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Introduction

From the cradle to the grave, we are affected by our surroundings such as the welfare system
we face and the events that occur around us. These factors have impacts on important
parts of our well-being, including our health, working life and criminal behavior. They can
also indirectly influence our family, friends, colleagues or classmates, and other people we
encounter in life. Understanding how this affects our behavior is of great importance, as
it can help us design policies that increase welfare in society. In this thesis, I study how
different policies and life-events causally affect the behavior and well-being of individuals.

Abilities are to a large extent determined by the family we grow up in, through genetics,
parental investment, and choice of childhood environments (Cunha and Heckman, 2009).
These abilities have impacts on long-run outcomes such as income, education and health.
However, external factors or interventions can have important implications for skill formation
during childhood and adolescence. Some factors, such as high-quality child care, have positive
impacts (see e.g., Heckman et al., 2013; Conti et al., 2016; Havnes and Mogstad, 2011), while
others, such as childhood trauma, have negative impacts (see e.g., Bindler et al., 2020).

On the other side of working life is retirement. In many countries, public pension is the
most important income source for a majority of elderly. In 2019, the average spending on
old-age pension in the OECD countries was approximately 7.7 percent of GDP (OECD,
2021). As demographic changes put pressure on the public pension system, several countries
have introduced pension reforms to increase labor supply of elderly workers. This can have
important implications for both society at large, as well as the affected individuals.

In all three chapters, I use microeconometric techniques, together with detailed register data,
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to identify causal effects of life-events or policies on different outcomes including criminal
behavior, educational attainment, labor supply, and household finances. All the same, each
chapter focuses on a different set of research questions. The first two chapters are devoted
to childhood events, while the third chapter attends to retirement behavior.

The title of the first chapter is ‘Formal Child Care and Later-in-Life Delinquency’. Formal
child care has proven to have positive effects on children’s cognitive and non-cognitive skills,
as well as long-term impacts on education and income. In this chapter, I analyze if enrollment
in formal child care affects criminal charges in youth or early adulthood, using variation
created by three different reforms in Norway. The first reform introduced universal child
care for children aged 3-6. As the reform was implemented by municipalities, the increase in
child care coverage varied geographically. I use a difference-in-differences design, comparing
cohorts affected by the reform to cohorts that were not affected, between high- and low-
expanding municipalities. In the second reform, a compulsory year of child care for six-
year-olds was implemented in a school setting, affecting all children born after December 31,
1990. To capture the effects of the reform, I compare children born just after the reform
to those born just before, with the same difference in the previous year1, in a difference-in-
regression-discontinuity approach. In the third reform, a cash-for-care benefit was given to
parents not enrolling their children (aged 1-2) in formal child care. Different cohorts were
affected differently by the reform, and this is used in a difference-in-differences analysis of
the effects of the reform. The reforms affected child care enrollment in different ways; one
increased access to formal child care, one introduced a compulsory year of child care, and one
de-incentivized use of formal child care through a benefit for non-enrollment. The results
from all three reforms suggest that formal child care can decrease delinquency, and that
the effect is driven by men. Indicative evidence points towards larger impacts on children
from families with lower socio-economic status. While the reforms differ in several aspects,
including target age groups, incentive schemes, time of implementation, and likely complier
groups, the effects all point in the same direction. Potential reasons could be the high quality
of formal child care in the Norwegian context. The results from this chapter suggest that
child care can be a potential tool in crime prevention policy.

The second chapter, ‘Surviving a Mass Shooting’, is joint work with Prashant Bharadwaj,
Manudeep Bhuller and Katrine V. Løken. Experiencing childhood trauma can have large
consequences for long-term outcomes, e.g., in the labor market. In this paper, we study

1Too capture age-at-school-start effects, as a consequence of the month of birth.
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the impacts of a mass shooting on July 22, 2011 on the island of Utøya, Norway. We focus
on school-aged survivors, as well as their family members and school peers. As we have
access to administrative data on all registered victims in Norway, we are able to identify
all survivors of the shooting. We match the survivors to same-aged control individuals,
using coarsened exact matching on a number of observables including gender and parental
characteristics. The matched children then form the control group for the affected survivors.
Using a difference-in-differences approach, we compare outcomes of survivors before and
after the event, to the equivalent for the matched control group. We find that survivors
had a substantially lower middle school GPA and on-time completion of high school, as well
as increases in health utilization and psychological diagnoses. In the medium-term, we find
negative impacts on education and labor market outcomes. The administrative data allows
us to link survivors to their family members and school peers, and we compare their outcomes
to the equivalent for the children in the matched control group. We find that parents and
siblings of survivors increased their GP visits, as well as their likelihood of getting a mental
health diagnosis, while we only find limited impacts on school peers. Our results show that
children that survive gun violence experience tremendous costs, despite a well-functioning
social welfare system.

The third chapter, ‘Income, Consumption and Savings around Retirement’, is joint work with
Ola L. Vestad. In recent years, many countries have implemented pension reforms to increase
the work incentives for older individuals. While the labor supply responses to the reforms are
well-documented, less is known about other important behavioral responses. In this chapter,
we study the evolution of household income, savings and consumption around retirement in
the context of a major reform of the Norwegian pension system. The reform induced a large
increase in work incentives for workers that were covered by the early retirement scheme
AFP, and a lowering of the early retirement age for workers not covered by AFP. It also
increased flexibility by disentangling the decision to claim pension from the decision to retire.
The reform affected different cohorts of workers differently, mainly those who reached the
early retirement age before and after it was implemented. We use a difference-in-differences
approach comparing those above the early retirement age before and after the reform, to
the equivalent for those below. The findings suggest that the reform had positive impacts
on household income, for AFP workers both through labor market income and transfers
(mainly pension), and for nonAFP workers only through transfers. The increase in income
is reflected in increases both in savings and consumption. Furthermore, we conduct an
event study analyses around retirement, indicating that Norwegian households can maintain
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consumption levels similar to the pre-retirement period. These findings can have important
implications in public pension policy design.

While this thesis contributes to the evidence on several topics, many important questions
remain. I would therefore like to highlight some potential future areas of research, that can
shed light on central issues related to the themes in this thesis. In the first chapter, I find that
formal child care can decrease delinquency, but I do not provide answers to which factors
that drive these results. Potential mechanisms that would be interesting to explore are e.g.,
changes in cognitive and non-cognitive skills, education or income. Furthermore, I do not
discuss which child care policies that would be most efficient, or compare the effect sizes
to other potential interventions for crime prevention. This would of course be important
knowledge, especially for policymakers. Finally, it would be essential to explore if the results
transfer to other settings, e.g., where the quality of child care is lower.

In the second chapter, we study how one specific mass shooting incident affected survivors,
their family, and their peers. This was, as most mass shootings, a unique event, and it is
therefore difficult to draw conclusions that are applicable to other settings. Furthermore,
our research focuses on a specific type of childhood trauma, and it would be of interest to
put this in context of other types of trauma, and events that children experience.

Finally, in the third chapter we focus on how the pension system affects household finances
around the early retirement age. In future research, it will be important to examine both
how this affects behavior during the full working lives of individuals, as well as to observe
if the patterns we discovered are applicable to older pensioners. Furthermore, looking into
household dynamics related to these behavioral changes would be of great interest. Finally, as
Norway is one of the wealthiest countries in the world, with relatively high income equality,
it would be interesting to determine if the evidence from this chapter transfers to other
settings, where e.g., credit constraints are more important.
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Delinquency



Formal Child Care and Later-in-Life Delinquency

Mirjam Wentzel∗

Abstract

Formal child care has been shown in a wide set of studies to affect long-term
outcomes, such as education, income and health, but does it also have an impact
on later-in-life delinquency? In this paper, I investigate how formal child care af-
fects criminal charges in youth and early adulthood. I use three reforms connected
to formal child care in Norway, together with rich Norwegian register data, iden-
tifying differential access or incentives to use formal child care. The first reform
introduced formal child care to children aged 3-6, which induced variation in the
expansion of child care across municipalities. Using a difference-in-differences ap-
proach, I compare affected and non-affected cohorts in low- and high-expanding
municipalities. In the second reform, a compulsory year of child care for 6-year-
olds was implemented. This affected children born after January 1, 1991, which I
use in a difference-in-regression-discontinuity design. Finally, in the third reform, a
cash-for-care benefit was introduced for parents of 1- and 2-year-olds not attending
formal child care, and hence de-incentivizing child care use. In a difference-in-
differences design, I exploit the variation in treatment across cohorts. The results
from the three reforms indicate that formal child care decreases criminal charges,
and that effects are driven by men. There is no clear pattern in which type of
offenses are affected by formal child care.
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1 Introduction

The cost of crime to society is large, including costs of prevention (e.g., police), pun-
ishment (e.g., courts and prison) and rehabilitation (e.g., prison and rehabilitation pro-
grams). In the US, there were over 1.4 million people in prison in 2019 (U.S. Bureau
of Justice Statistics, 2020) and the total yearly cost of crime has been estimated to 1.7
trillion USD (Anderson, 2012). There are also large costs for victims, including decreases
in earnings and increases in benefit receipt (Bindler and Ketel, 2020).

Policies directed at prevention of crime have mainly focused on direct measures such
as police presence, higher sentences or youth interventions. The evidence suggests that
police presence (absence) can reduce (increase) criminal acts in the affected geographic
areas (e.g., Cheng and Long, 2018; Mello, 2019; Vollaard and Hamed, 2012; Weisburd,
2021). A number of papers show that increased sentences do not only reduce crime by
incapacitation, but also through deterrence (see e.g., Bell et al., 2014; Drago et al., 2009;
Abrams, 2012; Kessler and Levitt, 1999). Interventions or events during the teenage
years can also be effective in reducing crime in the short run, but there is little evidence
on the long-term effects (see e.g., Heller et al., 2017; Eren et al., 2017; Anderson, 2014).
There has been much less work on early interventions and crime. One reason is that this
requires following cohorts over a long time period as the time between interventions for
young children and the time they start committing crime (youth and early adulthood)
spans at least 10 years.

A broad literature across different fields provides evidence that non-cognitive skills are
strong determinants of criminal behavior (see e.g., Caspi et al., 1994; Agnew et al., 2002;
Pratt and Cullen, 2000), and that these skills are determined to a large extent in early
childhood (Heckman et al., 2006). Similarly, high-quality subsidized child care has proven
to induce positive changes in non-cognitive skills, especially among children from disad-
vantaged families (Heckman et al., 2013; Felfe et al., 2015). There is also evidence that
child care can affect long-term outcomes of children, such as education, income and health
(e.g., Campbell et al., 2014; Conti et al., 2016; Garces et al., 2002; Havnes and Mogstad,
2011b, 2015; Heckman et al., 2010, 2013).

It has been proven difficult to identify the effects of attending formal child care on youth
or adult delinquency. One reason is data availability. This is because it (ideally) re-
quires a long and representative panel data set with information on individuals’ child
care enrollment, as well as their criminal behavior. Another problem are the threats
to identification caused by endogenous enrollment in child care. Child care enrollment
is correlated with other factors such as maternal employment, which may also impact
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later-in-life outcomes. My paper addresses both the data and identification issues, and
provides new evidence on the impacts of formal child care on criminal behavior.

I use three reforms affecting the take-up of universal child care in Norway, together with
rich individual level register data, to study the effects on delinquency. The reforms differ
in multiple ways; they affect different-aged children, vary in how they affect incentives
for take-up of child care, and have different compliers. By using different reforms, we get
a more complete picture of the effects of child care on crime within one country where
other institutional settings are similar across reforms.

As previous literature has shown that child care has positive effects on long-term out-
comes, the expectation is that it will also reduce crime. The mechanisms are poten-
tially both through improvements in cognitive or non-cognitive skills, but also indirectly
through the effects on e.g., education or earnings, which we know are factors strongly
correlated with criminality. The vast majority of offenders are men, and it is therefore
reasonable to expect that male delinquency will drive the results. Since reforms differ
by target age groups, compliers, counterfactual care options and time of implementation,
effects could differ across reforms. These differences can occur both in effect sizes, but
we might also expect different subgroups to respond differently, in terms of, for example,
socio-economic background.

The first reform was introduced in 1975, and introduced universal and subsidized child
care for children aged 3-6. It regulated the authorization and running of child care centers,
including quality measures. The municipalities were given the responsibility for estab-
lishing and running the centers. I use the empirical strategy from Havnes and Mogstad
(2011b) to estimate the effects of the reform. The idea is that the expansion of child
care differed across municipalities, and this is used in a difference-in-differences setting,
comparing cohorts in the same municipality, and similar cohorts across municipalities,
affected differently by the reform. The results show that the reform decreased the likeli-
hood of being charged as an adult. The decrease is driven by men, and by traffic offenses.
Suggestive evidence indicates that children of fathers with low income are impacted to a
higher degree.

In the second reform, a compulsory year-long program was introduced for six-year-olds,
effectively lowering school starting age from 7 to 6. It was implemented in 1997. The
compulsory program was set up as a child care program, but conducted in schools, with
the goal of preparing children for school. Children born in 1991 were the first cohort
affected by the reform. I use this in a difference-in-regression-discontinuity (DiRD) strat-
egy, using the fact that children born before new year in 1990/91 were not affected, while
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those after were, and compare this to the equivalent for the previous year. This takes
into account that children born before new year may differ from those born after due
to seasonality effects of births (Black et al., 2011). I find that the reform decreased the
number of charges, driven by men. The effect is driven by decreases in narcotics offenses.
The results suggest that effects are larger for children of mothers with only high school
education, and fathers with low income.

The third reform introduced a cash-for-care benefit to parents of 1- and 2-year-olds in the
end of the 1990s. Parents were eligible for the benefit if their child was not enrolled in
subsidized full-time child care, and the monthly payment was equivalent to a state subsidy
for a place in formal child care. This implies that the benefit served as an incentive to
substitute formal child care with parental care or informal care. Different cohorts were
affected differently by the reform, and I use this in a difference-in-differences setting,
comparing the outcomes in the years 2010-2018 of 18-year-olds, who were partly or fully
treated for later years, and 23- to 27-year-olds, who were never treated. The results
suggest that the cash-for-care benefit increased the likelihood of being charged and the
number of charges, driven by men. Charges for all types of offenses increased, and effect
sizes are larger for children of mothers with a high school diploma or less, and of fathers
with low income.

To summarize, the results from all three reforms point in the same direction - enrollment
in formal child care seems to decrease the risk of criminal behavior later in life. The effect
is driven by men. There is no clear pattern in the type of crime over the three reforms,
which could be due to differences in compliers, different ages of outcome measurement
and different ages of the children affected by the reforms. Suggestive evidence indicates
that effects are larger for children from lower socio-economic backgrounds.

The most prominent literature related to the effect of formal child care on youth and adult
outcomes comes from four programs in the US: the Abecedarian, the Perry Preschool,
Project CARE, and Head Start.

The Abecedarian, Perry and CARE projects were all three randomized control trials
(RCTs), directed at children from disadvantaged families. While the Perry Preschool
Program randomly assigned children to high-quality child care, the Abecedarian and
CARE projects also included health care and nutritional components (Conti et al., 2016;
Campbell et al., 2014). Project CARE also had one treatment group with only home visits
(Campbell et al., 2014). All three were small scale projects with 111 (Abecedarian), 123
(Perry) and 66 (CARE) participants in total.

The reduction in youth and adult crime has been high-lighted as the possibly most im-
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portant benefit of the Perry Preschool Project (Schweinhart et al., 2005; Heckman et al.,
2010). The program also had a positive impact on education, income, health and healthy
behavior (Schweinhart et al., 2005; Heckman et al., 2010; Conti et al., 2016). The re-
sults from Heckman et al. (2013) suggest that changes in personality skills, rather than
cognitive skills, can explain (parts) of the adult treatment effects.

The results from the Abecedarian Project, suggest that there is no significant effect on
crime at age 21 (Clarke and Campbell, 1998; Campbell et al., 2002). For Project CARE,
there are no studies related to delinquency to my knowledge. Both the Abecedarian
Project and Project CARE, had positive effects on educational attainment, as well as
reducing marijuana use and an increase in the adoption of an active life style (Campbell
et al., 2008). The Abecedarian Project also seems to improve health, with the treated
having a lower prevalence of risk factors for cardiovascular and metabolic diseases in their
mid-30s (Campbell et al., 2014).

Head Start is a larger scale program than those presented above. It provided child
care/pre school of a lower quality than, for example, the Perry Preschool (Garces et al.,
2002). The evidence suggests that participating in Head Start reduces the risk of being
charged in the early 20s (Garces et al., 2002; Carneiro and Ginja, 2014). There are also
positive effects on educational attainment, income, health and behavior (Garces et al.,
2002; Thompson, 2018; Carneiro and Ginja, 2014).

To the best of my knowledge, there are two previous studies of the effect of large scale
universal childcare on delinquency. Baker et al. (2019) study the long-term effects of in-
troduction of universal child care in Quebec, Canada. They use a difference-in-differences
estimation, comparing outcomes of pre- and post-reform cohorts in Quebec to the equiv-
alent in other Canadian provinces. They find that the cohort-crime rate in Quebec
increased as a result of the reform. Other studies have shown that this reform mainly
increased child care use for children of highly educated mothers, and the child care was
of lower quality (Haeck et al., 2015) and that the effects were positive for children from
single-parent households (Kottelenberg and Lehrer, 2017). This is very different from
the Norwegian setting where the quality of child care is good. Brutti and Montolio
(2019) study the effect of a reform expanding formal child care access for 3-year-olds in
Spain. They use the difference in roll-out rate across regions, in a difference-in-differences
framework, together with cohort and region level crime. The findings suggest that a 1
percentage point increase in preschool access for 0-3-year-olds decreases the number of
reported crime actions by 1.6 percent. They find larger effects on impulsive-crime cate-
gories. My main contribution relative to this paper is that I study multiple reforms that
affected child care use in different ways and affected different age groups. Contrary to
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Brutti and Montolio (2019), I use detailed individual level register data, with the pos-
sibility to look at heterogeneous effects with regards to e.g., gender and socio-economic
background, as well as in the type of offense committed.

There are several papers on the effect of universal child care on other outcomes (Berlinski
et al., 2009; Havnes and Mogstad, 2011b, 2015; Datta Gupta and Simonsen, 2010; Dumas
and Lefranc, 2012; Cornelissen et al., 2018; Felfe et al., 2015; Felfe and Lalive, 2018;
Magnuson et al., 2007; Black et al., 2014; Loeb et al., 2007). The main takeaways from
these papers are that universal childcare on average has long-term effects on education
and income and that effects are larger for children from low-socio economic backgrounds.
The evidence on short- to medium-term outcomes, mainly related to school outcomes,
suggests that effects are positive, but possibly fading. There are a few exceptions, finding
no or even negative effect (Baker et al., 2008, 2019; Haeck et al., 2015; Carta and Rizzica,
2018; Fort et al., 2020), and this seems to be related to the programs being of lower
quality and directed or used by high SES families.

Finally the paper is related to studies on effects of other types of early life conditions
and education on crime. There is evidence that conditions in early life, such as expo-
sure to lead (Aizer and Currie, 2018; Billings and Schnepel, 2018), neighborhood crime
(Damm and Dustmann, 2014), and illegal labor markets (Sviatschi, 2018), as well as fam-
ily background (Eriksson et al., 2016) and childhood maltreatment (Currie and Tekin,
2012), affects youth and adult delinquency. Studies also suggest that for children on the
margin, being placed in foster care increases crime (Doyle, 2007; Doyle Jr., 2008), while a
recent study finds an imprecise decrease in delinquency (Gross and Baron, 2021). There
is a consensus in the literature that both the quality and quantity of education affects
crime (Anderson, 2014; Bell et al., 2016; Bennett, 2018; Berthelon and Kruger, 2011;
Deming, 2011; Fella and Gallipoli, 2014; Machin et al., 2011). The effect is driven both
by incarceration and behavioral changes, and the effect is heterogeneous across individual
observables and education levels.

The remainder of the paper proceeds as follows. In section 2, I discuss the expected
effects of universal child care on delinquency. Section 3 provides a background of the
criminal justice system in Norway. Section 4 describes the data. In section 5, I present
the institutional setting, identification and results for the introduction reform. Sections
6 and 7 provide the equivalent for the reforms of compulsory child care year and cash-
for-care. The final section includes a discussion and conclusion.
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2 Expected Effects

Previous literature has provided evidence that formal child care affects cognitive and
non-cognitive skills (e.g., Heckman et al., 2010, 2013; Berlinski et al., 2009). Cognitive
skills consists of factors promoting e.g., information acquisition, processing and problem-
solving. Non-cognitive skills can include personality traits, persistence, motivation and
charm (Heckman et al., 2006). The effects of child care on cognitive skills is seemingly
fading (e.g., Magnuson et al., 2007; Blanden et al., 2016) but the effects on non-cognitive
skills has proven to be persistent (e.g., Heckman et al., 2013). The improvement in skills is
driven by children from disadvantaged families (e.g., Felfe et al., 2015; Cornelissen et al.,
2018), and there is even some evidence of negative effects for children from advantaged
families (e.g., Fort et al., 2020). The mechanisms behind both the positive and negative
effects could be e.g., interaction with trained staff, less one-to-one interaction with adults,
and interaction with other or different children. The results from previous research also
suggests that the quality of care and the alternative to formal child care is important
in interpreting effects (e.g., Haeck et al., 2015). Both cognitive and non-cognitive skills
can affect delinquency both directly and indirectly, through e.g., education, income and
(mental) health.

Heckman et al. (2006) study the predictive power of cognitive and non-cognitive skills on
labor market outcomes and social behavior. They find that while both types of skills are
of importance to the risk of delinquency, non-cognitive skills hold a larger predictive power
for males.1 If a man in the lowest decile of cognitive ability is moved from the lowest to
the highest decile of non-cognitive ability, the risk of incarceration decreases significantly,
while doing the equivalent for cognitive ability only decreases the risk slightly. This
suggest that the link between child care and delinquency operates through effects on
non-cognitive skills.

Formal child care generally has a positive effect on educational attainment (e.g., Havnes
and Mogstad, 2011b; Heckman et al., 2010; Dumas and Lefranc, 2012). For income,
the evidence suggests that there is an equalizing effect, increasing the income in the
lower part of the distribution, while the higher part of the distribution may suffer from a
decrease in income (e.g., Havnes and Mogstad, 2011b, 2015). The literature suggests that
both higher educational attainment and income equality leads to lower delinquency (e.g.,
Hjalmarsson and Lochner, 2012; Choe, 2008). There is also evidence that formal child
care can improve mental health in the long-run (e.g., Breivik et al., 2019). While I have
found little evidence of the causal impact of mental health on crime, the literature suggests

1Incarceration is not an empirically important phenomenon for females(Heckman et al., 2006).
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that mental illness is more common among offenders than in the general population (e.g.,
Gottfried and Christopher, 2017). Child care also seems to decrease marijuana use (e.g.,
Campbell et al., 2008). Since this is an offense in Norway, and might also be connected
to use of heavier substances, this might be a mechanism for the results as well.

Finally, since children in formal child care are more likely to come in contact with
other/more adults, including trained staff, problems in the home might be easier to
detect, and contacts with social services could increase as a result. Two studies from
the US have shown that foster care can increase criminal behavior for marginal individ-
uals (Doyle, 2007; Doyle Jr., 2008). A recent study by Gross and Baron (2021), finds
an imprecise decrease in delinquency, and positive impacts of foster care on educational
outcomes. Foster care might have different impacts on different populations, and is also
not the only outcome of contact with social services. It is therefore difficult to conclude
how this may affect adult delinquency.

Most of the factors discussed above suggest that formal child care should reduce crime,
and that it is most likely driven by children from disadvantaged families. One should
note that most of this evidence comes from interventions that were successful in the short
run, i.e., with promoting children’s cognitive or non-cognitive skills. If child care is of
lower quality than the alternative, the effect might be reversed, especially for children
with highly educated parents. However, these are children with low risk of committing
crime at the outset.

3 Crime in Norway

In this section I provide an overview of what happens when a report of criminal offense is
made to the Norwegian Police. I also shortly discuss the development of crime in Norway
over time, as well as present descriptive statistics.

When there is suspicion that a crime has been committed, a report is generally filed with
the Police authority. Reports can be filed by the public or by the police. One example
could be that an individual is stopped by the police for driving over the speed limit. The
police would then file the report.

An illustration of the process after an offense is reported is presented in figure 1. The
first thing that happens after reporting is that the police opens an investigation. In 2019,
approximately 288 000 police investigations were conducted (Statistics Norway, 2020a).

When the investigation is completed, a decision is made on whether to press charges or
not. Cases can be dismissed because they are unresolved. These cases stand for approx-
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imately half of the investigations. The most common reasons for unresolved cases are
missing information about the perpetrator or a lack of evidence. The police and prose-
cuting authority can also dismiss a case because no punishable offense was committed.
These cases are not a part of the statistics over investigated offenses.

Even if the case is solved, there are other reasons why charges are not made. If the
perpetrator is younger than 15 years, he or she is not criminally liable, and will therefore
not be charged. This stands for approximately 3 percent of all investigated cases. In other
cases, the perpetrator is exempt from charges or there are other reasons why charges might
not be filed. This could, for example, be cases of minor offenses committed by individuals
without previous criminal records. These cases stand for approximately 8 percent of the
total number of investigations.

In almost 40 percent of the cases, the prosecution will decide to press charges. Over half
of these cases will go to court proceedings. This includes all serious offenses, including
those where a prison sentence is a possible outcome. It also includes all cases where the
perpetrator does not plead guilty.

In the vast majority of cases where the charge does not lead to trial, a fine is issued.
This could be the case for our example with speeding, e.g., if the driver pleads guilty to
driving only slightly above the speed limit and does not have a criminal record. These
cases are not a part of the statistics on criminal charges. A small number of cases go to
mediation.

In 2019, almost 280 000 punishments were set, of which a vast majority (78 percent) were
on-the-spot fines (Statistics Norway, 2020b). Over 8600 prison sentences were set in 2019.
There are also other possible punishments such as community service. In our example
with speeding, the punishment of the driver will be dependent on factors such as how far
above the speed limit he or she was driving and his or her criminal record. Punishments
could then range from prison to a revoked driver’s license to a single on-the-spot fine,
depending on these factors.

Figure 2a displays the development in the number of reported offenses per 1000 inhabi-
tants in Norway between 2003 and 2019. There is a clear downward trend in the number
of charges. In 2003, the number of reported offenses per 1000 inhabitants was 92.4, while
the same number in 2019 was under 58.2. The main driver is a large decrease in the
reported offenses of property crime (Statistics Norway, 2021).

In figure 2b, I present the age and gender profiles of charged individuals in Norway in
2018. From the figure, we can see that the age of the charged individuals is concentrated
among youth and young adults, especially around ages 18-25. The share is then quite
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steadily decreasing with age. Over 80 percent of the charged individuals are men.

4 Data

In this paper, I link several Norwegian administrative data sources using unique personal
identifiers. I am also able to link the individuals to their family members.

From Statistics Norway, I have access to population panel data with individual demo-
graphics, including gender, immigrant status, education and family members. Further-
more, I use tax registers for information on income and social insurance registers including
information on payments. Through the municipality database from the Norwegian Cen-
tre for Research Data (NSD), I have gathered information on child care coverage2 on the
municipality level.

From the Norwegian Police Directorate, I have access to data on all criminal charges
between 1992 and 2018. The age of criminal responsibility in Norway is 15. The com-
bination of the available years, the age of criminal responsibility and the timing of the
reforms, imply that different ages are studied for different reforms. This will be explained
further in the identification section of each reform, and is important for interpretation of
the results.

The main outcomes are an indicator for being charged and the number of charges during
the studied period. Furthermore, I have access to the type of offenses connected to
the charges. The standard in Norway is to divide the type of offense into ten groups;
economic offenses, other offenses for profit, violence offenses, sexual offenses, narcotics
offenses, damage to property, environment offenses, work environment offenses, traffic
offenses, and other offenses. As some of these groups of crimes have few observations in
the data, I have taken outset in this grouping to limit the type of offense into 5 groups:
offenses for profit (includes economic offenses and other offenses for profit), violent or
sexual offenses, narcotics offenses, traffic offenses and other offenses (includes damage to
property, environment offenses, work environment offenses, and other offenses). I use an
indicator for being charged with an offense in each of these groups as outcomes.

Finally I have information on the set punishments. These are grouped into five categories;
prison, probation, community service, fines and other.

2Child care coverage is the share of children within a certain age span (e.g., 3-6) enrolled in child
care.
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5 Introduction of Universal Child Care

Institutional Setting

In 1975, the Kindergarten Act was passed by the Norwegian Parliament, introducing
universal and subsidized child care for children aged 3-6. Through the act, the munic-
ipalities were made responsible for the provision of child care. Furthermore, the act
regulated prices, group size, educational content, physical environment and staff skill
composition.

Women’s entry in to the labor market, caused an increase in the demand for out-of-
home child care in the 1950s and 1960s. A survey conducted in 1968 provided evidence
of an unmet demand for formal child care (Norwegian Ministry of Administration and
Consumer Affairs, 1972). Only 14 percent of children of respondents were in formal child
care, while 32 percent of respondents expressed a demand for it.

The aim of the reform was to increase the number of child care spots up to 100 000 by
1981. In figure 3, the average municipal coverage rate is presented. In 1975, the average
coverage rate was 4.3 percent. In the years following the reform, the number of children
in child care increased substantially. In 1979, the average coverage rate was 25.2 percent.
Government funding of child care also increased, from USD 34.9 million in 1975 to 85.8
million in 1977 (Havnes and Mogstad, 2015).

Havnes and Mogstad (2011a) provide evidence that the reform did not lead to an increase
in maternal labor supply. This suggests that the reform induced a move from informal
to formal child care, which is something we should have in mind when interpreting the
results in this paper.

Previous studies of the effects of the reform also suggests that it lead to an increase
in the educational attainment and labor market participation (Havnes and Mogstad,
2011b). The reform had an equalizing effect on income (Havnes and Mogstad, 2015).
Finally, Breivik et al. (2019) find that it had a positive effect on long-term health.

For a more detailed description of the institutional setting, see Havnes and Mogstad
(2011b) or Breivik et al. (2019).

Identification

To analyze the effect of the 1975 reform, I use the empirical strategy from Havnes and
Mogstad (2011b). The main idea is that the roll-out rate differed across municipalities
in the years following the reform. I focus on the expansion period between 1976 to 1979,
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and divide municipalities into treatment (control) if they were above (below) the median
increase in coverage rate during the selected years.

Figure 4 displays the average municipal child care coverage rate for children aged 3-6, in
treatment and control municipalities in the years 1973-1985. In the years leading up to
the reform, the coverage rate was low, and similar in treated and control municipalities.
Between 1976 and 1979, the coverage rate grew substantially in the treated municipalities,
up to almost 40 percent in 1979. The growth in the control municipalities was much lower
in these years. They caught up slightly in the early 1980s, but remained at a much lower
level than the treated municipalities.

The sample consists of individuals born in 1967-1976. Individuals born before 1969,
henceforth referred to as the pre-reform cohorts, where never affected by the reform,
since they had already started compulsory schooling in 1976. Individuals born between
1970 and 1972, were between 3 and 6 years old when the expansion started, and therefore
were partly treated. I refer to these individuals as belonging to the phase-in cohorts.
Finally, individuals born in 1973-1976, were 3 or younger when the expansion started
and therefore fully treated. They are referred to as the post-reform cohorts.3

I implement a difference-in-differences (DiD) strategy, using the differential treatment of
municipalities and cohorts, with the following specification:

Yijt = β1 + β2(Phase− int × Treatj) + β3(Postt × Treatj) + β4Xi + θj + γt + εijt (1)

where Yijt is the outcome for individual i in municipality j born in year t. Phase −
it (Postt) is an indicator for being born in the phase-in (post) cohorts. Treatj is in
indicator for individuals living in a treated municipality in 1976. Xi is a set of individual
demographics including gender, number of older siblings, and parental education, birth
year and age at birth. I also include municipality (θj) and cohort (γt) fixed effects.

The parameters of interest are β2 and β3, measuring the DiD coefficients for phase-in
and post-reform cohorts respectively. Coefficients should be interpreted as intention to
treat (ITT), as we cannot measure which children attended child care and not. Standard
errors are clustered on the municipality level. Outcomes are measured in 1992-2006.
This implies that criminal behavior is measured when the oldest cohort (born in 1967) is
between 25 and 39, and the youngest cohort (born in 1976) is between 16 and 30 years
old.

3I exclude individuals that have moved between a treated and control municipality between 1976 and
1979 from the estimation sample. This is approximately 5 percent of the sample. This exclusion has no
substantial impact on the estimates.
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The main identifying assumption is that the expansion of child care does not coincide with
other municipality level changes affecting pre-reform, phase-in and post-reform cohorts
differentially. In figures A.1-A.3 in appendix A, I provide evidence that municipality
child care expansion does not correlate with other confounding factors such as changes in
family structure, unemployment, total expenditure, expenditure on primary school and
health expenditure.

Results

Table 1 displays the intention-to-treat (ITT) effects of the child care coverage change
induced by the 1975 reform, on the likelihood of being charged and the number of criminal
charges between 1992 and 2006. The estimating equation is described in the previous
section, and the coefficient DiD is equivalent to β3 in the equation. In panel A, the
estimates for the full sample are presented, while the estimates for men (women) are
displayed in panel B (C). For phase-in cohorts, there were no significant effects for the
full sample or for men (see table A.6 in appendix A). For women, there was an increase
in the likelihood of being charged (0.5 pp) for the phase-in cohorts.

In the full sample, the reform decreased the likelihood of being charged by around 0.8
percentage points. In the pre-reform cohorts, approximately 18 percent of the sample had
been charged between 1992 and 2006. While the coefficient is not small for an intention
to treat estimate, it is only significant at the 10 percent level when controls are included.
The number of charges did not decrease significantly.4

The decrease in the likelihood of being charged is driven by men. When we include
controls, the share of men being charged decreases by 1.5 percentage points, significant
on the 10 percent level. For women, the likelihood of being charged is not significantly
changed by the reform. There is no significant change in the number of charges for either
women, or men.

In table 2, I present the ITT effects of the reform on the likelihood of being charged with
the different types of offenses described in section 5, i.e., offenses for profit, violent or
sexual offenses, narcotics offenses, traffic offenses, and other offenses. In panel A, the
results for the full sample are shown. The reform induced a decrease in the likelihood
of being charged with traffic offenses (0.8 percentage points) and other offenses (0.5
percentage points), significant on the 10 percent level. The likelihood of being charged
with offenses for profit, violent offenses or narcotics offenses does not seem to be affected

4While we do not have data on individual take-up, we could scale by the average difference in change
in coverage between treatment and control municipalities. This is about 17.62 percentage points and if
we scale the ITT by this, the effect size is 4.3 pp.
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by the access to child care.

For men, the decrease in the share being charged with traffic offenses increases even more,
by approximately 1.6. For women there is no significant effect on any type of offense.

In table 3, I present the ITT effects of the reform on the likelihood of being charged and
the number of charges by the mother’s education level. Including controls, the decrease
in the likelihood of being charged for children with a mother with a lower education level
than high school is 0.8 percentage points, while the equivalent from high school or higher
is 0.6 percentage points. For the number of charges, children with low-educated mothers
have an slight increase in the number of charges (0.03), and children of high-educated
mothers a decrease in the number of charges (0.06). None of the results are significantly
different from zero, suggesting no clear pattern in the effect by mothers’ education level.

Table 4 displays the ITT estimates of the effects by fathers’ income quartile. The highest
point estimates are found in the first quartile, with a decrease in the likelihood of being
charged by 1.4 percentage points, and a decrease in the number of charges by 0.2. There
is no clear pattern between the other income quartiles. While none of the results by
fathers’ income level are statistically significant, the pattern is consistent with previous
research, showing that children from low SES families are the drivers of positive effects
of formal child care.

A number of robustness checks are presented in appendix A. These include estimates
by treatment intensity and tertile treatment groups. For treatment intensity, estimates
point in the same direction as the main results, but the only significant estimate is for the
likelihood of being charged for men. The tertile treatment groups suggest that it is the
municipalities in the highest tertile treatment that are driving the effects. Furthermore, I
have estimated the effects on the likelihood of being charged with more than 2, 5 and 10
charges, and find a significant effect on the likelihood of being charged at least 2 times,
but no significant effect for 5 and 10 charges. I have also studied the effect on charges at
age 25-30, and find similar, but not significant, results as in the main analysis. Finally, I
have estimated the effects on the likelihood of being sentenced to different punishments,
and find a decrease in the likelihood of getting a fine for men, but no other statistically
significant effects. This is in line with traffic offenses being the driver of the decrease
in delinquency. All in all, while I am lacking precision, the point estimates from the
robustness checks support the results from the main analysis.

To summarize, the reform decreased the likelihood of being charged, driven by men. It
did not affect the average number of charges significantly. The share charged with traffic
offenses and other offenses decreased, but other type of offenses are not significantly
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affected by the reform. Suggestive evidence indicates that children of fathers with low
income are affected to a larger extent.

6 Compulsory Child Care for Six-Year-Olds

Institutional Setting

In 1997, a reform that lowered the school age from 7 to 6 years was implemented in
Norway. As a result, individuals born in 1991 or later also got an additional year of
compulsory schooling.

Before the reform, 6-year-olds (and younger children) had access to high quality subsidized
child care. 89 percent of non-immigrant 6-year-olds were enrolled in formal child care in
1996 (Drange et al., 2016).

The background for the reform was that children enrolled in formal child care could take
part in school preparation, which was not available for others. The compulsory program
for 6-year-olds, was to be child care like, preparing children for school. There was a social
gradient in child care participation prior to the reform (Drange et al., 2016), and the
hope was that the compulsory program would even out differences in learning outcomes.

The government proposed the reform in a White Paper in 1993 (Norwegian Ministry
of Education, 1993) and the bill was passed in 1994 (Norwegian Ministry of Education,
1994). It was implemented in 1997, and the first cohort starting school at age 6 were
those born in 1991.

Drange et al. (2016) uses a difference-in-differences approach, comparing the difference
in schooling outcomes for children not attending formal child care at age 5 born before
and after 1991, to the equivalent for children attending formal child care at age 5. They
find no effect of the reform on schooling outcomes.

For a more detailed description of the institutional setting, see Drange et al. (2016).

Identification

In Norway, the calendar year serves as the cut-off for school cohorts. This implies that if
a child is born on December 31 in one year, or January 1 in the following year, this will
generally determine what school cohort the child belongs to. While it is possible to enroll
one year ahead of time, or postpone the enrollment one year, this requires that parents
formally apply for an exception, and approval from health and school specialists (see e.g.,
Norwegian Directorate for Education and Training, 2017). While there is no register data
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on children’s age of enrollment in Norway, studies have found that only around 0.5 to
1.2 percent postpone enrollment, and that this is somewhat more frequent amongst boys
(1.5 percent) (Cools et al., 2017; Gabrielsen and Lundetræ, 2017).

Normally, this rule implies that those born in December start when they are (almost)
one year younger than those born in January. Black et al. (2011) analyze the effect of
this difference in starting age, and find that starting at a younger age decreases IQ test
scores and earnings until age 30. For the cut-off between children born in 1996 and 1997,
the reform implied that children born in December 1996 started school at the same age
as those born in January 1997, but one grade above.

With this as a background, I use a difference-in-regression-discontinuity (DiRD) design
to analyze the effect of the compulsory program for 6-year-olds. The main idea is to
compare the outcomes of children born around the cut-off December 31, 1990/January 1,
1991. The results from Black et al. (2011) suggest that using a simple RD to identify the
effects of the reform will be problematic, as we will expect to find discontinuities around
the cut-off regardless of the reform due to the age at school start effect.5 I therefore take
the difference between the discontinuity in the treated year and compare it to the same
discontinuity in the year prior to the reform. It is estimated using the following baseline
specification:

Yit = β1 + β2(Zit − ct) + β3Ei + β4Tt + β5(Ei × Tt) + β6(Zit− ct)Ei +Xi + εi (2)

where Yit is the outcome for individual i born around cut-off t. Zit is the date of birth
and ct is the cut-off date. Ei is an indicator equal to one if the individual is born after the
cut-off and Tt is an indicator equal to one if the individual is born around the treatment
cut-off. Xi is a set of control variables including gender, immigrant background, birth
municipality, parents’ education, year of birth and age at birth. The interaction term
Ei × Tt is then equal to one if the individual is born around and after the reform cut-off,
that is, after December 31, 1990, and therefore β5 is the coefficient of interest.

This approach differs from previous work by Drange et al. (2016), who use a differences-in-
differences design, comparing children not enrolled in child care at age 5 to those enrolled,
in cohorts starting school before and after the implementation of the reform. The reason I
could use this new identification strategy is that the outcome variable is a monthly panel
while their school outcomes are one time measures. Their measure captures the difference
of attending the compulsory program for those who would likely not have been enrolled in

5This strategy is also consistent with the results from (Landersø et al., 2017), suggesting that the
age at school start effect is also present for patterns of criminal behavior.
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formal child care otherwise, to those who would have. The measure in this paper instead
captures the difference between the compulsory program and all alternatives for care of
6-year-olds.

In the baseline estimations, I include linear trends that are separate for each side of the
cut-offs, but equal for individuals born in different years on the same side of the cut-
offs6. I use 180 day bandwidth and triangular weights, and cluster standard errors on
the municipality level. The outcomes are measured in 2008-2018. This implies that the
criminal behavior is measured at ages 19-29 for the oldest individuals in the sample (born
in 1989), and at ages 17-27 for the youngest individuals in the sample (born in 1991).

Results

In figure 5, the regression discontinuity figures for the share being charged and the average
number of charges are presented. In each figure, I show the binned 7 day average (the
scatter plot), and the linear trend with 95 percent confidence interval for each side of
the cut-offs. The bandwidth is 180 days. In panels (A) and (C), the RD plots for
the treatment cut-off (January 1, 1991) are presented, and in panels (B) and (D) the
equivalent is presented for the control cut-off (January 1, 1990).

In panels (A) and (C), we can see that the share being charged and the average number
of charges drops around the cut-off, giving us a first indication that the reform affected
criminal behavior. But as discussed in the identification section above, we need to take
into account the potential age of school start effect that occurs every year. Since there
is no clear drop around the cut-off for the control group (see panels (B) and (D)), it is
likely that the reform is causing the drop in delinquency.

Table 5 displays the DiRD estimates of the effect of the reform on the likelihood of being
charged and the number of charges. In panel A, I present the estimates for the full
sample, while panel B and panel C show the results for men and women respectively.

In the full sample, the estimate for the likelihood of being charged is negative (0.5 per-
centage points), but not significant, while the number of charges seem to decrease by
approximately 0.1 as a result of the reform, from an average of 0.9. For men, the like-
lihood of being charged decreases, but not significantly, while the number of charges
decreases by 0.3 and is significant on the 5 percent level when controls are included. For
women, the effect on both the likelihood of being charged is small and positive, but not
significant.

6Another option would be using local linear regression. However, results from local linear regression
are imprecise and sensitive to choice of bandwidth, see figure B.3 in appendix B.

23



In table 6, I present the estimates of the compulsory year of pre-school on the likelihood
of being charged with different types of offenses. In panel A, we can see that in the full
sample the reform seemingly decreased the likelihood of being charged with narcotics
offenses and other offenses, but did not seem to affect offenses for profit, violent or sexual
offenses, or traffic offenses significantly. For men (see panel B), the reform significantly
decreased the likelihood of being charged with all types offenses, except for traffic offenses,
that did not significantly change. For women (see panel C), the likelihood of being charged
with other offenses decreased slightly. This effect is significant on the 10 percent level.
For the other types of offenses, the effect is small, positive but not significant for women.

Table 7 displays the estimates by mothers’ education divided in to three categories; less
than high school (low), high school and some higher education (university or college).
There are no statistically significant results on the likelihood of being charged. From
the estimates on the number of charges, while children of mothers with low or higher
education have no significant effect on the number of charges, children of high school
(only) educated mothers displays a decrease of approximately 0.2, suggesting that they
are driving the results in our main analysis.

In table 8, the results are divided by fathers’ income quartile. Again, we find no significant
effect on the likelihood of being charged. The largest decrease in the number of charges is
in the 1st quartile, by approximately 0.3, but this decrease is only marginally significant.
For quartiles 2 and 3, there are no significant effects, but for the last quartile we see a
significant decrease in the number of charges by approximately 0.1.

In appendix B, I provide a number of robustness checks. First, I study the effects on
indicators for more than 2, 5 and 10 charges. In total, as well as for men, I find significant
negative effects on the likelihood of being charged at least two times, and negative but
non-significant effects for five and 10 charges. I also study the effects on different types of
punishments, and find significant decreases in the likelihood of getting community service
for the full sample and for men. Furthermore, I study the effects on charges at age 18-25,
and find significant decreases in the likelihood of being charged as well as the number of
charges, for both the full sample and for men. I run a number of specifications testing
different bandwidths and trends. While the precision and point estimates vary somewhat,
the results from the specification support the results from the main analysis.

To summarize, the compulsory child care year for 6-year-olds significantly decreases the
number of charges, driven by men. The effects seem to come mainly from a decrease in
narcotics offenses and other offenses. Effect sizes are larger for children of mothers with
high school only, and children of fathers with low income.
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7 Cash-for-Care

Institutional Setting

In August 1998, the cash-for-care benefit was introduced for 1-year-olds, and in January
1999 for 2-year-olds. It gave parents of 1- and 2-year-olds a tax-free benefit, given that
they did not use subsidized full-time child care (more than 32 hours per week). The
benefit was equivalent to a state subsidy for a place in formal child care when it was
introduced (Rønsen, 2009). In the first years after the introduction, around 80 percent
of parents of 1- and 2-year-olds received the benefit (Statistics Norway, 2019).

In 2012, the benefit was removed for 2-year-olds (Statistics Norway, 2019). As per 2020,
the full monthly benefit is 7500 NOK (≈ 835 USD) per child (Norwegian Labour and
Welfare Administration, 2020). It is possible to receive a share of the benefit if the child
is in part-time subsidized child care.

The cash-for care benefit gives incentive to substitute formal child care for either parental
care or informal child care. For never-takers of formal child care, the benefit only serves
as an increase in income. In addition, since supply of child care slots for 1-2-year-olds is
still limited in this period, it serves as an extra parental leave benefit for those who need
to wait for formal child care.

Rønsen (2001) provided evidence that the reform lead to increases in both parental care,
and informal care. The evidence from previous studies suggests that maternal labor
supply decreased both in the short- and long-run (Rønsen, 2001, 2009; Drange and Rege,
2013). The results from Drange and Rege (2013) indicate that mothers with low education
or low pre-reform earnings are driving the effects, and that effects fade out when the
child is around age 6. Previous research also suggests that older siblings’ 10th grade
GPA increased as a result of the reform, driven by a decrease in maternal labor supply
(Bettinger et al., 2014).

For a more detailed decription of the institutional setting, see Rønsen (2009) and Bet-
tinger et al. (2014).

Identification

Different cohorts were affected differently by the reform. Parents of individuals born
in 1995 or earlier never had access to the cash-for-care benefit, and were therefore not
treated. Parents of individuals born in 1996-1997, could have as much as 24 months
eligibility or as little as 1 month, and I therefore refer to them as partly treated. Parents
of individuals born in 1998 or later were eligible for 24 months of cash-for-care benefit,
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and are referred to as fully treated.

In 2010-2018, there are 18-year-olds belonging to all three treatment groups, while in-
dividuals 23 years or older in the same time period were only born in the pre-reform
cohorts. I use this in a difference-in-differences (DiD) framework, which is illustrated in
figure 6. This figure displays the share of 18-year-olds and 23-year-olds being charged
in each year between 2010-2018. In years 2010-2013, neither the 18-year-olds, nor the
23-year-olds belong to cohorts affected by the cash-for-care reform. In 2014 and 2015, the
18-year-olds were in the partly treated cohorts, while the 23-year-olds were still in the
non-treated cohorts. In the years 2016-2018, the 18-year-olds were in the fully treated
cohorts, while the 23-year-olds were still not treated.

The estimation sample consists of 18-year-olds (treated), and individuals ages 23-27 (con-
trol group). The choice of 18-year-olds as the treatment group is based on two factors.
The first factor is the number of post-reform years observed given the data limitations.7

For 18-year-olds, three post-reform years are observed, while for e.g., 19-year-olds we only
observe two. Second, 18-year-olds, are amongst the age groups with the highest preva-
lence of delinquency (see figure 2b in section 3). As outcomes are measured yearly in my
estimation, using one of the peak ages of criminal behavior is likely to more accurately
reflect the overall likelihood of being charged in early adulthood.

Two aspects have been the focus in the choice of control group. First, it is likely that age
groups that are closer together have more similar criminal patterns, and it is therefore
preferable to include ages as close to 18 as possible. Second, there may be birth cohort
specific shocks that could affect the outcomes.8 To reduce this risk, I therefore choose to
include five ages/cohorts per year in the control group.

To formalize, I use the following difference-in-difference specification as my baseline esti-
mation:

Yit = β1 + β2Treati + β3(Partlyt × Treati) + β4(Fullyt × Treati) + β5Xi + θt + εit (3)

where Yit is the outcome for individual i in year t. Treati is equal to one if the observation
is for an 18-year-old. Partly (Fully) is an indicator for years 2014-2015 (2016-2018). Xi

is a set of control variables including gender, immigrant background, birth municipality,
parents’ education, year of birth and age at birth. θt are year fixed effects.

7The last observed year is 2018.
8An example: The compulsory year of child care discussed in section 6 affected cohorts born from

1991. This implies that for 23-year-olds, outcomes may be affected from 2014, for 24-year-olds from 2015
etc. By including multiple cohorts yearly, I hope to reduce the risk of this bias.
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The coefficients of interest are β3 and β4, which is the mean difference in outcomes
between 18- and 23- to 27-year-olds in 2014-2015 and 2016-2018, minus the equivalent for
years 2010-2013. Since take-up of the benefit was not compulsory, estimates presented
will be intention-to-treat (ITT).9

For this analysis to be credible, the common trend assumption needs to hold, implying
the the trends in criminal behavior for 18- and 23- to 27-year-olds would have been similar
if the cash-for-care reform had not been implemented. Since the outcomes are measured
yearly, the likelihood of being charged will be lower then in the analysis of the previous
two reforms, where we measure the outcomes over multiple years and ages. To assess the
common trend assumption, I provide yearly DiD estimates in figure 7, which are further
discussed in the following section.

My strategy is somewhat similar to Drange and Rege (2013), who compares outcomes
for mothers having same-aged children that were or were not affected by the reform, to
mothers of older children who were never affected. My analysis differs from the other
previous research of this reform, where Rønsen (2001, 2009) compares the outcomes of
mothers giving birth before the reform to mothers giving birth after as a main approach.
Bettinger et al. (2014) compares the outcomes of children with siblings born after the
reform, to those with siblings born before.

Results

In table 9, the difference-in-differences (DiD) estimates for the effect of cash-for-care on
the likelihood of being charged and the number of criminal charges are presented, for the
post-reform cohorts. The equivalent for the phase-in cohorts is presented in table C.3 in
appendix C.

Panel A displays the results for the full sample. The likelihood of being charged in a given
year increases by 0.1 percentage points without controls, and 0.4 percentage points with
controls, as a result of the reform, from a pre-reform level of 4 percent. The results with
controls, indicate an increase of approximately 10.5 percent from the pre-reform level
of 18-year-olds. The number of charges is estimated to increase by 0.01 (0.02) without
(with) controls, from a pre-reform mean of 0.07. The results are significant on the 1
percent level when including controls.

For men (panel B), the increases in the likelihood of being charged and the number of
charges is even larger, with an increase of 1 percentage points in the likelihood of being

9For cohorts born in 1998-2000, the average number of months with take-up was 18.2, which corre-
sponds to 76 percent of the total possible months with take-up (24 months).
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charged and of 0.04 number of charges, when controls are included. For women, we see
a small decrease in the likelihood of being charged by approximately 0.02 percentage
points. Results for phase-in cohorts show an increase in the the number of charges in the
full sample, but no significant effect on the likelihood of being charged. The increase is
smaller than for the post cohorts.

In figure 7, I present the yearly DiD estimates for the likelihood of being charged and
the number and charges for the full sample (panels A and B), men (panels C and D)
and women (panels E and F). First, there is little evidence of pre-trends. In the full
sample, the outcomes for the non-treated years are significantly different from the base
year 2013.10 The overall pattern for the full sample and for men, is a small increase
for phase-in/partly treated years as well as for the first fully treated year, and then an
increasing effect for 2017 and 2018. While this may be a result of increasing compliance,
we need to have some concern that other factors might give rise to this pattern, and should
therefore interpret results with some caution. For women, there are no clear effects to
read out from these graphs.

In table 10, the DiD estimates for the effect of cash-for-care on the likelihood of being
charged with different types of offenses are presented. In panel A, I show the results for
the full sample, while the estimates for men (women) are presented in panel B (C).

In the full sample, we see an increase in offenses for profit, violent or sexual offenses,
narcotics offenses, and traffic offenses, as a possible result of the reform. There is no
significant effect on other offenses. For men, the results are similar, but also with a
significant increase in other offenses. For women, we see marginally significant increases
in offenses for profit and narcotics, as well as traffic offenses, while we see decreases
in violent or sexual offenses and other offenses. These results for women should be
interpreted with special caution, as very few women are charged with the different types
of offenses.

Table 11 displays the effects of cash-for-care by mothers’ education divided in to three
groups; lower than high school (low), high school and higher education (some university or
college). Children of mothers’ with low or high school education only display a significant
increase in the likelihood of being charged by 0.3 and 0.5 percentage points (including
controls), as well as an increase in the number of charges of approximately 0.02. For
children of mothers with higher education, there are no significant effects on the likelihood
of being charged, and an increase in the number of charges by approximately 0.007.

10For the number of charges for men, 2010 is marginally significantly different from 2013, and for
women the coefficient for likelihood of being charged in 2011 is significanttly different. While this of
course is unwanted, there are no clear patterns in the pre-trends overall.
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In table 12, I display the effects by fathers’ income quartile. There is a significant increase
in the likelihood of being charged for children of fathers’ in income quartiles 1, 2 and 4
(when we include controls), and no significant effect for quartile 3. The effect on the
number of charges is positive in all quartiles. Point estimates are larger in quartiles
1 and 2, which is consistent with the previous literature that children from lower SES
backgrounds have larger benefits from attending formal child care.

In appendix C, I provide a couple of additional robustness checks. First, the effects of
the reform on the likelihood of being charged at least 2, 5 and 10 times are presented,
suggesting an increase in all levels for both the full sample and men, and an increase in
the likelihood for more then 5 and 10 charges for women. Second, I provide estimates on
the likelihood of being sentenced to different punishments, and find increases in prison
sentences, probation and fines.

To summarize, the introduction of cash-for-care benefit increased delinquent behavior.
While men are driving these results, there are some indications that the likelihood of
being charged decreased for women. The increase in delinquency is visible in all types of
offenses, and effects are larger for children from low SES backgrounds.

8 Conclusion

In this paper, I investigate whether formal child care can affect long-term criminal behav-
ior. To overcome identification and data challenges, I use variation in formal child care
use created by three different reforms, together with detailed register data including all
criminal charges in Norway between 1992 and 2018. I find that child care enrollment can
decrease youth or adult delinquency, an effect driven by men. There is no clear pattern in
what type of offenses that are driving the results. Indicative results suggest that children
from lower socio-economic backgrounds are affected to a larger extent, which is in line
with the previous literature.

While the three reforms all affected enrollment in formal child care, they also had sub-
stantial differences. First, the target age groups vary from 1 to 6 years old. Second, the
reforms affected child care enrollment differently; one through increased access, one by
compulsory enrollment and one by de-incentivizing use of formal child care. They were
therefore likely to have different complier groups. Finally, they were implemented at
different points in time. Despite these differences, the effects of the reforms point in the
same direction. Common factors such as the surrounding institutional setting, as well as
the high quality of formal child care in Norway, are likely important contributors to the
outcomes.
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These findings can have important implications for policies focusing on crime prevention.
My results suggest that early childhood interventions such as child care not only increases
education and equalizes income, but can also be a tool in decreasing youth or adult
delinquency. While policies aimed at young children might not have an immediate affect
on crime, they can have long-term benefits which are important to account for in policy-
makers’ decisions.

My paper is the first to use multiple reforms connected to child care use together with
the possibility to follow individuals over an extended period of time. This contributes to
the previous literature by showing how different early childhood interventions can impact
criminal behavior in the long-run. However, several questions remain. What mechanisms
are driving the results? What child care policies are most efficient for prevention? Do
the results from this paper transfer to other settings, e.g., where quality of child care is
lower? These are interesting questions for future research.
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Figures

Crime in Norway

Figure 1: Criminal Offenses and Prosecution Decisions

Source: Statistics Norway (2009)
Notes: This figure is an illustration of the criminal offenses and prosecution decisions in the Norwegian context.

Figure 2: Descriptive Figures, Crime in Norway
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Introduction of Universal Child Care

Figure 3: Average Child Care Coverage

Notes: This figure displays the average municipal child care coverage rate for children ages 3-6 between 1973 and 1985.

Figure 4: Average Child Care Coverage, Treatment and Control Municipalities, 1973-1985

Notes: This figure displays the average municipal child care coverage rate for children ages 3-6 between 1973 and 1985 in
treatment and control municipalities. Treatment (control) municipalities are defined as having an above (below) median
increase in the child care coverage rate between 1976 and 1979.
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Compulsory Child Care for Six-Year-Olds

Figure 5: Regression Discontinuity Figures, Criminal Charges
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Cash-for-Care

Figure 6: Criminal Charges, 18- vs 23-Year-Olds
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Figure 7: The Effects of Cash for Care on Criminal Charges, Yearly Difference-in-Differences
Estimates, ITT, 2010-2018
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(f) Females: Number of charges

Notes: This figure displays the βk coefficients along with 95% confidence intervals from the specification Yit = β1 +
β2Treati +

∑2018
k=2010 βk(Treati ×Y eark)+β4Xi +θt + εit, with 2012 as the base year (see section 7 for more information).

The DiD estimator is the difference in mean between 18-year-olds and 23-27-year-olds in the given year, relative to the
same difference in 2013. Estimates are intention-to-treat (ITT). The outcomes are an indicator for being charged in a
specific year, and the yearly total number of charges. Robust standard errors are used to calculate confidence intervals.
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Tables

Introduction of Subsidized Child Care

Table 1: Effects of Child Care Coverage on Criminal Charges, ITT

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD -0.0085 -0.0075∗ -0.0482 -0.0382

(0.0052) (0.0045) (0.0747) (0.0698)
Controls No Yes No Yes
Pre-reform mean,
control 0.18 0.18 0.96 0.96
Observations 561039 561039 561039 561039
Panel B: Males
DiD -0.0167∗∗ -0.0148∗ -0.0982 -0.0855

(0.0083) (0.0076) (0.1450) (0.1430)
Controls No Yes No Yes
Pre-reform mean,
control 0.28 0.28 1.65 1.65
Observations 285694 285694 285694 285694
Panel C: Females
DiD -0.0014 -0.0004 -0.0073 -0.0006

(0.0029) (0.0028) (0.0297) (0.0303)
Controls No Yes No Yes
Pre-reform mean,
control 0.07 0.07 0.24 0.24
Observations 275345 275345 275345 275345
Notes: This table displays the β3 coefficient from equation (1). The DiD estimate is the difference
in mean outcomes between post-reform (born in 1973-1976) and pre-reform cohorts (born in
1967-1969) in treated municipalities, relative to the same difference in control municipalities.
Results for phase-in cohorts (born in 1970-1973) from the same estimations are showed in table
A.6. Estimates are intention-to-treat. Outcomes are measured between 1992 and 2006. Columns
(1) and (2) shows the likelihood of being charged during this time period, and columns (3) and
(4) the total number of charges in this time period. Standard errors are clustered on the
municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 2: Effects of Child Care Coverage on Criminal Charges, Type of Offenses, ITT

Offenses for
profit

Violent or
sex. offenses

Narcotics
offenses

Traffic
offenses

Other
offenses

(1) (2) (3) (4) (5)
Panel A: All
DiD 0.0006 0.0007 0.0009 -0.0084∗ -0.0052∗

(0.0017) (0.0013) (0.0013) (0.0044) (0.0029)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.05 0.03 0.02 0.11 0.07
Observations 561039 561039 561039 561039 561039
Panel B: Males
DiD -0.0008 0.0015 0.0019 -0.0161∗∗ -0.0086

(0.0031) (0.0026) (0.0023) (0.0074) (0.0053)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.07 0.05 0.04 0.18 0.12
Observations 285694 285694 285694 285694 285694
Panel C: Females
DiD 0.0020 -0.0004 -0.0003 -0.0009 -0.0019

(0.0013) (0.0007) (0.0010) (0.0022) (0.0012)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.02 0.00 0.01 0.04 0.02
Observations 275345 275345 275345 275345 275345
Notes: This table displays the β3 coefficient from equation (1). The DiD estimate is the difference in mean outcomes
between post-reform (born in 1973-1976) and pre-reform cohorts (born in 1967-1969) in treated municipalities, relative
to the same difference in control municipalities. Estimates are intention-to-treat. The outcomes are indicators for
being charged with a specific type of offense at any time between 1992 and 2006. Standard errors are clustered on the
municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 3: Effects of Child Care Coverage on Criminal Charges, ITT, Heterogeneity by Mothers’
Education

Charged Number of charges
(1) (2) (3) (4)

Panel A: Less than High School
DiD -0.0073 -0.0079 0.0350 0.0313

(0.0067) (0.0060) (0.1543) (0.1490)
Controls No Yes No Yes
Pre-reform mean,
control 0.20 0.20 1.25 1.25
Observations 207847 207847 207847 207847
Panel B: High School or More
DiD -0.0077 -0.0061 -0.0621 -0.0594

(0.0051) (0.0042) (0.0602) (0.0556)
Controls No Yes No Yes
Pre-reform mean,
control 0.15 0.15 0.73 0.73
Observations 353192 353192 353192 353192
Notes: This table displays the β3 coefficient from equation (1), separately for each level of maternal education. The
DiD estimate is the difference in mean outcomes between post-reform (born in 1973-1976) and pre-reform cohorts
(born in 1967-1969) in treated municipalities, relative to the same difference in control municipalities. Estimates are
intention-to-treat. Outcomes are measured between 1992 and 2006. Columns (1) and (2) show the likelihood of being
charged during this time period, and columns (3) and (4) the total number of charges in this time period. Standard
errors are clustered on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 4: Effects of Child Care Coverage on Criminal Charges, ITT, Heterogeneity by Fathers’
Income

Charged Number of charges
(1) (2) (3) (4)

Panel A: 1st Quartile
DiD -0.0158 -0.0135 -0.2679 -0.2328

(0.0106) (0.0083) (0.1969) (0.1737)
Controls No Yes No Yes
Pre-reform mean,
control 0.20 0.20 1.23 1.23
Observations 135807 135807 135807 135807
Panel B: 2nd Quartile
DiD -0.0043 -0.0033 -0.0490 -0.0367

(0.0063) (0.0062) (0.0896) (0.0931)
Controls No Yes No Yes
Pre-reform mean,
control 0.17 0.17 0.88 0.88
Observations 138139 138139 138139 138139
Panel C: 3rd Quartile
DiD -0.0116 -0.0107 0.0476 0.0520

(0.0079) (0.0066) (0.0987) (0.0927)
Controls No Yes No Yes
Pre-reform mean,
control 0.16 0.16 0.88 0.88
Observations 136542 136542 136542 136542
Panel D: 4th Quartile
DiD -0.0074 -0.0058 -0.0473 -0.0445

(0.0058) (0.0055) (0.0851) (0.0880)
Controls No Yes No Yes
Pre-reform mean,
control 0.15 0.15 0.67 0.67
Observations 135509 135509 135509 135509
Notes: This table displays the β3 coefficient from equation (1), estimated separately for each paternal income
quartile. The DiD estimate is the difference in mean outcomes between post-reform (born in 1973-1976) and
pre-reform cohorts (born in 1967-1969) in treated municipalities, relative to the same difference in control
municipalities. Estimates are intention-to-treat. Outcomes are measured between 1992 and 2006. Columns
(1) and (2) show the likelihood of being charged during this time period, and columns (3) and (4) the total
number of charges in this time period. Standard errors are clustered on the municipality level and reported
in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Compulsory Child Care for Six-Year-Olds

Table 5: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiRD -0.0059 -0.0053 -0.1233∗∗ -0.1140∗

(0.0055) (0.0052) (0.0625) (0.0606)
Controls No Yes No Yes
Pre-reform mean,
control 0.19 0.19 0.89 0.89
Observations 117152 117152 117152 117152
Panel B: Males
DiRD -0.0138 -0.0110 -0.2886∗∗ -0.2561∗∗

(0.0089) (0.0086) (0.1150) (0.1129)
Controls No Yes No Yes
Pre-reform mean,
control 0.30 0.30 1.49 1.49
Observations 60152 60152 60152 60152
Panel C: Females
DiRD 0.0013 0.0012 0.0448 0.0510

(0.0052) (0.0051) (0.0427) (0.0470)
Controls No Yes No Yes
Pre-reform mean,
control 0.08 0.08 0.25 0.25
Observations 57000 57000 57000 57000
Notes: This table displays the β5 coefficient from equation (2), using linear trends, 180 days
bandwidth and triangular weights (see section 6 for more information). The DiRD estimate
is the difference in mean outcomes between those born just after December 31, 1990, relative
to the same difference in the previous year. Outcomes are measured between 2008 and 2018.
Columns (1) and (2) show the likelihood of being charged during this time period, and columns
(3) and (4) the total number of charges in this time period. Standard errors are clustered on
the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 6: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Type of
Offense

Offenses for
profit

Violent or
sex. offenses

Narcotics
offenses

Traffic
offenses

Other
offenses

(1) (2) (3) (4) (5)
Panel A: All
DiRD -0.0031 -0.0040 -0.0075∗∗ 0.0036 -0.0120∗∗∗

(0.0021) (0.0025) (0.0032) (0.0037) (0.0038)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.04 0.04 0.06 0.10 0.08
Observations 117152 117152 117152 117152 117152
Panel B: Males
DiRD -0.0074∗∗ -0.0086∗∗ -0.0160∗∗∗ 0.0061 -0.0174∗∗

(0.0035) (0.0044) (0.0057) (0.0064) (0.0067)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.05 0.06 0.09 0.16 0.14
Observations 60152 60152 60152 60152 60152
Panel C: Females
DiRD 0.0017 0.0015 0.0018 0.0010 -0.0061∗

(0.0026) (0.0019) (0.0024) (0.0031) (0.0032)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.02 0.01 0.02 0.03 0.03
Observations 57000 57000 57000 57000 57000
Notes: This table displays the β5 coefficient from equation (2), using linear trends, 180 days bandwidth and triangular
weights (see section 6 for more information). The DiRD estimate is the difference in mean outcomes between those born
just after December 31, 1990, relative to the same difference in the previous year. Outcomes are measured between 2008
and 2018. The outcomes are indicators for being charged with a specific type of offense at any time between 2008 and
2018. Standard errors are clustered on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 7: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Hetero-
geneity by Mothers’ Education

Charged Number of charges
(1) (2) (3) (4)

Panel A: Less than High School
DiRD -0.0102 -0.0105 -0.0250 -0.0531

(0.0118) (0.0104) (0.1412) (0.1405)
Controls No Yes No Yes
Pre-reform mean,
control 0.25 0.25 1.44 1.44
Observations 36936 36936 36936 36936
Panel B: High School
DiRD -0.0048 -0.0032 -0.2349∗∗∗ -0.2177∗∗∗

(0.0078) (0.0077) (0.0763) (0.0746)
Controls No Yes No Yes
Pre-reform mean,
control 0.19 0.19 0.73 0.73
Observations 48230 48230 48230 48230
Panel C: Higher Education
DiRD 0.0055 0.0033 -0.0340 -0.0387

(0.0096) (0.0093) (0.0860) (0.0833)
Controls No Yes No Yes
Pre-reform mean,
control 0.12 0.12 0.38 0.38
Observations 30510 30510 30510 30510
Notes: This table displays the β5 coefficient from equation (2), separately for each level of mothers’ education. I use
linear trends, 180 days bandwidth and triangular weights (see section 6 for more information). The DiRD estimate is
the difference in mean outcomes between those born just after December 31, 1990, relative to the same difference in
the previous year. Outcomes are measured between 2008 and 2018. Columns (1) and (2) show the likelihood of being
charged during this time period, and columns (3) and (4) the total number of charges in this time period. Standard
errors are clustered on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 8: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Hetero-
geneity by Fathers’ Income

Charged Number of charges
(1) (2) (3) (4)

Panel A: Quartile 1
DiRD -0.0173 -0.0120 -0.3533∗ -0.2985

(0.0115) (0.0113) (0.1890) (0.1929)
Controls No Yes No Yes
Pre-reform mean,
control 0.25 0.25 1.43 1.43
Observations 28815 28815 28815 28815
Panel B: Quartile 2
DiRD -0.0023 -0.0038 -0.0787 -0.1193

(0.0102) (0.0099) (0.1207) (0.1156)
Controls No Yes No Yes
Pre-reform mean,
control 0.20 0.20 0.87 0.87
Observations 28630 28630 28630 28630
Panel C: Quartile 3
DiRD 0.0022 0.0006 0.1339 0.1623

(0.0109) (0.0106) (0.1063) (0.1059)
Controls No Yes No Yes
Pre-reform mean,
control 0.17 0.17 0.64 0.64
Observations 28777 28777 28777 28777
Panel D: Quartile 4
DiRD -0.0054 -0.0055 -0.1717∗∗ -0.1411∗∗

(0.0096) (0.0095) (0.0734) (0.0694)
Controls No Yes No Yes
Pre-reform mean,
control 0.15 0.15 0.48 0.48
Observations 28819 28819 28819 28819
Notes: This table displays the β5 coefficient from equation (2), separately for each quartile of fathers’
income. I use linear trends, 180 days bandwidth and triangular weights (see section 6 for more
information). The DiRD estimate is the difference in mean outcomes between those born just after
December 31, 1990, relative to the same difference in the previous year. Outcomes are measured
between 2008 and 2018. Columns (1) and (2) show the likelihood of being charged during this time
period, and columns (3) and (4) the total number of charges in this time period. Standard errors are
clustered on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Cash-for-Care

Table 9: Effects of Cash-for-Care on Criminal Charges, ITT

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD 0.0010∗ 0.0042∗∗∗ 0.0082∗∗∗ 0.0205∗∗∗

(0.0006) (0.0006) (0.0018) (0.0020)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.04 0.04 0.07 0.07
Observations 2943581 2943581 2943581 2943581
Panel B: Males
DiD 0.0049∗∗∗ 0.0100∗∗∗ 0.0172∗∗∗ 0.0388∗∗∗

(0.0010) (0.0011) (0.0032) (0.0036)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.06 0.06 0.11 0.11
Observations 1514156 1514156 1514156 1514156
Panel C: Females
DiD -0.0028∗∗∗ -0.0019∗∗∗ -0.0007 0.0015

(0.0005) (0.0006) (0.0013) (0.0014)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.02 0.02 0.02 0.02
Observations 1429425 1429425 1429425 1429425
Notes: This table displays the β4 coefficient from equation (3). The DiD estimate is the difference
in mean outcomes in between 18-year-olds and 23-27-year-olds in 2016-2018, relative to the same
difference in 2010-2013. Results for phase-in years 2014-2015 from the same estimations are
showed in table C.3. Estimates are intention-to-treat. Outcomes are measured yearly. Columns
(1) and (2) show the likelihood of being charged in given year, and columns (3) and (4) the
yearly total number of charges. Standard errors are robust and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 10: Effects of Cash-for-Care on Criminal Charges, ITT, Type of Offense

Offenses for
profit

Violent or
sex. offenses

Narcotics
offenses

Traffic
offenses

Other
offenses

(1) (2) (3) (4) (5)
Panel A: All
DiD 0.0014∗∗∗ 0.0005∗∗ 0.0038∗∗∗ 0.0021∗∗∗ 0.0002

(0.0002) (0.0002) (0.0003) (0.0004) (0.0003)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
18-year-olds 0.01 0.01 0.01 0.01 0.01
Observations 2943581 2943581 2943581 2943581 2943581
Panel B: Males
DiD 0.0022∗∗∗ 0.0014∗∗∗ 0.0070∗∗∗ 0.0036∗∗∗ 0.0029∗∗∗

(0.0004) (0.0004) (0.0006) (0.0007) (0.0006)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
18-year-olds 0.01 0.01 0.01 0.02 0.02
Observations 1514156 1514156 1514156 1514156 1514156
Panel C: Females
DiD 0.0005∗ -0.0004∗ 0.0005∗ 0.0006∗∗ -0.0026∗∗∗

(0.0003) (0.0002) (0.0003) (0.0003) (0.0003)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
18-year-olds 0.00 0.00 0.00 0.00 0.01
Observations 1429425 1429425 1429425 1429425 1429425
Notes: This table displays the β4 coefficient from equation (3). The DiD estimate is the difference in mean outcomes
in between 18-year-olds and 23-27-year-olds in 2016-2018, relative to the same difference in 2010-2013. Estimates are
intention-to-treat. The outcomes are indicators for being charged with a specific type of offense in a given year. Standard
errors are robust and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 11: Effects of Cash-for-Care on Criminal Charges, ITT, Heterogeneity by Mothers’
Education

Charged Number of charges
(1) (2) (3) (4)

Panel A: Lower than High School
DiD 0.0010 0.0030∗∗ 0.0073 0.0196∗∗∗

(0.0014) (0.0015) (0.0046) (0.0048)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.05 0.05 0.12 0.12
Observations 935894 935894 935894 935894
Panel B: High School
DiD 0.0029∗∗∗ 0.0049∗∗∗ 0.0087∗∗∗ 0.0160∗∗∗

(0.0009) (0.0009) (0.0025) (0.0030)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.03 0.03 0.06 0.06
Observations 1213490 1213490 1213490 1213490
Panel C: Higher Education
DiD -0.0001 0.0009 0.0052∗∗∗ 0.0066∗∗∗

(0.0008) (0.0009) (0.0017) (0.0020)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.02 0.02 0.03 0.03
Observations 758044 758044 758044 758044
Notes: This table displays the β4 coefficient from equation (3), estimated separately for each level of mothers’ education.
The DiD estimate is the difference in mean outcomes in between 18-year-olds and 23-27-year-olds in 2016-2018, relative
to the same difference in 2010-2013. Estimates are intention-to-treat. Outcomes are measured yearly. Columns (1) and
(2) show the likelihood of being charged in given year, and columns (3) and (4) the yearly total number of charges.
Standard errors are robust and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 12: Effects of Cash-for-Care on Criminal Charges, ITT, Heterogeneity by Fathers’
Income

Charged Number of charges
(1) (2) (3) (4)

Panel A: Quartile 1
DiD -0.0003 0.0056∗∗∗ 0.0046 0.0272∗∗∗

(0.0014) (0.0015) (0.0050) (0.0051)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.05 0.05 0.11 0.11
Observations 720458 720458 720458 720458
Panel B: Quartile 2
DiD 0.0011 0.0050∗∗∗ 0.0111∗∗∗ 0.0233∗∗∗

(0.0012) (0.0013) (0.0035) (0.0039)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.04 0.04 0.07 0.07
Observations 733062 733062 733062 733062
Panel C: Quartile 3
DiD 0.0004 0.0004 0.0071∗∗ 0.0114∗∗∗

(0.0011) (0.0012) (0.0029) (0.0038)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.03 0.03 0.05 0.05
Observations 731816 731816 731816 731816
Panel D: Quartile 4
DiD 0.0026∗∗∗ 0.0039∗∗∗ 0.0085∗∗∗ 0.0107∗∗∗

(0.0010) (0.0011) (0.0024) (0.0029)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.02 0.02 0.04 0.04
Observations 725632 725632 725632 725632
Notes: This table displays the β4 coefficient from equation (3), estimated separately for each quartile
of fathers’ income. The DiD estimate is the difference in mean outcomes in between 18-year-olds and
23-27-year-olds in 2016-2018, relative to the same difference in 2010-2013. Estimates are intention-to-
treat. Outcomes are measured yearly. Columns (1) and (2) show the likelihood of being charged in
given year, and columns (3) and (4) the yearly total number of charges. Standard errors are robust
and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Appendices

A Introduction of Formal Child Care

A.1 Figures

Figure A.1: Municipality Characteristics 1973-1985 1
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Notes: These figures display trends in municipality characteristics in 1973-1975 for treatment and control municipalities
(see section 5 for definition). Data source: Norwegian Centre for Research Data (NSD).
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Figure A.2: Municipality Characteristics 1973-1985 2
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Notes: These figures display trends in municipality characteristics in 1973-1975 for treatment and control municipalities
(see section 5 for definition). Data source: Norwegian Centre for Research Data (NSD) (Panels A-D) and Norwegian
Administrative Registers (Panels E-F).
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Figure A.3: Municipality Characteristics 1973-1985 3
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Notes: These figures display trends in municipality characteristics in 1973-1975 for treatment and control municipalities
(see section 5 for definition). Data source: Norwegian Centre for Research Data (NSD).
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A.2 Tables

Table A.1: Effects of Child Care Coverage on Criminal Charges, ITT, Treatment Intensity

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD -0.0002 -0.0002 -0.0020 -0.0015

(0.0001) (0.0001) (0.0018) (0.0018)
Controls No Yes No Yes
Pre-reform mean 0.17 0.17 0.96 0.96
Observations 561039 561039 561039 561039
Panel B: Males
DiD -0.0004∗ -0.0004∗ -0.0042 -0.0038

(0.0002) (0.0002) (0.0035) (0.0036)
Controls No Yes No Yes
Pre-reform mean 0.28 0.28 1.63 1.63
Observations 285694 285694 285694 285694
Panel C: Females
DiD 0.0000 0.0000 0.0001 0.0003

(0.0001) (0.0001) (0.0010) (0.0010)
Controls No Yes No Yes
Pre-reform mean 0.07 0.07 0.26 0.26
Observations 275345 275345 275345 275345
Notes: This table displays the β3 coefficient from equation Yijt = β1+β2(Phase−int×Treatj)+
β3(Postt × Treatj) + β4Xi + θj + γt + εijt, where Treatj is the increase in the municipal child
care coverage rate, and the other factors are explain in section (5). The DiD estimate is the
difference in mean outcomes between post-reform (born in 1973-1976) and pre-reform cohorts
(born in 1967-1969) in the same municipality, relative to the equivalent in municipalities with
other treatment intensities. Estimates are intention-to-treat. Outcomes are measured between
1992 and 2006. Columns (1) and (2) show the likelihood of being charged during this time
period, and columns (3) and (4) the total number of charges in this time period. Standard
errors are clustered on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table A.2: Effects of Child Care Coverage on Criminal Charges, ITT, Tertile Treatment

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD Medium -0.0000 0.0009 0.0033 0.0142

(0.0064) (0.0056) (0.0794) (0.0733)
DiD High -0.0039 -0.0028 -0.0343 -0.0228

(0.0052) (0.0048) (0.0799) (0.0804)
Controls No Yes No Yes
Pre-reform mean
control 0.18 0.18 0.98 0.98
Observations 561039 561039 561039 561039
Panel B: Males
DiD Medium -0.0004 0.0014 0.0296 0.0424

(0.0103) (0.0094) (0.1530) (0.1476)
DiD High -0.0094 -0.0093 -0.1000 -0.1011

(0.0080) (0.0077) (0.1505) (0.1534)
Controls No Yes No Yes
Pre-reform mean
control 0.28 0.28 1.67 1.67
Observations 285694 285694 285694 285694
Panel C: Females
DiD Medium -0.0004 0.0005 -0.0286 -0.0217

(0.0032) (0.0031) (0.0283) (0.0291)
DiD High 0.0013 0.0025 0.0329 0.0394

(0.0036) (0.0036) (0.0440) (0.0445)
Controls No Yes No Yes
Pre-reform mean
control 0.07 0.07 0.26 0.26
Observations 275345 275345 275345 275345
Notes: This table displays the β31 and β32 coefficients from equation Yijt = β1 + β21(Phase−
int × TreatMediumj) + β22(Phase − int × TreatHighj) + β31(Postt × TreatMediumj) +
β31(Postt × TreatHighj) + β4Xi + θj + γt + εijt, where TreatMediumj (TreatHighj) is in
the middle (highest) tertile of the increase in the municipal child care coverage rate, and the
other factors are explain in section (5). The DiD Medium (High) estimate is the difference in
mean outcomes between post-reform (born in 1973-1976) and pre-reform cohorts (born in 1967-
1969) in the middle (highest) treatment tertile, relative to the equivalent in municipalities in the
lowest treatment tertile. Estimates are intention-to-treat. Outcomes are measured between 1992
and 2006. Columns (1) and (2) show the likelihood of being charged during this time period,
and columns (3) and (4) the total number of charges in this time period. Standard errors are
clustered on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01

59



Table A.3: Effects of Child Care Coverage on Number of Charges, ITT

≥ 2 ≥ 5 ≥ 10
(1) (2) (3)

Panel A: All
DiD -0.0051∗ -0.0017 0.0012

(0.0028) (0.0017) (0.0011)
Controls Yes Yes Yes
Pre-reform mean,
control 0.08 0.03 0.02
Observations 561039 561039 561039
Panel B: Males
DiD -0.0106∗∗ -0.0038 0.0016

(0.0052) (0.0033) (0.0020)
Controls Yes Yes Yes
Pre-reform mean,
control 0.14 0.06 0.03
Observations 285694 285694 285694
Panel C: Females
DiD 0.0002 0.0004 0.0007

(0.0015) (0.0008) (0.0006)
Controls Yes Yes Yes
Pre-reform mean,
control 0.02 0.01 0.00
Observations 275345 275345 275345
Notes: This table displays the β3 coefficient from equation (1). The DiD estimate is
the difference in mean outcomes between post-reform (born in 1973-1976) and pre-
reform cohorts (born in 1967-1969) in treated municipalities, relative to the same
difference in control municipalities. Estimates are intention-to-treat. The outcomes
are indicators for being charged at least 2, 5 and 10 times at any time between 1992
and 2006. Standard errors are clustered on the municipality level and reported in
parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table A.4: Effects of Child Care Coverage on Criminal Charges, ITT, Ages 25-30

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD -0.0020 -0.0014 -0.0175 -0.0123

(0.0030) (0.0026) (0.0344) (0.0322)
Controls No Yes No Yes
Pre-reform mean,
control 0.10 0.10 0.40 0.40
Observations 561039 561039 561039 561039
Panel B: Males
DiD -0.0049 -0.0039 -0.0244 -0.0176

(0.0054) (0.0050) (0.0666) (0.0649)
Controls No Yes No Yes
Pre-reform mean,
control 0.17 0.17 0.69 0.69
Observations 285694 285694 285694 285694
Panel C: Females
DiD 0.0003 0.0008 -0.0155 -0.0123

(0.0016) (0.0016) (0.0156) (0.0159)
Controls No Yes No Yes
Pre-reform mean,
control 0.03 0.03 0.09 0.09
Observations 275345 275345 275345 275345
Notes: This table displays the β3 coefficient from equation (1). The DiD estimate is the difference
in mean outcomes between post-reform (born in 1973-1976) and pre-reform cohorts (born in
1967-1969) in treated municipalities, relative to the same difference in control municipalities.
Estimates are intention-to-treat. Outcomes are measured at ages 25-30. Columns (1) and (2)
show the likelihood of being charged during this time period, and columns (3) and (4) the total
number of charges in this time period. Standard errors are clustered on the municipality level
and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table A.5: Effects of Child Care Coverage on Punishments, ITT

Prison Probation
Community

service Fine Other
(1) (2) (3) (4) (5)

Panel A: All
DiD -0.0009 -0.0000 -0.0000 -0.0103 0.0000

(0.0013) (0.0013) (0.0005) (0.0067) (0.0001)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.02 0.02 0.00 0.41 0.00
Observations 561039 561039 561039 561039 561039
Panel B: Males
DiD -0.0022 -0.0004 0.0002 -0.0204∗∗ 0.0001

(0.0024) (0.0026) (0.0009) (0.0081) (0.0001)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.04 0.04 0.01 0.56 0.00
Observations 285694 285694 285694 285694 285694
Panel C: Females
DiD 0.0004 0.0003 -0.0003 -0.0002 0.0000

(0.0006) (0.0008) (0.0004) (0.0065) (0.0000)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.01 0.01 0.00 0.25 0.00
Observations 275345 275345 275345 275345 275345
Notes: This table displays the β3 coefficient from equation (1). The DiD estimate is the difference in mean outcomes
between post-reform (born in 1973-1976) and pre-reform cohorts (born in 1967-1969) in treated municipalities, relative
to the same difference in control municipalities. Estimates are intention-to-treat. The outcomes are indicators for being
convicted to a certain type punishment at any time between 1992 and 2006. Standard errors are clustered on the
municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01

62



Table A.6: Effects of Child Care Coverage on Criminal Charges, ITT, Phase-In Cohorts

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD phase-in 0.0006 -0.0002 0.1128 0.1051

(0.0036) (0.0034) (0.0731) (0.0707)
Controls No Yes No Yes
Pre-reform mean,
control 0.18 0.18 0.96 0.96
Observations 561039 561039 561039 561039
Panel B: Males
DiD phase-in -0.0059 -0.0059 0.1770 0.1663

(0.0061) (0.0059) (0.1392) (0.1353)
Controls No Yes No Yes
Pre-reform mean,
control 0.28 0.28 1.65 1.65
Observations 285694 285694 285694 285694
Panel C: Females
DiD phase-in 0.0054∗∗ 0.0056∗∗ 0.0266 0.0284

(0.0026) (0.0026) (0.0291) (0.0295)
Controls No Yes No Yes
Pre-reform mean,
control 0.07 0.07 0.24 0.24
Observations 275345 275345 275345 275345
Notes: This table displays the β2 coefficient from equation (1). The DiD estimate is the difference
in mean outcomes between phase-in (born in 1973-1976) and pre-reform cohorts (born in 1967-
1969) in treated municipalities, relative to the same difference in control municipalities. Results
for post-reform cohorts (born in 1970-1973) from the same estimations are showed in table 1.
Estimates are intention-to-treat. Outcomes are measured between 1992 and 2006. Columns (1)
and (2) show the likelihood of being charged during this time period, and columns (3) and (4) the
total number of charges in this time period. Standard errors are clustered on the municipality
level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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B Compulsory year of Child Care for Six-Year-Olds

B.1 Figures

Figure B.1: Effects of Compulsory Year of Child Care on Criminal charges, Main Specification
with Different Bandwidths
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(d) Males: Number of charges

−
.0

2
−

.0
1

0
.0

1
.0

2
.0

3
C

h
a

rg
e

d

35 55 75 95 115 135 155 175
Band width

Point Estimate 90% confidence interval

(e) Females: Charged
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(f) Females: Number of charges

Notes: These figures display the β5 coefficients from equation 2 along with 95% confidence intervals, using bandwidths
between 30 and 180 days, together with linear trends, separate on each side of the cut-off but equal for individuals born
in different year on the same side of the cutoff, and triangular weights. The difference-in-regression-discontinuity (DiRD)
estimates is the estimated difference in mean outcomes between those born just after December 31, 1990 and those born
just before, relative to the same difference in the previous year. Outcomes are measured between 2008 and 2018. Panels
(A), (C) and (E) show the likelihood of being charged during this time period, and panels (B), (D) and (E) the total
number of charges in this time period. Standard errors are clustered on the municipality level.64



Figure B.3: Effects of Compulsory Year of Child Care on Criminal Charges, Local Linear
Regression, Different Bandwidths
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Notes: These figures display the β5 coefficients from equation 2 along with 95% confidence intervals, using bandwidths
between 30 and 180 days and local linear regression with triangular weights. The difference-in-regression-discontinuity
(DiRD) estimates are the estimated difference in mean outcomes between those born just after December 31, 1990 and
those born just before, relative to the same difference in the previous year. Outcomes are measured between 2008 and
2018. Panel (A) shows the likelihood of being charged during this time period, and panel (B) the total number of charges
in this time period. Standard errors are robust and calculated in line with Calonico et al. (2014).
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B.2 Tables

Table B.1: Effects of Compulsory Child Care for Six-Year-Olds on Number of Charges

≥ 2 ≥ 5 ≥ 10
(1) (2) (3)

Panel A: All
DiRD -0.0077∗∗ -0.0040 -0.0011

(0.0039) (0.0025) (0.0019)
Controls Yes Yes Yes
Pre-reform mean,
control 0.10 0.04 0.02
Observations 117152 117152 117152
Panel B: Males
DiRD -0.0120∗ -0.0075 -0.0034

(0.0068) (0.0047) (0.0032)
Controls Yes Yes Yes
Pre-reform mean,
control 0.17 0.07 0.03
Observations 60152 60152 60152
Panel C: Females
DiRD -0.0027 0.0002 0.0020∗

(0.0032) (0.0017) (0.0012)
Controls Yes Yes Yes
Pre-reform mean,
control 0.03 0.01 0.00
Observations 57000 57000 57000
Notes: This table displays the β5 coefficient from equation (2), using linear
trends, 180 days bandwidth and triangular weights (see section 6 for more
information). The DiRD estimate is the difference in mean outcomes between
those born just after December 31, 1990, relative to the same difference in the
previous year. The outcomes are indicators for being charged at least 2, 5 and
10 times at any time between 2008 and 2018. Standard errors are clustered on
the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table B.2: Effects of Compulsory Child Care for Six-Year-Olds on Punishments

Prison Probation
Community

service Fine Other
(1) (2) (3) (4) (5)

Panel A: All
DiRD -0.0001 -0.0022 -0.0030∗∗ -0.0081 0.0002

(0.0025) (0.0025) (0.0014) (0.0058) (0.0001)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.03 0.03 0.02 0.39 0.00
Observations 117152 117152 117152 117152 117152
Panel B: Males
DiRD -0.0019 -0.0046 -0.0052∗ -0.0157∗ 0.0001

(0.0045) (0.0043) (0.0027) (0.0081) (0.0002)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.06 0.05 0.02 0.52 0.00
Observations 60152 60152 60152 60152 60152
Panel C: Females
DiRD 0.0025 0.0002 -0.0004 -0.0011 0.0002∗

(0.0015) (0.0018) (0.0014) (0.0078) (0.0001)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
control 0.01 0.01 0.00 0.24 0.00
Observations 57000 57000 57000 57000 57000
Notes: This table displays the β5 coefficient from equation (2), using linear trends, 180 days bandwidth and
triangular weights (see section 6 for more information). The DiRD estimate is the difference in mean outcomes
between those born just after December 31, 1990, relative to the same difference in the previous year. Outcomes
are measured between 2008 and 2018. The outcomes are indicators for being convicted to a specific type of
punishment at any time between 2008 and 2018. Standard errors are clustered on the municipality level and
reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table B.3: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Different Trends, All

Linear Squared Cubed
(1) (2) (3) (4) (5)

Panel A: Charged
DiRD -0.0060 -0.0053 -0.0065 -0.0053 -0.0068

(0.0095) (0.0052) (0.0072) (0.0052) (0.0093)
Differencing trends Yes No Yes No Yes
Observations 117152 117152 117152 117152 117152
Panel B: Number of charges
DiRD -0.1439 -0.1140∗ -0.1332 -0.1138∗ -0.1357

(0.1099) (0.0606) (0.0836) (0.0607) (0.1091)
Differencing trends Yes No Yes No Yes
Observations 117152 117152 117152 117152 117152
Notes: This table displays the β5 coefficient from equation (2) for the full sample, using 180 days bandwidth and triangular weights
(see section 6 for more information). In column (1) linear trends are included, in columns (2) and (3) quadratic trends and in
columns (4) and (5) cubic trends. In columns (2) and (4), trends are equal for both the treatment and control group on each side
of the cutoff, while in columns (1), (3) and (5) trends are allowed to differ between the treatment and control group. The DiRD
estimate is the difference in mean outcomes between those born just after December 31, 1990, relative to the same difference in
the previous year. Outcomes are measured between 2008 and 2018. Columns (1) and (2) show the likelihood of being charged
during this time period, and columns (3) and (4) the total number of charges in this time period. Standard errors are clustered
on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table B.4: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Different Trends, Males

Linear Squared Cubed
(1) (2) (3) (4) (5)

Panel A: Charged
DiRD -0.0176 -0.0110 -0.0169 -0.0110 -0.0150

(0.0156) (0.0086) (0.0117) (0.0086) (0.0154)
Differencing trends Yes No Yes No Yes
Observations 60152 60152 60152 60152 60152
Panel B: Number of charges
DiRD -0.3679∗ -0.2562∗∗ -0.3127∗∗ -0.2558∗∗ -0.3407∗

(0.2006) (0.1129) (0.1561) (0.1131) (0.1970)
Differencing trends Yes No Yes No Yes
Observations 60152 60152 60152 60152 60152
Notes: This table displays the β5 coefficient from the equation (2) for males, using 180 days bandwidth and triangular weights
(see section 6 for more information). In column (1) linear trends are included, in columns (2) and (3) quadratic trends and in
columns (4) and (5) cubic trends. In columns (2) and (4), trends are equal for both the treatment and control group on each side
of the cutoff, while in columns (1), (3) and (5) trends are allowed to differ between the treatment and control group. The DiRD
estimate is the difference in mean outcomes between those born just after 31 December 1990, relative to the same difference in the
previous year. Outcomes are measured between 2008 and 2018. Columns (1) and (2) show the likelihood of being charged during
this time period, and columns (3) and (4) the total number of charges in this time period. Standard errors are clustered on the
municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table B.5: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Different Trends, Females

Linear Squared Cubed
(1) (2) (3) (4) (5)

Panel A: Charged
DiRD 0.0067 0.0012 0.0052 0.0012 0.0017

(0.0096) (0.0051) (0.0071) (0.0051) (0.0092)
Differencing Trends Yes No Yes No Yes
Observations 57000 57000 57000 57000 57000
Panel B: Number of charges
DiRD 0.1108 0.0511 0.0757 0.0511 0.0932

(0.0995) (0.0470) (0.0692) (0.0469) (0.0984)
Differencing trends Yes No Yes No Yes
Observations 57000 57000 57000 57000 57000
Notes: This table displays the β5 coefficient from the equation (2) for females, using 180 days bandwidth and triangular weights
(see section 6 for more information). In column (1) linear trends are included, in columns (2) and (3) quadratic trends and in
columns (4) and (5) cubic trends. In columns (2) and (4), trends are equal for both the treatment and control group on each side
of the cutoff, while in columns (1), (3) and (5) trends are allowed to differ between the treatment and control group. The DiRD
estimate is the difference in mean outcomes between those born just after December 31, 1990, relative to the same difference in
the previous year. Outcomes are measured between 2008 and 2018. Columns (1) and (2) show the likelihood of being charged
during this time period, and columns (3) and (4) the total number of charges in this time period. Standard errors are clustered
on the municipality level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table B.6: Effects of Compulsory Child Care for Six-Year-Olds on Criminal Charges, Ages
18-25

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiRD -0.0208∗∗∗ -0.0204∗∗∗ -0.2008∗∗∗ -0.1928∗∗∗

(0.0053) (0.0051) (0.0541) (0.0529)
Controls No Yes No Yes
Pre-reform mean,
control 0.18 0.18 0.73 0.73
Observations 117152 117152 117152 117152
Panel B: Males
DiRD -0.0293∗∗∗ -0.0266∗∗∗ -0.4000∗∗∗ -0.3713∗∗∗

(0.0085) (0.0082) (0.0990) (0.0977)
Controls No Yes No Yes
Pre-reform mean,
control 0.27 0.27 1.22 1.22
Observations 60152 60152 60152 60152
Panel C: Females
DiRD -0.0129∗∗∗ -0.0130∗∗∗ 0.0043 0.0106

(0.0048) (0.0048) (0.0404) (0.0448)
Controls No Yes No Yes
Pre-reform mean,
control 0.07 0.07 0.21 0.21
Observations 57000 57000 57000 57000
Notes: This table displays the β5 coefficient from equation (2), using linear trends, 180 days
bandwidth and triangular weights (see section 6 for more information). The DiRD estimate is
the difference in mean outcomes between those born just after December 31, 1990, relative to the
same difference in the previous year. Outcomes are measured between ages 18-25. Columns (1)
and (2) show the likelihood of being charged during this time period, and columns (3) and (4) the
total number of charges in this time period. Standard errors are clustered on the municipality
level and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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C Cash-for-Care

C.1 Tables

Table C.1: Effects of Cash-for-Care on Number of Charges, ITT

≥ 2 ≥ 5 ≥ 10
(1) (2) (3)

Panel A: All
DiD 0.0024∗∗∗ 0.0015∗∗∗ 0.0006∗∗∗

(0.0004) (0.0002) (0.0001)
Controls Yes Yes Yes
Pre-reform mean,
18-year-olds 0.01 0.00 0.00
Observations 2943581 2943581 2943581
Panel B: Males
DiD 0.0049∗∗∗ 0.0025∗∗∗ 0.0011∗∗∗

(0.0006) (0.0003) (0.0001)
Controls Yes Yes Yes
Pre-reform mean,
18-year-olds 0.02 0.00 0.00
Observations 1514156 1514156 1514156
Panel C: Females
DiD -0.0001 0.0005∗∗∗ 0.0002∗∗∗

(0.0003) (0.0001) (0.0001)
Controls Yes Yes Yes
Pre-reform mean,
18-year-olds 0.00 0.00 0.00
Observations 1429425 1429425 1429425
Notes: This table displays the β4 coefficient from equation (3), estimated sep-
arately for each quartile of fathers’ income. The DiD estimate is the difference
in mean outcomes in between 18-year-olds and 23-27-year-olds in 2016-2018,
relative to the same difference in 2010-2013. Estimates are intention-to-treat.
The outcomes are indicators for being charged at least 2, 5 and 10 times in a
given year. Standard errors are robust and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table C.2: Effects of Cash-for-Care on Punishments, ITT

Prison Probation
Community

service Fine Other
(1) (2) (3) (4) (5)

Panel A: All
DiD 0.0023∗∗∗ 0.0005∗∗∗ -0.0004∗∗∗ 0.0133∗∗∗ -0.0000

(0.0001) (0.0002) (0.0001) (0.0007) (0.0000)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
18-year-olds 0.00 0.00 0.00 0.04 0.00
Observations 2943581 2943581 2943581 2943581 2943581
Panel B: Males
DiD 0.0041∗∗∗ 0.0008∗∗∗ -0.0006∗∗ 0.0219∗∗∗ -0.0000

(0.0002) (0.0003) (0.0002) (0.0012) (0.0000)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
18-year-olds 0.00 0.00 0.00 0.06 0.00
Observations 1514156 1514156 1514156 1514156 1514156
Panel C: Females
DiD 0.0003∗∗∗ 0.0002 -0.0002∗∗ 0.0043∗∗∗ 0.0000

(0.0001) (0.0001) (0.0001) (0.0007) (0.0000)
Controls Yes Yes Yes Yes Yes
Pre-reform mean,
18-year-olds 0.00 0.00 0.00 0.02 0.00
Observations 1429425 1429425 1429425 1429425 1429425
Notes: This table displays the β4 coefficient from equation (3). The DiD estimate is the difference in mean
outcomes in between 18-year-olds and 23-27-year-olds in 2016-2018, relative to the same difference in 2010-2013.
Estimates are intention-to-treat. The outcomes are indicators for being sentenced to a specific type of punishment
in a given year. Standard errors are robust and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table C.3: Effects of Cash-for-Care on Criminal Charges, ITT, Phase-in

Charged Number of charges
(1) (2) (3) (4)

Panel A: All
DiD Phase-in -0.0005 0.0010 0.0010 0.0070∗∗∗

(0.0007) (0.0007) (0.0024) (0.0025)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.04 0.04 0.07 0.07
Observations 2943581 2943581 2943581 2943581
Panel B: Males
DiD Phase-in 0.0002 0.0029∗∗ 0.0038 0.0146∗∗∗

(0.0012) (0.0012) (0.0044) (0.0045)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.06 0.06 0.11 0.11
Observations 1514156 1514156 1514156 1514156
Panel C: Females
DiD Phase-in -0.0012∗ -0.0007 -0.0018 -0.0007

(0.0007) (0.0007) (0.0016) (0.0016)
Controls No Yes No Yes
Pre-reform mean,
18-year-olds 0.02 0.02 0.02 0.02
Observations 1429425 1429425 1429425 1429425
Notes: This table displays the β3 coefficient from equation (3). The DiD estimate is the difference
in mean outcomes in between 18-year-olds and 23-27-year-olds in 2014-2015, relative to the same
difference in 2010-2013. Results for post years 2016-2018 from the same estimations are shown
in table 9. Estimates are intention-to-treat. Outcomes are measured yearly. Columns (1) and
(2) show the likelihood of being charged in given year, and columns (3) and (4) the yearly total
number of charges. Standard errors are robust and reported in parentheses.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Chapter 2

Surviving a Mass Shooting



Surviving a Mass Shooting
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Abstract

We use data on all middle and high school aged children who survived a mass shooting

incident on July 22, 2011 in Utøya, Norway, to understand how such events affect survivors,

their families, and their peers. Using a difference-in-differences design to compare survivors to

a matched control group, we find that in the short run children who survive have substantially

lower GPA (nearly 0.5 SD) and increased utilization of health care services and more mental

health diagnoses. In the medium run, survivors have fewer years of schooling completed and

lower labor force participation. Parents and siblings of survivors are also impacted, experienc-

ing substantial increases in doctor visits and mental health diagnoses. However, there appear

to be limited impacts on school aged peers of survivors. While this event affected the entire

country, we show that survivors and their families bear significant costs despite robust social

safety nets and universal access to healthcare.
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1 Introduction

Exposure to childhood trauma is widely recognized as an important factor determining long run
labor market outcomes. While children are subjected to various forms of trauma, ranging from
health shocks to parental death and financial distress, the impacts of childhood exposure to violence
and gun violence in particular has been on the forefront of media and policy attention.1 This is in
part due to well publicized mass shootings and school shootings in the US, but also increased
attention towards gun violence in other countries Sturup, Rostami, Mondani, Gerell, Sarnecki, and
Edling (2019). The broad public interest in children exposed to such events could indicate that
the costs of victimization for this group are particularly large Cook and Ludwig (2002). However,
empirical evidence on such costs is limited, primarily as a consequence of data availability and
challenges in linking pre- and post event outcomes to individual victims.

In this paper we quantify the effects of surviving an episode of mass shooting on school aged
children in Norway in the short and medium term. In addition, we document spillover effects of
surviving such events on children’s families and their school aged peers. The empirical challenge
in such an exercise stems from the usual concern that children who are exposed to such events are
different from those who are not, and could have fared differently even absent this exposure. In
our setting, the context of mass shooting is one where it is unlikely that individual children were
targeted for unobserved reasons, and we also leverage detailed administrative data and a matching
strategy to identify “similar" children who were not directly exposed to the event in a difference-
in-differences (DiD) design.

On July 22, 2011 around 600 individuals, mostly school aged children from all over Norway,
were attending a youth camp on the island of Utøya when a politically motivated mass shooting took
place. Using detailed administrative data on individual demographics and parental characteristics
(including earnings), we match survivors to observably similar children who were not on the island
and who also did not attend the same school as the affected children. These matched children
form the control group for the affected survivors, which allows us to compare outcomes before and
after the event across survivors and controls in a DiD design. With this design, we can account for
time-invariant unobserved heterogeneity across survivors and matched controls as well as common
changes over time. Under a standard parallel trends assumption, this allows us to estimate the
effects of exposure to mass shooting on the survivors.

We consider a series of different outcomes for survivors, their families, and their peers to draw
a comprehensive picture of the impacts of mass shooting exposure. For school outcomes (e.g.,
GPA), we compare survivors and controls who took the same grade exams before and after the
event, effectively relying on variation across different birth cohorts in the timing of event. For

1For an excellent recent review on the costs of victimization see Bindler, Ketel, and Hjalmarsson (2020).
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survivors’ health outcomes (e.g., doctor visits) and their parental outcomes, we can follow all sur-
vivors and controls both before and after the event, and rely on a DiD design with individual fixed
effects. While for survivors’ medium-term outcomes (e.g., employment and earnings), we do not
observe pre-event outcomes for most individuals, and rely therefore on a simpler treatment-control
comparison based on matching techniques.

We find that survivors aged 14-15 at the time of event obtained lower test scores (by 0.5 SD)
in middle school, and survivors aged 14-18 were less likely to finish high school on time (by 21
percentage points) after the event. Regardless of the age at exposure, survivors had increased uti-
lization of health care services, with more medical general practitioner visits (60% increase relative
to control mean) and more psychological diagnoses (400% increase relative to control mean) in the
aftermath of the shooting. By 2018, approximately seven years after the incident, survivors were
14% less likely to have attained a high school diploma and 15% less likely to have completed any
college education. Survivors were also 5 percentage points less likely to be employed in 2018, and
had 13% lower earnings (not statistically significant) conditional on being employed. Parents of
survivors were not meaningfully impacted in terms of employment or earnings, although they do
see significant increases in doctor visits and mental health diagnoses. The same is true for sur-
vivors’ siblings. We also find that siblings suffer in terms of test scores in middle school by scoring
nearly 0.2 SD lower. We find no economically meaningful or statistically significant effects on
schooling or health outcomes among school peers.

In writing this paper we contribute to a rich literature on the short and long run consequences
of exposure to various types of violence during childhood across multiple disciplines.2 Some of
this work also focuses on the role of acts of terror (a term also used to describe the Utøya incident)
on student test scores Shany (2016); Auger, Seymour, and Roberts Jr (2004) and mental health
Otto, Henin, Hirshfeld-Becker, Pollack, Biederman, and Rosenbaum (2007). More specifically,
our paper adds to some of the recent work in economics focusing on gun violence and its effects
on children. To provide a few key examples: Ang (2021) focuses on the effects on African Amer-
ican students who are exposed to police shootings in their neighborhood, Rossin-Slater, Schnell,
Schwandt, Trejo, and Uniat (2020) focus on anti-depressant use by students after fatal school shoot-
ings, Koppensteiner and Menezes (2021) explore the effects of homicides on educational perfor-
mance and human capital investments among students in Brazil, and Gershenson and Tekin (2018)
examine the effects on school performance of students exposed to the “Beltway Sniper" in 2002
near Washington DC.

Three contemporaneous papers are closely related to this paper. First is the important work by
Levine and McKnight (2020) who examine the consequences of being exposed to school shootings

2Some of the papers focusing specifically on trauma due to violence include Finkelhor, Turner, Shattuck, Hamby,
and Kracke (2015), Moffitt (2013), Sharkey (2010) and Hurt, Malmud, Brodsky, and Giannetta (2001).
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on test scores and well being of students in the US. Using several quasi-experimental techniques
and first focusing on the Sandy Hook incident in Newtown, CT in 2012, they find that average test
scores in schools are lower and chronic absenteeism higher after this event. They also find that these
effects spillover to nearby schools. They next examine the Columbine shooting incident from 1999
in Columbine, CO and offer evidence that is consistent with the idea that affected students were
more likely to commit suicide in subsequent years. Second is the excellent paper by Cabral, Kim,
Rossin-Slater, Schnell, and Schwandt (2021) where they examine using a matched DiD strategy
(where schools are matched as opposed to individuals as in our case) the impact of being exposed
to school shootings in Texas between 1995-2016. They document adverse short term impacts on
absence, high school graduation, and early labor market outcomes. Third is the work by Deb and
Gangaram (2021) where they identify long run impacts on risky behavior, declines in health and
well being, and worse labor market outcomes for children exposed to school shootings relative to
their unexposed peers. We build on such findings by leveraging individual level data where we can
follow students over time in terms of test scores and health visits, and also examine spillovers more
precisely by examining family members and peers individually.

Finally, this paper provides additional evidence specifically on the impacts of the Utøya mass
shooting. To highlight just a few: Alne and Serdarevic (2020) examine the impacts of losing a
child during this event on parental labor market outcomes, Stene and Dyb (2015) and Dyb, Jensen,
Glad, Nygaard, and Thoresen (2014) provide descriptive accounts of healthcare utilization by the
survivors of the attacks, Gjerland, Pedersen, Ekeberg, and Skogstad (2015) examine health impacts
on rescue workers, and Hernæs (2021) examines sickness absence responses in the short run at the
municipality level. By examining the effects on test scores, high school completion, labor force
partition, and earnings, and also by considering family and peer effects, we add meaningfully to
this important area of research.

2 The July 22, 2011 incident in Utøya

On July 22, 2011, Anders Behring Breivik committed two acts of domestic terrorism in Norway.
The first was a car bomb explosion in the capital Oslo, and the second, a few hours later at a summer
camp on the island of Utøya. The camp was organized by AUF, a youth wing of the ruling (at the
time) Norwegian Labor Party (AP). During the hour or so long period of indiscriminate killing,
Breivik killed 69 people. A majority of those killed were between the ages of 16-18; the youngest
victims were 14 years old, and the oldest was 51. Among the survivors, 66 were shot and wounded,
while 585 survived without physical injuries (Helsedirektoratet, 2012).3 Since this was a youth

3Given the small sample size of children who faced direct physical injury as a result of this incident, we are unable
to fully distinguish victims with physical and non-physical injuries for ethical and statistical reasons.
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camp, a large fraction of the survivors were middle and high school aged children, who came from
all over Norway.

There was a massive response from the government following this attack. An independent
commission examined the police responses and preparedness for these types of threats (see NOU
(2012:14)). In terms of treatment of the victims and their families, since 2003, Norway has had a
national scheme for compensating victims of criminal injuries. Survivors as well as the bereaved
family members of those murdered at Utøya received compensation through this scheme, and the
amounts paid out were typically higher than the compensation given to other victims of violent
crime Nilsen, Langballe, and Dyb (2016).4 There was also an increased allocation of resources
to municipalities with survivors to take care of those that needed more follow-up services and
additional expenses for health specialists Helsedirektoratet (2012). These payments and resources
are in addition to what is generally provided under a generous welfare state with universal health
care and insurance schemes (such as sickness benefits and disability benefits) to help those in need.

3 Data

We link several administrative data sources from Norway for this paper. These include the victim
database from the Norwegian Police Directorate and population level panel data drawn from school,
health, and tax registers.

3.1 School data

School registers contain data on all middle and high school students. For the analysis concerning
younger survivors we use the 10th grade data from middle school and this data is available from
2005-2016. We have two measures of performance in middle school: grade point average (GPA)
and national exam scores. Given compulsory schooling laws, all individuals are required to be
enrolled in 10th grade in Norway, and as a consequence, we observe GPA for nearly every resident
child aged 16 between 2005-2016. This GPA is the average of the grades in all subjects. Grades
are normalized for each academic year-cohort separately. To identify peers, we consider pupils of
the same age who attended the same middle school in grade 10. Nearly all schools in Norway are
public and school switching is uncommon. Exam scores are from national exams, where everyone
takes the same exam and is externally graded. The scores are standardized for each academic

4The Norwegian victim support scheme is targeted at the victims of violence (including victims of sexual assault and
abuse) and aims at covering the loss of income, besides covering extraordinary medical expenses that result from the
victimization, and providing redress and injury compensation. To receive compensation, a victim must (a) file a police
report concerning the incident and (b) submit a written application to the National Office for Victim Compensation.
Subject to evaluation and approval, the Office will compensate the victims for their losses.
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year-cohort separately.
For high school students we use enrollment and completion data, which we have from 2002 to

2018. We do not use data on high school GPA as attending high school is a choice in Norway, and
part of the effect on survivors could be that they drop out of high school. We therefore choose to
focus on completion of grade 1 and grade 3 in high school on time and on not getting a high school
diploma by 2018, i.e., approximately seven year after the event. Academic track programs in high
school are 3 years, while vocational track programs can be longer. For peers, we can only study
the completion of grade 3 in high school. The reason is that we need to define peers in high school
before July 22, 2011, as the victims might drop out or change high school after the event, making
the peers endogenous. Peers are therefore defined in grade 1 in high school, and only for those
starting high school before July 22, 2011.

For higher education data, we use enrollment and completion data, available from 2002 to 2018,
and information on the highest level of education completed, available up to 2018. We create an
indicator equal to one if the individual is registered as enrolled in any college or university level
education in any year between 2012 and 2018 and we also create an indicator equal to one if the
individual has completed any college or university level education by 2018.

3.2 Health data

To analyze health outcomes, we use the Control and Payment of Reimbursement to Health Ser-
vice Providers (KUHR) database, available from 2006-2018, with information on visits to general
practitioner (GP), emergency units (ER), and referrals to specialists. All Norwegians belong to the
patient list of a certified GP. The register includes information on each patient’s unique personal
identifier, date and time of contact, and diagnosis according to the ICPC-2-diagnosis codes. For GP
visits, we sum all GP consultations in each calendar year for survivors, and in each academic year
(August-June) for peers. For psychological diagnosis we create an indicator equal to one, for each
calendar year, if the individual has any psychological diagnoses in the ICPC-2 (P01-P99) and ICD-
10 diagnosis codes in that year. For peers, the indicator is equal to one if there is a psychological
diagnosis during the academic year.

3.3 Labor market data

To analyze labor market outcomes for parents, we use data from tax registers and matched employer-
employee records, available from 1987-2018. Earnings include labor earnings, sickness benefits
and parental leave benefits, but not e.g. unemployment benefits, disability insurance, pension in-
come or entrepreneurial income. We create an employment indicator, being equal to one if earnings
are positive. For earnings, we use the log of earnings and drop observations with zero earnings.
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The earnings measures are CPI adjusted with 2015 as the base year. We also include a dummy
equal to one if parents are married as of January 1st in a given year. Another important outcome
that we analyze for parents is their sickness leave. We create an indicator equal to 1 if an individual
has a physician-certified sickness leave in a given year.5

3.4 Victim data

Our victim data come from an administrative police register, which comprises all crimes reported
to the Norwegian police, including the Utøya incident. This database contains information on the
month and place of the crime, which makes it possible for us to identify survivors of Utøya; see
Figure 1, panel (a). Using this database, we can identify individuals who became victimized in July
2011 in the municipality of Hole (where Utøya is located). A person is defined as a survivor if the
registered crime is attempted murder (drapsforsøk), and not murder (drap). A few of the registered
victims were not registered residents in Norway, and hence they are excluded from our analytical
sample. Figure 1, panels (b) and (c) show that most of the survivors were school aged children and
came from municipalities all over Norway. Tables B1-B2 in the Online Appendix show additional
descriptives on survivors.

3.5 Matching

We match a survivor to controls who were not directly affected using Coarsened Exact Matching
(CEM) based on the protocols described as follows. To be a match, the control individual must
have the exact same value on all the following variables: birth year, gender, mother’s and father’s
education measured in 3 levels in 2010 (completed middle school or less, completed at least some
high school, and completed at least some university education), mother’s and father’s age in 2010
in tertiles (for each birth cohort), mother and father’s earnings in 2010 in tertiles (for each birth
cohort), and the centrality of municipality of residence, where we use Statistics Norway’s central-
ity classes (6 levels) to distinguish areas with high or low population density. We also include
categories for missing data for parental education, age, and earnings.

To reduce the risk of matching survivors to controls that knew a survivor or a deceased victim
and thus may also have been partially impacted (“contaminated”), we further remove potential
controls living in the same municipality or city district and born in the same year as a survivor or a
deceased victim. To identify residence of the survivor and the matched control, we use city districts
for the four largest cities in Norway, Oslo, Bergen, Trondheim, and Stavanger and otherwise use the

5In Norway, sick leave from work for 3 days or less is self-certified. Some workplaces have an “inclusive work life"
agreement, which allows employees to take self-certified absences for up to 8 days. Additionally, parents can take up to
10 days of “sick child leave” per year to take care of sick children or children with special needs. Neither self-certified
sick leave nor “sick child leave” incidences are included in the parental sickness leave measure.
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municipality of residence on January 1, 2011. The CEM procedure thus ensures that a survivor is
matched to controls born the same year who also share other background characteristics, yet reside
in a different municipality or city district than the survivor.

While we exclude the same aged school peers of survivors or deceased victims from the pool
of potential controls, a survivor could still be matched to controls residing in a municipality or city
district where other survivors of a different age also resided. Thus, while our matching approach
can tackle concerns about controls being impacted by directly affected same aged survivors, this
does not accommodate unrestricted local spillovers across cohorts or broader population-wide in-
fluences.6 In the analysis of spillover effects on school peers, we accordingly compare the outcomes
of survivors’ same aged school peers to the outcomes of their matched controls’ same aged school
peers.

For medium-term outcomes, we follow the matching procedure as described above, but further
match on 10th grade exam score quintiles (for each cohort). We only include matched individuals
taking the 10th grade exam before July 22, 2011, i.e., cohorts born in 1986-1995. Cohorts born
before 1986 are excluded, as middle school data is only available from 2002.

4 Estimation

We use a difference-in-differences (DiD) approach with the following main specification:

Yit = βSurvi + γPostt +ηSurvi ×Postt +λXit + εit

where Yit is the outcome for individual i in period t. Survi is an indicator equal to one if the
individual is a survivor, or a family member or a peer of the survivor, and zero if the individual is
in the control group. For school outcomes, Postt is an indicator equal to one if individual i is from
a birth cohort that completed the grade pertaining to Yit in the 2011/12 academic year or later, and
zero otherwise. For health outcomes of survivors, as well as parental outcomes, Postt is simply an
indicator for whether the outcome is measured in year 2012 or later. And Xit is a set of controls,
including gender, parental education and age, and the centrality of municipality.

For school outcomes, we only observe each individual once in each regression. The DiD esti-
mate is then the difference between survivors and control individuals that “should" be finishing the
grade after July 22, 2011, minus the equivalent for survivors and control individuals that “should"

6In practice, concerns about school-level spillovers across different cohorts are relevant for a small fraction of
cases. For instance, in the analysis of middle school outcomes, only 7.8% of matched controls who finished middle
school after July 2011 went to a school where there was another survivor in the three adjacent cohorts. Excluding these
observations does not materially affect our results for middle school outcomes (available upon request). An alternative
would be to match survivors to controls who went to a school with no survivors or deceased victims.
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have finished the grade before July 22, 2011. The main identifying assumption is that given the
matching, the counterfactual cohort profile for the survivors (or their families or peers) in the ab-
sence of Utøya would have been identical to the one for the matched control group. This approach
allows us to account for secular changes across birth cohort that are unrelated to the event. We
follow this approach also for younger siblings and peers of survivors. And for peers, we use the
same approach for health outcomes.

For health outcomes of survivors, as well as parental outcomes, we can observe individuals over
time. For these outcomes, we can thus include individual fixed effects, and exploit within-person
changes in outcomes before and after the event across survivors and controls. The DiD estimate is
then the difference in outcomes of all survivors (or parents of survivors) and all control individuals
from 2011 and onwards, minus the equivalent difference in the years before.

For middle school outcomes, as well as high school outcomes and health outcomes for peers,
we cluster standard errors at the school-cohort level. For health outcomes of survivors we use
robust standard errors. For family outcomes we cluster standard errors on the mother’s personal
identifier.

For medium-term outcomes, we cannot use the difference-in-differences approach, as we do
not have a pre-period. As mentioned in Section 3.5, we match on middle school 10th grade exam
scores when we consider medium-term outcomes. This is because we observed level differences
between survivors and control individuals in exam scores (and GPA), which may correlate with or
drive differences in future outcomes. We hope to reduce this by also matching on exam scores. To
this end, a simple treatment-control comparison is performed:

Yi = βSurvi +λXi + εi

The control observations are weighted in the estimations using the following formula:

W =
mC

mT
× ms

T
ms

C

where W is the weight for each individual, mC and mT are the number of controls and survivors
in the estimation sample, and ms

C and ms
T are the number of controls and survivors in the same stra-

tum, i.e., with the same coarsened characteristics in the matching procedure. In the peer analysis,
each survivor is matched to one focal control, so we perform unweighted estimations.

5 Results

Figure 2 graphically presents the DiD estimates of the effects for survivors. Each dot is the differ-
ence between the survivor mean outcome and the matched control mean outcome at each post and
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pre event year, minus the equivalent in the (academic) year before the event. The vertical bars next
to each dot provide the 95% confidence intervals.

Figure 2, panels (a) and (b) plot the effects on middle school exam scores and GPA relative to the
academic year 2010/11 (for brevity, referred to as year “2011” in the figure and in the following),
which ended around a month before the Utøya event on July 22, 2011. We see no significant
differences in the years prior to 2011, while there is a drop in 2012 and 2013. Table 1 provides the
treatment effect estimates, with standard errors in parenthesis, and shows a drop of around 0.3 of
a standard deviation on exam scores (column 1), and 0.5 SD decrease in GPA (column 2), where
only the latter is significant at the 1% level.

Figure 2, panels (c) and (d) show similar patterns for the completion of 1st and 3rd grade in
high school on time. Table 1 confirms that these are significant impacts, with 19 and 21 percentage
points (columns 3 and 4) reductions in the probabilities of finishing the first and third year in high
school on time, respectively. For individuals that were not old enough to have finished high school
before the event, i.e., cohorts 1993-1995, we find a 13 percentage points (column 7) reduction in
the probability of ever receiving a high school diploma by 2018, compared to a matched control
group. For the same individuals, we also find a 7 percentage points (column 8) reduction in the
probability of ever enrolling in any higher education by 2018. Considering all cohorts of survivors,
we find a 6 percentage points (column 9) reduction in the probability of completing any higher
education by 2018, compared to a matched control group.

Next, in Figure 2, panels (e) and (f), we see large increases in the utilization of health services
for survivors (represented by round dots). There are large and immediate impacts on the number
of GP visits and on the incidence of psychological diagnoses in the year of event. More strikingly,
survivors also have a persistently higher utilization of health services over the following five year
period after 2011. As seen in Table 1, columns (5)-(6), the number of GP visits increase by 0.64
(from a base of about 1) and a large portion of this is related to the incidence of psychological
diagnoses, which increases by 36 percentage points from a base of around 10%. Finally, we con-
sider the medium-run labor market impacts on survivors, estimating that survivors had 5 percentage
points lower probability of being employed in 2018, compared to a matched control group. We also
find that survivors had 13% lower labor market earnings conditional on being employed, although
this effect is not significant.

Turning to the spillovers on family members, Table 2 summarizes the main estimates for moth-
ers (panel A), fathers (panel B) and siblings (panel C). We first consider impacts on mothers’ and
fathers’ labor force participation, log-earnings, the incidence of any sickness absence from work,
and marital status. Only the impact on mothers’ sickness absence is significant and economically
meaningful; we find that mothers increase sickness leave take up by around 28%. This effect is
mirrored when we examine doctor visits (column 5) and mental health diagnoses (column 6) for

85



mothers. Figure 2, panel (f), further shows that the impacts on the incidence of psychological
diagnoses are sizeable for both mothers (squares) and fathers (triangles), and these impacts per-
sist during the five year period after the event.7 Table 2, panel C, considers the impacts on the
survivors’ siblings. Siblings also see lower test scores (columns (7)-(8)) and increases in mental
health diagnoses (column 10). While the impacts on siblings are substantial, with 0.22 SD lower
middle school GPA and exam scores and around 25% increase in mental health diagnoses, these
effect magnitudes are smaller than for what we find for survivors.

Finally, we study the impacts on same aged school mates of the survivors. Table 3 considers
GPA and exam scores for middle school peers, completion of 3rd year for high school peers and
GP visits and psychological diagnosis for both middle and high school peers. Panel A considers
peers of either gender, while panels B-C show impacts by peer gender. While there is a significant
negative impact on the test scores of female peers and a small increase in mental health diagnoses
for female peers, since these are the only statistically significant effects across a range of peer
outcomes, we do not wish to place undue focus on these effects. Our reading of Table 3 suggests
that there are largely muted effects on the survivors’ same aged school peers.

6 Conclusion

This paper shows that children who survive gun violence face tremendous costs in terms of school
performance and mental health in the short run. In the medium run, survivors have lower years of
education and worse labor market outcomes. Parents and siblings of survivors are also impacted in
terms of mental health and school test scores.

While this setting allows us to examine the effects of a mass shooting event on survivors and
those around them, we want to be upfront that this was a unique event (like most mass shootings)
and there are challenges in drawing broad conclusions from this study that might apply to the case
of school shootings or other forms of gun violence in the United States and elsewhere. The event
we study was one of the deadliest gun attacks on Norwegian soil and the government response to
victims, survivors, and their families was tremendous. The attack was also not on school premises
as most mass shootings that involve children typically are, which means schools were not directly
affected and there was no resorting of students and resources. Norway is also a setting where gun
violence and mass shootings of this kind is extremely rare. While some of these factors (social
support and government assistance) imply that the results we find are net of such compensatory
actions, other factors such as the rarity of this event in this context might imply that in places where
gun violence is more common, student, peer, and family reactions might be more muted. Finally,

7For brevity, we don’t show the confidence intervals for the family members’ effect estimates in Figure 2, panels
(e)-(f). These can be found in Figures B1 (mothers), B2 (fathers) and B3 (siblings) in the Online Appendix.
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our design relies on comparing those who are directly affected to a “control" group who might
also be impacted by this event. Ultimately the empirical design only allows us to pick up relative

effects and does not capture broad, overall impacts on the population. These considerations should
be taken into account when thinking about how these results help make sense of similar events in
different contexts.
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Figure 1: Descriptive Figures.
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of Incident.

(c) The Map of Norway Illustrating the Residence
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Notes: Panel (A) shows the number of individuals registered as victims of a murder or an attempted murder in Norway in each month from July 2004 to July 2016. Panel (B) shows the age
distribution of the Utøya survivors, limited to residents of Norway. Panel (C) shows on a map of Norway where the municipalities from which the Utøya survivors hailed from are illustrating in
black areas, defined by the mother’s residential municipality in 2010 (with some exceptions).
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Figure 2: Graphical DiD Evidence: Comparisons of Survivors and Matched Controls
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(a) Middle School: Exam Scores.
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(b) Middle School: GPA.
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(c) High School: Completed 1st Grade.
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(d) High School: Completed 3rd Grade.
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(e) Number of GP Visits.
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(f) Psychological Diagnosis.
Notes: Survivors have been matched to control individuals using coarsened exact matching (CEM) on birth year, gender, parental earnings, education and age, and the centrality of the residential
municipality. The sample in panels (a) and (b) includes cohorts 1991-1997. Panel (c) includes cohorts 1990-1997 and panel (d) 1988-1997. Panel (e) and (f) includes cohorts 1983-1997, as well
as the point estimates for the mothers, fathers and siblings of survivors. The DiD estimate is the difference in weighted mean outcome between the survivors and control individuals, minus the
equivalent in 2010. In panel (a)-(d) we compare outcomes for individuals finishing a certain level of education in a given year, to those finishing in academic year 2010/11. In panel (e) and (f) we
observe outcomes for all individuals in the sample in each year. In panel (a) and (b), outcomes are standardized within each academic year, and standard errors are clustered on the school-cohort
level. Each figure reports 95% confidence intervals.
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Table 1: Impacts on the Survivors.

Middle School High School Health

(1) (2) (3) (4) (5) (6)
Exam
Scores GPA

Completion
1st Grade

Completion
3rd Grade

Numer of
GP visits

Psychological
diagnosis

Panel A: Short-term

DiD -0.326 -0.527∗∗∗ -0.189∗∗∗ -0.213∗∗∗ 0.644∗∗∗ 0.367∗∗∗

(0.233) (0.196) (0.0592) (0.0543) (0.0849) (0.0165)

Pre-event mean, survivors 0.385 0.393 0.806 0.681 1.057 0.0954
N 6401 6605 7567 8217 9032 9032

Education Labor Market

(7) (8) (9) (10) (11)
High School

Diploma
Ever College
Enrollment

Ever College
Completion Employment Log-Earnings

Panel B: Medium-term

Treated-Control Difference -0.129∗∗∗ -0.0712∗ -0.0638∗ -0.0489∗∗ -0.133
(0.0317) (0.0392) (0.0326) (0.0197) (0.0929)

Dependent mean, control 0.906 0.697 0.604 0.940 12.22
N 1143 1143 1962 1962 1671
Notes: In columns (1)-(6), survivors born 1983-1997 were matched to control individuals using coarsened exact matching (CEM) on birth year, gender, parental earnings, education and age, and
centrality of municipality. In column (7)-(11), the same matching is performed adding 10th grade exam scores for a restricted set of cohorts. Columns (1) and (2) display outcomes at the end of
10th grade for cohorts 1991-1997 during the academic years 2006/07-2012/13. Columns (3) and (4) display outcomes for cohorts 1990-1997 and 1988-1995, respectively, during academic years
2006/07-2013/14 and 2006/07-2013/14. Columns (5) and (6) include all matched individuals for each year 2006-2016. In columns (7)-(8), we further restrict our analysis to cohorts 1993-1995, i.e.,
individuals not old enough to have finished high school before July 22, 2011. In columns (7) and (9)-(11), outcomes are measured in 2018. In column (8) we measure higher education enrollment in
any of the years 2012-2018. The DiD estimates (columns (1)-(6)) are the differences in weighted mean outcomes between the survivors and the control individuals after the academic year 2010/11
(calendar year 2010 for health outcomes), minus the equivalent before. Outcomes in columns (1) and (2) are standardized for each year. The estimates in columns (7)-(11) are the differences in
weighted mean between survivors and the control individuals. Standard errors are shown in parenthesis, and clustered at the school-cohort level for columns (1) and (2), and otherwise robust standard
errors are used.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 2: Impacts on the Family Members of Survivors.

Labor Market Marital Status Health

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

Employment
Log-

Earnings
Sickness

Leave Married
Number of
GP visits

Psychological
diagnosis

Panel A: Mothers

DiD 0.00242 0.00310 0.0671∗∗∗ -0.00367 0.474∗∗∗ 0.142∗∗∗

(0.0134) (0.0242) (0.0179) (0.0146) (0.161) (0.0169)

Pre-event mean, treated 0.890 12.85 0.241 0.611 2.830 0.212
N 8505 6962 8505 8504 8505 8505

Panel B: Fathers

DiD 0.00455 -0.00361 0.00912 -0.0138 0.171 0.0743∗∗∗

(0.0108) (0.0314) (0.0141) (0.0163) (0.133) (0.0151)

Pre-event mean, treated 0.897 13.13 0.181 0.644 2.161 0.141
N 8247 6634 8247 8247 8247 8247

Education Health

(7) (8) (9) (10)
Middle School
Exam Scores

Middle School
GPA

Number of
GP visits

Psychological
diagnosis

Panel C: Siblings

DiD -0.227∗ -0.220∗ 0.0377 0.0311∗∗∗

(0.132) (0.128) (0.0818) (0.0119)

Pre-event mean, treated 0.396 0.318 1.524 0.120
N 2992 3196 12054 12054
Notes: Survivors born 1983-1997 were matched to control individuals using coarsened exact matching (CEM) on birth year, gender, parental earnings, education and age, and centrality of municipality.
Their family members were identified using mother and father personal identifiers. In columns (1)-(6) and (9)-(10), outcomes are measured in years 2006-2016. In columns (7)-(8), outcomes are
measured in academic years 2006/07-2015/16, and limited to survivors’ younger siblings. The DiD estimates are the differences in weighted mean outcome between the family members of survivors
and the control individuals after 2010 (academic year 2010/11), minus the equivalent before. Employment is defined as having any positive labor income in a given year. Sickness leave is defined as
having any physician-certified sickness leave in a given year. Earnings are CPI adjusted. Marital status is measured January 1st the following year. Exam scores and GPA are standardized. Standard
errors are shown in parenthesis, and always clustered on mother ID.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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Table 3: Impacts on the School Peers of Survivors.

Middle School High School Health

(1) (2) (3) (4) (5)
Exam
Scores GPA

Completion
3rd Grade

Number of
GP Visits

Psychological
Diagnosis

Panel A: All Peers

DiD -0.0694 -0.0251 0.00679 -0.0600 0.00802
(0.0519) (0.0574) (0.0278) (0.0468) (0.00580)

Pre-event mean,
peers of survivors 0.00316 -0.0181 0.540 1.379 0.101
N 51700 52290 84717 115492 115492

Panel B: Female Peers

DiD -0.161∗∗∗ -0.0224 -0.0184 -0.0683 0.0140∗

(0.0565) (0.0656) (0.0269) (0.0731) (0.00798)

Pre-event mean,
peers of survivors 0.164 0.212 0.649 1.721 0.114
N 24940 25562 41306 56269 56269

Panel C: Male Peers

DiD 0.0256 -0.0225 0.0301 -0.0540 0.00218
(0.0620) (0.0718) (0.0320) (0.0378) (0.00654)

Pre-event mean,
peers of survivors 0.164 -0.234 0.432 1.051 0.0885
N 25948 26728 43411 59223 59223
Notes: Survivors born 1983-1997 were matched to one control individual using coarsened exact matching (CEM) on birth year, gender, parental earnings, education and age, and centrality of
municipality. Peers are individuals in the same school and cohort as the survivor or matched control individual. In columns (1) and (2), peers are defined in the 10th grade, and cohorts 1991-1997
are included. In column (3), peers are defined in the 1st grade of high school, and cohorts 1988-1994 are included. In columns (4) and (5), we combine the samples of column (1) and (2), and only
include the academic year individuals were supposed to finish the 10th grade in middle school or the 3rd grade in high school. We include academic years 2006/07-2012/13 in all regressions. The DiD
estimates are the differences in mean outcomes between the peers of survivors and the peers of control individuals after the academic year 2010/11 (calendar year 2010 for health outcomes), minus the
equivalent before. Outcomes in columns (1) and (2) are standardized for each year. Standard errors are shown in parenthesis, and clustered at the school-cohort level.
∗p < 0.10 ∗∗p < 0.05 ∗∗∗p < 0.01
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ONLINE APPENDIX A: DETAILS ON DATA AND SAMPLE SELECTIONS

SURVIVORS

• Middle school

– Academic years: 2006/07-2012/13. Note that 2012/13 is the last year with a suffi-
cient number of survivors to be included in the sample.

– Cohorts: 1991-1997.

– Only survivors with a matched control individual are included.

– Pairs of survivors-controls are removed if either the survivor or the control individ-
ual are not found in the middle school grade registry the year they turned 16.

– Only observe each individual once in each regression.

• High school

– Academic years: Grade 1: 2006/07-2013/14. Grade 3: 2006/07-2015/16. The last
year with with a sufficient number of survivors to be included is 2013/14 (2015/16)
for grade 1 (3).

– Cohorts: Grade 1: 1990-1997; Grade 3: 1988-1997.

– Only survivors with a matched control individual are included.

– High school completion of grade 1 and grade 3 is coded as zero if individual is not
found in the high school registry data set in the relevant year.

– Only observe individual once in each regression.

• Health

– Calendar years: 2006-2016.

– Cohorts: 1983-1997.

– Only survivors with a matched control individual are included.

– Individuals are observed every year. If they are not found in the KUHR-dataset in
the relevant year, variables are set to zero.

• Medium-term outcomes

– Years: Enrollment in higher education in years 2012-2018. High school diploma
and completed higher education by 2018. Employment and earnings in 2018.
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– Cohorts: 1993-1995 for high school diploma and enrollment in higher education.
1986-1995 for all other outcomes.

– If either the survivor or the none of the matched control individuals are alive and
living in Norway in 2018, then the survivor-control pair is removed from the sample.

– Note that different cohorts are measured at different ages and we use the last avail-
able year of data for each outcome (except enrollment).

PARENTS

• Parents are found with mother’s and father’s ID in the population registry.

• Parents of more than one survivor (or control individual) are included in the estimation
as many times as the number of their children for each year. Since each survivor has a
control individual, there will be an equal number of parent observation in total.

• All parents of children born in 1988-1997.

• Only parents of matched survivors are included in the sample.

• Restrict to individuals living by December 31, 2016.

• Residents in Norway for the whole period (has used immigration and emigration dates).

• All variables

– Years: 2006-2016

– Estimations for mothers and fathers are run separately.

SIBLINGS

• Individuals are defined as siblings if they have the same mother.

• The oldest sibling is chosen as the focal victim if both siblings were victimized.

• We remove control individuals for victims with older siblings that were also victims.

• We remove control individuals for victims without any (non-victim) siblings.

• We remove victims with control individuals without siblings.

• Siblings are defined as younger if they are strictly younger than the oldest victimized
sibling. Siblings born in the same year as the oldest victimized sibling are excluded.

• Health

– All siblings.
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– Years: 2006-2016.

• Middle school exam score and GPA

– Only younger siblings.

– Academic years: 2006/07-2015/16

– Cohorts: 1991-2000

PEERS

• In the following, we call the survivors and their matched controls as the focal individuals.

• Middle school

– Peers are pupils in the same school and cohort as the focal individual.

– We only include schools of survivors that have a match.

– Only observe each individual once.

– Academic years: 2006/07-2012/13. Note that 2012/13 is the last year with a suffi-
cient number of survivors to be included in the sample.

– Cohorts: 1991-1997.

• High school

– Peers are pupils in the same high school grade 1 and cohort as the focal individual.

– We only include those starting high school before July 22, 2011 (time of event),
otherwise high school choice and enrollment are potentially endogenous.

– We only include schools of survivors that has a match.

– Academic years: 2006/07-2012/13. We cannot observe longer, as they have to have
started high school before July 22, 2011.

– Cohorts: 1988-1994.

• Health

– We pool peers from middle school and high school sample.

– We observe them in the same academic year as they are in the middle school or high
school sample.

– Only observe each individual once.

– Academic years: 2006/07-2012/13 (August-June).
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ONLINE APPENDIX B: ADDITIONAL RESULTS

ADDITIONAL FIGURES

FIGURE B1: Yearly DiD Estimates: Comparisons of Survivors’ Mothers and Matched Controls
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(C) Any sickness benefit
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Notes: Survivors have been matched to control individuals using coarsened exact matching on birth year, gender, parental
earnings, education and age, and the centrality of the residential municipality. The DiD estimate is the difference in weighted
mean outcome between the mothers of survivors and the control individuals, minus the equivalent in 2010. LFP and any
sickness benefit is defined as having any positive labor income or sickness benefit in a given year. Earnings are CPI adjusted.
Being married is measured January 1st the following year. Standard errors are clustered on mother ID. 95% confidence intervals.
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FIGURE B2: Yearly DiD Estimates: Comparisons of Survivors’ Fathers and Matched Controls
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Notes: Survivors have been matched to control individuals using coarsened exact matching on birth year, gender, parental
earnings, education and age, and the centrality of the residential municipality. The DiD estimate is the difference in weighted
mean outcome between the mothers of survivors and the control individuals, minus the equivalent in 2010. LFP and any
sickness benefit is defined as having any positive labor income or sickness benefit in a given year. Earnings are CPI adjusted.
Being married is measured January 1st the following year. Standard errors are clustered on mother ID. 95% confidence intervals.
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FIGURE B3: Yearly DiD Estimates: Comparisons of Survivors’ Siblings and Matched Controls
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Notes: Survivors have been matched to control individuals using coarsened exact matching on birth year, gender, parental
earnings, education and age, and the centrality of the residential municipality. The DiD estimate is the difference in weighted
mean outcome between the siblings of survivors and the control individuals, minus the equivalent in 2010. The sample panel (a)
and (b) includes only younger siblings and columns (c) and (d) include all siblings. Standard errors are clustered on mother ID.
95% confidence intervals.
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ADDITIONAL TABLES

TABLE B1: Descriptive Statistics – Characteristics of the Survivors

Mean

Female 0.46
Mother’s age at birth 28.56
Mother’s earnings in 1000 NOK, 2010 351.74
Mother with higher education 0.48
Father’s age at birth 31.53
Father’s earnings in 1000 NOK, 2010 473.87
Father with higher education 0.37
Parents live in urban area 0.36

N 438
Notes: The sample consists of survivors born in 1983-1997. Survivors without matched
control individuals from the Coarsened Exact Matching (CEM) procedure are left out of
the sample. Earnings are only reported if positive.

TABLE B2: Descriptive Statistics – Outcomes of the Survivors

Pre-event Post-event
Mean Mean

Middle School
Exam scores 0.38 -0.16
GPA 0.39 -0.28

High School
Completion 1st grade 0.81 0.66
Completion 3rd grade 0.68 0.44

Health
Number of GP visits per year 1.06 2.31
Psychological diagnosis in a year 0.10 0.52

Medium term
High school diploma 0.78
Enrolled in higher education 0.63
Completed higher education 0.54
Labor force participation 0.89
Earnings in 1000 NOK 299.22

Notes: The full sample consists of survivors born in 1983-1997. Survivors without matched control individuals from
the Coarsened Exact Matching (CEM) procedure are left out of the sample. For middle school outcomes, we exlude
cohorts born before 1991. For 1st (3rd) grade completion in high school, we exlude cohorts born before 1990 (1988).
For high school diploma and enrolled in higher education, the sample is limited to survivors born 1993-1995. For the
remaining medium-term outcomes, the sample is limited to those born in 1986-1995. Middle school, high school and
health are measured in both the pre-period, while medium term outcomes are measured in (or up to) 2018. Earnings
are only reported if positive.
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Chapter 3

Income, Consumption and Savings
around Retirement
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Abstract

This paper studies the evolution of household income, consumption, and savings
around retirement in the context of a major reform of the public pension system
in Norway. The 2011 reform implied a substantial increase in work incentives
for workers covered by the early retirement scheme AFP and a reduction in the
early retirement age for workers not covered by AFP, and more flexibility in terms
of pension claiming and retirement decisions for both groups of workers. These
changes in incentives and choice sets allow us to provide new evidence on the links
between the structure of public pension systems and household consumption and
savings behavior around retirement. Difference-in-differences analyses around the
early retirement age reveal substantial positive reform impacts on household net
income. The positive impacts on household net income are passed through to both
savings and consumption, and contribute to a flattening of consumption profiles for
workers faced with the flexible post-reform system. Event study analyses around
retirement reveal decreasing consumption profiles for pre-reform cohorts and flat
profiles for post-reform cohorts. These findings suggest that the flexible post-reform
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1 Introduction

In response to dramatic demographic changes and the associated financial pressures on
PAYGO old-age pension systems, many countries have implemented reforms to increase
the work incentives for older individuals. While an extensive literature studies the rela-
tionship between financial incentives of pension rules and individual retirement behav-
ior,1 less is known about the effects of (changes in) pension incentives on households’ net
income, savings, and consumption expenditure. Understanding how labor supply and
pension claiming decisions are passed through to household consumption and savings be-
havior is key to understanding the broader welfare implications of pension system designs
and pension reforms. In this paper, we provide new evidence on the behavioral responses
to pension incentives. We study the evolution of household income, consumption, and
savings around retirement, and draw on the 2011 reform of the Norwegian pension system
to investigate how the consumption and savings behavior of households is affected by the
structure of the public pension system.

The pre-reform Norwegian pension system can be characterized by three main features:
(i) a regular retirement age of 67 and an early retirement age of 62, with eligibility for
pension claiming prior to the regular retirement age restricted to workers covered by the
early retirement scheme AFP (AFP workers); (ii) no increases in future pensions for AFP
workers postponing pension claiming past the early retirement age; and (iii) a restrictive
earnings test2 for AFP workers claiming pensions prior to the regular retirement age. The
2011 pension reform brought major changes along all three dimensions: (i) both AFP and
non-AFP workers can now start claiming pensions from age 62; (ii) the pension system
has actuarially neutral pension adjustments for all claiming ages between 62 and 75; and
(iii) there is no earnings testing. These three changes together imply that the decision
to claim pension benefits is now largely disentangled from the decision to withdraw from
the labor market, and the regular retirement age at 67 is effectively abolished.

The 2011 reform affected AFP and non-AFP workers in distinctively different ways. For
AFP workers, it implied a substantial increase in the net returns to work after the early
retirement age, but no change in the early retirement age. For non-AFP workers, it
implied a reduction in the early retirement age, but no change in the work incentives

1See e.g., Gruber and Orszag (2003), Song and Manchester (2007), Haider and Loughran (2008),
Brown (2013), Staubli and Zweimüller (2013), Vestad (2013), Hernæs et al. (2016), Manoli and Weber
(2016), Brinch et al. (2018b), Gelber et al. (2020).

2The “earnings test” is a common institutional feature of public pension systems, and it affects those
who might consider combining pension receipt with continued work: If labor earnings pass a certain
threshold, pension benefits are reduced by some fraction. The earnings test comes in addition to regular
income taxes (on both pensions and earnings), implying high implicit tax rates on labor earnings for
individuals claiming pensions.
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around the (early) retirement age. Previous studies have documented substantial labor
supply responses to the improved work incentives for private sector AFP workers (Hernæs
et al., 2016; Brinch et al., 2018b; Kruse, 2021), and (at most) moderate reductions in labor
supply in response to the reduction in the early retirement age for non-AFP workers
(Hernæs et al., 2016; Brinch et al., 2018b).3 Moreover, claiming pensions at the early
retirement age is much more common under the post-reform system, while exiting the
labor market at the same age is much less common. This implies that many workers chose
to take the new opportunity to combine pension receipt with continued work (Brinch
et al., 2018b).

The goal of this paper is to provide new evidence on the links between the structure
of public pension systems and household consumption and savings behavior around re-
tirement. Our work draws on two strengths of the Norwegian environment. First, the
detailed Norwegian register data cover the full population of registered citizens and al-
low us to link employment, earnings, and benefits receipts and characterize the paths to
retirement for different types of workers. Unique person and household level identifiers
allow us to link individuals to their households, and by linking administrative tax records
of the households’ income and wealth to data on their sales and purchases of assets, we
obtain comprehensive measures of household income, savings, and wealth and a derived
measure of consumption expenditure. Second, the 2011 reform brought major changes
in the financial incentives and choice sets for workers approaching the early retirement
age, and thereby provides a unique opportunity to compare the consumption and savings
behavior of households under two different pension systems: a rigid pre-reform system
and a flexible post-reform system.

Our first set of analyses investigates the evolution of household income, consumption,
and savings around the early retirement age, comparing workers reaching the early re-
tirement age right before and after the reform. These analyses yield three main findings.
First, the reform had substantial positive impacts on household net income, reflecting the
large fraction of workers combining early pension claiming with continued work in the
post-reform pension system. Second, the positive impacts on household net income are
reflected in both savings and consumption profiles. The shifts in savings profiles mirror
the shifts in income profiles, and we find that the positive reform impacts on house-
hold savings are almost entirely due to increased savings in liquid assets (bank deposits).
Consumption profiles are weakly decreasing for pre-reform cohorts and almost entirely
flat for post-reform cohorts. This might suggest that the flexible post-reform pension

3Kruse (2021) studies spousal spillover effects of the 2011 reform, and finds that the labor supply of
female public sector workers is positively affected by their private sector husbands’ postponed retirement,
while male public sector workers are unaffected by their private sector wives’ postponed retirement.
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system leaves workers in a better position to maintain their pre-retirement levels of con-
sumption than the more rigid pre-reform system. Third, while household net savings are
either negative or moderately positive around the early retirement age, both pre- and
post-reform cohorts are accumulating wealth as they pass the early retirement age. This
highlights the importance of capital gains (mainly on real estate) for the evolution of
elderly Norwegian households’ wealth levels.

With our second set of analyses, we revisit two puzzles in the household consumption
and retirement literature: the “retirement consumption puzzle”, that consumption drops
upon retirement; and the “retirement savings puzzle”, that households continue to accu-
mulate wealth as they transition into retirement. While the existing literature is almost
exclusively based on various sources of survey data,4 which tend to suffer from prob-
lems such as small sample sizes, under-reporting of spending, and non-random response
rates, we draw on the exceptionally rich Norwegian register data. We also provide novel
evidence on how the structure of pension systems interacts with these puzzles.

We conduct event study analyses around retirement and the first year with pension
income, and contrast the behavior of workers faced with the rigid pre-reform system
with the behavior of workers faced with the flexible post-reform system. Event study
plots around the first year with pension income reveal patterns resembling the ones we
documented with our analyses of income, consumption, and savings around the early
retirement age: For pre-reform cohorts, income, savings, and consumption decline around
the first year with pension income. For post-reform cohorts, both income and savings
increase while the consumption profile is flat (or weakly increasing). In contrast, event
study plots around retirement show that both income and savings decline at the onset
of retirement, and average net savings are negative after retirement for both pre- and
post-reform cohorts. Consumption profiles are weakly decreasing, and somewhat flatter
for post-reform cohorts than for pre-reform cohorts, while wealth profiles are flat or
weakly increasing around retirement. Together, these findings suggest that Norwegian
households are able to maintain a consumption level that is similar to their pre-retirement
consumption level as they transition into retirement. And this stability of consumption is
achieved without decumulating assets: negative net savings are offset by capital gains on
financial and real assets (mainly real estate), leaving the levels of wealth largely unchanged
around the onset of retirement.

To summarize our results in the light of the retirement consumption and savings puzzles,

4See e.g., Banks et al. (1998); Bernheim et al. (2001); Hurd and Rohwedder (2003); Aguiar and Hurst
(2005); Ameriks et al. (2007); Haider and Stephens (2007); Hurst (2008); Battistin et al. (2009); Aguiar
and Hurst (2013). Agarwal et al. (2015) and Olafsson and Pagel (2018) are two recent contributions using
transactions data (rather than survey data) to study the changes in consumption around retirement.
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we first note that our analyses reveal decreasing consumption profiles for pre-reform
cohorts and flat (or moderately increasing) profiles for post-reform cohorts. This might
suggest that more flexible pension systems leave workers in a better position to maintain
their levels of consumption than less flexible ones. Second, the declining consumption
profiles for pre-reform cohorts are somewhat puzzling, considering their non-decreasing
levels of wealth: One might have expected to see a decumulation of assets along with a
flat consumption profile rather than a decline in consumption and a flat (or increasing)
wealth profile. This puzzle could be related to the fact that Norwegian households hold a
large fraction of their wealth in real estate, which might imply that moderate adjustments
in wealth levels are hindered by large transaction costs.

The remainder of the paper proceeds as follows. Section 2 reviews the key features regard-
ing the Norwegian pension system and the 2011 reform, describes our data and sample
selection, and presents descriptive evidence on the impacts of the reform on employment,
earnings, and pension receipts for the individual workers in our sample. Section 3 esti-
mates the impacts of the reform on household income, consumption, and savings using
a difference-in-differences framework, comparing the behavior of pre- and post-reform
workers before and after the early retirement age. Section 4 presents the results of event
study analyses around retirement and the first year with pension income, contrasting the
behavior of workers faced with the rigid pre-reform system with the behavior of workers
faced with the flexible post-reform system. The final section concludes.

2 Institutional setting, data, and descriptive evidence

In this section, we first review the key features regarding the Norwegian pension system
and the 2011 reform. We then provide information on our data sources and sample
selection. Finally, we present descriptive evidence on employment, earnings, and pension
receipts around age 62 for the individual workers in our sample, to illustrate the impacts
of the reform on labor market outcomes.

2.1 The Norwegian pension system and the 2011 reform

The Norwegian pension system consists of several different parts, with the most important
one for a majority of the pensioners being the National Insurance Scheme (NIS). The NIS
is a universal coverage pay-as-you-go pension system, with a minimum pension provided
to all Norwegian citizens and an additional earnings related pension for those who have
had sufficient earnings throughout their working lives. Prior to the reform, pension
benefits from the NIS were only available from age 67, but the contractual early retirement
scheme AFP, which covered public sector workers and about 50% of all private sector
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workers, provided covered workers with pension benefits between ages 62 and 67. The
AFP scheme was rather generous, in that benefits from age 62 were the same as they
would have been had the worker continued working until age 67. But postponed claiming
was not compensated with higher future benefits, and there was a strict earnings testing
system in place.

The 2011 reform brought major changes to both the public pension system (the NIS) and
the private sector AFP scheme, with AFP now being completely integrated with the NIS
in terms of a supplemental benefit for eligible workers. In the post-reform system, both
the NIS and the AFP pension schemes can be characterized by three main features: (i)
claiming of pensions can take place at any age between 62 and 75; (ii) annual benefits are
subject to actuarial adjustments based on the mean expected longevity of each cohort;
and (iii) there is no earnings testing.

Our analyses focus on private sector workers,5 distinguishing between two groups of
workers that were affected by the reform in very different ways. Workers employed
in private sector firms affiliated with the early retirement scheme AFP (AFP workers)
experienced pronounced changes in work incentives as a result of the reform, with the
earnings testing and the implicit tax on continued work past the early retirement age
being completely removed. For AFP workers, the early retirement age did not change
with the reform. Workers not covered by AFP (non-AFP workers), on the other hand,
got access to public pension benefits from the NIS up to five years earlier than before, at
actuarially neutral terms, while their work incentives around the (early) retirement age
were left unchanged.

The changes in pension claiming incentives for the first cohorts of AFP workers that
were faced with the post-reform system can be summarized as follows.6 In the pre-
reform system, pension wealth was decreasing with age at claiming, and annuitized annual
pensions, defined as total pension wealth divided by the expected number of years with
pension receipt, were close to constant. In the post-reform system, pension wealth is
independent of claiming age for individuals with expected longevity equal to the average
for their cohort, and annuitized annual pensions are increasing with age at claiming.
Individuals with expected longevities below (above) the average for their cohort will

5Public sector workers are also covered by a contractual AFP pension scheme, but a breakdown in
negotiations about the pension reform in the public sector left the public sector AFP scheme largely
unchanged. For this reason we confine the analysis to private sector workers.

6See Brinch et al. (2018b) for further details.
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increase (decrease) their total pension payouts by claiming early.7

The impacts of the reform on expected pension wealth are somewhat involved and depend
on the income histories and the chosen claiming ages of affected workers. Brinch et al.
(2018b) show that for a hypothetical individual with 40 years of earnings at age 62,
earning 6 Basic Amounts8 every year (which is close to the average yearly income of an
AFP worker), the pre-reform system is more generous than the post-reform system, if the
worker chooses to start claiming pensions prior to age 64.5. This is largely due to a change
in the indexation of pension benefits: While pension benefits in the pre-reform system
were indexed according to the average wage growth in the economy, pension benefits in the
post-reform system are indexed according to average wage growth minus 0.75%. Hence,
although initial pension levels are largely unchanged for the first cohorts faced with the
post-reform system, conditional on claiming pensions close to the early retirement age,
the difference in indexation results in more pronounced differences in pension levels at
older ages. For workers choosing to postpone claiming to older ages, e.g., age 67, initial
pension levels will be higher than they would have been in the pre-reform system, but
the less generous indexation implies a convergence towards the corresponding pre-reform
pension level.

2.2 Data sources and sample selection

Our empirical analyses are based on several administrative data sources that we link
together using unique identifiers for firms, individual workers, and their households. We
first construct a sample consisting of individuals who were in their late fifties or older at
the time of the reform and employed in a private sector firm at age 58. Using unique
household identifiers, we link the workers in our individual sample to their households
and construct a household panel data set with comprehensive measures of household
income, savings, and wealth and a derived measure of consumption expenditure, covering
the period 2007–2014.

Using longitudinal administrative registers provided by Statistics Norway, covering every
Norwegian resident from 1967 onwards, we obtain individual demographic information

7Brinch et al. (2018a) study the relationship between pension claiming incentives and claiming de-
cisions in the Norwegian pension system, after the 2011 reform, and find that individuals who choose to
claim pensions early are to a large extent those who gain in terms of expected lifetime pensions from
claiming early.

8The Basic Amount (BA) is a central feature of the public pension system in Norway. It is adjusted
every year, with a nominal rate of growth varying between 2 and 13% since its introduction in 1967, and
from the late nineties onward in accordance with the average wage growth in the economy. In 2014, the
most recent year covered by our data, one BA was equal to NOK 87,328, which at the time of writing
corresponds to about USD 10,200.
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such as birth and death dates, gender, and level of education. These registers also allow
us to identify recipients of AFP, disability, and old age pensions, and the first month of
benefit receipt for each type of pension.

Our main source of data on employment and earnings is a matched employer-employee
panel data set, consisting of annual tax records of the universe of workers. This register is
used in the administration of sickness benefits and therefore subject to extensive quality
controls. The dataset includes information on total earnings, contracted hours, and start
and stop dates for each job spell. We use the information on earnings and the start and
stop dates to construct measures of employment and retirement. We obtain information
on the AFP membership status of private sector firms from the AFP membership regis-
ter, and use this information to classify workers into two groups according to the AFP
affiliation of their main employer at age 58: AFP and non-AFP workers.

Our baseline individual sample consists of private sector workers who were employed and
did not receive disability or unemployment insurance benefits at the end of the calendar
year in which they turned 58. The sample includes a set of pre-reform cohorts, consisting
of individuals who turned 62 within a window of four years prior to the reform (born
1945–1948), and a set of post-reform cohorts consisting of individuals who were younger
than 62 in 2010 (born 1949–1955).9

Claiming AFP pensions and exiting the labor force at or shortly after age 62 was a
very common response to the incentives in the pre-reform regime, which implies that the
AFP covered workers that postponed claiming and continued working past that age is a
strongly selected group. Following Brinch et al. (2018b), we therefore exclude post-2010
observations of the pre-reform cohorts. We also exclude observations of pre-reform cohorts
prior to 2007, to make sure that the sample contains the same number of cohorts at each
age on both sides of the reform. Hence, our empirical results are based on observations of
pre-reform cohorts over the period 2007–2010, and on observations of post-reform cohorts
over the period 2007–2014.

Using unique household identifiers, we link the workers in our individual sample to their
households and construct a household panel data set with comprehensive measures of
household income, savings, and wealth and a derived measure of consumption expendi-
ture. These measures are based on administrative tax records containing detailed in-
formation on all sources of annual income, including earnings, self-employment income,
capital income, and cash transfers, as well as most types of assets holdings and liabilities.

9The cohorts born later than 1952 did not reach the early retirement age within our observation
window, but are included in the estimation sample to allow for flexible controls for time trends in our
difference-in-differences framework.
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Income data are reported in annual amounts, while the values of assets holdings and
liabilities are measured as of the last day of each year.

A key challenge in studying behavioral responses to pension reforms and the evolution of
consumption and savings around retirement is the lack of reliable longitudinal data on
consumption and savings. The existing literature on household consumption and retire-
ment is almost exclusively based on various sources of survey data, which tend to suffer
from problems such as small sample sizes, under-reporting of spending, and non-random
response rates.10 As demonstrated by Browning and Leth-Petersen (2003), an alternative
to using survey data is to create measures of consumption using longitudinal data on in-
come and assets and the accounting identity that total consumption expenditure is equal
to income plus capital gains minus the change in wealth over the period. Eika et al. (2020)
perform a similar exercise, and show that the combination of tax records on income and
wealth with individual level information on financial and real estate transactions offers
a unique opportunity to construct reliable measures of household consumption expendi-
ture. Moreover, the ability to link tax records on income and wealth with individual level
data on asset transactions has two other key advantages. First, it allows the researcher to
directly observe net savings from data on sales and purchases of assets without having to
measure or make assumptions about capital gains or changes in net wealth. Second, data
on real estate transactions allow the researcher to observe market values of real estate
rather than relying on tax assessment values from tax records, which differ significantly
(and unsystematically) from actual market values. We use the measures of household
income, consumption, savings, and wealth from Eika et al. (2020) here, and refer the
reader to their paper for more details.

Table 1 describes our main analysis samples, dividing the AFP and non-AFP workers
in our individual sample into four different groups in accordance with our difference-in-
differences framework: pre- and post-reform cohorts of workers observed at ages 59–61
and 62–65. For both AFP and non-AFP workers, the pre- and post-reform cohorts are
very similar in terms of observable characteristics. We note that more than 70% of the
samples are men, and that around one fifth have some university level education. The
average CPI adjusted earnings are higher for younger cohorts, reflecting a real earnings
increase in Norway over the period. The average years of work experience is around
22-23 years, and having received sickness leave benefits at age 58 is fairly common. And
while rather large fractions of the AFP workers are employed in large firms within the
manufacturing sector, the non-AFP workers are more often observed in smaller firms and
less often in the manufacturing sector.

10See Pistaferri (2015) for a discussion.
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The table also reports household disposable income, savings, consumption, and wealth,
measured at age 58 and reported per household member.11 Net wealth corresponds to
about five annual incomes for AFP workers and about six annual incomes for non-AFP
workers, while net savings at age 58 are generally low and negative for three of the eight
groups.

2.3 Descriptive evidence on employment, earnings, and pension receipt

Previous studies have documented substantial labor supply responses to the improved
work incentives for private sector AFP workers (Hernæs et al., 2016; Brinch et al., 2018b;
Kruse, 2021), and (at most) moderate reductions in labor supply in response to the
reduction in the early retirement age for non-AFP workers (Hernæs et al., 2016; Brinch
et al., 2018b). Moreover, claiming pensions at the early retirement age is much more
common under the post-reform system, while exiting the labor market at the same age is
much less common, which implies that many workers chose to take the new opportunity
to combine pension receipt with continued work (Brinch et al., 2018b). In this section,
we reproduce some of these results for the individual workers in our sample, in terms of
descriptive evidence on the impacts of the reform on employment, earnings, and pension
receipts.

Figure 1 shows employment and pension claiming rates and mean labor earnings and
pension income by age for AFP workers. Comparing pre- and post-reform cohorts of
workers at the same ages, we see substantial differences in employment and pension
claiming rates from age 62 onward: Employment rates are about 15 percentage points
higher for the post-reform cohorts at ages 62 and 63, while pension claiming rates are
about 25 percentage points higher. Differences in annual earnings are also substantial
(about 18 and 35 percent at ages 62 and 63), while mean pension income for post-reform
cohorts corresponds to about twice the mean pension income for pre-reform cohorts.
From Figure 2, we see that while non-AFP workers appear to be largely unaffected by
the reform in terms of employment rates and earnings, about 29 percent of post-reform
workers chose to take the opportunity to claim pension benefits at the early retirement
age.12

11For household level variables, we exclude a small number of observations with negative values of
consumption in each year t, and the top and bottom percent in the distribution of consumption in years
t and t − 1. Appendix Table A.1 shows that these restrictions have little impact on the composition of
the sample and on average income, consumption, savings, and wealth.

12Small fractions of non-AFP workers are claiming AFP pension benefits at ages 62–65. This is partly
due to job changes after age 58, and partly due to mis-classification; that we select the wrong main job
at age 58 or that we classify a firm as non-affiliated while in reality it was affiliated with the private
sector AFP scheme.
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The differences revealed in Figures 1 and 2 are broadly in line with the estimated reform
effects in the existing literature. We also note that both employment rates and mean
labor earnings evolve in similar ways prior to age 62 for pre- and post-reform cohorts
of workers, which lends support to the parallel trends assumption in our difference-in-
differences framework.

3 The impacts of the reform on income, consumption, and
savings

In this section, we investigate the impacts of the 2011 reform on household income,
consumption, and savings for AFP and non-AFP workers. We first present descriptive
evidence on the evolution of income, consumption, and savings around the early retire-
ment age, comparing workers reaching the early retirement age right before and after the
reform. Against this background, we then turn to a difference-in-differences framework
to estimate reform impacts on household income, consumption, and savings and their
main components.

3.1 Descriptive evidence

Figure 3 shows mean income, savings, consumption, and net wealth by age for AFP
workers. The income profiles in the upper left panel reveal substantial differences across
pre- and post-reform cohorts of workers, reflecting the large fraction of workers combining
early pension claiming with continued work in the post-reform system. A decline in mean
income starting around age 60 for pre-reform cohorts is replaced by a sharp increase from
age 61 to age 63 for post-reform cohorts, while mean income is weakly decreasing from
age 63 onward for both pre- and post-reform cohorts. Similar differences are visible
also in terms of the savings profiles in the upper right panel. For pre-reform cohorts,
mean net savings are mostly negative and close to zero at all ages. For post-reform
cohorts, mean net savings are positive at all ages, increasing from age 61 to 63 and
declining from age 63 to age 65. The consumption profiles in the lower left panel show
that household consumption expenditure is decreasing for pre-reform cohorts and close
to constant for post-reform cohorts. Finally, the lower right panel shows that mean net
wealth is increasing for both pre- and post-reform cohorts, with the differences in savings
levels being reflected in a steeper wealth profile for post- than for pre-reform cohorts.

The declining consumption profile for pre-reform cohorts is somewhat puzzling, consid-
ering their increasing levels of wealth: One might have expected to see a decumulation
of assets along with a flat consumption profile rather than a decline in consumption and
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an increasing wealth profile. This puzzle could be related to the fact that Norwegian
households hold a large fraction of their wealth in real estate,13 which might imply that
moderate adjustments in wealth levels are hindered by large transaction costs.

Figure 4 provides a corresponding set of age profiles for non-AFP workers. The differences
across pre- and post-reform cohorts of non-AFP workers are somewhat less pronounced
than for AFP workers, but show similar patterns. The more moderate differences for non-
AFP workers are in line with the different implications of the reform in terms of pension
claiming and work incentives for the two groups of workers. For AFP workers, the reform
implied a substantial increase in the net returns to work after the early retirement age,
but no change in the early retirement age. For non-AFP workers, it implied a reduction
in the early retirement age, but no change in the work incentives around the (early)
retirement age. These changes in incentives led to substantial increases in early pension
claiming for both groups of workers, and to increased employment and earnings for AFP
workers only.

Taken together, this descriptive evidence might suggest that the flexible post-reform
pension system leaves workers in a better position to maintain their pre-retirement levels
of consumption than the more rigid pre-reform system. And while household net savings
are either negative or moderately positive around the early retirement age, both pre- and
post reform cohorts are accumulating wealth as they pass the early retirement age. This
highlights the importance of capital gains (mainly on real estate) for the evolution of
wealth levels for elderly Norwegian households.

3.2 Difference-in-differences estimation

To estimate the impacts of the 2011 reform on household income, consumption, and
savings, we follow Brinch et al. (2018b) and use a difference-in-differences (DiD) frame-
work comparing the outcomes of pre- and post-reform cohorts before and after the early
retirement age. In particular, we estimate the following DiD specification;

Ya,t = α + γa + λt +
65∑

k=60
βk1[a = k,G(t) = 1] + εa,t, (1)

where a and t denote age and calendar year, respectively, γa and λt are age and year
fixed effects, and G(t) is an indicator for post-reform observations (years 2011–2014).
The coefficients of interest βk capture the impacts of the 2011 reform, estimated as the

13Eika et al. (2020) show that real estate is the key component of gross wealth for most Norwegian
households: Real estate accounts for more than 70% of total gross wealth for all households, and real
estate’s fraction of gross wealth is below .5 only for households in the top 1% of the distribution of net
wealth.
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difference in mean outcomes before and after the reform at each age k ∈ {60, . . . , 65},
relative to the before-after difference in mean outcomes at age 59. The coefficients β60

and β61 are included to assess the validity of the identifying assumption, i.e., that the
changes in outcomes for pre-reform workers are valid counterfactuals for the changes in
outcomes for post-reform workers. We estimate equation (1) for each of the outcomes
net income, savings, consumption, and net wealth. To summarize the estimates and
estimate reform impacts on the main components of household net income and savings,
we also construct a single estimate of the reform impact at ages 62–65 by replacing the
age-specific indicators 1[a = k,G(t) = 1] and the corresponding coefficients βk with a
single post-treatment indicator 1[a ≥ 62, G(t) = 1] and a single coefficient β.

Figure 5 plots the DiD estimates of βk from the specification in equation (1), for AFP
workers at each age k ∈ {60, . . . , 65}. Prior to age 62, household income, consumption,
and savings evolve in similar ways for pre- and post-reform workers. The estimates at
age 61 for income and savings are marginally significant at the 95% level, but the point
estimates are close to zero and very close to the age 60 estimates. The similarity in pre-
trends supports the identifying assumption, and indicates that the changes in outcomes
in the pre-reform period are valid counterfactuals for the changes in outcomes in the post-
reform period. In line with the descriptive evidence presented above, the DiD estimates at
ages 62–65 show significant differences in income, consumption, and savings from age 62,
with the largest differences occurring at age 63 or 64. For net wealth, the DiD estimates
are much less precise and indicate a divergence in trends prior to age 62. These results
should therefore be interpreted with caution.

Estimates of the reform impacts at ages 62–65 on income, consumption, savings, and
wealth are provided in Table 2. On average, the reform led to an increase in net income
of about NOK 40,000, which corresponds to approximately 10% of mean income for
pre-reform cohorts of workers in the same age range. 65% of the reform impact on net
income is reflected in increased savings and the remaining 35% in increased consumption.
The DiD estimates on income, consumption, and savings are precisely estimated and not
sensitive to including a set of controls for worker characteristics. The estimates for net
wealth, in contrast, are imprecise and not robust to the inclusion of controls.

Tables 3 and 4 report DiD estimates on the main components of income and savings,
respectively. The estimates reported in Table 3 show that the positive impact on net
income is driven by a substantial positive impact on transfers, which includes both AFP
and NIS pensions, and a moderate positive impact on market income. These positive
impacts are counteracted by a positive impact on taxes paid, which corresponds to about
one third of the estimated impact on market income and transfers. For Table 4, we have
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decomposed net savings into three broad components: one-year changes in liquid capital
(cash and bank deposits) and debt, respectively, and other savings. The DiD estimates
for each of the three components show that the positive impact on net savings is mainly
due to an increase in bank deposits (75% of the total effect), but also to a moderate
reduction in debt (9%) and an increase in other savings (16%).

Corresponding DiD estimates for non-AFP workers are provided in Figure 6 and Tables
5–7. The age specific DiD estimates in Figure 6 are broadly similar to the corresponding
estimates for AFP workers in Figure 5. Prior to age 62, household income, consumption,
and savings evolve in similar ways for pre- and post-reform workers, while the DiD esti-
mates for net wealth are much less precise and indicate a divergence in pre-trends. For
income and savings, the estimated reform impacts are positive and significantly different
from zero from age 62 onward. The estimated impacts on consumption are positive and
significantly different from zero from age 63.

Table 5 shows that on average, the reform had a positive impact on net income at ages
62–65 of about NOK 28,000, which corresponds to about 6% of mean income for pre-
reform cohorts of workers in the same age range. 75% of the reform impact on net
income is reflected in increased savings and the remaining 25% in increased consumption.
Compared to the estimates for AFP workers in Table 2, the reform impact on net income
is smaller, and an even larger share of the impact on net income is reflected in increased
savings.

The estimates reported in Table 6 show a substantial positive impact on transfers, which
is offset by a moderate negative impact on market income and a positive impact on
taxes paid. There is also some evidence of a moderate positive impact on other income,
which includes dividends, interest on deposits and liabilities, other capital income (e.g.,
returns on life insurance, taxable rental income, and capital income from abroad), and
the value of owner-occupied housing services. The estimated impacts on the components
of net savings in Table 7 show that the positive impact on net savings is mainly due
to an increase in bank deposits also for non-AFP workers (64% of the total effect), but
the estimated impact on other savings is larger than for AFP workers (30% of the total
effect), although not significantly different from zero.

To summarize, our DiD estimates show that the 2011 reform had substantial positive
impacts on household income, savings, and consumption around the early retirement
age. In line with the different implications of the reform in terms of pension claiming
and work incentives for AFP and non-AFP workers, the estimated reform impacts are
generally larger for AFP workers than for non-AFP workers. For non-AFP workers, the
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positive impact on net income is entirely due to a positive impact on transfers, reflecting
the substantial increase in early pension claiming and the moderate labor supply responses
for this group. The different labor supply responses for the two groups of workers might
also explain why a larger share of the estimated impact on net income is reflected in
increased savings for non-AFP workers than for AFP workers, if the reform led to an
increase in work related expenses for AFP workers but not for non-AFP workers.

4 Income, consumption, and savings around retirement

In this section, we revisit two puzzles in the household consumption and retirement lit-
erature: the “retirement consumption puzzle”, that consumption drops upon retirement;
and the “retirement savings puzzle”, that households continue to accumulate wealth as
they transition into retirement. The existing literature on these topics is either based on
various sources of survey data (see e.g., Banks et al., 1998; Bernheim et al., 2001; Hurd
and Rohwedder, 2003; Aguiar and Hurst, 2005; Ameriks et al., 2007; Haider and Stephens,
2007; Hurst, 2008; Battistin et al., 2009; Aguiar and Hurst, 2013) or on transactions data
(Agarwal et al., 2015; Olafsson and Pagel, 2018)), with relatively small sample sizes. In
contrast, our analysis is based on detailed Norwegian register data with comprehensive
measures of household income, consumption, savings, and wealth for the full population
of registered citizens. Drawing on these data and on policy variation from a substantial
reform of the Norwegian pension system, we conduct event study analyses around retire-
ment and the first year with pension income, and contrast the behavior of workers faced
with the rigid pre-reform system with the behavior of workers faced with the flexible
post-reform system.

4.1 Event study setup

We consider two separate events: retirement, defined as the first year without an active
employment spell at the end of the year; and pension claiming, defined as the first year
with pension income. For each of the two events, we recenter the data such that the
event occurs at year zero, and follow workers from up to three years before to up to three
years after the event.

We base our analysis on the household sample described in Section 2.2. Similar to the
DiD analysis, we disregard pre-reform cohort events occurring after 2010, to maintain
a sharp contrast between pre- and post-reform cohorts of workers. For the post-reform
cohorts, we restrict attention to those who turned 62 prior to 2014 (born in 1952 or
before), since age 62 is the earliest possible claiming age for both NIS and AFP pensions
and since only a small fraction of the workers in our sample retire prior to age 62. With
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this setup, we observe retirement events occurring between ages 60 and 65 and claiming
events occurring between ages 62 and 65. For non-AFP workers we restrict attention to
the retirement events, since claiming pensions prior to age 67 was not an option under
the pre-reform pension system.

4.2 Graphical evidence

Figure 7 shows event study plots around the first year with pension income for AFP
workers. In line with the large fractions of AFP workers claiming pensions at the early
retirement age, the figure reveals patterns resembling the ones we documented with our
analyses of income, consumption, and savings around the early retirement age in Section
3. The differences between pre- and post-reform cohorts of workers are rather pronounced.
For post-reform cohorts, both income and savings increase sharply at the onset of pension
claiming. Wealth levels are increasing, while the consumption profile shows moderate
increases in consumption around the onset of pension claiming. For pre-reform cohorts,
in contrast, income, savings, and consumption decline around the first year with pension
income, while wealth levels remain constant. And while the declines in income and savings
are sharp and occur at the first full year with pension income, the decline in consumption
is more gradual and starts one year prior to pension claiming.

Event study plots around retirement are provided in Figures 8 and 9, for AFP and non-
AFP workers, respectively. The broad patterns are similar both across pre- and post-
reform cohorts of workers and across AFP and non-AFP workers, except for somewhat
larger changes in income and savings at the onset of retirement for AFP than for non-
AFP workers. Both income and savings decline at the onset of retirement, average net
savings are negative after retirement, while wealth profiles are flat or weakly increasing.
Consumption profiles are weakly decreasing around retirement, and for AFP workers,
somewhat flatter for post-reform cohorts than for pre-reform cohorts.

Together, these findings suggest that Norwegian households are able to maintain a con-
sumption level that is similar to their pre-retirement consumption level as they transition
into retirement. And this stability of consumption is achieved without decumulating as-
sets: Negative net savings are offset by capital gains on financial and real assets (mainly
real estate), leaving the levels of wealth largely unchanged around the onset of retire-
ment. For AFP workers, the contrasts between pre- and post-reform cohorts seem to
suggest that the flexible post-reform pension system leaves workers in a better position
to maintain their pre-retirement levels of consumption than the more rigid pre-reform
system.

118



5 Conclusion

In this paper we have studied the evolution of household income, consumption, and
savings around retirement in the context of a major reform of the public pension system
in Norway. The 2011 reform implied a substantial increase in work incentives for workers
covered by the early retirement scheme AFP and a reduction in the early retirement age
for workers not covered by AFP, and more flexibility in terms of pension claiming and
retirement decisions for both groups of workers. We drew on these changes in incentives
and choice sets to provide new evidence on the links between the structure of public
pension systems and household consumption and savings behavior around retirement.
Difference-in-differences analyses around the early retirement age revealed substantial
positive reform impacts on household net income. We found that the positive impacts
on household net income are passed through to both savings and consumption, and
contribute to a flattening of consumption profiles for workers faced with the flexible post-
reform system. Event study analyses around retirement revealed decreasing consumption
profiles for pre-reform cohorts and flat profiles for post-reform cohorts. These findings
suggest that the flexible post-reform pension system leave workers in a better position
to maintain their pre-retirement levels of consumption than the more rigid pre-reform
system.

Our analyses provide new evidence on how the structure of pension systems interacts with
two puzzles in the household consumption and retirement literature: the “retirement con-
sumption puzzle”, that consumption drops upon retirement; and the “retirement savings
puzzle”, that households continue to accumulate wealth as they transition into retirement.
To summarize our results in the light of these puzzles, we first note that our analyses
reveal decreasing consumption profiles for pre-reform cohorts and flat (or moderately in-
creasing) profiles for post-reform cohorts. This might suggest that more flexible pension
systems leave workers in a better position to maintain their levels of consumption than
less flexible ones. Second, the declining consumption profiles for pre-reform cohorts are
somewhat puzzling, considering their non-decreasing levels of wealth: One might have
expected to see a decumulation of assets along with a flat consumption profile rather
than a decline in consumption and a flat (or increasing) wealth profile. This puzzle could
be related to the fact that Norwegian households hold a large fraction of their wealth in
real estate, which might imply that moderate adjustments in wealth levels are hindered
by large transaction costs.
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Figures

Descriptive evidence on employment, earnings and pension receipt

Figure 1: Employment, labor earnings, and pensions - AFP workers
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Notes: This figure shows the evolution of employment, labor earnings, pension receipt, and pension
income around age 62, for individuals who were employed by an AFP affiliated firm at age 58 (“AFP
workers”). The sample used is the individual sample as defined in Section 2.2. Labor earnings and
pension income are reported in NOK 1,000s and adjusted to 2014 prices.
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Figure 2: Employment, labor earnings, and pensions - non-AFP workers
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Notes: This figure shows the evolution of employment, labor earnings, pension receipt, and pension
income around age 62, for individuals who were employed by a firm not affiliated with AFP firm at age
58 (“non-AFP workers”). The sample used is the individual sample as defined in Section 2.2. Labor
earnings and pension income are reported in NOK 1,000s and adjusted to 2014 prices.
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The impacts of the reform on income, consumption, and savings

Descriptive evidence

Figure 3: Income, savings, consumption, and wealth around age 62 - AFP workers
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Notes: This figure shows the evolution of household income, savings, consumption, and net wealth around
age 62, for the households of workers employed by an AFP affiliated firm at age 58 (“AFP workers”).
The sample used is the household sample as described in Section 2.2. All variables are measured in NOK
1,000s, adjusted to 2014 prices, and reported per household member. The “1949-1955 (normalized)”
series show the means of the respective variables for the post-reform cohorts after normalizing to the
pre-reform cohorts level at age 59.
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Figure 4: Income, savings, consumption, and wealth around age 62 - non-AFP workers
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Notes: This figure shows the evolution of household income, savings, consumption, and net wealth around
age 62, for the households of workers employed by a firm not affiliated with AFP at age 58 (“non-AFP
workers”). The sample used is the household sample as described in Section 2.2. All variables are
measured in NOK 1,000s, adjusted to 2014 prices, and reported per household member. The “1949-
1955 (normalized)” series show the means of the respective variables for the post-reform cohorts after
normalizing to the pre-reform cohorts level at age 59.
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Figure 5: Age-specific DiD estimates for income, savings, consumption, and net wealth - AFP
workers
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Notes: This figure plots the estimated βk coefficients (along with 95% confidence intervals)
from the specification in equation (1), for AFP workers at each age k ∈ {60, . . . , 65}. The
sample used is the household sample as described in Section 2.2. All variables are measured
in NOK 1,000s, adjusted to 2014 prices, and reported per household member. Robust standard
errors are used in calculation of the confidence intervals.
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Figure 6: Age-specific DiD estimates for income, savings, consumption, and net wealth - non-
AFP workers
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Notes: This figure plots the estimated βk coefficients (along with 95% confidence intervals)
from the specification in equation (1), for non-AFP workers at each age k ∈ {60, . . . , 65}. The
sample used is the household sample as described in Section 2.2. All variables are measured
in NOK 1,000s, adjusted to 2014 prices, and reported per household member. Robust standard
errors are used in calculation of the confidence intervals.
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Income, consumption, and savings around retirement

Figure 7: Income, savings, consumption, and wealth by time to first pension income - AFP
workers
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Notes: This figure shows the evolution of household income, savings, consumption, and net wealth by the
number of years relative to the first year with pension income, for the households of workers employed by
an AFP affiliated firm at age 58 (“AFP workers”). The sample used is the household sample described
in Section 2.2, excluding cohorts born after 1952. All variables are reported in NOK 1,000s, adjusted to
2014 prices, and reported per household member. The “1949-1952 (normalized)” series show the means
of the respective variables for the post-reform cohorts after normalizing to the pre-reform cohorts level at
age 59.
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Figure 8: Income, savings, consumption, and wealth by time to retirement - AFP workers
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Notes: This figure shows the evolution of household income, savings, consumption, and net wealth by the
number of years relative to the first year without an active employment spell at the end of the year, for
the households of workers employed by an AFP affiliated firm at age 58 (“AFP workers”). The sample
used is the household sample described in Section 2.2, excluding cohorts born after 1952. All variables
are reported in NOK 1,000s, adjusted to 2014 prices, and reported per household member. The “1949-
1952 (normalized)” series show the means of the respective variables for the post-reform cohorts after
normalizing to the pre-reform cohorts level at age 59.

130



Figure 9: Income, savings, consumption, and wealth by time to retirement - non-AFP workers
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Notes: This figure shows the evolution of household income, savings, consumption, and net wealth by the
number of years relative to the first year without an active employment spell at the end of the year, for
the households of workers employed by a firm not affiliated with AFP at age 58 (“non-AFP workers”).
The sample used is the household sample described in Section 2.2, excluding cohorts born after 1952. All
variables are reported in NOK 1,000s, adjusted to 2014 prices, and reported per household member. The
“1949-1952 (normalized)” series show the means of the respective variables for the post-reform cohorts
after normalizing to the pre-reform cohorts level at age 59.
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Tables

Table 1: Descriptive statistics, pre- and post-reform
Ages 62-65 Ages 59-61

Post Pre Post Pre
Variable Mean (sd) Mean (sd) Mean (sd) Mean (sd)

AFP workers
Demographics

Male 0.72 (0.4) 0.74 (0.4) 0.72 (0.4) 0.73 (0.4)
Married 0.71 (0.5) 0.74 (0.4) 0.68 (0.5) 0.72 (0.4)
Higher education 0.20 (0.4) 0.18 (0.4) 0.22 (0.4) 0.19 (0.4)
Eastern Norway 0.38 (0.5) 0.41 (0.5) 0.37 (0.5) 0.39 (0.5)

Labor market
Earnings 536.9 (289.5) 471.7 (219.7) 568.9 (301.1) 509.1 (263.1)
Small firm 0.012 (0.1) 0.014 (0.1) 0.012 (0.1) 0.013 (0.1)
Employed in manufacturing 0.31 (0.5) 0.36 (0.5) 0.28 (0.4) 0.33 (0.5)
Experience 23.3 (2.4) 23.3 (2.2) 23.3 (2.7) 23.3 (2.3)
Any sickness benefit 0.21 (0.4) 0.22 (0.4) 0.20 (0.4) 0.22 (0.4)

Household variables
Net income 488.2 (267.4) 441.9 (316.4) 501.1 (257.5) 452.0 (249.1)
Savings 2.26 (812.3) 13.3 (491.1) 7.55 (331.0) 4.68 (582.7)
Consumption 485.9 (832.6) 428.5 (484.3) 493.5 (374.1) 447.3 (591.7)
Wealth 2204.0 (2843.0) 1808.4 (2222.3) 2211.1 (2728.1) 2007.7 (2491.5)

No. of individuals 42436 41943 46090 63865
No. of observations 99989 97130 125525 122767

nonAFP workers
Demographics

Male 0.72 (0.4) 0.72 (0.4) 0.72 (0.4) 0.73 (0.4)
Married 0.73 (0.4) 0.76 (0.4) 0.71 (0.5) 0.75 (0.4)
Higher education 0.24 (0.4) 0.22 (0.4) 0.26 (0.4) 0.23 (0.4)
Eastern Norway 0.41 (0.5) 0.45 (0.5) 0.40 (0.5) 0.43 (0.5)

Labor market
Earnings 536.7 (305.7) 458.5 (230.9) 568.7 (340.1) 506.3 (292.4)
Small firm 0.32 (0.5) 0.34 (0.5) 0.30 (0.5) 0.33 (0.5)
Employed in manufacturing 0.099 (0.3) 0.11 (0.3) 0.093 (0.3) 0.10 (0.3)
Experience 22.9 (2.9) 22.9 (2.9) 22.8 (3.5) 22.9 (2.9)
Any sickness benefit 0.18 (0.4) 0.18 (0.4) 0.18 (0.4) 0.18 (0.4)

Household variables
Net income 524.8 (356.8) 511.1 (529.8) 533.2 (306.4) 491.9 (354.9)
Savings -29.1 (787.2) 34.4 (801.8) -8.96 (480.2) -6.30 (563.4)
Consumption 553.9 (810.8) 476.7 (790.8) 542.2 (522.4) 498.2 (608.5)
Wealth 3009.6 (4108.5) 2441.0 (3605.3) 2957.8 (4101.7) 2664.0 (3593.6)

No. of individuals 20369 18504 24017 28964
No. of observations 46546 41761 61602 54356
Notes: This table displays descriptive statistics at age 58 for AFP and non-AFP workers. The sample used is the household sample
described in Section 2.2. Higher education is defined as any university or college education. A small firm is a firm with no more
than 10 employees. Experience is defined as the number of years with labor income larger than 1 Basic Amount between ages 34 and
57. Any sickness benefit is defined as having at least one period with more than 2 weeks of sickness absence in a year. Earnings, net
income, savings, consumption, and wealth are measured in NOK 1,000s and adjusted to 2014 prices. Household variables are reported
per household member.
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Table 2: DiD estimates for net income, savings, consumption, and wealth - AFP workers

Income Savings Consumption Wealth
(1) (2) (3) (4) (5) (6) (7) (8)

DiD Estimate 39.126∗∗∗ 39.727∗∗∗ 25.364∗∗∗ 25.570∗∗∗ 13.762∗∗∗ 14.157∗∗∗ 2.630 16.282
(1.314) (1.156) (1.403) (1.399) (1.546) (1.453) (18.078) (17.373)

Controls No Yes No Yes No Yes No Yes
Pre-reform mean,
ages 62-64 440.83 440.83 -1.08 -1.08 441.91 441.91 2397.55 2397.55
Individuals 122164 122164 122164 122164 122164 122164 122164 122164
Observations 445411 445411 445411 445411 445411 445411 445411 445411
Notes: This table shows the estimated β coefficient from the specification in equation (1), for AFP workers. The DiD estimator measures
the difference in mean outcomes before and after the reform at ages 62–65 relative to the before-after difference in mean outcomes at
ages 59–61. All variables are measured in NOK 1,000s, adjusted to 2014 prices, and reported per household member. Robust standard
errors are reported in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 3: DiD estimates for income components - AFP workers

Total Market Transfers Other
Tax and neg.
transfers

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
DiD Estimate 39.126∗∗∗ 39.727∗∗∗ 9.749∗∗∗ 11.333∗∗∗ 48.227∗∗∗ 47.475∗∗∗ 0.181 0.554 19.032∗∗∗ 19.634∗∗∗

(1.314) (1.156) (1.765) (1.494) (0.760) (0.748) (0.966) (0.958) (0.783) (0.642)
Controls No Yes No Yes No Yes No Yes No Yes
Pre-reform mean,
ages 62-64 440.83 440.83 384.86 384.86 150.23 150.23 56.78 56.78 151.04 151.04
Individuals 122164 122164 122164 122164 122164 122164 122164 122164 122164 122164
Observations 445411 445411 445411 445411 445411 445411 445411 445411 445411 445411
Notes: This table shows the estimated β coefficient from the specification in equation (1), for AFP workers. The DiD estimator measures the
difference in mean outcomes before and after the reform at ages 62–65 relative to the before-after difference in mean outcomes at ages 59–61.
All variables are measured in NOK 1,000s, adjusted to 2014 prices, and reported per household member. Robust standard errors are reported in
parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 4: DiD estimates for savings components - AFP workers

Total Liquid Capital Debt Other
(1) (2) (3) (4) (5) (6) (7) (8)

DiD Estimate 25.364∗∗∗ 25.570∗∗∗ 19.088∗∗∗ 19.147∗∗∗ -2.237 -2.250 4.038 4.173∗

(1.403) (1.399) (1.545) (1.543) (2.137) (2.137) (2.521) (2.521)
Controls No Yes No Yes No Yes No Yes
Pre-reform mean,
ages 62-64 -1.08 -1.08 17.47 17.47 -14.06 -14.06 -32.61 -32.61
Individuals 122164 122164 122164 122164 122164 122164 122164 122164
Observations 445411 445411 445411 445411 445411 445411 445411 445411
Notes: This table shows the estimated β coefficient from the specification in equation (1), for AFP workers. The DiD estimator measures
the difference in mean outcomes before and after the reform at ages 62–65 relative to the before-after difference in mean outcomes at
ages 59–61. All variables are measured in NOK 1,000s, adjusted to 2014 prices, and reported per household member. Robust standard
errors are reported in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 5: DiD estimates for income, savings, consumption, and wealth - non-AFP workers

Income Savings Consumption Wealth
(1) (2) (3) (4) (5) (6) (7) (8)

DiD Estimate 27.802∗∗∗ 29.579∗∗∗ 21.018∗∗∗ 21.273∗∗∗ 6.783∗∗ 8.306∗∗∗ 78.254∗∗ 99.904∗∗∗

(2.404) (2.173) (2.623) (2.617) (2.751) (2.602) (39.585) (38.470)
Controls No Yes No Yes No Yes No Yes
Pre-reform mean,
ages 62-64 476.04 476.04 -21.64 -21.64 497.68 497.68 3193.22 3193.22
Individuals 59268 59268 59268 59268 59268 59268 59268 59268
Observations 204265 204265 204265 204265 204265 204265 204265 204265
Notes: This table shows the estimated β coefficient from the specification in equation (1), for non-AFP workers. The DiD estimator
measures the difference in mean outcomes before and after the reform at ages 62–65 relative to the before-after difference in mean
outcomes at ages 59–61. All variables are measured in NOK 1,000s, adjusted to 2014 prices, and reported per household member.
Robust standard errors are reported in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 6: DiD estimates for income components - non-AFP workers

Total Market Transfers Other
Tax and neg.
transfers

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
DiD Estimate 27.802∗∗∗ 29.579∗∗∗ -11.053∗∗∗ -9.033∗∗∗ 46.148∗∗∗ 46.217∗∗∗ 4.874∗∗ 5.605∗∗ 12.168∗∗∗ 13.210∗∗∗

(2.404) (2.173) (2.794) (2.394) (1.037) (1.014) (2.244) (2.213) (1.418) (1.228)
Controls No Yes No Yes No Yes No Yes No Yes
Pre-reform mean,
ages 62-64 476.04 476.04 466.15 466.15 100.64 100.64 88.73 88.73 179.48 179.48
Individuals 59268 59268 59268 59268 59268 59268 59268 59268 59268 59268
Observations 204265 204265 204265 204265 204265 204265 204265 204265 204265 204265
Notes: This table shows the estimated β coefficient from the specification in equation (1), for non-AFP workers. The DiD estimator measures the difference in mean
outcomes before and after the reform at ages 62–65 relative to the before-after difference in mean outcomes at ages 59–61. All variables are measured in NOK 1,000s,
adjusted to 2014 prices, and reported per household member. Robust standard errors are reported in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Table 7: DiD estimates for savings components - non-AFP workers

Total Liquid Capital Debt Other
(1) (2) (3) (4) (5) (6) (7) (8)

DiD Estimate 21.018∗∗∗ 21.273∗∗∗ 13.419∗∗∗ 13.593∗∗∗ -1.222 -1.449 6.378 6.232
(2.623) (2.617) (3.527) (3.537) (4.240) (4.247) (4.884) (4.886)

Controls No Yes No Yes No Yes No Yes
Pre-reform mean,
ages 62-64 -21.64 -21.64 16.71 16.71 -11.42 -11.42 -49.77 -49.77
Individuals 59268 59268 59268 59268 59268 59268 59268 59268
Observations 204265 204265 204265 204265 204265 204265 204265 204265
Notes: This table shows the estimated β coefficient from the specification in equation (1), for non-AFP workers. The DiD estimator
measures the difference in mean outcomes before and after the reform at ages 62–65 relative to the before-after difference in mean
outcomes at ages 59–61. All variables are measured in NOK 1,000s, adjusted to 2014 prices, and reported per household member.
Robust standard errors are reported in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.
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Appendices

A Tables

Table A.1: Descriptive Statistics

Individual Sample Household Sample
Private AFP nonAFP Private AFP nonAFP

Demographics
Male 0.72 0.72 0.73 0.72
Higher education 0.21 0.25 0.21 0.25
Eastern Norway 0.39 0.43 0.39 0.42

Labor market, age 58
Earnings 544.14 543.60 538.51 536.42
Small firm 0.01 0.32 0.01 0.32
Manufacturing 0.31 0.10 0.31 0.10
Experience 23.12 22.46 23.27 22.81
Sickness benefit 0.21 0.18 0.21 0.18

Household variables
Disposable income 490.89 556.78 477.34 527.18
Savings 7.19 0.07 9.85 -0.04
Consumption 483.70 556.71 467.48 527.23
Wealth 2304.14 3546.91 2156.24 3014.36

Individuals 127955 64237 122164 59268
Observations 507182 250439 445411 204265
Notes: This table displays descriptive statistics for AFP and non-AFP workers at age
58. The reported values are averages. In Columns (1) and (2) we use the individual
sample and in Columns (3) and (4) the household sample, both described in Section 2.2.
Monetary variables are measured in NOK 1’000s and adjusted to 2014 prices. Dispos-
able income, savings, consumption, and wealth are measured at the household level and
reported per household member.
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