MEMORANDUM
No 19/2015

The Effects of Motherhood

Simen Markussen, Marte Strøm

ISSN: 0809-8786

Department of Economics
University of Oslo

This series is published by the
University of Oslo
Department of Economics

In co-operation with
The Frisch Centre for Economic
Research

P. O.Box 1095 Blindern
N-0317 OSLO Norway
Telephone: + 47 22855127
Fax:
+ 47 22855035
Internet:
http://www.sv.uio.no/econ
e-mail:
econdep@econ.uio.no

Gaustadalleén 21
N-0371 OSLO Norway
Telephone:
+47 22 95 88 20
Fax:
+47 22 95 88 25
Internet:
http://www.frisch.uio.no
e-mail:
frisch@frisch.uio.no

Last 10 Memoranda

No 18/15

Marit Linnea Gjelsvik, Ragnard Nymoen, and Victoria Sparrman
Have Inflation Targeting and EU Labour Immigration Changed the System
of Wage Formation in Norway

No 17/15

Geir B. Asheim and Ivar Ekeland
Resource Conservation across Generations in a Ramsey-Chichilnisky
Model

No 16/15

Nina Drange, Tarjei Havnes and Astrid M. J. Sandsør
Kindergarten for All: Long-run Effects of a Universal Intervention

No 15/15

Paolo G. Piacquadio
The Ethics of Intergenerational Risk

No 14/15

Finn R. Førsund
Productivity Interpretations of the Farrell Efficiency Measures and the
Malmquist Index and its Decomposition

No 13/15

Christian N. Brinch, Erik Hernæs and Zhiyang Jia
Salience and Social Security Benefits

No 12/15

Florian K. Diekert
Threatening Thresholds? The Effect of Disastrous Regime Shifts on the
Cooperative and Non-cooperative Use of Environmental Goods and
Services

No 11/15

André K. Anundsen and Ragnar Nymoen
Did US Consumers ‘Save for a Rainy Day’ before the Great Recession?

No 10/15

Finn Førsund
Economic Perspectives on DEA

No 09/15

Andreas Kotsadam, Eivind Hammersmark Olsen, Carl Henrik Knutsen and
Tore Wig
Mining and Local Corruption in Africa

Previous issues of the memo-series are available in a PDF® format at:
http://www.sv.uio.no/econ/english/research/unpublished-works/working-papers/

The effects of motherhood∗
Simen Markussen†

Marte Strøm‡

Abstract
We use miscarriage as a biological shock to fertility in order to estimate the causal
impact of motherhood on labor market outcomes. The number of instruments is increased
by exploiting the response-heterogeneity to miscarriage along three dimensions: time, age,
and birth order. This allows us to separately identify the effect of the first, second and third
child as well as the effects of pregnancy and caretaking for small children. We find each
child reduces female earnings by around 18%, only part of it due to reduced work hours.
We find no evidence of an adverse health effect of having children.
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Introduction

The relationship between fertility and female labor market outcomes is a longstanding theoretical and empirical problem in economics. Understanding the relationship is important for
several reasons. First, if having fewer children causes an increase in labor-force participation, reduced fertility can potentially explain a large share of the increase in female labor force
participation in western societies (Goldin (1990)). Second, if having children causes careerinterruptions and periods of reduced working hours, it can explain the persistent gender differences in career and wages (Mincer and Polachek, 1974; Korenman and Neumark, 1992; Budig
and England, 2001; Harkness and Waldfogel, 2003). Third, if combining work and family
obligations lead to health problems for women due to a ”double burden”, having children can
partly explain the increasing gender gap in sickness absence that is observed in Scandinavia as
in many other countries with high female labor force participation (Åkerlind et al., 1996; Mastekaasa, 2000; Bratberg et al., 2002). The strong theoretical and empirical association between
family formation and female labor market outcomes motivates a closer study of the causal
relationship underlying these correlations.
Increasing female labor supply is high on the political agenda in most OECD countries and
public resources are increasingly targeted at policies facilitating the combination of work and
family, like paid parental leave and subsidized kindergartens. In the Scandinavian countries,
these welfare policies are extensively used. The policies are arguably successful: Scandinavia
have among the highest rates of female labor force participation and at the same time have
fertility rates well above the OECD average. However, Scandinavian women work part-time to
a large degree and have high sickness absence rates compared to men. This paper aims to shed
light on the role of motherhood in explaining these patterns.
An empirical investigation of the causal relationship between motherhood and labor market
outcomes is complicated by the endogeneity of fertility decisions. In the existing research
literature only a few sources of exogenous variation in fertility outcomes have been exploited.
The relationship between number of children and female labor supply is studied by Rosenzweig
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and Wolpin (1980) and Angrist and Evans (1998), who are the first to use twin births and the
sex composition of the first two children respectively to instrument the effect of the second and
the third child, respectively, on female labor supply. They (and several later papers using the
same strategy) find that an additional child has a significant impact on female labor supply and
earnings. The results are however not directly transferable to the the first child.
This paper contributes to the literature by estimating the marginal effect of the first three
children, as well as heterogeneity with respect to the age of the child. Our results contribute
to a more comprehensive understanding of the role of motherhood; the quantitative importance
of having the first child compared to the second and the third, and whether the effects are
long term or temporarily related to the age of the child. We use miscarriage as a biological
shock to fertility in order to estimate the causal impact of motherhood on female labor market
outcomes the first five years after birth. A miscarriage, compared to a birth, leads to an altered
fertility pattern in the years following in the sense that the timing of pregnancies and births are
different between the two. They are simply ”out of sync” with each other, a property we use
for identification. The ”non-treated” women who get a child the first period continue having
more children and have older children than the ”treated” who miscarried in the first period and
therefore got the first child as well as the next children later. To identify a meaningful effect
of having e.g. the first child, we therefore need to correct for the fact that both the treated and
the non-treated are again pregnant or have more children at different ages. The six included
variables defining motherhood is the separate effect of having the first, second and the third
child, the effect of pregnancy, having an infant and having a toddler (1-3 years old). We use
detailed, high-quality administrative data covering the whole Norwegian population and use all
registered births and miscarriages in the years 2001-2004. We measure outcomes up to five
years after planned birth (from 2001-2009).
With six endogenous fertility variables that are all affected by a miscarriage, we need at
least six instrumental variables to identify the causal effects. With few other sources of exogenous variation in fertility outcomes, we increase the number of instruments by exploiting
the heterogeneity of treatment response to miscarriage across three dimensions: time, age, and
3

birth order. Firstly, the first stage impact of a miscarriage on fertility outcomes are different in
each year following the miscarriage, because the group that miscarries has an increasing probability of having a child. Secondly, the first-stage effect of a miscarriage on the probability of
having a child in a subsequent period is different if it happens before the first, the second or the
third child, and it also affects different margins. Lastly, we use the fact that there is also differences in the first-stage across age at planned birth. Older mothers have a smaller biological
probability of getting pregnant than mothers at the peak of their fertile age, which means that
the first-stage effect of a miscarriage on the probability of having a child the next periods will
vary across age-groups.
Combined, the heterogeneity in the first stage treatment response can be treated as multiple
instruments (”quasi-experiments”) to estimate a local average treatment effect of each fertility
outcome. In short, our estimate of the impact of fertility on labor market outcomes will rely
on differences in labor market outcomes between for example treated and non-treated 30 year
olds planning to have a child relative to 20 or 40 year olds planning to have a child, or for
example differences in labor market outcomes between the treated and the non-treated 1 year
after planned birth relative to 5 years after planned birth. In practice, the model is estimated
using the interaction of miscarriage and group indicators (group being all unique combinations
of time period after planned birth, age at first birth, and birth number) as instruments, including group indicators as control variables in the second stage, to ensure that we only compare
differences over the fertility shock (miscarriage) within each group. Selection into miscarriage
that depends on group variables are thereby accounted for.
The method has similarities to Angrist and Krueger (1991) and their quarter of birthinstrument for schooling. They increase the number of instruments by interacting quarter of
birth with year and state indicators in order to increase the efficiency of the 2SLS estimator.
They thereby use the variation in quarter of birth within one year instead of across all years.
Quarter of birth may have a different impact depending on which year the child is born - and
year-specific quarter of birth instruments can therefore provide more variation that increases
the efficiency of the estimator. We use the increased number of instruments for a different pur4

pose than increasing the efficiency of the estimator; it enables us to identify the effect of more
than one causal variable affected by the initial instrument. When a random event has an effect
on several causal variables at the same time, all of them have to be included in the analysis to
get unbiased estimates. Our approach is useful when there are no (few) available additional
instruments, but there is sufficient heterogeneity in the first stage response across groups that
these can be treated as independent observations of the relationship between the instrument and
the causal variables of interest. To test linear independence of the instruments, we propose to
use a test of near collinearity suggested by Belsley et al. (1980).
The paper also contributes to the small, but increasing, literature using biological shocks
to estimate the effect of fertility variables. Miscarriage has previously been used as an instrumental variable for the timing of birth, measuring the long-term effect of having children later;
Hotz et al. (1997, 2005) study the effect of teenage childbearing, Miller (2009, 2011) study
the effect of having children later on school performance of the children and on life-time earnings of the mother respectively and Buckles and Munnich (2012) study the effect of spacing
of siblings for child school performance (identified by miscarriages before the second child)1 .
Previous literature using miscarriage as an instrument for the timing of children do not however
take fully into account the effect of miscarriage on e.g. completed fertility, and the estimated
timing-effect can therefore partly include an effect of total number of children 2 . In addition,
this literature only include those who actually end up having a child. This can be considered an
endogenous conditioning of the sample as a significant share that experience a miscarriage end
up having no children.
A concern in the literature using miscarriage as an instrument is that the miscarriage in
1 A similar instrument to miscarriage, is to use infertility measures to estimate the effect of having children.
Infertility has been used by among others Cristia (2008); Agüero and Marks (2008, 2011). Cristia (2008) finds
large effects on female labor supply of having the first child on US data, while Agüero and Marks (2008, 2011) find
no association using data from Latin-American countries (Agüero and Marks, 2008) and 26 developing countries
(Agüero and Marks, 2011).
2 In the longer run, the fertility outcome most affected by miscarriage is the timing, but both Hotz et al. (1997)
and Miller (2011) show that there is also a difference in the total number of children. This means that the effect
of timing is really a weighted effect of both timing and total fertility. This is also pointed out in a recent paper by
Bratti and Cavalli (2013) who use miscarriage as an instrument for the timing of the first birth, but drop all women
who at the date of the interview had a second child or were pregnant (which is hardly an exogenous conditioning
of the sample).
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itself may have a negative own effect on the outcomes of interest. An additional advantage of
our approach is that we are able to account for such a direct effect. Because we use interaction
terms as instruments, we are able to include the original basic instrument miscarriage among
the covariates, thereby controlling for a direct (common) effect of the miscarriage (Kolesár
et al., 2011). The direct effect of a miscarriage can include both negative psychological effects
of the miscarriage in itself, but also a possible timing-effect (as the literature referred to above
has documented) or other direct effects of the miscarriage. We are not able to separate out what
the direct effects are, but at least we can control for it.
Our measure of miscarriage is based on register data on sickness absence. There are both
advantages and diasadvantages with this measure. A clear advantage is that miscarriages are not
self-reported like in the above referred literature which use survey data, and therefore suffers
less from potential (selective) misreporting. A disadvantage is that not all miscarriages involve
sickness absence, and we therefore do not capture all miscarriages. We discuss selection issues
regarding our measure in greater detail in section 3. Regardless of the different advantages,
we show that the most important characteristics of the survey measure and the register based
measure are the same; there is no significant relationship between a miscarriage and characteristics/behavior of the individual before the miscarriage takes place. We therefore add evidence
of the suitability of viewing miscarriage as a fertility shock (conditional on known risk factors
like age).
We find that each of the first children has a large impact on female earnings, which on
average are reduced by 18%. The largest decrease in earnings are driven by women with
average earnings reducing their labor supply and thereby earn less. There are small effects on
earnings for those who are marginally employed or women in the higher end of the earnings
distribution. Labor force participation is not affected much by having children, indicating that
in the Norwegian context, the combination of market work and family obligations is clearly
feasible. The intensity of market work is however reduced. Women work on average 2 hours
less per week per child, and the effect does not decrease (much) when the child grows older.
Motherhood therefore plays a significant role in explaining female part-time work. We find no
6

evidence of an adverse health effect of having children as neither sickness absence nor disability
seem to increase due to motherhood.

2

Modelling strategy

The aim of this paper is to estimate the causal effect of motherhood Ci on labor market outcomes
Yi as specified by (1).
Yi = α + Ci β + Xi b + ui

(1)

The causal relationship from motherhood to labor market outcomes cannot be estimated
directly using OLS or similar methods. First, we have a problem of time-invariant selection
into motherhood. Women who become mothers can be of a different type than women who
do not become mothers, and the type may influence labor market outcomes. Selection on such
permanent characteristics can be solved by the use of panel data and within-person estimation.
There might however also be time-varying unobserved characteristics of the individual, such
as job-motivation and health, affecting both fertility outcomes and labor market outcomes. The
most common strategy for solving this problem is the use of instrumental variables, and this is
the strategy pursued also in this paper.
Before presenting our model, we need to specify motherhood. For most purposes motherhood is defined as having children. For estimation purposes however, several aspects of
motherhood may turn out important and need to be specified in greater detail. First of all, the
number of children may be of great importance for female labour supply. Also institutional
arrangements, such as maternal leave and access to child care, makes it relevant to not only pay
respect to the mere existence of children but also their age. Finally, being pregnant is also an
important fertility outcome (to be) and may have large impact on labor market outcomes via
health as well as employment incentives in order to qualify for paid maternity leave3 .
We model motherhood to consist of a long-term part, the difference between having and
3 To

have the right to wage-compensated maternity leave, the woman has to work 6 out of the last 10 months
before birth.
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not having children, and a short-term part, depending on the age of the child(ren). In our main
specification motherhood Ci then consists of six fertility outcomes: (i) The effect of having the
first, (ii) second and (iii) third child, (iv) the effect of being pregnant, (v) of having an infant (a
child less than one year old) and (vi) having a toddler (a child between 1 and 3 years old).
We use a biological shock to fertility, miscarriage, to identify the causal effect of each of
these six dimensions of motherhood on labor market outcomes. We do this by exploiting the
highly heterogeneous response to this shock along three dimensions: time, age and birth order,
presented in turn below.
Having a miscarriage, compared to a birth, causes a non-synchronicity in fertility outcomes
in the succeeding periods, illustrated in Figure 1. Panel (a) shows that the majority that miscarry
have children at a later point in time. The share is increasing with time period, and five years
after almost 90 % have given birth to a new child. Panel (b) displays the fraction of those who
give birth (hollow circles) and those who miscarry (filled circles) that are pregnant again, by
year after the planned birth. One year after miscarrying more than 30% of those who miscarried
are pregnant, whereas the same number is below 5% for those who gave birth. The later years,
the fraction pregnant are quite similar. Panel (c) displays the fraction having a toddler, aged
1-3 years. Those who gave birth at time = 0 are, by definition, having a toddler in years 2
and 3. In year 5 the two groups seem rather similar, but they diverge substantially in years
1 to 4. Combined, this non-synchronocity provides information that can be used to separate
the various dimensions of motherhood and identify their impacts on labor market outcomes.
The necessary assumption is that at each point in time, the differences in fertility outcomes
between those who miscarry in year 0 and those who do not (conditional on X), are caused by
the miscarriage.
The succeeding fertility outcomes for those who miscarry, compared to those giving birth,
also differs substantially with age. This is illustrated in Figure 2. Panel (a) draws the fraction
of those miscarrying having a child 3 years after planned birth. There is a hump-shaped pattern
where the youngest and the oldest women are least likely to have children after a miscarriage.
For the oldest women this probably reflects the, by biology, reduced probability of becoming
8

Figure 1: The impact of miscarriage over time
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Figure 2: The impact of miscarriage over age
(b) Fraction pregnant
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pregnant when women approach the menopause. For the youngest, it probably reflects that
pregnancies in the early twenties are not always planned nor desired. Again we assume that
differences in fertility outcomes between those who miscarry and those who give birth, conditional on X are caused by the miscarriage.
Lastly, we treat miscarriage occurring before the first, second and third (planned) child
birth as separate events. We can thus identify the marginal effect of each child. The short-term
dimensions of motherhood, being pregnant, having an infant and a toddler, are then assumed to
have the same effect for each birth-number4 .
4 Relaxing

this assumption and estimating separate age-affects for the different birth-margins, the model loses

significance.
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Combined, using years since planned birth × age at planned birth × birth order provides
us with 5 × 25 × 3 = 375 groups5 . Formally, our instrumental variable is then the interaction
of miscarriage, denoted by zi and these groups git . In the case where motherhood is modelled
as having K dimensions, we are thus going to estimate git × K first-stage coefficients. It is con φ1k 
venient to gather these in K treatment response vectors denoted by Φk = ... . Our empirical
φGk

model is given by (2) and (3).
6

Yit = α + git Λ + θzi + ∑ βk Cik + Xit b + uit

(2)

k=1

Citk = αk + git Λk + θk zi + Φk zi × git + Xit bk + εitk

(3)

where i = 1, .., N denotes persons, t = 1, .., 5 denotes years after planned birth. The model is
estimated using two stage least squares (2SLS) where predicted values from the K first stage
equations (3) are inserted for Cik in (2). Standard errors are clustered on the grouping variable
g.
In order to provide valid IV-estimates the vector zi × git must be relevant in predicting
C1 −CK and the exclusion restriction must be satisfied. The question of relevance is an empirical question to which we return thoroughly in the Section 4. As always is the case with IV,
the exclusion restriction cannot be formally tested and its validity cannot be proved formally.
There are mainly two potential pit-falls regarding the exclusion restriction in our case. The
first is related to permanent sorting. We can think of the error term in (2) as consisting of an
time-invariant part and time-varying part: uit = αi + vit . In order for the model to provide reliable estimates it must be that αi is independent of zi × git , conditional on the other covariates
in (2). Note that the assumption is not that miscarriage is unrelated to unobservable characteristics per se, as zi is included among the covariates in (2). Instead the necessary assumption
is E[αi |zi = 1, git ] − E[αi |zi = 0, git ] = E[αi |zi = 1] − E[αi |zi = 0], that there is no unobserved
sorting into miscarriage conditional on group git . For example within an age-group, there are
5 There

are 27 age groups among those planning their first birth, 25 among those planning their second birth
and 23 among those planning their third birth. Potentially we could have 5 × 27 × 3 = 405 groups, but some of
the youngest age groups are not represented in the population that is pregnant with their second or third child.
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no unobservable characteristics influencing the probability of miscarriage. We attempt to test
this assumption by regressing zi × git on realizations of Yit in the past, controlling for git . This
is done in the next section.
Note that the exclusion restriction in our model is weaker than the usual assumption in IVestimation with one instrumental variable and one causal variable. In the standard IV-model the
exclusion restriction is: E[αi |zi = 1] − E[αi |zi = 0] = 0; no correlation between the probability
of zi = 1 and unobservable characteristics αi is allowed. In our model, there can be such
correlation or sorting into miscarriage, as long as it is homogeneous across groups g. By
including zi in the model, as a covariate, such sorting is controlled for.
Having a miscarriage can potentially affect women ”directly”, for example through psychological distress or through the effect that a miscarriage has on the timing of children which can
change the level of the career track (the so-called ”mommy track”). In the special case where
E[αi |zi ] = E[αi ], when there is no sorting into miscarriage, we can also identify the direct effect
of having a miscarriage on Yit . The parameter identifying this effect is θ in Equation 2. The
intuition is that we use the first stage response heterogeneity across groups, net of the mean
effect of zi , as identifying variation. This is different from the usual 2SLS estimation with one
instrument, where the mean response to the instrument is the identifying variation. The fact
that we can control for a direct (common) effect of the original basic instrument when we use
interaction terms as instruments is also shown in Kolesár et al. (2011). We cannot separate out
what exactly the direct effect is: whether it is a psychological effect of the miscarriage, a timing
effect or something else. In the case with group constant sorting into miscarriage and a direct
effect of miscarriage on Yit , the coefficient θ will capture a mix of the two and consequently be
even harder to interpret. Even though we cannot fully determine what the direct effect consists
of, including zi among the covariates serves as a control for such effects.
Another important feature of our model, is that we can only identify a homogeneous effect
of the six different endogenous variables across groups git . Because we use the difference
between those who miscarry and those who do not within group git as identifying variation
and compare these differences across groups to identify the effect of the different endogenous
11

variables, we only get a homogeneous or an average effect across groups. We relax our model
in section 7 to see if the results are sensitive to the inclusion/exclusion of different groups git .
The second necessary condition for the exclusion restriction to hold is that zi × git is independent of the time-varying part vit of the error term. In other words, conditional on git
and zit , zit × git should have no other effect on Yit than through the first stage equations. This
assumption is in principle not testable and remains the identifying assumption of this paper.

3

Data and definitions

The starting point of our analysis is the population of all Norwegian women who either gave
birth or was registered with a sickness absence spell because of miscarriage in the period from
July 2001 and throughout 2004. We need to make a few sample restrictions. First, we only
include observations on women who were employed in the period from four weeks before
getting pregnant to four months before birth because the data on miscarriage is only available
for those employed - and therefore can get sickness leave6 . Women in our sample therefore
have the right to sickness absence from the day they become pregnant to four months before
birth (after that, losing the child will not be diagnosed as a miscarriage, but as a still birth).
Second, we only included women in fertile age (less than 45 years old) and age groups where
labor market outcomes are of relevance (at least 18 years old).
The data we use contain start dates and end dates for all sickness absence spells certified
by a physician covering the entire population of Norwegians. The Norwegian sickness insurance system covers all employees and the replacement rate during sickness is 100% of yearly
earnings, up to a maximum of 83 743 USD or 511 470 NOK (2013 prices). As a main rule,
all sickness spells exceeding 3 days must be certified a GP7 . The data include diagnosis and
this is the basis of our measure of miscarriage. The data are unique for our purpose because
they do not suffer from bias usual for survey data, like measurement error and selection of
6 An

individual has the right to compensated sickness absence if she has worked the last four weeks.
employed by firms which are members of the Agreement for an Inclusive Labor Market, ”IAavtalen”, can have up to 8 days of self-certified absence days before visiting a physician.
7 Workers
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who reports an experience of miscarriage8 . The data on sickness absence spells are merged
with linked administrative register data from Statistics Norway providing detailed information
on age, education, region of residence, the linking of children to their parents and work status
information like being on welfare and participating in the labor force.
We use two different measures of miscarriage9 . One is based on diagnosis from the primary care physician (GP)10 , the other is based on diagnosis from the hospital or specialist
healthcare11 . We estimate the model separately for the two different miscarriage types, leaving
the GP miscarriages out of the sample when using hospital miscarriages as instrument and vice
versa.
Unfortunately for our purpose, pregnancies are not registered, only births and sickness
leaves. Hence, we are not able to perfectly observe when during a pregnancy a miscarriage
took place. It seems however plausible that miscarriages registered with the GP occur early
during the pregnancy, without particular physical complications, because that would involve
a standard examination at the hospital (and a registered diagnosis from the hospital if treated
there). We set the length of pregnancy for this group to 12 weeks at the time of miscarriage and
calculate the expected month of birth based on this. The main disadvantage of this measure, is
the fact that going to the doctor and obtaining a sickness certificate after a miscarriage is decided by the individual. There is the concern therefore, that those registered with a miscarriage
from the GP are a selected group. As we see in Table 1, this group has also on average a longer
period of sick leave after the miscarriage than the group with a diagnosis from the hospital.
Our second measure of miscarriage is based on diagnosis from a hospital or a specialist
healthcare, which means that the women who miscarry with this diagnosis have been to the
hospital because of the miscarriage12 . The decision to be sent to the hospital is made by the
GP due to physical reactions that needs to be examined by a specialist or due to the length
8 Previous

literature using miscarriage as an instrument rely on survey data.
international WHO definition of a miscarriage is a pregnancy loss before the 22 week (this is including
the two weeks prior to pregnancy - the total length of a pregnancy is 40 weeks). The definitions might differ
for different countries, and the practice may also vary between hospitals. The diagnosis codes ICD10 used by
hospitals/specialist health care define a miscarriage as between the 6th and the 24th week.
10 The diagnosis code is ICPC-2, W82.
11 The diagnosis code is ICD-10, O03.
12 The diagnosis does not include abortions, which has separate codes in the diagnosis system.
9 The
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of the pregnancy (Hospitals do not receive patients before they have a referral from the GP in
Norway). We thus assume that hospital miscarriages occur later in the pregnancy than those
leading to a sick leave certified by the GP, and set the length of pregnancy to 17 weeks (the
middle between 12 and 22 weeks) at the time of miscarriage.
There are pros and cons with hospital-registered miscarriages compared to those registered
by the GP. Since later abortions typically involve some kind of medical examination (with
or without succeeding treatment) we believe the problem of selection is much less severe for
miscarriages registered by the hospital. However, if we expect the unfortunate event of a miscarriage to have long-term effects on those experiencing it, we would believe this problem to be
more severe among hospital-registered miscarriages. We return to this is the robustness section
below.
Ashcraft and Lang (2006); Ashcraft et al. (2013) point to the role of abortion to the selectivity of the sample. If those who have an abortion is a selected group, the group that miscarries is
potentially also a selected group compared to the group that gives birth because some miscarriages are ”latent abortions”. This concern is larger for the GP miscarriage group that are earlier
miscarriages and some of them may therefore be latent abortions. This concern is smaller for
the hospital miscarriages that happen after the time-limit for self-decided abortions (12 weeks
in Norway) and thus resemble the group that actually gives birth13 . For the hospital miscarriages therefore, the effect we estimate is the effect of having compared to not having children
for the group that have decided to keep the baby.
The share of women in our data who are registered with a miscarriage is around 5%. This
is less than the occurrence of miscarriage referred in the medical literature (around 10% of
clinically recognized pregnancies do not result in the delivery of a baby (30% if you count
early pregnancy loss) (Wilcox et al., 1988; Wang et al., 2003)). For many, experiencing a
miscarriage does not result in a visit to the doctor or sickness absence, and is therefore not
registered in our data. The probability of underreporting is highest for early miscarriages that
13 After the 12th week, the woman has to apply to a tribunal to have an abortion. It may be allowed if the
mother’s own health is at risk, for social reasons or if there is a risk of the child having a severe illness. A very
small share, 4.2% of all abortions in 2005, happened after 12 weeks of pregnancy and after a decision by the
tribunal (593 cases in total) (Norwegian Institute of Public Health).

14

Table 1: Observations of birth and miscarriages in our data. All Norwegian women in the
period 2001-2004

First child
Observations in data
Employed and aged 18-45
Absence after miscarriage
Postponement of birth
Age
Years of schooling
Second child
Observations in data
Employed and aged 18-45
Absence after miscarriage
Postponement of birth
Age
Years of schooling
Third child
Observations in data
Employed and aged 18-45
Absence after miscarriage
Postponement of birth
Age
Years of schooling

Birth

Miscarriage, GP

Miscarriage, hospital

82,679
46,681

1,835
1,293
13.4 days
12.2 months
29.1
14.1

1,824
1,269
8.6 days
14.1 months
30.0
14.8

835
637
17.3 days
12.4 months
32.8
14.4

764
589
10.1 days
13.1 months
33.6
14.7

516
365
23.1 days
11.6 months
35.2
13.8

481
359
10.0 days
13.5 months
35.8
14.4

29.2
14.8
36,036
21,198

31.9
14.5
18,792
10,299

34.0
14.4

do not include large physical reactions/complications.
Our outcome variables are yearly earnings, weekly hours, sickness absence and other welfare benefits. Yearly earnings include both labor and capital incomes. Weekly hours is a
measure of an average working week for the individual’s main work relation in the workeremployer registry. In the case of no registered employer, but earnings above certain thresholds,
we assume the individual to be self-employed and set hours accordingly. Sickness absence is
absences longer than 16 days and is conditional on employment. The measure of other welfare
benefits are various social welfare benefits that all citizens are eligible for, regardless of employment. Tables 1 and A.1 shows descriptive statistics for our sample in the year of planned
birth.

15

4

Instrument validity

According to the medical literature, miscarriage is in most cases caused by anomalies in the
fetus (e.g chromosomal aberrations) or the mother has a physical defect (uterine anatomic defect) (Kline et al., 1989; Garcia-Enguidanos et al., 2002). The impact of behavioral factors on
miscarriage risk are small; extreme behavior like heavy alcohol drinking or drug use can lead
to miscarriage, although rare. Among risk factors may also be workplace toxicants (see GarciaEnguidanos et al. (2002) for a review of risk factors). In addition, miscarriage risk increases
with age, particularly in the late thirties. In the estimation, we control for age, nationality, education and two-digits sectoral industry codes (ISIC) at planned birth, controlling in that way for
risk-factors correlated with these. Conditional on these covariates, we show that miscarriage is
not significantly related to labor market outcomes prior to pregnancy (section 4.1).
Because we do not observe miscarriages per se, but an administrative record of medicallyapproved sickness absence, there is a potential selectivity into the sample as discussed in the
section above. GP registered miscarriages involves more individual choice (because of smaller
physical reactions, the individual may decide not to visit the doctor and get sickness absence).
This leads to potential underreporting and selection into the sample which is partly confirmed
in section 4.1. Hospital registered miscarriages are a priori not likely to be underreported and
the sample with hospital miscarriages is thus less likely to be a selected sample. This makes
hospital miscarriages our preferred measure of miscarriage.
A particular concern with using miscarriage as instrumental variable is that it may affect
women in more ways than through fertility. If she e.g experiences a depression following the
miscarriage, this can have negative career consequences. The medical literature compares the
period after a miscarriage to a period of grief where feelings of depression/anxiety is most pronounced the first six months after the experience and then wavers off, and is back to ”normal”
after a year (Broen et al., 2004; Lok et al., 2010) or six months found by others (Brier, 2008).
As shown in Section 2, we control for a direct (common) effect of the miscarriage on the outcomes by including the original instrument as a regressor. We have also calculated frequencies
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of sickness absence with a diagnosis of depression before birth and in the first years after the
miscarriage. The numbers show that the group that miscarry with a diagnosis from the hospital
is very similar to the group that gives birth. The group that miscarries with a diagnosis from the
GP, however, has a slightly larger overall frequency of psychiatric diagnosis’ and also experiences a large jump in the frequency the year after the miscarriage - additional indications of the
GP sample being a more selected sample14 . Such comparisons are however not an appropriate
test for any direct effects of miscarriage on labor supply, since sickness (benefits) only are observed for those working, and having children affect employment. We return to this issue when
interpreting results and in the robustness tests, where the model is estimated on a dataset where
the first year is excluded.

4.1

Correlation with past outcomes

For the exclusion restriction to be fulfilled, miscarriage must not be correlated to unobservable
characteristics conditional on the grouping variable git and the vector of covariates Xit . As a test
of this assumption, we estimate a reduced form model on pre-pregnancy labor market outcomes
2 years before birth/miscarriage15 . The equation is given by (4) where ρ denotes the year of
planned birth.
Yi,ρ−2 = α + gi,ρ Λ + θzi + Ψzi × gi,ρ + Xi,ρ b + ui,ρ−2

(4)

Since we use the vector of interactions zi × gi,ρ conditional on gi,ρ to identify causal effects, the relevant test is whether the vector Ψ is statistically different from zero prior to the
realization of zi . If the instrumental variable(s) also has predictive power on outcomes prior to
the realization of zi it would indicate unobserved and persistent sorting that would violate the
identifying strategy. The results are reported in Table 2. We also report results for the average
effect of zi , θ 16 .
14 Results

available upon request
need to go at least two years back since some of the data are based on calendar years and we want to use
a period where we have not conditioned on any outcomes. We also did the same analysis 3 years before planned
birth, and the conclusions are largely the same.
16 We need to assign one value of z × g to be the reference category. This is why it is possible also to identify
i
i,ρ
θ.
15 We
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Table 2: OLS estimates of Equation 4: The reduced form impact of zi × gi,ρ on labor market
outcomes two years before pregnancy.

Including individual characteristics
Earnings

Hours

Absence

Disability

Miscarriages registered by hospital/specialist health care
F-value
0,99
0,81
1,06
1,04
0,99
p-value
0,49
0,86
0,35
0,39
0,51

0,76
0,93

1,09
0,29

1,06
0,35

z - beta
z - se
z - t-value

-543,4
1991,6
-0,27

Hours

Earnings

-0,01
0,01
-1,16

0,01
0,01
0,68

1507,5
2240,6
0,67

0,23
0,97
0,23

-0,01
0,01
-1,32

0,01
0,01
0,39

Miscarriages registered by GP
F-value
0,85
1,34
p-value
0,80
0,03

1,07
0,33

1,22
0,10

1,11
0,26

1,39
0,02

0,98
0,51

1,22
0,10

z - beta
z - se
z - t-value

0,02
0,01
1,65

0,003
0,01
0,22

-2003,4
2590,7
-0,77

0,44
1,16
0,38

0,03
0,01
1,82

0,004
0,01
0,26

-2405
2305,3
-1,04

0,18
0,94
0,20

Absence Disability

Excluding individual characteristics

0,55
1,12
0,49

Notes: Included covariates are: gi,ρ , year at planned birth (4 dummy variables), month at planned birth (12 dummy
variables), nationality (5 dummy variables), years of schooling (9 categories) and two-digits sectoral industry
codes (ISIC) at planned birth (61 dummy variables).
The F-value refers to an F-test of the significance of the vector Ψ in Equation 4, the P-value shows the level of
significance. z-beta refers to the coefficient θ, the mean impact of zi on the outcome.
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Table 2 shows the value of an F-test testing the joint significance of the vector zi × gi,t , and
the p-value shows the level of significance. The results are reassuring. The interactions are far
from being significant for any outcome variable in the sample with a miscarriage from the hospital. Notably, for sickness absence and other welfare benefits, there is no association between
these health measures and experiencing a miscarriage two years later. The test performs well
even when we do not include covariates in the second part of the table, supporting the assumption that our measures of miscarriage reflects a biological shock, not related or influenced by
behavior on the labor market. For the group that miscarries with a diagnosis from the GP, there
are signs of a significant relation between miscarriage and weekly hours, both with and without covariates in the regression. This confirms our concern that those who are registered with a
miscarriage from the GP are a more selected group. We estimate therefore the model separately
for the two different miscarriage groups, and also control for lagged outcome-variables in some
specifications.
We also report the coefficient and the standard error for the average effect of zi on labor
market outcomes two years prior to the miscarriage (In the table denoted z - beta). For the
hospital sample there is no significant association for the average effect either, which is in line
with the existing literature using miscarriage as an instrumental variable. For the GP sample,
however, there is a significant relationship between miscarriage and sickness absence in t − 2.
This is further indications that the GP sample are a selected sample that either have poorer
health or go more often to the doctor when ill.

4.2

First stage coefficients - heterogeneity in treatment response

For an instrumental variable approach to provide trustworthy results the instruments must be
relevant in the sense that they have a substantial impact on the endogenous covariates. In the
standard application with one endogenous variable this is tested by a F-test. The rule-of-thumb
for ”substantial impact” is usually an F-value for the instrument(s) of at least 10 (Stock and
Yogo, 2005). With many dummy instruments, there is a particular concern that they are weak
and that the coefficients are biased towards the OLS coefficient. This was pointed out in Bound
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et al. (1995) as a response to the way Angrist and Krueger (1991) increased their number of
instruments by interacting quarter of birth with year and state dummies. With a weak first stage,
estimates may suffer from finite-sample bias even though the estimating sample is large. With
many instruments and more endogenous variables, the F-values need to be larger than the rule
of thumb of at least 10. Stock and Yogo (2005) provide critical values to evaluate the result from
tests of weak instruments like Cragg-Donald and Kleibergen-Paap, but the maximum number
of endogenous variables are 3 in their table. We therefore need to rely on the F-values being
”large” and also check the explanatory power of the instruments in the first stages by looking
at the partial R2 (suggested by among others Bound et al. (1995)) and Shea’s partial R2 (Shea
(1997)).
There does not seem to be a problem of weak instruments when looking at the F-values
in Table (3) which are large for all the six endogenous variables. The partial R2 for the six
endogenous variables are not alarmingly small. Both the high F-values and the not too small
partial R2 ’s indicate that the instruments have sufficient relevance to explain all the endogenous
regressors. We therefore use all instruments in the main specification to gain efficiency and
enough variation to identify the effect of the six different fertility variables. We do however
provide results for other combinations of instruments (reducing the number of instruments
down to 15) in Section (7). Shea’s partial R2 which take the intercorrelations among instruments
into account is smaller than the standard partial R2 . This might be a problem and we therefore
further explore whether collinearity between the instruments is a problem with a test suggested
by Belsley et al. (1980) below.
Strong instruments may not be sufficient in the case of more than one endogenous variable.
Consider a hypothetical case where the impact of zi is equal for all gi , such that φgk = φk ∀g.
The partial F-test for each of C1 −CK may still show that the instrumental variable is strong as
long as φ is significantly different from zero. Still, in this hypothetical example there is just one
instrumental variabel, zi and the model is not identified.
Formally, what we need is the block matrix of Φ = [ θ Φ1

··· ΦK ]

to be of full column rank.

However, since these are estimated coefficients, bothered with statistical noise, this criterion
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Table 3: Instrument relevance: F-values and partial R2 ’s from the first stage estimation of
Equation 3; the impact of zi × git on the six fertility outcomes.
Partial R2

F-statistics

Shea’s partial R2

Hospital

GP

Hospital

GP

Hospital

GP

First child
Second child
Third child
Pregnancy
Child 0-1
Child 1-3

1340,9
24,06
62,07
16,47
95,02
13,61

1384,7
24,63
60,55
14,02
77,24
80,97

0,528
0,020
0,049
0,014
0,073
0,074

0,539
0,020
0,049
0,012
0,061
0,064

0,083
0,008
0,015
0,003
0,015
0,068

0,094
0,009
0,016
0,004
0,015
0,061

Highest C.I.

13.61

11.81

Notes: The table shows F-values from testing the joint significance of the instruments in the first stage regression.
Included covariates are: zi and git , year at planned birth (4 dummy variables), month at planned birth (12 dummy
variables), nationality (5 dummy variables), years of schooling (9 categories) and two-digits sectoral industry
codes (ISIC) at planned birth (61 dummy variables).
Condition index numbers (highest C.I.) are results from Belsley et al. (1980) test of near collinearity.

will in a practical (and numerical) setting nearly always be satisfied. In practice, one may
thus estimate (2) and (3) and obtain estimates even if the model is unidentified. Hence, a
traditional test for exact collinearity will not serve as a proper test for identification. However,
a procedure for detecting near collinearity, suggested by Belsley et al. (1980) (BKW) is useful
in this respect. Belsley (1991) provides a guide for using their procedure, which is based on
a singular value decomposition of the explanatory variables. Using this procedure one obtains
guidance on the presence of (and number of) near dependencies in the data. In addition, using
a variance decomposition one can see which of the estimated parameters that are involved in
the near dependencies to such an extent that one suspect it to be degraded.
Table (3) displays both the partial F-test values as well as the condition indices from the
singular value decomposition suggested by BKW for detecting near collinearities. Note that the
singular value decomposition is applied on the estimated first stage coefficients directly Φ =
[ θ Φ1

··· ΦK ].

The partial F-tests show that the instrumental variables have sufficient predictive

power on each of the endogenous variables. Furthermore, the condition indices are well below
30 which is the critical value described by Belsley et al. (1980), indicating that there are no
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strong dependencies among the the K vectors of first stage coefficients Φ1 · · · ΦK .
The basis for identification, the heterogeneous response across git to the fertility shock zi
is easiest illustrated by plotting the estimated first stage coefficients Φ from Equation (3) in a
graph, as in Figure (3).
The six different panels show first stage coefficients for the six different endogenous variables in our model; having a first child, having a second child, being pregnant, having an infant
and having a toddler. We have one first stage coefficient for each unique combination of years
since planned birth × age at planned birth × birth order, but for dispositional purposes we have
not included all 375 coefficients for each variable. We illustrate years since planned birth by
color intensity, where white is the first year after planned birth and black is five years after
planned birth. Age at planned birth is measured along the x-axis. The size of the dots indicates number of observations underlying the estimate. The dotted lines connect the dots within
time-period.
In the first panel (a), we have plotted the first stage coefficients within age-group and timeperiod for the women who are pregnant with their first child (second and third births have no
impact on first births, so they are in any case not relevant here). The reference woman is 30
years old, pregnant with her first child, observed 5 years after the miscarriage. The figure shows
how first stage coefficients are heterogenous according to time and age. In the first period, the
impact of a miscarriage on the probability of having a first child is -1 (white dots), that is
none of those who miscarrry have a child when planned (as is evidently the consequence of a
miscarriage). The next period (lightest grey color), the impact of a miscarriage is much smaller,
ranging from -.6 to -.2. This means that a large share of those who miscarry one period has a
child the next period. In the last period, almost everyone in the agegroups around 30 have their
first child, but especially for the oldest age groups, the probability of having a first child is still
very small. The heterogeneity with respect to age is very clear.
The second panel (b) shows first stage coefficients for the probability of having a second
child for women who are pregnant with their second child. To be able to interpret the coefficients, the reference woman is here a 30 year old, pregnant with her second child, observed 5
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Figure 3: The first stage impact of zi × git on the six causal variables; (a) The probability of
having a first child, (b) The probability of having a second child, (c) The probability of having
a third child, (d) The probability of being pregnant, (e) The probability of having an infant, (f)
The probability of having a toddler
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The figure plots first-stage coefficients Φk from Equation 3 using the sample of hospital miscarriages.

23

years after the miscarriage17 . The same time pattern and heterogeneity in first stage coefficients
across age-groups is visible. The probability of having a second child is increasing with time
period, and the probabilities are always higher in the 25-35 age groups. Note that the youngest
age groups are not represented among those who are pregnant with their second child. We have
not plotted the first stage coeffients for first birth mothers in panel (b), but we find small significant first stage effects of having a miscarriage during the pregnancy with the first child on the
probability of having a second child. This is because a miscarriage postpones the whole fertility
pattern of the mother - it postpones the first child, but also the second child. The marginal effect
of having a second child on labor market outcomes is therefore partly identified by women who
miscarry during their first pregnancy.
The third panel (c) shows the first stage coefficients for the probability of having a third
child for women who are pregnant with their third child. Also here we change the reference
person to a 30 year old, pregnant with her third child, observed 5 years after the miscarriage to
be able to interpret the coefficients. The time and age pattern is the same also in this group. As
for the second child, we did not plot the coefficients for the group that miscarried during their
first or second pregnancy, but we do have significant first stage coefficents from these groups
also on the probability of having a third child.
The last three panels (d)-(f) shows the first stage coefficients for the proabability of being
pregnant, having an infant and having a toddler. The reference woman in all these panels is 30
years old, pregnant with her first child, observed 5 years after the miscarriage. These variables
are mainly time varying versions of the three first variables and are included to separate the
effect of pregnancy from having no children and having young children from older children.
We see from the first stage coefficients that both heterogeneity along the age and the time
dimension are important for identifying the effect of these variables.
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Table 4: 2SLS estimates of the main model (Equation 2 and 3): The impact of six fertility
outcomes on labor market outcomes.

Unconditional outcomes
Earnings
First child

-10 745***
(2 813)
Second child -12 076***
(3 224)
Third child
-10 331***
(2 743)
Pregnancy
-6 564
(5 473)
Children 0-1 -3 322***
(999)
Children 1-3
-2 579**
(567)
θ
-2 277*
(1 222)
Highest C.I.
N

13.61
401 955

Employment
-0.048*
(0.027)
-0.048*
(0.029)
-0.058**
(0.026)
0.012
(0.050)
0.022*
(0.012)
-0.024***
(0.007)
-0.026***
(0.007)
13.61
401 955

Hours

Cond. on employment
Benefits

Hours

Sickn. abs.

-3.20***
0.008
(1.08 )
(0.022)
-2.66***
0.010
(1.14)
(0.024)
-2.81***
-0.011
(1.07)
(0.023)
1.11
-0.066*
(2.08)
(0.036)
-0.09
-0.039***
(0.49)
(0.010)
-0.72*** 0.011**
(0.27)
(0.006)
-0.14
0.001
(0.50)
(0.010)

-2.20**
(0.10)
-1.65*
(0.11)
-2.09**
(0.10)
2.26
(0.21)
-0.19
(0.03)
0.02
(0.05)
0.07
(0.05)

-0.01
(0.02)
-0.03*
(0.02)
-0.03*
(0.02)
0.36***
(0.03)
-0.01
(0.01)
-0.01
(0.01)
-0.01*
(0.01)

13.61
401 955

13.5
369 909

13.5
369 909

13.61
401 955

Notes: included covariates are: zi and git , year at planned birth (4 dummy variables), month at planned birth
(12 dummy variables), nationality (5 dummy variables), years of schooling (9 categories) and two-digits sectoral
industry codes (ISIC) at planned birth (61 dummy variables). Standard errors clustered on group g are reported in
parenthesis. Each column is one regression.
Highest C.I. refers to the Belsley et al. (1980) test for near collinearity described in section 4.2.
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5

Results

The effects of motherhood on yearly earnings, employment and out of work benefits are displayed in Table 418 . Results for the GP sample are reported in table A.2 in the appendix. We
find that having children has a large negative impact on mothers’ earnings. The marginal effect
of each child is almost equally large and reduces yearly earnings by around 10 000 USD (60
000 NOK, 2013 prices) on average. Measured as percentage of earnings in t+1, the reduction
in earnings is around 18 percent19 . Having a toddler reduces earnings even further, around 5
percent. These effects are considerable and have long term consequences e.g directly through a
reduction in earned pension rights, or indirectly via the adverse effect of reduced employment
on later career opportunities. The drop in earnings when the child is below one year old is
probably because many prolong the parental leave period either without pay some months, or
by cutting the compensation every month to stretch the period. Pregnancy has no significant
effect on earnings.
A part of the fall in earnings is due to a fall in labor force participation. Labor force
participation and employment is here defined as having yearly earnings above 1 base amount
(BA) in the norwegian social insurance system (in 2013: USD 14 200/ NOK 85 245)20 . We find
that the first three children reduces the employment rate by around 5 percentage points. The
marginal effect of each child is almost equally large. The effect on employment is smaller for
infants and this is probably because most women in the analysis have the right to paid parental
leave - and therefore earn more than 1 BA in the year they are on leave. There is an extra 2.4
percentage points decrease in employment from having a toddler aged between 1 and 3 years.
Figure 4 displays the effect of motherhood on the probability of having earnings above 20
different earnings cut-offs, ranging from USD 7 000 to USD 140 000. Setting the earnings
limit low, we see there is no significant effect of having neither the first, second, nor the third
17 This

is only for dispositional purposes in this figure, in the etimations we always use a 30 year old, pregnant
with her first child, 5 years after the miscarriage as the reference.
18 Out of work benefits includes benefits which are unconditional on employment, i.e.: temporary and permanent
disability benefits, unemployment benefits and social assistance/welfare.
19 Descriptive statistics for the outcome variables in year t+1 and t+5 are in Table A.1 in the appendix.
20 It is not at all clear how to define employment, i.e. how much should one work in order to be defined as
employed. Figure 4 relaxes this assumption and displays the effects on 20 different cut-offs.
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Figure 4: 2SLS estimates of the main model (Equation 2 and 3; the impact of the six different
fertility outcomes on the probability of falling below different earnings thresholds.
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Each circle is a point estimate of the impact of falling below the earnings thresholds indicated on the x-axis (each
panel (a)-(f) displays the results from 10 different estimations). 95% confidence intervals are indicated by the
slashed lines.
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child. This means that having children has no significant effect on the probability of having
zero earnings. Increasing the earnings limit, the effect of children becomes larger. The effect is
biggest around 42 000 USD - 84 000 USD which indicates that the main effect on female labor
supply, is the increased probability of working part-time and thereby getting lower earnings.
For earnings limits above 84 000 USD, which is approximately the 15th percentile, there is
no significant effect of the first three children. Women with high earnings do not reduce their
labor supply significantly because of children. The additional effect of having small children
is small, but follows the same pattern as the longer term effect of children, that there is an
increased probability of having earnings fall below 42 000 USD - 84 000 USD. The effect of
pregnancy is not significant, but note that the pattern is consistent with the economic incentives
to work during pregnancy to earn the rights to paid parental leave. The maximum limit of
compensation is set to 84 000 USD, and we see that for those earning below this limit, earnings
(and therefore labor supply) increase during pregnancy.
The total effect on labor supply is captured in the effect on unconditional hours. This is
the total drop in hours and includes both the extensive margin (employment) and the intensive
margin (weekly hours). The total effect is around three hours, about 9-10 percent. If we
condition on employment in column (5), the effect on hours is smaller, but still substantial.
Each child reduces female labor supply by on average 2 hours a week, around 6 percent. This
is consistent with the high degree of female part-time work in Norway. The effect of each child
is almost equally large, so that if a woman has three children, the probability that she works
part-time is very high. Because labor supply is here measured by contracted hours in the main
work relation, we may underestimate the effect on labor supply if the woman reduces overtime
or cuts down on extra jobs. The effects on female labor supply indicates a conflict between
market work and caring for children which is not resolved even though Norwegian institutions
ease the combination of work and family, e.g. through rights to parental leave, rights to return
to the same job after parental leave and good kindergarten coverage.
The last unconditional outcome is the probability of receiving out of work benefits. We find
no significant effect of having the first, second or the third child. This is consistent with the
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previous findings that motherhood does not increase the probability of being marginally or not
employed at all. There is a reduction in out of work benefits during pregnancy and when the
child is between 0 and 1, which suggests that benefits like sickness absence and parental leave
are in part replacing other benefits.
Sickness absence requires employment21 , and we therefore condition on the individual
earning more than 1 BA when we measure the effect on sickness absence (the same definition of employment that we use in the second column). We find that the second and the third
child actually lowers sickness absence rates. The effect is just as large when we condition on
working full time22 . There seems therefore to be no support for the view that the combination
of work and family obligations may have negative effects on health. They are rather positive.
It is not the case, however, that effects of having children cannot contribute to understanding
the gender-gap in sickness absence for employed Norwegians, which lies around 3 percentage
points. The most important fertility outcome that affects sickness absence is pregnancy which
increases sickness absence 36 percentage points. This may be interpreted as a causal effect of
pregnancy, since pregnancy has no significant effect on earnings or labor supply. Using data
from 2009, we do a back-of-the-envelope calculation of how much of the gender gap in sickness
absence can be explained by sickness absence during pregnancy. The sickness absence rate for
women was in that year 7.65 and 4.56 for men. With 4.83 percent pregnant women in the labor
force and 35% higher sickness absence for pregnant women, the corresponding absence rate for
non-pregnant women is 5.92. The gender difference in sickness absence if we take out the effect
of pregnancy is therefore only 1.36 persentage points. This means that pregnancy can explain
more than half the overall gender difference in sickness absence. Doing the same excercise
for the age-group 18-45, pregnancies can explain more than 80% of the gender differences in
sickness absence23 .
A direct effect of the miscarriage is captured in the coefficient θ. We do find a negative own
effect on earnings, employment and sickness absence. A miscarriage therefore has negative
21 It

is in principle possible to have sickness absence from unemployment. This is however not much used and
is here ignored.
22 Results available upon request
23 Thses numbers are consistent with previous findings on Norwegian data (Rieck and Telle, 2012).
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labor market effects, most visibly reduced earnings. The negative effect on sickness absence
is not straightforward to interpret, though, because employment is also affected directly. It
might indicate lower sickness absence after a miscarriage, but it may also indicate that the
women with the highest sickness absence are the ones who leave the labor market after the
miscarriage. In section 7 we discuss the own effect further.
With earnings reduced by 18% and labor supply (total hours) reduced by 10%, a part of
the effect on earnings can not be explained by a reduction in labor supply. This suggests a
substantial wage penalty to motherhood of 8%. With the probability of underestimating the
effect on labor supply, however, we cannot directly infer the size of the wage-penalty from
these numbers. A wage penalty to motherhood has been put forward as a potential explanation
for parts of the male-to-female wage gap observed across all OECD countries, and we cannot
outrule such an effect. The wage penalty indicates that women’s careers lag behind when they
have children.

6

Comparison to the samesex instrument

In this section, we estimate the effect of having a third child on labor market outcomes using the
samesex instrument used by Angrist and Evans (1998) to compare our identification strategy
to a (by now) standard strategy. The complier groups are different when using miscarriage
and samesex as instruments, and results are not directly comparable, but they will provide an
indication of whether the results are in the same range.
Using the samesex instrument, we are only able to estimate the effect of one endogenous
variable - namely the probability of having a third child. It is also not possible to identify the
exact effect of having a third child below five years old (which is the age of the children using
miscarriage as instrument), because the random draw is when the second child is born. To
get comparable results, we estimate the mean effect of having a third child on a sample who
had their second child 3-7 years before in the years 2001-2004. In this sample, observed third
children are between 0 and 7 years old. The share of women with a 7 and a 6 year old in the
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Table 5: 2SLS estimates of the effect of having a third child on Employment, Earnings and Out
of work benefits using samesex as instrument compared to the calculated mean effect of having
a third child using coefficients from Table (4)
miscarriage ×g

samesex

Third child
N

Empl

Earn

Benefits

Empl

Earn

Benefits

-0.063**
(0.031)
97 721

-11 061***
(4 136)
97 721

0.021
(0.036)
97 721

-0.063

-12 027

-0.017

401 955

401 955

401 955

Notes: included covariates in columns 1-3 are: year (4 dummy variables), nationality (5 dummy variables), years
of schooling (9 categories), boy first, boy second (similar to Angrist and Evans (1998)). Each column is one
regression.

last year of observation is however small (0.0008% and 0.079% respectively). The results are
therefore mainly identified by women who have a third child between 0 and 5 years old.
When using (miscarriage × g) as instruments, we were able to identify the effect of pregnancy, having an infant and having a toddler in addition to the marginal effect of having the
third child. Using the samesex instrument, the effect of having a third child will capture a
weighted mean of all these variables - which illustrates also an advantage of our modelling
strategy in this paper: we get detailed estimates of the main variables defining motherhood in
the first five years that are easy to interpret. To get a comparable mean from the results using
(miscarriage × g), we need to add the results for being pregnant, having an infant and (having
a toddler × 2) to the effect of (having a third child × 5) and divide by 5 to get the mean effect
of having the third child.
In Table (5), we report the results from a 2SLS estimation of the effect of having a third
child using the samesex instrument, and the calculated mean effect of having a third child using
(miscarriage × g) as instruments. We only use the significant coeffients from Table (4), hospital
miscarriage sample. The number of observations is smaller when using the samesex instrument
because we only use a sample who had two children in the period 2001-2004 to identify the
effects.
The results are very similar when using the samesex instrument. Results using (miscarriage
× g) as instruments can therefore cast light on what lies behind the effects using samesex as
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Table 6: Robustness checks

First child
Second child
Third child
Pregnancy
Children 0-1
Children 1-3
θ
N

Earnings

Employment

Hours cond.

g = t × birth Exclude t = 1

g = t × birth Exclude t = 1

g = t × birth Exclude t = 1

-9868*
(5912)
-10737*
(5796)
-11035**
(5376)
4388
(2137)
-378
(1172)
-23142***
(578)
-2390
(2363)
401 955

-10960
(37359)
-12612
(38117)
-9186
(60354)
173
(359320)
-516
(32179)
-2093
(17364)
-2608**
(1311)
321 564

-0.047
(0.064)
-0.050
(0.065)
-0.075
(0.058)
0.066
(0.136)
0.040***
(0.015)
-0.025***
(0.007)
-0.019
(0.026)
401 955

-0.060
(0.380)
-0.043
(0.387)
-0.049
(0.613)
0.088
(3.65)
0.039
(0.327)
-0.022
(0.177)
-0.017
(0.014)
321 564

-1.13
(1.88)
-0.43
(1.93)
-1.48
(1.79)
5.91
(4.10)
0.40
(0.59)
-0.32
(0.26)
0.39
(0,76)
369 889

-1.82
(11.76)
-2.02
(13.00)
-1.88
(20.42)
2.85
(107.58)
0.86
(11.42)
-0.097
(6.10)
-0.015
(0,691)
293 082

Notes: included covariates are: zi and git , year at planned birth (4 dummy variables), month at planned birth
(12 dummy variables), nationality (5 dummy variables), years of schooling (9 categories) and two-digits sectoral
industry codes (ISIC) at planned birth (61 dummy variables). Standard errors clustered on group g are reported in
parenthesis. Each column is one regression.

instrument - it maps a broad measure of ”having a third child” into to the relative impact of
being pregnant, having an infant, having a toddler and an older child. This is especially useful
when estimating short-term effects of having children when the age of the child potentially has
a larger impact than in the long term. It also tells us about the external validity of the impact of
a third child to other parities - to the effect of the first and the second child.

7

Robustness

We conduct three important robustness tests, displayed in Tables 6 and 7. We use the hospital
sample to conduct the tests, but using the GP sample gives similar conclusions24 .
In our first robustness test we exclude age from the grouping variable g used to construct
the instrumental variable. We thereby reduce the number of instruments considerably. If the
coefficients change, this might be an indication of weak instruments and finite-sample bias as
24 Results

available upon request.
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discussed in Section (2). Other reasons for not using the age dimension is that the estimated
βs should not be sensitive to our choice of groups if the constant effect assumption is correct.
In our application, the dimensions birth number and time are crucial for the identification of
the marginal effect of each child and the time-varying variables pregnancy and the presence of
small children. However, the dimension age, which also is used to construct the groups, is not
as vital for the identification. There are also reasons to believe that the effect of children might
vary over the life-cycle, making the constant effects assumption too strict.
The results when age is excluded from g are displayed in columns 1,3 and 5 in Table 6.
We see the standard errors grow considerably. The point estimates are close to the baseline
estimates in Table 4, but with large standard errors the results for employment and hours are
not significant. This underlines the main reason for using the full instrument set in the main
spesification. The results are almost unaltered indicating that our main specification does not
suffer from finite-sample bias.
The second robustness check is to estimate the model without using the first year after
planned birth. A potentially crucial assumption in our modeling strategy is that we assume
the direct effect of having a miscarriage, if any, to be constant across groups and consequently
constant over time. This is at odds with the findings that miscarriage is followed by a period
of grief which wavers off after a period of 6-12 months ((Broen et al., 2004; Lok et al., 2010;
Brier, 2008). If the direct effect is partly the effect of timing, it is however consistent with
mothers entering a pemanently new ”mommy track”, and that the level of the mommmy track
can be influenced by the timing of the child. In order to test this assumption we exclude the
first year after birth/miscarriage from the estimation. The results are displayed in columns 2,4
and 6 in Table 6. Our results are also robust to this potential source of bias. The point estimates
are very similar to the baseline specification, but the results are no longer significant because
of the smaller sample size. The estimated own effect of a miscarriage (θ) is not affected much
by excluding the first year, indicating that the constant effect assumption seems reasonable.
The third robustness test is to estimate the model separately for 1st-3rd births. The results
are reported in Table 7. Also here, estimates are less significant due to fewer observations.
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Table 7: Estimating the main model separately for 1st-3rd births

Earnings
1st birth
First child
Second child
Third child
Pregnancy
Children 0-1
Children 1-3
θ
N

2nd birth

Total hours
3rd birth

-11713***
(4115)
-13145* -15840***
(7533)
(5833)
26942
-5160
-6370
(41990)
(10525)
(5657)
7319
-12980
260
(7895)
(11477)
(10795)
-2876**
-1401
-5310**
(1371)
(1969)
(2077)
-23173*
-87
-3316***
(1321)
(1384)
(1267)
-2552
-2614
-524
(2424)
(1756)
(3017)
239 750
108 935
53 270

1st birth 2nd birth 3rd birth
-3.63**
(1.60)
-0.41
(2.90)
-9.24
(16.53)
-2.84
(3.33)
-0.94
(0.74)
-0.53
(0.58)
0.12
(0.95)
239 750

-3.04
(1.89)
-5.63
(4.21)
2.06
(3.76)
0.93
(0.89)
-0.22
(0.55)
-0.21
(0,75)
108935

-3.08
(2.52)
5.79
(5.75)
0.52
(1.15)
-0.38
(0.63)
-0.56
(1.37)
53 270

Each column is a 2SLS regression. Control variables not reported in the table are year at planned birth (4 dummy
variables), month at planned birth (12 dummy variables), nationality (5 dummy variables), years of schooling (9
categories) and two-digits sectoral industry codes (ISIC) at planned birth (61 dummy variables). Standard errors
clustered on group g are reported in parenthesis. Each column is one regression.
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Point estimates are however quite close to the baseline still. The conclusion from the baseline
model that the marginal effect of each child is equally large is supported. The marginal effect
of the first child estimated by first births is not significantly different from the marginal effect
of the second child estimated by second births etc. Point estimates are even more equal for
total hours. The variables pregnant, having an infant and having a toddler are estimated jointly
for 1st-3rd births in the baseline models. Estimating them separately, we get impresise estimates, but coefficients that are significant are not significantly different from eachother, which
is reassuring.

8

Conclusion

Childbearing and -caring is an important source of inequality in labor markets. Many countries
have established institutions designed to ease the combination of motherhood and employment,
such as (nearly) universal and highly subsidized child care and fully paid parental leave for
almost a year. Still we observe substantial differences in labor market outcomes both between
men and women as well as between women with and without children.
In this paper we have estimated the effect of motherhood on female labor market outcomes
using a biological fertility shock; miscarriage. Motherhood is modeled as a combination of
longer term and temporary effects related to having small children, in total six fertility outcomes. With several endogenous variables, we also needed multiple instruments. There are
few available instruments for fertility outcomes, and we increase the number of instruments by
exploiting heterogeneity in the treatment response across different dimensions.
We find that each of the first children has a large impact on female earnings, which on
average are reduced by 18%. The largest decrease in earnings are driven by women with
average earnings reducing their labor supply and thereby earn less. There are small effects on
earnings for those who are marginally employed or women in the higher end of the earnings
distribution. Labor force participation is not affected much by having children, but the intensity
of market work is reduced. Women work on average 2 hours less per week per child, and the
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effect does not decrease (much) when the child grows older. Motherhood therefore plays a
significant role in explaining female part-time work. We find no evidence of an adverse health
effect of having children as neither sickness absence nor disability seem to increase due to
motherhood.
Despite one of the most extensive set of labor market policies to support mothers’ employment in the world, entering motherhood substantially reduces Norwegian women’s earnings as
well as their hours worked. Our data does not tell us whether this is due to preferences for
spending time with their children or an undesired consequence of an increased work burden
at home. However, the complete absence of evidence for adverse health effects, both measured as sickness absence and uptake of other benefits (including disability), points towards
observed labor market responses to motherhood being mostly due to preferences for reduced
labor supply.
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A

Appendix
Table A.1: Descriptive statistics of the outcome variables
Birth

Miscarriage, GP

Miscarriage, hospital

First child
Earnings t+1
Earnings t+5
Hours t+1
Hours t+5
Sickn.abs t+1
Sickn.abs t+5
Disability/welfare t+1
Disability/welfare t+5

42,247
54,262
29.1
29.7
0.8
5.8
1.6
4.8

53,602
50,556
31.3
29.1
14.0
7.4
3.3
6.4

59,464
56,649
32.8
30.4
13.2
6.5
1.9
4.2

Second child
Earnings t+1
Earnings t+5
Hours t+1
Hours t+5
Sickn.abs t+1
Sickn.abs t+5
Disability/welfare t+1
Disability/welfare t+5

46,717
55,145
27.3
29.3
0.8
5.9
1.7
6.9

52,265
53,851
29.1
29.3
15.1
7.8
3.7
7.3

59,222
59,196
30.8
30.9
16.9
4.6
1.8
7.4

Third child
Earnings t+1
Earnings t+5
Hours t+1
Hours t+5
Sickn.abs t+1
Sickn.abs t+5
Disability/welfare t+1
Disability/welfare t+5

44,264
54,986
25.2
28.2
0.9
5.9
1.5
7.2

51,291
52,548
28.3
28.1
14.6
6.8
3.7
9.8

57,484
59,470
29.5
29.5
11.8
6.4
3.2
8.4

Earnings are both labor and capital incomes. Work hours are set to 0 if the individual is not employed and is
measured as the average working week in a year. Sickness benefits are welfare benefits for sickness periods longer
than 16 days. Other benefits are various social welfare benefits that all citizens are eligible for, regardless of
employment.
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Table A.2: 2SLS estimates of the main model (Equation 2 and 3): The impact of six fertility
outcomes on employment, earnings and out of work benefits. GP sample

Unconditional outcomes
Earnings
First child

-8 507***
(2 485)
Second child -6 449***
(2 528)
Third child
-7 469***
(2 512)
Pregnancy
-2 558
(4 421)
Children 0-1 -3 449***
(1 005)
Children 1-3 -2 159***
(565)
θ
-2 564**
(1 064)
Highest C.I.
N

11.81
402 365

Employment
-0.093***
(0.027)
-0.083***
(0.028)
-0.085***
(0.029)
-0.063
(0.047)
0.027*
(0.014)
-0.014*
(0.008)
-0.024**
(0.012)
11.81
402 365

Hours

Cond. on employment
Benefits

Hours

Sickn. abs.

-5.22***
0.005
-2.88***
(1.10 )
(0.021)
(0.89)
-3.73***
-0.005
-1.59*
(1.16)
(0.024)
(0.95)
-4.65***
-0.007
-2.34
(1.13)
(0.025)
(0.93)
-3.15
-0.081**
-2.63*
(2.08)
(0.035)
(1.81)
-0.32
-0.044*** -1.62***
(0.58)
(0.012)
(0.54)
-0.69**
0.008
-0.59*
(0.31)
(0.006)
(0.28)
-1.26**
0.004
-0.54
(0.49)
(0.010)
(0.40)

0.00
(0.02)
-0.01
(0.02)
-0.02
(0.02)
0.31***
(0.03)
-0.01
(0.01)
-0.05***
(0.01)
0.01
(0.01)

11.81
402 365

11.7
370 168

11.81
402 365

11.7
370 168

Notes: included covariates are: zi and git , year at planned birth (4 dummy variables), month at planned birth
(12 dummy variables), nationality (5 dummy variables), years of schooling (9 categories) and two-digits sectoral
industry codes (ISIC) at planned birth (61 dummy variables). Standard errors clustered on group g are reported in
parenthesis. Each column is one regression.
Highest C.I. refers to the Belsley et al. (1980) test for near collinearity.
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