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Abstract

When there is a genetic basis for economic inequality, social mobility will be a function of
the intensity of marital sorting on genotypes. We construct a model of equilibrium sorting in
which incomplete information about genotypes is the only force precluding perfect segregation
on genotypes. In our model, singles rely on inter-generational Bayesian updating to infer the
genotype of potential spouses, thus increasing sorting on genes, and reducing social mobility.
Our model explains why public policies of redistribution or education may have little effect on
long-run social mobility, consistent with the findings of Clark [2014]. The effect of grandparents
and more distant ancestors on current social status is also explained.

1 Introduction

The role of genetics in explaining economic inequality has become increasingly accepted in the
social sciences. The accumulation of evidence, from sibling studies and genome analysis (GWS)
suggests that inherited ability is determined by the action of many genes and influences in turn a
wide diversity of outcomes, including education and financial sophistication.

Despite a vast empirical literature on social mobility and economic inequality, the implications
of genetic transmission for economic inequality have not been formally analyzed. Formal models,
in the spirit of the empirical literature, have focused on the direct transmission of observables, such
as human capital. It is well known that this approach is potentially misleading; for instance Clark
[2014] finds that long-run social mobility is much lower than suggested by father-son correlations
of income or education and suggests that this is because economics status variables are noisy
indicators of genetic status.

A convenient starting point for modeling genetic inequality is the Additive Genetic Model
(AGM) the standard model of polygenic inheritance. Under the AGM, not only does each parent
of a child contribute equally to the child’s genotype, but the size of the contribution does not depend
on the genotype of the other parent or on the household environment. Genetic inequality therefore
depends on who marries whom: mixing leads to low inequality and high mobility, segregation
to the opposite. Intergenerational transmission is therefore as much about choice as it is about
biology.

There is a large economic literature on the equilibrium determination of who marries whom
(marital sorting), but this literature generally ignores the possibility that marriage is motivated
by the production of children. Conversely, theoretical models of intergenerational transmission
generally assume away the genetic contribution of marital sorting. Direct evidence, in the form
of GWS results, suggests that spouse’s genotypes do tend to be correlated, but are silent on the
mechanism or motivation that gives rise to these results.
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In this paper we propose a model of social mobility based on a key feature of marital sorting:
genotypes are not observed in the matching process. Singles in our model care about the income
of their descendants, which is a stochastically increasing function of genetic ability. They observe
the human-capital attainment of potential spouses, which permits imperfect inference about their
genotypes. The precision of these inferences can be increased by Bayesian updating on the family
history of a potential spouse. In its full generality, this framework is far more complex than
standard matching models: family history involves many lineages, matching is multi-dimensional,
and the distribution of genotypes evolves endogenously with each generation. Incorporating a full
treatment of the two-sided matching problem would a technically formidable challenge.

To avoid this complexity, we instead simplify the matching process so that, under the standard
additive model of polygenic inheritance, the equilibrium sorting implies PAM on all observable
variables; under complete information, this would yield the segregation case alluded to above.
We then show that the equilibrium takes a particularly simple form; the family history of any
potential spouse is summarized by a scalar variable, which we call “status”, that follows a simple
and tractable law of motion. This variable represents the equilibrium expectation of the mean
genetic score for ability, prior to observing the signal. Effectively, spouses sort on posterior beliefs
about genotype.

We find that the model economy has a unique stationary equilibrium, and characterize the
resulting parent-child and husband–wife correlations of genotypes. Thus we can characterize the
resulting intergenerational mobility and inequality, in terms of genetic ability, human capital and
income.

Unsurprisingly, any changes to the environment that make family status more informative will
increase sorting on genotype, reducing social mobility — even though sorting on family status, by
construction, remains constant. Thus if technological change makes ability more important as a
determinant of output, the equilibrium matching will be more assortative, and consequently social
mobility, in terms of ability will fall.

This ‘information principle’ carries over to the analysis of social policies. Clark [2014] has argued
that the long-run social mobility of families is both surprisingly low and surprisingly uniform
across countries and across changes of social regimes. We show that, when social policies are
common knowledge, redistribution does not affect sorting on genotype, and hence the long-run
social mobility is unaffected. This invariance is nevertheless consistent with the ‘Gatsby curve’
of Corak [2013], the strong cross-country relationship between father-son income correlations and
measures of after-tax income inequality, such as the Gini coefficient. When redistribution policies
are common knowledge, rational agents are able to unwind the effects of the policy and infer
the original income from the after-tax income, so redistribution does not affect inferences about
genotype, preserving the informativeness of the family-status variable. Thus a country like Sweden
with a high degree of redistribution, can have low inequality and high parent-child mobility at the
same time as having, due to strong sorting on genotype, low long-term mobility.

A similar argument applies to education policies. Suppose that education is a function of both
ability and parental income. If education substitutes for genetic ability in the production of in-
come, then education subsidies might reduce sorting on genotype and thus increase social mobility.
Alternatively if education and genetic ability are complements, then meritocratic education policies
might by, by magnifying the effects of genetic inequality, reduce long-run social mobility. However
if both parental income and the education policy are common knowledge, rational agents are still

0It may also be worth pointing out that under the AGM, if fertility variation is unrelated to ability, as it is in
our analysis below, then marital sorting has no effect on average ability of a population; thus our analysis has no
implications for racial differences in means.
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able to unwind the policy effects, so inference of the agent’s ability from the family income history
is unaffected. PAM on family status thus implies that long-run social mobility is unaffected by
such education policies.

Parental concern over family status provides new incentives for human-capital investment.
Suppose that the investment is observed only by the parent; then the child’s signal will be distorted,
resulting in a better matching for the child, and hence a higher genotype for the grandchild. We
show that the resulting equilibrium in our model is unique and is characterized by over-investment
in education. We also show that the model can be extended to allow for imperfect sorting on
observables; our equilibrium is therefore consistent with empirical spouse correlations of education
and ability.

1.1 Related Literature

Our paper complements a large empirical literature on intergenerational mobility dating back to
Behrman and Taubman [1985] by providing a theory that incorporates marital sorting on genetic
endowments. This possibility was acknowledged as important by Becker and Tomes [1979] but their
model, and later versions assumed each child had only one parent and human capital investment
was the only endogenous variable underlying mobility. Aiyagari et al. [2000] incorporated marital
sorting into this approach. Kremer [1998] proposed a Markovian model of parental sorting and
argued that the effects of sorting on inequality were negligible, given plausible levels of intergen-
erational persistence of education. Sorting matters in our model precisely because genetic ability
is more persistent than noisy measures of ability such as education. Feldman et al. [2000] does
propose a model of child outcomes with two-parent genetic effects but does not specify a marital
sorting mechanism to generate the distribution of parents.

The main evidence for genetic ability consists of sibling studies. The results of dozens of twin
studies since the 1980s are summarized by Polderman et al. [2015], who concludes that 70 per
cent of cognitive- ability variation is explained by genetic heritability. An important study com-
paring biological and adopted children, Sacerdote [2007] suggests that genetic effects on education
attainment are three times stronger than environmental effects.

Recent advances in genome analysis also support two key pieces of our argument. Using enor-
mous genetic datasets, Okbay et al. [2016] have identified dozens of specific DNA snippets that
predict education attainment, while Barth et al. [2017] show that the education scores derived from
these snippets also predict sophisticated financial behavior, independently of the effects on income
and education. Evidence for spouse correlations at the genetic level include Robinson et al. [2017]
and Conley et al. [2016]. Psychological evidence that spouses are correlated in cognitive ability
dates back at least to Phillip et al. [1987].

The weakness of the link between long-run social mobility and measured father-son correlations
is demonstrated by Clark [2014], who documents the astonishing persistence of family status across
centuries and concludes that the invisibility of genes in the matching process is the main guarantee
of social mobility.

Contrary to the standard economic models of marital sorting, the main variable of interest in
our model, the genotype, is not observed by any of the participants in the matching process. This
makes our theory similar in a spirit to the static models of Chade and Eeckhout [2017] who have
matching with symmetric type uncertainty, or Anderson [2015] and Anderson and Smith [2010] who
extend that approach to a state variable that evolves over time. These are one-dimensional models
however that abstract both from the phenotype-genotype distinction that plays a key role here
and hence from the problem that inferences for any one agent are based on many family histories,
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rather than a single lineage. Limited progress has been made on characterizing multi-dimensional
matching with complete information; this is summarized in Lindenlaub [2014] .

2 Model

We now develop a model of a matching market in which singles would like to maximize the expected
income of their descendants. This makes people with superior genotypes more desirable than
others, holding other variables constant. To ensure tractability, we make a number of functional
form assumptions in the structural model such that the reduced form of the model can be expressed
as three log-linear equations. This structure ensures that the equilibrium sorting implies PAM on
all observable variables, which leads in turn to a simple rule that governs the Bayesian evolution
of beliefs. Later we extend the model to allow for imperfect sorting on observables.

The equations describing the genetic basis of ability and human capital follow directly from
the standard model of quantitative genetics, the Additive Genetic Model (AGM) , as described
by Feldman et al. [2000]. Quantitative traits, such as ability, are assumed in the AGM to be the
result of the additive effects of many genes. This implies the effects of both parents on the child
are equal and independent of the effects of other genes or the environment. Thus each genome can
be assigned a genetic score for ability, and by a LLN result, the model implies normality of the
(log) ability distribution as the number of genes goes to infinity.

2.1 Fundamentals

2.1.1 Population

Time in the model consists of an infinite succession of discrete periods : t = 0, 1, 2, .... People in
the model live for one period as adults. At t = 0 there exists a unit mass of each sex, who are
paired off into a unit mass of households, which is indexed by i ∈ [0, 1]. Each household i has
two identical offspring, one of each sex; each offspring adopts the family index and joins the adult
population in period t+1 . Males and females are paired in each period, once again forming a unit
mass of households, which we can index by the husband’s name i ∈ [0, 1].1 We let i′ denote the
maiden name of the mother in family i. Note for every type of adult at each time t there exists an
equal mass of each sex.

Singles in each generation are differentiated by an unobservable variable, which we call ’ability’
and is determined by a person’s genome. There is also an observable variable, or phenotype, that
is a function of genotype and other inputs.

2.1.2 Genotype

At date 0, nature endows each agent i with a ’genotype’, summarized by ability θi0 ∈ R+. drawn
from a normal distribution; θi,0 ∼ N(0, γ̄0) where γ̄0 > 0. The genotypes of subsequent generations
are given by:

θit = b · [θi,t−1 + θi′,t−1]/2 + υit (1)

1Since there is no asymmetry by sex, the female’s index would work just as well. The emphasis on the male
lineage is motivated by the empirical literature which focuses on traits that are easier to measure for the male
lineage, such as last names and earnings.
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where b ∈ (0, 1) and υit ∼ N(0, σ2
υ) is a shock (for simplicity, assume that both siblings get the

same realization)2. Recall that i′ is the ’maiden index’ of the mother in family i, so that θi′,t−1 is
her ability.

2.1.3 Phenotype

The phenotype consists of an observable variable, human capital, which, in combination with the
spouse’s phenotype, and public policy, determines household income. This part of the structural
model is fully described in the Appendix, and is summarized here by two reduced-form equations:

The log of the human capital of agent i in generation t, denoted xit ≡ lnXit, is produced by
ability θit (nature), parental investment hi,t−1 (nurture), and “economic luck” εit. We allow for
redistribution of parental investment as a policy tool (via an expansion of public schooling, say).
The reduced-form relationship is given by:

xi,t = α′0 + α1 · θi,t + α2 · hi,t−1 + εi,t, (2)

where εit ∼ N
(
0, σ2

ε

)
. The parameter α1 captures the extent to which ability (nature) matters

for human capital production. The parameter α2 captures the extent to which parental invest-
ment (nurture) matters for human capital production, but also inversely captures the extent of
parental investment redistribution. For instance, “equality of opportunity” arises when α2 = 0. The
constant, α′0, simply accounts for redistribution (i.e. ensures that the resource constraint binds).

It is useful to consider a special case whereby all families invest the same proportion of their
income, z. We will go on to show that this is optimal and derive the optimal z. But holding it
fixed for now helps clarify the main arguments to follow. Fixing z allows us to write

xi,t = α0 + α1 · θi,t + α2 · yi,t−1 + εi,t, (3)

where α0 = α′0 + α2 · ln z.
The log income of a household consisting of a member of family i and a member of family i′

in period t depends on household output as well as on redistributive factors. Household output
depends on the human capital of household members. Redistribution of output arises from two
sources–a progressive taxation system, as well as deviations from meritocracy whereby rents are
acquired by virtue of parental wealth. The reduced-form relationship has log household income
being a function of average household human capital and average household parental income:

yi,t = β0 + β1 · [xi,t + xi′,t]/2 + β2 · [yi,t−1 + yi′,t−1]/2. (4)

The inverse of the parameter β1 reflects the extent of redistributive taxation in the model, while
the inverse of the parameter β2 reflects the extent of meritocracy. The constant β0 simply ensures
that the resource constraint holds (total output equals total income).

2This is not essential but allows us to abstract from the possibility that sibling outcomes are informative about
one’s genotype.
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2.1.4 Preferences

Agents have preferences over their own consumption and the infinite sequence of consumption of
their descendants:

Ui,t = u(Ci,t) + E

[ ∞∑
τ=1

δτ · u(Ci,τ )

]
(5)

where δ ∈ (0, 1) is the discount factor and Ci,t is the consumption of household i in period t. We
impose log utility, which, given that all households invest a fraction z of their income in the human
capital of offspring, implies that:

Ui,t = yit + E

[ ∞∑
τ=1

δτ · yi,τ

]
+ U0, (6)

where U0 ≡ ln(1− z) + [δ/(1− δ)] · ln(1− z) is a constant.

2.1.5 Information Structure

In the date t singles pool, each member of family i (there are two, one male and one female) is
characterized by ωit ≡ {Ψit, xit, yi,t−1}, where Ψit is a distribution describing beliefs about θit.
Beliefs Ψit are formed by first forming a prior based on the genetic transmission equation and the
beliefs associated with the agent’s parents (Ψit,Ψi′t). This prior is then updated via Bayes’ rule
on the basis of observed human capital xi,t and parental income yi,t−1.

2.1.6 Equilibrium

Let Ω be the set of possible realizations of ωit, and let ωt ≡ {ωit}i∈[0,1] describe the realized set
of characteristics on offer by one side of the marriage market (it is the same for each side by
construction) at date t. A matching mωt,t : Ω→ Ω describes the characteristics of the spouse that
is assigned to a male as a function of their own characteristics. That is, a male with characteristics
ωit is to marry a female with characteristics mωt,t(ωit).

A matching equilibrium is a collection of matchings, {mωt,t}ωt,t, such that at each (ωt, t) the
matching mωt,t is (i) rational: each spouse in a matched pair is better off married than single, (ii)
stable: there is no unmatched pair such that both prefer to marry each other over their assigned
partner (at least one strictly), and (ii) feasible: for all measurable Ω̃ ⊆ Ω the measure of males
with ωit ∈ Ω̃ equals the measure of females with types in the image of Ω̃ under m.

An equilibrium is an investment rule (mapping disposable income into parental human capi-
tal investment) and a matching, such that investments are optimal given the matching and the
matching is stable and feasible given the investment rule.

3 Analysis and Results

3.1 Segregation Matching Equilibrium

Our assumptions of a large population and gender symmetry are immensely valuable here since
they allows us to consider a simple candidate for matching equilibrium: segregation. That is,
mωt,t(ωit) = ωit: agents marry someone with identical characteristics.3 This allows us to focus

3This should not be interpreted as siblings marrying. Rather, it is a large-population idealization of marrying
someone (from a different family) with ‘similar’ characteristics.
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attention on equilibrium ability sorting holding fixed the sorting patterns along other dimensions
(such as human capital and parental income). In the appendix (section B) we verify that segregation
indeed constitutes a matching equilibrium.

Under segregation, the equations of motion for human capital and income simplify to:

xi,t = α0 + α1 · θi,t + α2 · yi,t−1 + εi,t

yi,t = β0 + β1 · xi,t + β2 · yi,t−1.

Using the former in the latter gives a relationship only involving ability and income:

yi,t = π0 + π1 · θi,t + π2 · yi,t−1 + εεi,t

where

π0 ≡ β0 + β1α0 (7)

π1 ≡ β1α1 (8)

π2 ≡ β1α2 + β2 (9)

επit ≡ β1 · εit. (10)

3.2 Steady State

A steady state arises when key moments of the data are time-invariant. Specifically, the variance
of ability σ2

θ (dispersion), the husband-wife ability correlation ρHWθ (sorting), and the parent-
child ability correlation ρPCθ (persistence) are all independent of time. In a steady state, the
type transmission equation alone allows to derive the variance of types and the parent-child type
correlation as functions of the husband-wife correlation:4

σ2
θ =

σ2
υ

1− b2

2 · (1 + ρHWθ )
(11)

ρPCθ =
b

2
· (1 + ρHWθ ) (12)

Our interest lies in deriving the husband-wife ability correlation. To this end, let φit ≡
∫
θdΨit(θ)

denote an agent’s expected abilty, and express an agent’s ability as the sum of this expectation
and a belief error:

θit = φit + εγit.

Notice that the variance of belief errors εγit at date t, denoted γt, must fall between zero (when
beliefs are perfectly accurate) and σ2

θ (when beliefs are completely uninformative). In a steady
4These are the equations underlying Kremer (1997), where the husband-wife correlation is taken as exogenous.

For instance, if we had instead assumed that type were observed then segregation would imply ρHWθ = 1 and
therefore σ2

θ = σ2
υ/[1− (b2/2)] and ρPCθ = b.
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state where the variance of belief errors is independent of time, denoted γ, we have:5

ρHWθ = 1− γ

σ2
θ

. (13)

The steady-state values of (ρHWθ , σ2
θ , ρ

PC
θ ) are therefore given by the solution to the three numbered

equations above, as we now report.6

Proposition 1 If the variance of belief errors, εγit, is constant over time and denoted γ, then the
dispersion, persistence and sorting properties of ability are given by:

σ2
θ =

σ2
υ − γ · b

2

2

1− b2
(14)

ρPCθ =
bσ2
υ − γ · b2

σ2
υ − γ · b

2

2

(15)

ρHWθ =
σ2
υ − γ · (1− b2

2 )

σ2
υ − γ · b

2

2

. (16)

Each of these outcomes is increasing in the precision of beliefs (i.e. is decreasing in γ).

The proof is contained in the derivations in appendix section D.
While understanding the factors driving the sorting, persistence, and dispersion of ability is

important in its own right, we are also interested in the consequences for social mobility. To this
end, we have the following.

Proposition 2 Given a steady-state variance of ability, σ2
θ , the dispersion and persistence prop-

erties of income are given by:

σ2
y =

(
1+bπ2

1−bπ2

)
α2

1β
2
1 · σ2

θ + β2
1σ

2
ε

1− π2
2

(17)

ρPCy =

(
b+π2

1−bπ2

)
α2

1 · σ2
θ + π2 · σ2

ε(
1+bπ2

1−bπ2

)
α2

1 · σ2
θ + σ2

ε

. (18)

Both of these outcomes are increasing in σ2
θ and thus are increasing in the precision of beliefs (i.e.

is decreasing in γ).

The proof is contained in the derivations in appendix section D. The self-reinforcing nature of
inequality and mobility is shown in Figure 1.

The expression for the persistence of income, ρPCy , makes clear the role of heritable ability in
social mobility: a positive intergeneration income correlation would be observed even if parental
income had no causal impact on income (i.e. even if π2 = 0).

We stress that the steady state precision of beliefs, γ, is endogenously determined, and therefore
fully analysing the properties of a steady state requires that the information structure is sufficiently
tractable that the steady state precision of beliefs can be characterized. We now turn to this.

5The intuition for the dependence on σ2
θ is as follows. Consider two agents that end up with the same posterior

belief. A given dispersion of belief errors tells us the expected difference in the pair’s genotypes. A given expected
difference will have a large impact on the correlation if the distribution of ability is tight (e.g. there is a higher
chance that the ’top’ genotypes will end up with the ’bottom’ genotypes). The impact on the correlation is small if
the distribution of ability is disperse (e.g. matches will tend to be more ’local’ relative to the range of abilities in
the population).

6The fact that γ ∈ [0, σ2
θ ] ensures that each of the quantities in the proposition fall within the appropriate

ranges (i.e. variance is non-negative and correlations are between -1 and 1. Specifically, γ ∈ [0, σ2
θ ] ensures that

ρHWθ ∈ [0, 1], that ρPCθ ∈ (b/2, b), and that σ2
θ ∈ [σ2

υ/(1− b2/2), σ2
υ/(1− b2)].
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σ2
θ

σ
θ (ρ

θ )

ρθ

1

σ2
υ

1− b2

2

γ

ρθ(σ
2
θ)

σ2
υ

1−b2

Figure 1: Long-Run Genotype Sorting and Dispersion

3.3 Steady State Precision of Beliefs

Suppose that beliefs about the types of those of the previous generation are described by a normal
distribution with an agent-specific mean and common variance: θi,t−1 ∼ N(φi,t−1, γt−1). Then the
type transmission equation implies that prior beliefs about the current generation are also normal,
given by

θit ∼ N(φ̄it, γ̄t) (19)

where φ̄it = b·[φi,t−1+φi′,t−1]/2 and γ̄t = (b2/2)·γt−1+σ2
υ. These prior beliefs are then updated on

the basis of an agent’s human capital, xit, and parental income, yi,t−1. Whilst this sort of Bayesian
updating can quickly become complicated, our structure allows us to conduct this updating in a
very tractable manner. By re-arranging the human capital equation we get

si,t ≡
xit − α0 − α2 · yi,t−1

α1
= θit + ξi,t, (20)

where ξi,t ≡ εi,t/α1. That is,

sit ∼ N(θit, σ
2
ξ ) (21)

where σ2
ξ = σ2

ε/α
2
1. From (19) and (21) standard results tell us that the posterior is also normal:

θit | sit ∼ N(φit, γt), (22)
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where

φit ≡
σ2
ξ

σ2
ξ + γ̄t

· φ̄it +
γ̄t

σ2
ξ + γ̄t

· sit (23)

and

γt ≡
σ2
ξ · γ̄t

σ2
ξ + γ̄t

. (24)

Since prior beliefs at date t = 0 are of the form indicated in (19), with φ̄i0 = 0 and γ̄0 given, we
have that posterior beliefs about generation t = 0 are normal with a common variance as indicated
by (22). But then our supposition regarding beliefs about the prior generation holds for generation
t = 1, leading to the conclusion that their posterior beliefs are also given by (22), validating the
supposition for generation t = 2 and so on. It therefore follows that the variance of beliefs evolves
according to the following difference equation:

γt =
σ2
ξ ·
[
(b2/2) · γt−1 + σ2

υ

]
σ2
ξ + (b2/2) · γt−1 + σ2

υ

. (25)

It is straightforward to see that this implies global convergence. In particular, the steady state
variance of belief variance, denoted γ, is the unique positive solution to

γ =
σ2
ξ ·
[
(b2/2) · γ + σ2

υ

]
σ2
ξ + (b2/2) · γ + σ2

υ

. (26)

Proposition 3 The variance of beliefs converges to the steady state value, γ, which satisfies (26).
The precision of beliefs, 1/γ, is (i) increasing in α2

1/σ
2
ε , (ii) decreasing in b and σ2

υ, and is (iii)
independent of α2, β1, and β2.

The proof follows from the above discussion with the comparative statics being easily derived from
(26).7

We are now in a position to discuss the factors that shape the sorting, persistence and dispersion
of ability by combining propositions 1 and 3. We are also in a position to discuss the factors that
shape the social mobility and inequality by combining propositions 2 and 3. We now turn to such
issues.

4 Discussion of Results

4.1 Economic Environment

By construction, an agent’s ability is not affected by their environment. Nevertheless, the envi-
ronment shapes the dispersion and persistence of ability in a society. It does this via influencing
the sorting of types. The model is useful for identifying which aspects of the environment can be
expected to have an impact and which aspects will not.

Corollary 1 An increase in α1/σ
2
ε strengthens the sorting, persistence and dispersion of ability.

7The right side of (26) is increasing in σ2
ξ (which is σ2

ε/α
2
1), implying that so too is γ. The right side of (26) is

increasing in σ2
υ and in b, implying that so too is γ.
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Thus an increase in the return to ability α1 (holding luck constant) reduces within-household
ability heterogeneity (both in terms of husbands and wives and in terms of parents and children)
but increases between-household ability heterogeneity. To be sure, this is because an increase
in the return to ability makes an agent’s human capital a more reliable signal of ability and
this fact facilitates stronger sorting in the marriage market. Another plausible mechanism has
to do with frictional matching: a greater return to ability provides incentives to search more
intensely for a high ability partner. To distinguish the two mechanisms, we note that the competing
explanation would also predict sorting systematically varies with the policy environment (e.g. lower
redistributive taxation should also provide incentives to search more intensely for a high ability
partner) however, this is not true in our case (see the section that follows). The evidence from
Clark [2014] is supportive of our mechanism.

In terms of income, the variables (α1, σ
2
ε) will have a direct effect on inequality and social

mobility (i.e. holding ability sorting fixed) and an indirect sorting effect.

Corollary 2 The direct effect of α1 on social mobility and on inequality is exacerbated by the
sorting effect. The direct effect of σ2

ε on social mobility is exacerbated by the sorting effect, whereas
the direct effect of σ2

ε on inequality is mitigated by the sorting effect.

Intuitively, if we hold ability sorting fixed, a larger return to ability lowers social mobility
and raises inequality. But it also facilitates stronger marital sorting on ability, and thereby raises
the persistence and dispersion of ability, which in turn lowers social mobility and raises inequality
further. Similarly, if we hold ability sorting fixed, a larger luck component raises social mobility and
raises inequality. But it also weakens marital sorting on ability, and thereby lowers the persistence
and dispersion of ability, which in turn raises social mobility further but also lowers inequality.

4.2 Institutional/Policy Environment

The institutional/policy environment is captured by our parameters α2, β1, and β2. Recall that
these describe the extent to which parental human capital inputs are redistributed, as well as the
extent to which income is redistributed via taxation and departures from meritocracy. In terms of
income, these parameters clearly have an impact on social mobility and inequality (see proposition
2). However, in the base model at least, they have no impact on the extent of ability sorting,
persistence or dispersion.

Corollary 3 The institutional/policy environment variables captured by the reduced-form param-
eters α2, β1, and β2 have no effect on the sorting, persistence or dispersion of ability.

This result highlights the difficulty in inferring (unobservable) changes in the sorting, persistence
and dispersion of ability from (observable) changes in the sorting, persistence and dispersion of
income. The evidence from Clark [2014] is supportive of this implication of our model.

4.3 Heritability Environment

The ‘heritability’ variables, b and σ2
υ, will clearly have a direct impact on the dispersion and

persistence of the heritable characteristic (see proposition 1). But, less obviously, they will also
have an effect on sorting and thus an indirect sorting effect on dispersion and persistence of ability
via their effect on steady state belief precision.

Corollary 4 The direct effect of b on the persistence and dispersion of ability is mitigated by the
sorting effect. The direct effect of σ2

υ on the persistence and dispersion of ability is exacerbated by
the sorting effect.
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Table 1: Parameter Values

Parameter Value Parameter Value
parental genetic effect b 0.95 human capital α2 0.5

ability shock σu 0.5 meritocracy β2 0.5
productivity shock σε 0.75 tax rate τ 0.25

4.4 Summary

We have shown how the precision of beliefs is key to understanding the sorting, persistence and
dispersion of ability as well as social mobility and inequality. We then showed which factors shape
the precision of beliefs in the long run.

This exercise had little to say about income levels are affected by the presence of unobserved
heritable characteristics because we took parental investment to be a fixed proportion of income.
In the following section we endogenize parental investment.

The exercise also has little to say about sorting in the human capital dimension. Indeed, we
have held this fixed throughout in order to isolate the impact on ability sorting. To demonstrate
that nothing in the analysis hinges on perfect sorting on the human capital dimension we present
an extension where an agent’s human capital is not perfectly observed in the marriage market.

Finally, the conclusion that the institutional/policy environment does not matter arises because
the relevant parental characteristics are assumed to be perfectly observed in the marriage market.
We relax this assumption by supposing that parental investment has a stochastic impact on human
capital. This feature breaks perfect sorting on parental investment and introduces a role for some
policy variables.

5 Comparative Statics

In this section we ask how endogeneity of sorting affects the comparative statics of the model. In
the first set of exercises, we use the parameter values shown in Table 1. The genetic contribution
of the parents is represented by setting b close to 1, reflecting the low rate of mutation observed for
most genes.Note that these parameter values imply two sorts of deviation from meritocracy: the
parameter β2 > 0 , which implies income is influenced by that of the parents, and the parameter
α2 > 0, which implies that human capital depends on parent’s income. In addition there is a
moderate degree of redistributive taxation (τ = 0.25).

In Figure 2 we show the effect of increasing the share α1 of skill in the production technology,
from 0 to 1. Two series are shown in each panel: the red series represents the effect when the
marital sorting adjusts according to the equilibrium of the model, while the green line represents
the results with the sorting held fixed. The equilibrium implies that the husband-wife correlation
of ability increases sharply, from 0.0 to 0.8, which causes a parallel increase in inequality of ability;
the standard deviation increases from 0.70 to 1.23. While the intergenerational correlation of
income also increases, from 0.65 to 0.95, the effect of endogenous sorting on this result is relatively
small. However the intergenerational correlation of ability, held constant when sorting is constant,
increases from 0.4 to 0.85 as the equilibrium sorting responds to the rise in the return to skill.

The implication of the model for the long-run correlations can also be seen in this experiment.
In Figure 3, the income correlation over 10 generations is seen to increase from 0 to 0.6. The red
line, for the equilibrium, lies above the green line (fixed sorting) wherever the equilibrium sorting
is stronger than the fixed sorting. The blue line, which lies well below the other two, represents
the geometric decay of the father-son correlation. This means that distant ancestors will have
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Figure 2: Technological change: An increase in α1

much stronger effects in our model than one would predict from the father-son correlation, as in
Clark [2014]. The exact expression for the degree of bias, according to our model, is derived in the
Appendix section D.2.1, where we show that the extent of this bias depends on the (endogenous)
strength of ability sorting and find that greater precision of beliefs increases the extent to which
long correlations are under-stated by an extrapolation of short correlations.

6 Optimal Parental Investment

We now allow each household to make human capital investments in offspring optimally. We allow
a limited form of asymmetric information whereby parents are better informed than the public
about their investment. As a result, parents have two motivations for investing: a standard one of
raising the income-generating capacity of offspring (Becker and Tomes [1986, 1979]), and a novel
one of manipulating the market’s assessment of their offspring’s ability. By raising the market’s
assessment, offspring are able to secure partners with higher expected ability. Since matching
is assortative on human capital and parental income, this has no impact on offspring income.
However, it will have an impact on the income of grandchildren (and subsequent generations)
because it raises their expected ability.

If family i makes a human capital investment given by a proportion zit of their income, then
their log consumption is

cit = ln(1− zit) + yit. (27)

This captures the cost of investing. The first benefit from investing has to do with the fact that
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Figure 3: Long-Run Intergenerational Income Correlations

investment raises the expected income of offspring. Recalling (2), their offspring will have a human
capital of:

xi,t+1 = α′0 + α1 · θi,t+1 + α2 · [ln zit + yit] + εi,t+1,

so that the expected income of offspring is therefore:

Et[yi,t+1] = π′0 + π1 · Et[θi,t+1] + π2 · yi,t + β1α2 · ln zit. (28)

The second benefit of investing is that it will raise the status of offspring. As previously, the market
observes human capital and parental income. But the market also has rational expectations about
the investment that was made by agents’ parents. If the market expects an investment share of
z∗it, then the relevant signal given an actual investment of zit is:

si,t+1 ≡
xi,t+1 − α′0 − α2 · yi,t

α1
= θi,t+1 + ξi,t+1 +

α2

α1
· (ln zit − ln z∗it).
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The signal translates into status according to (23). That is:

Et[φi,t+1] =
σ2
ξ

σ2
ξ + γ̄

· Et[φ̄i,t+1] +
γ̄

σ2
ξ + γ̄

· Et[si,t+1]

=
σ2
ξ

σ2
ξ + γ̄

· bφit +
γ̄

σ2
ξ + γ̄

·
[
Et[θi,t+1] +

α2

α1
· (ln zit − ln z∗it)]

]
= bφit +

γ̄

σ2
ξ + γ̄

α2

α1
· (ln zit − ln z∗it)

= bφit +
γ

σ2
ξ

α2

α1
· (ln zit − ln z∗it) (29)

where γ̄ = (b2/2) · γ + σ2
υ is the steady state variance of prior beliefs.

Recall that family i’s payoffs are given by

Uit = cit + Et

[ ∞∑
τ=1

δτ ci,t+τ

]
.

In the appendix we show that under the optimal investment strategy, the expectation term above
is linear in Et[yi,t+1] and Et[φi,t+1]. From (28) and (28) we see that these expectations are linear
in ln zit. This, along with (27), tells us that family i’s investment problem boils down to a simple
problem of the form:

max
zit∈[0,1]

{ln(1− zit) + ζ1 · ln zit + ζ2 · ln zit} .

This expression allows a clear view of the relevant forces at play. The first term is the cost of
investment whereas the second and third term are the two sources of benefit. Specifically, ζ1
captures the standard motivation to invest based on raising the earning capacity of offspring,
whereas ζ2 captures the novel motivation to invest based on raising offspring status.

Proposition 4 All families optimally invest the same fraction of their income:

z∗it = z∗ =
ζ1 + ζ2

1 + ζ1 + ζ2
,

where

ζ1 ≡
δβ1α2

1− δ[β1α2 + β2]

ζ2 ≡ ζ1 ·
δb

1− δb
· γ
σ2
ξ

.

The term ζ1 captures the sort of incentives analyzed in standard models such as Becker and
Tomes [1986, 1979]. The new force that we identify here is the ζ2 term, and in particular the final
component, γ/σ2

ξ . This is the weight that the market places on an agent’s performance (as captured
by the signal) relative to family background (as captured by prior beliefs informed only by parental
status). Since higher parental investment is associated theoretically and empirically with economic
development, the analysis suggests a new mechanism through which economic development is
hindered in societies where family background plays a central concern in the marriage market.
Intuitively, in such cases it is difficult to shift the market’s beliefs about offspring ability when the
market places little weight on offspring performance relative to the prior. Recalling that γ is a
function of σ2

ξ , one can show that the ratio γ/σ2
ξ is increasing in σ2

ξ . Thus an increase in the return
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to ability α1 or a decrease in the importance of luck σ2
ε will reduce the weight the market places

on individual performance in the long run, and will thus dampen incentives to invest. Also of note
is the fact that the policy parameters continue to have no impact on the ‘status-based’ incentive
to invest (although they will of course have an effect on the standard ‘income-based’ incentive to
invest–greater redistributive taxation lowers the incentive to invest, etc.).

7 Extensions

7.1 Imperfect Sorting on Human Capital

By allowing perfect sorting on human capital and parental income, we are able to focus on the
equilibrium sorting of ability. In this section we consider a version in which there is imperfect
sorting on human capital. We show that the main insights are not exclusive to the perfect sorting
setting. Further, for empirical purposes, it may also be helpful to evaluate how the parameters
map into spousal human capital correlations. In particular, it will allow us to examine the nature
of the relationship between (observable) spousal human capital correlations and (unobservable)
spousal ability correlations.

We now consider an extension in which the human capital of agents in the marriage market is
not perfectly observed (even by the agent themselves). Instead, everyone observes a noisy signal
of human capital, generated according to:

x̂it ≡ xit + νit (30)

where νit ∼ N(0, σ2
ν). This signal of human capital is then used to update prior beliefs, ψ̄it, to

form interim beliefs, ψ̂it. Marriage forms on the basis of interim beliefs. After the formation of
marriages, human capital xit is observed and posterior beliefs, ψit are formed. These posterior
beliefs then form the basis of the prior beliefs inherited by the next generation.

Since

x̂it = α0 + α1θit + α2 · yi,t−1 + εit + νit, (31)

it follows that the relevant signal is:

ŝit ≡
x̂it − α0 − α2 · yi,t−1

α1
= θit +

εit + νit
α1

. (32)

The error component of this signal is

ξ̂it ≡
εit + νit
α1

(33)

which has a variance of

σ2
ξ̂

=
σ2
ε + σ2

ν

α2
1

. (34)

Essentially the same updating procedure as in the base model applies. Indeed, since human capital
xit is observed after marriages are formed, the market updates beliefs on the basis of xit since the
signal x̂it does not provide any additional information about ability over-and-above that provided
by xit. As such, belief updating occurs as in the baseline model without observation noise. That
is, the variance of posterior beliefs converges to γ in the steady state. However, it is the variance
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of interim beliefs that matters for the strength of sorting on human capital. Similar arguments to
the base case apply so that the steady state variance of interim beliefs is:

γ̂ ≡
σ2
ξ̂
[ b

2

2 · γ + σ2
υ]

σ2
ξ̂

+ b2

2 · γ + σ2
υ

. (35)

Since σ2
ξ̂
> σ2

ξ whenever there is income noise (σ2
ν > 0), it naturally follows that γ̂ > γ in such cases.

The expressions for spousal ability correlation, ability variance and intergenerational persistence
of ability are the same as those derived before with γ replaced with γ̂. Thus the new element
introduced by imperfectly observed income is captured by σ2

ξ̂
. Thus nothing of substance changes

in terms of ability sorting–it just becomes noisier, although the institutional/policy parameters
still exert no influence on the strength of ability sorting or persistence.

7.2 Imperfect Sorting on Parental Investment

In order for policy variables to matter (i.e. to affect the sorting on genes or the inter-generational
correlation of ability), the parental contribution must not be observed perfectly. The most trans-
parent way to model this (since it preserves symmetric imperfect information) is to suppose that
parental contributions are a stochastic function of parental investment. That is, allocating a pro-
portion z of income to human capital investment translates into an effective (log) contribution
of

hit = ln z + ln yit + εhit (36)

where εhit ∼ N(0, σ2
εh). Thus human capital of offspring is therefore:

xit = α0 + α1 · θit + α2 · yi,t−1 + α2 · εhit + εit, (37)

where, as before, α0 ≡ α′0 +α2 ·z. By defining εxit ≡ α2 ·εhit+εit as ‘aggregate’ luck, we can express
human capital in a generalized form:

xit = α0 + α1 · θit + α2 · yi,t−1 + εxit. (38)

This generalization is useful because our results need only be adjusted by replacing εit with εxit.
In particular, when considering σ2

εh > 0, the variance of human capital luck generalizes beyond σ2
ε

to σ2
εx ≡ σ2

ε + α2
2 · σ2

εh .
This generalization has four important implications. First, we see that now a policy parameter,

α2, will matter for ability sorting. Recall that α2 captures the strength with which parental
investment translates into offspring human capital, and reflects technology but also policy aimed
at redistributing parental inputs (equality of opportunity arises when α2 = 0). Changes in α2 will
matter for ability sorting because such changes will impact the steady state precision of beliefs.

Second, the impact of this policy parameter is counterintuitive. A greater equality of opportu-
nity (a lower α2) reduces signal noise, thereby making beliefs more precise in the steady state. This
facilitates stronger ability sorting and persistence. Intuitively, some component of the signal noise
is due to the randomness associated with the return on parental inputs–when parental inputs are
less important (due to a greater equality of opportunity) this component of the noise diminishes
and underlying ability is better revealed.

Third, the impact of a greater equality of opportunity (lower α2) on social mobility becomes
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non-monotonic in general. A greater equality of opportunity will raise social mobility holding
‘ability mobility’ fixed, but will reduce ability mobility. Note too that while an decrease in α2 will
raise the persistence of ability, it will lower the persistence of income. Thus, movements toward
greater social mobility in incomes may coincide with lower social ‘ability’ mobility.

Fourth, changes in a society’s ability mobility will not be reliably reflected in changes in income
mobility. Greater income mobility will in fact coincide with less ability mobility, if driven by
greater equality of opportunity. On the other hand, greater income mobility will coincide with
greater ability mobility, if driven by other parameters (e.g. the return to ability, α1).

8 The Role of Previous Generations

In this section we show how our analysis introduces a new force pushing toward the intergener-
ational persistence of fortune. In short, the expected genotype of one’s offspring, conditional on
one’s own genotype, is increasing in one’s economic fortunes. It is also increasing in the genotype
of parents, grandparents and all previous generations. Even conditional on these genotypes, it
is also increasing in the economic fortunes of parents, grandparents and all previous generations.
These results do not violate the biological reality that only parental genotypes matter for offspring
genotypes, and the phenotypes of any agent, parent, grandparent or do not affect genotype. The
key of course is that an agent’s offspring depends on the genotype of their eventual spouse, and
the quality of spouse that the agent can attract will be affected by the variables above. See the
appendix for a formal treatment of these claims.

This effect cannot arise in models that take genotype correlation as exogenous. Such mod-
els imply that the distribution of spousal genotypes depends only on one’s own genotype, and
importantly, not on one’s phenotype.

Since those with ‘economic luck’ have higher ability offspring on average (because they attract
a higher ability spouse on average) it is natural to consider a case in which parents can invest in
their child, in part, to raise the expected ability of grandchildren.

8.1 To Be Completed

9 Redistribution

The key to our paper is the sorting-information principle: improved information flow causes
stronger marital sorting, which tends to increase inequality by shifting the distribution of abil-
ity. Hence policies that result in improved information flow will tend to increase inequality. We
stress that this is a tendency because redistribution will have other, potentially conflicting direct
effects. The converse of this principle is that policies that do not affect the flow of information will
have no effects on sorting in our model and hence on the distribution of ability.

In our model, income redistribution has no effect on information flow because singles observe
the productivity or pre-tax output of each potential spouse, and the precision of the genotype
signal from this observation is unaffected by income redistribution. 8 However redistribution of
education expenditure (“tuition”) potentially changes that precision. If parental inputs are noisier
than public inputs, then equalization of tuition will tend to increase sorting, by reducing noise in
the productivity signal of ability. The opposite would likely be true if we reversed the noisiness
rankings.

8It would be easy to rig the model so that income redistribution obscured information, and hence had an
additional equalizing effect, or so that taxation improved information flow (via bookkeeping requirements) and so
increased inequality.
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The redistribution of income is represented by an increase in τ , and the redistribution of
tuition by an increase in σ; in both cases, the fiscal budget balance is maintained, as described
in the Appendix. The basic issue with redistribution in this environment is the cost: will average
income rise or fall? The outcome is determined by two conflicting effects:

1. concavity of human capital in investment implies equalization will tend to increase output
because average human capital rises. Higher income inequality (of parents) will tend to
strengthen this effect.

2. positive correlation of genetic ability and parental income implies equalization will tend to
reduce output because average human capital falls. Higher genetic inequality (of children)
will tend to strengthen this effect.

We evaluate policies according to their impact on mean income, income inequality, parent-child
income correlation, and the correlation of income with output. This latter can be taken as a partial
measure of meritocracy: people are rewarded in proportion to their contribution. However in our
model higher productivity may in itself be the result of having higher-income parents, and so our
measure is not a completely satisfactory indicator of meritocracy.

Our first example below shows the case of weak genetic effects with no information effect of
redistribution: the steady- state productivity-gene correlation is ρxg = 0.05. In Figure ??, mean
output increases with redistribution because the correlation of ability with income is weak, so use
concavity of the production function dominates. Redistribution can generate a significant increase
in mean output; setting τ = 0.5 generates an output increase of almost 50%, but now increased
redistribution causes mean output to fall.

This is because the steady-state distribution of ability changes, even though there is no change
marital sorting: Figure X shows that the husband-wife genetic correlation stays fixed at 0.835.
Redistribution in this case induces a trade-off between meritocracy on the one hand, and mean
output and equality on the other. All of these effects are stronger for taxation than for tuition
redistribution.Which of these policies is more meritocratic in the sense of generating a higher
correlation between productivity and income depends on whether the parental-influence distortion
outweighs the role of genetic ability in generating pre-tax income inequality. Because parental
influence is low in this parameterization, we see that there is a trade-off: redistributive taxation
generates bigger deviation from meritocracy, but also lower inequality. mobility is shown in Figure
4.

In Figure 5 we also see, in the bottom two panels, the long-term social rigidity described
by Clark-2014. Both panels refer to the descendants of families who were in the top 1% of the
income distribution 10 generations earlier, which would amount to about 300 years given European
generation times of about 30 years. The elite descendants are much more likely to be in the elite
themselves, with probability 0.18 in the absence of redistribution, and with mean income twice the
average. Redistribution reduces both of these statistics but does not eliminate the advantages of
elite ancestors: with τ = 0.9 the elite descendants still have an 8% chance of being in the top 1%
and average income 20% above the mean.

In the above analysis, there is no effect of redistribution on marital sorting, consistent with
the observed stability of the ability correlation note by Clark 2014. This is because redistribution
does not affect the noisiness of the productivity signal. Now suppose that private inputs are noisier
than public inputs. In this case, redistribution of inputs reduces the signal noise, increasing marital
assortment on genes. In Figure X, we have raised the standard deviation of the parental input
σzε = 1.0, and kept that of the public input at σpε = 0.05. By improving the precision of the ability
signal, the redistribution of inputs causes an increase in the marital correlation of genetic ability,
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Figure 4: Steady-State Redistribution: Low Genetic Effects

Figure 5: Steady-State Sorting & Dynastic Dynamics
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Figure 6: Steady-State Sorting With Information Effects

from 0.8 to 0.95. Dynastic effects are magnified by education subsidies: the probability that the
elite descendants are also in the current elite now rises to 30% under tuition redistribution, and
their mean income rises to 6 times the mean. This is admittedly an extreme case, but it is worth
bearing in mind that we have set µ = 0.8 limiting the direct influence of parental income; increase
persistence arises entirely from the sorting response to improved information about genes in the
matching market. The Gini coefficient for income remains stable however at just under 0.4.

To summarize our results so far, the information principle implies that the intergenerational
ability correlations that underly long-run dynastic effects are essentially unaffected by redistri-
bution except for policies that affect the informativeness of the signals in the matching market.
This latter class of policy however implies a new and potentially large unintended consequence of
redistribution that may rationalize recents concerns about the distribution of education becoming
more stratified by ability.

10 Conclusions

This paper has formalized the insight that, when income is influenced by natural ability, the
unobservability of genotype is to some extent a guarantee of social mobility. We considered a world
where full information would give rise to the “meritocratic nightmare” as a matching equilibrium.
We developed a new model of multidimensional matching with incomplete information, and solved
an empirically important special case of the model in which Bayesian updating gave rise to a
tractable law of motion for "status”, a scalar variable that summarizes all the information from
family history that is relevant to the matching process.

Our results showed that family history plays an important role in reducing social mobility, even
in the absence of direct effects of family on outcomes. In the stationary equilibrium, inequality
and intergenerational persistence turn out to be mutually reinforcing. The matching process in
our model also helps to explain why grandparents and more distant ancestors may have real effects
on the outcomes of their descendants, a current issue in the empirical micro literature.

In our equilibrium, long-run social mobility is only weakly linked to short-run mobility, match-
ing the empirical results of Clark [2014]. This arises because singles are able to unwind the effects
of systematic social policies, such as redistribution or education provision, that distort income
or schooling, leaving inference about genotype unaffected. Conversely, events that change the
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informativeness of income or schooling will change the degree of sorting on genotype, thus caus-
ing long-run social mobility to change. Thus progressive redistribution of education investments
may, by shifting weight away from imperfectly observed private inputs, improve the information
flow in the matching market, paradoxically reinforcing the inter-generational rigidity of economic
inequality.
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A Structural Model

In this section we develop the structural model that underlies the reduced-form equations describing
human capital and income (i.e. equations (2), (3) and (4)).

A.1 Productivity

Let Xit denote the productivity (human capital) of a single agent of family i of generation t. We
assume that Xit is determined by a function of ability Git , the effective investment Hi,t−1, and
i.i.d. luck εit:

Xit = A2G
α
it ·H

χ2

i,t−1 · exp(εit)

, where A2, α and χ2 are parameters with positive values, and εit ∼ N (0, σε). We assume that
ability is determined by the genotype according to the additive genetic model. Let the polygenic
score be denoted θit ; then ability is given by:

Git ≡ A1 · exp(θit)
χ1

where A1 and χ1 are parameters with positive values.
The effective input is given in turn by a stochastic function of the private parental investment

Zi,t−1 and a public investment P̂t−1. The effective input is :

Hi,t−1 ≡ [Zi,t−1 exp εzit]
1−σ

[
P̂t−1 exp εpit

]σ
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, where
(
σ, P̂t−1

)
are positive parameters representing a redistribution scheme that is set exoge-

nously by policy-makers. With this functional form, similar to Benabou [2002], the degree of
progressivity of redistribution is determined by σ.

Let the standard deviations of the stochastic components of the private and public investment
be denoted by σzε and σpε , respectively. The key assumption is that while Xit, P̂t−1 and Zi,t−1 are
publicly observed, the idiosyncratic shocks {εit, εzit, ε

p
it} are not. 9 . In the baseline version of the

model, the investment shocks are not present: the standard deviations are set to zero. In this case
the ability to infer genotype from Xit is limited by σε.

We now derive the reduced-form parameters. Let yi,t−1 be the log of household after-tax
income, and suppose that the parental investment equals a fraction of z of household income:

Zi,t−1 = zYi,t−1

10. In log form, the effective investment is:

logHi,t−1 = logA2 + (1− σ) [log z + yi,t−1 + εzit] + σ
[
log P̂t−1 + εpit

]
·

Thus the log of human capital equals

xit = logA2 + α [logA1 + χ1θit] + χ2

[
(1− σ) [log z + yi,t−1 + εzit] + σ

[
log P̂t−1 + εpit

]]
+ εit

which we can write as

xit = α0 + α1 · θit + α2 · yi,t−1 + α2 · ln zi,t−1 + ε̂it

where the error term is given by:

ε̂it ≡ α2 (1− σ) εzit + χ2σε
p
it + εit

and as the coefficients by:

α0 ≡ logA2 + α logA1 + χ2 [(1− σ) log z] + χ2σ log P̂t−1

α1 ≡ αχ1

α2 ≡ χ2 (1− σ)

. Thus to accommodate noisy investment in the reduced-form model is simple: we replace σε
by the standard deviation of the sum of the shocks σ̂ε ≡ α2 (1− σ)σzε + χ2σ

p
ε + σε.

We suppose that public investment (education spending) is financed by redistributing private
expenditure. The balanced-budget condition is that total investment spending is unaffected by
redistribution: ∫

Z1−σ
i,t−1P̂t−1di =

∫
Zi,t−1di

9This is functionally equivalent to the family observing the shock realizations only after the input decisions and
the realizations not being publicly verifiable.

10In this paper we restrict attention to cases where the optimal investment rule implies that each parent invests
the same fraction z of income.
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, which implies

P̂t−1 =

[∫
Zi,t−1di∫
Z1−σ
i,t−1di

]1/σ

.

A.2 Pre-Tax Income

Output in the model is given by a symmetric function of the human capital of both spouses:

Qit ≡ X1/2
it ·X

1/2
i′t

. Household pre-tax income depends on household output and on a symmetric function of the
income of the householders’ parents:

Y pit = Qµit · Ȳ
1−µ
it Ŷt (39)

where

Ȳit ≡ Y 1/2
i,t−1 · Y

1/2
i′,t−1, (40)

equals the geometric mean of post-tax household income of the parents.
Thus we can write pre-tax income Y pit in logs as :

ypit = ln Ŷt + µ · [xi,t + xi′,t]/2 + (1− µ) · [yi,t−1 + yi′,t−1]/2 (41)

. To ensure that the resource constraint is satisfied requires that total output equal total pre-tax
income: ∫

Qitdi =

∫
Y pitdi =

∫
Qµit · Ȳ

1−µ
it Ŷtdi

, and hence the parental-influence parameter must satisfy:

Ŷt =

∫
Qitdi∫

Qµit · Ȳ
1−µ
it di

. In contrast to the role of parental income in determining human-capital investments, the role
of parental income here is unproductive; it may represent parental influence in securing rents for
their children. When µ = 1, then income depends on that of the parents only via the effect of
parental investment on productivity as described in the previous section.

A.3 Post-Tax Income

Post-tax income is determined by a balanced-budget redistribution scheme
(
τ, T̂t

)
:

Yit = [Y pit ]
1−τ

[
T̂t

]τ
Thus we can write post-tax income in logs as

yit = (1− τ) ypit + τ ln T̂t

= (1− τ)
[
ln Ŷt + µ · [xi,t + xi′,t]/2 + (1− µ) · [yi,t−1 + yi′,t−1]/2

]
+ τ ln T̂t
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which, in the reduced form model, becomes:

yit = β0,t + β1 · [xi,t + xi′,t]/2 + β2 · [yi,t−1 + yi′,t−1]/2, (42)

β0,t ≡ (1− τ) ln Ŷt + τ ln T̂t (43)

β1 ≡ (1− τ)µ (44)

β2 ≡ (1− τ) (1− µ) . (45)

. Budget balance requires that total post-tax income equal total pre-tax income:∫
Y pitdi =

∫
Yitdi =

∫
[Y pit ]

1−τ
[
T̂t

]τ
di

, which implies that: ∫
Qitdi =

[
T̂t

]τ ∫ [
Qµit · Ȳ

1−µ
it Ŷt

]1−τ
di

=
[
T̂t

]τ [
Ŷt

]1−τ ∫ [
Qµit · Ȳ

1−µ
it

]1−τ
di

. The parameter value that balances the budget is given by

T̂t =

 ∫
Qitdi[

Ŷt

]1−τ ∫ [
Qµit · Ȳ

1−µ
it

]1−τ
di


1/τ

(46)

.

B Segregation Equilibrium

For an agent in the marriage market, let their expected genotype be denoted φit ≡
∫
θdΨit(θ).

Then the matching equilibrium (segregation) conditions imply:

φit = φi′t

yi,t−1 = yi′,t−1

xi,t = xi′,t

That is

yi,t = β0 + β1 · xi,t + β2 · yi,t−1

= β0 + β1 · [α0 + α1 · θi,t + α2 · yi,t−1 + εi,t] + β2 · yi,t−1

= π0 + π1 · θi,t + π2 · yi,t−1 + εεi,t
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where

π0 ≡ β0 + β1α0 (47)

π1 ≡ β1α1 (48)

π2 ≡ β1α2 + β2 (49)

επit ≡ β1 · εit. (50)

Furthermore the ability transmission equation (along with segregation) gives

Et[θi,t+1] = b · φit.

Thus we have

Et[yi,t+1] = π0 + π1 · Et[θi,t+1] + π2 · yit
= π0 + π1 · b · φit + π2 · yit

We now can derive the expected type and income τ ≥ 1 periods into the future as a function of
current values gives:

Et[θi,t+τ ] = bτ · φit
Et[yi,t+τ ] = π0 + π1 · Et[θi,t+τ ] + π2 · Et[yiτ ]

= π0 + π1 · bτ · φit + π2 · Et[yiτ ]

=

[
τ∑
s=1

π0 · πτ−s2

]
+ πτ2 · yit +

[
π1 ·

τ∑
s=1

bs · πτ−s2

]
· φit,

which again is linear in yit and φit. In summary, the linear setting that we have imposed means
that, when evaluating the attractiveness of a potential partner, the only relevant feature of the
distribution describing beliefs about their genotype is its expectation.11 In any case, to see that
segregation is a matching equilibrium, note that the expected present value of future dynastic
income is given by

V (yit, φit) ≡ yi,t + Et

[ ∞∑
τ=1

δτyi,t+τ

]
(51)

= ϕ0 + ϕ1 · yit + ϕ2 · φit, (52)

11Of course, the full distribution matters when it comes to computing statistics such as the dispersion, sorting
and persistence of genotypes.
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where

ϕ0 ≡
∞∑
τ=1

δτ

[
τ∑
s=1

π0 · πτ−s2

]

ϕ1 ≡ 1 +

∞∑
τ=1

δτ · πτ2 =
1

1− δπ2

ϕ2 ≡ π1 ·
∞∑
τ=1

δτ ·

[
τ∑
s=1

bs · πτ−s2

]

= π1 ·
∞∑
τ=1

(δπ2)τ ·

[
τ∑
s=1

(
b

π2

)s]
=

δb · π1

(1− δb)(1− δπ2)

We have shown that agents’ payoffs (Uit) differ from V only by a constant, so agents evaluate the
attractiveness of partners according to V . That is, when the male from i and the female from i′

consider matching, they anticipate a value (up to a constant) of:

yit + δ · Et [V (yi,t+1, φi,t+1)]

which (ignoring constants) is:

(1 + δϕ1) · yit + δϕ2 · Et [φi,t+1]

which (ignoring constants) is:

(1 + δϕ1) · [β1 · [xit + xi′t]/2 + β2 · [yi,t−1 + yi′,t−1]/2] + δϕ2 · b · [φit + φi′t]/2.

In other words, the ‘quality’ of each agent in the marriage market is captured by a simple index
aggregating their observed traits:

qit ≡ [(1 + δϕ1)β1/2] · xit + [(1 + δϕ1)β2/2] · yi,t−1 + [δϕ2b/2] · φit.

Stability and market clearing in the period t marriage market requires segregation on qit, which is
indeed achieved by segregation on human capital, parental income and beliefs. That is, if an agent
of i were to strictly prefer to marry an agent from j to their assigned partner under segregation,
i′ (i.e. a family i′ such that qi′t = qit), then it must be that qi′t < qjt. But then this implies
qit < qjt = qj′t, so that j would strictly prefer to not match with i over their assigned partner
under segregation j′. Thus, segregation constitutes a matching equilibrium.

C Optimal Investment, Infinite Horizon

Now suppose that each household invests in children optimally–i.e. endogenize z. Under the con-
jecture that agents optimally choose the same z, denoted z∗, we have

Uit = cit + Et[
∞∑
τ=1

δτ ci,t+τ ]

= ln(1− zit) + yit + Et[
∞∑
τ=1

δτyi,t+τ ] +

∞∑
τ=1

δτ (1− z∗).
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Since the choice of zit will not affect yit or the final term (a constant), a household’s objective can
we written as

ln(1− zit) + δ · Et[V (yi,t+1, φi,t+1)]

= ln(1− zit) + δ · Et[ϕ0 + ϕ1 · yi,t+1 + ϕ2 · φi,t+1].

Again ignoring constants (ϕ0), the household’s objective is

ln(1− zit) + ϕ1δ · Et[yi,t+1] + ϕ2δ · Et[φi,t+1].

The two expectations represent the two motives for investment. The first is as attempt to raise the
income of descendants by raising the income of offspring. The second is an attempt to raise the
income of descendants by raising the expected type of grandchildren by attracting a higher-type
spouse for offspring. These two terms can be determined as follows:

Et[yi,t+1] = π0 + π1 · yi,t + π2 · Et[θi,t+1] + β1α2 · ln zit

Et[φi,t+1] = λb · φit + (1− λ) ·
[
θi,t+1 + ξi,t+1 +

β1α2 · (ln zit − ln z∗)

α1

]
Once again ignoring constants, this problem boils down to maximizing

ln(1− zit) + {δ · ϕ1 · β1α2} · ln zit +

{
δ · ϕ2 · (1− λ)

β1α2

α1

}
· ln zit

= ln(1− zit) +

{
δβ1α2

1− δ[β1α2 + β2]

}
· ln zit +

{
(δβ1)2bα2

(1− δb)(1− δ[β1α2 + β2])
· (1− λ)

}
· ln zit

= ln(1− zit) +

{
δβ1α2

1− δ[β1α2 + β2]

}
· ln zit +

{
δβ1α2

1− δ[β1α2 + β2]
· β1δb

1− δb
· (1− λ)

}
· ln zit

The maximizer of this (with respect to zit) is easily seen to be that stated in the proposition.

D Deriving Correlations

D.1 Genotype

The relevant equations are reproduced here:

θit =
b

2
· θi,t−1 +

b

2
· θi′,t−1 + υit (53)

θit = φi,t + εγit (54)

φi,t = φi′,t (55)

Notice that in the steady state θ̄ ≡ E[θit] = 0 and φ̄ ≡ E[φi,t] = 0. Thus this is a system
of mean-zero random variables. Recalling that if r1 and r2 are mean-zero random variable then
Cov(r1, r2) = E[r1r2], we can use (53) to get:

Cov(θit, rit) =
b

2
· Cov(θi,t−1, rit) +

b

2
· Cov(θi′,t−1, rit) + Cov(υi,t, rit) (56)

29



where rit is any mean-zero random variable. Thus, we have the following system:

Cov(θit, θit) =
b

2
· Cov(θi,t−1, θit) +

b

2
· Cov(θi′,t−1, θit) + σ2

υ (57)

Cov(θit, θi,t−1) =
b

2
· Cov(θi,t−1, θi,t−1) +

b

2
· Cov(θi′,t−1, θi,t−1) (58)

Cov(θit, θi′,t−1) =
b

2
· Cov(θi,t−1, θi′,t−1) +

b

2
· Cov(θi′,t−1, θi′,t−1) (59)

Using the steady state conditions Cov(θit, θit) = Cov(θi,t−1, θi,t−1) = Cov(θi′,t−1, θi′,t−1) = σ2
θ and

Cov(θi,t−1, θi′,t−1) = Cov(θi,t, θi′,t) simplifies this to:

σ2
θ =

b

2
· Cov(θi,t−1, θit) +

b

2
· Cov(θi′,t−1, θit) + σ2

υ (60)

Cov(θit, θi,t−1) =
b

2
· σ2

θ +
b

2
· Cov(θi′,t, θi,t) (61)

Cov(θit, θi′,t−1) =
b

2
· Cov(θi,t, θi′,t) +

b

2
· σ2

θ (62)

Eliminating Cov(θit, θi′,t−1) gives[
1−

(
b

2

)2
]
· σ2

θ =

(
b

2

)
· Cov(θi,t−1, θit) +

(
b

2

)2

· Cov(θi,t, θi′,t) + σ2
υ (63)

(
b

2

)
Cov(θit, θi,t−1) =

(
b

2

)2

· σ2
θ +

(
b

2

)2

· Cov(θi′,t, θi,t). (64)

These tell us the genotype variance and the intergenerational genotype covariance as a function of
the spousal covariance. Conditional on the the spousal correlation, this system yields:

σ2
θ =

σ2
υ

1− 2
(
b
2

)2
(1 + ρ(θi′,t, θi,t))

(65)

(66)

Now we perform the same exercise using (54):

Cov(θit, θi′t) = Cov(φit, θi′t) (67)

Cov(θit, φi′t) = Cov(φit, φi′t) (68)

Cov(θit, θit) = Cov(φit, θit) + γ (69)

Cov(θit, φit) = Cov(φit, φit). (70)

Using Cov(θi′t, φit) = Cov(θit, φi′t) gives

Cov(θit, θi′t) = Cov(φit, φi′t) (71)

Cov(θit, θit) = Cov(φit, φit) + γ. (72)

The segregation-on-status equation (55) gives Cov(φit, φi′t) = Cov(φit, φit). Therefore

Cov(θit, θi′t) = Cov(θit, θit)− γ. (73)

Thus the steady state covariances of interest are given as the solution to (65), (64), and (73). The
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solution is

σ2
θ =

σ2
υ − γ · b

2

2

1− b2
(74)

Cov(θit, θi,t−1) =
bσ2
υ − γ · b2
1− b2

(75)

Cov(θit, θi′t) =
σ2
υ − γ · (1− b2

2 )

1− b2
. (76)

It therefore follows that the correlations of interest are:

ρPCθ ≡ Cov(θit, θi,t−1)

σ2
θ

=
bσ2
υ − γ · b2

σ2
υ − γ · b

2

2

(77)

ρHWθ ≡ Cov(θit, θi′t)

σ2
θ

=
σ2
υ − γ · (1− b2

2 )

σ2
υ − γ · b

2

2

. (78)

D.2 Income

Notice that in the steady state θ̄ ≡ E[θ] = 0, x̄ ≡ E[x] = α0

1−α2
, and ȳ ≡ E[y] = β0+β1x̄

1−β2
. For what

follows, take x and y to be their de-meaned counterparts (to save on notation). In steady state
with segregation we have

xit = α1 · θit + α2 · yi,t−1 + εit (79)

yit = β1 · [xit + xi′t]/2 + β2 · [yi,t−1 + yi′,t−1]/2 (80)

xit = xi′t (81)

yi,t−1 = yi′,t−1 (82)

Combining these gives

yit = π1 · θit + π2 · yi,t−1 + β1 · εit. (83)

Using a method identical to that for genotype, we get the following system:

Cov(yit, yit) = π1 · Cov(θit, yit) + π2 · Cov(yi,t−1, yit) + β2
1 · σ2

ε (84)

Cov(yit, θit) = π1 · Cov(θit, θit) + π2 · Cov(yi,t−1, θit) (85)

Cov(yit, yi,t−1) = π1 · Cov(θit, yi,t−1) + π2 · Cov(yi,t−1, yi,t−1). (86)

From (53), (82), and Cov(θi′,t−1, yi′,t−1) = Cov(θi,t−1, yi,t−1) we have:

Cov(θit, yi,t−1) =
b

2
· Cov(θi,t−1, yi,t−1) +

b

2
· Cov(θi′,t−1, yi,t−1) (87)

= b · Cov(θi,t−1, yi,t−1). (88)

Applying the steady state conditions gives the following system:

Cov(yit, yit) = π1 · Cov(θit, yit) + π2 · Cov(yi,t−1, yit) + β2
1 · σ2

ε (89)

Cov(yit, θit) = π1 · Cov(θit, θit) + π2 · Cov(yi,t−1, θit) (90)

Cov(yit, yi,t−1) = π1 · Cov(θit, yi,t−1) + π2 · Cov(yi,t, yi,t) (91)

Cov(θit, yi,t−1) = b · Cov(θi,t, yi,t). (92)
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Solving gives us the two covariances of interest:

Cov(yit, yit) ≡ σ2
y =

(
1+bπ2

1−bπ2

)
π2

1 · σ2
θ + β2

1σ
2
ε

1− π2
2

(93)

Cov(yit, yi,t−1) =

(
b+π2

1−bπ2

)
π2

1 · σ2
θ + π2 · β2

1σ
2
ε

1− π2
2

, (94)

where σ2
θ was derived above in the genotype section. The correlation of interest is:

ρPCy ≡Cov(yit, yi,t−1)

Cov(yit, yit)
=

(
b+π2

1−bπ2

)
π2

1 · σ2
θ + π2 · β2

1σ
2
ε(

1+bπ2

1−bπ2

)
π2

1 · σ2
θ + β2

1σ
2
ε

(95)

=

(
b+π2

1−bπ2

)
α2

1 · σ2
θ + π2 · σ2

ε(
1+bπ2

1−bπ2

)
α2

1 · σ2
θ + σ2

ε

(96)

Here we see that income would be persistent even if income did not depend on parental income.
That is,

ρPCy |π2=0
=

b · α2
1 · σ2

θ

α2
1 · σ2

θ + σ2
ε

(97)

=
b

1 +
σ2
ε

α2
1·σ2

θ

=
b

1 +
σ2
ε(1−b2)

α2
1·(σ2

υ−γ· b
2

2 )

(98)

This is decreasing in γ, implying that the sorting channel magnifies the direct impact of α1 (posi-
tive) and σ2

ε (negative). This is true more generally.
We also see that ρPCy depends on π2 (increasing presumably) whereas ρPCθ was independent of

π2. Thus, policy that affects the sensitivity of human capital to parental inputs (relative to public
inputs, say) or meritocracy in general, will have an effect on income mobility but will have no
impact on ability mobility. As such, (i) changes in persistence of observed characteristics need not
be informative about changes in the persistence of unobserved characteristics, and (ii) the effect
of such policy will be limited by the fact that income will persist even if parental income has no
direct effect on income.

D.2.1 Longer-Term Income Mobility

To work out Cov(yit, yi,t−k) for k = 2, 3, ... note:

Cov(yit, yi,t−k) = π1 · Cov(θit, yi,t−k) + π2 · Cov(yi,t−1, yi,t−k) (99)

= π1 · Cov(θit, yi,t−k) + π2 · Cov(yi,t, yi,t−(k−1)) (100)

and

Cov(θit, yi,t−k) = b · Cov(θi,t−1, yi,t−k) (101)

= b · Cov(θi,t, yi,t−(k−1)) (102)

= bk · Cov(θi,t, yi,t) (103)

= bk · π1

1− bπ2
· σ2

θ . (104)
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Thus, letting ρPCy,k ≡ Cov(yit, yi,t−k)/σ2
y we have

ρPCy,k = bk ·
[

π2
1

1− bπ2
· σ

2
θ

σ2
y

]
+ π2 · ρPCy,k−1. (105)

Solving explicitly:

ρPCy,k =

[
π2

1

1− bπ2
· σ

2
θ

σ2
y

]
·

[
k∑
s=2

bs · πk−s2

]
+ πk−1

2 · ρPCy . (106)

This shows Clark’s point: long correlations are under-stated by a simple extrapolation of short
correlations: ρPCy,k > πk−1

2 · ρPCy . Our contribution is to show that the extent of this bias depends
on the (endogenous) strength of ability sorting (via the term σ2

θ/σ
2
y). In particular:

σ2
θ

σ2
y

=
σ2
θ · (1− π2

2)(
1+bπ2

1−bπ2

)
π2

1 · σ2
θ + β2

1σ
2
ε

, (107)

which is increasing in σ2
θ and thus is decreasing in γ. In other words, greater precision of be-

liefs increases the extent to which long correlations are under-stated by an extrapolation of short
correlations.

33


	Introduction
	Related Literature

	Model
	Fundamentals
	Population
	Genotype
	Phenotype
	Preferences
	Information Structure
	Equilibrium


	Analysis and Results
	Segregation Matching Equilibrium
	Steady State
	Steady State Precision of Beliefs

	Discussion of Results
	Economic Environment
	Institutional/Policy Environment
	Heritability Environment
	Summary

	Comparative Statics
	Optimal Parental Investment
	Extensions
	Imperfect Sorting on Human Capital
	Imperfect Sorting on Parental Investment

	The Role of Previous Generations
	To Be Completed

	Redistribution 
	Conclusions
	Structural Model
	Productivity
	Pre-Tax Income
	Post-Tax Income

	Segregation Equilibrium
	Optimal Investment, Infinite Horizon
	Deriving Correlations
	Genotype
	Income
	Longer-Term Income Mobility



