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Abstract This paper investigates whether the effects of affordable and easily available public
child care on fertility and maternal employment depend on the career costs of children a woman
faces. It builds on the idea that these costs vary by occupation and education. In a generalized
Diff-in-Diff, I exploit the substantial variation between West German counties concerning in-
tensity and speed of the provision of new child care slots for under-three-year-olds. The com-
bination of county-level data on child care coverage with detailed individual-level information
from the German social security records allows me to analyze so far unexplored effect het-
erogeneities by occupational groups. The results indicate that the average positive effects on
fertility and maternal employment are driven by women who face relatively higher career costs
of children: women in occupations with a steeper age-earnings profile, women who cannot be
easily substituted at work and women with medium and high education level. The findings re-
veal that policies which reconcile family and work life are indeed more beneficial for women
facing higher career costs of having children.
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1 Introduction

Already the first seminal studies modeling intra-household time allocation characterize child

rearing as a time intensive activity. Becker (1965), for example, points out that caring for chil-

dren consumes many hours that could otherwise be used for market work, but at the same

time does not produce income. It has also been recognized that the gender wage gap starts to

emerge after the onset of parenthood and thus mainly originates from women with children

(e.g. Waldfogel, 1998; Bertrand et al., 2010; Goldin, 2014; Kleven et al., 2018). Based on these

findings the economic literature highlights that women face “career costs of children” (Adda

et al., 2017) or said differently a “child penalty” in earnings (Kleven et al., 2018) which persists

for at least 10 years after the first birth. These costs result from changes in female labor force

participation, from reductions of working hours and from changes in the wage rates after the

first child is born (Kleven et al., 2018). To reduce these career costs of children by improving

the compatibility of family and career, many countries have increased their public spending

on family benefits, among them the provision of subsidized, universal public child care. It is

already well known that an improved access to high-quality and affordable public child care on

average enhances maternal labor supply and increases birth rates substantially.

The costs of having children and providing care to them are however not of equal extent

for every family, but vary according to differences in the cost of own time and in the household

production functions (Becker, 1991). Both Becker (1965) and Mincer (1963) point out that the

price of having children is relatively higher for families with higher income and if the wife

has a higher potential wage rate. Moreover, Adda et al. (2017) highlight that the career costs

of children depend on women’s occupation, due to different penalties on amenities related to

workplace flexibility and due to heterogeneous pay structures (see also Goldin, 2014). To the

best of my knowledge, the potential role of these differences in the career costs of children has

been largely neglected in the empirical literature investigating the effects of public child care

on fertility and maternal employment.1

To close this research gap, I use the staggered expansion of highly subsidized public child

care for under-three-year-olds in Germany as a natural experiment to detect effect hetero-

geneities concerning fertility and maternal employment depending on the career costs of chil-

dren a woman faces. These costs are higher for women employed in occupations with a steep

age-earnings profile and for women in occupations in which the degree of substitutability be-

tween co-workers is low (Adda et al., 2017; Goldin, 2014). I combine county-level information

on child care coverage and county-level background variables with the BIBB/BAuA Employ-

ment Survey 2006 and with the social security data from the Institute of Employment Research

in Nuremberg (SIAB 7514), which contains detailed individual-level information including

1Few papers on maternal employment (e.g. Baker et al., 2008; Schlosser, 2011; Müller and Wrohlich, 2018)
differentiate by educational degree. However, nothing is known about occupational differences and about any
effect heterogeneities concerning fertility.
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education and occupation. I follow Bauernschuster et al. (2016a) and estimate a generalized

Difference-in-Differences model which exploits county and time variation in child care cover-

age in West Germany after several policy initiatives starting in 2005.

My results indicate that the expansion of child care slots had positive average effects on

both fertility and maternal employment. A 10 percentage point increase in child care coverage

is associated with a 7.3 - 10.4% increase in the probability of giving birth within two years

and with a 5.6 - 6.3% increase in maternal employment. The heterogeneity analysis reveals

that these average positive effects are indeed driven by women who tend to have higher career

costs of having children: women who work in occupations with a steeper age-earnings profile,

women employed in occupations in which they cannot be easily substituted by a co-worker

and, as a robustness check indicates, women with medium and high education. These results

are robust to including time-varying county-specific controls, taking account of selective mi-

gration and controlling for the potentially confounding effects of the parental leave reform in

2007. A placebo estimate and the inclusion of county-specific linear time trends corroborate

the common trend assumption.

With this assessment of effect heterogeneities by career costs of children, my research is

linked to the literature that investigates the effects of public child care on women’s labor supply

and childbearing decisions from a theoretical point of view. In a nutshell, this literature predicts

positive average effects on maternal labor supply because formal child care serves as a substi-

tute for maternal care and enables mothers to return to the labor market earlier after birth and to

work more hours (Blau and Currie, 2006; Bick, 2016; Apps and Rees, 2004). This should also

enhance the demand for children, as the opportunity cost of having children decreases and it

becomes more likely that, in case of an increase of maternal wages, the positive income effect

dominates the negative substitution effect (Ermisch, 2003; Apps and Rees, 2004). These posi-

tive average effects of an improved access to high-quality and affordable public child care are

confirmed empirically for both maternal labor supply2 and fertility3. My study overcomes the

data limitations of this average-effects literature and can thus provide complementary evidence

on so far unexplored effect heterogeneities by the career costs of children.

The remainder of the paper is organized as follows. In Section 2, I describe the institutional

setting, Section 3 and 4 explain the data and identification strategy. Results and robustness

checks are provided in Section 5. Section 6 discusses the findings and concludes.

2For example Cascio (2009); Lefebvre and Merrigan (2008); Baker et al. (2008); Schlosser (2011); Berlinski and
Galiani (2007); Busse and Gathmann (2015); Bauernschuster and Schlotter (2015); Müller and Wrohlich (2018).
In institutional settings with an already high female labor supply or in which public care crowds out private care,
the availability of public care does not have an effect on maternal employment (Lundin et al., 2008; Havnes and
Mogstad, 2011).

3For example Rindfuss et al. (2010); Mörk et al. (2013); Björklund (2006); Bauernschuster et al. (2016a).
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2 Institutional setting

2.1 Maternal employment, fertility and child care in Germany until the mid-2000s

Maternal employment. In 2005, the maternal employment rate in Germany amounted to 64.3%

and was thus above the average of the Euro area (60.6%) and similar to maternal employment

in for example France (65%), UK (68.9%) or Austria (65.2%). Considering only mothers of

children aged between 6 and 11 years or aged 12 years and older, maternal employment was

even at a higher level4. Thus, labor supply of mothers with school-aged children was relatively

high compared to other EU countries. The employment rate for mothers with children below

6, however, was strikingly low: in 2005, only 46.7% of German mothers with children in this

age group were employed, a number which is almost 10 percentage points below the Euro

area average of 55.8% (Eurostat, 2018). Looking in more detail at mothers with children in

these younger age groups, Kreyenfeld and Geisler (2006) find that in 2002 only 19.2% of

mothers with children between 3 and 6 were full-time employed and that the rate of full-time

employment varies substantially between East (50.5%) and West Germany (14.5%). Among

mothers of under-three-year-olds, only 11.8 % had a full-time job, the percentages for East

and West Germany amounted to 31% and 8.9% respectively. These numbers demonstrate that

- although employment rates of mothers of school-aged children were relatively high - mothers

of younger children, especially below the age of three, were seldom employed and if they were,

they worked only few hours.

Fertility. Total fertility rates5 in Germany decreased from 2.4 children per women in 1960 to

1.34 in 2005. This number was below the average fertility rate in the Euro area and the European

Union (1.6) and below the average number of children born to a woman among all OECD

member states (1.7). In 2005, only very few countries had a lower fertility rate than Germany6,

most other high-income countries like for instance the US (2.1), France (1.9), Norway, Finland,

Denmark or Australia (all 1.8) were well above the German fertility rate at that time (World

Bank, 2019). Consequently, just before the child care reforms of interest came into effect,

Germany was characterized by extremely low birth rates and in combination with the rapidly

aging population, this posed an enormous risk to the social security systems (Dorbritz, 2008).

Child care for under-three-year-olds before the reforms. While the provision of public care

for children between one and six years was already quite high in East Germany in times of

the former German Democratic Republic, West Germany lacked behind substantially until the

mid-2000s. In 1996, all parents were granted a legal claim to a place in kindergarten for 3-to-6-

468.1% and 75.2% respectively (Euro area: 66.4% and 67.6% respectively)
5The total fertility rate “[...] represents the number of children that would be born to a woman if she were to live to
the end of her childbearing years and bear children in accordance with age-specific fertility rates of the specified
year.” (World Bank, 2019)

6Namely Poland (1.2), Moldova (1.2), Ukraine (1.2), Republique of Korea (1.1), Hong Kong SAR, China (1.0)
and Macao SAR, China (0.8).
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year-olds which resulted in full provision of half-day care for this age group by the mid-2000s

in the whole of Germany (Bauernschuster and Schlotter, 2015). For children under the age of

three however the supply of formal care was still limited in West German regions: in 2002,

public child care for under-three-year-olds was available for only 2% of the children in the

relevant age group in West Germany, whereas 35% of East German children had a slot in public

child care institutions (Geyer et al., 2015). Due to the quite high regulations (e.g. concerning

qualification of staff, group sizes) for private providers (see Felfe and Lalive, 2014) and the

resulting high costs, this mode of care was no real substitute for public care. This lead to a huge

excess demand for child care slots for 0-3-year-olds in the mid-2000s (Wrohlich, 2008).

2.2 The public child care reforms of the mid-2000s

In response to the large excess demand for child care slots for under-three-year-olds and due

to the demographical challenges induced by the extremely low birth rates, the German gov-

ernment passed several reforms in the years 2005 to 2008 to increase child care coverage es-

pecially in West Germany. In 2005, the Tagesbetreuungsausbaugesetz (federal law) came into

effect, regulating the expansion of daycare slots for under-three-year-olds with the aim to create

230.000 additional child care slots. Moreover, quality requirements were made more concrete

to stress that early child care should also contribute to early childhood education (BMFSFJ,

2004). Two years later, in a summit of the federal state, the Länder and the municipalities, the

expansion of child care coverage was brought to a higher level: in this so called Krippengipfel

the involved authorities decided to reach a child care coverage rate for under-three-year-olds of

35% by 2013, which was equivalent to tripling the existing slots (Tiedemann, 2014). Lastly, in

2008, a federal law (Kinderförderungsgesetz) introduced a legal claim to a child care slot for all

pre-school children older than one by 2013. Especially this last reform also led to a paradigm

shift concerning the financing of additional child care slots. Until then, the local authorities had

to cover all costs for expanding public child care alone, after 2008, the cost was shared be-

tween the state, the Länder and the municipalities (Tiedemann, 2014). Consequently, the heavy

subsidies on child care slots led to a higher provision of low-cost7 child care for 0-3-year-olds

both in East and in West Germany. Although the state did not impose any penalties on local

authorities that did not meet the goals by 1st of August 2013, municipalities had an incentive

to expand the supply of child care. Parents had the right to claim additional costs for private

child care from them (e.g. decision of the Federal Administrative Court (BVerwG), September

20138) or to claim remuneration for forgone earnings (e.g. Federal Court, October 2016, press

release 172/2016) if they did not get a child care slot for eligible children. Therefore, especially

in West Germany, where child care for under-three-year-olds was technically not-existent, ad-

7The parental fees depend on family size and family income and range from 0 to 600 EUR per month (Bauern-
schuster et al., 2016a).

8BVerwG 5 C 35.12
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ditional slots were created even before the claim to a child care slot became law (Tiedemann,

2014). The second part of Table A1 in the Appendix shows that child care coverage increased

from 1.6% to 14.2% on average across all West German counties between 1998 and 2009. The

variation of child care coverage after the reforms in 2009 is however even more striking: it

ranges from 3.7% to 35.9% and demonstrates huge differences in the speed and intensity of the

expansion of child care slots between German counties.

These differences in the magnitude of expansion across counties can be explained by both

demand and supply side factors. As was pointed out by Bauernschuster et al. (2016a), on the

one hand, local authorities had to make projections concerning the future demand for child

care slots depending on demographic and economic factors. On the other hand, the state was

responsible for approving the construction of new child care centers and this approval was

necessary for receiving the state subsidies (Felfe and Lalive, 2012). The sharing of responsi-

bilities between the three federal levels made the administrative process complex and lengthy

and according to Hüsken (2011) also dependent on county-specific factors (like differences

in expansion strategies, varying rules for financing etc.) that could not be influenced by the

local authorities. Consequently, regional variation does not only stem from differences in de-

mand, which are likely to be endogenous to expected changes in fertility levels and maternal

employment. The regional differences primarily result from supply side shocks that should be

exogenous to my outcomes of interest and lead to a deviation from the demand projected by the

municipalities. Possible reasons for such supply side shocks named in the previous literature

are shortages in construction ground, a lack of qualified staff, delays in approval or rejections

due to non-compliance with specific regulations or differences in the routines and rules con-

cerning the funding system (e.g. Bauernschuster et al., 2016a; Felfe and Lalive, 2012, 2014).

I will exploit this exogenous part of the variation in child care coverage in my identification

strategy in Section 4 and provide more evidence on the randomness of the expansion in Section

5.3.

3 Data

3.1 Individual-level data

My individual-level data stems from the the weakly anonymous Sample of Integrated Labor

Market Biographies (years 1975-2014) (SIAB 7514). Data access was provided via on-site

use at the Research Data Center (FDZ) of the German Federal Employment Agency (BA) at

the Institute for Employment Research (IAB) and subsequently remote data access.9 This data

covers a 2% subsample of all individuals who are employed subject to social security, receive

benefits according to German Social Code III or (since 2005) II, are officially registered as job

seeking or participate in active labor market policies. The key variables in this dataset contain

9For more information on the dataset see Antoni et al. (2016).
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detailed information on the individuals’ employment status, occupation, education level, daily

wages and benefits. Moreover, it is possible to identify the event of a childbirth using a strat-

egy provided by Müller and Strauch (2017).10 In short, following Müller and Strauch (2017), I

make use of a variable indicating the reason of cancellation/notification/termination of an em-

ployment or unemployment spell to derive the expected date of childbirth. To reduce the risk

that maternity allowance is confounded with leave periods due to sickness, Müller and Strauch

(2017) point out that the sample should be restricted to women up to age 40. Moreover, I restrict

the sample to West German counties because they were most affected by the expansion of child

care slots triggered by the policy initiatives. East German counties already started from a much

higher level of child care availability as about one third of East German children had access to

a child care slot before the reforms (Geyer et al., 2015). My period of analysis covers the years

1998-2010.

It is important to highlight the differences between this dataset and the birth registry data

used by for example Bauernschuster et al. (2016a). The birth register allows to exactly deter-

mine the universe of all births in Germany during the relevant time period. However, it does

not offer a lot of additional information on maternal characteristics and makes it impossible to

estimate heterogeneous effects by education or occupation. The SIAB contains exactly this in-

formation, the sample composition however markedly differs and in comparison to the official

statistics only about 50% of all births in Germany are identified. As the data only covers indi-

viduals who have a record in the administrative data sources, I cannot identify births and labor

supply behavior of self-employed, civil servants or females before they enter the labor market.

Moreover, it is not possible to identify twin births. If a mother does not return to an employment

subject to social security between two successive births, the second birth is almost impossible

to detect (Müller and Strauch, 2017) and the data therefore covers primarily first-order births.

Consequently, I cannot clearly differentiate between the intensive and the extensive margin in

my fertility analysis and I estimate the effects of expanding child care for below-three-year-olds

only for women who have a record in the social security data.11

I collapse the SIAB data to have one observation per individual, per year.12 As employers

are not obliged to report all variables, some missing values for the education level have to be

imputed following the imputation described in Fitzenberger et al. (2005).

10The identification of births developed by Schönberg (2009) and for example applied in Schönberg and Ludsteck
(2014) is not applicable with the new version of the SIAB as it does no longer contain the leave variable btype
used to determine childbirth in these papers.

11In 2017, about 50% of all women between 15 and 40 were employed subject to social security (DESTATIS,
2019), about 2.76% were officially registered in the unemployment statistics (Statistisches Bundesamt, 2018).

12In some cases, the SIAB data contains several data entries per individual per year due to the splitting of episodes.
In cases where the education information changes within a year, the highest educational degree is assumed. In
case of changing occupations, the most frequent one is assumed to be relevant. Labor supply variables are taken
from the cutoff information June, 30 of every year. If the June information is not available, it is replaced by the
cutoff values of March, 31 or September, 30, conditional on an overall observation period of at least 6 months.
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I then construct my two outcome variables: first, a dummy variable indicating whether

mother i, having a child of age 0-3 and living in county c is employed in year t13 and second

an indicator for woman i living in county c giving birth to a child in period t or t + 114. In

comparison to Bauernschuster et al. (2016a), who analyze births in t and t + 1 separately, I

define a single birth indicator which is equal to one if a woman gives birth in either t or t +1.

The main reason for this deviation is the considerably lower number of births per county and per

year I can identify in my data and the fact that the date of birth cannot be as precisely estimated

as in the birth registry data. Summary statistics on the outcome variables, for the whole sample

and for the subgroups I will use in the heterogeneity analysis and in the robustness checks, can

be found in Table A1 in the Appendix. Surprisingly, in my data, the probability of giving birth

for women with low education is lower than the birth rate of women with medium and high

education. This is in contrast to the generally higher incidence of childlessness in Germany

among highly educated women (Pötzsch, 2012). A possible explanation stems from the nature

of my individual-level data: as highlighted above, I cannot capture births that take place during

periods in which women do not have a record in the administrative data sources (for example

if they are non-employed but not officially registered as unemployed). Investigating the length

of gaps for which I cannot observe a woman in my data, I detect that the share of women for

whom I have gaps of one to six years is higher among women with low education compared

to women with medium or high education. The T-test for the hypothesis that the mean gap is

equal for women with low education and for women with medium or high education can be

rejected at a 1% significance level.15 Consequently, I might underestimate the number of births

for women with low education if they get pregnant and give birth in exactly these gap periods.16

Moreover, the imputation procedure for education by Fitzenberger et al. (2005) I apply, tends

to slightly overestimate educational degree. Some individuals classified as having medium or

high education might thus in fact have lower education.

Furthermore, I exploit the individual-level information to construct control variables for a

woman’s age, (pre-birth) education, German nationality, the number of children below 18 and

two indicators for whether a mother already has older children up to three years or between

four and six years old at the time of the birth I identify. In addition, the information on (pre-

13In cases where a mother does not appear in my data in the year t for which the expected birth was computed, I
code her as being non-employed. Evidence form the German Socio-Economic Panel (SOEP v28, 2012) affirms
that this is a reasonable assumption, because the percentage of women who switch from being employed subject
to social security to being self-employed or civil servants after birth is very low (0.3 and 2.5 % respectively).

14Bauernschuster et al. (2016a) show that births should be evaluated in both t and t + 1 due to differences in the
timing of measurement of child care coverage and births and due to the fact that conception might not happen
immediately.

15As gaps do not differ systematically between weak (increase in public child care coverage below the median)
and strong expansion (increase in public child care coverage above the median) counties this should not bias my
estimates. The T-test for equality of the pre-reform mean of gaps in both types of counties cannot be rejected for
any education level with p-values above 0.6.

16The same argument applies to the birth rates by wage profile. Gaps by wage profile do also not differ systemati-
cally between weak and strong expansion counties and my identification strategy should thus not be threatened.
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birth) occupation (measured at the 2-digit and 3-digit level) and the information on daily wages,

which is used to calculate age-earnings profiles (see Section 3.3), is drawn from this data.

3.2 County-level data

As the main explanatory variable child care coverage varies at the county level, I also need

detailed information on county characteristics. I use the dataset provided by Bauernschuster

et al. (2016b) which contains the information on the child care coverage rates and all relevant

county-specific time-varying control variables: population age structure, population density,

male employment rate, GDP per capita, the conservative vote share, the share of highly edu-

cated women in fertile age and municipalities’ gross revenue, debt and newly built dwellings.

This data was collected from the Statistical Offices of the German Länder, the Federal Employ-

ment Agency and the German Microcensus (see Bauernschuster et al., 2016a). For summary

statistics on these control variables see Table A1 in the Appendix.

3.3 Occupational classification

In the following, I describe how individuals are assigned to occupational groups by wage profile

and substitutability.17 This classification will later on be used in the heterogeneity analysis to

investigate whether the effects of child care on fertility and maternal employment vary for these

subgroups. To avoid that the occupation is endogenous if mothers switch to a different occupa-

tion in response to the child birth (see Kleven et al., 2018), I rely on the pre-birth information

on occupation for this assignment.

Occupation - by wage profile. The first occupational classification builds on Adda et al. (2017)

who highlight that different occupations have a different wage growth over time. Adda et al.

(2017) for example find that abstract occupations are characterized not only by a higher wage

at the beginning of the career but also by a higher wage growth at each level of experience. A

similar argument is made by Goldin (2014), who points out that some occupational positions

are characterized by highly non-linear (convex) pay structures with respect to hours worked

and impose heavy wage penalties on time out of the labor force. Others pay almost completely

linearly to work hours without wage penalties on part-time work or on interruptions.18 If wage

profiles are less concave and continue to grow faster at higher levels of experience, this implies

that work interruptions in the middle of the career are more costly, because women have higher

forgone earnings and therefore higher opportunity cost in these occupations (Adda et al., 2017;

Weiss and Gronau, 1981; Arntz and Gathmann, 2014). In other words, “missing” a steeper

part of the wage profile hurts more than missing a flatter part. To capture this finding in my

17The 2% subsample of the SIAB does not provide enough observations to directly run the analysis at the 2-digit
occupational level.

18See also Goldin and Katz (2008, 2011).
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occupational grouping, I again rely on the SIAB individual-level data that contains detailed

information on daily wages. Wages are deflated (base year 2010) according to the Consumer

Price Index provided by the Federal Statistical Office. I follow Mincer (1974) and construct age-

earnings profiles for 2-digit occupations. To get counterfactual age-earnings profiles without

pregnancies and work interruptions, I construct these profiles for full-time employed males

aged between 15 and 44. Occupations are then grouped into having a flat, medium-slope or

steep wage profile and the first part of the heterogeneity analysis in Section 5.1 and 5.2 will be

based on these three groups. The following paragraph gives a more detailed description of the

three wage profiles and provides a graphical overview in Figure 1.

Occupations characterized by a flat age-earnings profile are for example occupations in

agriculture, forestry, and horticulture, occupations in the food industry or cleaning services.

A medium sloped age-earnings profile is for example found for most of the manufacturing

occupations, occupations in building and interior construction and for most service occupations

in the social sector and in cultural work. Occupations concerned with production technology,

medical and health care occupations and occupations in business management, for instance,

are characterized by a steep development of earnings over time. For a detailed list of 2-digit-

occupations, sectors and the respective wage-profiles, see Table A2 in the Appendix.

Fig. 1: Age-earnings profiles

Notes: Figures depict average daily wages of male workers in respective age group. Wages are deflated according to the consumer price index
provided by the Federal Statistical Office, base year 2010. Sample: West Germany, 1997-2013, full-time employed males, 15-44 years old. flat
contains 2-digit occupations 11, 12, 29, 52-54, 63, 93; medium includes 21-24, 28, 32, 33, 43, 42, 51, 62, 82-84, 94 and steep is decomposed
of 2-digit occupations 01, 25-27, 31, 41, 43, 61, 71-73, 81, 91, 92 (German Classification of Occupations 2010).

Figure 1 depicts the average age-earnings profiles of the three groups and shows that they

all start at a quite similar level. The flat profile group however is already clearly below the

medium-sloped and steep profile at the age of 17. Between the age of 17 and 25, average daily
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wages of the flat profile increase from 18 EUR to 62 EUR and are characterized by an average

growth rate of about 16% per year. Afterwards the increase in wage earnings with age is very

modest (2.5% per year) and workers reach an average daily wage of 86 EUR at the age of 40.

The medium-sloped profile grows faster in the beginning of a career, the average growth rate

per year amounts to 18% between 17 and 25, afterwards, the medium and flat profile evolve

quite similarly in terms of growth rates. The difference of the steep profile however is striking.

While it evolves very similarly to the medium slope profile in the beginning, it surpasses the

medium profile at the age of 25 and grows at a very fast rate. Compared to the flat and medium

sloped profile, the growth rate of the steep profile is almost twice as large between the age of

25 and 40.

Occupation - by substitutability. While the first occupational classification by wage profiles

mainly relies on differences in the development of earnings with respect to age, a second pos-

sibility to group occupations is in the spirit of Goldin (2014), who puts more emphasis on the

reasons behind the differences in pay structures across occupations. She finds that the main de-

terminants of occupational pay structure are workplace flexibility (e.g. hours worked, precise

times at which the worker has to be present and the flexibility of the time schedule) but also the

degree to which a worker can be substituted by a co-worker (Goldin, 2014; Goldin and Katz,

2016). Hotz et al. (2018) call the possibility to easily transfer a task to a co-worker “flexibil-

ity in production”. They highlight that providing workplace flexibility is costly for firms. This

cost however decreases if workers are good substitutes for each other and can thus “hand off

clients [...] with little loss in fidelity” (Goldin and Katz, 2016, p.736). A higher degree of sub-

stitutability is thus important to reduce the work penalties to motherhood and the gender gap.

To construct a measure reflecting how easily a worker can be substituted by another worker

in each occupation, I use the BiBB/BAuA Employment Survey of the Working Population on

Qualification and Working Conditions in Germany 2006 (Hall and Tiemann, 2009), which is

a representative survey of 20,000 employees in Germany and contains a lot of information

on the kind of job the employee performs, on tasks, qualifications needed and the work envi-

ronment.19 I consider the following workplace characteristics to determine substitutability and

thereby largely follow Goldin (2014):

1. Time flexibility, including variables on for example flexible work schedules, time pressure or

the possibility to work in home office. Higher time flexibility should increase substitutability

of a worker as the particular time a worker is present at the workplace is less important with

higher flexibility.

2. Degree of regular contact to clients, for instance indicating how much contact to clients is

needed in general or whether the job regularly requires persuasive efforts vis-à-vis clients.

19I make use of the wave 2006 as this is the first one fitting to my observation period and containing the variables
relevant to classify occupations according to the categories described below. For more information on the dataset,
see Rohrbach-Schmidt (2009).
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The lower the degree of personal contact to clients, the easier a worker can be substituted

by a co-worker.

3. Room for own decision making, showing whether employees have to follow a clear and pre-

scribed operating process, whether they are engaged in problem solving and can in general

make own decisions. A higher degree of freedom to make own decisions implies that deci-

sions depend more on the individual worker and make workers poorer substitutes for each

other.

4. Transferability of skills, indicating whether work processes are repeated, whether a long

training period is necessary for the tasks performed or whether special seminars and courses

are required. The less prior training and the more standard procedures, the higher should be

the transferability of skills and tasks and the higher the substitutability between co-workers.

I recode all relevant variables such that a higher value implies a higher degree of substitutability

and standardize them to a mean of 0 and a standard deviation of 1. These variables are then

grouped into a composite index for substitutability (also with a mean of 0 and a SD of 1). To

get an average measure for how easily workers can be substituted by co-workers in each 2-digit

occupation, I take the average over all women in the same 2-digit occupation.20 Occupations are

classified as having a rather low or rather high degree of substitutability depending on which

half of the distribution they belong to21 and these two groups will be used for the heterogeneity

analysis in Section 5.1 and 5.2.

Table 1, column (1) shows the five occupations with the lowest and highest degree of overall

substitutability respectively. Exemplary, column (2) and (3) list the occupations with the low-

est and highest index values for contact to clients and skill transferability. Contact to clients is

coded such that a higher index indicates less contact to clients. In general, most of the occupa-

tions concerned with farming and foresting, many manufacturing occupations and some service

occupations like accountants, office specialists, warehouse managers and transport occupations

are characterized by a rather high degree of substitutability.22 Table 1 shows that almost all oc-

cupations listed among those having the highest index values in terms of overall substitutability,

little contact to clients and skill transferability are manufacturing occupations. Technical occu-

pations, many service occupations (e.g. occupations in health service23, social care, education

20As the number of observations is very low within 3-digit-occupations, I take averages over 2-digit levels. The
BiBB/BAuA 2006 contains the classification of occupations KldB1992 and KldB1988. To be able to merge the
information to the SIAB 7514, I rely on the KldB1988.

21In a robustness check in Section 5.4, I will drop occupations that cannot be clearly assigned to one of the two
groups.

22Concretely, 2-digit occupations 1, 2, 4-6, 9, 11, 13-27, 31-35, 39, 40-45, 47, 49-54, 63, 71, 73, 74, 77-79, 92,
93, 98, 99 (German Classification of Occupations 1988).

23Goldin and Katz (2016) point out the high degree of substitutability of the profession of pharmacists in the US.
Conflicting with this result, pharmacists are listed among the occupations with a low degree of substitutability
in my classification (see Table 1). A potential reason for this is that, due to the low number of observations
in the BIBB/BAuA, I have to rely on 2-digit occupations, implying that physicians, dentists, veterinarians and
pharmacists are all summarized as one single 2-digit-number (84).
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and science) and some manufacturing occupations like mechanics or tool makers are classified

as having a rather low degree of substitutability on average.24

Table 1: Degree of substitutability

(1) (2) (3)

Kind of index: Overall substitutability Contact to clients Skill transferability

Lowest index

72 - Water and air transport 84 - Physician, Pharmacists 89 - Pastoral workers
84 - Physician, Pharmacists 86 - Social care 61 - Chemists, Physicists, Mathem.
89 - Pastoral workers 72 - Water and air transport 76 - Administrative decision makers
87 - Teachers 85 - Other health occupations 87 - Teachers
86 - Social care 89 - Pastoral workers 88 - Humanities specialists, Scientists

Highest index

45 - Carpenters, Roofers, Scaffolders 43 - Other nutrition occupations 43 - Other nutrition occupations
18 - Wood preparers, -products makers 32 - Assemblers and metal workers 23 - Metal surface & couting
19 - Metal producers, Rollers 23 - Metal surface & couting 18 - Wood preparers, -products makers
93 - Cleaning occupations 21 - Metal moulders (non-cutting) 19 - Metal producers, Rollers
42 - Beverage and luxury food makers 45 - Carpenters, Roofers, Scaffolders 45 - Carpenters, Roofers, Scaffolders

Notes: All indexes standardized to a mean of zero and a standard deviation of 1. Overall substitutability index: higher value indicates higher
degree of substitutability. Variables on time flexibility, freedom of decision making, degree of contact to clients and of skill transferability
are included in the overall substitutability index. Contact to clients: higher value indicates less contact to clients required. Skill transferabil-
ity: higher value indicates higher degree of transferability. German Classification of Occupations 1988, 2-digit-level, females. Data Source:
BIBB/BAuA (2006)

4 Identification

To identify the causal effects of the availability of public child care on fertility and maternal

employment, I stick very closely to the identification strategy applied by Bauernschuster et al.

(2016a), who use the regional and temporal variation in the expansion of public child care

coverage in a generalized Difference-in-Differences setting. However, as I have individual-

level data, I do not aggregate information on fertility and employment at the county level but

run individual-level regressions. This comes along with the advantage that I can condition on

individual-level covariates and investigate heterogeneous effects by individual occupational

group and education level.

4.1 Average effects

In the average effects framework, I estimate the following regression:

yict = α +ρdct +Z′iβ +X ′ctλ +ηc +µt +ξict (1)

ρ is the coefficient of main interest as dct represents a continuous variable measuring the

local child care coverage rate in county c in year t. Local child care coverage is defined by the

number of child care slots relative to the number of children aged 0 to 3 and is available for

the years 1998, 2002, 2006, 2007, 2008, 2009 and 2010. The analysis is thus restricted to these

24Concretely, 2-digit occupations 3, 7, 10, 12, 28-30, 36, 37, 46, 48, 60-62, 68-70, 72, 75, 76, 80-91 (German
Classification of Occupations 1988).
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years.25 The outcome yict is either a dummy variable for having a birth in year t or t + 1 or a

dummy-variable for being employed in year t. To investigate the effect of early child care for

the group of women for whom the access to child care slots for under-three-year-olds is indeed

relevant, I restrict my sample to mothers of 0-3-year old children when analyzing employment. I

include county fixed effects (ηc) to capture time constant general differences between German

regions and year fixed effects (µt) to control for general time-trends in fertility or maternal

employment that are similar across all regions.

Z′i contains individual-level control variables. Both the fertility and the maternal employ-

ment regressions include the woman’s age and pre-birth education level as standard controls.

When the outcome of interest is maternal employment, I follow for example Müller and Wrohlich

(2018) and add age squared and a dummy for being German in Z′i .
26 In a further specification

for maternal employment, I add the number of children younger than 18 in the family27 and

two dummies for whether the newborn already has a sibling aged 0-3 years or aged between

4-6 years. Information on marital status is only available for unemployed women and can thus

not be included in the analysis.

X ′ct is a vector of county-specific time-varying covariates. Controlling for such factors re-

duces the risk that they evolve differently in regions with fast and slow expansion of child care

slots and have at the same time an impact on fertility or maternal employment, thereby biasing

the estimates. Counties expecting more future births might have an incentive to expand public

child care coverage faster, which would lead to an upward bias for the estimated effect of child

care availability on fertility. Therefore, I include several region-specific socio-demographic

factors that also serve as proxies for measuring future fertility. Analogous to Bauernschuster

et al. (2016a), I include the following control variables in extended specifications of the fertility

regressions: age-specific population shares of females between 15 and 40, age-specific popu-

lation shares of the whole population older than 41, population density, the male employment

rate, GDP per capita, the conservative vote share, the share of highly educated women in the

fertile age, municipalities’ gross revenue and debt to account for local public finance and the

number of newly built dwellings, which might be indicative for attracting young families. Con-

cerning maternal employment, a similar arguments applies: counties which, due to economic

or socio-demographic factors, are facing a potentially higher maternal employment might put

more effort in a fast and extensive expansion strategy and this might overestimate the true ef-

fect. Consequently, the regressions on maternal employment contain the same control variables

except for the information on revenue, debt and newly built dwellings.28

25As the information on GDP per capita, the male employment rate, municipalities’ gross revenue, debt and newly
built dwellings is missing for the year 2010, most regressions include only the years 1998-2009.

26The results depicted in specification (2) and (3) of Table 2 are qualitatively unaffected if age squared and a
dummy for being German are included in Z′i analogously for the fertility regressions.

27Measured before the respective birth in year t.
28Including controls for the municipalities’ gross revenue, debt and newly built dwellings would reduce the already

low sample size for the analysis of maternal employment by further 20%. If included, the results depicted in
Table 3 however remain qualitatively unaffected for all three specifications.
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As the treatment variable dct varies at the county level, whereas the outcome yict varies at

the individual level, I introduce weights to account for the different number of individuals per

county. Standard errors are clustered at the individual level as the same individuals are observed

multiple times.29

4.2 Heterogeneous effects

To estimate the child care expansion’s heterogeneous effects on fertility and maternal employ-

ment, I interact the treatment variable dct with woman i’s respective occupational group (de-

fined by wage profile or degree of substitutability). Equation 2 below exemplifies the regression

estimated to detect heterogeneities by wage profile in the spirit of Adda et al. (2017) and Goldin

(2014). Steep wage profile serves as the omitted category. In addition to including an interaction

term of dct with the dummies for flat and medium slope wage profile, the main effects of the

wage profile dummies are also included in the individual-level vector of controls Z′i . All other

covariates are equivalent to equation 1.

yict =α +ρ1dct +ρ2(dct×medium slope profilei)+ρ3(dct×flat profilei) (2)

+Z′iβ +X ′ctλ +ηc +µt +ξict

ρ1 then measures the effect of a change in child care coverage for women in occupations

with steep age-earnings profile, ρ2 and ρ3 indicate whether the effect is significantly different

for women in occupations with medium slope or flat wage profile respectively. The overall

effect of a change in child care coverage on women with medium slope (flat) age-earnings

profile is defined by ρ1 +ρ2 (ρ1 +ρ3). To estimate the effect heterogeneity by substitutability,

which refers to Goldin (2014) and Hotz et al. (2018), I run an additional regression in which

I interact child care coverage dct with a dummy variable high substitutability indicating that

workers in the respective occupation have on average a rather high degree to which they can

be substituted by a co-worker. High substitutability is equal to zero for occupations which are

characterized by a rather low degree of substitutability between workers (omitted category).

4.3 Key identifying assumptions

As for every Difference-in-Differences approach, two key identifying assumptions have to be

satisfied. Fertility and maternal labor supply must follow the same time trend in absence of

the treatment in counties with different expansion patterns (common trend assumption) and

individuals must not have selected into (or out of) the treatment. The common trend assumption

requires that after controlling for county fixed effects and the time-varying county-specific

29The results remain virtually unchanged if standard errors are instead clustered at the county level.
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controls in vector X ′ct , there are no other county-specific time varying unobserved variables

which are correlated with (future) fertility or maternal employment of woman i and at the same

time affect the child care coverage dct in county c at time t. In addition to including a bunch

of relevant time-varying county-specific controls, I provide a specification including county-

specific time trends and a placebo estimate for maternal employment in Section 5.3.2 and 5.3.3

to corroborate this assumption. In Section 5.3.5, I can moreover show that my estimates are not

confounded by the parental leave reform in 2007, which did also affect fertility (Raute, 2019)

and maternal employment (Kluve and Tamm, 2013).

Selection into treatment in my setting, could emerge via selective migration. If women who

would have given birth to a child or would have entered the labor market anyway move to a

strong expansion county, this might overestimate the true treatment effect. In a robustness check

in Section 5.3.4, I assign the treatment based on the woman’s pre-reform county of residence

and can thereby show that selective migration is not of a major concern.

5 Results

5.1 The impact of child care on fertility

To analyze the effect of child care coverage on fertility, I estimate equation 1 and 2. While

column (1) of Table 2 only includes county and year fixed effects, further controls are added in

column (2) and (3). Due to some missing values for these covariates, the number of observations

differs between specifications. Panel A of Table 2 shows the average effects estimates, in Panel

B I differentiate by slope of the wage profile and Panel C shows effect heterogeneities by degree

of substitutability.

Panel A of Table 2 reveals that the reforms on average had a significant and positive effect

on the probability of giving birth in either t or t + 1. A 10 percentage point increase in child

care coverage is associated with a 0.55 to 0.78 percentage point increase in the probability of

giving birth. This amounts to a percentage change of 7.3 - 10.4% compared to the baseline

mean over 2 years (7.5%, see Table A4 Appendix). These effects are slightly larger than the

effect found by Bauernschuster et al. (2016a), who estimate a 2.7% increase for t and a 2.8%

increase for t + 1. Due to the different composition of women in my data, it is however not

surprising that the point estimates slightly deviate. When estimating the effects of child care

coverage on births in t and births in t +1 separately, the results indicate a 0.2 to 0.4 percentage

point increase in the probability of having a child in period t (for a 10 percentage point increase

in child care coverage) and a 0.3 percentage point increase for the probability of giving birth in

t + 1. The respective estimates can be found in Table A3 in the Appendix. As a birth is still a

quite rare event in my data, the number of births I observe per county per year (and especially

per occupational group) is limited. In the following, I therefore rely on the specification in

which I look at the joint probability of a birth in t or t +1.
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Table 2: Effects on fertility

Dep. Var.: Birth in t or t +1 (1) (2) (3)

Panel A: Average effects

Child care coverage 0.0550*** 0.0641** 0.0775***
(0.0212) (0.0249) (0.0292)

N 845,327 828,668 662,909

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.0950*** 0.1059*** 0.1273***
(0.0231) (0.0265) (0.0311)

Child care coverage × medium slope -0.0901*** -0.0795*** -0.0915***
(0.0165) (0.0166) (0.0202)

Child care coverage × flat profile -0.0956*** -0.0954*** -0.1131***
(0.0181) (0.0185) (0.0222)

N 831,372 816,604 654,062

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.0632*** 0.0801*** 0.0999***
(0.0229) (0.0264) (0.0310)

Child care coverage × high substitutability -0.0233 -0.0326** -0.0419**
(0.0143) (0.0144) (0.0175)

N 829,234 814,529 652,648

Year & county FE
√ √ √

Regional controls
√ √

Individual controls
√ √

Revenue, debt, dwellings
√

Number of counties 325 325 322

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level and age. Revenue and debt information is not available or incomplete for Hamburg,
Bremen and Schleswig-Holstein, revenue information from 2009 is too fragmentary to be included. Occupational grouping based on mother’s
pre-birth occupation. Regressions in Panel B and C include the interactions and all main effects. Sample restrictions: women aged 15-40, West
Germany, 1998-2009. Standard errors in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of
observations per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset
provided by Bauernschuster et al. (2016b).

Panel B reveals that the expansion of child care slots had a significantly positive effect on

women who were employed in occupations with on average steep age-earnings profiles. The

increase in the probability of giving birth due to the reforms is significantly lower for women

employed in occupations with medium sloped profiles, and this difference is even more pro-

nounced for women in occupations with a flat age-earnings profile. The estimates in column

(3) indicate that a 10 percentage point increase in child care coverage increases the probability

of giving birth by 1.2 percentage points for women who prior to birth were employed in oc-

cupations with steep age-earnings profiles. This increase in birth rates due to the expansion of

child care slots is 0.9 and 1.1 percentage points lower for women in occupations with medium

sloped or flat wage profiles. The F-test of joint significance of the main effect of child care cov-
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erage and the respective interaction term is insignificant in all specifications. This indicates that

the overall effect of child care coverage on women employed in occupations with on average

medium sloped or flat age-earnings profiles is not statistically different from zero. The overall

point estimate amounts to 0.04 for the medium sloped profile and to 0.01 for the flat profile and

is thus also economically close to zero.

In Panel C, I detect a significant positive effect on the probability of giving birth for women

whose pre-birth occupation is on average characterized by a low degree of substitutability be-

tween workers. As the F-test on joint significance indicates, the overall effect of child care for

the high substitutability group is still significant and positive. It is however evident that the

reform effect of higher child care coverage is significantly lower for women in occupations in

which individual tasks are easy to transfer to co-workers. The percentage increase in fertility

for women in jobs with a low degree of substitutability amounts to 7.6 - 12.0% (baseline mean

of 8.3%), for women who are more easily substituted fertility increases by 6 - 8.6% (baseline

mean of 6.7%).

To sum up, the positive effects on fertility are driven by women whose pre-birth occupation

is characterized by a steep age-earnings profile and by women in occupations in which workers

are poorer substitutes for each other.

5.2 The impact of child care on maternal employment

To investigate whether the positive effects of child care coverage on fertility are mirrored in

maternal employment patterns, I estimate equation 1 and 2 with yict being 1 if a mother i of a 0-

3-year old child is employed in period t. As the sample is restricted to mothers with children in

the age group that was affected by the expansion of child care slots (0-3-year-olds), the sample

size is considerably smaller than for the fertility analysis.

Table 3 shows the average effect estimates in Panel A and the heterogeneous effects by wage

profile and substitutability in Panel B and C. The average effect estimates indicate a significant

positive effect of higher child care coverage on the probability of being employed and the effect

is quite stable across all three specifications. The estimate in column (3) can be interpreted as a

2.9 percentage point increase in the employment probability for a 10 percentage point increase

in child care coverage.30 Compared to the baseline mean of employment of mothers of 0-3-

year-olds (46%, see Table A4), this is equivalent to a 6.3% increase in employment probability.

Panel B shows that the probability of being employed increases significantly for women

working in jobs with an age-earnings profile of steep or medium slope. Referring to specifi-

cation (3), a 10 percentage point increase in child care coverage leads to a 3.54 and to a 2.97

percentage points higher probability of being employed for mothers in steep and in medium

30This result is comparable with Müller and Wrohlich (2018), who estimate a 0.2 percentage point increase in
employment probability for a 1 percentage point increase in child care coverage in Germany. They apply a
similar strategy, however focus on a later time period (2007-2014).
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profile occupations respectively. This is equivalent to a 7.2% (baseline mean of 49% and 41%

respectively) increase in the employment probability. The F-test of joint significance is highly

significant for mothers in occupations with medium-sloped profile. Mothers who prior to birth

were employed in occupations with on average flat wage profiles react significantly less in two

of the three specifications. The F-test of joint significance shows that the overall effect of child

care is not significantly different from zero for the flat wage profile group.

Table 3: Effects on maternal employment

Dep. Var.: Employment in t (1) (2) (3)

Panel A: Average effects

Child care coverage 0.2936** 0.2648** 0.2939**
(0.1289) (0.1274) (0.1321)

N 96,963 96,165 92,354

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.3679*** 0.3242** 0.3543***
(0.1316) (0.1307) (0.1354)

Child care coverage × medium slope -0.0804 -0.0592 -0.0573
(0.0811) (0.0807) (0.0826)

Child care coverage × flat profile -0.1846* -0.1484 -0.2016*
(0.1104) (0.1081) (0.1113)

N 96,657 95,885 92,151

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.3279** 0.3190** 0.3486**
(0.1329) (0.1314) (0.1362)

Child care coverage × high substitutability -0.0824 -0.1303* -0.1400*
(0.0729) (0.0717) (0.0736)

N 96,554 95,784 92,045

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level, age, age2 and a dummy for being German. Sibling controls comprise the number of
further children younger than 18 and two dummies indicating whether the newborn has a sibling aged 0-3 years or aged between 4-6 years.
Occupational grouping based on mother’s pre-birth occupation. Regressions in Panel B and C include the interactions and all main effects.
Sample restrictions: women aged 15-40, West Germany, 1998-2009, youngest child 0-3 years old. Standard errors in parentheses are clustered
at the individual (mother) level. Regression is weighted with the number of observations per county. * significant at 10% level, ** at 5 % level,
*** at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster et al. (2016b).

Panel C reveals an interesting pattern that mirrors the effects on fertility: when differentiat-

ing the employment effect of child care by the occupation-level degree to which women can be

substituted at workplace, I find a significantly positive effect on those whose occupations are
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characterized by a low degree of substitutability, i.e. on mothers in jobs in which one worker

cannot be easily replaced by a co-worker. The effect of child care on mothers in occupations

where workers are better substitutes for each other is significantly lower and the overall effect

on this group is not significant in two of the three specifications. Thus, a 10 percentage point in-

crease in child care coverage increases the employment probability of mothers in occupations

with a low degree of substitutability by roughly 7.6% (baseline mean of 46%) for specifica-

tion (3) and does not have an effect on women in jobs in which tasks are easy to transfer to

co-workers.

To summarize the results, the positive effects of child care on fertility are largely mirrored

in the effects on maternal employment. The average positive effects are driven by mothers in

occupations with on average medium sloped and steep age-earnings profiles and by mothers

who before birth worked in a job in which the average degree of substitutability is low. The

child care expansion did not have an effect on mothers whose occupations are characterized by

high substitutability between workers and on mothers who prior to birth worked in occupations

with flat age-earnings curves.

5.3 Validity checks

5.3.1 Was the expansion of child care slots random?

The key identifying assumption of my identification strategy is that there are no time-varying

systematic differences between counties with different expansion patterns, which also have an

effect on the outcome variables. Therefore, I will in the following provide evidence for the

randomness of the expansion of public child care slots.

Control variables on the right-hand side of the regression. The results I presented in Section

5.1 and 5.2 have already shown that my effects are robust to including a bunch of county-level

time varying controls and several individual-level covariates. This confirmed that county-level

differences that evolve differently over time should not be a large concern for my identification

strategy.

Control variables as outcome. Pei et al. (2018) point out that controlling for potential con-

founders on the right-hand side of the regression and checking whether the coefficient of inter-

est changes due to the additional controls is just one possibility to test whether these controls

would really induce omitted variable bias. This method is particularly doubtful if the included

control variables are subject to measurement error or only a noisy proxy for the true confounder.

Pei et al. (2018) show that the resulting attenuation bias for the noisily measured controls re-

sults in a virtually unchanged estimate of the coefficient of interest but does not help a lot to

avoid omitted variable bias. The authors instead propose to put the potential confounders on

the left-hand side of the regression because measurement error is less of a concern for depen-
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dent variables. If the candidate variable is no confounder, the coefficient of interest should be

insignificant and close to zero. As described in Section 3, individual level background charac-

teristics in the SIAB 7514 might be less reliable or measured with error because they are not

related to the purpose of the administrative reporting process (see Fitzenberger et al., 2005).

Fitzenberger et al. (2005) showed that is especially relevant for the measurement of educa-

tional degree. Moreover, information on the number of children below 18 and the age of older

siblings is not directly given in the data but is derived from combing several other variables

of the SIAB. Consequently these variables might be measured with noise. If this measurement

error biases the coefficients of these control variables towards zero, including them in the re-

gressions will not help to weaken omitted variable bias. I thus follow Pei et al. (2018) and -

in addition to including the individual-level variables as controls on the right-hand side of the

regression - investigate whether they give rise to selection bias, by putting them on the left-hand

side of the regression.

As in my setting, the variation of child care coverage comes from the years after the first

reform in 2005, I estimate the first difference between child care coverage in 2009 and in 200631

and use this difference as the main explanatory variable. For all individual-level variables, I

construct averages at the county-year-level and compute the same first difference.

Table 4: Individual-level controls on LHS

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

Dep. Var. in ∆2009−2006 Age Education level German No kids Siblings

low medium high 0-3 4-6

∆ Child care coverage 0.1637 -0.0203 0.0125 0.0079 0.1086*** 0.1046 0.0262 0.0241
(1.2652) (0.0724) (0.0714) (0.0381) (0.0373) (0.1063) (0.1038) (0.0565)

N 322 322 322 322 322 322 322 322

LHS joint balancing test (p-value):

all variables 0.0778

w/o “German” 0.9232

Notes: Heteroscedasticity robust standard errors in parentheses. Control variables are included in first differences between 2006 and 2009
(2008 for revenue information); all regressions include county-level controls: controls for age-specific population shares of females between
15 and 40, age-specific population shares of the whole population older than 41, population density, the male employment rate, GDP per capita,
the conservative vote share and the share of highly educated women in the fertile age, revenue, debt and number of newly built dwellings.
Revenue and debt information is not available or incomplete for Hamburg, Bremen and Schleswig-Holstein, revenue information from 2009
is too fragmentary to be included. LHS joint balancing test is calculated using the Stata suest-command, analogous to Pei et al. (2018). *
significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).

Table 4 shows that seven out of eight of my individual-level controls are insignificant and

small in magnitude if considered as outcome variable on the left-hand side of the regression.

The change in child care coverage between 2006 and 2009 seems to be unrelated to a change

31Information on child care coverage for 2005 is not available.
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in maternal age, a change in the share of low, medium and high educated women, a change

in the number of further children below 18 and the share of newborns having older siblings.

The only variable which turns out be be significant is the dummy variable for being German.

As nationality is reported very reliably in the SIAB 7514 (Antoni et al., 2016), it is unlikely to

suffer from attenuation bias and including it as a control on the right-hand side of the regres-

sion should control for this seemingly systematically higher share of Germans in counties with

strong expansion between 2006 and 2009. Analogous to Pei et al. (2018), I conduct a left-hand-

side joint balancing test, which tests the hypothesis that all eight variables are balanced across

counties with different expansion patterns. As long as the variable German is included in this

test, the hypothesis is still rejected at a 10 percent significance level. Excluding German from

the test, the hypothesis cannot be rejected, the p-value amounts to 0.932 and confirms that the

counties should be balanced in all individual-level control variables but the share of Germans.

Table 5: County-level controls on LHS

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

Dep. Var.: Population Conservative Female high GDP Male
(in ∆2009−2006) density vote share education

share
per capita employment

rate

∆ Child care coverage 61.8078* -0.0002 0.1579 -0.6188 -0.0106
(31.6193) (0.0415) (0.1147) (3.9057) (0.0188)

N 322 322 322 322 322

LHS joint balancing test (p-value):

all variables 0.1823

w/o “pop. density” 0.5950

Notes: Heteroscedasticity robust standard errors in parentheses. Control variables are included in first differences between 2006 and 2009
(2008 for revenue information); all regressions include the following county-level controls: controls for age-specific population shares of
females between 15 and 40, age-specific population shares of the whole population older than 41, revenue, debt and number of newly built
dwellings. Revenue and debt information is not available or incomplete for Hamburg, Bremen and Schleswig-Holstein, revenue information
from 2009 is too fragmentary to be included. Individual-level controls include controls for age, education and German nationality. LHS joint
balancing test is calculated using the Stata suest-command, analogous to Pei et al. (2018). * significant at 10% level, ** at 5 % level, *** at
1% level. Data source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).

The majority of county-level controls was collected from the Statistical Offices of the Ger-

man Länder, is precisely measured and should not be subject to measurement error. The county-

level time-varying controls should thus reduce potential omitted variable bias if included as

controls on the regression’s right-hand side. Nevertheless, I repeat the procedure of Pei et al.

(2018) for the five variables I believe most relevant for child care expansion: population den-

sity, the conservative vote share as a proxy for a cultural attitude more towards the classical

male-breadwinner model (see Bauernschuster et al., 2016a), the share of highly educated fe-

males reflecting the potential gains of sending children to public care (Felfe and Lalive, 2018),

the GDP per capita for overall prosperity in the county and the male employment rate as a

proxy for general labor market conditions in the region. The results in Table 5 show that the
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coefficient of the change of child care coverage between 2006 and 2009 only gets significant

when population density is taken as an outcome. The left-hand-side joint balancing test for the

hypothesis that these five variables are balanced across counties with a different change in child

care coverage cannot be rejected at any conventional significance level.

Pre-treatment differences. Despite the fact that the county fixed effects capture time constant

differences between counties, it is worthwhile to compare counties in terms of observable time-

varying characteristics before the reforms. To this end, I follow Bauernschuster et al. (2016a);

Havnes and Mogstad (2011) and split the counties into treatment and control regions instead of

comparing pre-reform characteristics of all German counties separately. I define treatment re-

gions as those in which the increase in public child care coverage was above the median, those

with an increase below the median belong to the control group. To identify the median, I sort all

West German counties by the absolute size of the increase in public child care coverage from

2002 to 2009. Table A4 in the Appendix shows pre-reform differences in outcomes between

weak (C) and strong (T) expansion counties, as well as the overall pre-reform means. There is

no difference in the probability of giving birth in t = 2002 and a very small significant differ-

ence in the probability of having a birth over two years t = 2002 and t +1 = 2003. If anything,

the counties with a slightly lower birth rate (0.2 percentage points) expanded more quickly (see

also Bauernschuster et al., 2016a). Concerning the probability of giving birth by subgroups,

the only significant differences in the pre-treatment year 2002 can be found for the birth inci-

dence of medium-educated women and of women with steep age-earnings profiles. Again, the

difference is tiny (0.4 and 0.5 percentage points) and would suggest that regions with fewer

births expanded more quickly. Looking at maternal employment, there were no significant pre-

treatment differences. Table A5 depicts pre-reform differences for the independent variables.

This pre-treatment comparison reveals that the strong expansion counties already had a slightly

higher child care coverage in 2002, the difference however amounts to only 0.5 percentage

points. The weak and strong expansion counties are quite similar in terms of county-level con-

trol variables, the only significant difference which is large enough to give rise to concerns is the

share of highly educated females which is 3.5 percentage points higher in the control regions.32

This difference in education is also visible when relying on the education level measured at

the individual level and I also detect a significant difference for German nationality. As the

left-hand-side test presented in the previous paragraph has shown that the change in child care

coverage is unrelated to a change in education level, this pre-treatment difference in education

should not threaten my identification strategy. The differences in nationality can be controlled

for by including nationality as a right-hand side covariate, as long as it does not suffer from

measurement error. The county fixed effects should account for all remaining county-specific

time constant differences between counties.
32As Bauernschuster et al. (2016a) highlight, the few significant differences in population age structure are very

tiny (0.06-0.01 percentage points) and do not concern the most relevant age group of 20-34 year old women.
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5.3.2 Placebo regressions

One possibility to verify whether the common trend assumption holds or whether the estimated

effect emerges due to reasons other than the child care expansion, is to run placebo tests. This

is especially relevant for the maternal employment outcome, since the German labor market

was subject to several reforms in the early 2000s.33

Table 6: Placebo - effect on maternal employment in t−3

Dep. Var.: Employed in t−3 (1) (2) (3)

Panel A: Average effects

Child care coverage -0.1343 -0.0487 0.0181
(0.2530) (0.2521) (0.2542)

N 29,396 29,224 28,994

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage -0.1668 -0.1090 -0.0587
(0.2596) (0.2594) (0.2615)

Child care coverage × medium slope -0.0725 -0.0095 0.0081
(0.1472) (0.1467) (0.1460)

Child care coverage × flat profile 0.2952 0.3395* 0.4153**
(0.1981) (0.1967) (0.1997)

N 29,367 29,198 28,971

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage -0.1114 -0.0131 0.0355
(0.2608) (0.2601) (0.2627)

Child care coverage × high substitutability -0.0664 -0.0930 -0.0307
(0.1351) (0.1342) (0.1337)

N 29,313 29,145 28,917

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level, age, age2 and a dummy for being German. Sibling controls comprise the number of
further children younger than 18 and two dummies indicating whether the newborn has a sibling aged 0-3 years or aged between 4-6 years.
Outcome lagged by three periods. Sample restrictions: women aged 15-40, West Germany, 1998-2009, youngest child 0-3 years old. Standard
errors in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of observations per county. *
significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster
et al. (2016b).

Although I am not aware of any reform which differed between counties in a way similar

to the expansion of child care slots, I re-estimate equation 1 and 2 on maternal employment

33For example the introduction of Hartz IV in 2005 which among others changed regulations concerning unem-
ployment benefits.
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but lag the outcome by three periods. I should not find an effect of child care coverage in t on

employment in t− 3 of mothers whose children are 0-3 years old in t because these children

are newborns or have not yet been born in t − 3. Table 6 shows that the effects indeed turn

insignificant and much closer to zero compared to the effects I detected in Table 3. The F-test

of joint significance of the main effect of child care plus the respective interaction term is not

significant for any of the subgroups.

5.3.3 County-specific linear time trends

As the placebo regressions in Section 5.3.2 showed, the trends in maternal employment do not

seem to diverge before the treatment between counties with different speed and intensity of

child care expansion. To eliminate the minor remaining deviations in trends both for maternal

employment and for fertility, I include county-specific linear time trends in the regressions.

Wolfers (2006) shows that including state-specific time trends in the form of a states× timet

interaction term in a Difference-in-Differences approach might lead to an intermingling of the

pre-existing trends and the dynamic effects from the policy reform. To avoid that my trends

confound pre-treatment trends and the effects of child care expansion, I proceed as follows: I

aggregate my data at the county-year-level and calculate the pre-treatment trend (1998-2004) in

fertility and maternal employment for each county separately. The estimated β -coefficients for

the pre-treatment trends in the outcomes are then used to predict the trends for the years 2005

to 2010. These county-specific trends are subsequently matched to the individual-level data

and included in the regressions as a control variable. Results for including this county-specific

time trend in a linear way are depicted in Tables 7 and 8 for the average effects and the effect

heterogeneities by wage profile and substitutability. The results remain qualitatively the same

if trends are included quadratically.34

Both the effects for fertility and the effects for maternal employment remain virtually unaf-

fected by the inclusion of county-specific linear time trends. This corroborates the assumption

that counties with a different speed and intensity of child care expansion do not follow different

fertility and employment trends in absence of the reforms.

5.3.4 Selective migration

One potential issue for my identification strategy is that women might move from counties

with low to counties with high child care coverage in response to the reforms. This selective

migration could be considered as part of the effect of child care expansion if a women moves to

a county with high child care coverage and decides to have a child (to enter the labor market)

because of this higher child care coverage. I would however overestimate the treatment effect,

if women who would have had a child (would have entered the labor market) anyway move to

a county with a more intense expansion pattern. To avoid that my effects are driven by selective

34Results can be obtained upon request.
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migration, I use the woman’s county of residency in 2004 (or if this information is missing in

the years before 2004) to assign the intensity of the treatment, i.e. I keep the woman’s county

constant at the pre-reform county. Table 9 shows the coefficients using the pre-reform county

to assign child care coverage for fertility, Table 10 for maternal employment.

The point estimates of the effect of child care on fertility stay both qualitatively and quanti-

tatively very similar to the baseline. The differences between women employed in occupations

with on average low versus high substitutability even get a bit more pronounced. The point esti-

mates on maternal employment decrease and partly lose significance, but are still qualitatively

similar to the baseline.

5.3.5 Parental leave reform in 2007

Between 2005 and 2008, when the child care reforms were implemented, the German govern-

ment passed a further family policy reform in 2007, resulting in substantial modifications of

the parental leave system. The change from a means-tested to an earnings related system, the

reduction in benefit duration from 24 to 12 months and a change in eligibility criteria altogether

made high-income parents benefit and low-income parents lose. This triggered significant ef-

fects on women’s labor supply35 (e.g. Kluve and Tamm, 2013) and increased fertility (e.g.

Raute, 2019), especially for women with higher education. The inclusion of year fixed effects

should protect my estimates from being confounded by the parental leave reform, as the reform

was implemented in all German counties and there is no good reason why its impact should

vary systematically between regions. Nevertheless, I follow Bauernschuster et al. (2016a) and

include an interaction term of a post-2007 dummy and the woman’s education level to capture

potential changes in the relationship between education and fertility or maternal employment

induced by the parental leave reform. Table 11 shows the results for fertility, Table 12 the effects

on maternal employment.

The coefficients on the probability of giving birth slightly decrease, they are however still

large and significant in almost all specifications. In line with the results by Raute (2019) and

the robustness check of Bauernschuster et al. (2016a), the coefficients for the interaction of the

post-2007 dummy with the dummies for medium and high education are significantly positive

and larger in magnitude for high education women. The estimates on employment are neither

qualitatively nor quantitatively very much affected and the interactions of the post-2007 dummy

with medium and high education remain insignificant.

35Negative effects in the first year after birth, positive effects thereafter.
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Table 7: County-specific linear time trends - effects on fertility

Dep. Var.: Birth in t or t +1 (1) (2) (3)

Panel A: Average effects

Child care coverage 0.0283 0.0433* 0.0536*
(0.0215) (0.0250) (0.0292)

N 845,327 828,668 662,909

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.0679*** 0.0848*** 0.1029***
(0.0233) (0.0266) (0.0312)

Child care coverage × medium slope -0.0897*** -0.0791*** -0.0911***
(0.0165) (0.0166) (0.0202)

Child care coverage × flat profile -0.0959*** -0.0955*** -0.1129***
(0.0181) (0.0185) (0.0222)

N 831,372 816,604 654,062

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.0359 0.0588** 0.0754**
(0.0232) (0.0265) (0.0311)

Child care coverage × high substitutability -0.0227 -0.0323** -0.0414**
(0.0143) (0.0144) (0.0175)

N 829,234 814,529 652,648

County-specific linear trend
√ √ √

Year & county FE
√ √ √

Regional controls
√ √

Individual controls
√ √

Revenue, debt, dwellings
√

Number of counties 325 325 322

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level and age. Revenue and debt information is not available or incomplete for Hamburg,
Bremen and Schleswig-Holstein, revenue information from 2009 is too fragmentary to be included. Additionally a linear county-specific time
trend is included. Sample restrictions: women aged 15-40, West Germany, 1998-2009. Standard errors in parentheses are clustered at the
individual (mother) level. Regression is weighted with the number of observations per county. * significant at 10% level, ** at 5 % level, ***
at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster et al. (2016b).
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Table 8: County-specific linear time trends - effects on maternal employment

Dep. Var.: Employed in t (1) (2) (3)

Panel A: Average effects

Child care coverage 0.3729*** 0.3387*** 0.3616***
(0.1287) (0.1273) (0.1321)

N 96,963 96,165 92,354

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.4456*** 0.3973*** 0.4219***
(0.1315) (0.1307) (0.1355)

Child care coverage × medium slope -0.0812 -0.0600 -0.0585
(0.0810) (0.0806) (0.0824)

Child care coverage × flat profile -0.1936* -0.1563 -0.2057*
(0.1100) (0.1079) (0.1111)

N 96,657 95,885 92,151

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.4065*** 0.3916*** 0.4157***
(0.1328) (0.1314) (0.1362)

Child care coverage × high substitutability -0.0803 -0.1218* -0.1379*
(0.0728) (0.0716) (0.0735)

N 96,554 95,784 92,045

County-specific linear trend
√ √ √

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level, age, age2 and a dummy for being German. Sibling controls comprise the number of
further children younger than 18 and two dummies indicating whether the newborn has a sibling aged 0-3 years or aged between 4-6 years.
Additionally a linear county-specific time trend is included. Sample restrictions: women aged 15-40, West Germany, 1998-2009, youngest
child 0-3 years old. Standard errors in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of
observations per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset
provided by Bauernschuster et al. (2016b).
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Table 9: Accounting for selective migration - effects on fertility

Dep. Var.: Birth in t or t +1 (1) (2) (3)

Panel A: Average effects

Child care coverage 0.0567** 0.0472* 0.0615*
(0.0243) (0.0282) (0.0323)

N 725,643 715,946 591,911

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.1049*** 0.0999*** 0.1164***
(0.0263) (0.0300) (0.0343)

Child care coverage × medium slope -0.0842*** -0.0853*** -0.0883***
(0.0197) (0.0197) (0.0233)

Child care coverage × flat profile -0.1507*** -0.1575*** -0.1636***
(0.0214) (0.0217) (0.0255)

N 720,724 711,262 587,808

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.0858*** 0.0799*** 0.0982***
(0.0263) (0.0300) (0.0342)

Child care coverage × high substitutability -0.0614*** -0.0675*** -0.0725***
(0.0171) (0.0171) (0.0201)

N 718,908 709,504 586,556

Year & county FE
√ √ √

Regional controls
√ √

Individual controls
√ √

Revenue, debt, dwellings
√

Number of counties 325 325 322

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level and age. Revenue and debt information is not available or incomplete for Hamburg,
Bremen and Schleswig-Holstein, revenue information from 2009 is too fragmentary to be included. Contains county information from t ≤ 2004.
Sample restrictions: women aged 15-40, West Germany, 1998-2009. Standard errors in parentheses are clustered at the individual (mother)
level. Regression is weighted with the number of observations per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data
source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster et al. (2016b).
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Table 10: Accounting for selective migration - effects on maternal employment

Dep. Var.: Employed in t (1) (2) (3)

Panel A: Average effects

Child care coverage 0.2286* 0.1820 0.2118
(0.1304) (0.1283) (0.1330)

N 94,979 94,302 90,554

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.2987** 0.2474* 0.2768**
(0.1327) (0.1315) (0.1363)

Child care coverage × medium slope -0.0999 -0.0980 -0.0933
(0.0819) (0.0808) (0.0828)

Child care coverage × flat profile -0.1117 -0.1134 -0.1642
(0.1137) (0.1113) (0.1145)

N 94,718 94,050 90,378

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.2647** 0.2389* 0.2694**
(0.1341) (0.1321) (0.1369)

Child care coverage × high substitutability -0.0805 -0.1281* -0.1375*
(0.0744) (0.0730) (0.0750)

N 94,609 93,944 90,267

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level, age, age2 and a dummy for being German. Sibling controls comprise the number of
further children younger than 18 and two dummies indicating whether the newborn has a sibling aged 0-3 years or aged between 4-6 years.
Contains county information from t ≤ 2004. Sample restrictions: women aged 15-40, West Germany, 1998-2009, and youngest child 0-3 years
old. Standard errors in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of observations
per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by
Bauernschuster et al. (2016b).



30 Katrin Huber

Table 11: Parental leave reform in 2007 - effects on fertility

Dep. Var.: Birth in t or t +1 (1) (2) (3)

Panel A: Average effects

Child care coverage 0.0401* 0.0596** 0.0731**
(0.0214) (0.0249) (0.0292)

Post2007 × medium education 0.0146*** 0.0153*** 0.0143***
(0.0015) (0.0015) (0.0017)

Post2007 × high education 0.0297*** 0.0298*** 0.0264***
(0.0032) (0.0033) (0.0036)

N 828,668 828,668 662,909

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.0715*** 0.0933*** 0.1151***
(0.0233) (0.0265) (0.0312)

Child care coverage × medium slope -0.0651*** -0.0666*** -0.0792***
(0.0166) (0.0166) (0.0202)

Child care coverage × flat profile -0.0652*** -0.0677*** -0.0868***
(0.0186) (0.0186) (0.0224)

Post2007 × medium education 0.0133*** 0.0139*** 0.0129***
(0.0016) (0.0016) (0.0017)

Post2007 × high education 0.0268*** 0.0269*** 0.0235***
(0.0033) (0.0033) (0.0037)

N 816,604 816,604 654,062

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.0497** 0.0705*** 0.0908***
(0.0231) (0.0264) (0.0310)

Child care coverage × high substitutability -0.0206 -0.0211 -0.0311*
(0.0144) (0.0144) (0.0175)

Post2007 × medium education 0.0146*** 0.0151*** 0.0141***
(0.0016) (0.0016) (0.0017)

Post2007 × high education 0.0297*** 0.0297*** 0.0262***
(0.0033) (0.0033) (0.0036)

N 814,529 814,529 652,648

Year & county FE
√ √ √

Regional controls
√ √

Individual controls
√ √

Revenue, debt, dwellings
√

Number of counties 325 325 322

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level and age. Revenue and debt information is not available or incomplete for Hamburg,
Bremen and Schleswig-Holstein, revenue information from 2009 is too fragmentary to be included. Both interaction term and main effects of
post2007 and education level included. Sample restrictions: women aged 15-40, West Germany, 1998-2009. Standard errors in parentheses are
clustered at the individual (mother) level. Regression is weighted with the number of observations per county. * significant at 10% level, ** at
5 % level, *** at 1% level. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster et al. (2016b).
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Table 12: Parental leave reform in 2007 - effects on maternal employment

Dep. Var.: Employed in t (1) (2) (3)

Panel A: Average effects

Child care coverage 0.2863** 0.2658** 0.2946**
(0.1282) (0.1274) (0.1322)

Post2007 × medium education 0.0118 0.0034 0.0119
(0.0112) (0.0111) (0.0115)

Post2007 × high education 0.0028 -0.0025 0.0083
(0.0170) (0.0168) (0.0172)

N 96,166 96,165 92,354

Panel B: Heterogeneity by wage profile (omitted: steep profile)

Child care coverage 0.3582*** 0.3267** 0.3529***
(0.1316) (0.1310) (0.1357)

Child care coverage × medium slope -0.0727 -0.0591 -0.0518
(0.0815) (0.0811) (0.0830)

Child care coverage × flat profile -0.1767 -0.1483 -0.1887*
(0.1107) (0.1092) (0.1125)

Post2007 × medium education 0.0135 0.0053 0.0129
(0.0113) (0.0112) (0.0116)

Post2007 × high education -0.0044 -0.0092 0.0019
(0.0171) (0.0170) (0.0174)

N 95,886 95,885 92,151

Panel C: Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.3488*** 0.3223** 0.3487**
(0.1324) (0.1316) (0.1364)

Child care coverage × high substitutability -0.1359* -0.1331* -0.1365*
(0.0727) (0.0720) (0.0739)

Post2007 × medium education 0.0114 0.0027 0.0114
(0.0113) (0.0112) (0.0115)

Post2007 × high education -0.0048 -0.0098 0.0029
(0.0171) (0.0170) (0.0173)

N 95,785 95,784 92,045

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 1 for Panel A, equation 2 for Panel B and C. Regional controls include controls for
age-specific population shares of females between 15 and 40, age-specific population shares of the whole population older than 41, population
density, the male employment rate, GDP per capita, the conservative vote share and the share of highly educated women in the fertile age.
Individual controls include the pre-birth education level, age, age2 and a dummy for being German. Sibling controls comprise the number of
further children younger than 18 and two dummies indicating whether the newborn has a sibling aged 0-3 years or aged between 4-6 years.
Both interaction term and main effects of post2007 and education level included. Sample restrictions: women aged 15-40, West Germany,
1998-2009, and youngest child 0-3 years old. Standard errors in parentheses are clustered at the individual (mother) level. Regression is
weighted with the number of observations per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514,
BIBB/BAuA (2006), dataset provided by Bauernschuster et al. (2016b).
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5.4 Robustness checks

5.4.1 Alternative subgroup classifications

Besides providing evidence for the validity of my results, I further check their robustness by

considering two alternative subgroup classifications for the heterogeneity analysis.

First, occupations can also be classified based on the tasks performed by a worker. Adda

et al. (2017) show that abstract occupations, which are characterized by an ongoing need of

skill updating, pay high wages but also punish job interruptions due to higher atrophy rates

and are thus less family-friendly than manual or routine occupations. I use the dataset provided

by Dengler et al. (2014) who apply the task-based approach developed by Autor et al. (2003)

to occupations in the German labor market. Using expert knowledge about competencies and

skills needed for the respective job, Dengler et al. (2014) compute the main task type and the

composition of tasks of every 2-digit occupation. In this robustness check, I follow Adda et al.

(2017) and summarize occupations to be mainly abstract, or routine & manual task-intensive

occupations.

Second, Becker (1965) and Mincer (1963) highlight that the price of having children and

of providing care is higher for high income families with a higher potential female wage rate.

Therefore, besides differentiating the effects of child care by occupational group, a further

heterogeneity to look at is by educational degree. I take educational information from the SIAB

7514 individual-level data and define education groups as follows. An individual is classified

as having low education if she does not have any vocational degree. The category medium

education includes individuals with primary, secondary or intermediate school leaving degree

with vocational qualification and high education is assigned to those with technical college or

university degree.

I rely on the pre-birth information on education and occupation for this assignment. Analo-

gously to equation 2, I interact the treatment variable dct with either a dummy variable indicat-

ing that workers in woman i’s respective occupation perform mainly routine and manual tasks

at work (omitted category: abstract tasks) or with indicators for low and medium education

(omitted category: high education).

The results for these further effect heterogeneities concerning fertility and maternal em-

ployment can be found in Table A6 and A7 in the Appendix respectively. Panel A of both

tables reveals a significant and positive effect of an increase in child care coverage on fertility

and maternal employment for the high education group. While the interaction terms in Table

A6 indicate a significantly lower responsiveness of women with medium and low education

in terms of fertility, Table A7 does not provide evidence for significant differences concerning

employment between mothers with different education level. The F-test of joint significance

however indicates that the overall effect on employment of mothers in the medium education

group is still significant, whereas the effect on mothers with low education turns out to be in-
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significant. In Panel B of both tables, I detect a large and highly significant effect on women

in abstract occupations. The effect on women in routine & manual occupations tends to be

smaller, the difference is however not significant. The results for the educational classification

are in line with the classical concept of opportunity cost in which the price of staying at home

is higher for women with higher education level due to the positive correlation of education

and - in this case - forgone wage. One possible reason for the lack of effect heterogeneities

by task might be that I cannot directly replicate the occupational classification by Adda et al.

(2017) with my data. The two categories of abstract and routine & manual tasks might contain

different occupations and this could explain that my results differ in this respect.

5.4.2 Alternative definition of substitutability

In a further robustness check, I slightly change the definition of the two substitutability groups

by dropping occupations that cannot be clearly assigned to having a rather low or a rather high

degree of substitutability. To this end, I sort occupations into 11 percentiles of the substitutabil-

ity index and drop percentile 6.36 Table A8 and A9 in the Appendix show the results for fertility

and maternal employment respectively. When excluding occupations that are on the margin be-

tween the two categories, the difference between women in occupations in which substitution

between co-workers is difficult and those in occupations with many close substitutes gets even

more pronounced. The overall effect for women in occupations with high substitutability is no

more statistically different from zero for both fertility and maternal employment.

6 Discussion and conclusion

We already know from the previous literature that the provision of easily available and af-

fordable public child care might encourage both fertility and maternal employment. None of

the existing studies37, however, have had a deeper look into possibly important effect hetero-

geneities which might emerge due to differences in the career costs of children women are

facing. This is surprising in the light of the recent literature (e.g. Goldin, 2014; Adda et al.,

2017) which highlights that these career costs vary between occupations and educational de-

gree and given that reconciling family and career is on the top of the political agenda in many

Western countries.

My paper makes a first step to close this research gap by investigating the effect heterogene-

ity of several policy initiatives in Germany which led to a large-scaled expansion of child care

slots for under three-year-olds and by relying on data that enable me to differentiate individuals

by occupation. In a generalized Diff-in-Diff, I exploit the regional and temporal variation in the

36These are 2-digit occupations 9, 11, 16, 17, 39, 41, 71 and 99 (KldB88).
37Except few studies which differentiate the effects on maternal employment by education (e.g. Baker et al., 2008;

Schlosser, 2011; Müller and Wrohlich, 2018).
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intensity of child care expansion to estimate heterogeneous effects on both fertility and mater-

nal employment. In line with the existing literature, I detect that an increase in the child care

coverage has on average positive and significant effects on both fertility and maternal employ-

ment. In comparison to the previous papers, I can however deliver additional evidence on so

far unidentified heterogeneities: these average positive effects are indeed driven by the groups

of women that tend to face higher career costs when having children. Both concerning fertility

and concerning maternal employment the pattern is as follows.

First, the effects are heterogeneous across women who prior to birth were employed in

occupations with different age-earnings profiles. The positive effects on fertility (maternal em-

ployment) are mainly driven by women in occupations with a steep (medium-sloped or steep)

age-earnings profile, i.e. for whom earnings increase fast with increasing age. This result can

be explained by the findings of Adda et al. (2017), who show that work interruptions in the

middle of the career are more costly in occupations with steep age-earnings profiles because

the forgone earnings are higher. As the average age at first birth in my data is 29 years, the age

at which women have to interrupt work if they become a mother is indeed right in the middle of

the career. This period of work life is characterized by an extremely strong increase in wages

for occupations with a steep age-earnings profile (see Figure 1). Better and cheaper access to

high quality child care enables women to reduce the high opportunity cost of staying at home

during this period and is thus especially helpful for women employed in jobs with a steep wage

profile.

Second, the effects differ between women whose pre-birth occupations vary in terms of

average degree of substitutability. Providing higher child care coverage results in positive ef-

fects for women who work in occupations in which the main tasks cannot be easily trans-

ferred to a co-worker, i.e. whose jobs are characterized by an on average low degree of sub-

stitutability. Women working in occupations in which one worker can be easily substituted by

another worker, react significantly less. This result is in line with the framework provided by

Goldin (2014) who highlights that non-linearities in an occupation’s pay structure arise when-

ever workers do not have perfect substitutes. This means that for example working fewer hours

imposes higher wage penalties on women who do not have close substitutes at the workplace.

These penalties on earnings arise because firms have higher costs for providing workplace flex-

ibility, if handing off clients from one worker to another goes along with a deterioration in the

customer relationships (Goldin and Katz, 2016). If mothers return to the job after a shorter pe-

riod of time and are less dependent on flexible work schedules, they can more easily maintain

contacts to clients and this should reduce the child penalty in earnings. Therefore, the provision

of public child care as substitute for maternal care has a more pronounced effect on women in

occupations in which substitution of workers is difficult.

What remains to be discussed is in how far my results can be generalized to the whole pop-

ulation. As pointed out in Section 3, my administrative dataset contains rich information on oc-
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cupations, it however only covers a specific part of the German working population. We cannot

per se assume that the results are also valid for self-employed women, women in civil service

and women who have never entered an employment subject to social security before giving

birth. Self-employment is usually characterized by a higher flexibility of the work schedule,

more opportunities to provide maternal care and it is often argued that self-employment im-

proves the compatibility of family and career (e.g. Joona, 2017; Connelly, 1992). Civil servants

in Germany are generally subject to slightly different regulations concerning, among others,

family benefits. They for example receive additional family allowances (“Familienzuschlag”)

depending on their marital status and number of children, which are not granted to employees

subject to social security payments. Moreover, civil servants are usually entitled to a larger

amount of parental leave benefits, as their income does not underlie reductions due to social

security contributions which results in a higher net income. Therefore, I would expect that the

effects for these groups might differ from those I detected for women employed subject to so-

cial security or officially registered as unemployed in the administrative data. My effects should

thus be interpreted as effects on the group captured in my data only. Moreover, as pointed out

in Section 3, women with low education (flat wage profiles) are more likely to have gaps in

their work career, during which I cannot observe them in my data and can consequently also

not identify births. As gaps for all education levels (wage profiles) do not differ systematically

between weak and strong expansion counties, this should not bias my estimates. For the inter-

pretation of the effects, it should however be kept in mind that the share of women with low

education (flat wage profile), which is not captured in my data, is higher than the respective

share of women with medium or high education (medium sloped or steep wage profile).

For policy-makers, my results are good news because they demonstrate that the provision

of child care slots for under-three-year-olds is indeed most beneficial for women facing rela-

tively higher career costs of children. This high responsiveness of the group that was originally

targeted by this policy might serve as a motivation for policy-makers to implement further poli-

cies which aim to improve the compatibility of family and career and reduce the career costs of

having children.
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A Appendix

Table A1: Descriptive statistics

Variable N Mean SD Min Max

Dependent variables - births

Birth (0/1) in t 833,851 0.0249 0.1557 0 1
Birth (0/1) in t or t +1 833,851 0.0613 0.2400 0 1

Births by wage profile in t or t +1
Flat 141,810 0.0398 0.1954 0 1
Medium slope 270,076 0.0589 0.2354 0 1
Steep 408,057 0.0724 0.2592 0 1

Births by substitutability in t or t +1
Rather low 422,253 0.0701 0.2554 0 1
Rather high 395,553 0.0542 0. 2265 0 1

Births by education level in t or t +1
Low education 237,163 0.0318 0.1755 0 1
Medium education 505,447 0.0726 0.2595 0 1
High education 74,727 0.0865 0.2812 0 1

Births by task in t or t +1
Abstract 233,865 0.0631 0.2432 0 1
Routine & manual 586,060 0.0620 0.2411 0 1

Dependent variables - employment

Employed (0/1) in t 96,963 0.4322 0.4954 0 1

Employment by wage profile in t
Flat 12,795 0.3561 0.4789 0 1
Medium slope 30,842 0.3787 0.4851 0 1
Steep 53,020 0.4839 0.4997 0 1

Employment by substitutability in t
Rather low 53,027 0.4414 0.4966 0 1
Rather high 43,527 0.4236 0.4941 0 1

Employment by education level in t
Low education 14,270 0.2992 0.4579 0 1
Medium education 71,636 0.4468 0.4972 0 1
High education 10,260 0.5103 0.500 0 1

Employment by task in t
Abstract 27,324 0.4052 0.4909 0 1
Routine & manual 69,331 0.4445 0.4969 0 1
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Table A1 continued

Variable N Mean SD Min Max

County-level controls

Child care coverage 1998 325 0.016 0.02 0 0.118
Child care coverage 2009 325 0.142 0.05 0.037 0.359
Child care coverage 1998-2009 1,950 0.077 0.061 0 0.359
Population density 1,950 565.61 690.240 40.720 4286.211
Male employment rate 1,950 0.6041 0.0593 0.4056 0.7368
GDP per capita (in 1000) 1,950 28.040 10.811 11.238 86.079
Conservative vote share 1,950 0.3917 0.0929 0.1945 0.7496
Female high education share 1,950 0.1542 0.0617 0.0280 0.4069
Revenue 1,610 383.213 452.072 56.630 5775.025
Debt 1,932 0.2138 0.2790 0.000 3.335
New dwellings 1,950 0.5828 0.6391 0.008 14.536
Share of women 15-19 1,950 0.1450 0.0198 0.0842 0.1864
Share of women 20-24 1,950 0.1435 0.0198 0.1066 0.2716
Share of women 25-29 1,950 0.1484 0.0188 0.1137 0.2233
Share of women 30-34 1,950 0.1609 0.0248 0.1212 0.2315
Share of women 35-40 1,950 0.2335 0.0189 0.1333 0.2955
Population fraction 41-44 1,950 0.0666 0.0058 0.0492 0.0814
Population fraction 45-49 1,950 0.0777 0.0079 0.0567 0.0954
Population fraction 50-54 1,950 0.0670 0.0074 0.0407 0.0846
Population fraction 55-59 1,950 0.0623 0.0067 0.0379 0.0895
Population fraction 60-64 1,950 0.0559 0.0081 0.0361 0.0814
Population fraction 65-69 1,950 0.0581 0.0079 0.0359 0.0813
Population fraction 70-74 1,950 0.0494 0.0072 0.0308 0.0718
Population fraction 75+ 1,950 0.0819 0.0143 0.0401 0.1272

Individual-level controls

Women’s age 833,851 29.2137 7.048 15 40
Low education 817,337 0.2902 0.4538 0 1
Medium education 817,337 0.6184 0.4858 0 1
High education 817,337 0.0914 0.2882 0 1
German 833,780 0.8889 0.3142 0 1
German mothers 96,962 0.9030 0.2959 0 1
No children < 18 years 96,963 1.3601 0.6062 1 9
More children ≤ 3 years 93,094 0.1518 0.3588 0 1
More children 4−6 years 93,094 0.0590 0.2357 0 1

Notes: The figures for births are based on the whole sample of 15-40 years old women living in West Germany between 1998 and 2010.
For employment, the sample is restricted to women whose youngest child is between 0 and 3 years old. The figures show aggregated values
over all waves used in the regression (1998, 2002, 2006, 2007, 2008, and 2009). Accordingly, variables measured in (t and t + 1) comprise
the years 1998, 1999, 2002, 2003, 2006, 2007, 2008, 2009 and 2010. Education level and the number of older siblings is measured before
birth. Occupational grouping is based on pre-birth occupation. Revenue and debt figures are divided by 1,000,000 Euros and the number of
new dwellings is divided by 1,000. Number of observations slightly lower when differentiating by education or occupation due to missing
information on educational degree or occupation. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster et al.
(2016b).
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Table A2: Occupations and wage profiles

Occupational segment Occupational main group (KldB2010) Age-
earnings
profile

Occupations in agriculture, forestry, hor-
ticulture

11 Occupations in agriculture, forestry, farming flat

12 Occupations in horticulture, floristry flat

Manufacturing occupations

21 Occupations in production, processing of raw materials, glass- &
ceramic-making and -processing

medium

22 Occupations in plastic-making & -processing, wood-working & -processing medium
23 Occupations in paper-making & -processing, printing, technical media
design

medium

24 Occupations in metal-making & -working, metal construction medium
28 Occupations in textile- & leather-making & -processing medium
93 Occupations in product design, artisan craftwork, fine arts, making of
musical instruments

flat

Occupations concerned with production
technology

25 Technical occupations in machine-building & automotive industry steep

26 Occupations in mechatronics, energy electronics, electrical engineering steep
27 Occupations in technical research & development, construction, production
planning & scheduling

steep

Occupations in building and interior con-
struction

31 Occupations in construction scheduling, architecture & surveying steep

32 Occupations in building construction above & below ground medium
33 Occupations in interior construction medium
34 Occupations in building services engineering, technical building services medium

Occupations in the food industry, gastron-
omy & tourism

29 Occupations in food-production & -processing flat

63 Occupations in tourism, hotels and restaurants flat

Medical and non-medical health care oc-
cupations

81 Medical and health care occupations steep

82 Occupations in non-medical healthcare, body care, wellness, medical
technicians

medium

Service occupations in social sector, cul-
tural work

83 Occupations in education, social work, housekeeping, theology medium

84 Occupations in teaching and training medium
91 Occupations in philology, literature, humanities, social sciences, economics steep
94 Occupations in the performing arts & entertainment medium

Occupations in commerce and trade 61 Occupations in purchasing, sales & trading steep
62 Sales occupations in retail trade medium

Occupations in business management and
organisation

71 Occupations in business management & organisation steep

Business related service occupations
72 Occupations in financial services, accounting & tax consultancy steep
73 Occupations in law and public administration steep
92 Occupations in advertising & marketing, in commercial & editorial media
design

steep

Service occupations in IT-sector and nat-
ural sciences

41 Occupations in mathematics, biology, chemistry, physics steep

42 Occupations in geology, geography, environmental protection medium
43 Occupations in computer science, information, communication technology steep

Safety and security occupations 53 Occupations in safety & health protection, security & surveillance flat
1 Armed forces personnel steep

Occupations in traffic and logistics 51 Occupations in traffic & logistics (without vehicle driving) medium
52 Drivers and operators of vehicles & transport equipment flat

Occupations in cleaning services 54 Occupations in cleaning services flat

Notes: German Classification of Occupations 2010, table slightly adapted from Statistik der Bundesagentur für Arbeit (2015), last column
added. Information on wage profiles from SIAB 7514.
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Table A3: Average effects on fertility - t and t +1 separately

Dep. Var.: Birth in
t t+1 t t+1 t t+1

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

Child care coverage 0.0198 0.0284* 0.0294* 0.0288* 0.0405** 0.0290
(0.0133) (0.0141) (0.0160) (0.0169) (0.0189) (0.0200)

Year & county FE
√ √ √ √ √ √

Regional controls
√ √ √ √

Individual controls
√ √ √ √

Revenue, debt, dwellings
√ √

N 909,709 833,851 886,964 817,337 710,857 653,367
Number of counties 325 325 325 325 322 322

Notes: Results of the generalized Diff-in-Diff, equation 1. Regional controls include controls for age-specific population shares of females
between 15 and 40, age-specific population shares of the whole population older than 41, population density, the male employment rate, GDP
per capita, the conservative vote share and the share of highly educated women in the fertile age. Individual controls include the pre-birth
education level and age. Revenue and debt information is not available or incomplete for Hamburg, Bremen and Schleswig-Holstein, revenue
information from 2009 is too fragmentary to be included. Sample restrictions: women aged 15-40, West Germany, 1998-2009. Standard errors
in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of observations per county. * significant
at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).
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Table A4: Pre-treatment means and differences, dependent variables

Mean Mean-Diff.

All Control Treatment (T-C) p-value

Dependent variables - births

Birth(0/1) in t 0.022 0.022 0.022 0.000 0.758
Birth(0/1) in t or t +1 0.075 0.075 0.073 -0.002 0.084

Births by wage profile in t or t +1
Flat 0.040 0.038 0.041 0.003 0.210
Medium slope 0.058 0.058 0.058 0.000 0.910
Steep 0.065 0.068 0.063 -0.005 0.022

Births by substitutability in t or t +1
Rather low 0.083 0.085 0.082 -0.003 0.199
Rather high 0.067 0.068 0.065 -0.003 0.150

Births by education level in t or t +1
Low education 0.047 0.048 0.046 -0.002 0.293
Medium education 0.086 0.088 0.084 -0.004 0.047
High education 0.086 0.085 0.086 0.001 0.973

Births by task in t or t +1
Abstract 0.077 0.078 0.075 -0.003 0.380
Routine-manual 0.075 0.076 0.073 -0.003 0.107

Dependent variables - employment

Employed (0/1) in t 0.456 0.453 0.460 0.007 0.390

Employment by wage profile in t
Flat 0.426 0.415 0.437 0.022 0.293
Medium slope 0.410 0.416 0.402 -0.014 0.303
Steep 0.392 0.487 0.497 0.010 0.342

Employment by substitutability in t
Rather low 0.464 0.464 0.465 0.001 0.919
Rather high 0.450 0.443 0.457 0.014 0.218

Employment by education level in t
Low education 0.346 0.333 0.359 0.026 0.165
Medium education 0.473 0.473 0.473 0.000 0.977
High education 0.503 0.501 0.505 0.004 0.878

Employment by task in t
Abstract 0.422 0.422 0.421 -0.001 0.983
Routine-manual 0.470 0.466 0.475 0.009 0.285

Notes: The figures show means for all counties, the control (C) and treatment group (T), differences in means between T and C, and the
p-value for the T-test of equality in means of T and C. Pre-treatment period, 2002. Treatment regions are defined as those whose increase in
public child care coverage was above the median, those with an increase below the median belong to the control group. Median is identified by
sorting all West German counties by the absolute size of the increase in public child care coverage from 2002 to 2009. The figures for births
are based on the whole sample for 15-40 year old women living in West Germany in 2002. For employment, the sample is restricted to women
whose youngest child is between 0 and 3 years old. Data source: SIAB 7514, BIBB/BAuA (2006), dataset provided by Bauernschuster et al.
(2016b).
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Table A5: Pre-treatment differences TG and CG, independent variables

Mean Mean-Diff.

Control Treatment (T-C) p-value

Child care
Child care coverage 0.019 0.024 0.005 0.067

County-level control variables
Population density 590.764 541.310 -49.454 0.518
Male employment rate 0.604 0.599 -0.005 0.380
GDP per capita (in 1000) 25.465 26.867 1.402 0.205
Conservative vote share 0.438 0.448 0.010 0.484
Female high education share 0.130 0.165 0.035 0.000
Revenue 357.555 359.393 1.838 0.968
Debt 0.219 0.215 -0.005 0.881
New dwellings 0.668 0.635 -0.033 0.548
Share of women 15-19 0.138 0.132 -0.006 0.000
Share of women 20-24 0.139 0.140 0.001 0.484
Share of women 25-29 0.136 0.136 0.000 0.687
Share of women 30-34 0.179 0.179 0.000 0.919
Share of women 35-40 0.251 0.254 0.003 0.013
Population fraction 41-44 0.064 0.065 0.001 0.000
Population fraction 45-49 0.070 0.071 0.001 0.005
Population fraction 50-54 0.064 0.065 0.001 0.036
Population fraction 55-60 0.053 0.052 0.000 0.867
Population fraction 60-64 0.067 0.066 0.000 0.578
Population fraction 65-69 0.056 0.054 -0.001 0.054
Population fraction 70-74 0.044 0.043 -0.001 0.026
Population fraction 75+ 0.073 0.069 -0.003 0.018

Individual-level controls
Woman’s age 29.493 29.536 0.043 0.221
Low education 0.285 0.272 -0.013 0.000
Medium education 0.648 0.628 0.020 0.000
High education 0.067 0.099 0.032 0.000
German 0.913 0.889 -0.023 0.000
German mother 0.921 0.909 0.012 0.006
No children < 18 1.367 1.363 0.004 0.664
More children ≤ 3 0.149 0.148 -0.001 0.799
More children 4−6 0.067 0.068 0.001 0.722

Notes: The figures show means for the control (C) and treatment group (T), differences in means and the p-value for the T-test of equality in
means of T and C. Pre-treatment period, 2002.Treatment regions are defined as those whose increase in public child care coverage was above
the median, those with an increase below the median belong to the control group. Median is identified by sorting all West German counties by
the absolute size of the increase in public child care coverage from 2002 to 2009. Revenue and debt figures are divided by 1,000,000 Euros
and the number of new dwellings is divided by 1,000. Data source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).
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Table A6: Effects on fertility - further heterogeneities

Dep. Var.: Birth in t or t +1 (1) (2) (3)

Panel A: Heterogeneity by education (omitted: high education)

Child care coverage 0.1307*** 0.1456*** 0.1550***
(0.0330) (0.0356) (0.0420)

Child care coverage × medium education -0.0681** -0.0629** -0.0547
(0.0281) (0.0284) (0.0342)

Child care coverage × low education -0.1558*** -0.1557*** -0.1595***
(0.0281) (0.0282) (0.0340)

N 828,668 828,668 662,909

Panel B: Heterogeneity by task (omitted: abstract tasks)

Child care coverage 0.0500** 0.0711** 0.0820**
(0.0244) (0.0277) (0.0325)

Child care coverage × routine-manual 0.0034 -0.0082 -0.0037
(0.0160) (0.0161) (0.0195)

N 831,354 816,586 654,051

Year & county FE
√ √ √

Regional controls
√ √

Individual controls
√ √

Revenue, debt, dwellings
√

Number of counties 325 325 322

Notes: Results of the generalized Diff-in-Diff, equation 2. Regional controls include controls for age-specific population shares of females
between 15 and 40, age-specific population shares of the whole population older than 41, population density, the male employment rate,
GDP per capita, the conservative vote share and the share of highly educated women in the fertile age. Individual controls include the pre-
birth education level and age. Revenue and debt information is not available or incomplete for Hamburg, Bremen and Schleswig-Holstein,
revenue information from 2009 is too fragmentary to be included. Occupational and educational grouping based on pre-birth information. All
regressions include the interactions and all main effects. Sample restrictions: women aged 15-40, West Germany, 1998-2009. Standard errors
in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of observations per county. * significant
at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).
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Table A7: Effects on maternal employment - further heterogeneities

Dep. Var.: Employment in t (1) (2) (3)

Panel A: Heterogeneity by education (omitted: high education)

Child care coverage 0.2983* 0.2705* 0.3085*
(0.1640) (0.1632) (0.1678)

Child care coverage × medium education -0.0020 -0.0041 -0.0048
(0.1212) (0.1203) (0.1221)

Child care coverage × low education -0.0929 -0.0207 -0.0855
(0.1495) (0.1490) (0.1519)

N 96,166 96,165 92,354

Panel B: Heterogeneity by task (omitted: abstract tasks)

Child care coverage 0.3548** 0.3444** 0.3866***
(0.1432) (0.1418) (0.1465)

Child care coverage × routine-manual -0.0739 -0.0980 -0.1190
(0.0822) (0.0811) (0.0828)

N 96,655 95,883 92,149

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 2. Regional controls include controls for age-specific population shares of females
between 15 and 40, age-specific population shares of the whole population older than 41, population density, the male employment rate, GDP
per capita, the conservative vote share and the share of highly educated women in the fertile age. Individual controls include the pre-birth
education level, age, age2 and a dummy for being German. Sibling controls comprise the number of further children younger than 18 and
two dummies indicating whether the newborn has a sibling aged 0-3 years or aged between 4-6 years. Occupational and educational grouping
based on pre-birth information. All regressions include the interactions and all main effects. Sample restrictions: women aged 15-40, West
Germany, 1998-2009, youngest child 0-3 years old. Standard errors in parentheses are clustered at the individual (mother) level. Regression is
weighted with the number of observations per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514,
dataset provided by Bauernschuster et al. (2016b).
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Table A8: Effects on fertility - alternative definition substitutability

Dep. Var.: Birth in t or t +1 (1) (2) (3)

Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.0689*** 0.0900*** 0.1123***
(0.0225) (0.0262) (0.0307)

Child care coverage × high substitutability -0.1031*** -0.1233*** -0.1517***
(0.0167) (0.0170) (0.0207)

N 797,218 783,532 627,856

Year & county FE
√ √ √

Regional controls
√ √

Individual controls
√ √

Revenue, debt, dwellings
√

Number of counties 325 325 322

Notes: Results of the generalized Diff-in-Diff, equation 2. Occupations that cannot be clearly assigned to low or high degree of substitutability
are excluded. Regional controls include controls for age-specific population shares of females between 15 and 40, age-specific population
shares of the whole population older than 41, population density, the male employment rate, GDP per capita, the conservative vote share
and the share of highly educated women in the fertile age. Individual controls include the pre-birth education level and age. Revenue and debt
information is not available or incomplete for Hamburg, Bremen and Schleswig-Holstein, revenue information from 2009 is too fragmentary to
be included. Occupational and educational grouping based on pre-birth information. Regression includes the interactions and all main effects.
Sample restrictions: women aged 15-40, West Germany, 1998-2009. Standard errors in parentheses are clustered at the individual (mother)
level. Regression is weighted with the number of observations per county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data
source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).

Table A9: Effects on maternal employment - alternative definition substitutability

Dep. Var.: Employment in t (1) (2) (3)

Heterogeneity by substitutability (omitted: low substitutability)

Child care coverage 0.2954** 0.2695** 0.3054**
(0.1323) (0.1311) (0.1357)

Child care coverage × high substitutability -0.2102** -0.2589*** -0.2912***
(0.1014) (0.0998) (0.1031)

N 93,358 92,617 89,008

Year & county FE
√ √ √

Regional controls
√ √ √

Individual controls
√ √

Sibling controls
√

Number of counties 325 325 325

Notes: Results of the generalized Diff-in-Diff, equation 2. Occupations that cannot be clearly assigned to low or high degree of substitutability
are excluded. Regional controls include controls for age-specific population shares of females between 15 and 40, age-specific population
shares of the whole population older than 41, population density, the male employment rate, GDP per capita, the conservative vote share and
the share of highly educated women in the fertile age. Individual controls include the pre-birth education level, age, age2 and a dummy for
being German. Sibling controls comprise the number of further children younger than 18 and two dummies indicating whether the newborn
has a sibling aged 0-3 years or aged between 4-6 years. Occupational and educational grouping based on pre-birth information. Regression
includes the interactions and all main effects. Sample restrictions: women aged 15-40, West Germany, 1998-2009, youngest child 0-3 years
old. Standard errors in parentheses are clustered at the individual (mother) level. Regression is weighted with the number of observations per
county. * significant at 10% level, ** at 5 % level, *** at 1% level. Data source: SIAB 7514, dataset provided by Bauernschuster et al. (2016b).
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