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Abstract

Age at first birth has increased over time, which is likely to create many benefits in the
labour market. Applying a number of alternative estimation approaches to administra-
tive data from Austria, we estimate small to moderate effects of delaying motherhood
on earnings, employment, and attachment to pre-birth firms in the medium run. How-
ever, even the largest of these effects are small relative to the average age effects,
implying that delay leads to only small changes in child penalties. Much of the career
return to later first birth comes from delaying the child penalty rather than changing
how careers respond to children.
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1 Introduction

There is a growing literature documenting the presence of the child penalty—the large
and persistent percentage drop in earnings for women relative to men after the birth of
the first child—across developed countries (Kleven et al. 2019b, a). The child penalty
has been shown to be the key contributor to the remaining gender inequality in the
labour market (Goldin 2014; Blau and Kahn 2017; Kleven et al. 2019b). Therefore,
understanding the mechanisms that shape child penalties is an important step to being
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able to address this inequality. A separate literature has estimated large medium-
run labour market returns for women from delaying first birth (Miller 2011; Bratti
and Cavalli 2014).! 1t is, therefore, natural to ask whether delaying motherhood can
substantially reduce the severity or persistence of the child penalty experienced by
women. Indeed, theoretical models with endogenous fertility timing suggest that the
size of the penalty might be affected by delay through a number of mechanisms, such as
finding a better job match before birth, resulting in greater labour force attachment after
birth (Erosa et al. 2002), or accumulating human capital which lowers the depreciation
rate while on leave (Adda et al. 2017).

Studying the role that motherhood timing can play in changing child penalties is
made challenging by the fact that fertility timing decisions are endogenous, so that OLS
estimators of the returns to delay are likely biased upwards as they will capture the real
effects of delay along with unobserved drivers of earnings (e.g., ability or preferences
for work) that are correlated with preferences for later first birth. Nevertheless, we
start our analysis using administrative data from Austria by comparing earnings and
employment relative to the timing of first birth throughout the career for women who
have their first child at different ages. While this naive approach recovers moderately
large level returns, the implications for the child penalty are much smaller. For example,
we estimate that each year of delay is associated with 4.6% higher earnings 5 years after
first birth by OLS, but starting from an average penalty of 67%, this implies a reduction
of only 1.0 percentage point. These OLS estimates for Austria are comparable to
estimates from the USA, using data from the Panel Study of Income Dynamics (PSID).
For the USA, we estimate that each year of delay is associated with 7.7% higher
earnings 5 years after first birth, but starting from an average penalty of 46%, this
implies a reduction of 1.5 percentage points.

Intuitively, the higher earnings 5 years after first birth from delay partially cap-
tures the effect of being 1 year older (reflecting progression along an upward-sloping
age-earnings profile)—what we refer to as the mechanical effect of delay. The child
penalty is calculated as a percentage of the counterfactual childless earnings, but the
counterfactual earnings are also higher after a year of delay from these age effects.
These mechanisms imply that, even when using an estimator that is likely to over-
estimate the returns to delay, there is no substantial change to the shape of the child
penalty.

In order to check the robustness of the conclusion that delay has at most a small
effect on the child penalty, we make several refinements to our estimation approach that
account for the main concerns with the OLS estimator, using detailed labour market
and health indicators from Austrian administrative data. First, to address endogenous
birth timing, we build off the literature that studies the medium-run returns to delay
using pregnancy loss as an instrument for first birth timing (Miller 2011; Bratti and
Cavalli 2014). While pregnancy loss does shift first birth to later ages, there are several
problems with using it as an instrument, including the potential for negative selection

I Note that this is distinct from the literature on how the access to contraceptives or abortion affected
labour market outcomes by changing the environment in which women were making human capital and
labour supply decisions (Goldin et al. 2002; Bailey 2006; Bailey et al. 2012; Mglland 2016). Here, the
focus is on the labour market returns to delay in a setting in which women have the opportunity to plan
motherhood—and may have made human capital investment decisions accordingly.
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into suffering a loss and the direct negative health effects of loss on labour market
outcomes that would violate the necessary exclusion restriction. We build on the
common arguments in the literature that the OLS estimator of returns to delay will
be biased upward and the IV estimator may be biased downward (Miller 2011), and
refine our estimates by using the approach for imperfect instruments from Nevo and
Rosen (2012), lowering the estimated returns from the OLS estimates.

Overall, our goal is to estimate bounds on the average return to delay for the pop-
ulation of women we would observe with a pregnancy in our data, including those
with both the most and least to gain from delay. Both the empirical and theoreti-
cal literature on fertility timing highlights reasons why OLS estimates of the return
to delaying motherhood are likely upward biased (Erosa et al. 2002; Miller 2011;
Doepke et al. 2022). Therefore, the OLS estimate will include both the causal effects of
delay—potentially capturing fully anticipated fertility timing, accompanied by major
educational, occupational, and job-sorting decisions made earlier—for this popula-
tion along with the bias from positive selection into later fertility. By contrast, the
pregnancy loss instrument shifts birth timing after key career investments and fertility
plans have already been made, thereby reducing the potential impact of delay captured
by the instrument—further reinforcing the lower bound interpretation for the effects
of delay among the population of women who we would observe with a pregnancy.
In this sense, the OLS and IV estimates can be viewed as providing upper and lower
bounds, respectively, on the causal effects of delaying motherhood for the population
of interest.

To check the validity of our estimates, we explore how interpreting the OLS and
IV estimates as different weighted averages of heterogeneous treatment effects might
threaten our results. We find evidence that the difference in weights applied by the
two estimators is relatively small, implying that differences in the average biases for
the two estimators are likely much more important. We also use Inverse Probability
Weighting (IPW) to correct for the fact that not all women who suffer a pregnancy loss
eventually have a child (over 20% in our data), which if left uncorrected results in a
sample of women with a recorded pregnancy loss and subsequent birth that is positively
selected in terms of pre-pregnancy earnings, labour force attachment, and health. While
our re-weighting approach is based on a selection on observables assumption, this is a
relaxation of the implicit assumption of selection being completely random underlying
the prior work.

After applying these corrections, our estimates on the earnings return 5 years after
first birth to 1 year of delay are between —0.08 and 3.55%. The fact that our corrected
estimates are smaller than the OLS estimate reinforces the conclusion that delay does
not induce a large change in the child penalty, with an implied change of between —0.6
and 0.7 percentage points. Therefore, even at the upper bound, the implied impact of
delaying first birth by 10 years, the observed increase over the last 40 years, would be to
reduce the child penalty 5 years after birth by 7 percentage points relative to a penalty
of 67%, implying a sizeable remaining penalty. Further, the key result that delay has
only small effects on the child penalty holds across subsamples defined by age at
labour market entry (a proxy for education), and pre-birth occupation (white or blue
collar), suggesting that the baseline results are not masking important returns for some
groups. This potentially surprising lack of heterogeneity is due to the fact that while
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our estimates indicate higher level returns for those with later labour market entry, and
in white-collar jobs pre-birth, this is relative to higher mechanical age effects of delay
for these groups as they face steeper average age-earnings profiles, which implies
higher counterfactual childless earnings as well.

Given that the child penalty a mother faces may change as their children age, it is
also possible that age at first birth could impact the child penalty differentially as time
passes from first birth. Therefore, we also estimate effects of delay on earnings for
each year in a 16-year window around the first birth (5 years before, the year of birth,
and 10 years after). Doing so, we see consistently small effects on the child penalty
after birth but large effects before birth. The positive effects of delay on earnings
before birth reflect large returns to staying childless a year longer. Although we find
evidence that child penalties are not drastically altered by delay, the fact that we see
large mechanical effects of delay before birth means that delay is still important for
gender inequality over the entire career by delaying the realization of the child penalty.
We quantify this effect by focusing on the cohorts of Austrian women born between
1957 and 1962, whom we observe from labour market entry to retirement age. We
estimate an OLS return to a 1-year delay of 2.4% higher career earnings. For the same
cohorts, we estimate a mechanical return of 1.4% higher career earnings from simply
delaying a fixed penalty. This suggests that even if the majority of the effect of delay
comes from delaying a fixed penalty, delay is still an important contributor to gender
inequality over the career. For example, as the average age at first birth in Austria
rose from 23 in the 1970s to 29 in the 2010s, our estimates imply that this shift is
associated with about a 14% increase in women’s average career earnings. However,
most of the return to delay comes from postponing the timing of the child penalty
rather than reducing its size.

Our results are closely related to those from Miller (2011), who uses the NLSY79 to
estimate increases per 1 year of motherhood delay in cumulative earnings of 8.78%,
average wages of 3.06%, and hours worked of 5.72% using a set of three fertility
shock instruments indicating miscarriage, pregnancy while using contraceptives, and
the time lapsed between wanting children and conceiving. The much smaller estimated
effects for our key career outcomes are predominately driven by the fact that Miller
(2011) measures earnings up to age 34 for women who have their first child between
the ages of 21 and 33. This approach censors the child penalty for those with later ages
at first birth. By contrast, our cumulative outcomes are measured up to the expected
retirement age of 55 (see Sect. 6.3 and Appendix E for a discussion of this censoring
issue).

Our results can also be compared to two recent studies that rely on local shocks to
identify the effects of unplanned or unwanted childbirth. Gallen et al. (2023) find that
an unplanned birth for those with a Long-Acting Reversible Contraceptive (LARC)
prescription that fails reduces average earnings in the 6 years after childbirth by 32.1%
for women aged 22 to 27 and 13.6% for women aged 28 to 44, implying an 18.5
percentage point smaller penalty for older mothers. Using our estimates of a 1-year
birth delay, a 10 to 15 year difference in age at first birth would reduce the child
penalty by 11.8 to 17.8%, broadly consistent with their findings, though differences
likely reflect population selection, labour market context, and treatment definition.
Londofio-Vélez and Saravia (2025) study women seeking an abortion in Colombia,
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where legal abortions require judge approval, and use judge gender as an instrument.
Their treatment differs from a 1-year birth delay studied here and instead captures the
difference in outcomes from being denied an abortion. Their estimated employment
reduction of 10.6 percentage points from a baseline of 19.4% exceeds our estimated
increase of 0.39 to 1.21% from a 1-year delay relative to a baseline employment of
71.4%, reflecting differences in population, context, treatment studied, and type of
shock. Importantly, in both cases the local shocks—failure of a LARC and being
denied an abortion—likely identify the effects for a select subset of the population
that has actively sought to avoid having children that we might expect to have the
most to gain from avoiding childbirth (i.e., have larger treatment effects from having
children). In contrast, our estimates bound the returns for the wider population of
would-be mothers.

2 Background and conceptual framework
2.1 Background

Austria is an ideal context to study the contribution of motherhood timing to gender
inequality—one in which the policy environment was relatively stable over the period
of our main analysis.” Figure 1 shows annual earnings in Austria (from our adminis-
trative data) by age for women across different ages of first birth with a comparison
to the average earnings of men. Several patterns stand out. Earnings before birth are
very similar between women and men (in line with Bertrand et al. 2010; Goldin 2014),
which means delay leads to much higher earnings before birth. We see the earnings of
women diverge from men after the birth of the first child. It follows that one of the key
mechanisms driving the positive relationship between age at first birth and cumulative
earnings may be by delaying the realization of the child penalty. We also note that
earnings later in life tend to be positively associated with later age at first birth due
to either smaller initial penalties or less persistent penalties—opening the possibility
that delay changes how a woman’s career responds to the birth of the first child. For
instance, this faster recovery may reflect differences in pre-birth human capital or job
match quality due to delay (Erosa et al. 2002; Herr 2016; Adda et al. 2017). Indeed,
in Appendix Table AS, we show that there is a clear positive relation between educa-
tion level, a proxy for pre-birth human capital, and age at first birth. These statistics
show that the median age at first birth increases from 25.25 among those with only
mandatory schooling to 31.5 among those with a university degree, with a clear step
up in all quantiles for every increase in education.

2 Austria is characterized by a generous maternity leave system. Since 1990, women were entitled to return
to their pre-birth job within 2 years after birth—this policy did not change during the years we study. The
maximum duration of maternity cash benefits was 18 months between July 1996 and July 2000, then it
was increased to 30 months. Cash benefits consist of a flat payment indexed to inflation corresponding to
about 40% of net pre-birth earnings. Until 2000, the cash benefits were conditional on 16-26 weeks of
employment (depending on the mother’s age and the parity of birth) the year before the childbirth; after
that, the employment condition was abolished. In line with the generosity of maternity leave, the proportion
of children aged under 3 using formal child-care arrangements was only 4% in 1998 (OECD 2001) and
12.5% in 2010 (OECD 2022). See Lalive et al. (2014) and Kleven et al. (2024) for further details on the
institutional background.
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Fig. 1 Earnings and age at first birth. Notes: figure plots annual social security earnings by age converted
to 2010 euro (CPI) and then to USD using the ECB reference exchange rate. The sample for this figure
comprises every Austrian observed in the social security data (all of Austria) between 1972 and 2017. Years
without earnings are included as zeroes. Years after the person has died are coded as missing. All Austrian
men are included. We assign age at first birth based on year of the first observed birth spell minus year of
birth and separately plot annual earnings by age for ages at first birth 20, 25, 30, and 35. We correct for
topcoding using a simple Pareto distribution estimated by age and gender on income tax data (1994-2012)

Panel (a) of Appendix Fig. A7 shows average daily earnings (annual earnings
divided by days of employment) by age. The pattern is similar to that we observe in
Fig. 1 for annual earnings. Panel (b) shows the growth in daily earnings, and we set the
growth to zero if earnings are missing (zero) in a given year. Apart from differences
at the youngest ages, we do not see clear differences in wage growth by age at first
birth. For annual earnings, we present the analogous figure for the USA in Appendix
Fig. A1 based on the PSID data, showing patterns that are broadly similar to what we
observe in the Austrian data.

2.2 Delay, child penalties, and cumulative earnings

While it is well established that motherhood is associated with a major decline in
earnings and, therefore, serves as one of the main contributors to gender inequality
in labour outcomes,> we know much less about how motherhood timing affects the
motherhood earnings penalty. Here, we cast this in the “child penalty” framework
of Kleven et al. (2019b) by expressing the labour market cost of motherhood as the

3 See e.g., Goldin (2014); Blau and Kahn (2017); Kleven et al. (2019b) for important contributions and
summaries of this literature. Kleven et al. (2019a) estimate the earnings decline associated with motherhood
for many developed countries.
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Fig. 2 Effects of birth timing on career earnings. Notes: for this figure, we simulate hypothetical earnings
trajectories over the career for different ages at first birth. Panel (a) shows earnings over the career for two
women who gave birth to their first child at ages 25 and 30 under the assumption that the child penalty is
50% for both of them. Panel (b) shows the same, but the woman with first child at 30 now faces a smaller
penalty: 40% initially and then decreasing slightly with time after birth

earnings loss relative to counterfactual earnings without children. From this starting
point, we are interested in two main questions. First, does motherhood timing affect
the child penalty, i.e., does delaying motherhood reduce the size and persistence of the
relative earnings loss after childbirth? Second, how do changes to the child penalty
feed into the effect of delay on cumulative earnings over the career?

We start with a stylized example. Figure 2 depicts hypothetical age-earnings pro-
files for childless women and those with a first child at age 25 or 30 under different
assumptions. In Panel (a), we show a case in which delay has no effect on the shape
of the child penalty as it is set at a constant 50% of childless earnings, while Panel (b)
plots a scenario where delay leads to a smaller penalty in terms of both the initial drop
in earnings and the persistence. Delaying first birth in Panel (a) simply postpones the
child penalty—moving along the childless earnings profile for longer before switching
to the lower earnings profile with children—what Miller (2011) calls the “mommy
track”. Note, however, that even though delay has no effect on the shape of the child
penalty in this case, regressions of earnings at time ¢ relative to first birth on age at first
birth will identify positive returns since women that delay will be further along the
age-earnings profile. For example, in Panel (a) a comparison of earnings 5 years after
first birth for those with a first child at age 30 versus 25 will simply reflect the higher
earnings at age 35 versus 30 along the same age-earnings profile with children—what
we refer to as mechanical age effects.* Importantly, this difference in earnings levels
for the two women corresponds to no change in the child penalty (assumed to be a
constant 50% of childless earnings in Panel (a)) as the higher age 35 earnings with a
child are relative to the higher age 35 earnings without a child. Finally, note that while
the penalty is unaffected by delay in Panel (a), cumulative earnings over the career
(the area under each age-earnings profile) will be higher for the woman with a first
child at age 30 by delaying the realization of the child penalty. That is, delay could

4 Importantly, in regressions of earnings at time ¢ relative to first birth on age at first birth, age at first birth
and age would be perfectly collinear.
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have no impact on the penalty, but still have implications for overall gender inequality
in earnings.

In Panel (b) where delay reduces the child penalty with a smaller initial drop in
earnings and faster relative earnings growth after birth (see Erosa et al. 2002; Adda
et al. 2017) a comparison of earnings 5 years after first birth will capture the age
effects (moving along the age-earnings profile for the first birth at 25 profile from age
30 to age 35 earnings) and the shift in the the child penalty from delay (the vertical
difference between the profiles for age at first birth of 30 versus 25). It is important
to distinguish between the mechanical age effects of delay and real changes to the
earnings profile with children in order to understand the role delay can play. Once
again, in terms of the child penalty, the earnings 5 years after first birth for later first
births are relative to higher childless earnings. Now delaying motherhood increases
cumulative earnings by not only delaying the child penalty as in Panel (a), but by also
reducing the child penalty compared to Panel (a).

3 Data

We use administrative records from the Austrian Social Security Database (ASSD),
which is a matched firm-worker data set covering the labour market history and some
demographic characteristics of workers in dependent employment in Austria.> The
ASSD covers the period from 1972 to 2017. We observe labour market status on a
daily basis and annual earnings for worker-firm pairs as well as basic demographic
characteristics (age and gender) and the birth dates of children for women. Further
details related to the ASSD are provided by Zweimiiller et al. (2009).

In order to construct the instrumental variable capturing pregnancy loss and to
investigate selection into motherhood, we link the labour market data to health insur-
ance records from the regional statutory health insurance fund of Upper Austria
(“Oberosterreichische Gebietskrankenkasse™). Upper Austria is one of the nine states
of Austria with around 1.4 million inhabitants, a sixth of the Austrian population.
Health insurance is mandatory, and every Austrian resident is assigned to one of 25
“funds” depending on place of residence and occupation.® The time span of the health
insurance records is 1st January 1998—1st October 2007. The data provide individ-
ual records of all events covered by the fund. In particular, health-care utilization
associated with any kind of treatment by GPs or specialists, prescriptions, or hospital
admissions is reported with quarterly accuracy. Hospital admissions include detailed
diagnosis codes according to the International Classification of Diseases and Related
Health Problems (ICD-9 or ICD-10), and prescription records include information
based on the Anatomical, Therapeutic and Chemical (ATC) classification system.

From the matched data set, we extract a sample of women we observe giving birth
to their first child or who suffer a pregnancy loss without preceding birth between 1st

5 1t does not cover the self-employed, civil servants, and some special industries (farmers, miners). See
Zweimiiller et al. (2009) for details.

6 Self-employed workers, civil servants, and those employed in some public utilities (e.g., Austrian Federal
Railways OEBB) or specialized industries (e.g., farmers) are insured by different funds. The data and
institutional setting are described in more detail in Kuhn et al. (2009) and Hackl et al. (2015).
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January 1999 and 1st October 2007.” We proceed in four steps. First, we extract all
births we observe in either the health insurance (1998-2007) or ASSD data (1972—
2017) along with all pregnancy losses in the health data (1998-2007). For each woman,
we keep only the first observed “event”, which is either a birth or a pregnancy loss.
Second, we restrict the sample to first events in 1999-2007. This allows us to use the
ASSD data to track labour market outcomes for all women and observe a subsequent
birth for those who suffer a loss for a minimum of 10 years and up to a maximum of 18
years after the first event. We further restrict the sample as follows. We drop women
younger than 18 or older than 40 at the time of the event—which leaves those born
between 1959 and 1989. We also drop women for whom the first event takes place
before labour market entry and those who have no health insurance records prior to
the event. We define labour market entry as the year in which a woman first earns at
least €2500 (in real terms, CPI 2000).8 Therefore, we exclude women with very weak
attachment to the labour force for the entire period before the first pregnancy. These
restrictions help ensure that we include women that are likely to have their health
information recorded in the insurance data. In this, we are also following Herr (2016)
who suggests to consider women who work before having children separately from
those that have children before entering the labour force, as experience, rather than
age itself, is the important driver for the potential returns to delaying motherhood.”
Our main sample consists of 52,069 women for whom we either observe a first birth
or pregnancy loss without preceding birth between 1999 and 2007. In this sample, the

7 Our indicator of pregnancy loss is based on ICD-9 and ICD-10 codes. A woman is defined to suffer a
pregnancy loss in a given period if an ICD code referring to miscarriage or stillbirth is recorded in that
period. Using the ICD-10 terminology, the following diagnoses are included in our definition of pregnancy
loss: ectopic pregnancy; molar pregnancy; other abnormal products of conception; spontaneous abortion;
other abortion; unspecified abortion; maternal care for intrauterine death; fetal death of unspecified cause.
Very early pregnancy losses (within a few weeks after conception) are common and often unnoticed; thus,
these cannot be included in our pregnancy loss definition. Induced abortion is not considered as part of
pregnancy loss. We do not include events occurring during the first year of our health data, 1998, to ensure
we have at least 1 year of pre-event health data.

8 The cut-off serves to exclude seasonal part-time jobs for women still enrolled in high school and univer-
sity. We conducted robustness checks varying the cut-off between 500 and 5000, which has little effect on
our results. We include dummies for age at labour market entry in all regressions below. To verify that this
entry measure is reasonable, we use data on the highest educational achievement at the time of giving birth
that is available for a subset of women in our sample. Using our definition of labour market entry matches
expectations based on educational achievement well. For instance, women with professional apprentice-
ships, which are paid and follow the dual system of on-the-job training and formal education, have a median
age of labour market entry of 16. Their median earnings in our sample are 1901 at age 15, 5235 at age 16,
and 6697 at age 17. Earnings breakdowns for other education levels, available upon request, further support
the use of the labour market entry variable as constructed.

9 Our original sample consists of 72,248 women observed in the Upper Austrian administrative records
who experienced either a birth or a pregnancy loss between 1999 and 2007. The sample restrictions affect
the data as follows: 10,671 of the women have no recorded health care utilization prior to the first event;
2199 are younger than 18 or older than 40; and 9165 had not entered the labour market before the first event.
Taken together, these three restrictions reduce the sample size from 72,248 to 52,069. We have conducted
robustness checks on the main unweighted and weighted OLS and IV estimates using the full sample.
While the estimated magnitudes differ somewhat, none of our conclusions are affected by imposing the
restrictions. The corresponding results are available upon request.
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first event is a live birth for 46,437 women and a pregnancy loss for 5632 (10.8%).'°

Among women whose first event is a pregnancy loss, 4561 (81%) are observed with a
live birth at some point after the pregnancy loss and before the end of the ASSD data
window (31st December 2017).

We construct several labour market and health-care utilization variables for the
women in our sample. While the ASSD provides daily information on employment,
health-care utilization is recorded only at quarterly frequency. Therefore, we aggregate
variables from both data sets to either annual frequency or measured as of reference
days in the middle of each quarter (15th of the second month of the quarter). Our main
labour market outcomes measure conditions before and after first birth, as well as the
cumulative outcomes over the entire sample period. From the ASSD we take annual
earnings, which are top-coded at the maximum contribution base that is adjusted yearly
(affecting roughly the top 2% of female workers), daily employment status, and the
firm a woman is working for on any given day. If a woman does not work in a given year
or on a given day, we assign zero earnings and employment. We deflate all earnings
using the CPI (base year 2000). Using the daily spell information on employment and
earnings, we construct daily earnings on quarter reference days, days worked up to a
certain quarter (experience), whether a woman is employed on the quarter reference
date, and an indicator for whether this employment is in a white-collar job (the only
available measure of occupation).

To shed light on selection into giving birth after pregnancy loss and the direct health
impacts from pregnancy loss, we make use of additional data from the health insurance
fund. As a measure of utilization, we extract the total health expenditure covered by the
insurance fund per quarter. Additionally, we construct several mental health indicators.
Based on the recorded ICD9 and ICD 10 codes associated with admission to a hospital,
we generate an indicator for having ever been previously diagnosed with depression
in each quarter and a separate indicator for a broader set of mental health conditions
(including depression). Similarly, we use the ATC codes in the prescription records to
generate variables capturing if a psychiatric drug or antidepressant was ever previously
prescribed.

In some cases, we do not require women to be matched to the Upper Austria health
data and consider the sample of women in all of Austria. Importantly, this allows us to
relax the restriction that the first event occurs in the window of the health data so that
we can measure labour market outcomes over the entire career for a sizable sample of
women. In particular, we use the sample of women in the ASSD data born between
1957 and 1962, whom we observe earnings over the entire 15-55 age range. This
better coverage of career outcomes comes at the cost of not being able to implement
some of our estimation approaches that rely on the health data.

10 The incidence of pregnancy loss in our sample is comparable to the incidence reported by Miller (2011)
based on US survey data (14%) and Bratti and Cavalli (2014) based on Italian survey data (12.8 loss per
100 live births, thus roughly 11.3% of pregnancies). Using administrative data from Sweden, Karimi (2014)
reports a lower incidence of miscarriage (around 5%).
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4 OLS estimates of the return to delay

We begin by estimating the descriptive relationship between age at first birth and
subsequent labour market outcomes. Following the literature, we acknowledge that
OLS estimates likely capture selection on unobserved factors; specifically, women
with higher unobserved earnings potential may delay motherhood to reduce the size
of the penalty. Consequently, we interpret our OLS estimates as an upper bound on the
causal effect of delay. As noted in the theoretical literature, the timing of birth derives
from the career-fertility trade-off, where women with higher returns to experience opt
for later births.!!

We establish this descriptive upper bound to motivate our core conceptual exercise:
decomposing the estimated returns to delay into a mechanical ageing effect and a gen-
uine career adjustment effect. Our main specification simply regresses labour market
outcome variables on age at first birth plus control variables. For a given event time ¢
(e.g., 5 years after first birth), we estimate:

yi =BA; +X;y +u;, (D

where A; is age at first birth of woman i, and x contains a constant and a set of
control variables (cohort indicators and age at labour market entry). The resulting
301‘5 captures the effect of delaying first birth on a given outcome, such as annual
earnings in a specific year after birth. For example, Table 1 shows that annual earnings
5 years after first birth increase by €307.6 per year of delay. Because women are
mechanically 1 year older if they delay first birth by 1 year, we expect earnings to rise
simply due to age and experience effects, unrelated to deeper career adjustments.

Ideally, we would capture these differential career adjustments naturally by esti-
mating changes in the relative child penalty. However, we cannot separately identify
pure experience effects from delay effects in a standard event study specification, such
as the child penalty regression (Kleven et al. 2019b), because they are mechanically
related (see Thakral and T6 2025 for a comprehensive discussion). To address this
identification challenge, we compare the level effects of delay on labour market out-
comes (our ,é OLSy to the simulated effect of simply delaying a fixed relative child
penalty.

T Miller (2011) notes the possibility of selection into later motherhood by those with higher unobserved
earnings potential in order to reduce the size of the penalty and of “unobserved social group factors” gen-
erating correlations between fertility and labour market outcomes. From a theoretical perspective, Doepke
et al. (2022) propose a model (following Elizabeth et al. 2002), in which the timing of birth derives from
the career-fertility tradeoff. In this model, women with lower preferences for children and those with higher
returns to experience will opt for later births and invest in a career instead. The model also implies that
women with high fertility preferences will select into jobs with flatter career paths. In the model of Erosa
et al. (2002), women with lower tenure due to experiencing more exogenous job separations early in the
career are more likely to have children early; however, these women would have faced lower earnings
at any age at first birth than those who delay due to their slower accumulation of general human capital
from these same job separations. While there are stories that would lead to a negative relationship between
earnings and later first birth for some women—such as negative health shocks that delay fertility and lower
earnings—the related literature emphasizes the positive selection into later first birth, suggesting it is the
first-order concern that is likely to hold on average across all women.
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Table 1 OLS effect of age at first birth on outcomes 5 years after first birth

Dependent variable  Mean 5 year OLS effect of Mechanical effect Child Effect on child

after first birth 1-year delay  of 1-year delay penalty  penalty [95% CI]
)] (@) 3 “ ()
Annual earnings (€) 6680.5 307.6 112.1 —0.670  0.010
(16.1) [0.008, 0.011]
in % 0.046
Participation 0.714 0.009 0.002 —0.289  0.007
(0.001) [0.006, 0.009]
in % 0.012

Notes: annual earnings are total labour earnings per calendar year including zeroes. Participation is set to
one if an individual ever worked in a calendar year, zero otherwise. We calculate means 5 calendar years
after first birth and the OLS effect of age at first birth on the two outcomes 5 years after first birth, controlling
only for year of birth of the mother (dummies). We divide the level effect by the means to show the effect
in % in italics below, with robust standard errors in parentheses. The third column shows the mechanical
effect of a 1-year delay, which is calculated by estimating child penalties on the relevant sample, and then
calculating what would happen if everyone delayed the average child penalty by 1 year according to Eq.5.
We show estimated child penalties 5 years after first birth in column (4) and the OLS effect from column (2)
converted to an effect on the child penalty in column (5). For this, we simply subtract the mechanical effect
from the OLS effect and then divide by estimated counterfactual earnings. As a reading example for annual
earnings: each year of delaying first birth is associated with a 1 percentage point smaller child penalty 5
years after first birth. The 95% ClIs on those child penalty effects are shown in square brackets. See Sect.4
for details on the estimation of the mechanical effect and the child penalty

Our technical implementation proceeds as follows. As in Kleven et al. (2019b), we
estimate the following earnings profile regression:

Yie =Y aj - I[j=t14) & Ilk=agei]+ Y vy Iy =sl+vi. ()
j#—1 k y

Here, Yjs; are annual earnings for woman i in calendar year s at event time ¢ (i.e., ¢
years after first birth) for ¢ in [—5, 10]. We include event time effects («;) as well as
age (8;) and year (yy) effects to flexibly control for general age and business cycle
effects. Denote predicted earnings from Eq.2 as Y5 and the mean earnings profile
around first birth as E [? ist|f]. Kleven et al. (2019b) define the child penalty at event
time 7 as the earnings impact at event time 7 relative to counterfactual earnings without
children. Denote predicted counterfactual earnings (setting r; = 0) as Y; ;. The mean
estimated child penalty based on Eq.2 can be expressed as'?:

P E[?ist I:I_E[?ist’t] o (3)
a E[?ist|t] _E[?ist|t]

12 A5 shown by Kleven et al. (2024), the child penalty for men is trivially small in Austria; hence, we
ignore taking the difference between women and men when defining child penalties.
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We derive the mechanical effect of delaying first birth by calculating mean predicted
earnings from a 1-year shift in the age profile while holding the penalty fixed. From
Eq. 3, we can write mean predicted earnings as:

E I:f}ist

1| = B[l 1]+ P) = E[ T 1+ P 1]. )

Therefore, we define the predicted earnings due to mechanically delaying the penalty
as Ylftl = Ylttl (1 4+ P;)—where Y“ are the counterfactual earnings with a 1-year
delay derived by replacing the observed age with age;s + 1 (i.e., moving along the
childless profile from Vi to Y + before suffering the average penalty). From here,

we define the mechanical effect of delay on the earnings profile as:

:I_EI:)}ist

For example, consider the child penalty in annual earnings 5 years after first
birth: —67% in our Austrian sample. This means mothers on average have 67%
lower earnings 5 years after birth compared to having stayed childless and moved
along the childless age-earnings profile. If they delayed first birth from age 30
to age 31, then earnings 5 years after first birth would mechanically increase by
67% x Y8¢=30 — 67% x Y98¢=3

By comparing the OLS level effects against these mechanical returns, we treat the
common component as the mechanical effect and the difference as the extent to which
delay genuinely alters the dynamic relative penalty. In Table 1, we see that the average
mechanical return to 1 year of delay in our Austrian sample is €112.1. Comparing
this to the total OLS return of €307.6 implies that over a third of the estimated return
to delay comes from the mechanical age effects. The remaining portion suggests that
slightly less than two-thirds could be due to actual changes in the child penalty or bias
of the OLS estimator.

In order to quantify the importance that a change in earnings of this magnitude
would have on the child penalty itself, we standardize the €307.6 increase by dividing
it by the counterfactual childless earnings. In Table 1, we see that the estimated return
to a year of delay reduces the child penalty by 1.0 percentage points. Relative to an
average penalty of —67%, this represents a small change in the shape of the penalty
due to delay.

Similarly, the estimated return to a year of delay would reduce the child penalty in
employment by 0.7 percentage points. We get very similar results based on our US
sample, shown in Appendix Table Al. In the USA, the estimated return to a year of
delay would reduce the child penalty by 1.5 percentage points, again a small change
in the shape of the penalty due to delay, relative to an average penalty of —46%. The
estimated return to a year of delay would reduce the child penalty in employment by
only 0.1 percentage points in the USA.

In sum, even when likely overestimating the returns to delay, we find evidence that
delay does not greatly change the child penalty. This finding holds both for Austria and
the USA. In the remaining empirical analysis, we use the Austrian samples, building
on the richness of the Austrian administrative data.

1St

Mechanical Return = E [YJrl

z] . (5)
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5 Empirical approach with instrumental variables

The previous OLS estimates of the return to delay are likely to be too large, capturing
endogenous fertility timing decisions. We address this endogeneity in order to see
how much smaller the impact of delay on the child penalty could be once we account
for the bias. We begin by considering our simplest specification used to estimate the
relationship between outcome y; and age at first birth A; shown in Eq. 1 above.!3
Consistent estimation by OLS is based on the following set of moment conditions:
E [(A, x)’ u] = 0. As discussed, we worry that A; is positively correlated with the
unobservables driving earnings (p4, > 0) so that E[Au] > 0, so that the estimated
returns to motherhood delay will be biased upwards.

Therefore, we follow the literature that uses pregnancy loss as an instrument for
motherhood timing (Miller 2011; Karimi 2014; Bratti and Cavalli 2014).14 Here, we
define a “no loss” instrument z; which equals zero if first pregnancy ends in loss
and equals one if first pregnancy results in live birth.!> Consistent IV estimation
would require £ [(z, x)’ u] = 0. There are several concerns with the validity of this
instrument. First, pregnancy loss may not be fully random but related to behavioural
characteristics (smoking, drinking, among others) that have been found to be correlated
with labour market outcomes (see Miller 2011, although Markussen and Strgm 2022
argue that the impact of behavioural factors on the miscarriage risk is small). Second,
pregnancy loss may negatively impact mental health (Lok and Neugebauer 2007).
Given the literature connecting mental health and labour market outcomes (Ernst
et al. 1998; Chatterji et al. 2007, 2011; Peng et al. 2015), this raises the possibility
that pregnancy loss may affect labour market outcomes through its effect on mental
health, violating the exclusion restriction (Kalsi and Liu 2021).

13 The discussion that follows is based on the linear, homogeneous effects model in Eq.1 where age
at first birth is a continuous variable. See Appendix B for a discussion of how a heterogeneous effects
interpretation of the OLS and IV estimators discussed below could alter the interpretation. Importantly,
Appendix B provides evidence that the difference in weighting implied by the OLS and IV estimators is
likely less important than the biases discussed here.

14 Note that the research design used here is distinct from recent work that also uses unexpected fertility
shocks but with dynamic changes in treatment assignment. For example, Gallen et al. (2023) are interested
in the treatment of having a child vs not having a child, with event timing relative to receiving a Long-
Acting Reversible Contraceptive (LARC). Here, the initial treatment (child/no child) depends on whether
the LARC failed in the 9 months following the prescription, resulting in an unplanned pregnancy. The
dynamic treatment kicks in once those who were initially in the control group (no pregnancy or child) may
decide to have children. Therefore, in later event times some of those in the initial control group will become
treated so that the distribution of actual treatment changes with event time. Our setting differs as we are
primarily interested in whether the age at which women have their first child changes the size of earnings
losses at event times set relative to first birth. Treatment in this case is the continuous Age at First Birth
measure. Suffering a pregnancy loss shifts the distribution of this treatment variable to later ages at first
birth; however, the initial age at first birth distributions given the instrument are not changing as we move
through event time—implying there are no dynamic treatment changes when looking at earnings, say, 5
years after first birth.

15 Note, we define the instrument as “turning on” for those that do not suffer a loss in order to simplify the
discussion of the methods in Sect. 5.2. In particular, it is helpful for the direct application of the methods in
Nevo and Rosen (2012) if the expected sign of the correlation between the instrument and the unobserved
error term in Eq. 1 is the same as the expected sign of the correlation between the endogenous regressor—
age at first birth—and the error term (see Eq.6 in Sect.5.2. Of course, the resulting estimates would be
identical if we defined the instrument as turning on for those who suffer a loss.
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The main concerns with the pregnancy loss instrument suggest the IV estimator
will be biased down. Further, pregnancy loss is a local shock in the sense that it affects
birth timing at a point when important career choices have already been made while
planning for an expected age at first birth, so that the estimate will not capture the
full returns from a completely anticipated choice to delay fertility—further suggest-
ing downward bias in the IV estimators.'® As descriptive evidence in support of this
possibility, we estimated two multinomial logit models of educational attainment at
the time of first birth (compulsory schooling, some high school, high school, profes-
sional apprenticeship, teacher’s college, and college) for the subset of women in our
sample whose education is recorded in the birth registry. In the first specification, we
include age at first birth, indicators for the mother’s birth cohort, and age at labour
market entry. Age at first birth is a statistically significant predictor of educational
attainment, suggesting that differences in educational choices may contribute to the
observed returns to delay. In the second specification, we replace age at first birth
with an indicator for pregnancy loss. This variable is not statistically significant in
predicting educational attainment at first birth. This finding suggests that the returns
estimated using the pregnancy loss instrument are unlikely to reflect differences in
educational choices, as pregnancy loss does not appear to be systematically associated
with educational attainment at the time of first birth and therefore does not predict
differential selection into schooling paths. See Appendix C for details. In Sect.5.2,
we discuss how we use the approach from Nevo and Rosen (2012) to adjust the OLS
estimator using the imperfect pregnancy loss instrument to recover a tighter upper
bound on the returns to delay.

Finally, comparing first birth timing for women who did not suffer a loss to those
who did will implicitly condition on the choice made after the biological shock to
attempt to have a child. As shown in Appendix Fig. A8, most women in our data
have children within 3 or 4 years after suffering a pregnancy loss. However, about
20 percent of the women whose first observed pregnancy ends in a loss are never
observed having a child up to 15 years after the loss and therefore “fall out” of the
natural experiment. Since not every woman who suffered a loss eventually gives birth,
this selection would lead to bias even if pregnancy loss itself were randomly occurring
as long as the incidence of attempting another pregnancy occurs non-randomly—a
reasonable possibility in this setting. Therefore, ignoring the women who select out
of the sample after suffering a loss threatens the validity of the thought experiment of
comparing similar women (in terms of initial choice of time of first birth) who became
pregnant at the same time but where some were delayed by the biological shock.
We therefore implement a probability weighting approach, described in Sect.5.3, to
account for this selection.

16 Most instruments considered in the literature operate through “local” shocks to the motherhood timing
decision that are likely to delay first birth. One exception is Gallen et al. (2023) that use the unexpected
failure of IUD contraception to study women who have the age at first birth forward, rather than delayed,
by a shock.
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5.1 IV bias evidence

In this section, we provide descriptive evidence that suggests biases in the IV esti-
mates using the pregnancy loss instrument. To do so, it is helpful to distinguish
between two distinct requirements underpinning the IV moment condition: (1) instru-
ment independence—that the incidence of pregnancy loss occurs as-if at random and
is, therefore, unrelated to the labour market returns to delay and (2) the exclusions
restriction—that the pregnancy loss only affects labour market outcomes through the
effect on age at first birth,!”

Using our labour market and health care use data, we define three groups of women.
Group I are women for whom the first observed eventis a live birth. Group 2 are women
for whom the first observed event is a pregnancy loss, and we observe a subsequent
live birth (up to 2017). Group 3 are women for whom the first observed event is a
pregnancy loss, and we do not observe a subsequent live birth (up to 2017). Appendix
Table A6 shows descriptive statistics for the three groups. We see similar ages at first
event for groups 1 and 2 at around 27.3 years old, while group 3 is older on average.
Group 2’s average age at first birth of 29.6 implies an average delay of 2.3 years due to
pregnancy loss. Total number of births over our data period are also similar at around
1.92 on average among women whose first event is a live birth, and 1.85 among women
in group 2. When we compare summary measures of labour market outcomes over
the entire data window (1972-2017), we see generally higher average daily earnings
and more experience among groups 2 and 3. In terms of total health-care utilization
over the health data window (1998-2007), we see higher utilization among groups 2
and 3 compared to group 1, although only the former is statistically significant.

To look for evidence of possible violations of independence and the exclusion
restriction, we apply an event history type approach around the time of pregnancy.
Figure3 displays the incidence of a birth (first stage), average daily earnings, and
mental health diagnoses by quarter for different subsets of the women in our sample
both before and after their first observed pregnancy.'® Panel (a) of the figure shows that
even 5 years after the first event, still less than 80% of women had a live birth among
those whose first event was a pregnancy loss. Panel (c) plots average daily earnings on
quarterly reference dates—recording zeros for those not in employment—separately
for women whose first observed pregnancy ends with a live birth (group 1) or a
pregnancy loss (groups 2 and 3). Here we see very similar trends in daily earnings
before pregnancy, followed by a sudden drop for the live birth group at the time of
the first birth and a slower decline in average earnings for the pregnancy loss group
that corresponds with the timing of the subsequent birth for this group (see Appendix

17 While the distinction between independence and the exclusion restriction is not clearly seen in the
moment condition based on Eq. 1 it is helpful to separate these two when discussing the intuition behind
the research design (Angrist and Pischke, 2009, p. 153).

18 Note that across the groups, events relevant to labour market and health outcomes will occur before the
due date. For the pregnancy loss samples, the actual pregnancy loss will occur during the three quarters
preceding the (approximate) due date. For the live birth group, many will go on maternity leave before the
quarter of birth—i.e., a woman who gives birth in early April will have the birth recorded in quarter two but
may begin maternity leave in February or March during quarter one. For the health outcomes, it is important
to note that we might expect all three groups to have more frequent doctor visits while pregnant, thereby
increasing the probability of a diagnosis or prescription.
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Fig. 3 Births, earnings and mental illness by years to first due date. Notes: Panels (a) and (b): probability
of ever having given birth (first stage). Panels (¢) and (d): daily earnings (in 2000 euro; quarterly on 15th
of the second month; zeroes included). Panels (e) and (f): probability of ever having been diagnosed with
a mental or behavioural condition (e.g., depression) up to quarter ¢ in the health insurance data. We plot
averages by time to first due date splitting the sample by whether the first observed event in the health and
social security data is a birth or pregnancy loss (Panels (a), (¢), (e)), and further whether the pregnancy loss
is eventually followed by a birth up to 2017 (Panels (b), (d), (f)). The first due date is set to the date of live
birth for women whose first event is a live birth and approximated by two quarters after the first pregnancy
loss otherwise. “First=PL” means first observed event is pregnancy loss

Fig. A8). Taken on its own, Panel (c) is encouraging for the IV research design given
the similar earnings before pregnancy. That is, it appears that suffering a pregnancy
loss is more-or-less unrelated to factors driving earnings before pregnancy, which is
suggestive evidence in support of instrument independence. However, in Panel (a), the
pregnancy loss group includes those women that we never observe with a birth (group
3).
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In Panels (b), (d), and (f), we further divide the pregnancy loss group into those
that we observe with a birth (up to 31st December 2017) and those that we do not.
Among women who suffer a pregnancy loss and are observed with a subsequent
birth, more than 90% have given birth within 5 years after the loss. In Panel (d), we
note that there are now clear differences in daily earnings across the three groups
before pregnancy. The women who suffer a pregnancy loss and are observed with a
subsequent birth have the highest pre-pregnancy earnings on average, followed by
the live birth group. The women who suffer a pregnancy loss but are not observed
with a subsequent birth have the lowest pre-pregnancy daily earnings. Importantly,
this is the group that is excluded from the analysis when considering only those seen
with a child.'"® While not an issue for the independence assumption (e.g., this would
not impact the validity of the reduced form relationship between pregnancy loss and
labour market outcomes), this post-loss selection could still lead to problems for the
IV research design to identify the returns to delaying age at first birth. If these higher
pre-pregnancy earnings for group 2 compared to group 1 reflect unobserved ability or
other factors that lead to consistently higher earnings, then the comparison between
the two groups in cumulative and later career outcomes underlying the pregnancy loss
IV approach may overestimate the returns to delay.

Figure 3 also provides descriptive evidence that pregnancy loss may have negative
effects on labour market outcomes. We see declines in earnings post pregnancy loss
even for those women who do not have a subsequent child—suggesting possible
violations of the exclusion restriction in this setting.

Panels (e) and (f) of Fig. 3 provide similar plots for whether an individual has ever
been diagnosed with a mental health condition by time 7. In Panel (e), we see that
the mental health diagnoses are more likely before pregnancy for the pregnancy loss
group (groups 2 and 3). This is in line with the evidence in the medical literature
that prenatal depression (both treated and untreated) is associated with adverse fetal
outcomes and also with increased risk of pregnancy loss (Bonari et al. 2004; Field et al.
2006; Almeida et al. 2016). While this higher incidence of mental health diagnosis
before pregnancy is not associated with lower earnings (i.e., we do not see lower pre-
pregnancy earnings for the pregnancy loss group in Panel (c)), this could still lead to
a violation of the independence assumption if pre-pregnancy mental health changes
how labour market outcomes respond to later ages at first birth (e.g., if better mental
health allows women to take advantage of further delay through more successful job
search). We also see an increase in diagnoses after the pregnancy loss, consistent with
the possible negative mental health effects of the loss implying a possible violation of
the exclusion restriction. In Panel (f), we see that the rate of mental healthdiagnoses

19 The fact that the wei ghted average of the two pregnancy loss groups—where the weights are respective
sample sizes—depicted in Panel (¢) is very similar to the no loss group average before pregnancy is consistent
with the notion that the live birth group will be a mixture of the two types of women—those that if they
suffered a pregnancy loss they would be observed with a subsequent child in our data and those that would
not.
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is the highest in the group never observed with a birth (group 3), further reinforcing
the possibility that this group is negatively selected.??

If unobservable factors driving labour market outcomes are negatively correlated
with the probability of a loss and there are negative mental health effects of pregnancy
loss, then we worry that the “no loss” instrument is positively correlated with unob-
servables (i.e., p;;, > 0 as those that do not suffer a loss with z; = 1 are expected to
have characteristics more conducive for success in the labour market and less likely
to face the associated mental health shocks.). Note that as constructed, the covari-
ance between the “no loss” instrument and age at first birth is expected to be negative
(04, < 0)—those that do not suffer a loss with z; = 1 will have an earlier age at first
birth on average as they do not experience the delay associated with loss—so that,
ignoring the post-loss selection issue, the IV estimate will be an underestimate of the
return to delayed motherhood.?! Alone, this suggests that the IV estimates may be
biased downward. As mentioned previously, Fig. 3 Panels (d) and (f) also provide evi-
dence of post-pregnancy loss selection into being observed having a child, with around
20 percent of the women whose first observed pregnancy ended in a loss are never
observed having a child. Importantly, these women had lower earnings (Panel (d))
and worse health pre-pregnancy (Panel (f)) compared to the women who are observed
giving birth after a pregnancy loss. This suggests a positive selection into the preg-
nancy loss sample used to estimate the effects of delaying motherhood. In isolation,
this selection bias would go in the opposite direction and lead the IV estimate to be
too large. We now discuss our estimation approach addressing these two issues.

5.2 IV based approaches

Given concerns over both the least squares estimates and the pregnancy loss instrument,
we shift attention from point estimation to producing a range of estimated returns to
delay that account for the main issues outlined above under different assumptions. To
do so, we adopt the estimators from Nevo and Rosen (2012).>2 Formally, under the
assumptions outlined below, the Nevo and Rosen (2012) approach yields sharp bounds
on the returns to delay. While the assumptions for the sharp bound interpretation are
plausible in our setting, we also view this as a robustness exercise to explore whether

20 The patterns in Fig. 3 are further supported by Appendix Table A6 where we also compare characteristics
before the event and formally test for differences across the three groups. For women in group 1, we look at
1.5 years before the first birth; for groups 2 and 3, we take into account that pregnancy loss most commonly
occurs during the first 12 weeks of pregnancy and look at outcomes 1 year before the approximate first
due date (about 5 quarters before the pregnancy loss event). Women with a birth after pregnancy loss are
more likely to be employed and have higher daily earnings compared to women who do not suffer from a
pregnancy loss, whereas we find the opposite among women who do not have a birth after pregnancy loss.
Average age at labour market entry is around 18 for groups 1 and 2 and age 20 for group 3. Total health-care
utilization is also higher before the event among groups 2 and 3 compared to group 1. Overall, the descriptive
statistics provide suggestive evidence that delaying first birth due to pregnancy loss is associated with better
labour market outcomes and that both pregnancy loss and having a child after a loss are not entirely random.

21 To see this, note that, ignoring other covariates, plimﬂ!v = B +ou/oa; < B, since oz, > 0 and
op; < 0.

22 Demir et al. (2020) also use the approach of Nevo and Rosen (2012) when analyzing the effect of
motherhood timing on breastfeeding duration.
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the qualitative conclusion from Sect. 4, that delay has only a small effect on the shape
of child penalties, is likely to be overturned when the bias of the OLS estimator is
accounted for.

Given our setting, we can directly apply the results from Nevo and Rosen (2012)
to the estimation of 8 in Eq. 1. We first partial out the effect of x. Denote the residuals
from regressions of y, A, and z on x by y, A, andZ, respectively. Now we can express
Eq. 1 using the residualized variables and omitting x: y; = ,B;fi + u;. The two key NR
assumptions are”>

PiuPzu = 0 (©)
1ozl = |ozul. )

The assumption in Eq. 6 states that the direction of the correlation with the unob-
served component is the same for both age at first birth and the No Loss instrument.
As argued above, we expect py,, the correlation between age at first birth and the
unobserved error term to be positive due to selection into later fertility by those with
higher unobserved earnings potential (see Footnote 11) and we expect pz,, the correla-
tion between the no loss instrument and the unobserved error term, to also be positive
as not suffering a loss is associated with characteristics expected to improve labour
market outcomes. The assumption in Eq. 7 states that the No Loss instrument is less
endogenous than age at first birth. This assumption seems plausible in our setting. For
instance, Miller (2011) notes that over 90% of pregnancy losses are due to anomalies
affecting the development of the fetus rather than, say, behavioural factors. Further,
the negative mental health effects we documented in Sect. 5.1 only occur for roughly
10 — 20% of women suffering a pregnancy loss. Taken together, it seems reasonable
that the No Loss indicator will be less endogenous than age at first birth, which is
related to earnings through a host of channels including positive selection and reverse
causality.

Nevo and Rosen (2012) show that if oz < 0 (not suffering a loss is associated
with earlier ages at first birth), o3, > 0 (choices to delay fertility are positively
associated with unobserved factors that increase earnings), and o7, > 0 (not suffering
a loss is positively associated with unobserved factors that increase earnings), then g
falls between B;y and By g. Here, By is simply our IV estimator using the No Loss
instrument. The NR Upper Bound, which we call the “NR Adjusted estimator” (By g),
is the IV estimator using the following instrument: v = o3z — ozX.M Note that,

23 See Nevo and Rosen (2012) for a full discussion of assumptions. Formally, the observations
(vi, Ai,Xi,2i),i = 1,...,n have to be stationary and weakly dependent. In a cross-sectional setting
like ours, this is usually stated as the “random sampling” or i.i.d assumption. Secondly, E[x'u] = 0,
meaning additional controls are exogenous—just as in our OLS and IV estimators above. Thirdly,
Rank(E[(z,x)'(z,X)]) = Rank(E[(A,x) (A,x)]) = Rank(E[(z,x)'(A,x)]) = k is the standard rank
condition for OLS and IV estimators.

24 Intuitively, By g would be a valid instrument if the No Loss instrument is just as endogenous as age at
first birth, that is if p3, = oz, and Assumption (7) holds with equality. To see this, note that

Elvu] =E[(03Z — 07 A)u] = 0507, — 030%, = Pru05070u — P5,05970u = (07, — 0zu) (0 5070u)

Clearly, if p3,, = pzy, then E[vu] = 0 yielding a valid moment condition for identifying 8.
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Bnr will be less than Bprs under the NR assumptions, thereby partially reducing
the upward bias present in the OLS estimator.>> Importantly, Sy should still be
interpreted as an overestimate or upper bound on the returns to delay—indicating how
much smaller the returns would be if pregnancy loss was just as endogenous as age
at first birth (i.e., (7) holds with equality). If one is willing to take the sharp bounding
interpretation under the NR assumptions, then the NR bounds given by 8;v and Byr
account for any factor that may lead to a negative correlation between pregnancy loss
and labour market outcomes, including the possible negative effects of pregnancy loss
on mental health and the negative selection into suffering a loss while also ruling out
larger returns driven by the endogeneity of age at first birth.

5.3 Accounting for post-pregnancy loss selection

We now consider the positive selection of women observed having a child after suf-
fering a pregnancy loss. This selection could take two forms: (1) women deciding not
to or being unable to have children after a pregnancy loss or (2) delaying their next
pregnancy long enough that we do not observe the birth in the window of our data.
Note that (2) may be less of a concern here as we observe women for a minimum of
10 years after the pregnancy loss. We cast the problem as a missing data issue where
we do not observe an age at first birth or labour market outcomes with a child for
the women that have a pregnancy loss and no subsequent child and apply an Inverse
Probability Weighting (IPW) approach. The following discussion draws heavily on
the treatment of IPW in Wooldridge (2010).

To start, denote the vector of data for an individual by w; = (y;, A;, X;, z;) and
let s; be a binary indicator of selection into motherhood, where s; = 0 indicates
women with a pregnancy loss and no subsequent observed birth and s; = 1 indicates
all other women in our sample—both the no pregnancy loss women and those who
suffer a pregnancy loss but are observed with a subsequent birth. Intuitively, the key
requirement for the IPW approach is that we observe a set of variables, here denoted
by rj, that are such good predictors of selection that once we condition on them the
selection is effectively random with respect to a woman’s labour market outcomes
(yi). Formally we must assume that P(s; = 1|w;, ;) = P(s; = 1|r,~).26

While this selection on observables assumption is strong, it is arguably much weaker
than the assumption that selection is independent of all the observable factors, i.e.,
that P(s; = 1|w;) = P(s; = 1), that has been implicitly made in prior work using the
pregnancy loss instrument. Indeed, the descriptive results from Sect. 5.1 suggest that

2 Intuitively, since the new NR instrument v is a standard deviation weighted linear combination of the
no loss instrument and the endogenous age a first birth—the resulting IV estimator will be a weighted
average of the negatively biased IV estimator using the no loss instrument and the positively biased OLS
estimator—thereby moving closer to the the lower bound than the OLS estimator and yielding tighter
bounds.

26 See Appendix D for a discussion of the full set of assumptions required.
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this implicit assumption is likely violated. In practice, rj will include a rich set of pre-
event labour market—effectively pre-pregnancy lags of our key outcome variables—
and health variables. By including pre-pregnancy labour market variables, we can
control for many of the unobservable factors that may affect post-pregnancy labour
market outcomes when accounting for the post-loss selection. This is conceptually
similar to the arguments in favor of using pre-treatment dependent variables when
creating synthetic control groups (Abadie et al. 2010). If the selection is driven by
factors that lead to generally higher earnings for some women (for example, ability,
costs of effort, or preferences for work), then this assumption is quite reasonable. As
we show in Appendix D, reweighting based on our rich set of pre-event information
does a good job of balancing the expected daily earnings and mental health diagnoses
between the pregnancy loss subsequent birth group and the entire pregnancy loss group
before the loss occurs.

The main concern for our approach would be selection on unobservables that lead
our B;y estimates to be too high. Therefore, the main threats are cases where indi-
viduals with similar pre-pregnancy earnings and health systematically select out of
our motherhood sample for reasons that are related to their hypothetical post-birth
earnings being lower, on average, than the women we do observe with a subsequent
birth. For instance, perhaps women who suffer a particularly large health shock with
the pregnancy loss are more likely to select out of our sample. If this were the case, we
might expect these women to have lower earnings if they had a subsequent child than
the women that were observationally similar before the first pregnancy. This would
lead our IPW B;y estimates to be biased upward since the observationally equivalent
women we do see with a child after a pregnancy loss would have earnings that are too
high.

To provide suggestive evidence on this possibility, we check the robustness of the
Probit model used to estimate the IPW (discussed in Appendix D) to including the
health care utilization (expenditure covered by the insurance fund) at the time of the
loss as a measure of the severity of the health shock. The estimated marginal effect
of contemporaneous utilization on selection is small and positive rather than negative.
Further, including contemporaneous utilization does little to improve our ability to
explain the selection, with the R? only increasing slightly from 0.1659 to 0.1677.
Finally, we note that the IPW S;y estimates are always lower than the unweighted
estimates (see Appendix Table A9).?

6 Results

We present our results on the impact of age at first birth on labour market outcomes in
two steps. First, we show how delaying motherhood impacts post-birth labour market

27 OurIPW approach aims to recover the effect of delay for the population of women who would be observed
having a pregnancy in our data—those with an observed live birth or pregnancy loss. See Appendix D for
a discussion of alternative weighting approaches for other populations of interest.
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outcomes by focusing on the period 5 years after birth. As in Sect.4, we use the
child penalty framework to provide standardized estimates on changes in the penalty.
Second, we look at the effect of delay on cumulative outcomes because even if returns
only come from delaying a constant relative penalty, they can significantly affect career
outcomes and are thus relevant for overall gender inequality in the labour market.

6.1 Medium run effects of birth timing

We estimate the effect of age at first birth on a few key dependent variables measured
5 years after first birth using Eq. 1. Table 2 shows the results.?® Consider annual
earnings 5 years after birth. The unweighted IV and OLS estimates imply effects on
annual earnings of €70.9 to €307.6 per year of delay, corresponding to a 1.1 to 4.6%
increase. With inverse probability weights (IPW) applied, the estimates shift to the
left, and we estimate that 1 year of delay leads to —0.1 to 4.5% higher earnings 5
years after first birth. Based on the IV estimates, we thus cannot reject that delay has
zero effect on earnings after birth.>” The OLS estimate includes substantial returns
to delay; however, the NR estimate reduces this to €237—or 3.6%—higher annual
earnings per year of delay. Again, Sy g can be viewed as an upper bound on the return
to delay—removing some of the upward bias of the OLS estimator under the NR
assumption that the instrument is less endogenous than age at first birth.

Next, we decompose annual earnings into days of employment (including zero) and
average earnings per day if employed, shown in the second and third blocks of Table 2.
The estimated 0.9 —2.5% more days of employment and 0.4 — 1.2% higher earnings if
employed (considering the IPW estimates) show that both margins potentially matter
for delay, with relatively more weight on days of employment over daily earnings.
However, based on the IV, we cannot statistically reject that delay does not lead to
more work or higher daily earnings, in line with the results on annual earnings.

Importantly, when we look at daily earnings, the NR estimate (8 r ) on the weighted
sample is even smaller than the unweighted IV estimate. The typical view in the
literature is that the (unweighted) pregnancy loss IV underestimates the return to
delay while OLS overestimates. Here we see that this is not necessarily the case if
one ignores the selection problem from women opting not to have children after a

28 All outcomes are measured in the calendar year 5 years after first birth (see notes to Table 2 for variable
definitions). In order to have outcome measures 5 years after first birth by the end of our data window in
2017, we re-classify 129 out of 4561 women (about 3%) in group 2 (pregnancy loss and subsequent birth)
who have not given birth by the end of 2012 for this analysis. We, instead, assign these women to group
3 before estimating the IPW weights. Excluding them entirely leads to almost identical estimates. “IPW”
refers to the inverse probability weights from Sect.5.3, which account for selection out of motherhood.
Including the selection variables as additional controls in Eq. 1 leads to almost identical estimates.

29 Here, we report standard errors that ignore the first stage estimation of the probability weights, which
leads to more conservative inference (i.e., larger standard errors) than if we took account of this estimation
(Wooldridge 2002 and Wooldridge 2010, pages 500-502, 824-826). In our setting, the loss of precision
from ignoring the first stage estimation is particularly small as only 8.9 percent of our estimation sample
(the no loss, subsequent birth group) has an estimated weight—while the other probabilities are treated as
known (p(r;) = 1 for the no loss group).
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Table 2 Effect of age at first birth on outcomes 5 years after first birth

Unweighted IPW
Dependent variable Mean BoLs Brv BoLs BNR Brv
)] (2) (3) “ (5) (6)
Annual earnings (€) 6680.5 307.6 70.9 300.5 237.3 —-5.2
(16.1) (69.1) (16.6) (22.6) (69.6)
in % 4.61 1.06 4.50 3.55 —0.08
[95% CI] [4.13,5.08] [—0.97,3.09] [4.01,4.98] [2.89,4.22] [—2.12, 1.96]
Days employed 206.438 5.125 2.960 5.055 4.399 1.884
(0.305) (1.355) (1.339) (0.312) (0.425)
in % 2.48 1.43 2.45 2.13 091
[95% CI] [2.19,2.77] [0.15,2.72]  [2.15, 2.74] [1.73,2.53] [—0.36,2.18]
Daily earnings (€) 38.304 0.485 0.424 0.460 0.398 0.169
(0.166) (0.677) (0.161) (0.165) (0.575)
in % 1.27 1.11 1.20 1.04 0.44
[95% CI] [0.42,2.12] [—2.36,4.57] [0.38,2.03] [0.19, 1.88] [—2.50, 3.38]
Employed 0.714  0.009 0.006 0.009 0.007 0.003
(0.001) (0.004) (0.001) (0.001) (0.004)
in % 1.23 0.80 1.21 1.04 0.39
[95% CI] [1.00, 1.46] [—0.23, 1.84] [0.97, 1.45] [0.72, 1.37] [—0.64, 1.43]
White-collar job 0.627 0.021 0.001 0.020 0.015 —0.003
(0.001) (0.004) (0.001) (0.001) (0.005)
in % 3.32 0.23 3.20 241 —0.53
[95% CI] [3.00, 3.65] [—1.18, 1.63] [2.86,3.53] [1.95, 2.87] [—1.95, 0.89]
Back to pre-birth firm 0.499  0.018 0.015 0.017 0.016 0.010
(0.001) (0.004) (0.001) (0.001) (0.004)
in % 3.62 3.07 3.51 3.21 2.09
[95% CI] [3.26, 3.99] [1.44,4.70]  [3.13,3.88] [2.70,3.72] [0.49, 3.69]

Notes: this table shows the estimated return to delay on outcomes 5 years after first birth (,3) based on
Eq. I using OLS or IV. Columns (2) and (3) show unweighted regressions, (4) to (6) report results using
inverse probability weights (see Sect.5.3). Column (5) shows the Nevo-Rosen estimates, weighting the IV
and OLS estimates to give an upper-bound estimate under direction-of-bias assumptions (see Sect.5.2).
Controls in all columns: dummies for the mother’s year of birth cohort and her age at labour market entry.
Annual earnings are total social security earnings in the calendar year 5 years after first birth. Women who
are not employed in that year are included with zero earnings. Days employed is the total number of days
of dependent employment in the calendar year 5 years after first birth. To get daily earnings, we divide
annual earnings by days of employment. Employed is a binary variable capturing whether the woman was
employed at any point in the calendar year 5 years after first birth. White-collar job is 1 if the woman had
any days of white-collar employment 5 years after first birth, O otherwise. Back to pre-birth firm is a binary
variable capturing whether the woman worked again at her pre-birth firm (any of the 4 quarters before birth)
in the 5 years after first birth. To calculate the weights and regressions for this table, we re-classify from
group 2 into group 3 women whose first birth was after 2012 because we don’t observe their outcomes 5
years after first birth (n = 129). Robust standard errors in parentheses, 95% confidence intervals in brackets
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pregnancy loss. Both IV and OLS, if not weighted, are too large compared to the
weighted IV and NR estimators.

We estimate delay to increase the probability of working in a white-collar occu-
pation by up to 3.2% (considering the IPW estimates), which explains part of the
increase in daily and annual earnings. Delay might enable women to climb the job
ladder and lock in a better job before going on (job protected) parental leave.’? In line
with this result, we find a statistically significant increase in the probability of going
back to the pre-birth job within 5 years. This could capture success in climbing the
ladder and locking in a better match, but could also reflect that delay facilitates moving
to jobs more convenient for combining work and motherhood. Such non-pecuniary
benefits could explain why the IV estimates are significantly positive for returning to
the pre-birth job while earnings are not affected on average.’!

Under the NR assumptions, columns 4 and 5 of Table 2 represent bounds on the
returns to delay that account for many plausible sources of endogeneity for both the
pregnancy loss instrument and age at first birth. The IV estimates are consistent with
delay having no causal effect on labour market outcomes, which is different from
previous papers (e.g., Miller, 2011) that found significant effects using the pregnancy
loss instrument. Part of the reason for this difference could be that our loss variable is
based on medical diagnoses by doctors, whereas previous papers used retrospective
survey information. We could thus be capturing more severe losses, and e.g., negative
mental health effects could be more pronounced among our sample of women. Our
NR-adjusted estimates are generally comparable to previous papers and consistent
with delay affecting outcomes by strengthening labour market attachment, finding a
better job match, and lowering human capital depreciation, the channels analysed by
e.g., Erosa et al. (2002) and Adda et al. (2017).

In Table 3 we compare the OLS, IPW NR, and IPW IV estimates of the level effects
(columns 1, 2, and 3 reproduced from Table 2) to the mechanical effects of delaying
a fixed penalty (column 4). In column 5, we show the average child penalty 5 years
after first birth for reference. Since the level effects estimated by IV are already small
in magnitude and not statistically different from zero, we focus our discussion on the
nontrivial level effects of the estimated By g to gauge how important delay could be for
shifting the child penalty once we have accounted for some of the upward bias in the
OLS estimator. Consider annual earnings: the level effect of delay is €237.3 (3.6%)

30 See Lalive et al. (2014) for details. Although the duration during which mothers received child benefits
was changed several times after 1990, job protection was held constant at 2 years.

31 Appendix Table A8 includes several robustness checks for the main results. First, excluding age at labour
market entry dummies does not affect the NR or IV estimates much. The labour market entry age dummies
serve both as a proxy for education and as a control for switching from industries that are not covered by
the Upper Austria health insurance fund (e.g., public servants) later in the career. Therefore, the robustness
to its inclusion is important for ensuring that we are not confounding education decisions with birth timing
in our main results. Second, including the pre-birth variables we use in our probit selection equation does
lead to significantly smaller OLS estimates; however, the IV estimates are barely affected. Conceptually,
these variables control for some—but, likely not all—of the endogeneity of birth timing for the OLS-
based approaches, lowering the estimated returns. The relative robustness of the IV-based approaches to
including these additional pre-birth controls is evidence that the selection on observables is less strong
for the pregnancy loss instrument than for age at first birth. Importantly, across both robustness checks
the estimated returns fall within a similar range to our main estimates, thereby supporting the conclusions
drawn.
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per year of delay, while the average mechanical effect from moving along the age-
earnings profile would lead to an increase of €106.9. That is, nearly half the effect
of delay can be attributed to moving along the age profile. This leaves room for a
small decrease in the child penalty due to delay. To quantify how big this effect on
the penalty would be, we subtract the mechanical effect from the estimated effect
and then divide by counterfactual earnings. This gives us effects in terms of child
penalty units, shown in the last three columns. For annual earnings, we estimate that
the penalty would decrease by 0.7 percentage points (about 1%) per year of delay.
Considering the level effect of 3.6% on earnings after birth based on the NR estimate,
the result reported in the second-to-last column of Table 3 shows that the effects on
child penalties are small. (see column 5 of Table 2)—which is likely larger than the
true causal effect because of bias due to e.g., unobserved heterogeneity. The implied
effects on the child penalty of the IV estimates are even smaller (see the last column of
Table 3), reinforcing the conclusion that there is little evidence that delay drastically
changes the child penalty.?

In Fig.4, we show what these estimates imply for pre- and post-birth predicted
earnings. The figure plots predicted earnings from the child penalty regression and
the predicted earnings based on the different estimates for the return to delay. We plot
this for the median age at first birth (27) and fixing the year to 2003. Next, we add
the lower and upper bound predicted earnings when delaying from age 27 to age 28
(NR IV and NR OLS, respectively). Finally, we also add the predicted earnings when
delaying the average child penalty by 1 year. The figure illustrates that the pre-birth
effects of delay are large because the child penalty hits later. We return to this when
we look at the effect of delay on total earnings below. After birth, however, effects are
small over the entire 10-year period whether we look at the lower or upper bound or
just delaying the average penalty.

In Appendix Table A7, we repeat the exercise shown in Table 3 for different event
times. The child penalty estimates for our sample clearly show strong dynamic effects.
The maximum earnings reduction is in the first year after birth, when most mothers
are on parental leave, and recovers to about —(0.54 in year 10 for this sample. With
one exception—?2 years after birth, when most mothers are still on parental leave—the
estimated bounds on the effects on the child penalty, i.e., how much a 1-year delay
would change the relative earnings loss from motherhood, include zero. Based on our
conservative estimates, we cannot rule out the possibility of no effect. Examining the
full trajectory across 0 to 10 years after childbirth reinforces that delaying motherhood

32 As discussed in Thakral and T6 (2025), the child penalty regression imposes the strong restriction that
there are no changing birth cohort effects. We assess the robustness of our results to this assumption by
widening the event-time window from —10 to +10 and imposing a linear restriction that the slope between
—10 and —5 is flat. In this alternative specification, we include birth cohort dummies and then recover
the same —5 to 10 child penalty estimates as in the standard specification. In the Austrian case, adding
cohort dummies in this way produces a somewhat larger child penalty (in absolute terms) at each event
time after 0; however, our main results are only slightly different when we rely on the cohort specification
instead of the baseline regression. When we standardize the level effects of delay into child penalty effects
(last three columns), the OLS estimate decreases from 0.1 to 0.09%, the upper bound becomes 0.6% rather
than 0.7% under the standard penalty, and the lower bound is —0.4% instead of —0.6%. Overall, although
incorporating cohort effects changes the penalty itself, it does not substantially alter our estimated effects
of delay.
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Table 3 Effects on child penalties: 5 years after first birth

Level effects Effects on child penalty
(relative to mechanical return)
Dependent variable ,30]_5 El{lﬁw 311\5) W' Mechanical Child ,30]_5 /§I{I£W EII\f w
effect of penalty

1-year
delay
Annual earnings (€) 307.6 2373 =52 1069 —0.669 0.010 0.007 —0.006
(16.1) (22.6) (69.6) (0.001) (0.001) (0.003)
Days employed 5.125 4399 1.884  1.428 —0.386 0.011  0.009 0.001
(0.305) (0.425) (1.339) (0.001) (0.001) (0.004)
Daily earnings (€) 0.485 0398 0.169  0.744 —0.403 —0.004 —0.005 —0.009
(0.166) (0.165) (0.575) (0.003) (0.003) (0.009)
Employed 0.009 0.007 0.003 0.001 —0.287 0.007  0.006 0.001
(0.001) (0.001) (0.004) (0.001) (0.001) (0.004)
White-collar job 0.021  0.015 —0.003 0.008 —0.221 0.016 0.009 —0.014
(0.001) (0.001) (0.005) (0.001) (0.002) (0.006)

Notes: see notes to Table 2 for explanations of variables and methods. This table shows the OLS, Nevo-
Rosen (NR), and IV estimates. The Nevo-Rosen and IV estimates are from the specifications using IPW. The
last three columns show the coefficients minus the mechanical effect divided by counterfactual earnings.
This translates the level effects into effects on the child penalty over and above what we would expect to
see from mechanically being 1 year older when delaying first birth. Robust standard errors in parentheses

does not seem to substantially alter the shape of the child penalty. The gains we see
in career earnings thus mainly come from delaying the incidence of the penalty itself,
rather than a reduction in its magnitude.

Decomposing annual earnings into days employed and earnings per day, Table 3
shows that along both margins the mechanical effect of delay plays an important role.
About a third of the estimated NR effect on days employed is likely due to just being 1
year older, whereas all of the effect on daily earnings seems to come from age, although
this coefficient is somewhat imprecisely estimated. This is not the case when we look
at whether women are employed at any point in the calendar year 5 years after birth.
The mechanical effect is only 0.001, or one-seventh of the estimated NR estimate. We
lack precision to do a precise decomposition, but the evidence is at least consistent with
the mechanical effect of delay operating mainly through earnings if employed, and
not employment itself. In terms of white-collar employment, the mechanical effect
is again close to half the estimated NR adjusted effect. Occupational upgrading is
one important channel through which earnings could be higher due to delay, and the
majority of the estimated effect of 1.5 percentage points is driven by moving along
the average age profile.

6.2 Heterogeneity in the returns to delay

The effects on labour market outcomes shown in Tables 2 and 3 average the heteroge-
neous effects of delay across women. The returns to delay for women who have little
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Fig.4 Earnings effect of delaying first birth. Notes: the earnings profile (blue line) traces out E |: Y ) t], in

this case predicted annual earnings, after estimation of Eq. 2 for the median age at first birth (27) and fixing
the median calendar year (2003). Zeroes (not employed) are included in the regression. Three separate lines
then trace out the predicted effects on the level of earnings if first birth is delayed from age 27 to age 28:
The lower and upper bounds on the return to delay (NR IV and NR OLS, respectively) and the mechanical
effect from delaying the average penalty. See estimates and notes in Table 3 or Appendix Table A7 for the
full dynamic effects

education or in low-skill jobs might be lower, having made decisions consistent with
the “mommy track”. Depending on the size of this group, it could mean that the aver-
age effect of delay looks small relative to the child penalty, even if there are substantial
changes to child penalties for subgroups. To shed light on this, we split our sample
into subgroups according to age at labour market entry (a proxy for education),>? and
whether women worked in a blue or white collar occupation before birth. Results are
shown in Table 4.

The IV estimates continue to be relatively small and insignificant across specifica-
tions. We do not find evidence for significant earnings returns in any subgroups, using
the pregnancy loss instrument. However, the IPW NR estimates reveal interesting het-
erogeneity. Consider age at labour market entry. In the Austrian education system,
entering the labour market at age 17 or above is strongly correlated with being on the
academic high school track, instead of doing an apprenticeship. The return to delay for
those who enter the labour market later is €330.7 per year of delay. This corresponds
to a 4.1% increase in annual earnings 5 years after first birth, compared to 3.7% for
those who enter early. These are sizable level estimates but partly capture the effect
of being mechanically older due to delaying first birth.

33 We do not analyse heterogeneity by education because although education is observed in the birth
register, it is missing for 30% of mothers.

@ Springer



Motherhood timing and the child penalty Page290f35 44

Table 4 Heterogeneity in the effect of delay on earnings 5 years after first birth

Level effects Effect on child penalty
(rel. to mechanical effect)
Sample Bous BEEY  BLEW  Mechanical Child BoLs  BLEW  BLEW
effect of penalty
1-year
delay

A. By age at labour market entry

Age first job < 17 2395 207.0 96.0 61.2 —0.698 0.010  0.008  0.002
(17.9) (25.3) (77.4) (0.001) (0.001) (0.004)

Age first job > 17 460.6 330.7 —121.0 147.8 —0.631 0.014  0.008 —0.012
(29.7) (40.3) (124.4) (0.001) (0.002) (0.006)

B. By occupation before birth

Blue collar 104 218 27.4 12.4 —0.619 —0.000 0.001  0.001
(244) (33.8) (98.2) (0.002) (0.003) (0.008)

White collar 3253 2576 240 1333 —0.672 0.009  0.006 —0.005
(19.4) (27.5) (85.7) (0.001) (0.001) (0.004)

To gauge how much of the return to delay could simply be mechanical, we repeat
the exercise we proposed above and calculate child penalties for the two groups to
estimate the mechanical effect of delay. Results are shown in columns 4 and 5 of
Table 4. Child penalties are estimated to be about 7 percentage points smaller for those
who enter after age 17. The smaller penalty and a steeper childless earnings profile
(not shown) combined lead to a larger mechanical effect of delay of €147.8 against
€61.2 among those who enter before 17. The implied estimates on child penalties net
of the mechanical effect are shown in the last three columns. Among both early and
late entrants, we find child penalties only decrease by 0.8 percentage points for each
year of delay (based on the IPW NR estimates). Even if we consider the OLS estimates
(which are likely upward biased), the estimated decrease in the child penalties for each
year of delay is less than 1.5 percentage points in both groups. The effects are similarly
small if we split the sample by pre-birth occupation.*

Overall, the heterogeneity analysis reveals that even among subgroups the effects of
delay on earnings after birth are relatively small when compared against the mechanical
age effects. Across subsamples, between a third and a half of the level effects of delay
are likely just due to being older and more experienced when delaying first birth.

6.3 Motherhood timing and women’s careers

We now turn to the effect of motherhood timing on cumulative labour market outcomes.
Even though we found small effects of delay on the relative earnings losses after birth,

34 Even the level effects for blue-collar workers are small and insignificant across all estimators—suggesting
little return to delay for this group that may reflect differences in how human capital develops in these
occupations. Further, the selection into later first birth appears to operate differently for this group, with
OLS estimates that are smaller than the IV (though quantitatively very similar).
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delay can still have substantial effects on cumulative earnings because delaying first
birth means more time on the childless earnings profile. That is, rather than simply
looking at how delay shifts the earnings profile at each age as in Fig.4, we now
consider how delay changes the area under the average age-earnings profile over the
entire career. Our goal is to quantify the effects of delay and compare them to the
effects of mechanically delaying a fixed penalty. Unfortunately, the fact that the health
data we use to measure the pregnancy loss instrument is only available between 1998
and 2007 means that we do not observe the entire career for most women in our main
sample. Therefore, if we use our main sample, there will be censoring of lifetime
earnings across women from different cohorts and with different ages at first birth.
Importantly, this censoring will lead to estimated returns to delay that are too high.

Instead, we define labour market careers to be between age 15 and 55 and leverage
the social security data for all of Austria. For women born between 1957 and 1962,
we observe earnings over the entire 15-55 age range by the end of the ASSD data in
2017.36 While we cannot use the IV-based approaches with this sample, we can easily
estimate the career returns to delay by OLS. Based on the same arguments as before,
we expect the OLS estimator of the returns to delay on career outcomes to be biased
upward.

To estimate how much of the return to delay is potentially from delaying a fixed
penalty, we use a similar methodology as above to calculate the “mechanical return”
of delay. We estimate long-run child penalties and use them to simulate earnings
for the women born between 1957 and 1962 depending on when they had their first
child. For example, if a woman born in 1960 had a child at age 30, we assign to
her the counterfactual average childless earnings up to age 29 and then the average
earnings after imposing the fixed (at each event time) child penalty from age 30 onward.
Importantly, she will get the same relative penalty as a woman who had her first child,
e.g., at age 25. This makes sure we are only comparing the effects on total earnings of
delaying a fixed penalty.3” After this assignment, we calculate total simulated earnings
up to age 55 and regress them on age at first birth.

Table 5 provides the OLS estimates of career returns to delay for several labour
market outcomes from regressing the actual cumulative outcome and the mechanical
simulated cumulative outcome on age at first birth—effectively estimating how the
area under the age-outcome profile changes linearly with age at first birth. When we

35 As an example, consider the women born in 1977 who we observe with earnings up to age 40—for
those that have a child at age 25 we will capture 15 years of the child penalty in the cumulative outcome
measures while for those that have a child at age 39, we will capture only 1 year of the child penalty—
clearly overstating the career returns to delay given that pre-birth earnings track childless women closely.
This is an issue in the related work on motherhood timing, with cumulative outcomes often measured well
before retirement and in some cases very close to the first birth. For instance, in Miller (2011), cumulative
outcomes are measured at age 34 for women who have a first birth up to age 33.

36 This ignores the retirement dimension since women in Austria start to retire once they reach age 55 (cf
Fig. 1).

37 For this exercise, we estimate child penalties using the data for all of Austria and regressing the outcome
on age and year dummies, as well as event time dummies relative to first birth. We estimate this for the years
1972-2017 and limit event times from —5 to 20 years after first birth. The event time coefficients are then
divided by the predicted outcome without event time coefficients. We then impute the predicted outcome
from these child penalty regressions for the women in our sample. This means they all get the same relative
penalty irrespective of when they have their first child.
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Table 5 Effect of age at first birth on cumulative outcomes

Dependent variable I§OLS Mechanical effect of 1-year delay

Effect of delaying first birth by 1 year in % of baseline

Total career earnings (€) 2.35 1.39
(0.03)

Total career days employed 1.23 0.74
0.02)

Average daily earnings over career (€) 1.49 1.19
(0.02)

Total career days in white-collar job 3.29 1.71
(0.04)

Notes: each row shows separate regressions for cumulative outcomes for all-Austria sample of mothers
born 1957-1962. For annual earnings, days employed, and days in a white-collar job, we sum the annual
variables over the career from age 15 to age 55 (when early retirement starts to be available for some). For
daily earnings, we calculate average daily earnings (annual earnings divided by days employed per calendar
year) over ages 15 to 55. ,30 Ls is the estimate from a regression of the cumulative outcome on age at first
birth with year of birth and age at labour market entry dummies. The mechanical effects use the cumulative
variables from estimated child penalties based on cohorts born 1957-1967. For example, we estimate the
earnings penalty, predict earnings at every age depending on a woman’s age at first birth, sum the predicted
earnings over the career, and regress this sum on age at first. The resulting estimate captures the mechanical
effect of delaying a fixed penalty since the penalty is the same for all women in relative terms, but applied
at different ages at first birth. Robust standard errors in parentheses

consider all earnings up to age 55, the mechanical return is 1.4% compared to an OLS
return of 2.4%. The majority of the return to delay, even based on the OLS estimates
where selection is likely an important driver, comes from delaying the child penalty
and not altering the relative size of the penalty. We also see modest increases in other
labour market outcomes—including spending 3.3% more days in white-collar jobs for
each year of delay, with a mechanical effect roughly half that size at 1.7%.

Table 5 shows career returns to delay for a cohort of women whose entire pre-
retirement labour market outcomes are observed. Interestingly, the estimated returns
are substantially smaller than previous results from cumulating outcomes over a shorter
agerange (e.g., Miller 2011). One main reason that the estimates from the full Austrian
sample are much smaller is censoring. In Appendix E, we show cumulative results
for the health data sample, where we also have censoring. We show that the estimated
returns using the censored career outcomes are substantially larger than those reported
in Table 5. When censored to the same ages, the estimated mechanical and OLS returns
for all of Austria match the IV and NR adjusted estimates, respectively, for the Upper
Austria health data sample very closely. If we impose the NR assumptions and interpret
the IV and NR adjusted estimates from the health data sample as bounds on the return
to delay, this close match between the two samples and approaches suggests that the
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mechanical and OLS estimates in Table 5 may serve as reasonable bounds for the
career returns to delay.’®

7 Conclusion

We explore the potential labour market returns to delaying motherhood for women.
Using administrative social security and health data from Austria, we are able to
document these returns across a wide range of outcomes: earnings, employment, and
experience as well as other measures of career outcomes such as their attachment to
the pre-birth firm and whether employment is in a white-collar occupation.

Starting with OLS estimates, we find that in Austria, an extra year of delay is
associated with 4.6% higher annual earnings, while the child penalty is reduced only
by one percentage point with a year of delay. This finding is comparable to our estimates
based on data from the USA.

Given the likely upward bias in the OLS estimates, using the rich administrative data
from Austria, we use pregnancy loss as an imperfect instrument for age at first birth.
Our approach takes account of the possible negative health effects of pregnancy loss,
the negative selection into suffering a loss, the fact that the pregnancy loss-induced
delay occurs after other key career investments are made, and the positive selection
into the sample of mothers for those that suffer a loss.

Our results suggest that much of the observed relationship between age at first birth
and labour market outcomes could be due to selection. However, when we focus on
the period before and after first birth, we find that even our OLS estimates imply that
delay leads to only small changes to how earnings respond to the birth of the first
child. Before birth, we see larger effects on earnings; however, both before and after
birth our estimates are similar to the mechanical returns we might expect from simply
moving along the age-earnings profile an extra year before suffering the average child
penalty. Therefore, our results are consistent with much of the cumulative returns
to delay coming from the mechanical effect of delaying the realization of the child
penalty rather than altering how a woman’s career responds to having children.

In terms of gender inequality over the career, our estimates imply that delay is
still an important factor, despite the relatively small estimates. Ages at first birth have
increased substantially over the last 50 years, and delaying motherhood from around
age 23 (1970s Austria) to age 29 (2010s) would imply that changes to birth timing
are responsible for an increase of around 14% in average career earnings for women.
Although we do not focus on cross-sectional inequality here, our results also imply
lower gender inequality in any given cross section since a mechanical delay of the
child penalty means more women earnings childless wages at any given point in time.

Supplementary Information  The online version contains supplementary material available at https://doi.
org/10.1007/s00148-026-01189-5.

38 Indeed, the mechanical effect could be interpreted as a lower bound under the assumption that delay
does not increase the size of the child penalty (that is, delay does not lower earnings post-birth) since it is
calculated under the assumption the child penalty stays fixed—while, as we have argued, we suspect OLS
to overestimate the returns.
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