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Abstract

Fertility has long been declining in industrialised countries and the existence of public
pension systems is considered as one of the causes. This paper is the first to provide detailed
evidence based on historical data on the mechanism by which a public pension system
depresses fertility. Our theoretical framework highlights that the effect of a public pension
system on fertility works via the impact of contributions in such a system on disposable
income as well as via the impact on future disposable income that is related to the internal rate
of return of the pension system. Drawing on a unique historical data set which allows us to
measure these variables a jurisdictional level for a time when comprehensive social security
was introduced, we estimate the effects predicted by the model. We find that beyond a general
depressing effect of social security on birth, a lower internal rate of return of the pension
system is associated with a higher birth rate and a higher contribution rate is associated with a
lower birth rate.
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1 Introduction

In the mid to late nineteenth century, fertility in Europe began to drop and never rose
again. As much as the exact definition of the onset of this decline is disputed, so are
the causes for its persistence Regarding the definition of the onset of the fertility
decline, Coale (1965) was one of the first researchers to observe that fertility would never
rise again once it had declined by more than 10% from a previous plateau. Coale then
heuristically defined the onset of the fertility decline as the point in time when fertility
first declined by at least 10%. Regarding the causes, the Princeton European Fertility
Projectld concluded that innovations, e.g. in the area of birth control, and the diffusion
of the new technologies caused the fertility decline rather than changed economic and
social conditions. This is often termed the 'cultural diffusion hypothesis’ or the ‘Princeton
View’.

Not surprisingly, the results of the Princeton European Fertility Project have been
challenged, both on grounds of the quality of the data set (e.g. Galloway et al. 1994)
and on grounds of the methodology (e.g. Richards 1977; Brown and Guinnane 2007;
Goldstein and Kliisener 2010). Recently, the heterogeneity of the historical experience
has been stressed, which also contradicts the Princeton View. For example, Hirschman
(2001) notes that pre-decline fertility levels were much lower in Europe than in other
regions of the world.

Instead, the effects predicted by economic theory (e.g. Becker 1960) have received
more attention in the context of the first demographic transitionﬁ These effects are also
considered as the demand theory of fertility, according to which the marginal benefit of
rearing a child in terms of intrinsic utility and the child’s contribution to current and to
future income have to be equal to the marginal cost, including the cost of child-rearing
and the opportunity cost related to reduced income.

Among the economic explanations for the fertility decline, the reduced necessity for
having children as a provision for old age has received surprisingly little attention. It
is clear that people have children to provide for old age (e.g. Leibenstein 1957; Neher
1971; Nugent 1985; Cigno 1993). Social security contributions and social security benefits
affect disposable income, and thereby life-cycle consumption smoothing. If they affect
disposable income, and are moreover linked to labour income, it is natural to assume
that the labour supply decision is affected as well. The few studies that analyse the
connection between the generosity of the pension system and fertility find that a less
generous pension system has positive effects on fertility (e.g. Billari and Galasso 2009).

In this paper, we provide more evidence on the pensions-fertility nexus in the histori-

!Cleland and Wilson (1987) give an overview of the debate in classic demographic transition theory
and link this to early descriptive studies, inter alia of historical data. Arroyo and Zhang (1997) give a
comprehensive overview of dynamic microeconomic models and the derivation of reduced-form models
for estimation. Therefore they provide an important connection between theoretical advances and the
empirical tests of the theories.

2Coale and Watkins 1986 provide a summary.

3Guinnane (2011) gives a nice summary on more recent empirical research on the historical fertility
decline.



cal context. For one, the introduction of social security has only recently been considered
as one of the causes of the first demographic transition (Guinnane 2011). For another,
analysing the introduction of social security instead of changes in the configuration of
the social security system facilitates the identification of the effect.

To show the effects of the introduction of social security on fertility, we first establish
a simple theoretical framework on the pensions-fertility nexus and then provide evidence
for the hypotheses derived from the model using historical data. To establish a theo-
retical framework, we construct a simple overlapping-generations model in the spirit of
Cigno (1993) to show that the external provision of old-age income triggers a portfolio-
rebalancing of individual investment. Thereby, our study also renders support to the
social security hypothesis (Feldstein 1974). Depending on the internal rate of return of
the pension system in relation to the rate of return (and accessibility) of capital markets,
fertility can be negatively affected.

Since reliable demographic data combined with reliable data on social security is
scarce for the late nineteenth and early twentieth century, we restrict our analysis to
Imperial Germany, for which such data exist. Imperial Germany was the first European
country that enacted an irreversible transition into a welfare state. The authorities
collected information on several key variables of social insurance from the beginning. We
explore the effect on aggregate fertility at the provincial level using a newly compiled
data set of historical data.

This study shows that a lower internal rate of return is associated with a higher birth
rate, while a higher level of contributions is associated with a lower birth rate. However,
a change in the growth of the internal rate of return has much stronger effects than a
change in the growth of contributions. Moreover, even after controlling for the economic
determinants of fertility as well as the impact of pension insurance and a time trend, we
find that about 25% of the decline between 1891 and 1914 took place during the late
1890s and the early 1900s, which is when pension insurance was introduced as the last
element of comprehensive social insurance. Our results therefore also point to a general
effect of social insurance on fertility that goes beyond pure consumption-related aspects.

Section [ provides institutional details on Germany and social policy in the late
nineteenth century. Section [3] then presents the theoretical model and section M derives
the identification strategy from the theoretical framework, provides information on the
data set as well as considerations on econometric issues. Section [ presents a descriptive
analysis and multivariate results as well as sensitivity analyses. Section [6] concludes.

2 Institutional Background

The introduction of comprehensive social insurance in Germany took place between 1883
and 1891. Health insurance was introduced in 1883 and accident insurance in 1884. The
law on pension insurance was adopted in 1889 and came into force in 1891.

While Chancellor Otto von Bismarck was extensively involved in promoting the idea
of comprehensive social insurance and pension insurance in the early 1880s, his role in
developing the draft text on pension insurance was only marginal, even though he de-



fended the draft in parliament in 1887 (von Bismarck 1894)H Pension insurance provided
for so-called disability pensions and old-age pensions. Disability pensions were provided
if a worker was unable to work because of physical conditions; old-age pensions were
provided if a worker was unable to work because of age. Both disability pension and old-
age pension were designed as a supplementary income that was paid when workers were
unable to earn their income due to disability or when they were unable to make a living
because of age. Neither the disability pension nor the old-age pension were designed as
the only source of income, but as a supplement. A worker was expected to earn as much
as he (physically) could.

The conditions to qualify for pension payments differed between disability and old age
pensions. Workers could apply for a disability pension whenever they had paid contribu-
tions for at least 5 years. When they applied for a disability pension, the local authority
could decide whether the worker was disabled on a case-by-case basis. Accordingly, the
disability pension was effectively means-tested. If a worker reached the age of 70 — at a
time when average life expectancy for a boy born in Prussia between 1865 and 1867 was
32.5 years (Marschalck 1984) and average life expectancy for a child born between 1881
and 1890 in Imperial Germany was 42.3 years (Marschalck 1984)  they automatically
qualified for an old age pension

The pension system of 1891 was a partially mandatory, partially funded defined-
contribution pension system. For workers in specific occupational categories with an
annual income below 2000 Reichsmark pension insurance was mandatory; for people in
other occupations it was voluntary (Verhandlungen des Reichstages 1887/88 and RGbl
1889/13). As a consequence, about 20-25% of the population were covered by pension
insurance (Scheubel 2013a). Contrary to what is commonly believed, Bismarck’s pension
system was not what is understood to be a Bismarckian pension system today (Scheubel
2013b)E| However, the pension system of the 1890s was neither a pure pay as you go
pension scheme nor a fully-funded pension scheme. While the system was based on
current contributions financing current pensions, it was also supposed to accumulate a
capital stock. The set-up contained considerably more funded than pay-as-you-go ele-
ments. This set-up changed when the law was revised in 1899, coming into effect in 1900.
The pension system became a fully-fledged pay as you go system (RGBI 1899/33). The
pension level depended on contributions, such that the pension system can be classified
as a defined-contribution system (Scheubel 2013b). Workers paid contributions according
to income; there were four income categories. A fifth category was introduced with the
revision of the law in 1899, which divided the previous category IV in two new categories.
By paying contributions, workers could earn entitlement stamps, which would augment
their basic (lump-sum) pension entitlement

“Bismarck had to leave the office as Chancellor in 1890, one year before the law on pension insurance
came into force.

% After 1900 the definition of old age changed slightly and every worker who reached the age of 65 was
automatically classified as disabled.

®The term ’Bismarckian pension system’ is usually used to refer to a pay as you go type of pension
system.

"The average old-age pension in Imperial Germany was 21.88% of the average annual wage in rail



The administration of the pension system was decentralised and administered by re-
gional authorities, the so-called Regional Insurance Agencies (Landesversicherungsanstal-
ten). These Regional Insurance Agencies already administered the health insurance sys-
tem when pension insurance was introduced. They enjoyed discretion with regard to
setting contribution rates within certain limits and to approving pension applications.

3 Theoretical analysis of effects of pension systems on fer-
tility and savings

Microeconomic theories of fertility choice were developed by Becker and others (Becker
1960, 1965, 1988, 1991; Schultz 1969; Barro and Becker 1986, 1888, 1989; Easterlin 1975;
Becker and Tomes 1976; Cigno and Ermisch 1989). These approaches to an (economic)
theory of fertility are often referred to as the demand model of fertility, because children
are modelled as a consumption good and fertility is considered as the demand for children.
The marginal benefit of an additional child has to be equal to the marginal cost of rearing
the child in equilibrium.

More recently, the microeconomic theories were related to economic growth (Barro
and Becker 1989; Becker et al. 1990; Becker 1992). This provided the missing link be-
tween the microeconomic theories and the macroeconomic view on the fertility decline
that was adopted by its early observers. The impact of institutions on fertility has also
become the focus of economic research (e.g. McNicholl 1980; Becker and Murphy 1988;
Smith 1989; Guinnane and Oglivie 2008). The impact of institutions has, however, not
been discussed extensively in the context of the demographic transition in nineteenth
century Europe. Guinnane (2011) goes into some detail with regard to considering chil-
dren as a means for the provision for old age, and the existence of institutions and social
security in particular as a possibility to substitute away from this.

We discuss several possible channels how the introduction or extension of a pension
system may affect the fertility and savings decisions of the population. For this we
use a simple two-period overlapping generations model which combines three options to
provide for old age: private savings, an intra-family transfer from children to parents
when they no longer work and a public pension system. We analyse two types of the
public pension systems. The first type is a fully-funded system in which the pensions
are financed by the accumulated capital out of the savings that the government enforces.
This is a compulsory savings system. The second type is a pay-as-you-go (PAYG) pension
system in which the working generations finance the pensions of the retired generations
by their contributions in the same period. In particular, we investigate a PAYG pension

track supervision and maintenance and the average disability pension was 21.36% of the average annual
wage in that sector (Lotz 1905). Both the pension level and the average annual wage in rail track
supervision and maintenance differed across regions. The average old-age pension in that sector in
Baden was 18.81% of the local average annual wage and the average disability pension was 18.49% of the
local average annual wage. After 30 to 50 years of contribution, this fraction could increase to about half
of a worker’s wage in the lowest category and to about 40% of a worker’s wage in the middle category
(Reichsversicherungsamt 1910).



system with pensions of a generation which are proportional to the their contributions.

3.1 The Model

We consider the impact of a pension system on fertility and savings in a two-period
overlapping generations model (similar to Fenge and Meier, 2005). In period ¢ the size of
the working population is N;. By convention, we denote the working generation in period
t as generation t. The growth of population is given by the factor Nji,tl =1+n1. We
analyse the decisions of a household on the number of children n; and savings s; in period
t. Note that the number of children of an atomistic household has no effect on population
growth. The number of children in a family and the growth rate of the population only
coincide in equilibrium, since all households are identical.

In the first period the labour supply of the household depends on the number of
children. Children reduce the time available for labour!d Normalising total time to
unity, working time is given by 1 — f(n;) with f’(n;) > 0 and f”(n¢) > 0. Hence, the
time demand of a child increases with the number of childrenEl The wage rate is wy. The
household pays contributions from wage income at the rate 7 into the pension system.
We assume the contribution rate to be constant. The direct cost of raising a child is
7. Furthermore, we consider an intra-family old-age provision from the children to the
parents. Each grown-up child pays a transfer B; in her working period to the parents
in retirement. Young children participate in consumption ¢; in the first period, which is
determined by the following budget constraint:

et =we(l — f(ny))(1 —7) — 8¢ — mgny — By. (1)

In the second period the household retires and consumes z;41. Old-age consumption
can be financed via the pension p.y1, the returns on savings with interest factor 147441 =
Ry4+1 and the intra-family transfer. The budget constraint in the second period is:

Zt41 = Pr41 + Rev15¢ + Bryang. (2)

The utility of the household depends on consumption in both periods and the individ-
ual number of children. The function U(c, 2441, n¢) is increasing in all three arguments,
strictly concave and additively separable: U., = U, = U,,, = 0. Since fertility enters the
utility function, having children is induced by a consumption motive. The consumption
motive is a way of modelling the intrinsic motivation to have children. Furthermore,
children provide a transfer to their parents in old-age, which constitutes an investment
motive for children. This investment motive is important to create a model set-up which
corresponds to the set-up of pension insurance in Imperial Germany. During the first ten

#Note that this assumption can be relaxed. It does, however, correspond to the fact that at the time
when the pension system was introduced, unmarried women were supposed to be working, while married
women were still supposed to stay at home and care for the children (Kohl 1894).

“Note that this assumption can easily be relaxed by e. g. assuming a u-shaped time cost of children.
This would imply that with a certain number of children the cost of rearing each single one diminishes,
because the older children can care for the younger children.



years, the pension system set-up could be considered fully funded, such that we expect
behavioural effects via the reduced importance of the transfer channel only between 1891
and 1900. We present our theoretical considerations on the behavioural effect of the
transfer channel in section

The household determines the number of children and savings by maximising utility
subject to the budget constraints (1) and (). Substituting these constraints for the
consumption variables in the utility function results in a maximisation problem of a
function depending on n; and sy:

%I%X V(nt, St) = U(wt(l — f(’I’Lt))(l — 7') — St — TNt — Bt,pt+1 + Rt+18t + Bt+1nt, ’I’Lt). (3)
39t
This is the key equation for the empirical identification of an effect.

The pension is affected by fertility via the pension budget constraint as becomes clear
in the next section. Hence, we can write the first-order conditions of the maximisation
problem as:

0
Vn = —Uc((l — T)wtf'(nt) + 7Tt) + UZ <% + Bt+1> + Un =0 (4)
t
and
Vo= —U.+U.Ry41 = 0. (5)

The second-order conditions for a maximum are satisfied (see Appendix A).

In the following we analyse the impact of a higher contribution rate on fertility and
savings for a pay-as-you-go and a fully-funded pension system. The fertility effect is
given by:

a_n — Vm—‘/ss - Vns‘/m- (6)
or VanVss — VnsVin

3.2 Fertility effect in a pay-as-you-go pension

In a pay-as-you-go (PAY Q) system pensions of generation ¢ are financed by the contribu-
tions of generation ¢ + 1. If the PAYG pension is of the Bismarckian type the individual
pension is identical to the average pension weighted by an individual factor which re-
lates the individual pension contribution payment of a household of generation ¢ to the
generation’s averag:

Tw (1 — f(ny))
Twy (1 — f(7g))’

where (1— f(7z)) denotes the average labour supply of generation ¢ and the growth factor
of the population, 1+n; 17 = va—:l, is equal to the average number of children of generation
t. If the individual contribution, 7w, (1 — f(n¢)), is above average, Tw; (1 — f(77)), the

(7)

PP = (1 + ) rwes (1 — (7))

0The pension system that was introduced by Bismarck was very similar to the institutional setting
in Germany today. As a main feature, current pension claims were paid from current contributions. See
also section



individual pension, ptBJfls, is higher than the average pension, (14+751)7wi+1 (1— f (eg1)),

by the same proportion. Since the wage rate and the contribution rate are identical for
all households we may write the proportionality factor as % and call it the Bismarck
factor.

In the Bismarckian case a higher number of children reduces the pension claims

proportional to the payroll growth factor (1 + nt+1)w£1 %?%)1):

Pl _ ;o Wit 1 — f()
o, —(1 4+ M) Twe f () w1 f(m)

<0 (8)

Second period consumption is given by

1—f(n
Zp1 = (L + ) Twea (1 — f(nt+1))#2n_3 + Rey18e + Bepany. (9)
and the intertemporal budget by:
Ripice+ 241 = R [(1—71)we(1 = f(ne)) — mne — By

w1 (1 — f(M51))

wy(1 — f (7))

The marginal price of children in present value terms of period t + 1 is

+(1 4+ 751) Tw(1 — f(ng)) + Bepang.  (10)

055 = R (1= m)wef!(ng) + )
w1 (1 — f(M51))
we(1 — f (7))

We assume this marginal price to be positive at an inner solution of fertility decision.
In equilibrium, the average population growth factor is identical to individual fertility:
n; = n; and, hence, average labour supply is identical to individual labour supply:
1— f(m7) = 1— f(ny) in the case of homogeneous households. In what follows we denote
the internal rate of return of contributions to the PAYG pensions system in equilibrium

by

+(1 + m) thf'(nt) — Bt+1 (11)

Qi1 = proa /7w (1= f (ne)) - (12)

In the case of constant contribution rates this is equal to the payroll growth factor:

w1 1 — f(ey1)
wy 1—f(mg) (13)

In the following analysis of the fertility effect the relation between this internal rate
of return and the capital market interest rate will be crucial. A steady state equilibrium
which is dynamically efficient satisfies Ryy+1 > 11 V t. In transitional periods of the
economy the relation may be reversed. However, Ry 1 > 411 can be justified for the
period from 1878 to 1914 since the economy moved out of mildly deflationary environment
i n approximately 1895 (Wehler 2008).

D1 = (1 +751)



Now we consider the fertility decision in a PAYG pensions system of the Bismarckian
type. In order to calculate the sign of the numerator of (6]) we need the second derivatives
of utility with respect to the contribution rate:

Vir = wif (n)U.(Reg1 — Q1) +wi(1— f(ny))
[Uee(1 = T)we f'(ne) + m¢) + Uz (Bpr — Qugrrwe f'(ng)) Qugr] (14)

and
Vir = wie(1 — f(n4))[Uce + U241 Ri41] < 0 (15)

The numerator of equation (@) can be calculated as:

ViiVes = VisVer = (Rt—i-l - Qt—i—l) [wtf/(nt)Uz(Ucc + UzzR?+1)
+wt(1 - f(nt))UccUzz
(Res1((1 = T)wef (ne) + m) — (Bigr — Qparwe f'(ny)))] (16)

The sign of the numerator is ambiguous and we have to consider the separate effects in
turn. Using ([I3)), the marginal price of children from equation (II) can be written as
Ri1 (1 — 1w f'(ng) + m¢) — (Bea1 — Qer17wef’(ny)) which is positive.

The price effect: Increasing the contribution rate reduces the opportunity cost of
having children in terms of foregone lifetime income. A higher contribution rate reduces
the net wage income in the first period so that the opportunity cost of a child is reduced
by we f'(nt). Moreover, a higher contribution rate increases the pension entitlement in the
second period. This implies that the reduction of the Bismarck pension due to another
child increases. This increase of the opportunity cost of a child in the second period
is expressed by %’iﬁwtf’(nt) in present values of period ¢. Thus, a higher contribution
rate lowers the opportunity cost of having a child in the first period, but increases the
opportunity cost of having a child in the second period in terms of pension entitlements.
In a dynamically efficient economy, the total opportunity cost falls. Partial derivation of
(II) with respect to 7 shows that the price of a child decreases with a higher contribution
rate,

ongiy ,
ar (Re1 — Qusr) we f/(ne) <0, (17)
Since children become relatively cheaper than savings as a provision for old-age, more
children are substituted against less savings which increases consumption and utility in
the first period. The number of children increases at the expense of saving.
The income effect: By using the definition of the payroll growth factor (I3]) the
lifetime budget constraint ([I0) can be written as:

Ritici + zep1r = we(1 — f(ng)) [Rig1 — 7 (R — Qo)) — (Reg1me — Begr) ne - (18)

The derivation of the RHS of ([I8) with respect to 7 shows that a higher contribution
rate reduces lifetime income by

(Rt+1 - Qt+1) wt(l - f(nt))

"'The formal treatment of the savings decision can be found in the Appendix A2.




The reason is that the PAYG pension system incurs a implicit tax on wage income.
In a dynamically efficient equilibrium, i.e. R;y1 > 441 V ¢, compulsory contributions
mean a loss in lifetime income, because compulsory contributions to the pension system
mean a loss in lifetime income since investing the same amount of contributions in the
capital market instead would yield a higher rate of return. The lower rate of return in
the pension system implies that the Bismarck pension system involves an implicit wage
tax, 7 (Riy1 — Q1) > 0 (e.g. Barro and Becker 1988; Sinn 2000, 2004b). A higher
contribution rate increases this implicit tax and reduces lifetime income. With normal
goods, consumption in both periods is reduced. The reduction of lifetime income is
partially compensated by decreasing the number of children. Each child less lowers the
reduction by its price HEFIF = Re1 (1 —1)wef'(ng) +m¢) — (Beg1 — Qerrmwef (ng)) > 0.
Hence, due to the income effect fertility decreases with rising contribution rates.

Proposition 1 Price effect and income effect If the price effect overcompensates
the income effect, the overall effect of a PAYG pension system on fertility is positive. If
the income effect overcompensates the price effect, the overall effect of a PAYG pension
system on fertility is negative.

The price effect and the income effect depend on the opportunity cost of having children
and thus on the internal rate of return of the pension system Qy11 = pry1/Twe (1 — f (ny)).
If the internal rate of return of the pension system increases (decreases), the price effect
is lower (higher) and the income effect overcompensates (is lower than) the price effect:
fertility falls (rises).

Furthermore, we can show that savings are a partial substitute to children under
the following conditions on the net return of children. On the one hand assume the
intra-family transfer of children in the second period is higher than the cost of children
due to the reduced Bismarckian pension. Then having more children would increase the
consumption in the second period. If, on the other hand, the discounted intra-family
transfer is lower than the cost of children in the first period, a higher number of children
decreases consumption in the first period. Smoothing the consumption profile leads to a
reduction of savings. Combining both effects implies that savings are substituted for a
higher number of children. For details see the analysis in Appendix A. Hence, if higher
contribution rates increase fertility, the effect of the Bismarck pension system on savings
is negative.

Proposition 2 Crowding out of savings in a PAYG system Savings may be par-
tially crowded out depending on the relative return of the pension system in relation to
capital market savings and in relation to children.

Thus we can summarise the findings in our main hypothesis:

HYPOTHESIS 1: FERTILITY EFFECT IN A PAY-AS-YOU-GO BISMARCKIAN
PENSION SYSTEM

In a dynamically efficient economy the introduction or expansion of a pay-as-
you-go public pension scheme of the Bismarck type sets incentives to reduce



(increase) the number of children if the income effect is higher (lower) than
the price effect on fertility. The relation between these effects is determined
by the internal rate of return of the pension system.

4 Data, identification strategy and econometric considera-
tions

4.1 Data

Showing the impact of social insurance and, in particular, pension insurance on fertility
for the late nineteenth century requires reliable data. Our empirical analysis is based
on a regional data set for Imperial Germany which we combined from two primary data
sources, the Imperial Annual Yearbook of Statistics and the Annual Reports of the
Regional Insurance Agencies, which were collected by Kaschke and Sniegs (2001). We
also use data from Mombert (1909) matched with these data sources for some analyses.
The regional entities had to be made consistent, because data in the Annual Yearbook
of Statistics has been collected at the state level, while one Regional Insurance Agency
could cover a region larger than a state, or if a state was large (like Bayern) there could
be more than one Regional Insurance Agency in that state. Figure [[l shows the regional
entities after harmonising the data sets. We use the German names for these regions,
because for some regional names there is no English equivalent. However, when we refer
to a broad region, like for example the Kingdom of Prussia, we use the English names.
Therefore, as a rule, when we use English names we refer to a region, while when we use
German names, we refer to a unit of observation.

[Figure [l about here.]

Measuring fertility in the historical context is as complex as finding a suitable data
set. Individual-specific measures which are common in event-history analysis like the
individual birth history of a woman or a household cannot be derived from historical data.
Individual-level data is hardly available. Even detailed measures of fertility are difficult
to derive for the aggregate population, because measures like the total fertility rate
(TFR) require cohort-specific fertility rates, and the size of each cohort. Information
on the age structure of the population is scarce for late nineteenth century Germany. If
it is available, it is only available for census years. Information on crude birth rates is,
however, available annually. Therefore, we can construct the crude birth rate (CBR) and
also the crude marital birth rate (CMBR) as number of births per mill and number of
marital births per mill respectively, because German authorities also collected data on
illegitimacy rates

12 . _ <—age=49 (BIRTHS}9®)
The TFR is defined as TFRy = 377" 5 WOMEN™ 1000

to the sum of all cohort-specific birth rates in year ¢.

'3 The regional distribution of the CBR in Imperial Germany corresponds to the regional distribution of
the total fertility index in those years for which we can compute the total fertility index. The information
is broadly in line with the information in Knodel (1974).

That is to say, the TFR in year ¢ is equal
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More importantly, however, some covariates are not as frequently available as e.g. the
birth ratel™] We account for this fact in our econometric approach, detailed in section

43

4.2 Identification strategy

Our theoretical model gives us an indication how to best identify an effect of compulsory
saving in a public pension system on the number of children. According to our model,
a household takes a simultaneous decision on the number of children and the amount
of capital market savings, depending on the amount that has to be contributed to the
public pension system. As depicted in equation ([3]), the utility function’s three elements
consist of the utility from consumption in the current period, utility after retiring and
utility from having children. In translating this into an econometric model, we have to
consider first, the form of the utility function, second, the determinants of the utility
function which should also enter the econometric model and third, the fact that we have
data available at the jurisdictional level, while we have written down our model at the
household level.

First, consider the form of the utility function. Since we assume it to be additively
separable in its arguments, we can also write our econometric model such that the main
determinants of the fertility decision enter additively. Thus, our multivariate model links
the number of children to its main determinants additively:

yua: = YouH + Ueaa tBe + Uzan8: +cnm -

The number of children in a household 4z depends on the utility from current consump-
tion Uegg and on the utility from future consumption U,gg. Note that if we assume
that the utility from the pleasure of having children is the same for all households, it
enters the intercept yo, n as depicted here. However, we can also assume this utility to
be household-specific and would then have to include household-specific dummies in the
regression. egp is an i.i.d. error term.

Second, consider the determinants of fertility that should be included. According to
our model, for capturing current consumption, we should include a measure of disposable
labour income, represented by (1 — 7)(w(1 — f(n:))), a measure of the cost of children,
represented by mns, and a measure of the intra-family transfer B; which has to be paid
to the parent generation. For capturing future consumption, we should include measures
of the pension level p;y1, of the amount of savings R;y1s5; and the intra-generational
transfer B;y1. We modify the representation of our econometric model as ygp; =
yaH + THHLOB, + pHH7t,8p + eyl where xyp ¢ represents the vector of variables for
current consumption and PHH,¢ represents the vector of variables for future consumption.

Note that it is not clear ex ante where to best include a measure of savings. Our model
illustrates that not accounting for the fact that children and savings can be substitutes
to a certain extent can lead to biased estimates. The pension system’s crowding out of
fertility may only appear once a crowding out of savings has taken place. In practice,

"Data availability is detailed in Annex B.
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such interactions would require a simultaneous equations estimation approach, which
we cannot pursue since there is no reliable time-varying measure of savings. However,
note that according to equations () the optimum number of children is determined by
U, (85:;1 + Bt+1) + U, — U.[(1 = 7)wef'(ny) + m¢]. At the same time, we know from
equation (B that U, = U,Ry41 in the optimum. In other words, we only have to make
sure that we include a measure of how current consumption can be traded off against
future consumption in the optimum. In the historical context, that requires a measure
of the capital market rate of return, but also the diffusion of private saving opportunities
across households. We therefore include the productivity in agriculture, which should
also be linked to the return on capital, in our regressions as well as the diffusion of savings
books in 1900.

Third, consider the availability of the data only at the jurisdictional level. Since
our model is constructed for identical agents, it is even better suited to describe the
average reaction of the population in a certain jurisdiction rather than a household’s
fertility decision since we assume that the labour participation rate is reduced by having
children. While this is not necessarily applicable to a household of two, it is certainly true
in aggregate. Therefore, we rewrite our model to represent the jurisdictional structure
of the data:

Yit,g = Yo, + T’t + :‘Bi,g,tﬂx + piygytﬂp + Qi g + Ei,g,t- (19)

The measure y; ; 4 refers to the crude marital birth rate (CMBR) in jurisdiction ¢ in year
t in jurisdictional cluster g; o 4 refers to cluster-specific effects in cluster g and ¢; 4, is
an i.i.d. error term.

As control variables for current consumption ;g ¢, we include information on the
number of stillbirths and the number of marriages as proxies for the cost of having chil-
dren; population density, the share of the population working in the primary, secondary
and tertiary sector as well as the share of illiterate recruits, the number of horses per
1000 inhabitants and the change in the number of large cities as proxies for average
income in a jurisdiction. Moreover, we include the share of contributions in category
I and the relative share of contributions in category I relative to category IV or V to
proxy the share of working women in a jurisdiction To proxy the size and likelihood
of the payment of an intra-generational transfer, we use data on the number of persons
per household. Since the number of persons in a household is of course endogenous to
current family size, we use this variable with a 10-years lag. Note that these variables
also correspond to the main determinants previously identified as the key drivers of the
first demographic transition in the literature. We provide the summary statistics for
these variables in Table [Ilin Appendix B.

In our model, the sign of the fertility effect in equation (), i.e. of the pension
system on fertility ‘3—’: depends on the determinants in equation (I6]): the reduction
in the opportunity cost of having children in terms of foregone lifetime income (which

5Category T was considered the women’s category since only very low-paying jobs would be included
in this category. This was one of the reasons why there was not separate category for women. In the same
vein, it is reasonable to assume that there were no women contributing in the higher wage categories.
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we termed the price effect) versus the total reduction in lifetime income depending on
internal rate of return of the pension system (which is the income effect). To capture
these effects, we make use of the rich data set on pension insurance variables. To capture
the price effect, we include the share of contributions in each wage category, the amount of
contributions in each wage category, and the change in the latter. To capture the income
effect, we include administrative costs, revenues from other sources than contributions,
expenditures for pensions, assets, expenditures for other purposes. Therefore, the effect
of the pension system on fertility, ‘g—’;, is not captured by a single coefficient, but rather
represented by the vector of coefficients 3,,.

Of course, one may argue that it is not possible to control for all determinants of the
birth rate at such a high level of aggregation, especially when the quality of the proxies
is rather poor. To account for this concern, we do not estimate a simple multivariate
model, but we augment our model with another term that captures the residual effect
of the introduction of the pension system. To do so, we make use of a feature of the
pension system that makes the set-up similar to a natural experiment.

As part of the particular features of the pension system, only workers with an annual
income equal to or below 2000 Mark were compulsorily insured. The share of workers that
were covered by pension insurance therefore varied across provinces.As the data collected
by the Regional Insurance Agencies includes a variable on coverage by province, this
variable essentially measures the overall impact of pension insurance in each province.
Unfortunately, this variable is only available for the two years of the population census:
1895 and 1907. Therefore, we can only include it as an additional explanatory variable in
a multivariate regression on a panel with N=25 and T=2. While doing this to establish
the importance of the variable as a determinant of fertility, we cannot add many control
variables due to the small number of degrees of freedom. To establish more robust results,
we instead compare the change in fertility after the introduction of pension insurance in
provinces with a large share of the population insured and in provinces with a small share
of the population insured. This approach is very similar to the well-known difference-in-
differences estimation approach used for natural experiments.

4.3 FEconometric considerations

The fact that we would like to control for the determinants of fertility while also including
pension system variables in our model poses practical challenges since in historical data,
only few variables are available for all years. For example, demographic information was
mostly collected in connection with the occupational censuses, which were only conducted
every five years Therefore, we resort to a change and level model, in which we can
include all years of available data for those variables for which we have more than one
year of observations while at the same time being able to include those variables for
which we only have one or two years of observations.

' As we adjust most variables to population size to make the numbers comparable, we extrapolate
population figures for the years for which population figures are not available. Annex B details how we
derived the extrapolated numbers.
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Since we have a panel of provinces over time, it is of the essence to account for
province-specific effects. The usual easy way to circumvent biased estimates due to
unobserved province-specific effects is a fixed-effects OLS estimator. In order to apply a
such a fixed effects OLS estimator, we transform the information on the share of insured
into a binary variable. We use the moments of the distribution of these shares and we
define provinces with a share of insured that is one standard deviation above the mean as
‘treated’. These provinces are identified by the variable D, ;, which identifies a province
to be in the ‘treated’ group ¢ in time period t. g = 1 if a province is defined as ‘treated’,
and g = 0 otherwise. An dummy variable DD, ; indicates the interaction between the
group variable and a term identifying years of ‘treatment’.

However, we cannot use this estimator on a change and level model as the fixed
effects would automatically capture the time-invariant variables. The opportunity of
differencing out province-specific effects by using first differences (FD) remains, even
though we lose a degree of freedom by using this technique:

Ayirg = yo, + T (20)
FATC g 1By + Thig Byt + APSi g tBye + PligtBp + Qg + Eigs

where the superscript ¢ denotes the variables that enter the regression in first differences
(i.e. the stillbirth change year on year, marriages, and the index of agricultural pro-
ductivity, the spatial lag, the share of contributions in each contribution category and
the measures for the internal rate of return of the pension system) and the superscript
[ denotes the variables that enter the regression in levels (i.e. the number of savings
banks books in 1900, the share of Catholics, the share in farming, trade, and mining,
the number of persons per household and the increase in localities larger than 20.000
inhabitants). T; denotes a set of time dummies. Note that in a model in first differences,
the interaction terms previously referred to as DDg; are in fact captured by the time
dummies since we estimate a model already in differences.

It is surprising that in the models on the European fertility decline it is not very
common to use the lagged version of the explanatory variables. Although we lose a
whole period of observations, this is closer to the microeconomic foundations of fertility
models. In general, given the time lag of at least nine months between the decision to
have a child and the observation of a birth, the variables from the previous year are likely
to play a more important role. However, we cannot rule out that factors in year t played
a role for births late in ¢, we include both current explanatory variables and the first lag
in the set of covariates where applicable.

Errors can be correlated across adjacent provinces, also known as spatial correlation.
This may significantly affect both estimated coefficients and the corresponding standard
errors. We follow Goldstein and Kliisener (2011) to account for that by including a spatial
lag. We calculate the average birth rate over all adjacent provinces and include this as
an explanatory variable, and in a different approach the birth rate of the neighbouring
province with the highest birth rate.

Since migration can be an important factor in driving such spatial correlations in the
birth rate, we include the sex imbalances ratio as a good proxy for migration (e.g. Knodel
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1974). In addition, we calculate the share of foreign-born persons in each province
Then we derive the province of origin for the majority of foreign-born persons. We use
the birth rate in this province as an additional spatial lag that helps to take into account
migration.

5 Results

5.1 Descriptive Analysis

To establish a negative relationship between pension insurance coverage and fertility,
we relate the share of insured persons in each province to the crude marital birth rate
in that province. In 1895, 49.26% of the working population were insured and 51.35%
of the working population were insured in 1907. Based on the methodology described
in Verhandlungen des Reichstages (1888), we calculate a measure of insurance coverage
based on the 1882 occupational census which represents the number of people potentially
covered by pension insurance before it was introduced.

Figure[2shows the correlation between the CMBR and the share of insured persons for
the 1882 projection and for the 1895 and 1907 data. The left panel shows the correlation
with the 1892 CMBR and the right panel shows the correlation with the 1907 CMBR. We
do not find and do not expect a relationship between the measures and the 1892 CMBR
shown in the left panel, because the pension system only came into effect in 1891 and
the introduction of comprehensive social insurance was only started gradually in 1882.

The right panel shows that the projected share insured based on 1882 census numbers
is weakly inversely related to the birth rate in 1907. As the 1882 approximation reflects
the sectoral composition of a province’s workforce rather than the insured population,
finding only a weak correlation is reassuring regarding the concern that the share insured
might measure sectoral composition rather than insurance coverage. We examine this
argument further below. The negative relationship between the 1895 share of insured
persons and the 1907 CMBR is more pronounced. The negative relationship is also strong
for the 1907 share of insured persons and the 1907 CMBR.

|[Figure 21 about here.|

Some simple OLS regressions substantiate the finding that a more strongly declining
marital birth rate is significantly correlated with a higher share of the population enrolled
in social insurance.

[Table [l about here.]

Table [ shows three specifications. Column (1) gives a raw correlation of the CMBR
and the share of insured persons. Note that we can use all observations from both years,
1895 and 1907 for this exercise. The correlation is highly significant. When including

'"We only use information on internal migration, i.e. the resident population born in another province
of Imperial Germany.
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both a set of economic determinants of fertility and a selection of pension system variables
in column (2) the coefficient on the share of insured persons becomes much smaller, but
is still highly significant. Even when adding information on sectors of the economy,
religion, and saving in column (3), the coefficient remains significant. Thus, the inverse
relationship holds even when we account for other confounding factors.

The time series plots in figure 3] help to examine whether there was a noticeable
difference in the CMBR between provinces with a high share of the population enrolled
in statutory social insurance. As 1891 and 1900 were the years of most important changes.
These are shown by the vertical red lines in all panels. Diverging trends can be traced
for provinces in the same region which displayed the same CMBR before 1891. For
example, the CMBR in the lower left panel of figure Bl was very similar for Schlesien and
Ostpreufen prior to 1893, but after that year the regions show a significant divergence
in the CMBR. In the upper right panel, the same phenomenon can be observed for
Hannover and Oldenburg. Here, the divergence starts as early as 1893. This is even
more remarkable considering that the mid-1890s were the start of an economic boom
period. A boom period should increase income and thus relax the budget constraint of
the household, which should actually be an incentive to have more children. However,
while in Oldenburg, only 157 of 1000 were covered by social insurance, 194 of 1000 were
covered in Hannover. We can observe the same phenomenon with other provinces that
shared a boundary and displayed the same CMBR before the mid-1890s, but a diverging
CMBR after the mid-1890s. In the lower left panel, the difference is most apparent
for Pommern and Brandenburg. Pommern had 212 of 1000 inhabitants insured, while
Brandenburg had 227 of 1000 inhabitants insured. The fact of diverging trends between
provinces that were comparable in the dimension of the CMBR, but not in the dimension
of insurance coverage renders support to the hypothesis that the differences were driven
by social insurance.

[Figure Bl about here.]

5.2 Multivariate Analysis

To establish our results, we compare two different periods. First we look at the period
between 1891 and 1899. This period covers the first years of statutory pension insurance
during which the system was a partially funded system. Second, we look at the period
after 1900. This period covers the years of major amendments to pension insurance before
World War I, including the move towards a pure pay as you go system. The results for
the period 1891-1899 are shown in table [2] and the results for the period 1900-1914 are
shown in table [B

|Table 2 about here.|
[Table Bl about here.]

In establishing the effect of pension insurance on fertility, we follow the identification
strategy derived from the theoretical model and described in section[ 2l The first column
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in both tables presents the basic model, in which we have included the determinants of
current consumption in first differences. Moreover, this first specification also includes
year dummies besides a time trend, which in a first differences model are equivalent to
the interaction term in a differences-in-differences model. In column (2), we augment
the model with a level term on the share of savings books in a jurisdiction in 1900. This
proxy is supposed to control the crowding out effect on savings. Since we only have this
information for 1900, we include the same proxy for both time periods. In column (3),
we include the other level terms which are additional controls for current consumption.

To test HYPOTHESIS 1, we present two methods of capturing the internal rate of
return of the pension system in columns (4) and (5). In column (4) we add the share of
pension contributions in each wage category, which were proportional to the pensions. If
the income effect is larger than the price effect, our model suggests that fertility should
decrease with higher contribution rates. Therefore, a higher share of contributions in
category IIT or IV/V should lead to a lower birth rate. If the price effect is higher than
the income effect, the share of contributions in category III or IV/V should lead to a
higher birth rate. Since these effects are likely to be confounded by the share of working
women in each jurisdiction, we control an additional measure of the share of contributions
in category I relative to all other categories, since category I was considered the women’s
category (Haerendel 2001).

In column (5) we present an alternative option to test hypothesis HYPOTHESIS 1 by
including a proxy for the internal rate of return of the pension system. We calculate
the number of approved pension applications (by pension type) over revenues from con-
tributions, which gives the number of approved pension applications per Mark collected
in revenues. The more pension applications get approved in relation to revenues, the
lower the internal rate of return of the pension system and the higher should be the birth
rate. To make sure that the variable reflects expectations about the future return of the
pension system (i.e. the degree to which current revenues have to be used for current
expenditures), we add a variable on current pension payments to control for that.

Regarding the baseline model in columns (1) of both tables, the number of stillbirths
and the number of marriages are significant determinants of the birth rate. In particular
the effect of the number of stillbirths, though smaller between 1900-1914 than between
1891-1899, is highly stable across all specifications. This is similar for the time dummies,
which in total amount to a total reduction of approximately 1.8 births per mill between
1891-1899 and a total reduction of approximately 4 births per mill between 1900 and
1914. Since the average birth rate per mill ranged from almost 40 births per mill to
around 25 births per mill across provinces in the late 1880s, this is a total reduction of
around 25%. Note that these effects measure the differences between the differences in
the birth rate in ¢t and ¢t — 1 between the provinces since we estimate a model in first
differences. This implies that the effect measured by these dummies is not a simple time
effect. The difference in the differences between provinces is largest in 1892 — which is
one year after pension insurance came into effect and in 1903  when stricter child
labour laws were introduced. While the effects between 1891-1900 suggest that there
is an effect of social insurance beyond the mere internal rate of return of the pension
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system (which renders support to the social security hypothesis in its general form), the
effects between 1900 1914 suggest that it is also important to control for policy changes
that affected other determinants of current consumption. For example, stricter child
labour laws reduce the scope for current consumption and should therefore lead to a
lower number of children ceteris paribus

Moreover, it is important to include such time dummies that capture residual effects,
since we cannot completely capture all effects which we would like to measure with our
proxies. In particular, while the number of savings books has the expected negative sign
and is significant in some specifications for the period between 1891-1899, it is positive
and significant when including pension system information for the period between 1900-
1914. We draw two conclusions from this. First, the economic effect of the number of
savings books in a jurisdiction is small, which implies that the power of this variable as
a proxy is limited for measuring a real crowding out of private savings. Second, the fact
that the sign and significance of this variable changes when we add information on the
pension system indicates that there is a relationship between savings and pensions, even
in this noisy measure of savings.

Surprisingly, there is no effect of the additional controls for current consumption we
include in column (3). While the sample for the years 1891-1899 is comparatively small,
there is hardly a significant effect for the 1900 1914 sample, except for the increase in
the number of localities with more than 20.000 inhabitants between 1880 and 1905.

Columns (4) and (5) in tables 2land Bl present the specifications which include proxies
for the internal rate of return of the pension system. Specification (4) adds the contri-
butions in each category as explanatory variables. In terms of the theoretical model,
these variables are supposed to capture future consumption. Since the pension system
was only introduced in 1891, information on its functioning was only collected from 1892
onwards. If we estimate first differences, this implies that we can only estimate a model
for 1893-1899. As a consequence, the number of observations in the 1891-1900 sample
is relatively small. Keeping this caveat in mind, it is interesting to find a significant
negative effect of the share of contributions in category II in specification (4). Such an
effect can be interpreted of the price effect overcompensating the income effect, which
is plausible for lower wage categories. In contrast, the variables on the internal rate of
return of the pension system included in specification (5) are not significant in this small
sample.

For the larger sample for the period 1900-1914, we find a significant negative effect
of the share of contributions in wage category IV in specification (4), which would again
point to the price effect overcompensating the income effect. Moreover, including this
information reduces the magnitude of the information on the sectoral shares of workers;
the positive effect of the share of workers in farming and trading turns significant. This
underpins our strategy of controlling for other factors that would affect both current
and future consumption since otherwise they could mask the effect of pension insurance.

¥ Note that while in 1903 there was the reform of the child labour laws as a major policy change, there
was no such change during the 1890s. Therefore, we relate the difference in the differences in the 1890s
to social insurance.
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Specification (5) in table ] also shows that including variables that control for other
determinants of current consumption is important. A higher share of current pension
payments has a positive effect on fertility. However, we find that the indicator for future
pension expenditures has an even larger effect on fertility. Both effects are significant
and positive. This positive effect confirms HYPOTHESIS 1, since a higher share of future
payments per collected Mark of contributions indicates a lower future rate of return of
the pension system. If the change in approved old age pensions per Mark of contributions
increases by one, the birth rate increases by 1.4 marital births per mill ceteris paribus.
However, note that the average value of approved old age pensions per Mark is 0.29 and
after 1900 it was even lower at 0.31, which implies that the internal rate of return of
the pension system increased between 1891 1899 and 1900 1914. Therefore, it is more
reasonable to consider an increase (decrease) in the internal rate of return of the pension
system of 0.1, which would reduce (raise) the birth rate by 0.14 births per mill ceteris
paribus. Importantly, neither in specification (4) nor in specification (5) adding pension
system variables changes magnitude or significance of the other determinants of fertility.

5.3 Sensitivity

To address concerns that might be raised regarding the effects we measure with the
time dummies and with the pension system variables, we use another estimator for some
additional robustness checks. First, we illustrate that the effect measured by the time
dummies in our baseline model is equivalent to an interaction term in a fixed effects
model in which we define a treatment group according to the share insured in a province.
Second, we show that the negative effect of contributions on fertility and a positive effect
of then pension system variables related to the internal rate of return of the pension
system persist even when using a different estimator.

In this section, we use a fixed effects estimator, which is in principle equivalent to
the first differences estimator. However, it is more efficient since we lose less degrees of
freedom. As a consequence, the number of observations is higher than in the change and
level model in the previous section. We present specifications (4) and (5) from tables
and [3 as fixed effects models in table Bl

While the magnitude of the effects is not exactly the same, which should not be
surprising due to the different sample size, the main effects presented in tables 2] and B
remain robust. The number of stillbirths per mill is highly significant in all specifications
and even higher than in the change and level model. Moreover, the positive effect of
marriages is also higher for the period 1891 1899 in the fixed effects model. Like in the
change and level model, it is only significant in the 1891-1899 sample.

The year effects presented in table [3] are the interaction terms of a dummy that
identifies provinces with an at least one standard deviation above the average share
of insured with a year dummy. It is interesting that we do not find the significant
negative effect in 1892, but instead observe a significant positive effect for 1896. This
effect could be related to the dowry effect described in Scheubel (2013a). Since women
could be reimbursed their pension contributions if they married, but only after 5 years of
contributing, 1896 was the first year during which such a dowry effect on fertility could
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appear.

For the interaction terms for the years 1900-1914 we find negative effects similar to
the change and level model. Only those interaction terms for the years 1903 and later
are significant, which supports our argument that child labour legislation may have been
a main factor driving this effect. These effects however turn insignificant in column (4)
which is likely related to adding information on the internal rate of return of the pension
system and on current pension payments. The effect of current pension payments is
negative in column (4) which suggests that the effect may be related to the negative
effect captured by the interaction terms in specification (3). Importantly, like in the
change and level model, our measure for the internal rate of return of the pension system
indicates that a lower internal rate of return of the pension system is associated with a
higher birth rate. Like in the change and level model, this effect is only significant for
the period 1900-1914.

6 Conclusions

Our paper provides a theoretical underpinning and an empirical confirmation of the
negative relationship between statutory old-age insurance and more broadly statutory
social insurance and fertility. We thereby give evidence on a well-known theoretical
concept in public economics, the social security hypothesis. At the same time, we employ
a new historical data set to show that a negative relationship between pensions and
fertility can already be observed for late nineteenth century Germany, where the first
comprehensive welfare state in the world was introduced at that time. More broadly, our
analysis is a confirmation of the fact that people react to institutional incentives.

In this paper, we provide a framework in which the existence of a public pension
system can crowd out private savings for old age as well as fertility. Since the overall
effect depends on the internal rate of return of the pension system, we use a new and
unique historical data set which provides evidence on this internal rate of return for
the Bismarckian pension system implemented at the end of the nineteenth century in
Imperial Germany. Using this information in a multivariate model, we confirm a positive
effect of a lower internal rate of return of the pension system on the birth rate.

In addition, our empirical analysis confirms an overall negative effect of the pension
system or more generally the introduction of comprehensive social insurance on fertility,
even when controlling for other determinants of fertility as derived from our theoretical
model, which also correspond to the usual determinants for the first demographic tran-
sition mentioned in the literature. This additional effect amounts to a total reduction
of approximately 1.8 marital births per mill between 1891 1899 and a total reduction of
approximately 4 marital births per mill between 1900 and 1914. Taken together, this is
a reduction of about 25% of the average 1885 level of marital births.

Because our analysis only covers the time span 1891 1914, we cannot account for the
longer term impact of pension insurance on people’s behaviour. After all, behavioural
change mostly takes place gradually. It should, however, not be surprising that nowadays
most individuals do not consider old-age provision as a motive for having children. The
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state had assumed this task long ago. Moreover, in a pay-as-you-go pension system,
children constitute a fiscal externality (e.g. Prinz 1990; Kolmar 1997; van Groezen et al.
2003; Sinn 2004; von Auer and Biittner 2004; Fenge and Meier 2009; Meier and Wrede
2010), i.e. the incentive to have children is further reduced because other children would
pay an individual’s pension once there is credible enforcement by the state. Our model
allows for this fiscal externality. Individuals do not take into account the effect of their
fertility decision on the internal rate of return of the pension system. We leave a clear
identification of this fiscal externality to future research. Given that the direct effect of
pensions on fertility amounted to up to 25% of the overall decline, the contribution of
statutory pension insurance to the overall decline of fertility up to the current date must
be even larger.
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Figures

Figure 1: REGIONS IN IMPERIAL GERMANY
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Figure 2: CMBR AND SHARE OF INSURED PERSONS
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Tables

Table 1: SHARE OF INSURED PERSONS PERSONS AND FERTILITY

(1) (2) 3)
CMBR
Insured p. 1000 -.086 -.006 -.005
(.017)%* (.002)** (.002)**
Stillbirths change yoy .040 .047
(.013)%* (.015)%*
Stillbirths change yoy (L1 -.013 -.004
() (.009) (.007)
Concl. marriages pT 152 265
(:559) (:450)
Concl. marriages pT (L1) .309 .034
(:239) (:261)
Index of agric. productivity -.007 -.043
(.143) (-123)
Index of agric. productivity (L1) -.055 -.077
(.193) (.186)
Assets per cap. (L1) -.066 -.452
(:282) (-355)
Net disability pension entitlements (1) .007 .024
(112) (:099)
Year: 1907 (D) -1.581 -1.236
(.169)** (.259) %%
Share in farming .020
(.010)*
Share in trade -.021
(.022)
Share in mining .018
(:014)
Share Catholic -.0006
(.003)
Savings bank books p. 100 (1900) -.001
(.0005)**
Obs. 50 44 44

Estimation with OLS. Explanatory variables are also included as first lag in all columns, pension variables only as first lag. L1
indicates coefficient on first lag. Contribution variables only in columns (2) and (4). Level variables included in specification (2).

Significance level: *** : p < 0.01; ** : p < 0.05; * : p < 0.1.
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Table 2: REsurLTs 1891-1899

(1) (2) 3) 4) (5)
CMBR
A stillbirths 4.588 4.598 4.566 5.698 5.077
(1.O79)**  (L784)**  (818)***  (2.289)**  (2.494)*
A marriages 0.480 0.479 0.418 0.178 .302
(.261)* (-260)* (:251) (.342) (.431)
A Productivity 0.002 0.002 0.001 0.005 .025
(.005) (.004) (.004) (.009) (.246)
A spatial lag 0.299 0.295 0.290 0.338 .439
(.011)** (.008)*** (114)* (174)* (.191)*
Year : 1892 -1.071 -1.078 -1.090
(.180)*** (184)%%*  (.200)*** _ _
Year : 1893 .404 .405 .397 732
(.139)%* (:140)**= (.146)** (.302)**
Year : 1894 -.987 -.993 -1.004 - -
(.262)* (.265)7%*  (.282)***
Year : 1895 537 .539 .b44
(.149)%* (149)%*  (L156)*** _ _
Year : 1896 .449 .449 .454 414 .031
(.447) (.448) (.460) (.270) (.180)
Savings books -.0003 -.0004 -.006 .003
(.0001) (.001) (.003) (.001)**
Share farming .012 -0.031 .027
(.008) (.048) (.036)
Share trading .004 -0.123 .039
(.027) (.131) (.108)
Share mining .025 -0.099 .038
(.017) (.110) (.076)
Localities -0.013 0.012 .002
(.023) (.042) (.012)
Percentage Catholic 0.001 0.004 .004
(.001) (.003) (.003)
Persons per household 113 -0.222 -.095
(.107) (.320) (.105)
A Share contrib. cat. I 104
(.251)
A Share contrib. cat. II -.132
(.064)*
A Share contrib. cat. III .193
(.122)
A Contrib. cat. I/IV(V) -6.097
(10.787)
A Approved old-age pensions/Mark -3.760
(2.555)
A Approved disability pensions/Mark -2.698
(2.012)
A Current pension payments per mill 14.051
(10.901)
Time trend YES YES YES YES YES
Proxies for current consumption NO NO YES YES YES
Proxies for future consumption NO NO NO YES YES
Obs. 161 161 161 92 69
zJd

Estimation with OLS, correction for unobserved heterogeneity with first differencing. CMBR, stillbirths and marriages calculated
per mill. Spatial lag calculated as the birth rate in the province where most immigrants are from. Productivity in agriculture
Figures on the share of the population in farming, mining and trade from
occupational census 1895. Variable on localities with a population above 20.000 measures the change between census years 1871
and 1880. The percentage of Catholics in the population is from 1890.

is measured as the harvest per square kilometre.

The share of contributions in category IV is dropped

because of collinearity. Data on savings books from year 1900. Significance level: *** : p < 0.01; ** : p < 0.05; * : p < 0.1.



Table 3:

REsurTs 1900-1914

€ (2) 3) (4) (5)
CMBR
A stillbirths 3.985 3.980 3.876 3.321 3.370
(.878)%** (.87T)** (.840)** (.820)* (.798)***
A marriages -0.022 -0.022 -0.021 -.030 -.024
(.014) (.015) (.015) (.014)% (.012)*
A Productivity -0.096 -0.097 -0.100 -.053 -.080
(.040)*** (.050)* (.050)* (.048) (.049)
A births neighbour 0.021 0.025 .237 .018
(.017)** (.017) (.101)* (.016)
Year : 1901 -.094 -.089 -.078 -.161
(.147) (.147) (.145) _ (.141)
Year : 1902 -.664 -.659 -.650 -.535 -.764
(157)** (.158)** (161)** (.228)** (.150)***
Year : 1903 -1.084 -1.078 -1.069 -.837 -1.249
(.094)*** (.093)*** (.096)*** (.223)* (.105)**
Year : 1904 .031 .034 .040 .018 -.109
(.119) (.119) (.119) (.144) (.101)
Year : 1905 -.581 -.576 -.567 -.464 -.748
(:109)*** (.108)** (110)** (.183)** (118)***
Year : 1906 .061 .064 .069 .030 -.084
(.108) (.108) (.110) (.134) (.079)
Year : 1907 -.783 -.779 =772 -.645 -.961
(.110)%** (109 (112)%* (178 (.072)%*
Year : 1908 -.163 -.160 -.154 -.133 -.373
(.010) (.122) (.101) (.125) (.082)
Year : 1909 -.620 -.617 -.612 -.417 -.873
(157)* (157)** (161)** (.146)** (.106)**
Year : 1910 -.465 -.463 -.460 -.346 -.769
(151)%* (151)* (155)* (.154)** (.105)**
Year : 1911 -.614 -.612 -.609 -.452 -.915
(:138)%*+ (.138)%* (141)*** (.153)*** (121)%**
Year : 1912 341 342 .347 .252 -
(.125)* (.125)* (.128)* (.142)*
Year : 1913 -.174 -.172 -.169 -.107 -.587
(.146) (.146) (.148) (.143) (.129)%*
Savings books -0.0003 0.0001 .0002 .0000
(.0002)* (.0002) (.0001) (.0002)
Share farming 0.009 .016 .003
(.007) (.008)* (.008)
Share trading 0.34 .049 .031
(.020) (.022)* (.020)
Share mining -0.002 .004 -.014
(.015) (.015) (.010)
Localities > 20.000 0.009 .010 .006
(.003)** (.004)** (.004)
Percentage Catholic (1890) 0.001 -.0001 .0006
(.001) (.001) (.001)
Horses per mill 0.001 .002 .0002
(.002) (.002) (.002)
Persons per household -0.222 -.095
(.320) (.105)

(Y]
D




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

CMBR
A Share contrib. cat. T -.034
(.033)
A Share contrib. cat. IT -.009
(.023)
A Share contrib. cat. III -.022
(.022)
A Share contrib. cat. IV -.021
(.011)*
A Share contrib. cat. V .003
(.021)
A Contrib. cat. I/IV(V) .256
(.859)
A Approved old-age pensions/Mark 1.443
(.506)***
A Approved disability pensions/Mark .022
(.066)
A Current pension payments per mill .999
(.534)*
Time trend YES YES YES YES YES
Proxies for current consumption NO NO YES YES YES
Proxies for future consumption NO NO NO YES YES
Obs. 344 344 344 322 321

Estimation with OLS, correction for unobserved heterogeneity with first differencing. CMBR, stillbirths and marriages calculated
per mill. Spatial lag calculated as the birth rate in the province where most immigrants are from. Productivity in agriculture
is measured as the harvest per square kilometre. Figures on the share of the population in farming, mining and trade from
occupational census 1905. Variable on localities with a population above 20.000 measures the change between census years 1880
and 1905. The percentage of Catholics in the population is from 1900. The number of horses measures the difference between
years 1897 and 1892 when this figure was reported and is calculated per mill. Data on savings books from year 1900. Significance
level: *** :p < 0.01; ** : p < 0.05; * : p < 0.1.
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Table 3: SENSITIVITY: FIXED EFFECTS MODEL

(1) (2) (3) (4)
CMBR
Stillbirths per mill 7.839 7.503 7.224 5.211
(1.412)%* (1.644)** (.994)** (.891)**
Marriages per mill 1.166 1.164 .003 .014
(.297)* (.315)* (.041) (.035)
Productivity .009 067 -.055 -.145
(.014) (.242) (.119) (.100)
Spatial lag .052 .047 .356 233
(.023)** (.027)* (.068)*** (.062)***
Year: 1891 .803 .450
(.515) (.549)
Year: 1892 073 399
(.480) (.533)
Year: 1893 -.055 .236
(.479) (.520)
Year: 1894
Year: 1895 -.268
(.481)
Year: 1896 1.622 1.684
(.485)** (.516)**
Year: 1897 152 227
(.485) (.516)
Year: 1898 - -
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(1) (2) (3) @

Year: 1901 -.189 -.085
(.457) (.372)
Year: 1902 -.569 1026
(.463) (.375)
Year: 1903 -.854 -.012
(AT1)* (.387)
Year: 1904 -.955 -.075
(.464)** (.383)
Year: 1905 -1.130 -.094
(.462)** (.386)
Year: 1906 -1.168 -.065
(.461)* (.384)
Year: 1907 -1.469 -.274
(.465)"* (.385)
Year: 1908 -1.228 -.106
(.464)** (.385)
Year: 1909 -1.345 -.143
(.473)*** (.386)
Year: 1910 -1.305 -.086
(L4T73)*** (.387)
Year: 1911 -1.486 -.188
(.470)*** (-389)
Year: 1912 -1.285 .062
(.467)*** (.391)
Year: 1913 -1.301 211
(.465)** (.395)
Year: 1914 -1.329
(-463)***
Share contrib. cat. T .028 -.070
(.073) (.126)
Share contrib. cat. II -.027 -.054
(.041) (.126)
Share contrib. cat. III .046 -.035
(.046) (.126)
Share contrib. cat. IV -.074
(.124)
Share contrib. cat. V -.073
(.126)
Approved old-age pensions/Mark -.011 2.525
(.332) (.429)**
Approved disability pensions/Mark .035 .0007
(.152) (.130)
Current pension payments per mill 1.607 -2.199
(1.443) (.502)***
Time trend YES YES YES YES
Years 1891 1899 1891 1899 1900 1914 1900 1914
Obs. 160 137 345 322

Estimation with OLS, correction for unobserved heterogeneity with within transformation. CMBR, stillbirths and marriages
calculated per mill. Spatial lag calculated as the birth rate in the province where most immigrants are from. Productivity in
agriculture is measured as the harvest per square kilometre. Figures on the share of the population in farming, mining and trade
from occupational census 1905. Variable on localities with a population above 20.000 measures the change between census years
1880 and 1905. The percentage of Catholics in the population is from 1900. The number of horses measures the difference between
years 1897 and 1892 when this figure was reported and is calculated per mill. Data on savings books from year 1900. Significance
level: *** :p < 0.01; ** :p < 0.05; " : p < 0.1.
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Appendix A: Details on the theoretical model

6.1 Second Order Conditions

The second derivatives of equations () and (@l are given by:

Vi = —Uc(1 = )wef"(ne) — UsQirmwesr f7 ()
+Uee [(1 = T)we f'(ny) + 7Tt]2 + Us: [Bis1 — Quarw f' (”t)]z +Unn <0 (1)

Vis = Ucc((l - T)wtf/(nt) + 7Tt) + U, [Bt—l-l - Qt—i—lthf/ (nt)] Rip1 =V (2)

in the Bismarckian case,

Vnn = —Uc(l — T)wtf"(nt) + Ucc [(1 - T)wtf'(nt) + 7Tt]2
+U..BE | + Upp <0 (3)
Vos = Ucc((l - T)wtf,(nt) + 7Tt) +U..Ri11Biy1 = Vi (4)

in the Beveridgean case and

Vi = _Ucwtf”(nt) + Uee [(1 - T)ZUtf,(TLt) + 7Tt]2
+Uzz [Bt-l—l - Rt-}—lthf/ (nt)]2 + Unn <0 (5)

Vs = Ucc((l - T)wtf,(nt) + 7Tt) + Uzth+l [Bt—i-l - Rt-i—lthf, (nt)]
Vin (6)

in the fully-funded pensions system. In all pension systems holds

Vis = Upe + U RE < 0. (7)

The second-order conditions for a maximum of problem (Bl are satisfied under all
three pension systems since V,, is negative and the following conditions hold true:

VinVss — VsVen = (Ucc + Uzth2+1) [Unn - Uc(l - T)wtf”(nt) — Uth+1th+1f”(TLt)]

+UceUsz [Rig1 (1 = T)we f'(ng) + 7)) — (Big1 — Qt+17wt+1f/(nt))]2
> 0 (8)
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in the Bismarckian case,

Vnn‘/ss - Vns‘/sn = (Ucc + UzzRg_H) [Unn - Uc(l - T)wtf”(nt)]

FUecUsz [Rea (1 = T)we f'(ne) + 7)) — Bt+1]2
> 0 (9)
in the Beveridgean case and
Vnnv;s - Vns‘/;n - (Ucc + UzzR?+1) [Unn - Ucwtf”(nt)]
+UccU. [Rt—i-l(wtf/(nt) + 7Tt) - Bt+1]2
> 0 (10)

in the fully-funded case. This demonstrates that in each case the objective function
V(n¢, s¢) is strictly concave in the decision variables.

6.2 Crowding out of savings in a fully funded system

In a fully-funded pension system, contributions during the working period are invested
in the capital market, yield the interest factor R and are paid out as pensions in the
retirement period. Hence, the pension of a household of generation ¢ is given by

pil = Repimw(1 — f(ng)). (11)

Note that in a fully-funded pension system another child reduces the pension propor-
tional to the interest factor:

i

87%

= —thf,(nt)Rt+1 < 0. (12)

The intertemporal budget constraint is given by substituting (1) in (2] and combin-
ing this individual budget constraint in the second period with (J):

Riyice + 201 = Rogr [wi(1 — f(ng)) — mng — By] + Byyang. (13)

Lifetime consumption in second period units on the LHS is financed by lifetime in-
come on the RHS. Evaluating the effect of an additional child on lifetime income by
differentiating lifetime income with respect to n; yields the marginal price of children in
present value terms of period t + 1:

7 = R (wef'(ne) + m) — Bi (14)

An additional child causes opportunity costs by reducing wage income by wy f’(n;) and
direct costs of m. However, a child pays an intra family transfer of By which reduces
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the marginal price. For the sake of a well-defined decision problem with a finite number
of children we assume this price to be positive.

We start by analysing the savings decision under a fully-funded pension system. The
effect of a higher contribution rate on savings depends on the sign of the numerator on
the RHS of (?7?). By using the second derivatives (@) and (@) from Appendix A and the
second derivatives with respect to the contribution rate:

Var = wi(1— f(ne))
[Uee((1 = 7w f'(ng) 4+ m¢) + Uz [Bigr — Regarwe f'(ng)] R (15)

Vir = wi(1 = f(n4)) [Uee + U2 R}y ] <0 (16)

this numerator is given by:

Vnn‘/sr - VnTV;n = wt(l - f(nt))
[(Unn = Uewi f"(n0)) (Uee + U2 Ri)

+UccUzz (Rt—l—l(wtf/(nt) + ﬂ-t) - Bt+1)2}
> 0 (17)

By employing (I0) in Appendix A we find that

%
or

This means that private savings are reduced exactly by the amount at which forced
savings increase in the fully-funded system. In the presence of perfect capital markets
this is the well-known result of complete savings crowding-out.

The fertility decision within this pension system is determined by the numerator of
the RHS of equation (6]). Using the second derivatives from above the numerator reduces
to zero: Vi Vss — VisVsr = 0. A fully-funded pension system has no effect on fertility.
The reason is that neither the marginal price of children of (I4]) nor the lifetime income
from (3] is affected by the contribution rate. Increasing forced savings for old-age is
completely compensated by changes in private savings so that the optimal amount of
effective savings remains unchanged with a perfect capital market. The intertemporal
budget set is the same as without a fully-funded pension and the optimal allocation of
the number of children and consumption is unaltered.

Note that this result rests on the assumption of an interior solution with perfect
capital markets. As soon as we assume credit constraints, fertility may be negatively
affected by funded pension schemes. In the case where contributions to the pension
system reduce the budget by an amount larger than the optimal level of savings in the
absence of pension insurance, the credit constraint may be binding and the expenditures
for children have to be reduced. Here we have a pure income effect on fertility which
reduces fertility as a normal good. The same holds true in the case of lacking capital
markets so that private savings cannot compensate the fully-funded pension.

= —wi(1 = f(ne)).
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Put differently, in a fully-funded system, we only observe a negative income effect on
fertility if credit constraints are binding. Otherwise, there is a full substitution of private
savings by forced public savings.

As the link between contributions and pensions is perfect in this fully-funded case,
the pension system acts as a quasi private investment. This is why we do not observe
opportunity cost effects. If the internal rate of return of the pension system differs
from the capital market rate of return and children reduce labour supply, we observe
opportunity cost effects.

6.3 Savings decision in a PAYG pension system

The impact of extending the pension system on savings is given by:

aSt Vnnv;'r - Vn'ern
—_— = — . 1
or VanVss — Vs Vin ( 8)

The denominator is positive for all three pension types (see Appendix Al).
In the case of the Bismarckian pension system we have

VanVsr = VarVsn = wi(1 = f(ne))(Uce + UzzQ1 Riy1)
(Unn = Ue(1 = m)w f" (ny) — Uth-l-lth-i-lf”(nt))
—Uywi f' () (Re1 — Qi) [Uee (1 = 7w f' () + 1)
+U..Ri1 (Big1 — Quprmwy f'(ny) )]
+UceUwi (1 — f(ny))
[Rt-i-l((l - T)wtf,(nt) + 7Tt) - (Bt+1 - Qt-l—lthf/(nt))
Qg1 (we f' (ne) + ) — Biya) ] (19)

This numerator is positive if the following condition for the intra-family transfer
p) BIS p) BIS i .
Byy1 holds: — 153;21 < Bpy1 < Q1 (1 —1)we f'(ng) + ) — gtntl . This condition can be

simplified to 7wy f'(ng) < g:i < wyf'(ng) + m. If this condition holds, savings decrease
with a higher contribution rate in the Bismarckian system.

The first part of the inequality condition means that the intra-family transfer of
children in the second period is higher than the cost of children due to the reduced Bis-
marckian pension. Having more children would increase the consumption in the second
period. The second part of the condition implies that the discounted intra-family trans-
fer is lower than the cost of children in the first period. A higher number of children
decreases consumption in the first period. In other words, a higher number of children
reduces labour supply. Both effects together imply that savings will be reduced. Since
Vs < 0 is met with this inequality condition, the fall in wage income is partially offset
by lower savings.
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6.4 Lack of capital markets

If we assume that individuals have no possibility to provide for old age by savings the
budget constraints in both periods are given by:

Ct = wt(l — f(nt))(l — 7') — TNy — Bt

2t41 = P41+ Bipamy

where the pension in a Bismarckian system is determined by (7). Again the first-order
condition (@) holds. The implicit function theorem yields

on Vor

T Vi

and V,,,, < 0is given by (IJ). Hence, the fertility response with respect to an introduction
or extension of the pension system is determined by the sign of V,,;:

Vir = wif (n)U.(Rep1 — Q1) +wi(1— f(ng))
[Uee((1 = T)we f'(ne) + m¢) + Uz (Bipr — Qugarwe f'(ng)) Qugr]  (20)

Again in a dynamically efficient economy a higher contribution rate 7 decreases the
marginal price of a child which incites more children:

wi f (ne)Uz(Rig1 — Qey1) >0

A higher contribution rate decreases income in the first period by w;(1 — f(n;)) and
raises pension income in the second period by Q11w (1— f(n)). Reducing the number of
children compensates the income loss in period 1 by the expenditure (1 —7)wy f'(ng) + 7
per child and decreases the income in period 2 if By11 > Q17w f'(ng), in other words,
if the intra family transfer is larger than the Bismarck pension loss due to another child.
Smoothing consumption across periods increases utility of the household so that due to
the income effect fertility decreases with a higher contribution rate:

Uee((1 = T)wi f'(ng) + m0) 4+ Uz (Be1r — Qeamwe f'(ne)) Qg <0

Hence, the size of the intra family transfer determines the income effect and whether
it is larger than the first (price) effect in which case fertility decreases with a higher
contribution rate.

COROLLARY 5: CONSTRAINED INVESTMENT EFFECT IN A PAY-AS-YOU-GO
BISMARCKIAN PENSION SYSTEM

In economies with lacking capital markets to provide for old-age the intro-
duction or expansion of a Bismarckian pay-as-you-go pension scheme reduces
the number of children if the intra-family transfers are sufficiently large.
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Appendix B: Data

6.1 The Data Set

The data set is combined from two sources. The first source is the Annual Yearbook of
Statistics for Imperial Germany (Statistisches Jahrbuch fir das Deutsche Reich), which
was published by the Imperial Statistical Office (Kaiserliches Statistisches Amt 1880—
1914). The first Annual Yearbook of Statistics was published in 1871, but only after
1880 it was officially called the Annual Yearbook of Statistics for Imperial Germany
(before: Statistics of Imperial Germany).

The Annual Yearbook of Statistics is an invaluable source when it comes to long
time series information on key indicators for the states of Imperial Germany. While
the regional statistical offices collected and published information at lower jurisdictional
levels, the information in the Annual Yearbook of Statistics is either aggregated at the
federal level or at the state level.

Details regarding the matching of the data as well as the jurisdictions included in the
data set can be found in Scheubel (2013a).

6.2 Summary statistics

In this section we provide summary statistics for the variables used in this analyses.
Not every variable is available for every year in the data. Scheubel (2013a) provides an
overview of the availability of each variable by year.

Table [ shows the summary statistics averaged over all years for all variables used in
our analyses.

Table 1: SUMMARY STATISTICS
Variable Obs Mean Std. Dev. Min Max

Births (p 1000) 925  35.0 49 188 471

Share of illegitimate births 900 8.9 3.5 1.3 58.2
Stillbirths (p 1000) 899 1.2 0.3 0.7 2.0

Marriages (p 1000) 925 7.9 1.0 0.8 22.1

Share in farming 99 33.8 16.8 0.2 65.4

Share in mining 99 19.0 8.8 6.2 45.5

Share in trade 99 5.7 3.4 2.0 23.9

Catholic population (%) 175 28.7 26.4 0.2 81.0

Persons per household 100 4.6 0.4 2.4 5.3

Horses (p 1000) 218 80.7 50.4 16.6 245.2

Localities > 20.000 125 7.9 8.7 0.0 47.0

Savings books (p 1000) 25 50.0 70.0 0.0 3459
Revenues: other (Mark pc) 575 0.6 0.6 0.0 3.9
Revenues: category I (Mark pc) 550 278.5 225.4 -18.8 923.4
Revenues: category II (Mark pc) 550 721.8 260.0 117.6  1845.7
Revenues: category III (Mark pc) 550 642.4 358.0 76.2  2398.9
Revenues: category IV (Mark pc) 550 452.4 425.8 26.4 3585.7
Revenues: category V (Mark pc) 350  461.4 520.5 23.6 3681.8
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Expenditures: administration (Mark pc)
Expenditures: pensions (Mark pc)
Expenditures: other (Mark pc)

Existing pension entitlements (old age) (pc)
Existing pension entitlements (disability) (pc)
Approved disability applications (pc)
Approved old age pension applications (pc)
Average disability pension (Mark)

Average old age pension (Mark)

Number insured (p 1000)

40

575
575
600
566
540
550
575
550
574

75

0.1148
0.9998
0.035
0.0027
0.0082
0.0016
0.0004
149.8
151.3
225.1

0.0657
0.5765
0.034
0.0015
0.0055
0.0007
0.0006
23.1
19.3
40.1

0.0167
0.0816
-0.244
0.0006
0.0001
0.0000
0.0001

112.8

109.7

142.5

0.5191
3.2159
0.347
0.0077
0.0236
0.0040
0.0061
214.4
199.2
423.2
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