Essays on Economic Inequality
and Mobility

René Karadakic
Norwegian School of Economics






Acknowledgements

Choosing to study economics for sure was not a choice I made
out of my overarching passion for the field. I simply had nothing
better in mind and people with business and economics degrees
seemed to do fairly well in the labour market. In my naive mind,
I thought economics was nothing more than central banking, in-
terest rates, and a way to potentially get a job in finance later on.
Little did I know at that time, but luckily throughout my academic
journey I had the chance to meet many people who showed me
through their passion, dedication, and knowledge for economics
and the social sciences what this field truly has to offer.

Not only did many of these friends, companions, advisors, and
acquaintances infect me with their interest and motivation for the
social sciences, they also are the reason why I did not give up the
ambition to pursue my PhD. In particular, I want to sincerely thank
my three brilliant advisors. Foremost, Aline, whom I will be eter-
nally grateful to for making the PhD not only a less lonely journey,
but also for her unconditional support in all aspects during this
PhD. I will always remember the times you offered guidance and
resolved my self-doubts. Without you, the journey of my PhD
would have been a short-lived one. Thank you also, Kjell, for all
the times I could simply drop by your office and ask you for help.
Your support was undoubtedly an important factor in this journey



and for this I would like to extend my sincere gratitude. Further-
more, I would like to thank Alexander, you are not only a great
advisor and role model but also helped me think about what is
possible rather than what is not. This optimism is something truly
inspiring.

Without my friends and colleagues, this journey would have
also been a different one. First, thank you, Eirik, Arne, Alessandro,
and Pablo, for sharing despair, jokes, and many long hours at the
office during the first year. Without you, the first year would have
been a lot harder and significantly less fun. Thank you to Eirik in
particular for our many inspiring conversations, discussions, and
sharing your immense knowledge about Norwegian economic his-
tory. I also want to thank Laura, Fanny, and Daniel for being the
"best best" colleagues when it comes to socialising and telling me
not to take work too seriously all the time. My gratitude also
extends to Akshay and Marlis for inspiring me with your tremen-
dous curiosity for research. Thank you to Osama for being such
a centre of tranquillity and positivity in the often stressful days at
the office. Furthermore, I want to thank all the other PhD students
at the department of economics. The community you all cherish is
the reason I always look forward to coming to the office.

Additionally, I want to thank Andreas, Katrine, and Sam for
their time, constructive feedback, and support during the job mar-
ket season. I always enjoyed our meetings and your input made
a massive difference in this slightly terrifying and stressful time.
I also want to thank my two co-authors, Ulrika and Joachim, for
the many hours of pandemic Zoom calls. My gratitude also ex-
tends to the department of economics and in particular FAIR and
the labour group. The support in terms of time, resources, and
feedback that all of you provide is a key ingredient for the fantas-

ii



tic research environment here at the department. I could not have
wished for a better place to pursue my PhD.

Lastly, I want to thank my family who has always supported
me in my educational and career choices. To my mum for letting
me make my own decisions about my education already very early
in life, but still offering support if needed. To my dad for end-
lessly quizzing me on our weekend hikes and also to my brother
for always having an open ear and a second opinion for important
decisions.

René Karadakic

Bergen, January 2023

iii



iv



Contents

Introduction

1 Income Inequality and Mortality: A Norwegian Perspec-

tive 11
1.1 Introduction . . ............... ... .... 12
12 Data........... ... ... . ... . ... 17
1.3 Trends in Mortality Inequality Across Age Groups
—PartA . ... 20
1.4 Mortality Inequality Among Infants 1951-2018 —
PartB . . ... ... .. 25
15 Conclusion . ... ...... ... ... ... ...... 45
Appendices
1.A Additional Figures . . ... ............... 47
Intergenerational Mobility Trends and the Changing Role
of Female Labor 51
21 Introduction . ... ...... .. ... ... ... 52
2.2 Institutional Context . . .. ... .. ... ....... 59
23 Data........... ... ... . .. 63
2.4 Trends in Intergenerational Mobility . . . . .. .. .. 65
2.5 Decomposition by Earnings Determinants . . . . . . 77
2.6 Intergenerational Correlations in Latent Economic
Status . . . . ... 85
27 Conclusion . . .. ... ... .. L 92
Appendices
2.A Data Registers and Variable Definitions . . . . . . .. 95
2.B Additional Figures and Tables . ... ... ... ... 106



2.C Calibrating Parameters in Model . . . . .. ... ... 117

3 Consequences of Rapid Structural Transformation - Evi-

dence from Hydropwer Expansions 121
3.1 Introduction ... ............ .. .. ..... 122
3.2 Data, Background and Definitions . . ... ... ... 132
33 ResearchDesign. .. ................... 147
34 Results . ... ... ... .. ... 155
35 Conclusion . . . .. ... ... .. ... . . . 177
Appendices
3.A Additional Tables . . . . ... ... ... ........ 178
3.B Additional Figures . . . ... .............. 189
3.C Data Sources and Definitions . .. ... ........ 197
3.D Linked Historical Data . . . . ... ... ........ 202
Bibliography 209

Vi



Introduction

Economic resources, such as income, food, technology, and human
capital, have important implications for how well and for how long
we are able to live our lives. This pattern is observable across so-
cieties, for example, by looking at the positive correlation between
GDP per capita and life expectancy (see, e.g., Figure 1). But also
on a less aggregate level, we see that individuals with higher ac-
cess to economic resources tend to live longer (Schwandt et al.,
2021; Kinge et al., 2019) and live healthier lives (Lindahl, 2005).!
If economic resources play an important role in shaping longevity
and other measures of a successful life, the distribution of such
resources matters and influences the outcomes of individuals.
This thesis covers three broad topics, each touching upon a dif-
ferent aspect of how economic inequality, the distribution of eco-
nomic resources, impacts different aspects of our lives. The first
chapter looks at how inequality in income is related to mortality
of individuals at different stages in their lives. Understanding the
implications of economic inequality for mortality has received a lot
of attention in recent years, and an extensive literature has investi-
gated the relationship between income, mortality, and morbidity of

IThere are many definitions besides longevity that capture success in life, but
longevity is, however, one that is universally, across time and societies, seen as
desirable.
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Figure 1: Association between GDP per Capita and Life-
Expectancy in 2007.

Note: The figure plots the logarithm of GDP per capita on the x-axis and life-expectancy on
the y-axis. The size of the bubbles indicates the population size of countries and the colour
indicates the continent of the country. ISO labels are included for countries with a population
above 25 Million. The blue line is fitted using a linear regression weighted by population size.
Data for this figure was obtained from Bryan (2017).

both individuals and societies (Case, Lubotsky and Paxson, 2002;
Currie and Schwandt, 2016b; Case and Deaton, 2017). The second
topic also deals with a fundamental question that economists have
been following for a long time, namely how the economic success
of parents influences the economic success of their children and
how this relationship changes over time (Becker and Tomes, 1979;
Solon, 1999). The last main topic of this thesis delves into the de-
terminants of inequality and how infrastructure and technology
adoption many decades ago impacts differences in longevity be-
tween individuals up until today.

All three chapters of this thesis combine microeconometric tech-
niques with data sources from administrative or historical records,



in order to answer questions related to the consequences and deter-
minants of socio-economic inequality. The first chapter, titled In-
come Inequality and Mortality: A Norwegian Perspective, maps
the evolution of inequality in mortality in Norway over time. This
chapter was part of a cross-country collaboration with research
groups from eleven different OECD countries where our chap-
ter comprised the Norwegian contribution, which had two main
goals: i) providing comparable descriptive evidence on the evolu-
tion of inequality in mortality over time following the framework
of Currie and Schwandt (2016b), and ii) focussing on aspects of
inequality in income and mortality that are particularly important
in the Norwegian setting.

In the US, recent evidence shows that differences in life ex-
pectancy by income increased in high-income areas, while for some
disadvantaged groups, there is a downward trend in life expectancy
(Chetty et al., 2016). During a similar time period, inequality in
mortality at older ages has increased in the US, while inequality
in mortality among younger aged individuals has declined (Cur-
rie and Schwandt, 2016a). Despite this recent evidence between
income inequality and mortality, certain aspects remain poorly un-
derstood. First, how do increases in inequality connect to changes
in mortality when there is a comprehensive social safety net in
place that guarantees a living wage and free healthcare to all resi-
dents? In addition, we still do not fully understand whether clos-
ing mortality gaps at a local geographic level would close inequal-
ity in mortality also within a geographic region. A large body of
literature in economics and health sciences has also established the
particularly crucial role of the in-utero period and the first years in
life for later life health and economic outcomes (Almond, Currie
and Duque, 2018; Doyle, 2020).



Given these findings, in the first part of this chapter, using the
internationally comparable framework, we use an inequality mea-
sure that is based on the poverty share of the population within a
local area and then compare mortality rates for specific age groups
in a particular year from the richest to the poorest five percent of
Norwegian municipalities. We are therefore comparing mortality
rates in more and less deprived areas of Norway over time com-
parably to other OECD member countries. In the second part, we
then delve deeper into the evolution of infant mortality, defined
as the death of a child within the first year of life, and how infant
mortality at different times during the first year of life evolved for
individuals from different socio-economic backgrounds. 2

By combining rich administrative data from Norway, we are
able to focus on both differences in mortality across Norwegian
municipalities and individual-level differences in infant mortality
where the underlying inequality measure is based on the indi-
vidual income of the parents of a child. Results using the inter-
nationally comparable framework show that mortality in Norway
decreased across all age groups between 1990 and 2018. Any in-
come gradients in mortality that existed in 1990, in particular for
older age groups, entirely disappeared at the geographic level by
2018. Furthermore, we show that inequality in infant mortality
at the geographic level was effectively eliminated by the 1960s,
while individual-level income gradients in infant mortality per-
sisted about four decades longer. Lastly, we show that individual-
level income gradients in infant mortality developed differently
depending on the timing of infant death during the first year of
life. By 2018, differences in infant mortality between children from

2Infant mortality is an extreme health outcome and an indicator for health of
infants more generally. Disproportionately high rates of infant mortality in certain
groups usually mask other less severe underlying health issues.



high and low-income families have been closed.

Overall, this first chapter complements a growing literature
on the relationship between income and mortality in high-income
countries (Chetty et al., 2016; Currie and Schwandt, 2016b; Schwandt
et al., 2021) and points towards the importance of differences be-
tween local and individual-level inequality in the design for public
policies targeted at disadvantaged groups in society.

In the second chapter of this thesis, the focus shifts to how eco-
nomic resources of parents matter for the economic success of their
children. Among economists and sociologists, this concept is gen-
erally known as intergenerational mobility and is often interpreted
as a measure of equality of opportunity. In the paper titled Inter-
generational Mobility Trends and the Changing Role of Female
Labour, we study how the increased labour market participation of
women during the second half of the twentieth century impacted
the relationship between the economic status of parents and that
of their children. This chapter, therefore, connects back to the main
theme of economic inequality by looking at how the distribution
of resources in the parent’s generation is linked to the distribution
of economic resources in the child’s generation.

Our paper starts by estimating trends in intergenerational rank
associations (IRAs) for cohorts of children born between 1951 and
1979. IRAs measure the degree of intergenerational mobility in
a population, meaning the correlation in income between parents
and children. The higher the IRA, the lower intergenerational mo-
bility is, and vice versa (Dahl and DeLeire, 2008; Chetty et al.,
20144). Since parental income during this period is mostly a combi-
nation of paternal and maternal incomes, increased female labour
market participation on both the extensive and intensive margins

will influence the measurement of the IRA.



The “grand convergence” in labour market conditions between
men and women, and its implications for the measurement of the
IRA, is a priori unclear. On the one hand, when female labour
supply increases, the relative position of a woman in the female
income distribution arguably reflects her underlying skill better.
All else equal, this puts upward pressure on the intergenerational
persistence of income. On the other hand, however, maternal in-
come represents a larger share of the combined parental income.
If maternal income is initially less informative than paternal in-
come with respect to the child’s income potential, this would put
downward pressure on measures of intergenerational income per-
sistence such as the IRA. Due to constraints on the quality of linked
survey data, it has been proven difficult in the past to estimate
trends in IRAs for men and women separately and jointly (Chad-
wick and Solon, 2002; Bjorklund and Jantti, 1997; Blanden et al.,
2004), the extent to which the secular trend in female labour supply
affects trends in measures of intergenerational mobility is therefore
largely unexplored.

In order to overcome this data limitation, we turn to Denmark,
Norway, and Sweden, three Scandinavian countries with admin-
istrative data that allow us to follow income records for individ-
uals born between 1951 and 1979 linked to their mothers” and fa-
thers’ respective income and labour market records. Similar to
large parts of the previous literature, we then estimate IRAs us-
ing OLS regressions of a child’s percentile ranking in the income
distribution on the parental percentile ranking, separately by the
birth year of the child.®> The resulting trend in the IRAs shows a
significant increase in IRAs from birth cohorts born in the 1960s up

3Parental income is defined as the average income of the father’s and the
mother’s labour earnings. Both parental and child income rankings are performed
separately by the child’s birth year.



until the end of the 1970s. For the period between 1951 and 1960,
only modest trends have been found. Between 1961 and 1979, the
IRA increased by 39

When breaking down mobility trends by the gender of the par-
ents and children, we find that while correlations between sons
and their fathers, who are not subject to increasing labour mar-
ket participation, are mainly constant, all combinations involving
mothers and/or daughters trend upwards over time. Conduct-
ing a similar analysis on Panel Study of Income Dynamics (PSID)
data from the US, we find similar patterns, although with lagged
timing, thus suggesting that this is not purely a Scandinavian
phenomenon. We argue that increasing participation, rather than
changing skills transmitted across generations, is the reason for the
gender-specific patterns in income correlations across generations.

Our paper corroborates this in two ways. In a first step, we
build a model of gender-specific mobility and latent productivity
calibrated to the Scandinavian data. We use this model to bet-
ter understand how different factors, such as assortative mating,
skill transmission across generations, and the importance of skills
for earnings, contribute to the trend in intergenerational mobility.
The result of this exercise suggests that while the first two factors
contribute little to the overall trend, the latter - the importance of
skills for earnings - explains a large proportion of the trend. We in-
terpret this as female earnings increasingly reflecting the earnings
potential of women.

In a second step, we then empirically test this hypothesis by
combining records on education, occupations, and income in order
to capture latent economic status. Following previous research by
Vosters and Nybom (2017); Vosters (2018); Adermon, Lindahl and
Palme (2021), we argue that life-time income is not a good proxy



for female economic status, especially when going back further in
time. Combining information on education, occupation, and in-
come and weighting them following the methodology laid forth
in Lubotsky and Wittenberg (2006) allows us to improve upon our
measure of female economic status. The corresponding results in-
deed suggest that rank correlations in latent economic status do
not show a trend similar to the trend in father-son correlations,
thereby corroborating the results of our calibrated model.

The main takeaway from this chapter is that higher income rank
associations between children and parents do not necessarily need
to reflect a lower degree of social mobility over time if the under-
lying measure changes, as in our case due to significant changes
in female labour market participation.

The third and last chapter of this dissertation moves from pure
consequences of economic inequality to its determinants. The chap-
ter titled Consequences of Rapid Structural Change - Evidence
from Norwegian Hydropower Expansions sets out to estimate the
impact of childhood exposure to rapid structural change on the
longevity of individuals. The setting for this is Norway during
the beginning of the 20th century, when small rural communities
suddenly started to industrialise due to their newly gained access
to hydroelectric power. Rapid change during this time was often
accompanied by negative externalities, such as poor hygienic envi-
ronments, crowded housing, and the spread of infectious diseases,
while at the same time offering improved economic prospects for
individuals. While previous research has extensively documented
the transformative effects of new technologies on local economies
on various aspects of society and the economy (see e.g. Allen
(2009); Lewis and Severnini (2020); Donaldson (2018)), the long-
term effects, in particular for the longevity of individuals growing



up during this rapid transformation of local communities, are am-
biguous due to both negative and positive short-term aspects of
structural change. As a consequence, evidence on the longevity
effect of structural change is limited.

Choosing the Norwegian context to answer this question has
two main advantages. First, Norway’s industrialisation was heav-
ily fuelled by hydroelectric power, which can be seen as local
shocks to small communities that consequently shifted from pre-
dominantly agricultural production to manufacturing, thereby pro-
viding the sharp changes in the local childhood environments im-
portant for long-run health outcomes (Venneslan, 2009; Leknes and
Modalsli, 2020). Second, data on hydropower adoption can be
linked to individual-level census data, which in turn can be linked
to novel death data by applying the new data linking methodol-
ogy proposed by Abramitzky et al. (2021). The main result of this
chapter indicates that growing up in rapidly changing local com-
munities increases the longevity of individuals by ten months on
average, and that this effect is significantly driven by individuals
from higher socio-economic backgrounds.

In a second step, I delve deeper into the causes for this rise
in longevity. Using data from historic records on municipalities,
I show that employment in manufacturing, as a response to hy-
dropower adoption, significantly rises in Norwegian municipali-
ties, while agricultural employment stays constant. Moreover, in-
come and wealth per taxpayer in municipalities rises significantly
in response to hydroelectric power adoption. This increase in man-
ufacturing and economic prospects leads to internal immigration
from other parts of Norway and increases socio-economic inequal-
ity in hydropower communities. The rapid population growth in
these local communities also puts stress on the public health envi-
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ronment and leads to the increased spread of common infectious
diseases in the years following hydropower adoption.

Overall, these results suggest that childhood exposure to struc-
tural change and economic activity does not necessarily lead to
shorter lives for individuals growing up through this transforma-
tion process. On the contrary, the increased economic resources
in local communities that structurally transform lead to, on aver-
age, longer lives of individuals, despite a simultaneously deterio-
rating public health environment. This suggests that the economic
prospects of rapid structural transformation significantly outweigh
the negative aspects (e.g. spread of infectious disease) in terms of
individual longevity.

This dissertation covers a broad range of topics all related to
economic inequality and mobility, but what are the main take-
aways from this dissertation? I think that the most important
finding is that economic inequality has profound effects on many
aspects of individuals’ lives and, through that, on societies more
generally. The first chapter documents the importance of economic
inequality for mortality and shows how policies intended to bene-
fit society as a whole might benefit certain groups earlier and more
directly, even in societies that are comparably more equal in their
access to resources, such as Norway. The second chapter provides
important insights into the difficulty of measuring economic mo-
bility over a longer period of time, especially when the structure
of our society and the labour market changes in profound ways.
It also points out that univariate measures of economic mobility
perhaps lead to extreme conclusions about change in intergenera-
tional mobility over time. The main takeaway of the last chapter is
that changes to local economies decades earlier have implications
for the outcomes, but also the inequality in these outcomes.



Chapter 1

Income Inequality and Mortality: A Norwegian
Perspective

Abstract: While Norway has experienced income growth ac-
companied by a large decline in mortality during the past
several decades, little is known about the distribution of these
improvements in longevity across the income distribution.
Using municipality-level income and mortality data, we show
that the stark income gradient in infant mortality across mu-
nicipalities in the 1950s mostly closed in the late 1960s. How-
ever, the income gradient in mortality for older age categories
across municipalities persisted until 2010 and only flattened
thereafter. Further, the infant mortality gap between rich and
poor Norwegian families based on individual-level data per-
sisted several decades longer than the gap between rich and
poor municipalities and only finally closed in the early 21st
century.

This chapter is written together with Aline Biitikofer and Kjell G. Salvanes.
The authors gratefully acknowledge comments by Janet Currie, Sonya Krutikova,
Sarah Cattan, Hannes Schwandt, James Banks, and seminar participants at the
Institute for Fiscal Studies and the Norwegian School of Economics. This work
was partially supported by the Research Council of Norway through project No.
275800 and through its Centres of Excellence Scheme, FAIR project No. 262675
and by NORFACE DIAL grant No. 462-16-050. Biitikofer: aline buetikofer@nhh.no;
Karadakic: rene.karadakic@nhh.no; Salvanes: kjell.salvanes@nhh.no. Address for
all authors: Department of Economics, Norwegian School of Economics, Helleveien
30, 5045 Bergen, Norway.
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12 CHAPTER 1

1.1 Introduction

During the twentieth century, high-income countries experienced
growth in real incomes accompanied by a historically unique de-
cline in mortality. This negative association between income and
mortality has been well documented across countries and the in-
come gradient in mortality—the fact that relatively richer peo-
ple live longer—is observed throughout the income distribution
within countries (Cutler, Deaton and Lleras-Muney, 2006; Case,
Lubotsky and Paxson, 2002). Various reasons exist for the gradient
in mortality, including that compared to the rich, the poor have
higher exposure to economic and social stress, lower use of health
care services, different health behaviours and settle in different
neighbourhoods. Recently, the differences in life expectancy by
income even increased in many high-income countries and there
is evidence that life expectancy among the most disadvantaged
groups in the US is on a downward trend (see, e.g., Chetty et al.,
2016). Parallel to the decrease in life expectancy, inequality in mor-
tality at older ages has increased in the US since the 1990s, while
inequality in mortality among young people has decreased (Currie
and Schwandt, 2016b).

Nevertheless, several aspects of the relationship between in-
come and mortality remain not well understood. For instance, a
question remains whether the recent increase in inequality in mor-
tality is also evident in the context of a comprehensive welfare state
like Norway, where a social safety net guarantees a living wage
and access to a public health care system that is paid for from
general taxation and that guarantees free medical care to all resi-

dents.! Moreover, we know little about the role of a social safety

IKinge et al. (2019) documents that socioeconomic status is positively correlated
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net, public health measures targeted at the poorest localities, and
medical innovations in the decline in the mortality gradient among
the young. Lastly, we still do not understand well whether closing
the mortality gap at the local level also closes the within-location
differences between the rich and poor.

In this paper, we first take a closer look at the inequality in age-
group and gender-specific mortality rates in Norway over the past
30 years. To date, (Case and Deaton, 2015; Currie and Schwandt,
2016a,b; Currie, Schwandt and Thuilliez, 2020) document the trends
in socioeconomic inequality in mortality in the US, France and
Canada. While income inequality in Norway (as proxied by the
Gini coefficient) is substantially lower than in the US, Canada or
France (World Inequality Database, 2020), it has been on an in-
creasing trend over the past 30 years, similar to other Western
countries (Aaberge, Atkinson and Modalsli, 2020).2 To analyse
whether similar trends in the inequality in mortality rates also ex-
ist in more equal societies such as Norway, we followed Currie and
Schwandt (2016b) and compared inequality in mortality across dif-
ferent municipalities ranked by income.

Changes in social conditions and medical progress are often
first visible in infant mortality because mortality in younger ages
typically reacts quicker to transformations influencing the whole of
society. Moreover, inequality in adult health is documented to have
its roots in childhood (Case, Lubotsky and Paxson, 2002). Hence,
changes in infant mortality may be important determinants of the
developments in longevity and inequality in mortality. As we usu-
ally measure life expectancy at mid-life, the measure necessarily
omits the health and well-being of children. Therefore, in a second

with life expectancy in Norway.
2Note that inequality in Norway is still among the lowest of the countries anal-
ysed in this volume.
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step we examined how inequality in infant mortality changed over
a period of 70 years. Our analysis period started after the inven-
tion of antibiotics and the resulting dramatic decrease in deaths
from infectious disease (Easterlin, 1995). Nevertheless, we investi-
gated a period defined by major technological, medical and phar-
maceutical innovations including the innovation of respirators, the
introduction of many vaccines for widespread childhood illnesses
and the finding that maternal smoking and environmental toxins
negatively affect unborn children.

However, such innovations do not necessarily affect individu-
als equally across socioeconomic groups. While disease campaigns
and new pharmaceuticals lowering mortality from poverty-related
diseases decrease health inequality (Bhalotra and Venkataramani,
2015; Biitikofer and Salvanes, 2020), medical improvements in re-
cent decades, for example in cancer treatment, are shown to in-
crease the take-up of affluent groups first, and thereby serve to re-
inforce health inequalities (Glied and Lleras-Muney, 2008). More-
over, public health interventions, in particular information cam-
paigns, may have a differential effect across socioeconomic groups
if richer people are responding faster to advice (de Walque, 2010;
Aizer and Stroud, 2010; Kjellsson, Gerdtham and Lyttkens, 2011).
Hence, studying whether and how inequalities in mortality are
changing over time is central to understanding the reasons behind
the current mortality gradient and its future development.

Although the neighbourhood can have large effects on chil-
dren’s long-term outcomes (see, e.g., Chetty and Hendren, 2018),
mortality—particularly infant mortality—may not only depend on
the local area with its health care offerings, but also on the family
and its health behaviour. Therefore, we leveraged the Norwegian
register data and focused on both municipality- and individual-
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level income and thereby considered the infant mortality gradi-
ent across both municipalities (1951-2018) and households (1967-
2018). This allowed us to distinguish between innovations improv-
ing and levelling out health care access or public health measures
both across and within municipalities.

We present four key findings. First, we find that when using
an internationally comparable framework, mortality decreased in
Norway across all age categories between 1990 and 2018. While
there were small income gradients in mortality in 1990 for some
older age categories at the local level, mortality decreased more
in disadvantaged municipalities and there was no difference in
age-specific mortality rates across high- and low-poverty areas in
Norway in 2018. Second, we show that infant mortality decreased
in Norway between 1951 and 2018. While there were large dispari-
ties in infant mortality rates across rich and poor municipalities in
1951, these effectively closed by the end of the 1960s. This period
of convergence in the mortality rate between rich and poor areas
coincided with the rollout of better health care access for all and
the expansion of the Norwegian welfare state. Third, we show that
closing the infant mortality gap between the rich and the poor at
the individual level took about 40 years longer than at the munic-
ipality level. That is, infants from the 10% richest families had a
substantially lower mortality rate than those from the 10% poor-
est families until about 2010. Subsequently, the Norwegian infant
mortality gap has closed at both the local and individual level.

There are several reasons why these inequalities in infant mor-
tality across municipalities closed much earlier than across indi-
viduals. For example, the decrease in inequality across local areas
in Norway coincided with the introduction of comprehensive so-
cial welfare institutions, universal access to infant health care, and
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extensive disease control and vaccination campaigns (Pekkarinen,
Salvanes and Sarvimaiki, 2017; Biitikofer, Loken and Salvanes, 2019;
Biitikofer and Salvanes, 2020). Finally, we show that absolute mor-
tality in the first few days of life and the mortality gap between
the richest and the poorest Norwegian families changed prior to
the 1980s, whereas mortality at 2-12 months post-birth changed
dramatically in the 1990s and the income gradient for this age cat-
egory completely vanished after 2010. Importantly, high-income
families always led the sharp decreases in infant mortality. This
suggests that advantaged groups can leverage the various health
innovations more rapidly and adapt their behaviour more quickly
to new knowledge.

This paper complements the growing literature on the rela-
tionships between income and mortality in high-income countries
(Currie and Schwandt, 2016b; Chetty, Hendren and Katz, 2016).
First, we document—in an internationally comparable framework—
that mortality has been decreasing in all Norwegian municipalities
over the past 30 years and that inequality in mortality among older
people has fallen. Second, we study trends in the mortality gradi-
ent over 70 years to shed light on whether the advent of the Nor-
wegian welfare state was able to close the existing mortality gaps
between the rich and poor. Moreover, we expand the literature
by analysing local- and individual-level inequality in infant mor-
tality to better understand whether future policies should target
disadvantaged areas or disadvantaged families more directly.

The remainder of the paper is structured as follows. Section 1.2
describes the data. Section 1.3 provides the results for the interna-
tionally comparable framework. Section 1.4 presents the empirical
findings on infant mortality. Section 1.5 concludes.
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1.2 Data

To analyse the relationship between income inequality and mortal-
ity, we used various Norwegian register data. These population-
wide panel data are primarily provided by Statistics Norway (SSB)
and the Norwegian Public Health Institute (FHI). The SSB data
include several registries for population, education, earnings and
residency. We could link these data sets using individual identi-
fiers and include information on residence, educational attainment
and earnings. Parental identifiers enabled us to link parents and
their children. The FHI maintains the medical birth registry and
the death registry, which can be linked to other registry data. The
medical birth registry provides information about the timing of in-
fant deaths, birth weight, gestational age, and some indicators of
the risky health behaviour of mothers (e.g. smoking). This enabled
us, for example, to connect a child’s birth outcomes to its parents’
socioeconomic status. In addition, we made use of the detailed
information on year of death and the municipality of residence at
death, both of which are available after 1951.

Our income inequality measures were based on earnings data
from 1967 to 2018. This earnings measure included discounted
labour earnings, taxable sickness benefits, parental leave benefits,
pensions, and unemployment benefits. For the death counts, we
combined information from the death and medical birth registries.?

In Section 1.3, where we provide internationally comparable
results on the mortality gradient in Norway, we aggregated the
individual-level data to the municipality level to measure the link
between poverty and mortality across local areas. We consider mu-

3Not all infant deaths that occur in the first few hours are included in the
death registry. Therefore, we added additional information from the medical birth
registry.
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nicipalities to be a relevant unit of analysis as they constitute the
administrative level responsible for the delivery of health care ser-
vices, such as general practitioners, emergency rooms and infant
health check-ups, in Norway. We used earnings to create poverty
shares for all municipalities in each year.* We defined the poverty
share as the proportion of working age individuals (20 to 60 years
of age) within a municipality earning less than 50% of national
median earnings in the relevant year (OECD, 2020). Using an-
nual population data for one-year age groups together with death
counts, we then computed the age- and gender-specific mortality
rate at the municipality level for each year.

In Section 1.4, we focus on the relationship between income in-
equality and infant mortality at the individual level. Infant deaths
are all deaths of children that occur between delivery until the end
of the first year of life of the child. We calculated cohort-specific
infant death rates per 1,000 live births for different deciles of the
parental lifetime earnings distribution. To compute the parental
income distribution, we ranked children by parental lifetime earn-
ings. The lifetime earnings of mothers and fathers were calculated
by taking the average incomes of individuals between ages 34 and
40 years. Income in mid-life has been shown to provide a good
approximation for the lifetime earnings of individuals and reflects
socioeconomic status much better than the earnings of parents at
the birth of the child (Nybom and Stuhler, 2016; Bhuller, Mogstad
and Salvanes, 2017; Attanasio and Nielsen, 2020). This analysis al-
lows us to shed some light on the relationship between children’s

“Municipalities in Norway are subject to continuous aggregation and de-
aggregation. Therefore, we harmonised municipalities in each year to match the
municipality structure prevailing in 2019, consisting of 422 municipalities in main-
land Norway. We excluded the Norwegian archipelagos in the Arctic Ocean (Sval-
bard and Jan Mayen) from the analysis.
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socioeconomic status and infant mortality.

Table 1.1 provides some descriptive statistics for the sample
used in Section 1.4. A birth cohort consisted of approximately
55,000 individuals. Overall, our sample included approximately
2.9 million live births between 1967 and 2018. Mothers were on
average about three years younger than fathers and their average
age at childbirth increased over the observational period. Educa-
tion for parents also increased considerably, with 57% of women
in 2015 obtaining some type of post-secondary degree. Likewise,
earnings at birth increased substantially between 1970 and 2015.
Note that we measured parental lifetime earnings between ages 34
and 40 years. For children of the youngest cohorts in our sam-
ple, this earnings measure was progressively based on earnings
observations at younger parental ages and therefore did not in-
crease in the same way as earnings at birth. As this measurement
issue could influence our findings, we applied a sensitivity analy-
sis whereby we grouped parents based on education instead, and
employed three different education groups as an alternative to the
lifetime earnings deciles. We classified parents into three broad
educational groups based on their highest educational degree: in-
dividuals who had finished any post-secondary education (includ-
ing short and long tertiary education), individuals who had only
finished high school (secondary schooling), and those who had
never finished high school (primary schooling).> For most of the
analysis, the education of the mother was the primary measure,
and only in cases where maternal education was not applicable

did we use paternal education as our measure.

5This classification follows SSB using NUS-2000 codes and categories as fol-
lows: post-secondary (6,7,8), secondary (4,5), and primary (0,1,2,3)
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Table 1.1: Summary Statistics: Infant Mortality Sample

1970 1985 1995 2005 2015
Share LBW (< 2500 gram) 0.044 0.043 0.045 0.048 0.044

Share PT (< 37 gram) 0.054 0.057 0.067 0.069 0.061
IM Rate (per 1,000 LB) 12.28 8.14 3.90 2.46 2.08
Mother’s Age at Birth 2619 2735 2884 30.25 30.68
Father’s Age at Birth 2926 3024 3171 3326 33.63
Mother Post-Sec. Educ. 0.15 0.32 0.39 0.53 0.57
Mother Sec. Education 0.10 0.25 0.33 0.29 0.25
Parental LT Earnings 438.70 55490 694.40 869.90 538.10

Parental Earnings Birth 23540 297.60 319.40 41490 498.60
Note: Income in 1,000 Norwegian Kroner adjusted to 2015 level using CPI provided by SSB.

1.3 Trends in Mortality Inequality Across
Age Groups — Part A

This section aims to provide an internationally comparable overview
of the development of mortality rates at the geographic level for
different age, gender and income groups in Norway following
Currie and Schwandt (2016b). We first ranked the municipalities
using their poverty shares from richest to poorest, and grouped
them into bins (ventiles), each representing approximately 5% of
the Norwegian population in 1991, 2000, 2010 and 2017.° In addi-
tion, we aggregated the age- and gender-specific mortality rates for
six distinct age categories, namely 0-4, 5-19, 2049, 50-64, 65-79
and 80 or more years. Combining the mortality measures and the
poverty ventiles allowed us to compute the one-year death rates

for each year, gender, age and ventile cell. We age-adjusted the age

60Owing to the large population size of the Oslo municipality, we divided Oslo
into six sub-areas based on basic statistical units (SSB, 2020).
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groups to the year 2017.
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Figure 1.1: One-Year Mortality Rates by Municipality-Level
Poverty Rates.

Note: Average one-year mortality rates are plotted across poverty rate percentiles. Each bin
represents a group of municipalities with about 5% of the overall population in the respective
year. Straight lines provide linear fits.

Figure 1.1 depicts the results for the internationally comparable
analysis separately for each age group and gender in 1991, 2000,
2010 and 2017. The municipality-level poverty rank is on the x-

axis, where municipalities with the lowest poverty share have the
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lowest poverty rank and vice versa, and the one-year age-adjusted
mortality rates per 1,000 individuals is on the y—axis.7 In Table 1.2,
we report the age-specific mortality in the least and most deprived
areas and the change in inequality for each group and time period.
Moreover, we test whether the changes in slopes over time for each
group are statistically significant.

Several patterns apply to all age groups. First, over the whole
observation period, absolute mortality decreased in all age groups.
Second, men of every age were more likely to die compared to
women in the same age group. Even though the gap between
female and male mortality narrowed over time, the gender dis-
parities did not disappear for all age groups by 2017. Third, the
income gradients in mortality were a predominantly male phe-
nomenon at the municipality level. For women, there were no sig-
nificant poverty gradients in morality. For men, however, several
age categories initially depicted substantial differences in mortal-
ity between the more and less deprived areas. The fourth universal
trend concerns the reductions in absolute mortality: even though
the relative declines in mortality for men and women were sim-
ilar in some age groups, the absolute declines in mortality were
mostly driven by the large decrease in the mortality rates of men
in the oldest age groups. Last, the poverty gradients in mortality
declined over time, such that by the end of 2017 we did not observe
any income gradients at the geographic level in any of the six age
groups.

For men and women in the youngest age group (0 to 4 years),
Figure 1.1 illustrates that their mortality decreased from approxi-
mately 1.7 to 0.5 per 1,000 and from 1.4 to 0.5 per 1,000, respec-

"Note that the results do not change substantially if we use municipality-level
median and mean earnings for the ranking of municipalities instead of the poverty
share.
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tively. While there was no income-mortality gradient for girls in
any of the years, the small gradient in mortality for boys disap-
peared between 2000 and 2010. The mortality in the age group
5 to 19 years was lower than for younger children. Nevertheless,
the trends appear similar: a small decline in both gradient and
mortality from 1991 to 2017 together with a very small mortality
decline for men and no mortality inequality in any of these years
for women. For the age group 20-49 years, we observed only small
declines in mortality for both men and women and a very small
decrease in the poverty gradient for men.

The largest gradient and decrease in gradient in mortality among
men was in the age group 50 to 64 years. In 1991, men of the most
advantaged ventile had a 50% lower mortality rate compared to
men in the most disadvantaged ventile. By 2017, the differences
across areas in mortality had evened out for both men and women
in this age group. Both men and women in the age category 65 to
79 years experienced marked declines in absolute mortality of ap-
proximately 50% and 35%, respectively. For the age group 80 years
and older, we observed the largest absolute declines in mortality.
For men, deaths dropped by 37 per 1,000 and for women by ap-
proximately 35 per 1,000. Although there were weak gradients in
mortality in the oldest age group before 2017, there was no longer
inequality in mortality across municipalities in 2017.8

Note that the finding that mortality is equally distributed across

8Note that we compared all our results to national averages of the Human
Mortality Database and they matched in all age categories except for the 80 years
and older category, where we missed approximately 20% of deaths using our data.
The difference likely arose for two main reasons. First, we used different data
sources than the Human Mortality Database. Second, we only included individuals
that were residents in a municipality at the time of death and therefore excluded
Norwegian citizens with a place of residence outside Norway. Nonetheless, the
discrepancy should not pose a problem in interpreting the gradients and trends in
our mortality data for this age group.
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Table 1.2: Age-Specific Mortality in Least and Most Deprived Areas and Change in Inequality

Lowest Poverty Rate Highest Poverty Rate Slope Coefficient P-Value
1991 2000 2010 2017 1991 2000 2010 2017 1991 2000 2010 2017 A0 Ao Ay

Men

0-4 1.645 0933 0807 0381 1.398 0.299 0.712 0.511 0.016 0.032 -0.009 0.009 0.422 0.042 0.112
(0.010) (0.017) (0.010) (0.006)

5-19  0.199 0361 0209 0219 0283 0500 0.293 0.100 0.006 0.008 0.008 -0.002 0.606 0.967 0.003
(0.004) (0.003) (0.003) (0.002)

20-49 1.741 1389 1.031 1.241 2153 1.664 1419 0.858 0.015 0.023 0.015 -0.005 0.280 0.238 0.003
(0.004) (0.006) (0.004) (0.004)

50-64 8.795 5728 5376 4559 12.840 9.482 8133 5.239 0.175 0.156 0.118 0.012 0.560 0.214 0.000
(0.024) (0.023) (0.019) (0.013)

65-79 42.180 32.520 23.870 19.970 43.030 38.880 28.510 20.740 0.140 0.333 0.188 -0.007 0.032 0.078 0.002
(0.059) (0.063) (0.049) (0.030)

80+ 135.300 127.100 102.600 100.500 121.900 115.500 110.900 99.170 -0.155 0.327 0.572 0.119 0.099 0.330 0.005
(0.179) (0.222) (0.111) (0.101)

Women

0-4 0.887 0.740 0.888 0734 1.188 0.560 0.732 0.407 -0.003 0.004 -0.001 -0.009 0.616 0.643 0.430
(0.011) (0.009) (0.007) (0.008)

5-19 0.204 0.100 0.111 0.109 0351 0336 0.272 0.046 -0.001 0.002 0.004 -0.002 0.467 0.553 0.049
(0.002) (0.003) (0.003) (0.002)

20-49 0.849 0.769 0520 0447 1375 1.117 0930 0.463 0.008 0.014 0.013 0.005 0.341 0.805 0.106
(0.005) (0.004) (0.004) (0.003)

50-64 5.335 4541 3553 3343 6.410 4299 4406 3.358 0.041 0.021 0.057 -0.004 0.294 0.025 0.000
(0.013) (0.013) (0.008) (0.006)

65-79 22390 20.010 14.120 13.770 21.470 22.160 15.870 13.390 0.039 0.144 0.191 0.015 0.057 0.336 0.000
(0.038) (0.038) (0.030) (0.027)

80+ 108.100 102.300 90.100 89.510 96.430 106.000 99.930 92.930 -0.120 0.323 0.614 0.009 0.079 0.095 0.000
(0.201) (0.140) (0.097) (0.106)

Note: Columns (1)-(8) report the means of (smoothed) 1-year mortality rates for each gender and age group in 1991, 2000, 2010 and 2017, in
the bin of municipalities with lowest and highest poverty rate, respectively. Columns (9)-(12) report the coefficient of the fitted regression line
in each year. Column (13)-(15) report p-values for the null hypothesis that the slopes in the respective years (see column header) are equal.
Standard errors for regression coefficients are reported in parentheses.
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municipality-level poverty rates does not mean that mortality in
Norway is no longer income dependent. It is important to point
out that the analysis presented in Figure 1.1 shows that the ag-
gregate mortality difference between poor and rich areas evened
out in 2017. In Section 1.4, we therefore focus on a municipality-
and individual-level approach to describe how the gradients in in-
fant mortality changed over time in terms of local and individual

inequality.

1.4 Mortality Inequality Among Infants 1951-
2018 — Part B

The great decline in infant mortality during the 20th century and
its causes and consequences has been of great interest to researchers
and policy makers alike. Like other developed countries, Norway
experienced a marked decline in infant mortality between 1900 and
1955 from 80 deaths per 1,000 live births in 1900 to 23 deaths per
1,000 live births in 1955 (Backer, 1961). This period is often re-
ferred to as the ‘Mortality Revolution” (Easterlin, 1995) and is char-
acterised by a decrease in deaths from infectious disease. In partic-
ular, advances in public health such as water purification (Cutler
and Miller, 2005; Beach et al., 2016; Alsan and Goldin, 2019) and
infant health care services (Moehling and Thomasson, 2014; Hjort,
Selvsten and Wiist, 2017; Bhalotra, Karlsson and Nilsson, 2017;
Biitikofer, Loken and Salvanes, 2019) and medical developments
such as the introduction of antibiotics (Bhalotra and Venkatara-
mani, 2015) contributed to the large decline. Although the decline
slowed after 1955, further advances in medical technology, phar-

maceutical innovations, and public health measures led to sub-
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stantial decreases in infant mortality from 15 deaths per 1,000 live
births in 1967 to 2.5 deaths per 1,000 live births in 2018 (see, e.g.,
Daltveit et al., 1997; Bharadwaj, Leken and Neilson, 2013). In this
section, we investigate the development of the mortality inequal-
ity among infants at the municipality and individual levels to dis-
cuss, for example, how the expansion of the Norwegian welfare
state and new medical technologies altered the gradient between

income and infant mortality.

1.4.1 Methodology

Our main analysis concerns the comparison of infant mortality
rates—deaths during the postnatal period until the end of the first
year of life—from 1967 to 2018. We computed gender-specific mor-
tality rates (deaths per 1,000 live births) for all infants as well as
for four distinct age groups: 0-24 hours after birth, 2-7 days after
birth, 8-28 days after birth and 29-365 days after birth.

To compare income gradients in infant mortality rates in Nor-
way over time, we ranked infants according to their parental life-
time income and calculated the three-year mortality rates by decile
of parental income. Note that we used three-year mortality rates
as the annual rates of deaths per thousand live births for specific
gender, age, decile and year groups can be volatile in a small pop-
ulation such as Norway. For consistent scaling, we adjusted the
definition of the mortality rate in the following way:

1
_ Y4—yq deathsy g

MR =
dgt births; o ; - 3

where MR ¢ ; is the three-year mortality rate divided by three for
a specific decile d, gender of the child g, and year t. Specifically,
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we scaled the three-year infant mortality rate to an annual rate that
enabled us to interpret it in a similar fashion as the definition of
deaths per 1,000 live births. For the years 1951 and 1954 where
we studied infant mortality by municipality income level, we used

one-year mortality rates.

1.4.2 Infant Mortality by Gender and Age 1968-2018

As discussed, infant mortality in Norway has declined from ap-
proximately 15 deaths per 1,000 live births in 1967 to 2.5 deaths
per 1,000 live births in 2018. Figure 1.2 depicts the development
of infant death rates separately for boys and girls. The figure il-
lustrates two distinct features. First, male infants were subject to
an infant mortality rate that was about 40 percent higher than that
of female infants in 1967. This gender mortality gap continuously
declined and had almost disappeared by the beginning of the 21st
century. Second, as also shown in Figure 1.2, the decrease in in-
fant mortality for both men and women was steeper before the
mid-1990s than afterwards.

Different medical innovations could affect infant death rates at
different times after delivery. To investigate these differences, we
plot the deaths per 1,000 live births in Figure 1.3 for four distinct
age categories by gender. The first category captures infant deaths
within the first 24 hours after delivery, the second category deaths
occurring between 2 and 7 days after birth, the third deaths be-
tween 7 and 28 days after birth, and the last category shows all
infant deaths that occurred 28 days or more after birth.

Figure 1.3 displays several distinct trends. While the decrease
in the mortality rate from 1967 to 2018 was about 90% among the

first two categories and about 80% among the second two cate-
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Figure 1.2: Infant Mortality 1967-2018 by Gender.

Note: Cohort-specific infant mortality by gender between 1967 and 2018. Each dot represents
the cohort-specific deaths in the first year after birth per 1,000 live births.

gories, the decrease was more modest for the category containing
deaths between 8 and 28 days after birth. Importantly, the sharpest
declines in mortality occurred during different decades for each of
these age categories. Deaths 0-24 hours after birth and deaths 2-7
days after birth fell most strongly between 1967 and 1980, likely
because of technological advancements in neonatal medicine im-
plemented during the 1970s and 1980s. In particular, treatments

for infants with respiratory disorders became increasingly effective
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(see, e.g., Bharadwaj, Loken and Neilson, 2013). Jorgensen (2010),
for example, suggests that the use of a surfactant as a treatment for
respiratory distress syndrome reduced mortality from respiratory
distress among infants by 40 percent in the US. In addition, the in-
creasing availability of incubators, better respiratory management,
ventilators, and overall improvements in neonatal care improved
the chances of survival for low birth weights and preterm births in
the critical post-delivery period (Lee et al., 1999).

- Female © Male
Death 0-24 hours Death 2-7 days

@
1

Deaths per 1000 live births

0
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 202
Year Year
Death 8-28 days Death 29-365 days
1.6 5
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[

Deaths per 1000 live births
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Figure 1.3: Infant Deaths 1967-2018 by Gender and Age Category.
Note: Cohort-specific infant mortality by gender and age category between 1967 and 2018. Each
dot represents cohort-specific deaths in one of the four age categories (0-24 hours, 2-7 days,
7-28 days, and 29-365 days after birth) per 1,000 live births.
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Although there is a steady decrease in infant mortality among
the ages 8 to 28 days, the reduction does not display a clear pat-
tern and is thus more difficult to link to a specific technological
progress or public health campaign. Nevertheless, the decrease
in mortality likely reflects general improvements in health care,
health care access and the health behaviour of mothers.

The gender gap in the mortality rate for infants between 29
and 365 days is much smaller than for the other categories. The
most visible decline in infant mortality for this category started
in the late 1980s and early 1990s, where we see a drop in male
infant mortality of almost 70% within just five years. This phe-
nomenon coincides with an influential article published in one of
Norway’s largest newspapers discussing the association between
the sleeping position of the infant and occurrences of sudden in-
fant death syndrome (SIDS). In turn, the article was based on the
results from a larger Norwegian surveillance system introduced to
limit SIDS and marks the starting point of a major public health
campaign encouraging parents to have their infants sleep on their
backs (Daltveit et al., 1997). Later research corroborated that sleep-
ing in a prone position influences infant respiration and their abil-
ity to move their body in life-threatening situations, both of which
can have lethal consequences.

Overall, different technological developments and new medical
insights reduced infant death rates at different ages. The remain-
der of the paper discusses whether the reductions in infant mortal-
ity observed for different age groups had differential consequences

along the parental income distribution.
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1.4.3 Inequality and Infant Mortality 1951-2018

Infant mortality decreased over many decades. However, the ques-
tion remains of whether public health investment and widespread
availability of medical technology can close the mortality gap be-
tween rich and poor children. In a first step, we extended the
inequality analysis in Section 1.3 to include all years between 1967
and 2018. Although there was little gradient in mortality among
the youngest group (ages 0—4 years) at the municipality level be-
tween 1990 and 2017 (see Figure 1.1), the expansion of the Nor-
wegian welfare state and the advent of new industries in Nor-
way such as oil and gas production in the 1960s and 1970s could
have evened out the income disparities across municipalities and
thereby lowered the inequality in infant mortality between 1967
and today. The results for this extension are shown in Figure 1.4;
the left panel presents the results for males and the right panel for
females. Both panels plot infant deaths per 1,000 live births on the
y-axis and birth year on the x-axis. Municipalities are ranked by
the municipality-level poverty rate. The triangles and dots iden-
tify the infant mortality for the poorest and richest 10 percent of
municipalities, respectively.

Figure 1.4 displays the strong decline in infant mortality from
1967 to 2018 discussed earlier (see Figure 1.2). Although mortality
is a little higher in 1967 and the decline in mortality for the poorest
municipalities is slightly steeper than that for the richest munici-
palities, the differences between rich and poor municipalities are
not significant. This indicates that geographical differences in in-
fant mortality were already small in Norway in the late 1960s.”
As a variety of factors affect infant deaths, including health care

“Note that infant mortality is an extreme health outcome and our findings do
not necessarily suggest that newborns are equally healthy across all municipalities.
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access, environmental influences, genetic endowment and health
behaviour of the parents, particularly mothers” behaviour, there
are several reasons that can explain these small geographic differ-
ences.
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Figure 1.4: Municipality-Level Inequality of Infant Deaths 1967-
2018.

Note: Cohort-specific infant mortality by gender in municipalities with the 10% highest and
10% lowest poverty rates from 1967 to 2018. Each triangle/dot represents infant deaths per
1,000 live births. Straight lines provide linear fits.

Access to infant health care was rolled out in Norway in the
first half of the 20th century with the goal to reach out to every-
one and to establish a unified and free primary health care system
for infants (Biitikofer, Loken and Salvanes, 2019). Almost all mu-
nicipalities had a centre providing infant health care in the late
1960s and in 1972, it became mandatory for all municipalities to
operate state-funded health care centres for infants and mothers.
The Health Directorate, through official guidelines and handbooks,
regulated the services provided by the centres, with the centres be-
ing responsible for the national vaccines programme and informa-

tion campaigns targeting new parents. This suggests that universal
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health care investments before the late 1960s may have evened out
any health inequalities by geography to a large degree.

To investigate the importance of public health policies and the
diffusion of medical innovations such as antibiotics before 1967,
we documented inequality in mortality in the 1950s by combining
infant mortality data from the Death Register in 1951 and 1954
with aggregate data on municipal-level average taxable income in
the same years.!? Figure 1.5 depicts the differences in infant deaths
per 1,000 live births in 1951, 1954 and 1968 in the 10% richest and
10% poorest municipalities. The figure shows that even though
geographical differences in infant mortality across municipalities
were small in the late 1960s, there was a clear gradient in the early
1950s. In particular, the infant mortality rate in municipalities in
the bottom decile in 1951 and 1954 was twice as high as the infant
mortality rate in the top decile of the municipality-level income
distribution. While the mortality rate only decreased to a small
degree between 1951 and 1968 in the richest municipalities, infant
deaths were decreasing dramatically between 1954 and 1968 in the
poorest areas.

In addition to infant health care, there are several other reasons
why the inequalities in infant mortality fell sharply in the 1950s
and 1960s. Similar to the other Nordic countries, Norway intro-
duced comprehensive social welfare institutions, which enhanced
access to public services and social insurance with important im-
plications for inequality and social mobility during the 1950s and
1960s (Pekkarinen, Salvanes and Sarvimaiki, 2017). Moreover, eco-
nomic recovery programmes in the aftermath of World War II

brought changes to the pre-war economic structure and income

9The aggregate income data was compiled from the Norwegian municipal-
ity database (Kommunedatabase) provided by the Norwegian Centre for Research
Data (NSD).
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Figure 1.5: Municipality-Level Inequality of Infant Deaths 1951,
1954 and 1968.

Note: Cohort-specific infant mortality in the municipalities with the 10% highest and 10% lowest
average tax incomes in 1951, 1954 and 1968. Each bar represents infant deaths per 1,000 live
births.

distribution. In addition, the availability of effective antibiotics
and advancements in disease detection techniques led to exten-
sive disease control campaigns, for example against tuberculosis,
which lowered the disease burden in poor Norwegian municipali-
ties (Biitikofer and Salvanes, 2020). Moreover, 1953 saw a new law
for child immunisation against diphtheria introduced, followed by
a vaccine against polio in 1956 (FHI, 2017). Overall, these interven-
tions lowered poverty or at least the consequences of being poor
and had important equalising effects on the infant mortality rate
across municipalities.

Even though the differences between rich and poor municipali-
ties in infant mortality were small in the late 1960s in Norway, there

may still have been large income disparities in infant mortality
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within municipalities. Because family socioeconomic status could
affect parental behaviour or the possibilities of families shielding
themselves from negative environmental influences, we addition-
ally studied inequality at a less aggregated level. In particular, we
analysed the differences in infant deaths between children born
into the top and bottom deciles of the parental income distribution
between 1967 and 2018. Moreover, we documented mortality in-
equality for different age groups to further our understanding of
what policies are most central in closing the socioeconomic mor-
tality gap.

Figures 1.6 and 1.7 depict the male and female infant death
rates for the different age categories of infant death. For all age
categories, male mortality rates are higher. The time patterns, how-
ever, are similar for both genders, indicating that men and women
both benefited from improvements in health technologies and in-
formation at a similar point in time.

In addition to infant health care, there are several other reasons
why the inequalities in infant mortality fell sharply in the 1950s
and 1960s. Similar to the other Nordic countries, Norway intro-
duced comprehensive social welfare institutions, which enhanced
access to public services and social insurance with important im-
plications for inequality and social mobility during the 1950s and
1960s (Pekkarinen, Salvanes and Sarvimaiki, 2017). Moreover, eco-
nomic recovery programmes in the aftermath of World War II
brought changes to the pre-war economic structure and income
distribution. In addition, the availability of effective antibiotics
and advancements in disease detection techniques led to exten-
sive disease control campaigns, for example against tuberculosis,
which lowered the disease burden in poor Norwegian municipali-
ties (Butikofer and Salvanes, 2020). Moreover, 1953 saw a new law
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Figure 1.6: Individual-Level Inequality of Infant Deaths 0-24
Hours and 2-7 Days after Birth.

Note: Infant mortality in the top and bottom deciles of the parental income distribution by
gender from 1968 to 2017. Each dot/triangle represents cohort-specific infant deaths per 1,000
live births 0-24 hours or 2-7 days after birth. Parental lifetime income is calculated by taking
the average income of individuals between age 34 and 40.

for child immunisation against diphtheria introduced, followed by
a vaccine against polio in 1956 (FHI, 2017). Overall, these interven-
tions lowered poverty or at least the consequences of being poor
and had important equalising effects on the infant mortality rate
across municipalities.

Even though the differences between rich and poor municipali-
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ties in infant mortality were small in the late 1960s in Norway, there
may still have been large income disparities in infant mortality
within municipalities. Because family socioeconomic status could
affect parental behaviour or the possibilities of families shielding
themselves from negative environmental influences, we addition-
ally studied inequality at a less aggregated level. In particular, we
analysed the differences in infant deaths between children born
into the top and bottom deciles of the parental income distribution
between 1967 and 2018. Moreover, we documented mortality in-
equality for different age groups to further our understanding of
what policies are most central in closing the socioeconomic mor-
tality gap.

Figures 1.6 and 1.7 depict the male and female infant death
rates for the different age categories of infant death. For all age
categories, male mortality rates are higher. The time patterns, how-
ever, are similar for both genders, indicating that men and women
both benefited from improvements in health technologies and in-
formation at a similar point in time.

The mortality gap between the poorest and richest families was
quite substantial in the 1960s and 1970s among males and females
in the first two categories (see Figure 1.6). As discussed in Sec-
tion 1.4.2, deaths within the first 24 hours after birth declined
sharply in the 1970s. Interestingly, this became evident about five
years earlier for the richest individuals compared to the poorest
individuals, suggesting that affluent families were faster adaptors
of medical technology or acted more quickly to public awareness
campaigns about the negative consequences of maternal smoking
during pregnancy (see, e.g., Aizer and Stroud, 2010). Overall, the
decline in infant mortality was larger for the bottom decile than
the top decile. In particular, the mid-1970s brought tremendous
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Figure 1.7: Individual-Level Inequality of Infant Deaths 8-28 and
29-365 Days after Birth.

Note: Infant mortality in the top and bottom decile of the parental income distribution by
gender from 1968 to 2017. Each dot/triangle represents cohort-specific infant deaths per 1,000
live births 8-28 or 29-365 days after birth. Parental lifetime income is calculated by taking the
average income of individuals between ages 34 and 40 years.

improvements regarding infant mortality for the poorest income
groups. This suggests that the medical advances in neonatal care
in the 1970s were likely to have reduced inequality and thereby
benefited the more vulnerable disproportionately to higher socioe-

conomic status families.!! The income gradient in infant mortal-

Note that there is a negative correlation between socioeconomic status and
the likelihood of low birth weight and preterm births. Hence, improvements in
neonatal care might be more beneficial to newborns from poor families. In Section
1.4.4, we discuss this relationship in detail.
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ity in the first 24 hours only disappeared between 2005 and 2010,
while the mortality gap between children born into the poorest
and the richest families closed in 2018. The pattern for deaths be-
tween 2-7 days after birth resembled that for the earliest timing
category. The gap between rich and poor after the mid-1980s was,
however, much smaller than for deaths within the first 24 hours.
The pattern for deaths between 8-28 days and 28 days after
birth differed from those for the younger age categories. Deaths
between 8-28 days after birth were slightly higher for infants from
a lower socioeconomic background than those from a higher so-
cioeconomic background during most of the analysis period. Due
to the small number of deaths occurring for this timing category,
the year-to-year variation in infant mortality in this category was
very high. Nevertheless, Figure 1.7 reveals that both the mortality
rate and the income differences declined over time and the rates
for infants from less and more deprived backgrounds converge
around 2010. Infant deaths between 29 and 365 days after birth
did not decline significantly until 1990, and the gradient between
the top and bottom deciles was substantial and persistent until the
end of the 1980s. In 1987, the average infant mortality rate was
approximately 50% higher in the bottom decile of the parental in-
come distribution compared to the top decile. However, a substan-
tial decrease in the mortality rate for this age category in the 1990s
closed the income gap substantially. By the mid-1990s, the average
infant mortality rate was 20% higher among the poorest than the
richest families. As discussed, information campaigns encourag-
ing parents to have their infants sleep on their backs in the 1990s
coincide with this sharp decrease in death rates among this age
category. The mortality inequality further decreased for death be-



40 CHAPTER 1

tween 29 and 365 days after birth and disappeared around 2015.!2

Overall, children born into both the top and the bottom part of
the parental income distribution benefited from large declines in
infant mortality between 1967 and 2018. The periods of decline in
mortality rates mostly started among the most advantaged families
tirst. However, the decrease was disproportionately larger among
children from the lowest socioeconomic background and the in-
come gap in infant mortality for all age groups closed by 2015.
These differences in the timing of the closing of the infant mor-
tality gap at the local and individual level are striking. Moreover,
they may well explain why our results presented in Section 1.3 dif-
fer from the findings of Kinge et al. (2019), which concludes that
the differences in life expectancy at 40 years of age by individual
income increased from 2005 to 2015 in Norway.

1.4.4 Low Birth Weight and Preterm Deliveries

Children born with low birth weight (birth weights less than 2,500
grams) and preterm deliveries (born before the end of the 37th
week of gestation) account for a large share of infant deaths. A
question remains whether socioeconomic differences in low birth
weight and preterm births could explain part of the link between
income inequality and infant mortality and the disappearance of
the income-mortality gradient in the 2000s. Low birth weight is
frequently associated with higher rates of subnormal growth, ill-
ness and neuro-developmental problems (Hack, Klein and Taylor,
1995). Birth weight is determined by a variety of factors during the

12Note that a sensitivity analysis studying mortality differences based on
parental education instead of parental lifetime income confirms that the infant mor-
tality gap between high and low socioeconomic status at the individual level closed
by 2018 for all four age categories. The results are in Appendix Figure Al.
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in utero period such as nutritional intake, stress, illness, pollution
and maternal health behaviour (e.g. smoking) (see, e.g., Almond,
Hoynes and Schanzenbach, 2011; Aizer, Stroud and Buka, 2016; Al-
mond, 2006; Currie and Walker, 2011; Lien and Evans, 2005) and
birth weight is shown to affect later-in-life outcomes (Black, Dev-
ereux and Salvanes, 2007). Similarly, preterm births are related to
poorer lung development, which also affects cognitive ability and
labour market outcomes (Bharadwaj, Leken and Neilson, 2013).
We leveraged detailed information in the medical birth registry to
investigate how low birth weight and preterm birth relate to the
decline in infant mortality and the potential underlying mecha-
nisms.

Figure 1.8 illustrates the male and female rates of children born
with low birth weight and preterm births over time. These rates
are the average number of low birth weight or preterm births per
1,000 live births by decile of parental lifetime income. The figure
shows a substantial socioeconomic gap in the frequency of low
birth weight and preterm births prior to 2010, and the fact that
between 1967 and 2010, both low birth weight and preterm births
increased for the top and the bottom income deciles. There are
two potential reasons for the latter. First, low birth weights and
preterm birth are positively correlated with the mother’s age at
birth. As the average age of mothers at birth increased by four
years from 1967 to 2018, these age differences might have resulted
in a slight increase in low birth weight and preterm births over the
analysis period. Second, the definitions of infant mortality near
the threshold of viability differ between countries, and reporting
standards can change over time (Chen, Oster and Williams, 2016).

Most importantly, Figure 1.8 shows that socioeconomic differ-
ences in low birth weight and preterm births decreased after about



42 CHAPTER 1

- Bottom © Top
LBW births (< 2500 g)

80 Ak
A A
A A Am
A A A

R A, a ‘A:‘ A A A, AL AA A
%eo ‘A AAAA‘ A — A A A,
H A M “a A A A 2o
o A
= oy AAA‘ A a otalf
3 AA o o |9 ° A o 00 o LA
8 ry oo " 0 G0 Mk
2 A A o ® 00 | © o%H.C
5 40 o ° o o oS 20 02 8B AFDB00 [m oy
340 & Q__C__Q—Q‘CQOQJOAAQ AR i ° o

RID -~ o Q o
o ] OO@O o ° 5 Do
o & @®
°
20
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2021
Year

PT births (< 37 weeks)

Males Females

100

Per 1000 live births

40

1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 202
fear

Figure 1.8: Individual-Level Inequality in Low Birth Weight and
Preterm Births 1968-2018

Note: Cohort-specific numbers of children born with low birth weight (<2500 gram) and
preterm deliveries (before the end of the 37th week of gestation) per 1,000 live births in the top
and bottom deciles of the parental income distribution by gender from 1967 to 2018. Parental
lifetime income was calculated by taking the average income of individuals between ages 34
and 40 years.

2005. After 2010, the gap in birth outcomes between the 10% rich-
est and 10% poorest families closed. This convergence coincides
with the convergence in infant mortality presented in Figures 1.6

and 1.7.13
As maternal smoking constrains foetal growth and increases

13Note that a sensitivity analysis studying differences based on parental educa-
tion instead of parental lifetime income confirmed these findings. The results are
presented in Appendix Figure A2.
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the likelihood of preterm birth or low birth weight (see, e.g., Kramer,
1987, for an overview), socioeconomic differences in mothers” smok-
ing behaviour could be a driver of the patterns observed above. In
particular, Aizer and Stroud (2010) suggest that the information on
the negative effects of smoking on health had an immediate im-
pact on educated mothers and the health of their newborns. Less-
educated mothers changed their smoking behaviour much later.
Convergence in the smoking behaviour of rich and poor mothers
could therefore be a driver of the closing of the socioeconomic gap
in low birth weight, preterm births and the infant mortality rate.
Since 2000, the Medical Birth Register has included several ques-
tions on maternal smoking behaviour. We plot the likelihood of
smoking at the end of the pregnancy by children’s birth cohort in
Figure 1.9. While more than 20% of the most disadvantaged moth-
ers reported smoking at the end of the pregnancy, only 5% of the
most advantaged mothers smoked during pregnancy in 2000. The
figure shows a rapid decline in the percentage of mothers smoking
at the end of the pregnancy in the bottom decile of the income dis-
tribution. This decline is present for both male and female infants
and is almost identical in magnitude. By 2018, almost no moth-
ers in the top decile of the income distribution reported smoking
while pregnant and only 1% of the mothers in the bottom decile
still smoked during pregnancy.'4

Changes in smoking policies and tobacco tax hikes are shown
to influence maternal smoking behaviour and the exposure of in-
fants to second-hand smoke (Lien and Evans, 2005; Adda and
Cornaglia, 2010). Although Norway’s Tobacco Act of 1988 for-
bids smoking in public premises and vehicles, a 2004 change in

4Note that a sensitivity analysis studying differences based on parental educa-
tion instead of parental lifetime income confirmed these findings. The results are
presented in Appendix Figure A3.
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the law extended the smoking ban to bars and restaurants. This
policy decreased maternal smoking among mothers working in
bars and restaurants (Bharadwaj, Johnsen and Leken, 2014), ac-
companied by major smoking prevention campaigns. Hence, the
decrease in the socioeconomic gap in smoking could have accel-
erated with the reform in 2004. While smaller in utero exposure
to maternal smoking mostly affects low birth weight and preterm
incidents and thereby infant mortality during the first week of life,
less exposure to second-hand smoke during the first year of life
strongly relates to lower rates of SIDS (Carpenter et al., 2013; CDC,
2020) and thus the decline in infant deaths 29-365 days after birth.
Hence, the changes in the smoking behaviour of mothers are likely
to have constituted a contributing factor to the closing of the so-
cioeconomic gap in infant mortality after 2000.

-+ Bottom = Top

Males Females

Percent Mothers Smoking

2000 2005 2010 2015 2000 2005 2010 2015
Year

Figure 1.9: Individual-Level Inequality in Low Birth Weight and
Preterm Births 1968-2018.

Note: The figure shows the percent of mothers smoking at the end of pregnancy in the top
and bottom deciles of the parental income distribution by gender from 2000 to 2018. Parental
lifetime income was calculated by taking the average income of individuals between ages 34
and 40 years.
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1.5 Conclusion

Technological and medical advancements have prolonged human
life during the past several decades. Whether the decrease in mor-
tality is evenly distributed, or whether it compensates or reinforces
mortality inequality is less clear and context dependent. In this re-
gard, we used both municipality- and individual-level income and
mortality data to analyse mortality gradients over the past 70 years
in Norway.

We find that mortality, and in particular infant mortality in
Norway, has greatly declined for individuals of all ages. Focus-
ing on mortality at a geographic level (municipalities) for the years
1991 to 2017 revealed that mortality in absolute terms has fallen for
all age groups. While there are income gradients at older ages in
the early 1990s, a municipality’s poverty level seems to have played
a very small role in determining the risk of death at any given age
in 2018. Nevertheless, while these findings document equality in
mortality across Norwegian municipalities by 2018, they do not
imply that there are no income gradients in mortality within Nor-
wegian society. In particular, there may still exist a strong associa-
tion between income and mortality at the individual level.

For infants, the decline of the income gap in mortality at the
geographic level had already closed by the late 1960s. At the indi-
vidual level, however, the inequalities in mortality persisted much
longer and the risk of dying within the first year of life only con-
verged in 2010 for children born into the richest and poorest Nor-
wegian families. Our results suggest that the decline in infant mor-
tality since 1951, as well as the income gradient in infant mortality,
were strongly tied to advances in medical technology, the scientific
discovery of the link between SIDS and sleeping positions, and the
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dangers of maternal smoking.

Overall, the results suggest that improvements in infant mortal-
ity over the past 70 years in Norway are an important example of
how access to health care, the transmission of scientific knowledge,
as well as societal level changes in health behaviour can affect chil-
dren’s lives—particularly among disadvantaged groups. Although
the levelling out of the playing field among the rich and the poor in
terms of infant mortality is an important achievement for a com-
prehensive welfare state such as Norway, it is important to note
that this does not suggest that mortality equality at older ages
holds for children born today. Occupational hazards and different
health behaviours as teenagers by various socioeconomic groups
could still contribute to mortality inequality at later ages for these
individuals. This leaves room for further research to investigate
how the closing of the early-life mortality gap between the rich
and the poor translates into individual-level mortality differences
by socioeconomic background later in life.



Appendix

1.A Additional Figures

- Primary > Secondary < Post-Secondary
Death 0-24 hours

Deaths per 1000 live births.

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Year

Death 2.7 days

£
H
£
g
g
8

0

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Year
Death 828 days
Vo Femas

25
220
£
2is
g0
Sos

00

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Year
Death 29-365 days

6
H
24
H
22
g
8

1970 1980 1990 2000 2010 1970 1980 1990 2000 2010

Figure Al: Individual-Level Inequality by Education and Age of
Death.

Note: Infant mortality in three different education groups by gender from 1968 to 2017. Each
dot/rectangle/triangle represents cohort-specific infant deaths per 1,000 live births (smoothed
over three years) for the four different age categories. Education is classified based on NUS-
2000 codes.



48 CHAPTER 1

- Primary < Secondary < Post-Secondary
LBW births (< 2500 g)

Females

Males

80

.
L4 °
@
£60
S
g
=
8
e
s 40
20
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2021
Year
PT births (< 37 weeks)
Males Females
100
o 80
£
£
K
o
2
=
§ 60
&
40

1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2021
Year

Figure A2: Individual-Level Inequality in Low Birth Weight and
Preterm Births 1967-2018.

Note: Cohort-specific numbers of children born with low birth weight (<2,500 grams) and
preterm deliveries (before the end of the 37th week of gestation) per 1,000 live births in the
three educational groups by gender from 1967 to 2018. Education is classified based on NUS-

2000 codes.
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Figure A3: Individual-Level Inequality in Maternal Smoking by
Education 2000-2018.

Note: Percentage of mothers smoking at the end of pregnancy in the three educational groups
by gender from 2000 to 2018. Education is classified based on NUS-2000 codes.
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Chapter 2

Intergenerational Mobility Trends and the Changing
Role of Female Labor

Abstract: Using harmonized administrative data from Scan-
dinavia, we find that intergenerational rank associations in
income have increased uniformly across Sweden, Denmark,
and Norway for cohorts born between 1951 and 1979. Split-
ting these trends by gender, we find that father-son mobility
has been stable, while family correlations for mothers and
daughters trend upwards. Similar patterns appear in US sur-
vey data, albeit with slightly different timing. Finally, based
on evidence from records on occupations and educational at-
tainments, we argue that the observed decline in intergen-
erational mobility is consistent with female skills becoming

increasingly valued in the labor market.

This chapter is written together with Ulrika Ahrsjo and Joachim Kahr Ras-
mussen. We are grateful for advice and comments from Adrian Adermon, Eirik
Berger, Aline Biitikofer, Claus Thustrup Kreiner, Seren Leth-Petersen, Marten
Palme, Kjell G. Salvanes, David Seim, Jésef Sigurdsson, Alexander Willén and
participants at seminars in Bergen, Copenhagen, Stockholm and Uppsala. Addi-
tional thanks to Kevin Lang and two anonymous referees for constructive feedback
on an earlier version of this paper. Ahrsjo gratefully acknowledges funding from
Handelsbankens Forskningsstiftelser (Jan Wallanders och Tom Hedelius Stiftelse).
Activities at NHH are funded by the Research Council of Norway through project
No. 275800 and through its Centres of Excellence Scheme, FAIR project No. 262675
(Karadakic). The activities at CEBI are financed by the Danish National Research
Foundation, Grant DNRF134 (Rasmussen).
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2.1 Introduction

A central question in the social sciences is how the childhood fam-
ily environment shapes economic fortune in adulthood. If the
family environment plays an important role in determining so-
cioeconomic outcomes, a common interpretation is that children
are not born with equal opportunities in life. Empirical studies
of the influence of family environment often estimate the relation-
ship between income of parents and their children. Early work by
for instance Becker and Tomes (1979) and Solon (1999) highlights
that in such estimations, it is essential to account for the role of
idiosyncratic labor market conditions. Accordingly, variation in
labor market conditions may shape estimates of intergenerational
mobility across space (Solon, 2002; Chetty et al., 20144; Bratberg
et al., 2017) and potentially also time (Corak, 2013). While sub-
stantial time-variation in mobility has been documented (see e.g.
Lee and Solon (2009), Olivetti and Paserman (2015), Chetty et al.
(2014b)), little is known about how changes in labor market con-
ditions shape these patterns (see Song et al. (2020) for a notable
exception).

In this paper, we ask what implications the “grand conver-
gence” between men and women in labor market conditions (Goldin,
2014) has had for intergenerational income mobility. Over the
past 50 years, women in all Western economies have become more
likely to participate in market work (Olivetti and Petrongolo, 2016)
and occupational segregation of men and women has decreased
(Blau, Brummund and Liu, 2013). While it is widely acknowledged
that economy-wide changes in female labor supply may change
the precision with which female income indicates economic status
(Chadwick and Solon, 2002), the implications of this change for the
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persistence of income between parents and children is a priori un-
clear due to two opposing forces. On the one hand, when female
labor supply increases, the relative position of a woman in the fe-
male income distribution arguably reflects her underlying skills
better. All else equal, this puts an upwards pressure on the inter-
generational persistence of income. On the other hand, maternal
income represents a larger share of joint parental income. If mater-
nal income is initially less informative than paternal income about
their children’s income potential, this puts downwards pressure
on measures of intergenerational income persistence. Because fe-
male income has arguably been an unreliable indicator of social
status historically (Chadwick and Solon, 2002; Bjorklund, Jantti
and Lindquist, 2009; Blanden et al., 2004), the extent to which the
secular trend in female labor supply affects time variation in mea-
sures of intergenerational mobility is largely unexplored.

We address this question by turning to the three Scandinavian
countries. The high quality of Scandinavian administrative data
allows us to follow how the changing patterns in female labor sup-
ply affect earnings at the individual level. Scandinavia provides an
ideal setting for understanding how the changing role of women
at the labor market can affect intergenerational mobility, as the de-
velopment toward gender equality precedes that in other countries
(Kleven, Landais and Segaard, 2019). First, we document trends in
intergenerational mobility in Sweden, Denmark, and Norway for
cohorts of children born between 1951 and 1979 leveraging ad-
ministrative income data from 1968 up until 2017. By applying
a unified approach to long panels of full-population administra-
tive data for three different countries, we can investigate the extent
to which intergenerational mobility follows similar trends across

countries, ensuring that any differences in findings are not related
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to country-specific developments, the choice of data period or in-
come definition.

Our results reveal a substantial decline in intergenerational in-
come mobility in Scandinavia that remains robust across a large
set of common empirical specifications. In particular, we show
that the results are largely unchanged when studying intergenera-
tional correlations in log earnings rather than within-cohort earn-
ings ranks, and when considering intergenerational correlations
in gross or net-of-tax income rather than earnings. This suggests
that the observed mobility trends were not driven by simultaneous
rank-distorting changes in taxes or transfers across Scandinavia.

Second, we turn our attention towards understanding how changes
in female labor market conditions and access to education have
affected estimates of intergenerational mobility over time. When
breaking mobility trends down by the gender of parents and chil-
dren, it is evident that earnings of children have become increas-
ingly correlated with maternal earnings over time, while the cor-
relation with paternal earnings has remained close to constant. In
the earliest cohorts in our analysis, child earnings — in particular
earnings of sons — were virtually uncorrelated with earnings of
mothers, while exhibiting a clear and economically significant cor-
relation with earnings of fathers. Over time, these parent-specific
mobility estimates between children and their mothers and fathers,
respectively, have all converged to similar levels. Our results show
that this is not solely an effect of extensive margin labor supply in-
creasing among women, but also stems from women entering more
skilled occupations. Conducting a similar analysis on Panel Study
of Income Dynamics (PSID) data from the US, we find comparable
patterns, albeit with a slightly lagged timing. This suggests that
the observed patterns are not solely a Scandinavian phenomenon.
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Third, we build a simple model of gender-specific mobility and
latent productivity and calibrate it to the Scandinavian data. In-
spired by some of the building blocks in the model by Becker
and Tomes (1979), we assume that income consists of two compo-
nents: one inheritable part, say skills or productivity, and one non-
inheritable, idiosyncratic determinant. We decompose the trend in
intergenerational mobility into parts that reflect assortative mating
(correlations in parental skills), gender-neutral skills transmission,
gender-specific skills transmission and gender-specific return on
skill. Calibrating our model to country-specific aggregate data, we
show that the observational downwards trend in intergenerational
mobility is largely compatible with increasing return on inheritable
skills among women, relative to men. This phenomenon explains
an increase in the intergenerational rank association of five to six
rank points in all three countries for cohorts of children born from
1962 to 1979. To build intuition for this rise in gender-specific re-
turn on skills and the associated implications for mobility, we can
think of an early period where a woman with a significant cogni-
tive endowment is more likely to become a secretary, compared to
an equally skilled man with similar preferences who sorts into be-
coming a lawyer. In this case, the woman'’s skills are arguably less
reflected by her earnings, which effectively attenuates the associa-
tion between her earnings and that of her children. If this occupa-
tional and educational segregation becomes smaller over time, the
correlation between maternal earnings and child earnings will in-
crease. The decomposition thus suggests that the observed trends
in income mobility is simply an artefact of changes in how women
participate in the labor market.

In the final part of the paper, we corroborate this decomposi-
tion exercise empirically, by showing that gender-specific intergen-
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erational correlations in economic status — measured by combining
own income, years of education, and occupation using the proxy
variable method developed by Lubotsky and Wittenberg (2006) —
remain constant over time, or are only weakly increasing. Mobil-
ity also remains at a constant level when correlating earnings of
sons with that of their maternal uncles, as another way to proxy
for maternal skills. Our evidence thus suggests that the observed
trends in intergenerational income mobility can be explained as the
result of income rank correlations between children and parents
gradually becoming less attenuated by frictions caused by gender
segregation in the labor market. In other words, our results sug-
gest that intergenerational mobility in income did in fact decline
consistently in Scandinavia across cohorts born between 1951 and
1979, but that this was driven by female earnings becoming more
reflective of their actual skills. The return on latent productivity of
women has converged towards that of men. The observed devel-
opment in intergenerational mobility can therefore potentially be
seen as a natural implication of a socially desirable development,
rather than a sign of actually declining equality of opportunity.
With this paper, we make three main contributions to the un-
derstanding of time variation in intergenerational mobility. The
first contribution is related to a series of recent empirical studies
from Western economies, which vary in their conclusions on mo-
bility trends. Connolly, Haeck and Laliberté (2020), Harding and
Munk (2020) and Markussen and Reed (2020) all find that intergen-
erational mobility has declined rapidly for cohorts of children born
between 1960 and 1980 in the Canada, Denmark and Norway, re-
spectively. On the other hand, Pekkarinen, Salvanes and Sarviméki
(2017), Song et al. (2020) and Brandén and Nybom (2019) only de-
tect weakly declining — or even stable — trends in a similar set of
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countries. Davis and Mazumder (2022) find declining mobility in
the US for children born between 1950 and 1960, while Chetty et al.
(2014b) find no change in rank associations between children born
in 1971 and later cohorts. A recent paper by Jacome, Kuziemko
and Naidu (2021) shows evidence of stable or slightly increasing
trends for birth cohorts from the 1940s to the 1970s. In this paper,
we provide clear evidence of a uniform decline in intergenerational
income mobility across Scandinavia for cohorts born between 1951
and 1979. In addition, we show that this trend is not simply a re-
sult of certain empirical specifications or country-specific policies.
We also provide evidence of a similar pattern in the US from pan-
els of linked survey data. To our knowledge, ours is the first paper
to estimate and compare trends in relative mobility across multi-
ple countries, thereby providing suggestive evidence of a general
phenomenon in Western economies.

The second contribution lies in explicitly documenting substan-
tial gender-variation in mobility trends and showing that gender-
specific mobility trends are surprisingly similar across a range of
Western economies. A noteworthy strand in the mobility literature
has previously highlighted that cross-sectional estimates of inter-
generational mobility may differ substantially by gender due to
different opportunities for men and women in the labor market
(Corak, 2013; Lee and Solon, 2009). With this paper, we are able to
correlate income of children to individual labor earnings of their fa-
thers and mothers across three decades of birth cohorts. We show
that mobility has remained stable for father-son relations, while
it has been declining considerably whenever female earnings are
taken into account.! These findings suggest that not only do mo-

IThis pattern has previously been documented — though not extensively dis-
cussed — in Engzell and Mood (2021); Brandén and Nybom (2019) and Jacome,
Kuziemko and Naidu (2021).
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bility levels vary by gender, but secular changes in gender-specific
earnings determinants have also caused trends to differ substan-
tially, in turn causing levels to converge. These patterns are present
across all countries in our analysis, suggesting that one explana-
tion for why the recent literature on mobility trends has reached
different conclusions is choices regarding how to deal with female
earnings.

The third contribution of this paper is that we provide an ex-
planation for the observed pattern of declining overall mobility,
which is compatible with the gender-specific mobility trends that
we observe in Denmark, Sweden, and Norway. In recent stud-
ies, several explanations for downward trends in mobility have
been proposed, none of which are consolidated across countries
and specifications. One dominant explanation put forward by
Davis and Mazumder (2022) is that the return to education has
increased. Given that education and human capital are significant
channels for the transmission of income across generations, this
has led to a decline in mobility. A similar explanation put for-
ward by Connolly, Haeck and Laliberté (2020) is that the degree to
which women obtain secondary education has increased. Observ-
ing that conditional on parental income, income in the child gen-
eration is ‘boosted” by a higher level of education among parents,
the authors conclude that this upward trend in mothers’ level of
education must have led to a decline in social mobility. However,
the underlying mechanism of this relationship remains unclear. Fi-
nally, Harding and Munk (2020) suggest other explanations, such
as changes in family structure including marital status, assorta-
tive mating, and childbearing among women. Our paper is the
first to explicitly show a connection to female participation in the
labor market and valuation of female skills. In other words, we
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show that changes in female labor market conditions have caused
parental earnings to be substantially better reflected in child earn-
ings — hence inducing a real downwards shift in intergenerational
mobility — in spite of the between-generation correlation in latent
skills being relatively constant.

The remainder of the paper is structured as follows. Section 2.2
provides a brief overview of the key features of the Scandinavian
welfare states, and Section 2.3 describes our data sources. In Sec-
tion 2.4 we describe the common methodology used to estimate
intergenerational income mobility and present our main results.
Section 2.5 builds and calibrates a model for the connection be-
tween intergenerational rank associations and increasing female
labor force attachment. In Section 2.6, we show how the estimated
trends change when we use a measure of maternal economic sta-
tus that better captures female earnings potential. Section 2.7 con-
cludes.

2.2 Institutional Context

The Scandinavian countries share similar traits in terms of eco-
nomic development, political culture, and institutions. The wel-
fare states are of universal character, with access to social security
benefits, health care, subsidized childcare, and tuition-free higher
education (Baldacchinoel and Wivel, 2020). In order to finance
the provision of these public goods, marginal tax rates at the top
of the income distribution, as well as the average tax burden, are
substantially higher in Scandinavia than in other developed coun-
tries (Kleven, 2014). Employees are to a large degree organized
in unions and wages are often collectively bargained (Pareliussen
et al., 2018). Historically, all three countries have been character-



60 CHAPTER 2

ized by low levels of inequality and high levels of income mobility,
in comparison to other Western countries (Segaard, 2018; Bratberg
et al., 2017).

During the second half of the 20th century, the role of women in
society, and particularly at the labor market, experienced a “grand
convergence” towards the position of men (Goldin, 2014). Con-
tributing to this development were the individualization of the tax
system (Selin, 2014), the introduction and expansion of paid pa-
ternity leave (Ruhm, 1998), and the expansion of compulsory and
higher education (Meghir and Palme, 2005; Black, Devereux and
Salvanes, 2005). As a result, female labor force participation in-
creased from the early 1950s and is currently higher in Scandinavia
than in most other Western economies.? Figure Bl

In Figure 2.1 we provide some descriptive evidence on the de-
velopment of female labor in the countries under study, for the
parent and child generations separately. Panels A and B show
how labor force participation among women converged to the male
level.® Participation rates of mothers with children born in the
1950’s were less than half the rate of fathers, but this gap had
closed almost entirely for mothers of children born in the 1970s.
It is even less pronounced when we compare sons and daughters
of a given birth year. Panels C and D show the development of
occupational segregation, i.e. the extent to which men and women
work in the same occupations. The segregation index is calculated
as the difference in the share of all women and men in the labor

force who work in a given occupation, summed over all observed

2See Appendix Figure Bl for a comparison of labor force participation rates
across Scandinavia and the United States.

3The labor force participation rate for men and women is based on the income
definitions we use in our later analysis and always relates to the birth year of the
child. A person is considered in the labor force in a given year if they have annual
earnings exceeding the equivalent of 10,000 USD (2017).
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Figure 2.1: Labor Market Developments.

Note: Panel A and B depict female-to-male ratios of labor force participation in our main
samples; for parents in Panel A and for children in Panel B. Panels C and D depict an index
for labor market segregation, for parents and children respectively. The index is normalized to
the base year 1962. In some years, Danish occupational codes have been imputed from other
variables — therefore, the Danish trend in occupational segregation should be interpreted with
caution (see more in Appendix 2.A). Panels E and F provide female-to-male ratios of full-time
work. Full-time work is defined as working at least 27 hours in Denmark and Sweden, and at
least 31 hours in Norway. Data for full-time shares is obtained from linked employer-employee
data in Norway and Denmark, and nationally representative surveys in Sweden. In Denmark,
there is a significant data break in the full time definition which only affects the child cohort
— we attempt to adjust for this appropriately with a simple correction procedure (see more in
Appendix 2.A). “Birth Year” refers to birth year of the child in each parent-child pair.
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occupations (Duncan and Duncan, 1955). To make comparisons of
trends easier, we normalize the index with 1962 as the base year, al-
lowing for an interpretation of occupational segregation relative to
the 1962 level.* Evidently, occupational segregation has declined
persistently over time, similar to the development in the United
States, as documented by Blau, Brummund and Liu (2013) and
Blau and Kahn (2017). In contrast to the development of female
labor force participation, the decline in occupational segregation is
to a larger extent present in the child generation, rather than the
parent generation.

In addition, the intensive margin labor supply of women in-
creased during the time period under study. Panels E and F pro-
vide female-to-male ratios of the share of individuals working full-
time, by birth year of the child. For Denmark and Sweden, full-
time work is defined as at least 27 working hours per week, while
full-time in the Norwegian data is defined as at least 31 weekly
hours. In Panel E, we present this for mothers relative to fathers.
Similar to the development in labor force participation, mothers
have continuously caught up to the rate at which fathers work
full time, although a sizable difference remains toward the end
of our sample period.> Especially in Norway, our data reveals a
significant remaining gender gap in hours worked. Notably, the
Swedish female-to-male full-time ratio increases at a higher rate
from around 1960 and on. Turning to the full-time ratio of daugh-

4The occupational segregation index is defined by three-digit occupation codes
for Norway and Sweden and one-digit codes for Denmark due to data limitations.
Therefore, the cross-country difference in trends should not be interpreted as hard
evidence of deviating patterns of occupational segregation.

5The level differences between Sweden/Denmark and Norway stem from dif-
ferent full-time definitions in the data. Moreover, the convergence in intensive
margin labor supply in all countries is almost entirely driven by increases in fe-
male full-time shares; male full-time shares are almost constant over the entire
time-period under study.
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ter compared to sons, in Panel F, this shows two conflicting obser-
vations. On the one hand, looking at Sweden and Denmark, the
female full-time rate in the 1960s cohort was already quite high,
with only small changes after that. On the other hand, the Norwe-
gian series, using a stricter definition, suggests that a significant
gender gap in working hours persists also among the child gener-
ation of our sample.

Overall, the three labor market measures presented in Figure
2.1 show a substantial gender convergence in labor market par-
ticipation. Convergence in extensive margin labor force participa-
tion of mothers happened faster before the 1960s birth cohort, and
was almost entirely equal to the fathers’ level for the 1979 cohort.
Changes in occupational choice and intensive margin labor supply
of mothers were, however, more predominant in the second part
of our sample, after the 1960 cohort, compared to those born be-
fore 1960. We will later argue that both the extensive and intensive
margin developments in labor market participation have key im-

plications for our measures of trends in intergenerational mobility.

2.3 Data

For our main analysis, we use register data from Denmark, Nor-
way, and Sweden that cover the whole population of each country.
This is available from 1968 to 2017 for Norway and Sweden and
from 1980 to 2017 for Denmark. The data consist of linked ad-
ministrative records that provide a variety of information, includ-
ing birth year, educational attainment, earnings and other income
measures, family status, and various demographic variables. Indi-
viduals can be linked to their parents, which allows us to create
data sets containing all child-parent pairs in a given time frame,
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with relevant individual income measures. For more details about
the registers used, see Appendix 2.A.

Our Scandinavian estimation sample consists of all children
born between 1951 (1962 for Denmark) and 1979, who (i) have
a valid personal identifier, and (ii) have at least one parent with a
valid identifier. As this means that we remove a significant share of
immigrants from our samples — in particular in early years — we
remove all foreign-born individuals and all children with foreign-
born parents. Sample sizes per birth year are approximately 70,000
child-parent pairs in Denmark, 60,000 pairs in Norway, and 100,000
pairs in Sweden, with variation over time.

The results involving US data are based on the Panel Study of
Income Dynamics (PSID). The PSID is a nationally representative
survey that covers information on employment, income, occupa-
tion, education, and family links, starting from 1968. The PSID
follows families and individuals across time and has a relatively
low attrition rate. With this data, we create a sample of child-
parent pairs for the US in a comparable, yet more limited, fashion
than our analysis on the main Scandinavian samples. In total, the
US sample contains about 5,000 child-parent pairs. See e.g. Lee
and Solon (2009) and Vosters (2018) for previous applications of
the PSID to intergenerational mobility estimation.

The main income specifications are chosen for easy compar-
isons with much of the recent literature.® Income for the child
generation is defined as three-year averages of annual labor in-
come.” See Appendix Table A2 for an overview of the earnings
components and how these compare across countries. This is mea-
sured at ages 35-37, which balances the needs for a measure of per-

%See e.g. Chetty et al. (20144) and Lee and Solon (2009).
7 Averages are calculated including zeroes. Individuals with one or more miss-
ing observations in the years averaged over are dropped from the sample.
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manent income rank with the needs for measuring child incomes
relatively early in order to maximize the number of cohorts that
can be included in the analysis (Nybom and Stuhler, 2016; Bhuller,
Mogstad and Salvanes, 2017).

Parental income is defined as the average of maternal and pa-
ternal individual income, measured as three-year averages of an-
nual labor earings around age 18 of the child. In general, this
means measuring the parents’ income at age 40 or later, which is
considered a meaningful proxy for lifetime income in the literature
(Nybom and Stuhler, 2016). In our Appendix, we provide robust-
ness checks to different income definitions for child and parent
income variables, such as estimating trends in total factor (gross)
income or net-of-tax income, and evaluating the sensitivity to the
exact age at which we measure child income. Finally, due to the
fact that we measure parent income at age 18 of the child, parent
age may vary substantially in our main specification. In particular,
parents who get children at a younger age mechanically have their
income measured at a younger age as well. Ranking parent income
within both child birth year and parental birth year jointly, we are
able to verify that the observed mobility trends are not driven by
this measurement issue.

24 Trends in Intergenerational Mobility

In this section, we first describe the empirical method we apply for
measuring child-parent rank associations, and present the trend
for Scandinavia. We then analyze rank associations when we split
the sample into sons, daughter, mothers and fathers, and compare
our Scandinavian results to suggestive US estimates. Finally, we
discuss to what extent this trend can be attributed to changes in
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intensive- or extensive margin labor supply of women.

24.1 Empirical Method

In order to measure intergenerational income persistence, we trans-
form observed income into cohort-specific ranks, as in Dahl and
DeLeire (2008) and Chetty et al. (20144). Using ranks, rather than
levels or logs, offers certain advantages in this context. First, esti-
mated rank correlations have proven to be less prone to life-cycle
bias than other measures (Nybom and Stuhler, 2017), and in ad-
dition, the use of ranks enables the inclusion of zero incomes.
However, in order to ensure that our results are not driven by the
rank transformation, we also present mobility trends in intergen-
erational income elasticities (IGE) in the Appendix.

Rank correlations are estimated with the following regression,
separately by birth cohort and country:

Rank$; = a; + BRank}, +¢;;, ¥V t€[1951,1979]  (2.1)

where Rank$; is the percentile rank of child i’s average income
at age 35-37 within the distribution of all children born in year
t. When we analyze sons and daughters separately, we calculate
their income rank separately by gender. Rank}; is the percentile
rank of the same child’s parents” income within the distribution of
all parents with children in birth cohort ¢, averaged over ages 17-19
of the child. The coefficient §; captures the average cohort-specific
parent-child correlation in income ranks, sometimes referred to as
the intergenerational rank association (IRA). Lower values of B; are
interpreted as lower rank associations in income, and thus higher
levels of intergenerational mobility.

Intuitively, one can think of the IRA as the correlation in in-
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heritable skills and values that are transmitted across generations.
These are attenuated by earnings determinants that cannot be passed
on to children, which reduce the signal value of parental income.
Such "noise"” may stem from individual-specific idiosyncratic shocks
to the earnings process or time-specific characteristics of the labor
market. In particular, changes in the IRA over time are not neces-
sarily driven by transmissible factors, but rather by the importance
of earnings determinants that cannot be passed on to children. In
the context of analyzing how changing female labor market par-
ticipation may have affected the intergenerational association in

income, this is a relevant consideration.

2.4.2 Estimated Trends

In Figure 2.2, we present estimates for country-specific trends in in-
tergenerational rank associations in individual labor income. Each
point in the graph represents a slope parameter for a cohort-specific
regression of equation (2.1) with linear trends estimated separately
for 1951-1961 and 1962-1979. We provide fitted lines separately to
facilitate comparisons between Denmark, Norway, and Sweden for
the cohorts where all countries have available data.?

From Figure 2.2, it appears that intergenerational mobility, mea-
sured using the IRA, has declined in all three countries, with the
fastest rate of decline in Denmark. There, the rank association in
income increased by 7.5 rank points (39 %) from 1962 to 1979 —
equivalent to an average annual increase of 0.44 rank points. While
smaller than in Denmark, the trends in Norway and Sweden are

by no means negligible. From 1962 to 1979, the rank association

8In addition to providing graphical illustrations of the trends in the IRA, Ap-
pendix Table B4 provides an overview of IRA coefficients for different specifications
and tests whether trends are statistically different across countries.
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in income increased by 6.4 and 4.4 rank points (38 % vs. 25 %)
in Norway and Sweden, respectively, yielding annual increases of
0.38 and 0.25. From 1951 to 1979, the total change in IRA for Nor-
way is 7.8 rank points (50 %) and 5.8 rank points for Sweden (34
%).

Figure 2.2: Trends in Intergenerational Mobility in Individual La-

bor Income.

Note: The figure plots the coefficients for the intergenerational rank association (eq. 2.1) in
individual labor income for Sweden, Denmark and Norway for birth cohorts 1951 (1962) to
1979. “Birth Year” refers to birth year of the child in each parent-child pair. Each panel shows
fitted trend lines separately for the period 1951 to 1962 and 1962 to 1979.

One may wonder what it actually means, in economic terms,

that the rank association in income increased by up to 0.44 rank
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points per year in Scandinavia. Abstracting from non-linearities in
the relationship between parent and child income ranks, a straight-
forward interpretation is the following: for two children born by
parents in the bottom versus the top percentile, the difference in
the conditional expectation of their income ranks as adults in-
creased by 0.44 each year — amounting to as much as 4.4 rank
points over a decade. Taking the Norwegian results as an example,
another interpretation of the observed trends is that in the earliest
observed birth cohort, a ten rank points difference in parental in-
come corresponded to an average difference in income ranks of 1.6
between their children. In contrast, the same difference was 2.3
rank points for children born in the latest cohort. While still indi-
cating relatively high levels of mobility by international standards,
such changes over relatively short periods of time are by all means
economically substantial.

In order to ensure that the trends are robust and reflect struc-
tural changes in the economy (as opposed to being something that
purely exists within a narrow set of specifications), we document
similar trends for a large set of different specifications in Appendix
2.B. Most importantly, we show that the trends remain largely sim-
ilar when measured in net-of-tax- and gross income (Figure B3),
and when measuring child income at various ages (Figure B4).”

In Figure B5, we restrict the sample to parent-child pairs with
labor income surpassing 10,000 USD (2017). In other words, we
calculate rank associations for the subset of the population that is
fully active in the labor market. In general, the mobility trends
persist and are similar in magnitude in this specification. How-
ever, some cross-country differences are also revealed. Rank asso-

“We also tested a specification where we rank a measure of parental income
within both child cohort and their own cohort. The trends remain stable, but the
results are not presented in the current version of the paper.
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ciations in Denmark and Norway are lower when excluding non-
participating workers from our samples, indicating that intergener-
ational correlations in labor market participation contribute greatly to
intergenerational persistence in income — or at least that children
of non-participating parents do disproportionately bad in the labor
market themselves. In Sweden, on the other hand, the level of mo-
bility largely remains the same after excluding non-participating
parents from the estimation sample (Panel B), and even increases
slightly when excluding both non-participating parents and chil-
dren (Panel C).

2.4.3 Trends by Gender of the Child and Parent

Figure 2.3 presents estimates of country-specific IRA coefficients
for pairs consisting of, in turn, sons and fathers (Panel A), sons and
mothers (Panel B), daughters and fathers (Panel C), and daughters
and mothers (Panel D). Each coefficient is again obtained by esti-
mating equation (2.1) year by year, for the respective combination
of child and parent and with individual mother or father earn-
ings instead of the parental average. In Appendix Table B4, we
test several hypotheses regarding the trends and also report slope
coefficients for different specifications.

The four sets of graphs make clear that — at least starting
with the 1962 cohort — the trends in IRA for all combinations
of child and parent are similar in Sweden, Denmark, and Nor-
way. Estimates for birth cohorts 1951-1979 are strikingly similar in
Norway and Sweden: the trends are statistically indistinguishable
for all combinations and years except for the trend in the mother-
daughter IRAs after 1961. Across the panels, however, there are

several distinct differences. Most importantly, we see that the
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Figure 2.3: Trends in Intergenerational Mobility by Gender of the
Parent and Child.

Note: The four panels plot coefficients for the intergenerational rank association (eq. 2.1) in
individual labor income for Denmark, Sweden and Norway, by child year of birth. Each panel
provides estimates separately by gender of the parent and child. Each marker indicates the
coefficient of a separate regression and each line indicates fitted trend lines separately for birth
cohorts 1951 to 1962 and 1962 to 1979. “Birth Year” refers to birth year of the child in each
parent-child pair.

rank association between fathers and sons is generally decreasing
(Sweden, Norway) or displays a relatively flatter trend over time
(Denmark). The strongest trends in IRAs are found for mother-
daughter correlations, closely followed by mother-son correlations.
Father-daughter correlations depict slightly weaker trends.

Do these observed mobility patterns describe a phenomenon
unique to Scandinavia? In order to understand this, we compute
comparable mobility estimates for the US for birth cohorts from
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1947 to 1983.10 Results from this exercise are presented in Table
2.1.11 US mobility trends are steepest for pairs involving women,
and in particular daughters, while father-son rank associations ap-
pear to be relatively constant in the US, suggesting a comparable
development to that observed in Scandinavia.'> However, the US
trends in mother-son correlations are not statistically significant.

Another feature of Figure 2.3 and Table 2.1 is that earnings are
more strongly related for parent-child pairs within gender (i.e.,
son-father and daughter-mother) than across gender (i.e., son-mother
and daughter-father). In fact, while the association in earnings
ranks is generally higher among sons and fathers than among
any other combination of genders, the daughter-mother correla-
tion reaches almost the same level towards the end of the consid-
ered period in Scandinavia. For the US, we only provide a pooled
IRA coefficient due to the small sample. Nevertheless, the pattern
that within-gender correlations are stronger than cross-gender cor-
relations is also found in the US data.'®

To the extent that father-son correlations, which are stable over
time, credibly measure equality of opportunity, it is hard to ar-

gue that an actual decline in opportunity has taken place over

%Due to the small sample sizes, trends have been estimated directly on the
underlying micro data by regressing cohort-specific child ranks on cohort-specific
parent ranks interacted with a linear time trend.

n Appendix Table B1, we provide similar estimates with alternative sample
specifications and weighting procedures. In Table B3, we document the cohort-
specific number of parent-child pairs used to compute these trends.

12Recent evidence by Song et al. (2020) for the US supports relatively stable
father-son trends for the relevant cohorts in our samples.

13This finding could have several reasons, such as intergenerational occupa-
tional mobility being lower within- than across gender, and the general tendency of
men and women to sort into different occupations (see e.g., Blau and Kahn (2017)
for a review on this latter point). Altonji and Dunn (2000) also find within-gender
correlations in work hour preferences between parents and children and a recent
working paper by Galassi, Koll and Mayr (2021) highlights how employment cor-
relates between mothers and their children, especially so for daughters.
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Table 2.1: IRA Coefficients and Trends (United States).

Parents Father Mother
Child  Son Daughter Son Daughter

Pooled IRA  0.317** 0.336** 0.195%*  0.097*** 0.137***
0.017) (.022)  (0.031)  (0.025) (0.029)

Trend x 100 0.603*** -0.240  0.980** 0.136  1.047***
(0.149)  (0.205) (0.277)  (0.253) (0.292)

N 5,392 2,272 1,637 2,477 2,205

Note: The table presents estimates of the IRA and linear trends in the IRA separately for
different child-parent combinations. Due to the small sample sizes, trends have been es-
timated directly on the underlying micro data by regressing cohort-specific child ranks on
cohort-specific parent ranks interacted with a linear time trend. The trend coefficients and
corresponding standard errors have been multiplied by 100 in order to avoid too many digits
after the separator. Estimates are based on the full sample of individuals in the PSID born
between 1947 and 1983 using PSID sample weights. Standard errors are in parentheses. P-
values indicated by * < 0.1, ** < 0.05, *** < 0.01.

time in either Scandinavia or the US. Thinking of transmission of
skills and values as something passive, this suggests that deter-
minants of male income ranks, as well as the labor market valua-
tion of skills that are passed on across generations, are unchanged
over time. Instead, since all combinations of parent-child corre-
lations that do yield upwards trends in IRAs (Panels B-D) involve
women,!'# a close-at-hand explanation lies in that women'’s increas-
ing integration into the labor force has changed the way that in-

comes are correlated across generations.!® The difference in mater-

14Notably, father-son correlations in Denmark display a weakly increasing pat-
tern in 1962-1975. This deviant pattern compared to Sweden and Norway is found
also for trends in absolute mobility in Manduca et al. (2019), but their discussion of
its sources from pre- vs. post tax income does not match our findings.

15The weak link between maternal income and skills for the earliest birth co-
horts is also suggested by patterns of assortative mating on individual income.
Appendix figure C1 provides evidence that maternal “skills” and earnings are vir-
tually unrelated in the early period of our sample. In 1962 — and even more so in
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nal trends between the US and Scandinavia would also be in line
with such an explanation, as developments in female labor force
participation started later in the United States and therefore likely
impacted mothers only for later-born cohorts, while having a po-
tentially larger impact through changing labor market equality for
daughters.®

244 The Importance of Female Labor Market De-
velopments

We began this article by arguing that the changes in female labor
supply seen in the past half-century could affect mobility trends in
several different ways. This makes the sum of the different effects
unknown a priori. In fact, the evidence that has been provided
this far shows that the estimated IRAs stayed relatively constant
across birth cohorts 1951-1962, despite a great increase in maternal
participation rates. Mechanically, whenever earnings are informa-
tive about heritable skills, we would expect mother-child earnings
ranks to correlate more strongly at higher participation rates. The
fact that this is not what we find speaks to a development where
expansions on the extensive margin of employment happen in oc-
cupations where women'’s skills are not well reflected.

Figure 2.4 provides suggestive evidence to this fact. It shows

1979 — however, maternal income rises almost monotonically in paternal income.
Assuming a time-invariant pattern of assortative mating, this is evidence favoring
our hypothesis that mothers’ income becomes more predictive of their true social
status over time. An alternative explanation for the pattern in Figure C1 would
involve rapid and strong changes in underlying mating patterns, which appear to
be unlikely given recent research by e.g. Bratsberg et al. (2018).

16The validity of this explanation is confirmed in Table B2. Here, we estimate
child incomes around age 30 rather than 36, allowing us to compute gender-specific
rank-correlations for cohorts of children born in 1953 to 1989 rather than 1947
to 1983. Looking at this set of children born slightly later, we find that rank-
correlations that include mothers exhibit a clear and significant upwards trend.
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Figure 2.4: Changes in the Occupational Composition of Mothers
and Daughters.

Note: The four panels depict percentage point changes of shares in each occupational group, for
mothers and daughters respectively (on the x-axis), in relation to the average rank of mothers
and daughters in the end of the respective period and country (on the y-axis). Panels A and
C depict the change between birth cohorts 1951/1952 and 1961/1962 for Norway and Sweden
respectively. Panel B and D depict the change between birth cohorts 1961/1962 and 1978/1979.
Years refer to birth years of the children. The y-axis shows mean earnings ranks by occupa-
tional group for mothers and daughters, measured at the end of the respective period (61/62
and 78/79). Triangular shapes represent daughters, while circled shapes represent mothers.
Occupations that never change more than two percentage points across periods are combined
in the "Other" (0) group. Occupations are formed into groups based on (the Swedish and
Norwegian national versions of) 3-digit ISCO codes, see the Online Data Appendix for a full
list.

the relation between the change in the share of women (mothers
and daughters, respectively) in an occupation, and the mean in-
come rank of that same occupation. Panels A and C show this
change in the occupational composition of the female labor force

for Norway and Sweden, between cohorts born in the early 50’s
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and in the early 60’s.!” Expanding occupations — especially among
mothers — are health care workers, secretaries, personal services
workers and pre-school teachers, i.e. relatively low-skilled occupa-
tions. In fact, in both Sweden and Norway, personal services and
secretaries together increase by almost 10 percentage points, which
corresponds to about two thirds of the increase in extensive margin
employment among mothers. Additionally, the average rank of an
occupation was evidently not very informative about the skill level
required for that occupation; executive managers and secretaries
were at almost the same average rank. Hence, one can argue that
the earnings of mothers remained uninformative of transmissible
earnings potential, and mother-child earnings correlations did not
increase.

Conversely, our estimated gender-specific IRA-trends for the
period from 1962 to 1979 show that mother-son and daughter-
parent earnings ranks were converging rapidly in this period, while
female employment increased at a slower pace than previously.
From Figure B5 in the appendix (which shows IRA-trends exclu-
sively for individuals active at the labor market), it is also evident
that extensive margin entry can not explain the increasing rank
correlations in this time periods, since correlations limited to only
participants still display a trend toward lower mobility. Mean-
while, our descriptive statistics in Figure 2.1 (section 2.2) showed
rapidly declining occupational segregation and increasing rates of
full-time employment.

Panels B and D of Figure 2.4 depict changes in the composition
of occupations among mothers and daughters during this time pe-
riod. First, an increasing number of women entered high-skilled

7Denmark is excluded from this analysis for the sake of comparability, as the
occupations data is different from that in Sweden and Norway.
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occupations, such as the “professional” category, while low-skilled
occupations such as cashiers and domestic help were declining.
The average income rank of women in a particular occupation also
became more reflective of their skill level, primarily through de-
clining mean ranks of low-skilled occupations. Together, these
pieces of evidence indicate an increased level of sorting along skill
levels in the economy. Thus, we may describe these years as a pe-
riod where female workers became better able over time to “earn
their potential”.

2.5 Decomposition by Earnings Determinants

In the previous section, we documented that the intergenerational
income rank association has increased rapidly in Scandinavia, but
that this phenomenon is found almost exclusively for parent-child
pairs involving mothers or daughters. However, we cannot a pri-
ori distinguish a trend in the extent to which skills are transmitted
across generations (for example if having a mother working per se
generates higher child-mother correlations) from a trend in the ex-
tent to which female incomes reflect their inherent earnings poten-
tial (“skills”). In addition, our analysis might be influenced by any
potential changes in assortative mating among parents.'® We can
nevertheless use the gender-specific variation in mobility trends,
along with correlations in parental earnings, to quantify the impor-
tance of these two potential mechanisms for our observed trends.
In this section, we build a simple model that allows us to quantify
the importance of these channels through a decomposition exer-

180n the other hand, the influence of changes in assortative mating on intergen-
erational income associations is found to be small in Holmlund (2022), studying
the case of Swedes born in 1945-1965.
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cise.

2.5.1 Model Setup and Calibration

In our framework, individual gender-specific earnings at time ¢,
yi?t, are determined by two factors; inheritable skills, xi-‘t, and a non-
inheritable determinant ¢f,. This generalizes to all fathers, moth-
ers, sons, and daughters, i.e. all k € {F, M, S,D}. Interpreting the
setup in the context of a highly simplified version of the frame-
works formulated by Becker and Tomes (1979) and Solon (2004),
we can think of x% as representing an aggregate measure of earn-
ings determinants that can be transmitted across generations such
as skills, values, and connections, while sll?t represents the value of
all other income determinants that are uncorrelated to skills that
can be transmitted across generations (it may be instructive — yet
slightly naive — to think of this as luck).

We assume that inheritable skills in the parental generation fol-
low a bivariate Gaussian distribution. In particular, we assume
that

h~ N (1), = (g + (1 g ) /10
g
it
nal skills to one using TV, ¢; reflects cohort-specific correlations in
1.19

where u) ~ N (0,1). Standardizing the variance of mater-

parental skills, thus measuring assortative mating in the mode
We assume that skills are transmitted passively from the parental
generation to the child generation on the following form:

% (x¢ [ouexh + (1 — ) xfm +(1—r)ul) /T}, fork=S

(x [oex + (1 —ap) x] + (1 =) u),) /T}, fork=D

19This is a trivial scaling coefficient that ensures that the distribution of maternal
skills is standard normal.
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Here, x; is a measure of correlation in inheritable skills —
or the rate at which skills are transmitted — across generations
within a given cohort of children, and «; is a coefficient that allows
the transmission of skills within gender to be stronger than skills
across gender. Once again, I'} is a trivial scaling coefficient that
ensures that the distribution of skills is standard normal.

Individual income is a monotone transformation of a linear in-

dex composed of inheritable and non-inheritable determinants:

Yk = EF (qsfxf-; + (1 - 4”>§<) £’§t) , forke {F,M,S,D}

Here ¢f = ¢f/max (¢f, pM) for k € {M, F} in the parental gen-
eration and ¢ = ¢Ff/max (¢7, ¢pP) for k € {S, D} in the child gen-
eration, respectively. Hence, ¢}, oM, ¢7 and ¢P reflect the relative
importance of inheritable skills in the income process for fathers,
mothers, sons and daughters, respectively. Making the simple as-
sumption that the distribution of non-inheritable determinants can
be summarized by a standard normal distribution, €7} ~ N (0,1),
the individual earnings index is standard normal?®°.

When measuring gender-specific intergenerational mobility in
income ranks, the functional form of the monotone transforma-
tion function, Ff(-), is essentially unimportant; as long as it is
monotone in the earnings index, any rank transformation of the
earnings index will yield the same result as a rank transformation
of earnings. However, in order to find both a pooled measure of
child income ranks and a measure of joint parental earnings, such

functional form can no longer be disregarded without also dis-

Through simulations, it can be verified that composing the individual income
index of two sets of Gaussian components, one inheritable and one non-inheritable,
replicates the aggregate functional relationship between parental and child income
ranks remarkably well.
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regarding potentially non-negligible differences in gender-specific
earnings distributions. Fortunately, we can obtain the functional
forms directly from the data. Exploiting the assumed monotone
relationship between the earnings index and earnings, we match
index ranks to the earnings distribution observed in the data. This
allows us to compute pooled earnings ranks in the child genera-
tion as well as a measure of joint parental earnings, v, that takes

the true earnings distribution into account:

h = BF (FFh+ (1= 3F) eb) + B (Mad + (1— gM) el

Here, Ff(-) and FM(-) are year-specific estimates of the func-
tions that map the earnings index to the earnings distribution ob-
served in the data.

For each country and cohort, we are currently calibrating a vec-
tor of seven decomposition parameters from only five equations
[y ke ar ¢F oM @7 oP ]'. In order to avoid underiden-
tification, we make two adjustments. First, we set ¢/ = ¢ such
that the skill importance in earnings for mothers and daughters,
M and $P, must be interpreted relative to that of fathers and sons
respectively — i.e. a generation-specific gender bias in the im-
portance of skills for determination of earnings. Secondly, we set
both ¢f and ¢; equal to one, thereby effectively pinning down the
level around which «; trends over time?!. Finally, the vector of de-
composition parameters that are now left for us to calibrate across
countries and years is given by: [ ¢, x ar 1 ¢M 1 ¢P .

2I'The more skills are reflected in earnings, the less skills need to be transmit-
ted across generations in order to obtain a given correlation in earnings over time.
Fixing the importance of skills for earnings among males therefore effectively pins
down the skill transmission rate across time for a given intergenerational correla-
tion in earnings.
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The calibration procedure is explained in Appendix section 2.C,
where we also document the quality of the calibration exercise for
each set of country-year combinations of parameters.

2.5.2 Decomposition

By calibrating the model, we are eventually interested in under-
standing how country-specific changes in intergenerational mobil-
ity can be decomposed into changes in the rate at which inheri-
table skills manifest themselves as labor earnings among mothers
and daughters relative to fathers and sons, and changes in assor-
tative mating on skills among parents. Before doing so, we first in-
vestigate how the parameters associated with these channels have
changed over time in our calibration exercise. Parameters for se-

lected years are displayed in Table 2.2.22

Table 2.2: Decomposition Parameters.

1951 1962 1979
SE DK NO SE DK NO SE DK NO

¥y 0131 - 0.147 0.289 0.189 0.171 0.249 0.186 0.174
k¢ 0301 - 0300 0.257 0.267 0.274 0.261 0.290 0.286
ar 0580 - 0.603 0.632 0.582 0.626 0.561 0.560 0.564
fVI 0286 - 0.260 0.368 0.398 0.371 0.594 0.701 0.622
¢P 0511 - 0501 0591 0.721 0.619 0.935 1.011 0.951

Note: The table presents calibrated decomposition parameters for Sweden, Denmark, and Nor-
way in three selected years. The coefficients have been obtained by matching a simulated version
of the aforementioned model to empirical gender-specific IRA-coefficients as well as the relation
between father and mother income.

Several noteworthy features of our calibration exercise stand
out. First, the decomposition parameters generally evolve very

2The full set of parameters is available upon request.



82 CHAPTER 2

similar across countries. This observation adds credibility to the
decomposition approach. In particular, the parameters associated
with skill-importance in earnings for mothers and daughters, ¢
and ¢P, have increased at a somewhat similar pace across all three
countries. This, in turn, suggests that female earnings may have
become more reflective of inheritable skills in both the parent and
child generations. Second, the parameter associated with assorta-
tive mating is relatively constant over time in all three countries
(at least from the early 1960s and onward) in spite of strongly in-
creasing associations in maternal and paternal earnings over time.
This may be an implication of the fact that maternal earnings have
become more reflective of maternal inheritable skills, thereby me-
chanically increasing the observational correlation in father and
mother earnings for a given correlation in skills. Third, within-
gender correlations in skill do in fact seem to be stronger than
cross-gender correlations in skills — «; is approximately 0.6 across
all countries but slowly declining from the early 1960s and on-
ward. Finally, the coefficient associated with non-gendered skill-
transmission is slowly downwards trending in both Sweden and
Norway, while exhibiting a weak but robust upwards trend in Den-
mark.

While the trends in decomposition parameters are generally
similar across countries, the direction and extent to which their
changes may affect the intergenerational rank association in earn-
ings between parents and children is unknown. In order to decom-
pose changes in this main parameter into effects associated with
changes in the modelling parameters, we compute “counterfac-
tual” income associations holding one parameter fixed over time,
while allowing the aggregate gender-specific income distributions
that we obtained from the data to vary over time.
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We do this by first defining B; as the rank association between
joint parental and child earnings obtained from the calibrated set
of parameters in the model stated above subject to a simulated set
of data such that B = B (¢r,xt, x:pM,¢P). Then we define ,B?t
in a similar fashion, but we fix parameter b; € (l[Jt, Kt, &, qbfw, qu

~—

to the calibrated value in period ¢ such that for instance B;pﬁ
B (e, k¢, e, oM, pP). Finally, the part of the trend in fB; that can
be attributed to parameter b is simply the difference in trend be-
tween f3; and ﬁ?, while the part of the actual trend in B; that can
jointly be attributed other factors than decomposition parameters
and changes in the aggregate gender-specific income distributions
is the difference in trend between B; and B;. The results from this
exercise are documented in Table 2.3.

Table 2.3: Decomposition Results.

1952-1961 1962-1979

SE DK NO SE DK NO

Trend in B; 0.013 - 0.140 0.277 0.530 0.379
Trend in jB; 0.068 - 0138 0.240 0.527 0.327
Due to 4 0.189 - 0.000 -0.056 -0.001 0.001
Due to x;  -0.343 - -0164 -0.041 0.242 -0.035
Due to a; 0.009 - 0.007 0.002 0.000 0.001
Due to ([)?’I 0.054 - 0117 0.138 0.220 0.161
Due to ¢P 0.020 - 0.130 0.158 0.069 0.119

Note: The table presents trends in observational IRA coefficients, f, in the three countries as
well as trends in IRA coefficients obtained from the calibrated models in the three countries,
B:. The contribution from each parameter is computed as the difference in j; that is obtained
from holding one calibrated parameter fixed at a time. The sum of contributions from each
parameter need not sum to the trend in f3; as part of the trend will be driven by changes in
the scale of gender-specific income distributions which is not modelled.

As the rank associations in earnings did not exhibit any clear
upwards trend for cohorts born between 1952 and 1961 in Sweden
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and Norway, there is not much to be explained by the decompo-
sition parameters. However, there are certain noteworthy patterns
in this period. In particular, the parameter associated with non-
gendered skills transmission, x;, contributes negatively to the IRA
over time, while the opposite is the case for the parameters asso-
ciated with the extent to which female earnings are reflective of
parental skills, $M, and ¢P. This could possibly suggest that skills
transmission may in fact have declined over time, thereby pushing
mobility up, but that this effect was mitigated by the increasing
extent to which women’s individual income reflects their earnings
potential, i.e. inheritable skills. However, one should be careful
with drawing too strong conclusions based on this evidence.

For birth cohorts 1962 to 1979, the simple decomposition model
captures the fact that IRAs are increasing uniformly across Scan-
dinavia well. While both ¢; and «; generally contribute little to
mobility trends in this period, our results suggest a bigger role for
x; — at least in Denmark, where this component explains almost
half of the observed trend in mobility. In both Sweden and Nor-
way, however, the contribution of ; is negative and the importance
is somewhat negligible. Finally, changes in the extent to which fe-
male earnings, and particularly maternal earnings, are reflective of
inheritable skills are found to be important drivers of downwards
trends in mobility across Denmark, Norway, and Sweden. These
effects jointly contribute to a yearly increase in the earnings IRA of
between 0.28 and 0.30 rank points in all three countries, amount-
ing to a total increase in the IRA of between 5 and 6 rank points
over the period. In the next section, we show that it is plausible
to interpret this phenomenon as female earnings becoming more
reflective of inheritable skills over time.
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2.6 Intergenerational Correlations in Latent

Economic Status

In this section, we provide estimates of trends in intergenerational
mobility that are less affected by changing labor market conditions.
While we speak here of socioeconomic status rather than, as before,
inheritable skill-based earnings potential, we argue that for our
application to intergenerational correlations in female individual
labor earnings, socioeconomic status is more or less equivalent to

potential earnings.

2.6.1 Estimation

Because female labor earnings have not constituted a good mea-
sure of their earnings potential during most of our studied time
frame, estimates of the model in equation 2.1 for maternal income
will not capture the intergenerational relationship between mater-
nal and child labor market skills. To fix ideas, denote the underly-
ing relationship of interest as:

*C __ *P
xit = Kt + xit + Eit,

where x7, is a person’s true economic status, unobserved by
the researcher. In our setting, it is reasonable to assume that life-
time earnings alone are a good measure of economic status among
sons and fathers, but less so for mothers and daughters. We fol-
low recent work by Vosters and Nybom (2017); Vosters (2018) and
Adermon, Lindahl and Palme (2021) and apply the method from
Lubotsky and Wittenberg (2006) (from now on “LW”) in the inter-
generational mobility context. In essence, this method amounts to

using a set of proxy variables that together represent a single latent
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variable, economic status, and weighting these together optimally,
given some outcome variable (in our case, child income). These
optimal weights have been shown to result in an estimator which
minimizes attenuation bias among its class of estimators (Lubot-
sky and Wittenberg (2006), p.552).23 The intuition here is that ob-
servable variables constitute imperfect measures about a person’s
underlying, or “latent”, socioeconomic status, but that a less at-
tenuated measure of economic status can be constructed from a
weighted average of several proxy variables.

We use income, years of education and occupation as proxy
variables for mother and father economic status. These are de-

noted xj, JE€I, ..,k. The LW estimator is constructed as follows:

k
Biw = Y pjbj, (2.2)
=1

cav(Runkg,xﬁt)
cov(Rankg,Rankg) !
multiple regression of child income on the set of proxy variables.?*

where p; = and the bj’s are OLS coefficients from a
In order to compare the estimates to IRAs, we want to correlate
parent ranks in economic status to child income ranks. We make

use of the explicit index construction mentioned in Lubotsky and
Wittenberg (2006) (p.554):

2The procedure requires the theoretical assumption that each proxy measure
affects the left-hand side variable — child economic status — only through latent
economic status, but it does not assume independence between the proxy variables.

24This method has previously been used to estimate mother-child intergenera-
tional income elasticities for Swedish birth cohorts 1951-1961 in Vosters and Nybom
(2017). Our application uses the same set of proxy variables and the same method-
ology, with two exceptions. First, we calculate year-specific LW estimates, in order
to study the time trend in latent economic status mobility. We also extend the anal-
ysis to later-born cohorts, which necessitates measuring parental income somewhat
earlier in life than in Vosters and Nybom (2017).
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k
op 1
= x;b;, (2.3)
it Brw ; 7"

and calculate LW index values for each mother-son and father-
son pair using the logarithm of child and parental labor income.
In order to keep the interpretation as close as possible to that in
our main analysis, we assign individuals with zero labor income
a token low level of log earnings.?> We then transform these into
percentile ranks. Finally, we regress the child income ranks on
these parental index ranks, for mothers and fathers separately.
The method described so far addresses the problem of unrep-
resentative maternal earnings. If trends in intergenerational rank
correlations in latent economic status between mothers and sons
resemble those found between fathers and sons, it stands to rea-
son that the upwards trend in mother-son earnings correlations are
attributable to increased economic opportunities of women, and
subsequently less attenuation bias in rank correlations. In order
to understand whether daughter-father correlations are subject to
the same issue (and bias in estimation), we repeat the above pro-
cedure for daughters, and approximate their economic status with
income, education and occupations. Since the LW method deals
with measurement error in the right-hand-side (independent) vari-
able, this requires “flipping” the intergenerational model (eq. 2.1),
and estimating rank associations between fathers and their daugh-
ters:
Rank}, = a; + BiRank$; + €. (2.4)

This has only minor impacts on the year-specific IRA estimates

and does not alter the trend. Apart from this first step, the analysis

BSensitivity checks show that the exact level of earnings assigned does not alter
the conclusions from this analysis. Results are available on request.
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proceeds in an identical manner as for son-parent estimates.

2.6.2 Results

Figure 2.5 plots the trend in IRA and LW estimates for birth co-
horts 1962 to 1979, separately by country?® In Appendix Table
B5, we also report the difference between the trend estimates, and
test whether trends in intergenerational mobility are statistically
distinguishable between the IRA and LW approaches.

First, the son-father trends obtained from the LW method are
almost identical to the son-father IRA trends, which validates that
the LW method captures the rank-rank association in economic
status. For Norway and Sweden, IRA and LW trends are negative,
indicating a development towards increased mobility, while Den-
mark’s decline in mobility is supported by both the IRA and LW
methods. The middle column of graphs show son-mother esti-
mates. Compared to the IRA trend, our LW trends are noticeably
weaker, and in the case of Norway even negative. This suggests a
development similar to that of father-son estimates. The difference
between the trends in the IRA and LW coefficients is statistically
meaningful and different from zero, and also similar in magnitude
across all three countries. The LW method thus mitigates attenu-
ation bias to approximately the same extent across countries. Evi-
dently, when using mothers’ years of education and occupations -
rather than just labor earnings - to proxy for their latent economic
status, income persistence between male children and their moth-
ers as well as their fathers has remained relatively constant over
time. In the last column, we present comparisons between trends
in LW and IRA coefficients for daughters and fathers. Again, the

26We focus here on the birth years 1962-79 because this is the part of the sample
for whom we observe the largest increase in rank correlations.
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Figure 2.5: Trends in Intergenerational Mobility in Latent Eco-

nomic Status.

Note: The three panels plot comparisons of intergenerational rank associations and rank asso-
ciations in latent economic status (calculated using the proxy variable method from Lubotsky
and Wittenberg (2006)) for Denmark, Sweden and Norway. Each panel shows, in turns, son-
father, son-mother and daughter-father correlations. Each marker indicates the coefficient of a
separate regression (eq. 2.2 for LW; eq. 2.1 for IRA) and each line indicates fitted trend lines for
the period 1962 to 1979. “Birth Year” refers to the birth year of the child in each parent-child
pair.

LW trends are significantly less steep than the IRA trends. The
differences between them are again almost identical across coun-
tries. For Denmark, the adjusted trend still indicates that over
time, mobility in economic status decreases, albeit at a lower rate.

In Norway the relationship is stable, while daughters in Sweden
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experience a small increase in mobility over time.

In summary, these results provide three important takeaways.
First, son-father LW trends are similar to IRA trends, indicating
that the IRA captures the development of intergenerational mobil-
ity in latent economic status. Second, trends in the son-mother and
daughter-father IRA appear to overestimate declines in mobility
and, third, differences in trends between the IRA and LW method
are comparable across countries. In addition to the comparison
of trends, the levels of the son-father, son-mother, and daughter-
father LW coefficients are more similar to the IRA coefficients of
son-father pairs, as would be expected when accounting for at-
tenuation in the coefficients.”” Estimating rank associations in la-
tent economic status by birth cohort shows that over time, father-
daughter correlations have remained roughly constant at a level
just below 0.3. The transmission of economic potential between
parents and their female children, as well as their male children,
has thus seen little change across birth cohorts from 1962 to 1979.
That girls are not over time increasingly “invested in” by their
parents might reflect the particular setting, with relatively equal
schooling opportunities among boys and girls already for individ-
uals born in the 1950s. On the other hand, the fact that father-
daughter correlations are as high as the father-son ones suggests
that whatever skills relevant to economic success are transmitted
between parents and their children, these are gender-neutral.

By estimating correlations in “latent economic status” rather
than observed income, our goal is a measure that better approx-
imates the transmission of income-generating skills between par-
ents and their children. One could argue, however, that occupa-
tional and educational choices suffer from the same low correla-

27This result is also supported by findings in Vosters and Nybom (2017).
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Figure 2.6: IRA Estimates Between Children and Their Maternal

Uncles.

Note: The four panels depict IRA coefficients (eq. 2.1) for the correlation between children and
their mothers’ brothers, i.e. maternal uncles; Sons in Panel A and daughters in Panel C. Panels
B and D show the estimated IRA between sons and daughters and their mothers for the sample
where information on maternal uncles is available. “Birth Year” refers to the birth year of the
child in each parent-child or uncle-child pair. Denmark is left out of this analysis due to issues
with data availability.

tion with underlying skills as does income. To corroborate the LW
results, we also estimate the intergenerational rank association in
labor income between sons and their maternal uncles. Given a con-
stant level of brother-sister correlation in earnings potential, this
estimated trend captures changes in the importance of parental
earnings potential for child outcomes.?® Using observed skills of

28Using Swedish data, Bjorklund, Jantti and Lindquist (2009) show that brother
correlations in income remain similar for cohorts born between 1953 and 1968.
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maternal uncles to proxy for unobserved female values is a strat-
egy previously used by e.g. Grongvist, Ockert and Vlachos (2017).
Because the data needed for generating parental sibling links is
partly unavailable, the sample size used to estimate these correla-
tions is smaller, particularly for the earliest birth cohorts; and Den-
mark is left out of the analysis. Figure 2.6, Panel A, presents the re-
sults, which reveals a constant level of rank associations over time.
Panel B shows the original mother-son associations for compari-
son, and in Panels C-D, the same results are shown for daughters
and maternal uncles. Daughter-uncle trends are substantially flat-
ter than daughter-mother trends, indicating that a certain part of
the mother-daughter trends is driven by the mothers. However, the
remaining IRA trend shows that increased labor force attachment
by daughters over time also contributes to the observed mobility
trend.?’

2.7 Conclusion

In this paper, we document trends in intergenerational income mo-
bility in Denmark, Norway, and Sweden, for children born be-
tween 1951 and 1979. Harmonizing data and definitions, we show
that the intergenerational rank association between parents and
children in individual labor earnings has increased significantly
in all three countries. These trends are robust to using different
types of income measures, as well as to restricting the analysis to
labor market active individuals. Splitting trends by gender of par-

2 An additional validation exercise, carried out but not featured in this paper,
is to impute female incomes based on observed average incomes among men with
the same level of education and occupation, within a given birth cohort. The re-
sults show stable trends between mother-son and daughter-father pairs in imputed
income ranks, and are available upon request.
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ents and children, son-father correlations exhibit the weakest trend
in all three countries, whereas all correlations involving mothers
and daughters increase over time. The strongest trend is found
between mothers and daughters. We also show that a similar, but
delayed, pattern of changes in mobility can be found for US parent-
child pairs from the Panel Study of Income Dynamics.

Our results suggest that increasing female labor supply at the
extensive and intensive margin results in higher child-parent rank
associations. We show that this is the result of better manifesta-
tion of skills in income for women, such that the intergenerational
correlation in “potential income”, or latent economic status is re-
vealed. In other words, the fact that maternal economic status was
poorly reflected in maternal income among early cohorts of our
sample caused rank associations between child income and joint
parental income to be an attenuated measure of mobility in eco-
nomic status, or “opportunity”. Over time, as female labor force
participation has increased and women are better able to choose
occupations that match their inherent skills, this attenuation has
declined.

These results highlight the importance of accounting for changes
in female economic status when estimating trends in intergenera-
tional mobility. The interpretation that higher income rank associ-
ations between children and parents reflect a lower degree of social
mobility or equality of opportunity is not always easily applicable
when labor market conditions change substantially. Our findings
suggest that over time, female income becomes increasingly de-
termined by their earnings potential, meaning that the traits and
norms that women inherit from their parents are also better re-
flected in their income. While such a development must be seen
as a necessary side-effect of increased gender equality in the labor
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market, it is not clear whether it should be seen as a reduction or
advancement in equality of opportunity.



Appendices

2.A Data Registers and Variable Definitions

Denmark

The Danish income registries start in 1980 and contain detailed in-
formation on the individual income composition of Danish adults.
The registries are based on information from the Danish tax au-
thorities, supplemented with information from other Danish au-
thorities, including unemployment insurance funds and local au-
thorities.

The measure of labor income that is being used in this paper
consists of wage payments (incl. non-wage benefits, non-taxable
wage payments, stock options, and more) and any net surplus
from own, private company. Gross income is equal to labor in-
come, transfers, property income, and any other non-classifiable
income that the individual may have received throughout the year.
Net-of-tax income is finally equivalent to gross income net of all
taxes that have been paid to either the government, municipali-
ties, or other public authorities. Individuals with no parents in the
sample (generally people who moved to Denmark, whose parents
have moved abroad, or whose parents are deceased) are naturally
dropped from the sample. In order to ensure comparability be-
tween income definitions across countries, negative observations
of income have been set to income.

When constructing household income measures, individuals
are being linked to their spouses. In the Danish sample, a spouse is
generally defined by marriage, registered partnership or registered

as a cohabiting couple. Matching individuals to spouses as well as
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parents is done using the population registries of Denmark.

Occupation data are obtained from the Danish employment
classification module, AKM. Occupations are characterized by the
Danish ISCO classification system (DISCO)3’ and only observable
from 1992 and onward.3! In order to impute data from 1980 to
1991, we use a random forest-algorithm in order to map a range
of occupation-related variables to occupation codes in 1992.32 We
then use this mapping in order to characterize individual occupa-
tions from 1980 and up until 1990 where the occupation codes are
missing. Starting from 1991, there is a range of data-breaks in the
sense that certain types of occupations are re-classified, split up or
gathered into one group. In order to make occupations as compa-
rable as possible over time, we re-classify occupations across years
so that classifications are approximately constant over time. For
certain individuals, the occupational status is either unknown or
missing. These are instead assigned to the occupational status that
was observed most recently within a window of +- 3 years. Due
to these imputation and re-classification procedures, any results in
this paper that rely on occupation codes from Denmark should be
interpreted with some caution.

Information on individuals working part time is obtained from
a matched employer-employee data module, IDAP. For a series of
individuals (people who are not self-employed and do not have
multiple occupations), full time work is assessed in a relatively
straightforward way. In cases of doubt (individuals are e.g. self-
employed or have multiple part-time occupations), we assign full
employment status to a individual whose labor income amounts

30In this paper, we focus on the 1-digit classification codes.

31There is a series of data breaks occurring from 1992 and onward — we attempt
to handle these appropriately.

32Code is available upon request
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to at least the mean labor income of full-time employed individ-
uals (specifically, full-time employed individuals whose earnings
fall within the range of the 15th and 25th earnings percentile as
observed within the same age-category). Up until 2007, full-time
work is classified as at least 27 weekly hours. From 2008 and on-
ward, the equivalent number is 32. This data break does not show
up in the parental generation in our sample (as these are observed
up until 1998). In the child generation, gender-specific full time
rates are re-scaled in the following way in order to account for the
data-break when computing aggregate cohort- and gender-specific

statistics:
ftr{, if t < 1971
fir — { Firf, if t = 1971

(1—ﬁ\r§971) .
1 (1 ff) (s, > 1971

where ﬂ’f are the full time rates that we report in Figure 2.1,
ftrd are full time rates as observed in the data (hence, without
accounting for the data break) and ﬁ;f is the fitted gender-specific
full time rate in 1971 that is obtained from a linear regression of
full time rates, ftrf , on t, using full time rates from 1966 up until
1970.

An individual’s level of education reflects the highest obtained
level of education. In some years, the duration of the education
is not available in the data. In these cases, the duration of the
education is either imputed from the duration of that same edu-
cation in an earlier year, or it is imputed from educations that are

characterized as being similar.
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Norway

Our Norwegian data set combines information from the central
population registry with information about income and earnings
from the tax registry. Income data in Norway is available from 1967
to 2018. Labor income includes payments related to employment,
including overtime pay, taxable sickness benefits, parental leave
pay, short-term disability pay, and rehabilitation benefits. This is
top-coded for a few years in the 1970s at the maximum amount
for contributions to the national social security scheme (folketryg-
den). Gross income is the sum of labor income and taxable and
non-taxable transfers and income from capital. Disposable income
is defined as gross income minus taxes and is also sometimes re-
ferred to as net-of-tax income. The definitions change somewhat
over time due to reforms of the benefit, insurance, and tax system.
For the net-of-tax and gross income variable, the data series ends
in 2014, which is why these income measures are constructed from
more detailed income data only available from 1993. Spouses (mar-
ried couples as well as couples in civil unions) are linked through
their personal identifiers

The occupation data used for implementing the method pro-
posed by Lubotsky and Wittenberg (2006) is pooled from matched
employer-employee data (Registerbasert sysselsettingsstatistikk) avail-
able annually starting with the year 2000. In addition occupation
data from the censuses 1960, 1970, and 1980 are added. To achieve
a comparable classification of occupations we use the STYRK-98
one-digit code to group individuals into broad occupational groups
(see Table Al). Individuals are assigned the occupation they have
at age 36. In cases where this is not possible we use the closest ap-
plicable occupation we observe in the data. Due to the long break
in occupational data between the 1980 census and the start of the
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employer-employee data, there might be some differences in the
age at which we observe occupations for individuals that are also
connected to the relevant birth year.

Data on intensive margin labor supply is obtained from an ear-
lier version of matched-employer employee data covering the years
1986 to 2010. These data are available annually and include infor-
mation on individuals’” employment characteristics in connection
with Norwegian firms. In order to construct the full-time share
in Figure 2.1 we use a variable categorizing employment relation-
ships into three categories depending on the contracted weekly
working hours. For Norway all individuals working at least 31
hours a week are counted as full-time workers. In order to account
for year-to-year fluctuations in intensive margin labor supply, we
take the mode of this variable over three years to capture individ-
ual hours worked. In detail, this means that parents hours are
constructed as the mode of hours worked during the three years
around the time their child turns 18. For children hours are con-
structed as the mode during the three years around age 30. Due
to data limitations the age at which child hours are captured is
slightly lower than the age used for our main life-time income
measure.

The educational data for the LW method is also pooled from
different registries. Most individuals we observe are included in
the national education database available from 1970. These data
include variables for the highest achieved education of all indi-
viduals which we can link via personal identifiers. For individu-
als who are not included in the national education database, we
obtain information about their educational attainment via census
data from 1960, 1970, and 1980.
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Sweden

The Swedish Income and Taxation registry starts in 1968 and holds
official records of income for all individuals with any recorded in-
come. In general, it contains all earned income from employment
or businesses, capital income, taxable (mostly social insurances),
and non-taxable transfers (social welfare, educational grants, child
benefits, etc.). Identifiers for biological or adoptive parents are
linked to the child identifier through the multi-generational regis-
ter. Households are constructed by linking individuals (children,
mothers, and fathers) to their spouses. This is available only for
married couples (and those in registered partnerships) and thus
excludes households formed by cohabiting partners.

Data on occupations are taken from two sources. First, the
population censuses (Folk- och bostadsrékningarna) contain occu-
pational codes corresponding to the ISCO-58 classification system,
called NYK. This information is available in 1960, and then every
five years between 1970 and 1990 for the whole adult population.
Individuals who are in the labor force, but whose occupation is
unknown are dropped from the sample, while individuals not in
the labor force are coded as "no occupation”. The census data are
used to infer occupations for all parents in our Swedish sample,
and we assign each parent an occupational code from the census
closest in time to when the child is 18 years old (for example, a
mother with a child born in 1951 will primarily be assigned an oc-
cupational code from the 1970 census, and occupations for fathers
with children born in 1975 will be taken from the 1990 census). If
no occupations is observed in this focal year, we search iteratively
through the second and third closest waves, and so on. Parents
who are missing an occupational code after this procedure, and

who are at least 18 years old in 1960, are assigned occupations
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from that year’s census. This mainly serves to capture occupations
of women who are out of the labor force continuously after the
birth of their first child; about 6.5 percent of the mother sample (3
percent of the fathers).

Occupational codes for the child generation are primarily taken
from the 1985 and 1990 censuses for individuals born in the years
1951-1955, and primarily from population register data for birth
cohorts 1956 to 1979. Since these sources use different classifica-
tion systems, we have created a mapping between the NYK and
the SSYK occupational codes at the 3-digit level, available upon
request. The population occupation register, contained in the In-
tegrated database for labour market research (LISA) uses an adapted
version of the ISCO-08 classifications, called SSYK-2012, and is
available in our data for the years 2012-201733. As a result, the age
at which occupations are observed among the child sample varies
between 35 and 56, which might induce noise in between-birth co-
hort comparisons. On the other hand, this age span corresponds to
prime working age, and occupational choice is relatively constant,
especially given the broad classes we use in our analysis.

Information on parent- and children-specific rates of full time
work are calculated using the Swedish Level of Living Survey,
which is a nationally representative survey on about 0.1 % of the
adult population from years 1968, 1974, 1981, 1991, 2000 and 2010.
Respondents are asked about their contracted number of weekly
working hours (1974 and on), alternatively about their number of
hours worked last week (1968). Only respondents with non-zero

survey weights are kept in the sample. Parents are defined as in-

33Years 2012 and 2013 are re-coded at the 4-digit level from the earlier SSYK-
96 occupation codes, using the official translation key from Statistics Sweden
(https:/ /www.scb.se/dokumentation/klassifikationer-och-standarder/standard-
for-svensk-yrkesklassificering-ssyk/ 2022-09-08.)
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dividual between age 45 and 55 with at least one child in survey
waves 1968-1991. We set the "birth year of the child" to 1951, 1957,
1964 and 1974, respectively, i.e. 18 years before the observation.
Children are defined as individuals aged between 30 and 36 in years
1981 to 2010.

The highest attained level of education is observed in the 1970
census, and in the annual population registers that start in 1990.
Each person is assigned the level of education that he or she dis-
plays in the year closest in time to when income is observed (age
36 for children; age 18 of the child for the parents). Years of ed-
ucation is then inferred from these categorical data (e.g. complet-
ing a three-year secondary education program is coded as twelve
years of education, or eleven years if the person completed pri-
mary school when it was still only seven years in duration).
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Table Al: Occupation Classification by Country.
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Code

Definition

Norway

OO UTH WN P~ O

Armed forces and unspecified

Managers

Professionals

Technicians and associate professionals

Clerical support workers

Service and sales workers

Skilled agricultural, forestry and fishery workers
Craft and related trades workers

Plant and machine operators and assemblers
Elementary occupations

Sweden

= OO NOUIEWN -~

0

Professional work (arts and sciences)
Managerial work

Clerical Work

Wholesale, retail and commerce
Agriculture, forestry, hunting, and fishing
Mining and quarrying

Transportation and communication
Manufacturing

Services

Military / Armed Forces

Denmark

OO UTH WN P~ O

Military work
Management work

Work that requires knowledge at the highest level in the area in question

Work that requires knowledge at intermediate level
Ordinary office and customer service work

Service and service work

Work in agriculture, forestry and fisheries

Craft and related trades workers

Operator and assembly work, transport work
Elementary occupations

Note: Occupational categories for Norway are assigned using the STYRK-08 classificaiton
provided by SSB. For Sweden the classification follows SSYK-2012 similar to Vosters and

Nybom (2017). For Denmark, we use the first integer from the Danish ISCO classication (link).

In the Danish case, note that this variable is not available for all years in the data. For this
reason, we generate it from a set of other available occupation related variables. Code is

available upon request.


https://www-dst-dk.translate.goog/da/TilSalg/Forskningsservice/Dokumentation/hoejkvalitetsvariable/personers-tilknytning-til-arbejdsmarkedet-set-over-hele-aaret--akm-/disco08-alle-indk-13?_x_tr_sl=da&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=nui,sc
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Table A2: Overview Income Definitions by Country.

Denmark

Norway

Sweden

Salary

taxable salary incl. fringe benefits, tax-free
salary, anniversary and severance pay and
value of stock options

all payments related to employment includ-
ing overtime pay

all payments from employment

Net Profit

net profit from self-employment incl. profit
of foreign company and net income as em-
ployed spouse

net income from self-employment and in-
come from other businesses

net profit from self-employment, income
from other businesses

Transfers

cash benefits, unemployment insurance
benefits, sickness benefits, unemployment
benefits, pensions, child allowance, and
more

taxable sickness benefits, parental leave
benefits, unemployment benefits, short-
term disability payments, rehabilitation
benefits

sickness benefit from employer (sjukld),
value of e.g. car, travel expenses (for-
mansvirden)

Earnings/Labor Income = Combination of 1+2+3

Transfers

cash benefits, unemployment insurance
benefits, sickness benefits, unemployment
benefits, pensions, child allowance, and
more

taxable transfers: benefits from the na-
tional insurance scheme (disability insur-
ance, pensions, etc.) non-taxable: child
benefits, housing allowance, scholarships,
parental leave benefits, social assistance
payments

taxable: social insurances (unemployment,
parental leave etc), private pension income,
stipends etc. non-taxable: pensions and an-
nuities housing support child support social
welfare alimony conscript support grants
and loans for students

Property
Income

capital and wealth income excl. calculated
rental value of real estate

gross interest income, dividend income, re-
turn on life insurance, net realised capital
gains (e.g. shares, house, land), other capi-
tal income (taxable rental income)

capital income (gross pre-2004, net post-
2004) and after-tax rental income

Gross Income = Combination of Earnings +4+5

Other In-
come

other non-classifiable income

Taxes

taxes on earnings, wealth taxes, property
value tax, tax on share dividends/gains and
more

taxes, maintenance paid, mandatory insur-
ance premia

all taxes

Negative
Transfers

repayments of study loans, paid alimony

Disposable Income = Combination of Gross Income - 7+10
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Table A3: Occupational Groups.

Code Label Examples

00 missing Undefined or missing occupation

01 executives Politicians, business executives, managers

02 professionals Professions requiring advanced college degrees

03 nurses Nurses, midwives, physical therapy

04 teacher_lower Pre-school and elementary school teachers

05 law Law professionals

06 lower_professionals ~ Professions requiring shorter college education

07 secretary_clerical Secretary, bank clerks, administrators

08 other_administrative ~ Sales persons, customer service agents, postal work-
ers, local politicians

09 services Waiters, beauticians, security personnel, public trans-
port workers

10 retail Shop assistants, cashiers, phone marketing

11 care Assistant nurse, personal assistant, nursery staff

12 agriculture Farming, forestry, fishery

13 construction_craft Carpenters, welders, printers, food processing, tailors

14 machine_operators Mining workers, steelworkers, fitters, industry ma-
chine operators

15 transportation Truck drivers, sailors, bus drivers, train drivers

16 cleaning Cleaning and domestic services

17 military Military personnel, officers

18 medecine Medical doctors, veterinaries, dentists, psychologists

19 teaching_professionals University teachers, high school teachers, vocational
teachers

20 farm_help Planters, croppers

21 manual Dock workers, factory workers

22 other_services Garbage collectors, market vendors, fast food workers,

janitors

Notes: The mapping between these codes and ISCO 3-digit codes is done by the authors, with the
overall aim of separating female-dominated occupations from other occupations with the same

2-digit codes in the official ISCO system. These are used in the descriptive exercise in Section ??. The
exact mapping between 3-digit codes and these groups can be obtained from the authors upon

request.
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2.B Additional Figures and Tables

Figure B1: Female Labor Force Participation Rate.

Note: The figure depicts the labor force participation rates of women aged 15 to 64 for Denmark,
Norway, Sweden and the United States. The data was obtained from the OECD (2021) and
covers all years available for the respective countries.



2.B. ADDITIONAL FIGURES AND TABLES 107

Figure B2: Estimates of IRA and IGE in Labor Income.

Note: Panel A depicts intergenerational rank associations (eq. 2.1) between parents and children
for Sweden, Norway and Denmark and by birth year of the child. Panel B shows intergenera-
tional income elasticities, i.e. correlations in log income between parent and child pairs (with
zero incomes excluded from analysis). Parental income averaged over child ages 17-19, and
child income averaged over ages 35-37 in all estimates. “Birth Year” refers to birth year of the
child in each parent-child pair.
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Figure B3: Estimates of IRA in Labor, Net-of-tax and Gross Income.

Note: Each panel depicts intergenerational rank associations (eq. 2.1) between parents and
children, for each country and by birth year of the child. Panel A shows estimates of the
main specification: labor earnings. In panel B, total factor (gross) income is used, and panel
C depicts net-of-tax (disposable) income. Parental income averaged over child ages 17-19, and
child income averaged over ages 35-37 in all estimates. “Birth Year” refers to birth year of the
child in each parent-child pair.
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Figure B4: Estimates of IRA at Different Ages of the Child (Labor
Income).

Note: Each panel depicts intergenerational rank associations (eq. 2.1) between parents and
children, for each country and by birth year of the child. Panel A shows estimates of the main
specification: Average income at child ages 35-37. In panel B, child income is measured at ages
31-33, and in panel C, it is measured at ages 39-41. Parental income averaged over child ages
17-19 in all estimations. “Birth Year” refers to birth year of the child in each parent-child pair.
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Figure B5: Estimates of IRA, Labor Force Participants Only (Labor
Income).

Note: This figure shows IRA coefficients by birth year of the child, when removing non-
participants from the sample. Panel A shows the baseline estimates on the full sample; Panel
B removes non-participants of the child generation; Panel C removes non-participants of the
child and parent generations. “Participation” is determined by an indicator variable for having
annual labor earnings exceeding 10,000 USD in a year. Parental income averaged over child
ages 17-19 in all estimations; child income measured as the average over ages 35-37. “Birth
Year” refers to birth year of the child in each parent-child pair.
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Figure B6: Average Maternal Income Percentile Rank by Paternal
Income Ventile.

Note: The three panels show the average maternal income rank of mothers with children in the
same birth cohort, by paternal (within parental pairs) income ventile. Each panel depicts these
measures separately by country; for birth cohorts 1951 in Panel A; birth cohort 1962 in Panel
B, and birth cohort 1979 in Panel C. The fitted lines are estimated with local polynomial (third
order) regressions.
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Table B1: IRA Coefficients and Trends - Details (United States).

Parents Father Mother
Child  Son Daughter Son Daughter
A: Weights
Pooled IRA 0.317*** 0.336™** 0.195%**  0.097*** (.137***
(0.017) (.022)  (0.031) (0.025)  (0.029)
Trend x 100 0.603** -0.240  0.980**  0.136 1.047%**
(0.149) (0.205) (0.277) (0.253)  (0.292)
N 5392 2,272 1,637 2,477 2,205
B: No weights
Pooled IRA 0.335%*  0.360*** (0.237***  0.107*** .152***
(0.013)  (0.020) (0.025) (0.021)  (0.022)
Trend x 100 0.449*+* -0.263* 0.728** 0268  0.917***
(0.118) (0.178)  (0.229) (0.202) (0.213)
N 5392 2272 1,637 2477 2,205
C: SRC sample
Pooled IRA 0.2940*  (0.327* 0.192%*  0.098*** 0.126***
(0.018) (0.023) (0.0353)  (0.026) (0.032)
Trend x 100 0.433** -0.393 1.156** 0.180  0.727
(0.162) (0.218) (0.305) (0.266) (0.327)
N 2927 1,583 904 1,497 1,001

Note: The table presents estimates of the IRA and linear trends in the IRA separately for different
child-parent combinations. Due to the small sample sizes, trends have been estimated directly
on the underlying micro data by regressing cohort-specific child ranks on cohort-specific parent
ranks interacted with a linear time trend. The trend coefficients and standard errors have been
multiplied by 100 in order to avoid too many digits after the separator. Panel A contains estimates
for the full PSID sample using provided sample weights, Panel B uses the full sample without
weights and Panel C includes estimates on the nationally representative SRC sample. Standard
errors are in parentheses. P-values indicated by * < 0.1, ** < 0.05, *** < 0.01.
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Table B2: IRA Coefficients and Trends - Age 30 (United States).

Parents Father Mother
Child  Son Daughter Son Daughter
A: Weights
Pooled IRA 0.327*** 0.318** 0.222**  0.120"* 0.151***
(0.015) (0.022) (0.026) (0.025)  (0.027)
Trend x 100 0.643*** (.133 0.661***  0.610** 0.571**
(0.129) (0.193)  (0.220) (0.239) (0.262)
N 6,652 2,664 2,109 2,685 2,611
B: No weights
Pooled IRA 0.345*** (0.341*** 0.263***  (0.148*** 0.168***
(0.012) (0.018) (0.021) (0.019)  (0.020)
Trend x 100 0.457** 0102  0.510***  0.429** 0.567***
(0.101) (0.59)  (0.183) (0.176)  (0.181)
N 6,652 2,663 2,109 2,686 2,611
C: SRC sample
Pooled IRA 0.303*** 0.310*** 0.225***  0.097*** (.133***
(0.016) (0.023) (0.028) (0.027)  (0.030)
Trend x 100 0.528** 0.020 0.586** 0.661** 0.352
(0.146) (0.210) (0.245)  (0.261) (0.307)
N 3,451 1,757 1,161 1,460 1,142

Note: The table presents estimates of the IRA and linear trends in the IRA separately for different
child-parent combinations Children’s income is measure at age 30. Due to the small sample
sizes, trends have been estimated directly on the underlying micro data by regressing cohort-
specific child ranks on cohort-specific parent ranks interacted with a linear time trend. The trend
coefficients and standard errors have been multiplied by 100 in order to avoid too many digits
after the separator. Panel A contains estimates for the full PSID sample using provided sample
weights, Panel B uses the full sample without weights and Panel C includes estimates on the
nationally representative SRC sample. Standard errors are in parentheses. P-values indicated by *

< 0.1, ** < 0.05, *** < 0.01.
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Table B3: PSID Sample Size with Parent-Child Links by
Birth Cohort (United States).

Parents Father Mother
Child birth year Child  Son Daughter Son Daughter
1947 76 27 26 35 39
1948 107 38 39 48 56
1949 143 52 44 73 65
1950 171 57 72 68 99
1951 218 76 81 101 108
1952 193 70 78 88 102
1953 239 87 98 116 117
1954 235 78 96 101 128
1955 267 103 98 122 136
1956 263 86 106 107 147
1957 247 95 85 126 115
1958 220 75 95 95 119
1959 159 79 37 107 46
1960 177 96 34 121 54
1961 105 54 27 62 38
1962 117 50 37 63 53
1963 125 49 41 64 56
1964 100 47 30 56 43
1965 91 42 20 49 40
1966 88 39 17 52 34
1967 95 49 21 60 33
1968 66 32 17 39 26
1969 99 49 32 55 42
1970 87 40 20 50 35
1971 92 40 21 60 32
1972 111 49 22 63 43
1973 107 50 20 65 36
1974 117 51 25 64 48
1975 128 55 36 70 48
1976 132 58 37 63 53
1977 130 66 23 41 21
1978 138 66 34 27 30
1979 179 93 43 29 41
1980 142 65 36 33 26
1981 148 77 30 40 24
1982 120 58 27 26 30
1983 160 74 32 38 42
Total 5392 2272 1,637 2,477 2,205

Note: The table presents the number of cohort-specific parent-child links that
were used to produce the main results from the PSID survey data.
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Table B5: Comparison of Trends 1962 - 1979.

Denmark Norway Sweden

Panel A: Son - Father

IRA 0.1385  -0.1598 -0.2243
(0.0349) (0.0222) (0.0605)
LW 0.1504  -0.2062 -0.1898
(0.0239)  (0.0350) (0.0613)
Difference -0.0118 0.0464 -0.0346

(0.0423)  (0.0414) (0.0861)

Panel B: Son - Mother

IRA 06186 03244  0.3069
(0.0256)  (0.0262) (0.0408)
LW 02994  -0.1200 0.0175
(0.0353)  (0.0273) (0.0495)
Difference 03192 04444  0.289%4

(0.0436)  (0.0379) (0.0642)

Panel C: Daughter - Father

IRA 03416 03247 0.2388
(0.0309)  (0.0318) (0.0339)
LW 0.0658  -0.0385 -0.0897
(0.0324)  (0.0314) (0.0201)
Difference 02758 03632 0.3285

(0.0447)  (0.0447) (0.0394)

Note: IRA indicates linear trends estimated through all coefficients of the intergener-
ational rank association. LW specifies linear trends estimated through all coefficients
obtained from applying the Lubotsky-Wittenberg method. The trend coefficients and
corresponding standard errors have been multiplied by 100 in order to avoid too many
digits after the separator. Difference indicates differences between LW and IRA trends
and tests the null-hypothesis of equality in trends between the IRA and LW coeffi-
cients. Heteroskedasticity robust standard errors are in parentheses.
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2.C Calibrating Parameters in Model

Each set of country-year model parameters for trend decomposi-

tion are — loosely described — calibrated in the following steps:

1. If the year is the first year of observation for a given country,
draw a random set of parameters. If the year is not the first
year of observation, initialize the algorithm with the optimal
set of parameters from the last year associated with the same
country. These become the ‘search parameters’ until they are
replaced.

2. Draw 100,000 parent-child pairs (the same in each year), and
repeat the following procedure until there is a sufficiently
close match between empirical rank associations and mod-

eled rank associations®*:

(a) Compute skills and incomes for all individuals (father,
mother, son and daughter) using the set of 'search pa-

rameters’ along with randomly drawn values for x and

&
(b) Compute associations in income ranks between (i) fa-
thers and sons, (ii) fathers and daughters, and (iii) moth-
ers and sons, and (iv) mothers and daughters, while (v)
matching the relationship between mother and father

income ranks.

(c) If the convergence criterion is not met, adjust the param-
eters using a customized variation of gradient descent.

These now become the "search parameters’.

340r stop the algorithm early if it stops converging, i.e. it seems that a much
better match cannot be achieved.
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In the following set of graphs, we illustrate how the implied empir-
ical association between the two types of income in the (calibrated)
simulated data compares to the empirical association between the
same two incomes as observed in the data. These figures validate

the quality of the calibration exercise.
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Figure C1: Validation of Calibration Exercise.

Note: Each panel displays the empirical association between two incomes as observed in the
data as well as the implied empirical association between the same two types of income in the
simulated data as calibrated in the decomposition model. “Birth Year” refers to birth year of
the child in each parent-child pair.
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Chapter 3

Consequences of Rapid Structural Transformation -
Evidence from Hydropwer Expansions

Abstract: The establishment of hydroelectric power plants re-
sulted in a rapid structural transformation of Norwegian mu-
nicipalities around the beginning of the 20th century. Using a
novel dataset linking individuals born between 1890 and 1910
to historic death data, I find that experiencing childhood in
rapidly transforming local areas leads to an increase of ten
months in age at death for men. This effect is entirely driven
by individuals born into higher socioeconomic status house-
holds. I find that incomes, manufacturing, immigration and
economic inequality in local areas in the short/medium-term
increase after the introduction of hydropower, while public
health deteriorates at the same time. This suggests that, in the
long term, economic development through structural trans-
formation outweighs the negative consequences of a deteri-
orating public health environment and thereby increases the
lifespan of individuals.

I am thankful for advice and comments from Eirik Berger, Prashant Bharad-
waj, Aline Biitikofer, Andreas Haller, Sam Hirshman, Katrine V. Loken, Kjell G. Sal-
vanes, Alexander Willén and participants at seminars at NHH, UCSD and the FAIR
Midway Conference. The activities at NHH are funded by the Research Council of
Norway through project No 275800 and through its Centres of Excellence Scheme,
FAIR project No 262675.
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3.1 Introduction

New technologies and large infrastructure investments can have
significant transformative effects on local economies. In the United
Kingdom, the adoption of the spinning jenny started the industrial
revolution (Allen, 2009). The early adoption of electricity in the
United States in the 20th century led to increased economic activ-
ity up to seven decades later (Lewis and Severnini, 2020), while
railway access in India resulted in significant income gains, as well
as increases in trade volumes around the turn of the 20th century
(Donaldson, 2018). Technology adoption and infrastructure invest-
ments can have important long-term impacts through structural
change accompanied by industrialisation, economic development
and economic growth. Conversely, these changes may come at
a cost. Externalities of increased economic activity might create
pollution and result in rising mortality rates (Beach and Hanlon,
2018), while increased economic activity and urbanisation can lead
to crowded housing and poor sanitation (Cain and Hong, 2009;
Boustan, 2018), and improvements in transportation networks po-
tentially facilitate the spread of disease (Adda, 2016; Oster, 2012).
Moreover, the distributional consequences of positive and negative
effects of structural change are a priori ambiguous. These examples
raise important questions about the long-term effects of structural
transformation and the channels through which they operate.
Understanding the channels through which structural trans-
formation impacts local areas and their population, in the short,
medium, and long term is challenging for various reasons. Policies
leading to structural change are usually implemented after care-
ful consideration or with certain objectives in mind, and it might

therefore prove difficult to identify causal effects due to correlated
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unobservables and selection into areas which differ on various di-
mensions. An additional complication concerns data requirements
when investigating the long-term consequences of structural trans-
formation and its implications. For example, to investigate the
individual-level impact of policies as far back as the 19th century,
a researcher needs detailed historical accounts linked to contem-
porary individual-level data in order to investigate the long-term
implications of said policies.

Consequently, evidence of the long-term implications of struc-
tural change and its short- and medium-term channels is hard to
obtain. Most of the previous literature on the implications of struc-
tural transformation has a narrow focus on aspects connected to or
coinciding with industrialisation, such as pollution, electrification
and public health infrastructure. My setting allows me to focus
more broadly on the implications of local comparative advantages
in electricity production and consumption, and how this shaped
local areas, on the one hand, and individuals in those areas, on the
other. I overcome the identification challenges by leveraging the
staggered adoption of hydropower as a shock to local economies,
inducing structural change in the context of rural Norwegian mu-
nicipalities during the period between 1890 and 1920. I introduce
novel historical death data starting in 1928 linked to full popula-
tion census data from 1910 to create a dataset spanning almost 120
years. This thereby links the structural transformation process at
the beginning of the 20th century to outcomes up until today. I
supplement these data with newly collected information on public
health and economic indicators in local areas obtained from his-
torical documents.

There are two main advantages of focusing on the Norwegian
context. First, around the turn of the century, some Norwegian
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municipalities underwent rapid structural change mainly driven
by their topography, which was favourable for the establishment of
hydropower plants. These plants significantly increased the avail-
ability of electricity in predominantly rural areas and made it pos-
sible for large industrial factories to operate in previously very
agriculture-based communities (Venneslan, 2009). At this time, no
electric grid existed, which made hydroelectric power a compara-
tive local advantage. I use the staggered establishment of these hy-
dropower plants as my main identification strategy. I will also pro-
vide evidence of certain outcomes using a topographic instrument
inspired by Duflo and Pande (2007), and further tailored to the
Norwegian context by Borge, Parmer and Torvik (2015), to provide
causal estimates of the short-term implications of hydropower-
induced industrialisation between 1890 and 1920. The second ad-
vantage comes from the availability of detailed historical health
and economic records in Norwegian districts and municipalities,
which I am able to combine with full population census data from
1900 and 1910. Furthermore, I can link individuals in the 1910
census to individual-level death records starting in the year 1928
by applying a data-linking algorithm set out in Abramitzky et al.
(2021). In addition, matched individuals dying after 1960 can be
linked to modern Norwegian administrative data, enabling me to
assess the effect of childhood exposure to hydropower-induced
structural change on lifetime education and residential mobility. In
combination, the rich set of historical and individual data enables
me to investigate the long-term implications of structural change
decades after childhood exposure, while also addressing the short-
and medium-term economic and health consequences at the local
level that could provide important channels for these long-term
effects.
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The main results I present in this paper concern the long-term
implications of childhood exposure to a structurally transforming
environment. Using linked historical census data connected to
individual-level death data starting in 1928, I am able to provide
evidence that men born in hydropower municipalities experience
an increase of approximately ten months in age at death. Using
event-study methodology to estimate the long-term implications
of staggered hydropower adoption for age at death suggests that
hydropower adoption has a particularly strong effect on age at
death if it occurs at least five years prior to birth. This thereby sug-
gests that, in order for structural transformation to have beneficial
long-run implications on longevity, a certain maturation or adop-
tion period is required. Breaking down samples by occupation-
based socioeconomic status of the household head, I find that the
benefits of hydropower establishment in terms of age at death are
entirely driven by individuals from high socioeconomic status fam-
ilies. Hence, hydropower establishment probably contributed to
widening the gap in longevity among men and could explain some
of the differences in mortality we observe among old-aged individ-
uals today.

After documenting the longevity consequences of hydropower
adoption, I will turn to the short and medium-term developments
in local areas that provide possible channels for these longevity ef-
fects. Building on and extending previous research by Leknes and
Modalsli (2020) on the industry and occupational changes result-
ing from hydropower adoption in Norway, I show that economic
opportunities in terms of income, wealth and manufacturing jobs
increased rapidly in response to hydropower adoption, whereas
the share of individuals working in agriculture declined. This
suggests that municipalities adopting hydropower were subject to
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rapid structural transformation and offered greater economic op-
portunities than comparable municipalities without access to hy-
dropower.

These improved economic prospects attracted internal migrants
from other counties. Using a linked sample of individuals from
both the 1900 and 1910 full population censuses, I show that indi-
viduals residing in hydropower municipalities in 1910 are signifi-
cantly more likely to have moved there from a different municipal-
ity, most often from within the same county.! Moreover, movers
were positively selected in terms of an occupation-based socioe-
conomic status measure, suggesting that individuals with mar-
ketable skills, as measured by their occupation, were able to relo-
cate to areas with potentially greater economic prospects. This at-
traction of individuals from other Norwegian municipalities com-
bined with a generally growing population led to a significant pop-
ulation increase compared to non-hydropower areas. Rural munic-
ipalities gaining access to hydropower and industrialisation had a
3.5 times higher population growth rate during the period 1890
to 1920 than areas that had not established a hydropower plant
by 1920.2 The combination of rising incomes and the influx of
skilled migrants also translated into rising inequality among the
local population. Gini coefficients of an occupation-based strat-
ification measure increased by approximately 11 per cent in hy-
dropower areas between 1900 and 1910, while only increasing by
approximately 6 per cent in non-hydropower municipalities.?

In 1900, Norway was divided into 20 counties (fylker in Norwegian) with an
average population of approximately 120,000 inhabitants and an average area of
16,000 sq. kilometres.

2Rural hydropower municipalities grew by 42 per cent from 1890 to 1920, while
other rural municipalities only saw a population increase of approximately 12 per
cent.

3Since occupation-based measures of inequality only capture differences across
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After documenting the way in which hydropower municipali-
ties structurally transform and industrialise, I provide novel evi-
dence of the impact of hydropower adoption on public health in
Norwegian health districts.* Reports from district doctors during
this period suggest that population growth that went hand in hand
with the industrialisation process outpaced infrastructure devel-
opment in terms of guaranteeing hygienic standards. Estimating
event-study specifications examining the number of cases of com-
mon infectious diseases confirms that areas adopting hydropower
saw up to a 25 per cent increase in annual infectious disease cases
per 100,000 inhabitants. At the same time, the overall supply of
health professionals (e.g. doctors, midwives, pharmacists) rela-
tive to the population size remains unchanged. Taken together,
these developments created two main counteracting forces. On
the one hand, hydropower areas experienced increased economic
prosperity, which likely increased existing inequalities, while, on
the other hand, the prospect of economic opportunity led to pop-
ulation growth and a worsening of the public health environment
in the short- to medium-term.

In combination, these results suggest that, despite a deteriora-
tion of the public health environment, the positive implications of
structural change, such as the increase in per capita income, had
a stronger effect on the longevity of individuals. Multiple chan-
nels could potentially be at work simultaneously. Income could
generate better nutritional standards, improve education and also

change the occupational sorting of individuals into less hazardous

occupations, this could be seen as a type of job diversification measure, rather than
as pure socioeconomic inequality. However, assuming that income differences do
exist within occupations, this measure could be seen as a lower bound to socioeco-
nomic inequality.

“Health districts are aggregations of municipalities and there were approxi-
mately 150 health districts during the period 1880 to 1920.



128 CHAPTER 3

occupations. My results shed light on the importance of family
background in connection with these longevity effects, but do not
inform the specific mechanism due to the multidimensionality of
structural transformation.

With this paper, I make three main contributions to the un-
derstanding of the economic and health implications of structural
transformation. The first and main contribution concerns the long-
term implications for longevity of structural transformation of lo-
cal areas induced by hydropower adoption during childhood. Im-
portantly, longevity in this context should be seen as more than a
simple long-term measure of health, but rather as a complex ac-
cumulation of advantages and disadvantages over the life cycle.
By thinking in terms of this much broader definition of longevity,
these long-term effects of structural transformation go beyond di-
rect health effects. Longevity can then be influenced through chan-
nels such as occupational choice, geographic mobility, and marital
sorting, but also by the direct implications of the public health en-
vironment (Case, Lubotsky and Paxson, 2002).

The structural change in hydropower areas in this context has
two main aspects I consider relevant to longevity. First, the struc-
turally changing environmen