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timing of parental incomeduring their childhood years, using data from
Norway.Wefindfirst that, conditional on permanenthousehold income,
the child’s human capital is higher in households where income is bal-
anced between the early childhood and late childhood years than in
households with a more imbalanced income profile. Second, com-
pared to that in the early and late periods of childhood, income in
the middle period has relatively low productivity.
I. Introduction
There is a large empirical literature examining the intergenerational trans-
mission of economic status (for recent surveys, see Solon 1999; Björklund
and Salvanes 2011; Black and Devereux 2011). It is possible to find esti-
mates of intergenerational mobility for various outcomes and for virtually
every country in the world where data linking parents and children are
available. Most estimates come from simple models relating a measure
of child income and a measure of parental income, such as

yc 5 a 1 byp 1 u, (1)

where yc is a measure of the child’s income, yp is a measure of parental in-
come, and u is a residual.
Standard economic models of intergenerational transmission justify

the use of equation (1) (e.g., Becker and Tomes 1979, 1986), but they col-
lapse the childhood years to a single period of life. More realistic models
of parental investments in children distinguish several stages of child-
hood (e.g., Cunha andHeckman 2007; Cunha,Heckman, and Schennach
2010; Caucutt and Lochner 2012; Cunha 2013). They make clear the idea
that thewhole history (in particular, the timing) of parental investments in
childrenmay be as important as ormore important than the total amount
invested during the childhood years. In other words, the timing of income
may be at least as important as a singlemeasure of income, and themodel
of equation (1) is missing this issue.
This paper extends the literature on intergenerational transmission by

examining the relationship between adult outcomes of children and the
timing of parental income during their childhood years, using administra-
tive data from Norway. We focus our attention on two child outcomes:
years of schooling and earnings at age 30 (although we also present results
for drop-out fromhigh school, college attendance, IQ, and teenpregnancy).
To simplify our empirical procedure, we divide childhood in three peri-
ods: early (ages 0–5), middle (ages 6–11), and late (ages 12–17).1 We find
that the timing of income matters, over and above permanent income.
Our empirical procedure compares outcomes of children across fam-

ilies with different income profiles across the three periods of childhood
ur results are robust to dividing childhood into more periods.
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but the same permanent income.2 Although our comparisons are across
families, it is easier to describe our results in terms of a single family fac-
ing different counterfactual income profiles.
Our measure of permanent income is a statistical one, defined as the

sumof (deflated) family income observed during each of the first 17 years
of life of the child, discounted to the time of the child’s birth (we also con-
sider other measures that consider the whole lifetime of children and
parents).3 As shown in Cunha and Heckman (2007) and Caucutt and
Lochner (2012), with perfect credit markets and no precautionary sav-
ings the timing of income should not matter. In contrast, the timing of
income should be important if families face restrictions on borrowing
or saving. This is the main rationale behind our empirical procedure.
We show that, keeping permanent income and income in late child-

hood fixed, child’s schooling and earnings improve if a family experi-
ences relatively high (counterfactual) income in early childhood and
low income in middle childhood, rather than a relatively low income in
early childhood and high income in middle childhood. Stating it more
simply, child outcomes improve as (counterfactual) family income rises
in early childhood and falls in middle childhood. We also show that a
child’s schooling and earnings increase when her family income falls in
the middle years and increases toward the later years of childhood. Com-
pared to that in the early and late periods of childhood, income in the
middle period seems to have low productivity.
Finally, children in families with a balanced profile of income between

early and late childhood, keeping fixed permanent income, experience
better adult outcomes than those in families with income mainly “front-
loaded” in the early period and those in families with incomemainly “back-
loaded” in the later period of childhood. In other words, we find that there
is an inverse-U-shaped relationship between income in the early period rel-
ative to income in the late period (which means keeping fixed permanent
income and income in middle childhood) and the child’s education and
labor market outcomes in the adult years.
These empirical patterns are consistent with amodel with incomeuncer-

tainty, partial insurance and imperfect credit markets, and complementar-
ity between investments in children across periods (Cunha and Heckman
2 When we represent our results, we keep fixed both permanent income and income in
one of the three periods of childhood, e.g., the late period. Then we can compare child out-
comes for childrengrowing in families where, e.g., incomes are (relatively) high in early child-
hood and low in middle childhood with child outcomes for children experiencing low early-
childhood income andhighmiddle-childhood income.Note that, conditional onpermanent
income during the childhood years and income in one period of childhood, incomes in the
other two periods of childhood are linearly dependent: when one rises, the other must fall.

3 In other words, this is not a measure of expected future family income at birth (or in
any other year) or even a measure of assets, on which parents base their consumption and
investment decisions. It is a purely statistical measure used to construct a test of whether
the timing of income matters.
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2007; Blundell, Pistaferri, and Preston 2008; Cunha, Heckman, and
Schennach 2010; Caucutt and Lochner 2012). Income uncertainty, to-
gether with partial insurance possibilities such as an inability to borrow
and save freely (e.g., for precautionary motives), leads to a setting where
investments in children react to parental income shocks in each period.
Complementarity between investments taking place in different periods
means that human capital is maximized when there is a balanced flow of
investments.
In particular, this combination of credit market and technological fac-

tors can result in a model where a balanced flow of income shocks may
lead to higher human capital than an unbalanced history of shocks. This
would be consistent with an inverse-U-shaped relationship between the ed-
ucation of the child and the amount of income that is front-loaded (or
back-loaded) in the initial (late) period of childhood.However, our results
also suggest that income in the middle period of childhood may be rela-
tively unproductive, compared to income in earlier and later periods.
Asmentioned above, we expand equation (1) by replacing the single re-

gressor yp with multiple measures of income, measured at different stages
of childhood. Inorder to do this, weneeddata on the entire family income
history for a large number of children, which are rarely available. We use
data from Norwegian registries for children born during the 1970s, allow-
ing us to link an individual’s outcomes as a young adult to the whole his-
tory of parental income during the childhood and adolescent years.
We briefly discuss the extent to which we can interpret the association

between the child’s education and the timing of parental income as
causal. We face three (related) challenges. First, the precipitant of the in-
come shock, not the income shock itself, could be the driver of child out-
comes. Second, the timing of income could be a choice variable, poten-
tially correlated with investments in children. For example, there are
periods when parents take time off work to take care of their children,
such as in the case of maternity leave. Third, there is heterogeneity across
parents, which can be simultaneously related to income profiles and in-
vestments in children. For example, parents on steep income profiles
may be more able than those with flatter income profiles. Our discussion
is supported by an extensive analysis of these issues, which is included in
the appendix (available online).
There exists some literature explicitly examining the role of the timing

of income in the formation of human capital. Some of these papers use
survey data from the United States and Germany and rely on relatively
small data sets (Duncan et al. 1998; Levy and Duncan 2000; Jenkins and
Schluter 2002; Carneiro and Heckman 2003; Caucutt and Lochner 2012).
Others use much larger register data sets for Denmark and Norway
(Aakvik, Salvanes, and Vaage 2005; Humlum 2011), but nevertheless they
estimate very restrictive models. In particular, all these papers estimate
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regressions of child outcomes on the income of parents at different ages.
Since the levels of income in different periods enter in a linear and addi-
tive way in these models, they are assumed to be “substitutes” in the pro-
duction of human capital.
Relative to the papers using US and German survey data, our paper re-

lies onmuch better data (larger samples and richer income histories), al-
lowing us to estimate much more flexible models with considerable pre-
cision. This is true even when we contrast our analysis to the ones using
register data forNorway andDenmark.Theflexiblemodelswe estimate en-
ableus to construct a richer pictureof the roleof the timingof income than
the one presented in previous work. This is important because the comple-
mentarity (or other interactions) of investments in human capital across
periods (Cunha, Heckman, and Schennach 2010) may translate into com-
plementarity (or other interactions) of income shocks across periods.4

In another related paper, Caucutt and Lochner (2012) present an
overlapping-generations model of parental investments in children. In
addition, Cunha (2013) also presents such amodel with overlapping gen-
erations and multiple periods of parental investments, explicitly account-
ing for uncertainty in income. Themodel we consider (and discuss in de-
tail in the appendix) ismuch simpler than themodels in these two papers.
It is neither a general equilibriummodel nor an overlapping-generations
model, but it serves much more modest purposes, including (1) to exam-
ine whether it is possible to explain the main patterns in the data using a
parsimonious economic model of parental investments and (2) to con-
duct simple simulations of the how the insurance provided by the tax and
benefit system can influence the effect of the timing of family income on
child outcomes.
The structure of the paper is as follows. In section II we discuss the spe-

cifics of the Norwegian welfare state, in section III we describe the data,
and in section IV we present our empirical methods. Section V discusses
our empirical results. Section VI provides some interpretation of our re-
sults, including a brief discussion of problems caused by the potential
endogeneity of the timing of income, the role of insurance possibilities,
and a simulation of simple dynamic models of parental investments in
children. Finally, section VII concludes.
II. The Norwegian Welfare State
TheNorwegianwelfare state—together with thewelfare states in Swedenand
Denmark—has social insurance and economic equality as core elements.
4 Note that in a complementary paper, Hilger (2016) exploits parental layoffs to esti-
mate the effect of parental job loss when children are aged 12–29 on children’s long-term
outcomes, including college enrollment and earnings to age 25, but does not distinguish
between the effects of different timings of this shock.
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The Scandinavianmodel has been slowly developed over time, where the
most important developments took place between World War II and the
1990s. For our purpose of understanding the effect of income shocks on
children and teenagers, we provide an overview of important aspects of
the social security and transfer system and family policy.
Our sample period starts with births in 1970 and measures the latest

child outcomes in 2014. Across this period, the Norwegian welfare state
has consistently been characterized by highly progressive taxation, an ex-
tensive transfer system to redistribute income, and a strong social insur-
ance system. Social security is characterized by universal benefits that
cover the whole population rather than means testing, with many bene-
fits and transfers related to current or previous labor force participation
(Lindbeck 1997; Barth, Moene, and Willumsen 2014).
The social security system, disability insurance, and sick leave programs

are all based on income replacement, whereby a worker is entitled to a
benefit of a fixed percentage of the previous year’s pay or of the average
over the past three years. (See Markussen and Røed 2014 and Autor et al.
2016 for details on disability insurance and sick leave programs).
A policy area that has seen reform in our sample period is family and

active labor market policies, including maternity leave and childcare.
Thefirstmaternity leave reform took place in 1977, providing full income
replacement for working mothers for four-and-a-half months (Carneiro,
Løken, and Salvanes 2015). This reform was extended successively in the
1980s and 1990s up until today, with access to 49 weeks with 100% cover-
age (Dahl et al. 2016). Universal and strongly subsidized childcare was
established in the late 1970s for children aged 1–5 years but was really ex-
panded in the 1980s and 1990s (Havnes and Mogstad 2011; Black et al.
2014). Therefore, this reform is unlikely to have affected children from
our sample, who were born in the period 1971–80.
In addition to the family policies, an important area of change inourdata

period comes from changes in the progressivity of the taxation of income.
The tax system has become less progressive over time through changes in
the level of deductions and especially of surtaxes (Thoresen 2004). Thema-
jor changes took place in 1992, 1995, 1999, 2001, 2004, and 2006 (Fjærli
and Aaberge 1999; Blundell, Graber, and Mogstad 2015). One example is
the substantial tax reform of 1992, when personal income taxation was
changed from a system where the nominal tax rate on income varied
from 26.5% to more than 40% to a dual system where there was still pro-
gressive taxation of labor income but capital income was taxed at a flat
nominal rate of 28%. Moreover, the tax base was increased such that
there was less room for deductions, such as those on mortgage interest
payments. There were several other changes as well as subsequent tax re-
forms, which together led to a reduction in the progressivity of the system
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as a whole. As documented in Blundell, Graber, andMogstad (2015), the
average tax rates were also strongly reduced across the period, with the
consequence of a reduction in progressivity. Many of these changes were
related to similar changes in all OECD (Organisation for Economic
Co-operation and Development) countries in the same period (OECD
1998).
III. Data
Our data source is the Norwegian Registry, maintained by Statistics Nor-
way, for the years ranging from 1971 to 2014. It is a linked administrative
data set that covers the population of Norway, and it is a collection of dif-
ferent administrative registers providing information about (among other
things)month and year of birth, educational attainment, labormarket sta-
tus, earnings, and a set of demographic variables (age, gender) as well as
information on families, including parents’ marital status. We are able to
link individuals to their parents, and it is possible to gather labor market
information for both fathers and mothers.
For the bulk of our analysis we select all births in the period 1971–80. In

particular, for our main analysis we construct annual household net earn-
ings data for each year, from the three years preceding the child’s birth
through to their twentieth birthday (we also construct earnings for the en-
tire life cycle of parents, which are used in our sensitivity analyses). The net
income measure is calculated net of a progressive income tax, cash trans-
fers, child benefits (for children up to age 18), unemployment and sick-
ness benefits, general deductions for expenditures going to work, and a
regional compensation for living in the northernmost region. For some
sensitivity analyses we analyze the effect of the timing of gross income,
which is measured as pensionable income, taking out sickness and unem-
ployment benefits. This gives us information on income data and parental
characteristics, mapped to children’s outcomes, for 499,442 children.
We deflate income to 2000 and discount all incomes to the year of birth

of the child, using a real interest rate of 4.26% (Aakvik, Salvanes, and
Vaage 2005). However, our results are robust to a large range of fixed
discount rates between 0% and 15% and to time-varying discount rates
(matching the risk-free interest rate evolution during the relevant years
for our analysis). In order to construct a measure of income in each of
the three periods, we take the sum of discounted annual household in-
comes within each period (0–5, 6–11, 12–17). Permanent income is then
defined as the sum of discounted income in the three periods.
Our data include a large range of human capital outcomes, including

years of education for each individual, an indicator for dropping out of
high school at the age of 16, and college enrollment. The consequence
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of early drop-out is that individuals do not receive a certificate for voca-
tional or academic achievement, which severely limits opportunities in
the labormarket and prohibits access to further education.Unfortunately,
it is not possible to measure whether a college degree was completed. In-
dividuals are at least 26 years of age when we observe their educational
achievement, and consequently, most of them can be expected to have ex-
ited school.
We also present results in the appendix for other outcomes, including

earnings at age 30, IQ, and teenage pregnancy. Military service is compul-
sory inNorway formales, and between the ages of 18 and 20males usually
take an IQ test. This test is a composite of arithmetic, word,5 and figure
tests,6 all of which are recognized as tests of IQ. For teen pregnancy, we
construct an indicator for whether an individual (female) had a child
when she was between the ages of 16 and 20.
Finally, we use a detailed set of control variables, which are important

to ensure that we are comparing differing income profiles across other-
wise similar households. First, we construct household-specific slopes of
income profiles by taking the difference between household income
when the child is aged 18–20 and that in the three years before birth.7

Other controls include the child’s year of birth and gender as well as pa-
rental years of education and age at birth. Family size and marital status
are endogenous and so are not included in our benchmark specification
but rather are included as a robustness check.
The descriptive statistics for the sample are reported in table 1. There

are 499,442 child-level observations, which include all individuals born in
Norway between 1971 and 1980 for whom we were able to collect house-
hold incomedata. Thepermanent incomeof thehousehold (in the period
between the ages of 0 and 17 of the child) is about £312,200. There is
substantial income dispersion: the standard deviation is £93,500. Income
in each period (1, 2, and 3 for early, middle, and late childhood) falls with
the age of the child because of discounting.
Mothers have, on average, 11.15 years of schooling, which is slightly

lower than the average years of education of the fathers (11.47). Mothers
are much younger than fathers at birth (26 vs. 29 years of age). The av-
erage years of education of the children in our sample is 12.74. Twenty-
one percent of children drop out of high school, but 40% attend college.
The average annual earnings of these children at age 30 is £21,376. Re-
garding additional child outcomes, IQ is available for only males and
takes values on a nine-point scale, with a sample average of 5.26 and a
5 The word tests are most similar to the Wechsler Adult Intelligent Scale.
6 The figure tests are similar to the Raven Progressive matrix.
7 A robustness check conditions instead for income growth rather than the level differ-

ence between pre- and postchildhood income.
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standard deviation of 1.79. Finally, teen pregnancies occur for 8% of the
females in our sample.8
IV. Methods
Let Yi be an outcome for child i (education, high school completion, col-
lege attendance, earnings, IQ, teenage pregnancy) measured in late ad-
olescence or young adulthood.We are interested in Yi as a function of the
history of (discounted) household income Iit in each period t (t 5 1, 2, 3)
and the permanent income of the parents, PIi. Since PIi 5 Ii1 1 Ii2 1 Ii3,
we drop one of the periods from the model, say Ii1. Therefore, we write

Yi 5 mðPIi, Ii2, Ii3Þ 1 Zid 1 εi: (2)

The term Zi denotes a large set of controls, which aim to capture that
parents facing different income profiles may also be different in other di-
mensions. We condition on paternal and maternal education interacted
with paternal ormaternal age at birth (by including dummies for years of
education and age at birth for each parent interacted with each other).
This controls for different age-education profiles across households.
Moreover, we construct a measure of household income growth between
TABLE 1
Descriptive Statistics

Observations Mean Standard Deviation

Household income:
Household income, period 1: age 0–5 499,442 10.72 3.30
Household income, period 2: age 6–11 499,442 10.55 3.30
Household income, period 3: age 12–17 499,442 9.95 4.24
Household permanent income: age 0–17 499,442 31.22 9.35

Covariates:
Mother years of schooling 499,442 11.15 2.71
Father years of schooling 499,442 11.47 3.01
Mother age at birth 499,442 26.25 5.02
Father age at birth 499,442 28.99 5.71
Child year of birth 499,442 1,975.27 2.89

Child outcomes:
Years of schooling 499,442 12.74 2.41
High school dropout 499,442 .21 .41
College attendance 499,442 .40 .49
Log earnings at age 30 295,380 9.97 .79
IQ (males only) 238,184 5.26 1.79
Teenage pregnancy (females only) 238,611 .08 .28
8 The income process is studied in detail
They find that, as in many other countries, th
be fairly well approximated by the sum of a
order MA (moving-average) process (tempor
in Carneiro, S
e income proc
random walk (
ary shock).
alvanes, an
ess for No
permanen
Note.—Income and earnings variables are in £10,000s, 2000 prices.
d Tominey (2015).
rwegian fathers can
t shock) and a low--
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the ages of 0 and 17 of the child, based on income 1–3 years before birth
(prebirth income) and income 1–3 years after age 17 (post-17 income).
This means that we explore fluctuations in income around deterministic
age-income profiles that are allowed to vary with education, after account-
ing for heterogeneous income growth (and, of course, keeping fixed per-
manent income). The remaining controls in the model are the birth year
and gender of the child.
The term εi should be interpreted as the unobserved heterogeneity

that is left after we control for permanent income and controls. We as-
sume that εi has finite conditional variance, Eðε2i jPIi , Ii2, Ii3, ZiÞ ≤ C < ∞,
and that EðεijPIi, Ii2, Ii3, ZiÞ 5 0. We are interested not in the impact of
PI itself on Y but on the impact of the timing of income (I2 and I3) on Y,
after conditioning on PI and Z. In other words, we want to compare out-
comes of childrenwhose parents have the same level of permanent income
between the ages of 0 and 17 and the same age-education profiles, house-
hold income growth, and child’s birth year and gender but differ in the
level of income they experience in each period.
The assumption that Eðεi jPIi, Ii2, Ii3, ZiÞ 5 0 may be controversial. We

would like to interpret Ii2 and Ii3 as income shocks orthogonal to other
(unobservable) determinants of outcomes Yi, conditional on PIi and Zi.
It is likely that PI and Zi absorb much of the relevant unobserved hetero-
geneity across parents (correlated with the overall level of their income).
We show in section VI.A and appendix A3 that when we explore plausibly
exogenous changes in the timing of income across households, resulting
from changes in the tax and benefit system, our results are unchanged.9

We allowm(PIi, Ii2, Ii3) to be a nonparametric function of its arguments.
It tells us what counterfactual (adult) outcome Yi would be if a household
faced a particular counterfactual income profile, m(PIi, Ii2, Ii3). It is impor-
tant to be able to estimate a flexible function, and the reason is the follow-
ing. Parents are faced with income shocks in each period and, in response,
decide how much to invest in children (and how much to consume and
save). There is a technology that links the adult human capital of an in-
dividual to the whole history of parental investments in childhood and
adolescence. The link between income shocks and child outcomes, de-
scribed by equation (2), depends onmany factors, including preferences,
9 We also present results where we control for marital breakup and number of children.
In sec. VI.A, we repeat several of these arguments and provide a more detailed discussion
of potential violations of the assumption that Eðεi jPIi , Ii2, Ii3, ZiÞ 5 0. In addition, one im-
plication of our assumption is that prebirth investments should be uncorrelated with the
timing of income but may still affect child outcomes. We test this in app. A3 by examining
the relationship between having a low-birth-weight baby and the subsequent timing of pa-
rental income. We show that, although low birth weight is strongly correlated with PIi, it is
uncorrelated with Ii2 and Ii3. Similarly, we show that income shocks occurring after the pe-
riod in which child outcomes are measured do not drive those outcomes.
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technology, information, and the structure of credit markets (insurance
possibilities). Therefore, there are likely to be complex nonlinearities and
interactions between the different incomemeasures included in themodel.
We are particularly interested in m2ðPIi, Ii2, Ii3Þ 5 ∂mðPIi , Ii2, Ii3Þ=∂Ii2

and m3ðPIi, Ii2, Ii3Þ 5 ∂mðPIi , Ii2, Ii3Þ=∂Ii3. The term m2(PIi, Ii2, Ii3) tells us
how the counterfactual outcome Yi for a child in a particular family would
change (starting from some benchmark) if we reduced counterfactual in-
come in period 1 and raised it in period 2, keeping PIi and Ii3 fixed (and
PIi 5 Ii1 1 Ii2 1 Ii3). In section V, we present a series of graphs relating Yi

and Ii2 (for different outcomes Y ). The graphs vary, depending on the val-
ues of PIi and Ii3 on which we evaluate this function. All other controls Zi

are held at their mean values. An analogous interpretation and graphical
representations of results can be given to m3(PIi, Ii2, Ii3).
Details of the nonparametric estimation methods are in appendix A1.
V. Results
In this section, we present semiparametric estimates of m(PI, I2, I3), fol-
lowing the method described in appendix A1.10 The empirical results in
this paper are presented through a series of graphs. We first focus on
years of education as the outcome of interest and then discuss results
for earnings at age 30, IQ, and teenage pregnancy. The outcomes high
school drop-out and college attendance are mentioned in the text, but
results are presented only in the appendix. In order to implement the es-
timator, we first need to create a grid of evaluation points form(PI, I2, I3).
We take 19 points for each income variable (PI, I2, I3), corresponding to
the ventiles of each variable’s distribution. This gives us a tridimensional
grid with 6,859 points (19 � 19 � 19).
It is standard practice to trim the data so as to avoid spurious results

driven by small cells. Therefore, we drop 2% of the sample, correspond-
ing to the cells with the smallest number of observations. In our main re-
sults, we use a uniform kernel and choose the bandwidths using the for-
mula in equation (1) of appendix A1, setting C 5 6. Below, we show that
our results are robust to the choice of bandwidths.
One way to present our estimates of m(PI, I2, I3) is through a series of

two-dimensional graphs, where in the y-axis we represent the outcome of
interest and in the x-axis we represent one of the income variables in
m(PI, I2, I3). The advantage of this presentation is that the graphs are
straightforward to read. The downside of this type of presentation is that
it allows variation of only one income period at a time, which means that
weneed tofix the remaining two income variables at somepredetermined
10 Appendix A2 estimates the effect of the timing of income in a parametric setting, with
corresponding figs. A1 and A2.
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values (we fix the remaining control variables at their mean values). There-
fore, we create multiple curves for each outcome, corresponding to differ-
ent fixed values for the left-out income variables in each graph.
For each outcome, we present three graphs. In the first graph, we fix PI

and I3 at three different values each (the third, fifth, and seventh deciles
of the distribution of each variable) and vary only I2, for a total of nine
possible combinations. These are presented in one figure, which plots
m(PI, I2, I3) against I2 (for given values of PI and I3).
Since PI 5 I1 1 I2 1 I3, when PI and I3 are fixed at particular values, we

cannot vary I1 and I2 independently. Therefore, by moving toward the
right along the x-axis in each graph, we are able to see how the outcome
varies as I1 decreases and, simultaneously, I2 increases (i.e., as income is
reduced in period 1 and increased in period 2). In other words, our esti-
mates concern the impact of changes in counterfactual family income
profiles across different pairs of periods, holding constant permanent in-
come and one per-period income (I3 in this particular case). The support
of I2 over which we can evaluate m(PI, I2, I3) is not the same across all
graphs within a figure because, for different combinations of PI and I3,
there are values of I2 for which there are no observations in the sample.11

The second graph keeps PI and I2 fixed and lets I3 vary (so that income is
reduced in period 1 and increased in period 3). The third graph keeps PI
and I1 fixed and varies I3 (a reduction in period 2 income and simulta-
neous increase in period 3 income).
In order to understandwhether the patterns we uncover are statistically

meaningful, in each graph we display two other parameters, a1 and a2

(and respective standard errors), which are defined as follows. For each
panel, letH be the highest grid point for the income variable being used
in that panel, let L be the lowest grid point, and letM be themedian grid
point (corresponding to the 50th percentile of the distribution of that
income variable in that panel). Take the case where we fix PI 5 PI and
I3 5 I3 and we let I2 vary. Then, define

a1 5 mðPI,M , I3Þ 2 mðPI, L, I3Þ,
a2 5 mðPI,H , I3Þ 2 mðPI,M , I3Þ:

(3)

The value of a1 is the difference between the values the outcome takes
in the median and the lower extreme of the support of I2, while a2 is the
difference between the values the outcome takes in the median and the
upper extreme of the support of I2. If mðPI, I2, I3 Þ did not vary with I2 (in
which case the timing of income would be irrelevant, at least when we
11 Note that we have data on the universe.
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compare first- and second-period incomes), we would expect a1 5 a2 5 0,
so these parameters help us quantify the importance of the timing of in-
come. Although there are several other ways to assess whether the curves
we estimate are statistically different fromwhat wewould obtain if the tim-
ing of income was irrelevant (a flat line), the one we present here is par-
ticularly simple to implement and understand.
A. Years of Schooling
We start by reviewing the evidence of the effect of the timing of parental
income on years of schooling of the child. In figure 1A, we represent the
relationship between years of schooling of the child (Yi) and I2, keeping
fixed PI and I3 (whichmeans that I1 decreases when I2 increases, so we are
measuring the impact on years of schooling of a counterfactual experi-
ment that raises I2 while simultaneously decreasing I1). Figure 1B repre-
sents the relationship between Yi and I3, keeping fixed PI and I2 (impact
of an increase in I3 and simultaneous decrease in I1), and figure 1C rep-
resents the relationship between Yi and I3, keeping fixed PI and I1 (impact
of an increase [decrease] in I3 [I2]).
Each panel represents nine functions, which correspond to nine differ-

ent points of evaluation for two of the income variables omitted from the
figure. For example, in A we keep PI and I3 fixed (while I2, and therefore
I1, are allowed to change) at the third (low), fifth (medium), or seventh
(high) deciles of the distributions of each of these variables (since there
are two omitted variables and three evaluation points for each of them,
we get a total of 32 5 9 curves). This allows us to see how the relationship
between Yi and I2 varies when we change the values of PI and I3.
It is useful to discuss one curve in one panel in detail. Then one can

easily understand how to read all curves across all panels. Take the solid
line in figure 1A, corresponding to lowPI and low I3. At the leftmost point of
this line, corresponding approximately to I2 5 £60,000, the average child
has about 12.5 years of schooling. Since PIlow 5 £250,930 and I low

3 5
£81,000, if I2 5 £60,000, then I1 5 £250,930 2 £60,000 2 £81,000 5
£109,930. As I2 increases from £60,000 to £120,000 or so (and I1 decreases
from £109,930 to £49,930), Yi falls by about half a year of schooling, from
about 12.5 to below 12.
Within each panel of figure 1, even though different curves are eval-

uated at dramatically different values of the omitted income variables
and clearly have different locations, they display strikingly similar shapes.
These similarities can be better seen in figure 2, where we adjust all the
curves in each panel to have a similar location. More precisely, in figure 2
the graphs have been adjusted along the y-axis to have a common mean
value of the child outcome, and in a small number of curves there was also
an adjustment along the x-axis so that the peak of each curve occurs at a



FIG. 1.—Semiparametric estimates; dependent variable is years of schooling; income in
2000 prices, £10,000s. Semiparametric estimates control for dummies for paternal educa-
tion interacted with age and maternal education interacted with age, household net in-
come profile, gender, and child year of birth, and they cluster at the family level. a1 and
a2 and associated standard errors, defined in equation (3), indicate the significance of
the curvature, denoting differences in outcome between themedian and the lower extreme
and between the upper extreme and the median, respectively. Low, medium, and high lev-
els of permanent income (PI) I1, I2, and I3 indicate income at the third, fifth and seventh
deciles, respectively.
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FIG. 2.—Semiparametric estimates; dependent variable is years of schooling: adjusted
figures; income in 2000 prices, £10,000s. Semiparametric regression controls and interpre-
tation of a1 and a2 and associated standard errors are the same as in fig. 1. Low, medium,
and high levels of permanent income (PI) I1, I2, and I3 indicate income at the third, fifth
and seventh deciles, respectively. Adjustments of the scale of the x-axis and, for B, the y-axis
are described in sec. V.A.
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similar value of x.12 The adjustments are additive (adding constants hori-
zontally and vertically to the curves in fig. 1), so they do not influence the
curvature of the functions shownhere. In the rest of the paper, we present
graphs with adjustments similar to those in the panels of figure 2 (the ap-
pendix shows the full set of figures before adjustment of the axes).
To test whether the patterns in the figures are statistically meaningful, we

computea1 anda2 (and report standard errors for the test that these param-
eters are equal to zero). There is one a1 and one a2 for each curve in each
panel of figure 2, so for each panel we report the average values of a1 and
a2 across the nine different curves and the corresponding standard errors
(the individual values of these parameters are shown in fig. A3; figs. A1–
A40 are available online).
All of the curves in figure 2A (and fig. A3a–A3c) are quite similar. The

dominant pattern is a downward-sloping curve, whereby an increase in I2
and a decrease in I1 together lower years of schooling. The slope of this
curve is statistically different from zero (especially when we look at a2).
This suggests that income occurring at ages 0–5 has a relatively larger im-
pact on years of schooling than income occurring during ages 6–11.
For very low levels of I2 (very high levels of I1), an increase in I2 initially

raises years of schooling in some of these figures. Close inspection of a1

in figure 2A (and fig. A3a–A3c), however, tells us that this initial increase
is not generally statistically different from zero.13

The slopes of the curves in figure 2A become steeper as the level of I1
falls, as evidenced froma comparison ofa1 anda2. Here,a1 takes the value
of 20.017, suggesting that a reduction of I1 and a simultaneous increase
of I2, from the bottom to themiddle of the distribution of I2, lowers school-
ing by 0.017 years. The corresponding figure for a2 suggests that a shift
from I1 to I2, from the midpoint of I2 to the highest level, lowers schooling
by 0.585 years. This says that the larger impact of income at 0–5, compared
to that of income at 6–11, is especially large when I1 is low (rather than
when it is high).
Consider now the productivity of I1 relative to that of I3. In figure 2B

(and fig. A3d–A3f ), I2 and PI are fixed within each graph at the third,
fifth, and seventh deciles, and we show how the estimate of mðPI, I2, I3Þ
12 Specifically, for fig. 2B, one curve was shifted by a value of 1 to the right (PI low and I2
low), and two curves were shifted by the value of 1 to the left (PI medium and I2 high; PI
high and I2 high).

13 As a benchmark, it is useful to compare the downward slopes in the different curves of
fig. 2A, with the slope of the relationship between years of schooling and permanent in-
come shown in fig. A1. The slopes of the curves in fig. 2A are of a very similar magnitude
of those shown in fig. A1. For example, a £50,000 increase in permanent earnings leads to
about an extra 0.5 years of education, while an increase in middle-childhood income from
£80,000 to £130,000 leads to a change in schooling of the same magnitude, about 0.50 years
of education. It is remarkable that, even conditional on permanent income, the impact of
the timing of income is as large as the impact of permanent income.
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increases with I3 (corresponding to decreasing levels of I1). There is an
inverse-U-shaped pattern for nearly all the curves displayed in the figure.
Years of schooling initially increase as income is moved from (initially
high) I1 to (initially low) I3, reach amaximum at around £100,000 of (dis-
counted) I3, and fall thereafter. Here, a1 is positive and statistically differ-
ent from zero, and a2 is negative and statistically different from zero.
What this means is that, across different values of PI and I2, the years of

schooling of the child aremaximized when there is some balance between
early- and late-childhood income. If income is too concentrated in either
early or late childhood, then one can improve education outcomes of chil-
drenby “shifting” income toward the other period. Looking at the estimate
for a1, moving income from a low initial level of I3 (and a high level of I1)
to themedian level of I3 raises schooling by 0.324 years. Looking ata2, mov-
ing income from the median level in period 3 toward very high levels of I3
(and consequently very low levels of I1) reduces schooling by 0.162 years.
Figure 2C (and fig. A3g–A3j) examines the trade-offs between income

in middle and late childhood (keeping fixed income in early childhood
and permanent income). The curves display an increasing shape, indi-
cating that years of schooling are maximized when income is reduced in
middle childhood and increased in late childhood. Across curves, a1 and
a2 are both positive and statistically different from zero. The magnitudes
of these impacts are substantial and similar, if slightly smaller than com-
parable changes in permanent income. The slopes of the estimated curves
are particularly steep when I3 is increased from initially low levels, where
a1 and a2 take the values of 0.313 and 0.201, respectively.
It is striking how similar the displayed patterns are across the different

curves within each panel of figures 1 and 2. We have essentially decreas-
ing functions when looking at mðPI, I2, I3 Þ, inverse-U shapes when look-
ing at mðPI, I2, I3Þ, and increasing functions when displaying mðPI, I1, I3Þ.
We do not impose this in our estimation procedure, and we were sur-
prised that we did not have more variety in the estimated patterns, de-
pending on, for example, how wealthy the family was (in terms of perma-
nent income). Our initial goal was to have a framework flexible enough
to uncover diversity in the behavior of these functions, but what we uncov-
ered was instead stability. The stability in the shapes of these functions is
also observed when we study other outcomes, as we show below.
These results we show have three important implications. First, the tim-

ing of income shocks is relevant for human capital formation. If the tim-
ing of income was irrelevant, then all these graphs would be horizontal
lines, with only permanent income being relevant for human capital out-
comes. It is likely that the timing of income shocks affects the timing of
investments in human capital (which in turn affects human capital for-
mation). This will happen if parents have imperfect insurance possibili-
ties against income shocks.
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Second, if the timing of income matters because parental investments
react to income shocks, the shape of the curves in figure 2B is consistent
with an underlying technology of skill formation that exhibits comple-
mentarity in investments across periods. The reason is that, under com-
plementarity, it is desirable to maintain a balanced flow of investments
over the life of the child. However, at this point, we cannot distinguish
this model from any other model where smoothing investments is desir-
able (see the discussion in app. A6).
Third, our results are also consistent with a model where investments

in the second period of childhood (ages 6–11) have relatively lower pro-
ductivity than investments in early childhood and late childhood. Given
that all our outcomes are measured in late adolescence and adulthood,
it is perhaps not surprising that later investments have “higher produc-
tivity” than earlier investments, just because they have had less time to de-
preciate. If anything, what is surprising is that early investments can be so
much more important than investments in middle childhood and as im-
portant as investments in late childhood. This may happen because they
depreciate less than later investments and/or because they are comple-
mentary with investments in late childhood.
It is important to understand the upward-sloping section in each curve

(see also app. A5). One might think that, for a given level of permanent
income, it should not be worse to have all income available in the first pe-
riod (or in an earlier period) than to receive it in payments spread out
over different periods of childhood. This is because, if permanent in-
come becomes fully available at time zero, then one can allocate it freely
across periods just by saving the appropriate amount, regardless of whether
ornot one can borrow. If this is true, then children in households getting
all their income in early childhood (and nothing in a later period) should
not do worse than children in households with a more spread-apart flow
of income (keeping permanent income fixed).
However, the reasoning just described ignores the fact that incomes

are uncertain and that parents cannot fully anticipate future shocks. They
cannot be certain of whether their income will rise or decline in future
periods. In addition, their objective function is not just maximizing the
net present value of child outcomes, but they also trade off their own con-
sumption for investments in children (unless capital markets are per-
fect). As a result, in the presence of income uncertainty, when faced with
income shocks parents might oversave for precautionary motives and in-
vest in children less than they could, unless they have perfect insurance.
An income shock occurring late in the life cycle can induce additional in-
vestments in this period of life that might not have occurred if the shock
had taken place earlier in life. These investments could in turn lead to an
improvement in child outcomes.



timing of parental income 775
B. Gender Differences
There is a large literature documenting gender differences in parental in-
vestments in child human capital in developing countries (e.g., Rosenzweig
and Schultz 1982; Pitt, Rosenzweig, andHassan 1990; Lee, Parish, andWil-
lis 1994; Quisumbing 1994). In developed countries, parental investments
and the returns to these investments have also been found to be different
between boys and girls. Baker andMilligan (2016) document higher levels
of parental investments that promote learning in girls than in boys, which
lead tohigher scores for reading andmath achievement of girls, compared
to boys. Bertrand and Pan (2013) find that the response of children’s non-
cognitive skills to parental investments is much more sensitive for boys
than for girls, suggesting that the production function that translates in-
vestments to child outcomes may vary across child gender.
In figure 3 (and fig. A4), the semiparametric estimates of the effect of

the timing of income on years of schooling are shown for girls, while es-
timates for boys are in figure 4 (and fig. A5). The curves for girls are sim-
ilar to those reported above, especially in figures 3A and 3C. There is a
less pronounced inverse-U-shaped pattern for figure 3B. In contrast, for
boys there is a more pronounced inverse-U-shaped pattern in figure 4B
(concerning the productivity of I3 relative to I1) than when we looked at
the whole sample, and several curves in figure 4A (concerning the pro-
ductivity of I2 relative to I1) also display a strong inverse-U shape (con-
firmed by the estimates of a1 and a2 in the same panel). Figure 4C is sim-
ilar to figures 2 and 3.
As explained above, one possible explanation for inverse-U-shaped

patterns in the relative productivity of income in one age versus another
is consistent with a model where investments in children react to income
shocks and there is dynamic complementarity between investments in
different time periods. Our estimates suggest that, for boys, this comple-
mentarity is more important than it is for girls.
C. Other Outcomes: Earnings at Age 30, IQ ,
Teenage Pregnancy
In addition to years of schooling, we considered high school dropout
rates and college attendance rates separately, since they correspond to
education decisions at the lower and upper tails of the education distri-
bution. Perhaps not surprisingly, these results are broadly similar to the
ones we showed for years of education, and we display these results in
the appendix (figs. A7–A10). More interestingly, we examine what our
results look like when we consider three other outcomes for the child:
log earnings measured at age 30, IQ, and teenage pregnancy. We turn
to these next.
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Most of the literature on intergenerationalmobility links the earnings of
parents to the earnings to children. Figure 5 (and fig. A6) shows semipara-
metric estimates analogous to those discussed above (e.g., fig. 2), but using
as the outcome the log annual earnings of children at age 30. Figure 5A
FIG. 3.—Semiparametric estimates; dependent variable is years of schooling: girls; income
in 2000 prices, £10,000s. Semiparametric regression controls and interpretation of a1 and a2

and associated standard errors are the same as in fig. 1. Low, medium, and high levels of per-
manent income (PI) I1, I2, and I3 indicate income at the third, fifth and seventh deciles, re-
spectively. Adjustments of the scale of the x-axis and, for B, the y-axis are described in sec. V.A.
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(fig. A6a–A6c) shows a downward-sloping curve (I2 vs. I1), figure 5B
(fig. A6d–A6f ) shows an inverse-U-shaped curve (I3 vs. I1), and fig-
ure 5C (fig. A6g–A6j) shows an upward-sloping curve (I3 vs. I2). These are
remarkably similar to the schooling results, suggesting that whatever
FIG. 4.—Semiparametric estimates; dependent variable is years of schooling: boys; income
in 2000 prices, £10,000s. Semiparametric regression controls and interpretation of a1 and a2

and associated standard errors are the same as in fig. 1. Low, medium, and high levels of per-
manent income (PI) I1, I2, and I3 indicate income at the third, fifth and seventh deciles, re-
spectively. Adjustments of the scale of the x-axis and, for B, the y-axis are described in sec. V.A.
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component of human capital is driving the schooling results may also be
driving what we observe for earnings.
Figures 6 and 7 (figs. A11, A12) show our estimates when we use IQ and

teenage pregnancy, respectively, as the outcomes of interest. It is important
FIG. 5.—Semiparametric estimates; dependent variable is log earnings at 30; income in
2000 prices, £10,000s. Semiparametric regression controls and interpretation of a1 and a2

and associated standard errors are the same as in fig. 1. Low, medium, and high levels of per-
manent income (PI) I1, I2, and I3 indicate income at the third, fifth and seventh deciles, re-
spectively. Adjustments of the scale of the x-axis and, forB, the y-axis are described in sec. V.A.
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to look at outcomes such as these because they could potentially reflect
dimensions of human capital different from those manifested through
schooling and earnings. IQ is measured through the armed forces tests
at age 18, only for males, and is traditionally seen as a good measure of
FIG. 6.—Semiparametric estimates; dependent variable is IQ; income in 2000 prices,
£10,000s. Semiparametric regression controls and interpretation of a1 and a2 and associ-
ated standard errors are the same as in fig. 1. Low, medium, and high levels of permanent in-
come (PI) I1, I2, and I3 indicate income at the third, fifth and seventh deciles, respectively.
Adjustments of the scale of the x-axis and, for B, the y-axis are described in sec. V.A.
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cognitive ability. Teenage pregnancy, measured only for girls, may reflect
instead behavior problems, excessive risk taking, or low ability to plan for
the future. It is again remarkable that, with one exception, the patterns
we uncover for the impact of the timing of income on these measures
FIG. 7.—Semiparametric estimates; dependent variable is teen pregnancy; income in
2000 prices, £10,000s. Semiparametric regression controls and interpretation of a1 and a2

and associated standard errors are the same as in fig. 1. Low, medium, and high levels of per-
manent income (PI) I1, I2, and I3 indicate income at the third, fifth and seventh deciles, re-
spectively. Adjustments of the scale of the x-axis and, forB, the y-axis are described in sec. V.A.
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of child human capital are very similar compared to those for years of
schooling and earnings at age 30.
Figure 6 concerns IQ. Panels A (I2 vs. I1) and C (I3 vs. I2) are similar to

those seen above for schooling and earnings, showing that I1 and I3 are
both relatively more productive than I2. Panel B (I3 vs. I1) shows mainly
increasing curves (whereas we saw inverse-U-shaped curves for schooling
and earnings), suggesting that I3 is relatively more important than I1. This
is the only instance where there is a qualitative difference in the patterns
we uncover for schooling, earnings, IQ, and teenage pregnancy.
Figure 7 concerns teenage pregnancy and shows qualitatively the same

patternswe saw for schooling andearnings, although the signs of the slopes
are reversed, since we see teenage pregnancy as a reflection of low human
capital. The U-shaped pattern between I1 and I3 is quantitatively less pro-
nounced than the inverse-U-shaped pattern for other outcomes, but it is
still statistically significant. In sum, we see broadly similar results when we
study the relationship between the timing of family income and very differ-
ent child outcomes.
VI. Interpretation of Our Results

A. Exogeneity of the Timing of Income Shocks
In our main empirical specification, we cannot guarantee that the error
term is orthogonal to the timing of income, even after controlling for
permanent income. There are challenges to interpreting our estimates
of the impact of the timing of income on the human capital of children
as causal. We discuss these briefly in this section and present amuchmore
detailed treatment of this issue (and of all the results summarized below)
in appendix A3.
First, the precipitant of the income shock that we estimate, and not the

income shock itself, may be the driver of the estimated effects on child
outcomes. One particular example of this issue is related to labor supply.
The decision of a parent to exit the labor market and spend more time
with her children could lower household income and directly raise child
outcomes. We show, however, that the variation in the timing of income
does not come fromparticipation decisions orhours worked.Only 0.42%
and1.46%of household and fathers’net income, respectively, is explained
by labor market participation, and similarly, only 3.4% and 3.2% of the
variation in net household and fathers’ income, respectively, is explained
by variation in hours worked (see app. A3.1).
Second, our results are robust to using exogenous variation in the tim-

ing of income generated by changes in the mapping between gross and
net income, caused by reforms to the tax and benefit system between
1971 and 1998 (e.g., changes to the thresholds of tax brackets). Changes
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in the tax and benefit systemmean that two individuals with the samegross
income profilemay have very different net income profiles, depending on
their cohorts. Such variation in the timing of net income, conditional on
gross income, is plausibly unrelated to unobservable traits correlated with
the timing of parental income and child outcomes, where identification
comes from the cohort variation in the exposure to these changes (see
app. A3.1).
Third, one could worry that our finding that middle-childhood income

is relatively less productive than income in later adolescence is driven by
the omission from our model of permanent income after the age of 17,
which is highly correlated with income in adolescence. For example, the
ability of parents to borrow against future income (say between the child
ages of 18 and 30) is likely to be higher at age 12–17 than at age 6–11. How-
ever, there is hardly any change to our results when we carefully expand
the model to include the whole life cycle of families, by taking family in-
come either for the periods when the child is between ages 0 and 30 or
for the periods when parents are between ages 25 and 55 (see app. A3.2).
Fourth, the timing of income could be a choice variable, potentially cor-

related with human capital investments. One obvious case is maternity
leave: parents choose to take time off at the beginning of the child’s life,
presumably with the goal of improving the outcomes of the child (e.g.,
Carneiro, Løken, and Salvanes 2015). However, excluding income in the
early years, when the labor supply of mothers (and to a lesser extent fa-
thers) is affected by child-rearing activities, leads to the same conclusions
as our benchmark.We also conduct twoplacebo tests that further reinforce
our belief that, in our very rich specification, we can consider the timing of
income as exogenous. We show that the timing of income does not matter
for low birth weight—an outcome that predates the income. In addition,
we also show that shocks to parental income occurring when the child
was 30 years of age do not affect her education outcomes (see app. A3.3).
Finally, there may be unobserved traits of individuals that are potentially

correlatedwithhuman capital investments andwith incomeprofiles. Those
parents who have their income front-loaded in the early years of the life of
the child could bedifferent from thosewhohave their incomeback-loaded.
The question is, In whichways are they different?14 Our results are robust to
several checks, including using different measures for the income growth
profile and controlling for income volatility (see apps. A3.4 and A3.5).15
14 Parental education affects the slope of income profiles and the outcomes of children,
but this is a variable we control for.

15 Our results are robust to several specification checks, which vary the set of controls,
the measurement of controls, the discount rates to construct per period income, and the
choice of bandwidth in the nonparametric estimation.
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B. Insurance
The timing of income is important in a world where households are not
able to fully insure themselves against unanticipated income shocks.16 As
shown in Cunha andHeckman (2007) and Caucutt and Lochner (2012),
if families face lending or borrowing restrictions, then two families with
the same statistical permanent income but different time profiles of in-
comemay also have different time profiles of investments in children, re-
sulting in children with different levels of human capital. This result,
which is the basis for the empirical procedure implemented in this paper,
is consistent with the standard dynamic model of parental investments in
children with uncertainty.
Beyond self-insurance possibly available through access to credit mar-

kets, there are other types of insurance mechanisms available to house-
holds that we can think of as being particularly relevant to our analysis.
The most obvious one is the tax and benefit system, which in Norway is
quite progressive. This implies that parents are more likely to be insured
against gross income shocks than against net income shocks and that the
timing of parental gross income should matter less than the timing of pa-
rental net income. Blundell, Graber, andMogstad (2015) find that the tax
and benefit system provides substantial insurance against gross income
shocks. Since all our previous estimates are obtained using net household
incomes, we repeated our analysis, using gross incomes, and found that the
resulting curves are generally flatter than the curves in figure 2, suggesting
that the tax and benefit systemdoes provide some insurance (see fig. A35).
The trade-offs between I2 and I1 and between I3 and I2 are definitely flatter
when we look at gross incomeprofiles (fig. A35) than those for net income
profiles (fig. 2). In fact, the relationship between child’s schooling and I2
relative to I1 is even inverse-U shaped whenwe consider gross income, rather
than declining when we use net income (perhaps because progressive in-
come taxationmeans that a unit of gross income at a very low level of income
is worthmore than aunit of gross incomeat a high level of income).This can
be seen clearly by comparing a1 and a2 in figure A35, which represent the
difference between schooling when income moves from the bottom to the
midpoint of the distribution and from the midpoint to the top of the distri-
bution, respectively. Botha1 anda2 are lower when the effect of gross income
is estimated. The trade-offs between I3 and I1 for gross income profiles are
qualitatively and quantitatively more similar to those for net income pro-
files, relative to the corresponding trade-offs for consecutive time periods,
which would suggest that the tax and transfer system does not provide too
much insurance to this trade-off, perhaps because it is difficult to insure be-
tweenperiods that are well apart fromeach other, compared to periods that
are close together.
16 Appendix A4 provides a full discussion of the analysis.
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It is also interesting to consider the potential role of spousal insurance
by comparing results using father andhousehold incomes. If spousal insur-
ance was important, then we would estimate larger effects of household in-
come shocks relative to father income shocks, since the former cannot be
insured through thismechanism. This is, in fact, what we find (see fig. A36,
which has the same shapes but less pronounced slopes than fig. 2).
The importance of within-family insurance is also visible when we com-

pare the role of the timing of income across siblings within the same fam-
ily. Parents may be able to partly insure investments in a specific child
against negative income shocks affecting that child in a particularly sen-
sitive period, by shifting investments away from other children in the
household. Indeed, when we use only within-sibling variation, we find
no evidence of a relationship between the timing of income fluctuations
and child outcomes (see fig. A37). This suggests that there is substantial
within-family insurance against income shocks, since our estimates using
cross-family variation in the timing of income showmuch more variation
in child outcomes.
C. Simulating Large Changes to the Tax
and Benefit System
We estimated a simple model of parental investments in children to sim-
ulate the extent to which changes in the progressivity of the tax and ben-
efit system influence the way income fluctuations over the life cycle of the
child affect human capital formation. With a model, one can ask which
level of progressivity would be necessary to completely smooth out the ef-
fect of the timing of income shocks and how it compares with the current
system and with large changes to the tax and benefit system in Norway
over the past 40 years.
The structural model we consider is very simple, so we refrain from pro-

viding a detailed description here (it is described in detail in app. A5).
There are three periods of childhood, parents optimally choose time
and goods investments in each period, as well as employment, in a world
where there is imperfect insurance against income shocks, so that invest-
ments in children react to these shocks.We estimate the technology of skill
formation, assumed to be a constant elasticity of substitution production
function, where the output is years of education of the child and the inputs
are investments in each period. The estimated elasticity of substitution be-
tween investments in different time periods is such that investments in the
first and third periods of childhoodwould bemore productive than invest-
ments in the second period, supporting the idea of the presence of dy-
namic complementarities in investments (the model fits both patterns of
human capital and labor market participation quite well).
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Within this model we simulate how the timing of income affects hu-
man capital formation under the following alternative tax/benefit sys-
tems: (1) a system less progressive than theNorwegian system, such as that
in theUnited States, (2) a system slightly more progressive thanNorway’s,
and (3) a system with a very extreme degree of progressivity. We find that
across a wide range of degrees of progressivity of the tax system, the timing
of income shocks is always important, unless we make progressivity unre-
alistically large (as in case 3).
VII. Conclusion
This paper examines the importance of the timing of income shocks for
the human capital development of children. Using a very large data set,
consisting of the entire population of children born in Norway between
1971 and 1980, we estimate semiparametric regressions of human capital
outcomes of children (measured in their adult years) on the discounted
household income for the years when the child was between 0 and 17 years
of age (which we label permanent income) and on income in different pe-
riods of childhood.
Using a method that controls for permanent income across the entire

period of childhood in essence compares one family with a counterfac-
tual family whose permanent income is the same, but with a different
configuration of the timing of income shocks. The paper asks whether
child development responds to this differential timing of family income.
We show that, keeping permanent income and income in late child-

hood fixed, child outcomes such as years of schooling and earnings by
age 30 improve if a family experiences relatively high (counterfactual)
income in early childhood and low income in middle childhood, rather
than a relatively low income in early childhood and high income in mid-
dle childhood. Stating it more simply, child outcomes improve as (coun-
terfactual) family income rises in early childhood and falls in middle
childhood. We also show that a child’s schooling and earnings increase
when her family income falls in the middle years and increases toward
the later years of childhood. Compared to the early and late period of
childhood, income in the middle period seems to have low productivity.
Finally, children in families with a balanced profile of income between

early and late childhood (and keeping fixed permanent income) experi-
ence better adult outcomes than those in families with income mainly
“front-loaded” in the early period and those in families with income
mainly “back-loaded” in the later period of childhood. In other words,
we find that there is an inverse-U-shaped relationship between income
in the early period, relative to income in the late period (which means
keeping fixed permanent income and income in middle childhood),
and the child’s education and labor market outcomes in the adult years.
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These empirical patterns are consistent with a model with income un-
certainty, partial insurance (Blundell, Pistaferri, and Preston 2008), and
complementarity between investments in children across periods (Cunha
andHeckman2007; Cunha,Heckman, and Schennach 2010). Incomeun-
certainty, together with partial insurance possibilities and the technology
of skill accumulation, leads to a setting where investments in children re-
act to parental income shocks. Complementarity between investments
taking place in different periods means that human capital is maximized
when there is a balanced flow of investments. The combination of these
factors can result in a model where a balanced flow of income shocks
may lead to higher human capital than an unbalanced history of shocks.
This would be consistent with an inverse-U-shaped relationship between
the education of the child and the amount of income that is front-loaded
(back-loaded) in the initial (late) period of childhood. However, our re-
sults also suggest that income in the middle period of childhood may be
relatively unproductive, compared to income in earlier and later periods.
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