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Abstract

This paper studies intergenerational mobility—the transmission of family
influence. We develop and estimate measures of lifetime resources (income
and wealth) motivated by economic theory that account for generational
differences in life-cycle trajectories, uncertainty, and credit constraints. These
measures of lifetime resources allow us to estimate the transmission of wel-
fare and lifetime resources at different stages of the life cycle. We com-
pare these measures with traditional ones such as wage income and dispos-
able income measured over narrow windows of age that are used to proxy
lifetime wealth. The performance of proxy measures is poor. Parents” ex-
pected lifetime resources are stronger predictors of many important child
outcomes (including children’s own expected lifetime resources and educa-
tion) than the income measures traditionally used in the literature on social
mobility. Changes in patterns of educational attainment across generations
explain most of the intergenerational change in life-cycle dynamics. While
relative mobility is overstated by the traditional income measures, absolute
upward mobility is understated. Recent generations have higher welfare
and are better off compared to their parents.

JEL Codes: 124, D31, 130
Keywords: intergenerational mobility, life-cycle measures of resources, ed-

ucation
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1 Introduction

This paper studies the transmission of family influence across generations. We
present new theory-motivated measures of lifetime resources allowing us to
study the role of parents’ resources at crucial stages of children’s lives.

The conventional approach to measuring social mobility estimates intergen-
erational elasticities (IGEs) of income and follows the pioneering work of Becker
and Tomes (1979, 1986). This approach treats childhood as a single-period stage
of a three-stage overlapping generations model that is followed by adulthood
(when parents invest in children) and then retirement. It ignores uncertainty
and abstracts from timing considerations within the various stages of the life
cycle. It attempts to compare realized lifetime resources across generations. For
pragmatic reasons (such as data limitations), realized resources measured over
shorter time spans are used to proxy lifetime incomes. The literature empha-
sizes the role of measurement errors and alignment of ages across generations.
The literature relies on implicit assumptions of stationarity or limited forms of
nonstationarity to characterize life cycles across generations.

Another approach measures the determinants of successful lives—education,
health, and participation in crime—across generations.” Recent research on hu-
man development (e.g., Cunha and Heckman, 2007; Heckman and Mosso, 2014)
demonstrates the importance of critical and sensitive periods in shaping life-
time skills. In the presence of imperfect capital markets, the timing of receipt of
parental income plausibly affects parental investment and the lifetime prospects
of children.®> Tominey et al. (2020) show that parental income received when
children are young is a better predictor of the lifetime prospects of children than
parental income received at later ages. Recognizing the importance of child in-

vestment at early ages on child lifetime outcomes, it is the resources of parents at

IThe literature focuses on attenuation bias arising from measuring income over too few
years and life-cycle bias if income is not measured at ages thought to approximate lifetime in-
come flows following Mincer’s (1974) notion of the “overtaking age” (see Willis, 1986). See also
Mazumder (2005) and Solon (1992) for discussion of alignment issues.

2The first strand is connected with the second strand because parental lifetime resources
help determine the resources available to invest in children. Conventional one-period-lifetime
models of family influence, like Becker and Tomes (1979, 1986) and Solon (2004), provide a
tight link between the two approaches.

3See Cunha and Heckman (2007) and Caucutt and Lochner (2020).
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those ages that are relevant to the transmission of family influence. In addition,
when comparing lifetime resources and their valuation across generations with
multiperiod life cycles, there are many possible ages of comparison. For exam-
ple, Garcfa et al. (2022) show that the Perry Preschool program did not boost
participant earnings at age 50, nor did it promote marriage at that age—but it
promoted both measures during parental childbearing and child-rearing years
with substantial resulting benefits for their children.

This paper unites and extends these two themes in the literature on social
mobility by developing and estimating the intergenerational persistence in mea-
sures of lifetime resources and well-being that are most predictive of successful
childhood outcomes such as education, health, and participation in crime. The
present discounted value of future income (PDV) recognizes that the timing of
key life events differs greatly across generations and individuals, and lifetime
wealth approximates the lifetime value function and extends the PDV by taking
account of both uncertainty and liquidity constraints. We introduce a crucial
distinction between ex post and ex ante measures.

Lifetime income and lifetime well-being are measures of lives well lived.
They are often assumed to be the objects of interest in studying social mobil-
ity. However, expected income and expected well-being at different ages are
measures of resources available for consumption and child investment at those
ages. They are also measures of age-specific welfare. A life well lived at age 35
may not be one well lived at 50. As individuals progress through life, antici-
pated income and anticipated welfare are the relevant measures of age-by-age
welfare. We introduce and analyze both types of measures.

We make several contributions to the literature. First, we use PDV and life-
time wealth to analyze intergenerational dependence in lifetime resources and
welfare. We compare results based on commonly used proxy measures with
those based on actual lifetime resources (both ex ante and ex post).

Second, we explicitly account for agent information sets about current and
future resources that govern child investment decisions and ex ante measures of
lifetime resources and welfare at each age. We use estimated information sets
to formally account for the evolution of uncertainty and its consequences.

Third, using the tools developed in this paper, we find that currently utilized
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snapshot measures of realized incomes substantially underestimate lifetime in-
tergenerational persistence. Exploiting rich Danish register data spanning 40
years, we document a much tighter link across generations than suggested by
the measures used in the earlier literature on intergenerational mobility.

For example, the intergenerational dependence measured by log-log regres-
sions (IGE) is 0.29 for snapshot measures of realized wage income* but around
0.50 when considering expected lifetime resources and 0.35 when considering
realized lifetime resources. This pattern holds for alternative measures of in-
tergenerational income mobility such as Pearson correlations and rank-rank as-
sociations. Our results call into question common practices, based on snapshot
proxy measures, used in previous studies of intergenerational income mobility.
Estimates of intergenerational mobility based on incomes measured during the
30s overstate social mobility.

Contrary to the traditional estimates that find Denmark to be a highly mo-
bile country, we find that even in a generous welfare state with substantial social
insurance and redistribution through taxes and transfers, there is strong depen-
dence in lifetime resources across generations. Relative social mobility is over-
stated more for children from disadvantaged families.

Ex ante lifetime measures of parental resources are stronger predictors of
child lifetime resources and child outcomes than traditional measures of par-
ents” income and parents’ ex post lifetime resources. They better predict child
cognitive skills, education, crime, and teenage pregnancy—even compared to
measures of realized parental income averaged over 40 years. Ex ante lifetime
measures better predict child outcomes because they better proxy the resources
parents act on when they make investment decisions.

Moreover, expected PDV and lifetime wealth better capture intergenerational

*Asin, e.g., Landerse and Heckman (2017).

>See Aaronson and Mazumder (2008); Corak (2006); Corak and Heisz (1999); Mazumder
(2005); Solon (1992) for examples of earlier studies focusing on the alignment of incomes across
generations at specified ages. Black and Devereux (2011) and Jantti and Jenkins (2015) review
the literature. There are additional related studies that focus on other dimensions of inter-
generational persistence, such as wealth (Charles and Hurst, 2003), consumption expenditures
(Charles et al., 2014; Waldkirch et al., 2004), occupations (Bello and Morchio, 2017; Corak and
Piraino, 2011), incarceration and criminal behavior (Dobbie et al., 2018; Meghir et al., 2012),
health (Bjorkegren et al., 2019; Johnston et al., 2013), and employment and welfare dependency
(Li and Goetz, 2019; Lo Bello and Morchio, 2020).
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differences in income trajectories and timing of educational attainment. Differ-
ences in educational attainment mediate most of the impact of intercohort de-
mographic changes on social mobility. In contrast, the substantial intercohort
changes in educational attainment and family formation (ages of marriage, co-
habitation, and birth of children) cause income measured over fixed age ranges
across cohorts to be inaccurate proxies of individual expectations of lifetime re-
sources and welfare at the ages where they are computed.

While relative mobility (measured by the intergenerational income elastic-
ity, IGE) is overstated using traditional income measures, the opposite is true for
measures of absolute upward mobility. Current generations are better off than
previous generations. Once we account for redistribution through taxes and
transfers and account for uncertainty and income smoothing, imperfect credit
markets, reforms to financial markets, and for delayed labor market entry, the
vast majority of recent cohorts are doing better than their parents. This is par-
ticularly so for children from affluent families.

The persistence of inequality across generations documented in this paper
exemplifies the importance of integrating individual and family life-cycle dy-
namics along with accurate characterizations of policy environments in con-
ducting studies of social mobility. Assessing intergenerational mobility through
the lens used here allows for better understanding of the importance of factors
such as the role of the family, changes in individual life cycles across generations,
and the expectations and trajectories individuals face across their lifetimes.

This paper unfolds in the following way. Section 2 describes our data and
presents descriptive statistics. Section 3 introduces our lifetime measures and
discusses their identification and estimation. Section 4 documents dramatic
changes in life cycles across cohorts. It also examines the best predictors of im-
portant child outcomes and demonstrates the superior predictive properties of
our expected lifetime resource measures. Section 5 presents our main empirical
estimates of relative intergenerational mobility. It motivates the importance of
using lifetime ex ante measures over the traditional ex post measures. Section 6
presents the factors that most strongly affect estimated social mobility. Section 7

analyzes absolute mobility. Section 8 concludes. A web appendix® presents sup-

®http://cehd.uchicago.edu//intergenerational-transmission-family-appx.
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porting technical and empirical arguments.

2 Our Data

We use full population administrative register data from Denmark in the years
1980 through 2019. The data contain unique identifiers of individuals, which en-
able us to combine information on a wide range of different aspects of life across
the lifetime. The data also include unique identifiers of parents and spouses,
allowing us to link families throughout the entire period. In addition to in-
formation on income, assets, and liabilities of children and their parents, we
also add information on completed education, household structure and demo-
graphic characteristics, 9th-grade exam scores, and crime.” Appendix A pro-
vides a detailed description of all of the data sources and definitions we use.

2.1 Main Samples and Definitions

We primarily analyze a sample of children born in 1981 and 1982 for whom we
can establish a link to parents, whose parents did not migrate, and who did not
themselves migrate. We observe the birth cohorts of 1981 and 1982 from birth
to age 38 and 37, respectively (in 2019). We have information on their parents
in all years between 1980 and 2019. We analyze other cohorts as a complement
to this paper.

For the main analyses in this paper, our specifications using log income ex-
clude individuals with zero or negative average income for the age range over

which we measure their income.® We restrict the sample to native Danes. We

"Using the individual identifiers, we link data from registers containing educational attain-
ment (UDDA register), income, assets, transfers, homeownership (IND register), house price
(IND and EJSA registers), marital status, and fertility (BEF register) for each individual and
his or her spouse and parents. We also include information on criminal convictions from the
sentencing register (KRAF), and 9th-grade exam scores from the exam register (UDFK). We
measure academic achievement using 9th-grade leaving exam scores in mathematics and Dan-
ish. These are national tests taken by all children in public schools. We consider both an indica-
tor of college attainment and total years of schooling by age 35 as child educational attainment
measures. We measure crime as an indicator of whether individuals have received a crime con-
viction by 2019, and we measure whether the child has become a parent by age 20.

8Below, we establish the robustness of our analysis to alternative treatment of zero earnings.

10
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also exclude individuals for whom we observe fewer than three years between
ages 30 and 35 (i.e., at least three non-missing observations). We start with a
sample of 105,953 native Danes who did not migrate, whose parents did not
migrate, and for whom we can establish links with their parents. This reduces
to 100,344 when dropping negative values and zeroes, and reduces further to
98,686 when we drop children with fewer than three observations.

Figure 1 is a schematic flowchart of the sample of cohorts used for empirical
analysis throughout this paper, along with the data availability for the sample.
We measure children’s income in the years 2011-2016 and 2012-2017 for the
1981 and 1982 cohorts, respectively. We measure parents’ income when they

were aged 30-35 using income information between 1980 and 2000.”

Figure 1: Data Availability and Our Sample of Parents and Children

= Income available in register files (1980-2019) Parent and Child income is averaged between ages 30-35,
whenever available in register files

Birth Cohorts Children Yrs. Child Income, 1981-1982 cohorts
— —_—
! ! | !
Yoar ——f ] : : e
1980 1981 1982 1983 1990 2000 2011 2017 2019

Parent Ages € [30,35)

In Section 5.5 and Appendix C, we present estimates accounting for alterna-
tive timing of parental income, different age ranges for measuring children’s in-
come, and alternative definitions of family units. Our principal conclusions re-
main unaffected. An analysis based on rank-rank measures includes zero earn-
ers and confirms our main findings.

A subset of outcome measures such as exam scores at the end of compulsory
schooling are not available for the 1981 and 1982 cohorts. For our analysis of
these specific outcomes, we use cohorts born between 1995 and 1997, with the
sample defined in the same way as described for the 1981 and 1982 cohorts above

(i.e., those native Danes for whom we can establish a link to parents, whose

9The few observations with less than three observations when parents were aged 30-35 dur-
ing this time window are dropped. The results are unaffected by this exclusion. We do not use
data before age 30 because a substantial fraction of children are still in school. About 8% of the
individuals born in 1981-1982 acquire additional years of schooling between ages 30 and 37.
Also, earnings observations are especially noisy prior to age 30 in Scandinavian countries (see,
e.g., Bjorklund, 1993; Landerse and Heckman, 2017).

11
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parents did not migrate, and who did not themselves migrate). We have an
initial sample of 209,603 child-parent pairs of native Danes. Our selection rules
result in a final sample of 185,710 individuals."

2.2 Additional Data to Measure Lifetime Resources

We supplement our main samples with two additional data sets. First, we use
information on the adult population (age 25-85) from 1980 to 2019 to construct
synthetic cohort data as needed for a portion of our analysis in Section 3. For
each individual in each year, we have information on total personal income, dis-
posable income, and imputed consumption (see description below), as well as
information on education, cohabitation, number of children, homeownership,
and employment.

Second, we use information from the Danish Household Expenditure Sur-
vey, a diary-based survey of expenditures within the household, collected by
Statistics Denmark (Browning et al., 2021; Danmarks Statistik, 1999). The sur-
vey provides detailed information on various categories of consumption expen-
ditures for a rotating sample of individuals between 1995 and 2012. We link the
survey data to the administrative register information using individual unique

identifiers.'! 12

10Birth cohorts from the 1980s were smaller than those from the 1990s.

We use households’ disposable income and detailed information on assets and liabilities
in periods ¢t and ¢ — 1 from the register data to predict household consumption as reported in
the expenditure survey (1997+). The imputation is conducted using a random forest estima-
tor, which is a nonparametric prediction algorithm originally proposed by Ho et al. (1995). We
select the number of trees using a 5-fold cross-validation approach. Among participants in the
Danish Expenditure Survey, the correlation between predicted consumption and the observed
consumption using a training set was 0.95. See Appendix A.3 for a full description of our impu-
tation procedure.

L2While consumption can also be imputed based on information on income, assets, and li-
abilities across years (see, e.g., Browning and Leth-Petersen, 2003), this approach is subject to
measurement error, which results in two problems in the present case: (i) approximation error
leads to attenuation bias when estimating intergenerational mobility, and (ii) it inhibits a pre-
cise estimate of a Stochastic Discount Factor (SDF) for lifetime wealth (introduced in Section 3).
Bruze (2018) uses an alternative strategy by imputing consumption expenditures based on asset
and income flows from Danish registers, following the accounting identity imputation proce-
dure suggested by Browning and Leth-Petersen (2003) and applying instrumental variables to
correct for approximation error and Danish Expenditure Survey data to instrument the imputed
consumption of parents.

12
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3 Our Measures of Lifetime Welfare and Resources

This paper develops and estimates ex ante and ex post measures of lifetime re-
sources (discounted income) and the utility value of lifetime income profiles
(approximate value functions), as well as four conventional realized income def-
initions (wage income, total personal income without transfers, total personal
income with public transfers, and disposable income). A discussion of the ben-
efits of using a lifetime approach is given in Section 4. We measure individual
consumption in two different ways. We also consider income and consumption-
equivalized versions of these measures using the standard OECD equivalence
scale to adjust for household composition (Browning et al., 2014)."* One novelty
of this paper is that we estimate life cycle stage—specific measures of resources
and welfare that reflect agent uncertainty, credit constraints, and information
that govern child investment decisions. Like Tominey et al. (2020), we recognize
the potential importance of resources available to parents at key developmental
ages in shaping child development. Unlike them, we also estimate expected fu-
ture income at or near the ages at which child investment decisions are made.
Table 1 provides an overview of the measures we analyze in the paper (main
text and appendix). Sections 3.1-3.3 discuss our lifetime measures in greater
detail.

13The OECD equivalence scale assigns a value of 1 to the first household member, a value of
0.5 to each additional adult, and a value of 0.3 to each child.

13
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Table 1: Definitions of Welfare and Income Indicators Used in this Paper

Variable Definition

(1) Wage Income Taxable wage earnings and fringes, labor portion of business income, non-taxable earnings, sev-
erance pay, and stock options.

(2)  Income with Transfers Total personal income (excluding rental value of own home). Total personal income is equal to
the sum of wage income, business and self-employment income, capital income, public transfer
income, property income, and other non-classifiable income that can be attributed directly to the
individual person.

(3) Income without Transfers | Total personal income (as specified in item (2) above) minus public transfer income. The main
items of public transfer income include: social assistance cash benefits, unemployment insurance
benefits including leave, sickness benefits, pensions including disability pension and early retire-
ment pay, housing allowance, and child allowance.

(4) Disposable Income Total personal income including public transfers (as specified in item (2) above) and rental value
of own home (for owner-occupied individuals) minus taxes, interest expenses, and child support.

(5) Family Measures (Hus- The sum of items (1)-(4) within households.

band and Wife or Cohabi-
tants)

(6)  Equivalized Family Mea- | The family measures in item (5) adjusted by an equivalence scale for household composition.

sures

(7)  Household Consumption | The total household expenditures from the Danish Expenditure Survey.

(8)  Survey Imputed Con- Total household expenditures, imputed from the relationship between the Danish Expenditure

sumption Survey and the Danish register.

(9)  Survey Imputed Con- The survey imputed consumption adjusted by an equivalence scale for household composition.

sumption with Equiva-
lence Scale
(10) Expected Present Dis- The expected present discounted value of future total income, using a deterministic discount factor
counted Value (B): .
PDVJ,L = ]Ez,l [ Z J37y,,,/,+r ‘ Iu]-,
=1
where y; , is the the total income including interest on assets, public transfers, the estimated rental
value of own home for owner-occupied individuals, and unrealized capital gains from housing
stock for individuals who are homeowners, minus taxes and interest expenses at age t. [ is a
common discount factor, and Z; ; is agent ’s information set.
(11) Realized Present Dis- Same as (10) with realized lifetime measures for parents and imputed measures after mid-30s
counted Value using the imputation framework of Appendix E.
(12) Expected Lifetime Wealth | The expected present discounted value of future total income including unrealized capital gains
using a stochastic discount factor. The lifetime wealth at time ¢ for individual 7 is
(S SU'(cien1)
LW =E;, Z Sit+r¥it+r | Zit|, where 5,1 = Ei. [JW ‘ L,t}
=1 it
is the stochastic discount factor, y;; is the total income (see definition in item (10) above) at age ¢,
¢; ¢ is the survey imputed consumption at age ¢, and Z; is the information set.

(13) Realized Lifetime Wealth | Same as (12) with realized lifetime measures for parents and imputed measures after mid-30s
using the imputation framework of Appendix E.

(14) Equivalized Lifetime Mea- | Items (10)—(13) adjusted by an equivalence scale for household composition.

sures

14
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3.1 Measures of Intergenerational Mobility

This paper develops and estimates two measures of lifetime resources: the present
discounted value of future income and lifetime wealth—an approximation to the life-
time value function over the relevant ages of child development. We present two
versions of each: ex ante and ex post, accounting for uncertainty. The ex post mea-
sure is consistent with perfect foresight or realized lifetime incomes, which is the
implicit focus in the current literature. Our ex ante measures use age-specific,
anticipated resources that capture welfare as it evolves. We first introduce our
measures and then discuss their identification and estimation.

For a given information set Z; , available to individual ¢ in period ¢, the ex-
pected PDV is

T—t

PDVi,t =E;; l Z B Yit1r

=1

z] (1)

where [ is a fixed discount factor, and y;,; is income in period ¢. The expected
PDV is individual i’s expected present value of future income flows measured at
period ¢.!* This measure improves on the way income has been measured in the
previous literature, by considering a full life-cycle perspective and by allowing
for differences in age profiles across generations and individuals. For exam-
ple, later generations, on average, acquire more formal education. This means
that they are more likely to have lower incomes at younger ages than their par-
ents who do not attend college, compensated by higher (and steeper) income
profiles when entering the labor market after completing college (or graduate
school). We show evidence on these patterns across generations in Section 4.2.
While snapshots of proxies of parents” and children’s incomes may generate a
distorted picture of intergenerational persistence, the expected PDV takes into
account that more highly educated individuals face steeper expected income
profiles and that income profiles have changed across generations. We also re-
port a realized lifetime version of Equation (1) which is feasible for parents but
requires partial imputation for children (from age 38 onward).

With diminishing marginal utility of consumption and lifetime liquidity con-

14See Blundell et al. (2016) for a similar definition of expected PDV, which they call human
capital.

15
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straints, an individual’s utility does not depend solely on expected lifetime re-
sources but also on access to future income in the presence of imperfect credit
markets. Individuals facing liquidity constraints value expected future income
streams less than those who can borrow fully against their future income (see
Hai and Heckman, 2017). Risk averse agents value information. The value of
expected income streams—expected lifetime wealth—should account for both
uncertainty and liquidity constraints.

We follow Huggett and Kaplan (2011, 2012, 2016), who present lifetime mea-
sures of an individual’s resources that incorporate uncertainty and credit con-
straints using stochastic discount factors and define an individual’s expected

lifetime wealth at period ¢t (LW, ) as

T—t

Lwi,t = Ei,t [ Z Sit+rYit+r
=1

Iiyt] : (2)

where s;; (defined below) is individual ¢’s stochastic discount factor (SDF) at
age t when expectations are taken with respect to the information set of indi-
vidual i at age ¢."° In principle, stochastic discount factors can be estimated
nonparametrically using panel data on consumption,'® but in this paper, we use
a parametric specification of preferences.

From the first order condition for optimal consumption, the stochastic dis-

count factor is
Uc(Cits1) Bz t]
Uc(ci,t) b ’

where ¢; ; is individual i’s current consumption, ¢; ;11 is consumption atage ¢t +1,

Sit+1 = Ei,t [5

Ul(ciy) is utility at time ¢, and U, is the marginal utility of consumption. These
factors account for both uncertainty and liquidity constraints, as well as the in-
surance value of welfare programs such as social assistance and unemployment
insurance departures. Expected lifetime wealth (LW) is the subjective present

value of lifetime income evaluated with a SDF.'” As a complement to this anal-

The definitions in Huggett and Kaplan (2011, 2012, 2016) build on the valuation of non-
traded asset from Lucas (1978).

16See Escanciano et al. (2021).

7See Appendix B.1 for a detailed derivation of the concept of lifetime measures presented
here.

16
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ysis, we also assume perfect certainty and construct a version using actual c; ;
and y; ; to form s, ;. This is an estimate of realized lifetime welfare, which is one

way to compare lifetimes.

3.2 Properties of the Model, Identification, and Estimation

We briefly consider the basic structure of the model and its identification and
estimation.'® We focus on central issues, definitions, and assumptions. Appen-
dices B.2-5.4 provide further details.

The SDF at period t for individual 7 (s;,) can be decomposed into terms cap-
turing the impacts of (i) future income uncertainty, (ii) borrowing constraints,
and (iii) the market interest rate. Consider the SDF from a household’s Euler
Equation:

Uc(cz‘,t—i-l)

E.
it 6 UC<CZ'7t)

(7)) (T4 Xig)| = 1, (3)
where ), is the household’s Lagrange multiplier on its borrowing constraint. If
Ait = 0, the constraint is not binding. Letting e, ;.1 be the forecast error of this
equation, then

UC C;
Eitr1 = B[](c(c’:)l)(l + 1)1+ Ny) -1 =
In (ﬁ(JM) = hl(l + €i7t+1) - hl(l + ri,tJrl) - hl(l + >\i7t)
Uc(ci,t>

=K (In(1+ e 1)) — Eit[In(1 4+ 7 041)] — In(1 + Nig) + 0igs1,
(4)

where n; ;11 = In(BU(¢;41)/Uc(cip))—Eit[In(BU(Ci4+1)/Uec(cit))] arises from up-
dated information in the next period. The first term in Equation (4) is related to

precautionary savings motives and income uncertainty.’”-?* The next two terms

8Section B.1 exposits the notion of lifetime measures in a dynastic framework.

YParker and Preston (2005) breaks consumption growth into similar components.

*We can approximate the firstterm E; ¢ [In(1+¢; 141)] & —3Ei4[e?, 1] = =302, ,,, following
a second order Taylor expansion. o2, , is the forecast error variance, which can be considered
an expression of income uncertainty and household wealth (see Dogra and Gorbachev, 2016).
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capture liquidity constraints through the expected borrowing rate and Lagrange
multiplier (the former being related to a household’s idiosyncratic borrowing
rate and the latter to the explicit borrowing limit).

For our main empirical analysis, we use a CRRA utility function: U(c;;) =

1—p
Cit —1

1-p
ily size and composition) of individual i at time ¢. We set the risk aversion pa-

, where c; ; denotes the adult-equivalence consumption (to adjust for fam-

rameter at 0.67, estimated by Szpiro (1986) on Danish data using property/liability
insurance.

We present further details about the estimation procedure and specification
tests in Appendices B.1-B.4 and Section 5.4. Appendix B.1 presents a general
statement of our model. Appendix B.2 discusses identification. Appendix B.3
discusses estimation of the SDFs. Appendix B.4 reports summary statistics of
our estimates of the stochastic discount factors by education level over age, sep-
arately for different birth cohorts. Section 5.4 discusses alternative specifications
of the model allowing for uncertain lifetimes with bequests following De Nardi
(2004) and investigates the sensitivity of the model to alternative choices of risk
aversion parameters.

3.3 Identifying and Estimating Information Sets

An important innovation of this paper is identification of agent information sets
and their implications for social mobility. We approximate information sets
(Z;4+) using the procedure of Cunha and Heckman (2016). For vector Z,;, the
key idea of the procedure is to use forecasts of future income based on Z to
check if the forecast error is actually correlated with choices that depend on
these forecasts. Components of income not in the information set should not
predict future outcomes.

We first test whether consumption at age 30 is statistically significantly asso-
ciated with the difference between realized future income at age 50 and future
expected income at age 50 based on an information set estimated at age 30. If
Z is defined correctly, the residualized incomes at age 50 based on characteris-
tics Z measured at age 30 are uncorrelated with the consumption at age 30 (see

02 ;++1 May also capture uncertainty of, e.g., health and family structure.
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B.6 for a formal presentation of the test). This is indeed what we find in Panel
A of Table 2. Column (1) shows that the raw regression coefficient between
consumption at age 30 and disposable income at age 50 is 0.35. When we in-
clude gender and educational attainment in the information set in column (2),
the estimated coefficient drops substantially. When we further include cohabi-
tation and homeownership status in the information set in column (3), the re-
gression coefficient drops further. And when we use the full information set in
column (4), the regression coefficient between consumption at age 30 and the
residual (unexpected) income at age 50 is even lower and not statistically dif-
ferent from zero (t-statistic is equal to 0.72). Similarly, to assess whether there
is any relationship between any mismeasurement of the information set and
child’s outcomes, Panel B of Table 2 considers the associations between parents’
disposable income at age 50 and child outcomes. The associations are initially
highly significant at first, but once we residualize parental income using the full
information set we see no significant link.

Our final information set, which passes the specification tests presented in
Table 2, is based on gender, education level (primary school, high school, col-
lege, and university), employment status, cohabitation, number of children,
quartiles for mean income level, quartiles for mean consumption level, quartiles
for mean consumption growth, quartiles for standard deviation of consump-
tion, and homeownership status. Our nonparametric approach for forming ex-
pected values also allows for all interactions among these factors. In Section 4.2,
we show how educational attainment and life-cycle profiles of family formation
and income change from one generation to another. By including these char-
acteristics in the information set, cohort effects related to changes in them are
explicitly taken into account.

We interpret the results from Table 2 as evidence that our information set
is correctly specified. Moreover, as parents’ residualized income based on our
preferred information set is not associated with child outcomes, any minor mis-
specification would likely attenuate the estimated role of parents’ lifetime re-
sources on child outcomes. Application of this approach shows that uncertainty
is greater for the more recent cohorts and the more educated people. Figure 2(a)
shows the standard variation of the unforecastable component of individuals’
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income by age for the sample of male children and their fathers, which can be
considered as a measure of uncertainty.?! Figure 2(b) presents the variance of
unforecastable component of individuals” income normalized by the total vari-
ance of income by age. We discuss this feature of the data below in Section 7.
The finding that more educated people face greater uncertainty is consistent
with research by Cunha et al. (2005) and Cunha and Heckman (2016). Uncer-

tainty incorporates all components of labor market risk, not just unemployment.

3.4 Analysis under Perfect Certainty

In analyzing realized ex post life-cycle patterns, we replaced expected values
with realized values. One interpretation of the IGE is as a measure of lifetime
welfare across generations. A practical issue with this approach is that we do
not have data on full life cycles for children, although we do for parents. We
have to impute missing life-cycle data only for the children. Following standard
imputation methods, we use synthetic cohorts adjusted for wage growth to fore-
cast missing data for children and account for imputation-induced variability.
We use multiple imputation methods (see, e.g., Little and Rubin, 2002) to im-
pute the residuals associated with the imputed values and use the imputations
so generated in our empirical analysis (see also Appendix E). We recognize the
speculative element in making such imputations and address problems with
doing so. At the same time, an entire literature on returns to education and on
life-cycle decision-making faces this problem, although it is often less explicit

about how it solves it.?

21To avoid any gender effects and complications arising from fertility decisions and maternity
leaves, for the uncertainty analysis presented here, we focus on comparisons between fathers
and their sons.

22G