,
mortality, and net migration, and directly determines the relative size of the working-age
population. Since output is measured in per capita terms, the fact that labor force participation
rates vary by age means that the working-age share directly affects income per capita through the
number of workers per capita. A decline in fertility reduces the number of children, thus
unambiguously raising the working-age share and — as long as participation rates do not change —

increasing labor supply in the short run (Bloom and Freeman, 1988).

The same argument does not hold in the long run. As we show in further detail below,
persistently high fertility rates imply an age distribution strongly skewed towards the young
generations in steady-state. Sustained low fertility rates like the ones currently observed across
Europe, on the other hand, imply very large relative sizes for the old and economically inactive

cohorts in steady-state.



2.2 A Simple Model of Age Structure

The intuition for the basic mechanism linking fertility rates and age structure in the long run can
best be provided by a simple population model. Assume a stable population’ with three age

groups: the young, the middle age, and the old, and normalize the middle age group to unit size.

Assuming a 1:1 male/female and a constant fertility rate /', we must have % people in the old

f

age group,’ and Epeople in the young group. The simple age distribution of the population in

S 2
{2,1,f}. (1)

Assuming that only the middle age group works, the working-age share w of the population can

be defined as

equilibrium is then given by

oL of @

This expression has some intuitive properties. First, at replacement fertility,’ the working-age
share is 1/3. Second, deviations from replacement rate fertility unambiguously lead to a decline
in the working-age share. For high fertility rates, the first term in the denominator (f/2) becomes
large; this is the typical developing country scenario with high youth dependency and very low

old-age dependency ratios. With fertility rates below replacement, the last term in the

denominator (EJ becomes large, capturing the burden of very large old cohorts relative to the

size of the working-age cohorts. Figure 3 illustrates the theoretical relationship between stable

population fertility rates and working-age shares expressed in equation (2).

3 A stable population refers to a population that has constant age-specific fertility and mortality rates, which, in the
absence of migration, implies a constant age structure and constant population growth.

* The total number of births is the age-group-specific population times f/2. Thus, to get a birth cohort size of 1, we
need a “parent cohort” population of 2/f.

> In the case with zero mortality before old age, replacement fertility equals 2.



Figure 3: Theoretical long-run relationship between stable population working-age shares
and fertility
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The basic mechanism outlined in our simple model has ignored two important influences on the
age structure: mortality and migration. Incorporating mortality in the basic framework is
relatively easy: high mortality rates have two principal effects: first, they lower the number of
females reaching age 45 and thus being able to complete their fertility cycle; as a result, the
number of births generated by a given total fertility rate declines. High infant mortality thus has

very similar effects to lower TFR from a stable population perspective.

The second mortality effect comes through aging. Let us define o as the old-age survival

rate. Then one can rewrite the equation as

1 2f

J2‘+1+62_f2+2f+40'

3)

w=



with o <1. Lower old age survival implies a lower old-age dependency ratio and thus a higher
working-age share. Solving for the fertility rate that maximizes working-age share in steady-state,
we get the following first-order condition
ow_ 2f ’+8c
o (fr+2f+40)

=0, “4)

The working-age share maximizing steady-state fertility rate /" is thus given by

f=2Jo (5)

If o =1, a total fertility rate =2 is the unique solution’. The lower old-age survival, the lower
the working-age-share maximizing fertility rate.” This result is intuitive. If the old and the young
cohorts are equal in number, a flat age structure (equally sized cohorts) implies the largest
possible working-age share. If o <1, the relative weight of the old is strictly smaller than the
relative weight generated by the young, so that the working-age-share maximizing fertility rate is

strictly below 2.

To further illustrate this point, we simulate stable population outcomes for representative
survival schedules for populations at different stages of development. Rather than assuming three
broad age groups, we calculate the stock of each age group based on a given fertility and
mortality schedule where the working age covers the ages 15-64. For each mortality/fertility
schedule, we run the simulations until a stable population distribution is reached®. The resulting
working-age shares are summarized in Figure 4 below. The graph illustrates the relationship
between fertility and working-age share. It is important to emphasize that this is a long-run

dynamic. Figures 3 and 4 show that a decrease in fertility rate below the WAS-maximizing level

% We restrict the domain of our analysis to the set of positive real numbers.

7 As this fertility rate can be above or below the replacement fertility rate, the working-age-share maximizing stable
population fertility rate parameter will lead to positive, zero, or negative population growth. Thus we cannot assert
that the fertility rate that maximizes the working-age share is the “optimal” fertility rate — the population growth
consequences may impose a negative effect on economic growth.

¥ We initiate the simulation with a flat age structure, and then impose constant age-specific fertility and mortality
rates to impute the stock of each age group in each period. It takes up to 200 simulated periods for age structure to
converge to a stable population distribution. In Figure 4 we show the resulting stable population working-age share
for three examples of mortality schedules and fertility rates between zero and ten.



leads, in the long run, to a lower working-age share. The short-run transitional dynamics look
quite different, since any reduction in fertility will mechanically decrease the youth dependency
ratio in the near term. The figures thus compare steady states, and do not illustrate short-run

dynamics.

Figure 4: Stable population distribution relationship between fertility and working-age
share under different life expectancy scenarios
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Figure 4 shows the relationship between fertility and working-age shares for three
different life tables (World Health Organization): Zambia, with a life expectancy of 40 in 2005,
Yemen, with a life expectancy of 60 in 2005, and France, with a life expectancy of 80 in 2005.
The figure shows that the basic inverse U-shape relationship between fertility and working-age
shares outlined in equations (2) and (3) persists, independent of the mortality schedule applied. It
also highlights the differential impact of life expectancies at different levels of fertility. Although
life expectancy has very limited effects at very high fertility levels, high levels of old-age
survival significantly lower the working-age share for low rates of fertility. As revealed by
equation (5), the fertility rate that maximizes the working-age share depends on the relative size
of the old cohorts. In Zambia, with a life expectancy of 40 years, youth dependency is more
relevant than old-age dependency, so the optimal steady-state total fertility rate is relatively low
at 1.7. In Yemen, with a life expectancy of 60 in 2005, the relative burden of the young and the

old is similar in magnitude, so that we get an optimal steady-state fertility rate of 2. The same is



not true in France; with a life expectancy of 80 years, the burden from the large old generations
is greater than the burden from large young generations, so that the working-age-share-

maximizing fertility rate in steady-state is 2.6, significantly above replacement’.

This burden from large generations, however, is dependent on the typical retirement age.
In the graphs and calculations made above, we have defined working age as being the age range
15-64. In the European case, a majority of workers retire around 60 (Gruber and Wise, 1999;
Gruber and Wise, 2004), so that one may wish to restrict the working age to a smaller range. In
Figure 5 we simulate stable population working-age-shares for a range of retirement ages using
the French survival schedule. At retirement age 55, the burden of the old is particularly large,
implying a working-age-share-maximizing fertility rate of 3.1. If, on the other hand, the working

age would go all the way up to age 70, the WAS-maximizing fertility rate would fall to 2.0.

? It should be noted that the fertility rate maximizing the working-age share may imply growing or declining
populations.

10



Figure 5: Stable population distribution relationship between fertility and working-
age share under different retirement age scenarios
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An analogous picture emerges when we change the assumptions regarding the lower
bound of the working age to reflect differences in the years of schooling and the resulting
differences in the timing of labor force entry. As Figure 6 illustrates, later entry into the labor
force mechanically lowers the working-age-share. Later entry into the labor force is associated
with a higher relative burden generated by the young cohorts, and thus lower working-age-share-

maximizing fertility rates.

11



Figure 6: Stable population distribution relationship between fertility and working-

age share under different labor force entry age scenarios
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The second main channel omitted in the basic model outlined in this section is

immigration. Immigrants generally display reproductive behavior different from the population

in their host countries (Fernandez and Fogli, 2006) and also directly affect the age distribution of

countries. The exact effect of migration on age structure depends on the average age of the

migrants, as well as on the duration of stay. Immigrants arriving during their working age and

leaving before retirement increase the relative size of the working-age population and labor force

of their host country, and lower the working-age share in their country of origin.

The third main factor we did not consider in our discussion of fertility trajectories that

optimize economic growth is behavioral change. Changes in fertility are likely to change labor

force participation rates of women (and possibly men too) (Bloom and Freeman, 1986; Bloom,

Canning, Fink and Finlay, 2007), but are also likely to lead to changes in the accumulation of

12



human and physical capital (Bloom, Canning, Mansfield and Moore, 2007; Lee and Mason,
2008). These factors imply positive externalities generated by low fertility rates in the long run

that may partially offset the negative working-age-share effects highlighted here.

3. Fertility in Western Europe

In all European countries the 2005 total fertility rate is lower than the 1975 rate, as shown in
Table 1. Over the same time period the figures in Table 1 indicate that the working-age share in
all European countries (except Finland) has increased. An increase in the working-age share
requires the denominator (number of people age 15-64) to grow faster than the numerator (total
population). The dynamic effect of a fertility decline on working-age share is highlighted by
Bloom, Canning, and Sevilla (2003). An initial decline in fertility will lower the youth
dependency ratio and mechanically increase the working-age share. Over a lifetime horizon, the
smaller sized cohorts move through the population age groups and the new stable population
distribution will be achieved if fertility, mortality, and net migration remain constant. With
below-replacement fertility rates we would expect to observe a decline in the working-age share

as illustrated in Figure 4. However, this dynamic has not yet materialized in Europe.

Theoretically, in the short term, working-age share could remain high in the face of
below-replacement fertility if the mortality rate of the working-age population improves relative
to that of the dependent age-groups. In Western Europe, life expectancy improvements have
been seen across the board. But improvements are likely to be concentrated in the old-age groups,

which will increase old-age dependency and depress, rather than increase, the working-age share.

In Western Europe, the increase in the working-age share between 1975 and 2005 is
likely to have been driven by two key factors: immigration and short-run dynamics. Since most
immigrants are young (Malmberg, 2008), continued immigration essentially substitutes for low
birth rates and increases the relative size of the working-age share. The second main reason for
the absence of evidence on the positive relationship between fertility below replacement rates

and falling working-age share lies in the fact that most countries with very low total fertility rates

13



today have moved below replacement only recently. According to World Development
Indicators (World Bank, 2007), only four countries (Czech Republic, Estonia, Hungary, Latvia)
had total fertility rates below 2.1 in 1960; in 2005, total fertility was below 2.1 in all European
countries. Given that the negative age structure effects of low fertility rates only come through
once low fertility persists for several generations (as the age distribution approaches stability),
the full effects of the move to low fertility rates will only become apparent several decades from
today. In other words: the generations currently retiring in most countries with low fertility rates
still bore more than two children on average, which keeps old-age dependency rates moderate.
Once the generations who have fewer than two children on average begin to dominate, this
balance will change, and there will be a sizable reduction in the working-age share unless a high

and continued inflow of (young) immigrants is sustained.
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Table 1: Demographic features of Western European countries 1975 and 2005

Year Total fertility Life Net migration Working-age Population
rate expectancy share
Austria 1975 1.82 71.1 77,970 61.9 7,560,000
2005 1.41 79.4 100,000 67.8 8,230,000
Belgium 1975 1.74 71.9 73,650 63.9 9,800,000
2005 1.72 79.5 67,000 65.6 10,500,000
Denmark 1975 1.92 74.1 16,740 64.0 5,060,000
2005 1.80 77.8 60,613 66.2 5,420,000
Finland 1975 1.69 71.7 23,210 67.4 4,710,000
2005 1.80 78.8 41,181 66.8 5,250,000
France 1975 1.93 72.8 480,960 62.6 52,700,000
2005 1.92 80.2 300,000 65.2 60,900,000
Germany 1975 1.45 71.4 888,530 63.6 78,700,000
2005 1.36 78.9 1,100,000 66.9 82,500,000
Greece 1975 2.37 73.2 72,030 63.9 9,050,000
2005 1.28 79 179,000 67.5 11,100,000
Ireland 1975 3.40 71.7 52,810 57.8 3,180,000
2005 1.88 79.4 194,000 68.9 4,160,000
Italy 1975 221 72.6 -120,850 63.7 55,400,000
2005 1.32 80.3 600,000 66.0 58,600,000
Luxembourg 1975 1.55 71.4 20,620 65.4 361,000
2005 1.70 79.2 19,567 67.3 457,000
Netherlands 1975 1.66 74.5 152,460 63.9 13,700,000
2005 1.73 79.3 150,000 67.7 16,300,000
Norway 1975 1.99 74.8 15,990 62.5 4,010,000
2005 1.84 80 58,430 65.4 4,620,000
Portugal 1975 2.52 69.3 9,510 62.2 9,090,000
2005 1.40 78.1 250,000 67.0 10,500,000
Spain 1975 2.79 73.3 73,130 62.4 35,500,000
2005 1.33 80.6 2,025,000 69.2 43,400,000
Sweden 1975 1.78 75.0 19,440 64.2 8,190,000
2005 1.77 80.5 157,000 65.3 9,020,000
Switzerland 1975 1.60 74.7 -10,520 65.0 6,410,000
2005 1.42 81.2 40,000 67.6 7,440,000
United Kingdom 1975 1.81 72.7 -146,110 62.7 56,200,000
2005 1.80 78.9 686,400 66.1 60,200,000

Source: World Bank (2007)

15



The size of the economic repercussions of declining working-age shares on economic
development, however, will critically depend on individual behavior. With increasing life

expectancies and smaller family sizes many aspects of societies are bound to change.

In Bloom et al (2007) we show that each extra child lowers a female’s labor force
participation by approximately four years over an average working life. With lower fertility rates,
female labor force participation increases and has important positive second-order effects on
income per capita. This relationship, however, appears different in European countries, where
fertility is clustered in a relatively small range as shown in Figure 7. Engelhardt and Prskawetz
(2004) argue that in fact the relationship between fertility and female labor force participation in

Europe is positive when looking at the changes within countries across time.

Figure 7: Fertility and Female Labor Force Participation in Europe, 2005
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Changing fertility may also affect savings behavior. From a life-cycle perspective,

children and savings can be viewed as substitutes in terms of old-age security. In the absence of

16



formal capital markets, children may act as a more reliable form of savings for old-age support
than financial savings. As capital markets develop, parents can substitute towards savings and

lower the demand for children (Ehrlich and Kim, 2007).

Lee and Mason (2008) argue that smaller family sizes do not necessarily lead to lower
aggregate human capital. According to the Lee-Mason model, households contribute a fixed
proportion of resources to fund the education of all the children. When the number of children
per household declines, investment in each child’s education increases proportionally.
Accordingly, as these children age and enter the workforce, the aggregate amount of human
capital is not compromised even though the number of people entering the workforce is now

lower.

4. Fertility and Income Per Capita in Europe

In previous studies Bloom, Canning, and others have highlighted the importance of the level and
growth rate of the working-age share in explaining cross-country differences in economic growth
(Bloom, Canning et al., 2003; Bloom, Canning, Fink and Finlay, 2007; Bloom, Canning, Fink
and Finlay, 2007). In this paper we emphasize the role of fertility and examine the direct effect

of fertility changes on economic growth in Europe compared to the global sample.

To test the effects of fertility on economic performance in Europe we follow the

framework developed in Bloom et al. (2008), and estimate a reduced form of the following type:

In(y,)=B,+Bf+E+E+e, (6)

where /n(y;) is the natural logarithm of income per capita (measured in constant prices at PPP), f;;

is the total fertility rate of country i in period #, and & and ¢ are year and country dummies,

respectively. The unobserved country- and time-specific factors are captured in the residual, ¢, .

In this reduced form estimation approach we omit variables such as life expectancy and

growth of the working-age share that have been highlighted in previous works as an important
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explanatory factor of economic development (Bloom, Canning et al., 2003; Bloom, Canning and
Sevilla, 2004). Rather than choosing among the large set of potential factors explaining income
differentials across countries, we follow the reduced from approach chosen by Acemoglu and
Johnson (2007) and rely on exogenous changes in fertility to identify the causal effect of fertility

on income.

To instrument for total fertility in equation (4) we use international abortion laws. The
national abortion legislation data are published on an annual basis by the United Nations
Population Division (2002). We code the abortion laws into an index ranging from 0 to 7, with
higher values of the abortion index indicating more liberal abortion legislation.'” For further
description of the abortion data and the validity of the abortion index as an instrument for

fertility see Bloom et al. (2007) and Bloom et al. (2008).

In the empirical results presented here, we focus on two main samples: a Western
European sample comprising the former EU15 plus Norway and Switzerland, and a European
sample with all 36 countries in Western and Eastern Europe. The sample period covers the years
1960-2000, which we divide into five-year intervals. Table 2 shows the descriptive statistics for
the two sub-samples. A full country list is provided in the appendix, Table Al. As Table 2 shows,
the two samples look fairly similar, with the Western European part being richer in terms of real
income per capita, and the Eastern European countries displaying slightly lower fertility rates

and slightly more liberal abortion laws.

The analysis we conduct suggests that the effect of fertility on income per capita differs
across country sub-samples. In Bloom et al (2008) we find that fertility has a negative effect on
income per capita in a global sample. In the European sample presented below, we find that there
is a positive effect of fertility increases on income per capita. This could lead us to a more
sophisticated estimation framework that is non-linear in fertility versus a structural break at a
Hansen-tested threshold (Hansen, 1999; 2000; 2004). However, we choose to estimate the

specification as outlined in equation (6) as the non-linearity is difficult to identify with only one

' An index value of 0 means that abortion is not allowed on any legal ground. An index value of 7 means that
abortion is legal for all of the following reasons: life-threatening condition, mother’s mental health, mother's
physical health, rape or incest, fetal impairment, economic reasons, and on request.
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instrumental variable. Moreover, OLS estimation of a non-linearity compared to a structural
break indicates that there is little difference between the suggested marginal impact from a non-

linear model as compared to a model with a split'".

Table 2: Descriptive statistics

Western Europe

Mean Std. Dev. Min Max
In(GDP per capita) 9.65 0.44 8.21 10.78
Total fertility rate 1.98 0.58 1.18 4.03
Abortion index 4.42 2.53 1.00 7.00

Based on 144 observations, 17 countries

Europe

Mean Std. Dev. Min Max
In(GDP per capita) 9.39 0.64 7.14 10.78
Total fertility rate 1.92 0.55 1.10 4.03
Abortion index 4.98 2.51 0.00 7.00

Based on 217 observations, 36 countries

Table 3 shows the results for our main specification. In columns 1 and 2 we estimate
equation (4) with OLS; in columns 3 and 4 we use the abortion index to instrument for fertility.
Column 1 and 3 control for period fixed effects only, while columns 2 and 4 show the more
robust specifications with time and country fixed effects. Although we find some evidence for a
negative effect of fertility on income per capita consistent with our previous work in the
extended sample (2008), this effect does not appear to be significant in the IV estimation with
fixed effects shown in column 4 of Table 3. The complete results of the first stage are available
in Appendix Table A2. It should be noted, though, that our sample is very small here, making
identification in the first stage difficult. In the larger European sample with 36 countries, our
instrument performs better in the first stage; a Cragg-Donald statistic of 7.1 implies that our

instrument predicts fertility reasonably well in the first stage with time and country fixed effects.

11 . . .
These results are not presented in this paper, but are available on request.
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The estimated coefficient on fertility is positive and significant at 0.5, meaning that a unit

increase in fertility in this sample implies a 50% increase in output per capita.

The positive effect of a fertility increase on income per capita contrasts with the strong
and negative relationship found between fertility and income in an extended set of countries
(Bloom, Canning et al., 2008). Since the European sample is almost entirely characterized by
fertility rates below replacement, this is consistent with the basic mechanism outlined in section
2. Although increases in fertility have negative effects on output per capita in a high-fertility
environment, the opposite seems to be true in an environment with fertility rates below
replacement, as has been previously noted for a smaller sample (Hondroyiannis and Papapetrou,

2005).

Table 3: Fertility and GDP per capita

Western Europe

Dependent variable: In(GPD/P) (D) (2) (3) (4)
Total fertility rate -0.315%%* -0.0709 -0.579%%* -0.173

-0.051 (0.049) (0.12) (0.28)
Year dummies Yes Yes Yes Yes
Country fixed effects No Yes No Yes
Estimation method OLS OLS v v
R-squared 0.64 0.96 0.59 0.95
Cragg-Donald F-stat 25.40 1.547
Notes:

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1; 1169 observations

Europe
Dependent variable: In(GPD/P) (1) 2) 3) (4)
Total fertility rate -0.310%** 0.0958* 0.360 0.555%**
-0.11 (0.056) (0.35) (0.25)
Year dummies Yes Yes Yes Yes
Country fixed effects No Yes No Yes
Estimation method OLS OLS v v
R-squared 0.14 0.96 -0.02 0.93
Cragg-Donald F-stat 26.49 7.114
Notes:

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1; 1169 observations
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5. Discussion

In this paper we have explored the effect of fertility on income per capita in the short and
long run. In the short run, a decline in the fertility rate unambiguously increases income per
capita as youth dependency falls and the working-age share increases. As we have shown in the
theoretical framework presented in section 2 of this paper, the relationship between fertility and
age structure in steady-state is more complex in the long run. Although it is true that very high
fertility rates have a negative effect on output per capita through low working-age shares, the
positive effect of lowering fertility only exist up to the rate at which working-age share is
maximized; any fertility decline below this maximizing rate lowers the working-age share in
equilibrium and may induce a reduction in output per capita consistent with our findings in
section 4 of this paper. In high-fertility countries such as Zambia, the message is clear: lower
fertility will increase income per capita. For low-fertility European countries, the implications of
fertility decline are more complex: lower fertility will increase income per capita in the short run,

but decrease it in the long run. This poses a policy conundrum for European policymakers.

In most Western European countries, continued net immigration and the relatively recent
decline in fertility have bolstered working-age shares to today’s levels. However, given the
growing aversion to further immigration exhibited in many European countries and the resulting
increase in migration restrictions, the scope for large future immigration inflows seems very
limited at the moment. If fertility rates stay at current levels, or fall further, declines in the
working-age share of the population will occur over the next decades and depress income per
capita gains. With a life expectancy of 80 years, our simulations imply that the long-run
working-age shares will drop to somewhere between 50% and 55% if fertility rates stay at
current levels. Comparing this with the current working-age shares close to 70% in most
European countries implies a reduction in the number of workers per capita of around 25% under
the assumption that average participation rates remain unchanged. Even though this adjustment
is likely to happen over several decades, the resulting negative growth effects will clearly be

noticed, especially by those economies with already modest economic growth.
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The exact magnitude of these effects, however, critically depends on the multitude of
policies affecting labor force participation, particularly social security regulations (Gruber and
Wise, 1998; Blondal and Scarpetta, 1999; Gruber and Wise, 1999; Gruber and Wise, 2004).
Adjusting institutional settings such as social security, child care, and education will not only be
important to ensure long-term fiscal sustainability, but also to lessen and possibly avoid negative

income effects generated by demographic change.
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Appendix
Table A1: Country list

Albania 1990-2000 Finland* 1975-2000
Austria* 1975-2000 France* 1960-2000
Belarus 1995-2000 Germany* 1970-2000
Belgium* 1960-2000 Greece* 1960-2000
Bosnia & Herzegovina 1990-2000 Hungary 1970-2000
Bulgaria 1995-2000 Iceland 1975-2000
Croatia 1990-2000 Ireland* 1960-2000
Czech Republic 1990-2000 Italy* 1960-2000
Denmark* 1960-2000 Lithuania 1995-2000
Estonia 1990-2000 Luxembourg* 1960-2000

Macedonia, FYR 1990-2000
Malta 1970-2000

Moldova 1995-2000
Netherlands* 1960-2000
Norway* 1965-2000

Poland 1970-2000

Portugal* 1960-2000
Romania 1960-2000

Russian Federation 1990-2000
Slovak Republic 1990-2000

Slovenia 1990-2000

Spain* 1960-2000

Sweden* 1960-2000
Switzerland* 1960-2000
Ukraine 1995-2000

United Kingdom* 1960-2000

Note: * In Western European sample
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Table A2: First stage

Western Europe

Dependent variable: Total fertility rate 3) 4)

Abortion law index -0.0759%** -0.0213
-0.017 (0.018)

Year dummies Yes Yes

Country fixed effects No Yes

R-squared 0.66 0.84

Notes:

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;

144 observations

Europe

Dependent variable: Total fertility rate 3) 4)

Abortion law index -0.0612%** -0.0398**
-0.013 (0.018)

Year dummies Yes Yes

Country fixed effects No Yes

R-squared 0.59 0.81

Notes:

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;

217 observations
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