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Abstract

We present a model human capital accumulation with statistical discrimination on the
background of agents. Firms do not observe the productivity of workers, they determine
their wage after observing two signals. A direct signal on the productivity of the workers
and a second signal on the income of the parents of the agent. The signal on background
is useful (insofar the direct signal is not perfectly accurate) because parents invest in their
children education, increasing their human capital. Knowing that richer parents invest more
in education and that their children will be in average more productive, firms rationally
discriminate favoring those with perceived good backgrounds. Thus, the income of an agent
depends on both the objective information that society has on its human capital and the
existing perceptions on her background. Our main result is that the accuracy of both signals
have very similar effects in both inequality and intergenerational mobility. More accurate
information on the background of individuals facilitates statistical discrimination increasing
inequality and its persistence. More accurate information on the actual capabilities of
workers leads to exactly the same result via an interesting feed back mechanism. It allows
to discern good workers from the able ones, increasing their wage differential and inequality.
But more inequality increases the uncertainty that firms have on workers characteristics,
which itself increases the weight that firms give to signals, which further increases inequality,
and so on. There is, though, a big difference in both types of signals in the manner that
they affect investment. Accurate direct information on productivity is directly linked to the
return to investment in human capital, as it is what connects human capital with income.
The effects of information on parental background on investment are much more indirect,
as it implies that your income affects your children independently from the investment you
make in them. Using our model to interpret the data suggests that a country like the US
(with relatively little intergenerational mobility, large degree of inequality and very large
investment in education) might be characterized by having very precise direct signals on
ability, resulting in high rewards to merit, and (conditioning on it) little rewards to have
a good background. The US might be still a land of opportunities conditional in having
the right ability. Of course, those abilities are to a large extent inherited, and that is the
reason why the intergenerational persistence of income is so large. But notice that the
reason why they are so inheritable might precisely be that merit is highly rewarded; that
in a deep sense, the US may still be a very meritocratic society.
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9JT, United Kingdom. Email: sevimora@gmail.com



1 Introduction

In this paper we present a theory of human capital accumulation stressing the role of statistical
discrimination benefiting those from privileged backgrounds, and the effects of having imperfect
direct information on an individual’s productive abilities.

In our model the income of an individual reflects the perception that society has on her
productive abilities, summarizing all the information that the market has on the individual. It
partly reflects what it is known about her abilities themselves, but also reflects any independent
information available on the agent’s background. This is because the market is aware that
some backgrounds are more conductive to human capital accumulation. In equilibrium, richer
parents tend to invest more on their children, consequently their children tend to be more
productive. Thus, knowing the background of an individual is informative on her abilities, and
this information will be used by the market for determining her income even conditioning in the
direct information available on her abilities.

We present two main results. The first concerns the effects on inequality and mobility of
having more information on the background and abilities of the individuals. It is not surprising
that more accurate information on background translates into a larger degree of inequality and
lowers intergenerational social mobility. This is because more information on background allows
firms to positively discriminate in favor of those known to have a better education. Moreover,
and perhaps more surprisingly, we show that the same effects (more inequality and less mobility)
appear as a consequence of the market having better information on the agent’s productive ability
— giving more “advantages” to the rich (by the means of differentiating them more clearly from
the poor and thus favoring them via positive statistical discrimination) has qualitatively the
same effects on inequality and mobility than increasing the degree of “meritocracy” (in the sense
of allowing firms to judge the abilities of workers with more accuracy independently of their
backgrounds).

The intuition for this result is as follows. By definition in a “meritocratic” society the effect
of parental income should be very small when conditioning on the productivity of the agent, but
these two variables (background and productivity) are not independent. More information on the
productive abilities of agents increases the differences in rewards that those agents receive as the
market is more efficient at differentiating the very productive from the less so. These differences
in income translate into differences in investment in the human capital of children, which results

in larger differences in their productive abilities and a larger correlation between the income
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of parents and their children. In equilibrium this gets amplified by a feed back mechanism, as
larger inequality increases the value that the market assigns to any available information on an
individual’s talent.

Our second result concerns the effects of information (again, on background and on produc-
tivity) on the incentives of parents to invest in their children.

In a very meritocratic society (where firms will know the productivity of your children and pay
them accordingly), the return to educational investment will be large, and thus your investment
in your children will be larger than in a less meritocratic one.

In contrast, an increase in the information than the market has on the background of indi-
viduals does not have the same effect. As we will see, it helps firms better guess the productivity
of agents (via statistical discrimination), but the effects on the incentives to educate children are
minimal for the obvious reason that your income level does not depend on the education that
your children have. Firms employing your children care more about what income you had, as it
helps them guess the education that your children received, but you cannot change their beliefs
about your children’s background by educating them more or less.

Thus, in societies with better information on productive ability, we should expect more
investment in education than in societies where “advantages” are more prevalent (i.e., where
statistical discrimination based on background). But the former and the latter do not need to
differ in the degree of inequality and mobility.

Thus, our contribution is to stress that a low level of intergenerational mobility and a high
degree of inequality are perfectly compatible with a high degree of “meritocracy”, with people
being judged and rewarded according to their productive abilities. Moreover, two societies
with the same degree of mobility and inequality may have arrived at such a situation from
very different routes. One may be characterized by people being judged and rewarded by their
abilities, while the other by the prevalence of advantages, the children of the rich being presumed
to be more productive than the children of the poor. From the point of view of mobility and
inequality both societies may look identical, but they differ radically in the effort they make in
education. In the society where people is rewarded for their productive ability there are strong
forces conductive to high effort in educational investment, as this investment is likely to be
rewarded with future income. These forces are absent in a society where advantages prevail.

Our contribution is theoretical, but we perform an exercise that aims to be an example of

the type of effects our mechanism could produce. We do the intellectual exercise of looking at



what the model implies for the degree of “meritocracy” in different societies. In particular, we
are interested in knowing if the implied degree of “meritocracy” in the US is large relative to
other countries.

When compared with other developed economies the US shows very large degree of inequality,
a low degree of intergenerational mobility and very large investments in education.E] Following
the logic of the model, it seems as plausible that the US could have a large degree of inequality
and low mobility precisely because it has a high degree of “meritocracy”. We show that that is
indeed the manner in which the model reads the data.

This is, the model is able to replicate the data only if the degree of implied “meritocracy”
in the US is much larger than in other OECD countries. If this were true, the US would still
be a land of opportunity provided that you have high productive ability. This fulfillment of this
restriction is what it would produce the dismal performance in mobility and inequality. In order
to solve the model we do implausible assumptions on the extent of redistribution and public
education that are bound to overestimate the weight of our mechanism. Thus, we are reluctant
to interpret these results as evidence of the distribution of meritocracy across societies. It is
nevertheless a nice illustration of the mechanism that we model.

The paper is organized as follows. Section [2| reviews the existing literature and discusses
semantics. Section [3| describes and sets up the model. Section {4 will look at the agent’s problem
and human capital investment. Section [5| will consider the firm’s problem and pricing the signals
on human capital and background. It will also consider some comparative statics exercises
on inequality and mobility. Section [6] will describe the equilibrium and comparative statics on
educational investment. Section [7]shows the way in which the model filters existing data. Section

summarizes and concludes. All proofs are relegated to the appendix.

2 Semantics and Related Literature

We are by no means the first to think along these lines. The word “meritocracy” itself was coined
(as recently as 1958) by sociologist Michael Young in his book “The Rise of Meritocmcy’ﬂ in
order to put forward some of the ideas that we model. Young’s book narrates an imaginary

history of the UK up to 2034 (the book is supposedly written in 2033). In the meritocratic society

Tt is well known that intergenerational mobility correlates negatively with inequality. See [Krueger (2012).
This correlation has been documented across countries (Corakl (2013)), across US commuting zones (Chetty
et al| (2014)) and across Italian provinces (Giell et al| (2015)). The US performs particularly poorly on this
relationship.
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it describes, positions are allocated based solely on merit, not on birth, but the book describes
a dystopia, not an utopia. The reasons are in essence the ones we describe: the distribution of
talent is endogenous to the workings of society. The high reward for talent that meritocracy
entails fosters inequality in the distribution of income. The education system then tailors to the
rich, who can afford more and better education for their children. Thus, meritocracy fosters both
inequality and persistence in income across generations. Young’s book finishes with the death
of the supposed author at the hands of an anti-meritocratic revolution when those left behind
by history rebel against what they perceive as the unbearable inequalities that meritocracy has
created.

Given that the word “meritocracy” has today a positive meaning, it is surprising to notice
that not even 60 years ago it was coined as a warning. It was recognized that it would give rise
to a feeling of justice and would foster short-run (perhaps even long-run) efficiency, but it was
doomed to increase inequality to the point of generating social instability.

We do not want to make a big deal about semantics, but it is necessary to clarify that
when we use the word “meritocracy” we will stick to its original meaning: the ability of society
to recognize the productive ability of individuals and reward them accordingly. For us it is
a statement about the availability of direct information on a worker’s productive ability. We
like to think of this information as the result of the education system signaling with more or
less accuracy the abilities of individuals. This itself could be a consequence of a more or less
widespread use of ability tests and the extension of systematic performance measures across the
schooling system. Alternatively, it could be the result of stratifying the education in school-
rankings, which select and signal their students abilitiesﬂ In any case, for us this information is
an exogenous parameter characterizing society, and we call it the degree of “meritocracy” of a
society.

The important thing is the concept, though, not the word by which we name it. We recog-
nize that other people may have different conceptions on what “meritocracy” means, and some
people have strong opinions on this semantic issue. Clearly, many people associate the word
with a reduction of the privileges that some members of society may enjoy. These privileges

(which we might call “cronyism”) mean that some people may be rewarded far in excess to their

3Young’s book was a reaction to the extension of the tripartite educational system in England, Wales and
Northen Ireland at the end of WWII. By this system children were examined at the age of 11 and selected into
one of three school types based on their performance. At the top, Grammar schools would feed into university
(themselves selecting into further categories according to rank and student quality). At the bottom, students
would be trained in “practical skills”. Young’s book became paramount in the abolition of the system in the 70’s,
with the introduction of Comprehensive School System that, at least in theory, offers the same education to all.
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contribution to society. Examples would be the corruption in the allocation of public positions
via friendship or connections, or the impossibility of accessing higher education and positions of
power and substance without the benefit of parental wealth and connections.

Notice that the reduction of those privileges is not what we mean by “meritocracy”. It
could be another perfectly reasonable definition, but is not the one that we use, and it is not
what Young meant when he invented the word. Since Becker (1957) we know that irrational
discrimination has negative effects not only on those discriminated against, but also on the
discriminator. Competition and market forces should work against the extent of those privileges:
a firm that hires a person because he has an aristocratic name rather than talent, is a firm that
is losing money and will be driven out of a competitive market. Thus, our approach is to model
the advantages that the rich enjoy as a result of rational statistical discrimination of firms with
limited informationf_f] These firms know that in equilibrium the children of the rich will have
received a better education and are likely to be more productive than the children of the poor.
Discrimination is, thus, the rational response to the available information, as in many statistical
discrimination models such as |Arrow]| (1973)), |[Coate & Loury| (1993)), Norman| (2003)) and [Moro
& Norman| (2004).

Inefficient capital markets are another hurdle that the children of the poor endure. The
study of this in economics started with (Galor & Zeira| (1993) and has since created a large
literature. Nevertheless few papers, if any, study the effects of this in connection with the degree
of meritocracy. We do not take the route of exploiting credit market imperfections as generators
of inequality (our agents cannot access capital markets, but as the expected return to education is
homogeneous for all agents, they end up investing in their children’s education a fixed proportion
of their income), but there is no reason why the effects of “meritocracy” would be different, in
such a case, from the ones we find.

A final related stream in the literature refers to the study of inequality and intergenerational
mobility pioneered by Becker & Tomes (1979). Several of those papers have dealt with un-
derstanding the negative relationship between inequality and mobility, a number of which hint
at the process of human capital accumulation as the possible cause. |[Hassler et al. (2007), for
instance, show that if the bulk of the difference across economies resides in the workings of the

labor market (skill bias or institutions), then the correlation between inequality and mobility

4In any case, in appendix [K| we include “cronyism” (privileges not backed by reason) as an extension of our
analysis, and we show that their reduction does indeed decrease the intergenerational persistence of income and
(in most cases) the degree of inequality. Still, even in their presence the effects of improving the technology to
determine one’s ability (“meritocracy” in our sense) are qualitatively the same as in our main analysis.
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across economies would be positive. For the correlation to be negative (as the data shows it
is) the main differences across economies needs to be focused in the education system and the
process of education acquisition. Likewise, [Solon| (2004) shows that differences in the degree of
progressivity of the educational system generate the negative correlation observed.

A paper to which we are particularly related is |Abbott & Gallipoli (forthcoming). Like us,
they present a model that aims to explain the geographical differences in Intergenerational Mo-
bility. They present extend the Becker-Tomes model introducing a production sector in which
workers human capital inputs are complements. This leads to a negative correlation between
progressive public policy and IGE. Computing the model they show that geographic differences
in skill complementarity directly account for roughly one fifth of cross-country variation in In-
tergenerational Mobility.

la

3 Model Description

We present an overlaping generations model with no capital markets. There are two different
set of actors in the model: families and firms.

Agents work and receive a wage. The wage (the only state variable) is different for different
agents, and it is a function of their observable characteristics. They care about their own con-
sumption and the well being of their children (with a certain discount rate). They have no access
to capital markets. The only decision they need to make is how much of their income to consume
and how much to invest in the education of their children. The only way of moving resources
forward in time is by investing in children’s education. There is no way of bringing resources
back from the future. This investment decision depends crucially on how much education will
affect the income of the child, which it is an endogenous variable of the model but which each
individual agent takes as given.

Firms produce output competitively using only labor. The productive ability of each worker
(her “human capital”) is an stochastic function that depends positively on the investment that
her parents made on her. The production function is linear in the productive ability of workers:
output equals human capital one to one. Firms, though, cannot observe the productivity of
workers. They observe a set of characteristics of the workers, and need to infer the expected
human capital of each worker as a function of these characteristics. Firms, thus, pay each worker

her expected “human capital” and make zero profits on average.
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The exact manner by which human capital affects income is endogenous to the model. Ac-
tually, our main contribution is to articulate the mechanisms by which this process takes place.
If firms were able to observe human capital exactly, income would be exactly equal to human
capital; but it is observed with noise. That is, the market has two pieces of information about
an individual: a noisy signal on her ability and another on her background. Firms determine
rationally how much to pay an individual as a function of her two signals.

The quality of each of these signals is exogenous. We say that a society is more meritocratic
if firms have better and more accurate information about the human capital of the individual:
if the signal on human capital is more precise. In addition to the signal on human capital, firms
use the available information on an agent’s background because they know that in equilibrium
richer parents invest more in education than poorer ones. Thus, there is statistical discrimination
favoring children from better backgrounds. We refer to a society with better information on an
individual’s background as being more “aristocratic” as the circumstances of birth play a larger
role in income determination even when conditioning on individual productive abilities.

The core of the paper consists in solving a dynamic general equilibrium model with these
three components (educational investment, meritocracy and inherited advantages), and to show
the comparative statics of the endogenous variables to exogenous changes in the precision of
the information available on the human capital of the agent (changes in “meritocracy”) and the
precision of the information on parental income (changes in “aristocracy”) in the steady state.
We show that better information (irrespective of whether it is on merit or background) always
has the effect of increasing inequality and decreasing mobility. Meritocracy does not differ from
aristocracy in these dimensions.

In equilibrium parents use the resultant relationship between investment and income to infer
how much they should invest in their children and how much to consume. Thus, closing the
model.

We proceed by first exploring in section [] the decisions of families given a certain stochastic
map from investment to income. We then look at how much the market values the different
characteristics of workers in order to determine wages (in section , and we put both things

together in section [6]



4 Human Capital Investment

We start by setting up the problem of families, which have to choose how much to consume and
how much to invest in their children’s education.

At each point in time the family consists of a father and a son. After each period the father
dies and the son becomes a father.

There are no capital markets, so the resources of the family are exclusively the income
generated by the father in the labor market. There is no way of borrowing in exchange for future
income, and there is no way of leaving resources for future generations except by investing in
one’s children. Thus, the only state variable is the income of the family.

The father needs to allocate his resources between current consumption and investment in
his child’s human capital. This investment, and the income that the father earned, will determine
the observable characteristics of the child.

Firms produce with human capital only, but they do not observe the human capital of
workers, only some informative characteristics about it. Consequently, their role is to decide
how to translate those observable characteristics into expected human capital and income.

Thus, the problem which parents confront is:

W () = mx {In i W (LY, X} 0
s.t.
Ci=Y-X; X{>0 (2)
Vi~ F(Hpyy YY) (3)
Hti-i-l ~G (th) (4)

where Y}’ is the (lifetime) income of family i at generation ¢, C! is their consumption, X
is their investment in the human capital of their offspring, and Hj, is the human capital that
the offspring actually achieves. Equation [2]is the budget constraint that parents face given the
absence of capital markets. Equation [4] states that human capital is a stochastic function of the
investment, without a role for other forms of inheritance (genetic or otherwise).

The investment problem is quite standard. As in Becker & Tomes (1979, 1986), agents
decide how much to invest in the human capital of their children. We have assumed that

children’s innate abilities are stochastic, and parents invest without knowing the realization of



their children’s abilities. That is, there is a random component to the determination of human
capital and, when making the investment decision, parents do not know how much human capital
their investment will translate into.

The novelty of our theory refers to equation [3} In the next sections we will develop a theory
such that in equilibrium the income of an individual is a stochastic function of her human capital
and her parental income, which has effects even controlling for the human capital of the child .
Moreover, the magnitude of the effect of both human capital and parental income is a function
of the degree of inequality of the distribution of income, which is itself an endogenous object of
the model.

Equations [3| and [4] together imply a relationship between the income of a child and the
income and investment made by their parent. We will begin, in this section, by taking as given

the following functional form of this relationship:

Yig = e (V)" (X)) et (5)

where o, 71 and 7, are endogenous parameters of this income determination function and €},
is a stochastic error term with a certain mean £ and variance V.. At this stage we are guessing
that this is the correct functional form, but in subsequent sections we will show that this is, in
fact, the correct form of the income determination function and solve for the equilibrium values
of 70, 71 and 72, and the stochastic structure of the random variable &}_,.

The last ingredient which we need to solve the parent’s maximisation problem and find the
equation for the accumulation of human capital is a functional form for equation 4 We assume

that it is:

i AT ~i Vi
Hi = Z(X;) ey @y ~ N (_77Vw> (6)

where Z is a constant akin to total factor productivity, and @;,, is an iid shock normally
distributed with a mean such that £ (€®§+1> = 1. We assume that a € (0,1). Notice that an
agent may have a very large human capital either because her parents invested a large amount
in her (large X}), or because she is very good at creating human capital (high &7, ;). This second
route to excellence may be thought as luck or talent. The only imposition that we put is that it
is not inheritable. It is independent of who the parent is.

The following resultf’] characterizes the optimal investment decisions of dynasties:

5Proof in appendix



Result 1. The solution of the maximization problem in equation |1 requires that investment in

education is a fized proportion of the indwidual’s income: X} = Y}, with:

V2
A= ————— 7
1+6—m )

The value function of agents is W (Y) = A+ BInY, with

V2

. [(148)—(v1+72)] 5
. E+y4+In[(1+0)— (11 + )] + I o ®
[(146) — (1 +72)] 1%5
(1+9)

B= 0 -t ©)

Since parents invest a fixed fraction of their income, A, in their child’s education, it follows
that, in absolute terms, the rich invest more heavily than the poor. Since this is a known feature
of the economy, the children of the rich will be perceived to have more human capital than the
children of the poor when human capital is unobservable. This leads to statistical discrimination
in favour of the children of the rich.

Notice also that given investment is a fixed proportion of income (result [1)) and that human

capital has a constant elasticity to investment (equation @, it follows that:
Result 2. Log human capital is a linear function of log parental income. The elasticity is an
exogenous parameter o, while the constant depends on the investment rate X :
i Vi i i
ht+1:1nZ+aln)\—7—|—ayt—l—wt+1 (10)
where W§+1 ~ N (0,V,) is iid noise and hiﬂ and yi represent the log of the child’s human capital
and the log of parental income respectively.

This is the equation for the accumulation of human capital. Human capital depends positively
on parental income and the fraction of income which parents invest in their children. This
equation is known to firms but the level of human capital of a particular worker is not, nor is

the parental income of any particular worker (at least not perfectly).

5 Wage Determination

We now turn to how the wage of an individual is determined.
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Agents can only produce output when working within firms. These firms are competitive in
the labor and product markets. The only input is human capital, which produces output in a
one to one basis[

Our most salient assumption is that firms cannot observe the productivity of the workers.
They observe it with noise along with other characteristics of the agent. We call Q! 41 to the set
of information that the market has available on agent ¢. We discuss the composition of this set
below. So far we just want to notice that it is public information referring to worker ¢. Thus, all
firms have the same beliefs on any particular worker. All heterogeneity resides in how different
workers are, not in how they are perceived by society.

Competition insures that firms will make zero expected profits in equilibrium and that the
wage of a worker with observable characteristics Qf_; equals the conditional expectation of her

productivity:

YZH =K [exp {hiﬂ} |Qi+1] (11)

5.1 Information Available to Firms.

The set of information available to firms when determining the wage of worker i is composed of
4 elements, two specific to the agent, and two more summarizing the state of the economy at

time ¢:

i—i—l = {ai-i—lv mi-&-l? Hoye Vyt} (12>

al 1= Yl + aﬁl is a public signal on the parental income of agent ¢, where &ti‘jrl ~ N(0,V,) is

iid noise.

mj ., = hj,, +¢€}7 is a public signal on the human capital of agent i, where £/, ~ N (0, V},) is

iid noise.

(ty, and V,, are the mean and variance of the distribution of log-income in the parents’ genera-

tion. respectively.

In addition, all firms know how human capital relates to parental income (equation .

6 This view of production omits a role for misallocation in the sense that the productivity of a worker
is unaffected by the degree of error in firms’ beliefs about their human capital. This is done for simplicity.
Presumably though, if firms’ beliefs about each worker’s human capital were very different to the reality, agents
would be assigned to the wrong task and would not realise their full productive potential. In appendix [M] we
consider a production function which includes an allocative cost. This would seem to be more realistic, but the
added complexity does not change any of the results presented in the body of the paper.
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The two most important parameters for our model are V,, and V,,,. They determine the amount
of information that firms receive on the background of the agents (V,) and their productive ability
itself (V,,,).

ai, is the signal on background, and V, determines how much information this signal con-
tains. If V, is very low, firms know with almost certainty the income of the parents, and thus
how much was invested in the education of the agent. Notice that if V, is larger, the degree of
uncertainty that they have on the amount of education that the agent received depends on the
income distribution of the parents: the more inequality among the parents, the more uncertain
are the priors and, consequently, the posteriors. This fact will have important consequences.

m! 41 is the signal on the productivity of the agent, and V,, determines how much direct
information the market receives on it — how much firms know about the productivity of a worker
independently of her background and circumstances. It is the amount of “hard” information
available, unaffected by prejudice of any sort.

If V,,, is very low, the firm knows almost exactly what the productivity of the worker is, and
she will be paid accordingly independently of her background. The firm will pay the productivity,
and it does not matter if she has a high A because the investment of the parents was high or
because she was particularly lucky in the drawing of @ in equation @

If V,,, is larger, the firm cares more about the background, as it has predictive value on h. In
this sense we call “meritocracy” the precision of the signal m!. If it is high, only the productive
ability of agents matters for their wage. If it is low, firms are interested in the background of
the agent, which will affect her wage.

Notice that our model is a model of the first years of the productive life of individuals. We
are implicitly assuming that during those years there are critical events in the personal history
of agents that determine their income thereafter. It is not an outlandish assumption, as there is
a substantial body of evidence suggesting that the first jobs an individual takes have long lasting
effects on her working life.

Starting with 7 a literature has studied the mechanisms of human capital accumulation
and promotion, indicating that tracks are critical in the wage process. Thus, ? and 7 (see
also ?7) show that initial tracks do matter. There are different tracks of jobs. If you start
in a low wage track you tend to promote within the track, not towards high wage tracks, the
income differentials across workers with the same tenure being somewhat persistent. Likewise,

promotions have persistent effects: if you get promoted first, your wage tends to be persistently
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higher.

5.2 Updating Beliefs

Firms process Qf,, in order to generate rational beliefs on agent’s ¢ human capital, but before
knowing the specifics of any agent, firms have a prior on the distribution of human capital.
This prior is generated by (i) the rule with which families invest in their children (equation [L0]),
including the distribution of “luck” in learning (w) and (ii) the distribution of income among the
parents. Clearly, if y; is normally distributed, the prior on A}, will also be normally distributed,
and the larger the variance of parental income, the less precise the prior of firms on the human
capital of their children.

Once they receive the signals a! 41 and m! 41 on a specific agent 4, the market will update its
prior on this agent using Bayes rule. We summarize the outcome of this process in the following

result{’]

Result 3. Given the process of human capital accumulation in equation[10] and the information

set given by equation[13, the posterior of the log of human capital is given by:

hiJrl‘Q;Jrl ~ N (Mhi+1|9%+1’vhi+l|gi+1) <13>

with

) V., i
Hng 100, = Bmea Mg + (1= Binsr) [ln Z+aln A~ ) + o {Baisipr + (1= Barsr) b §

(14)

b9y, = B Vin (15)
Barr = Vfﬁ (16)
B — ?Bay Vo + Vi an

a26at+1 Va + Vw + Vm

To understand the result it is easier to focus first on expression [I6} f,,,, is the weight of
the signal on parental income when the agent updates the beliefs given by the prior (determined
by p, and V,,) with the information received in the signal a. The mean of the posterior on

parental income is: {ﬁatﬂaiﬂ + (1 — ﬁat+1) Myt}.

The expected value of the productivity of the agent (equation is a convex combination of

"Proof in appendix
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the realization of the direct signal on productivity (m!) and the expected log human capital for
an individual with parental income equal to { Bay1Ghyy + (1 — Ba, +1) ,uyt}, the posterior belief on
parental income.

Bing,. 1s the weight given to the signal m} (in equation . The expression [042 Bayir Va + Vw]
is the variance of h conditional on a! +1- Notice that the variance of the posterior of parental

: . Vy, Ve
income is S,,,, Vo = 745

= 345~ which is smaller than the unconditional variance V,,.
Yt a

If the signal on “merit” is very accurate (V,,, — 0), then /3, — 1 and the belief is centered in
the real productivity of the agent with zero variance (equation . The larger is the variance of

4

the merit signal, the bigger is the weight of the “prior”. That is, the bigger is the weight of the
average human capital that you would expect from an individual with the perceived background
of the person we are evaluating. Thus, V;,, is indeed a measure of how much background matters.

We now map these beliefs on h{, , into wages. Notice that firms care about expected produc-

tivity, not its logarithm (which is normally distributed). We take care of this in the following

result

Result 4. The logarithm of the wage individual i with signals aj,, and mj_ ., is:

_|_ﬁmt+—1vm

. Vi
yz+1: (1_Bmt+1) an—FOéln)\—?‘i‘Oé(l_BaHJ,uyt 2

+ O‘ﬁat-‘-l (1 - Bmt+1) ai—i—l + /Bmt+1mi+1 (18)

Thus, log income is a linear function with three components:

e A constant that depends on the technology of education acquisition, how much the average
person invests in education (remember that A is the share of income invested and p,, the
average of the log of income) and a factor that depends on the ex-post variance of the

distribution of human capital [’

e A term that depends on the information that society has on her specific background (af, ).

We will call 3«““ = af4,,, (1 — 6mt+1) the “value” that society gives to background.

e A term that depends on the direct (“objective”) information that society has on her pro-

ductive ability (mj,).

8Proof in appendix |§|

9 This is a property of the variance of the log normal: the larger the variance of the logarithm, the exponentially
larger the expectation is. It is the variance of the posterior of the distribution of log human capital that is relevant
here, not its unconditional distribution. Notice that the variance of the posterior is Sy, ,, Vin. A property of the
normal distribution is that this variance does not depend on the realization of any of the signals. This would not
be true with an arbitrary distribution function.
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Notice that if the signal on human capital is very accurate (V,,, — 0), then 3,,,, equals
one, and income equals human capital exactly, independently of the distribution within the
population, and independently of the background of the individuals. But, in any other case
preconceptions matter for wage determination.

Large values of 3,,,., imply that society rewards highly the observed objective measures of
productive ability. Large values of Bat 1, on the other hand, imply that society rewards highly
the perception of a favored upbringing even controlling for the objective measures of ability. Of
course, both are endogenous. They depend not only on the precision of both signals, but also
on the distribution of income (and thus investment).

We turn to the determination of these weights next, but before it is convenient to rewrite
equation (18] as the stochastic income process, its Becker-Tomes representation. Noticing that
ai,; and m;,, are both stochastic functions of y; we can write the law of motion of the log of

income:

ﬁmt+1 Vm
* 2

+« [6at+1 (1 - 6mt+1) + 6mt+1] ?JZ + aﬁa (1 - 5mt+1) giil + ﬁmt+1 (gzz;Tl + wziJrl) (19>

, V.,
Yipgr =InZ +aln X — > +a(1 _/Bat+1) (1 —Bth),uyt

where the intergenerational income elasticity is then p;11 = « [6% +1 (1 — B, +1) + B +1]'
From here, after some algebra, we can determine the law of motion of the variance of log

income.

V;Jm—l = 042 [ﬁaﬂ—l (1 - ﬁmu—l) + Bmu-l] ‘/;Jt + ﬁmt+1 Vw (20)
‘/yt a2ﬁat+1‘/a + Vw
/Bat+1 — m7 B’mt+1 - 2
Yt a Q Bat+1‘/;1 + Vw + Vm

This system of differential equations completely describes the dynamics of the model. Notice
that V,, is not stochastic, given initial conditions, as there is no aggregate risk.
Before describing the properties of the steady state of the system we find it useful to make

two observations.

1. In our model there is no role for self-fulfilling expectations. Expectations never drive the

dynamics.

This sets our model apart form the bulk of the literature on race- or gender-based statis-

tical discrimination. In that literature the observed characteristic has no intrinsic value,
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as there is nothing inherently good or bad in belonging to a given race or gender. Never-
theless, the fact that a characteristic is observable may make it acquire informative value:
if everybody ezpects people of a certain race or gender to act in a certain way (investing
little in education, for instance), it might be optimal to privately act according to such an
expectation (you will invest little in education if people expect you to have little education
and it is your race, not your education, that is observed). Multiple equilibria are thus
natural in such an environment, as the informative content of an observable characteristic
depends on how people are expected to act and those expectations feed back into actions.
Other expectations would lead to other actions, and those actions could feed those different
expectations. Most obviously: the race or gender that is expected to have lower education

could be changed and nothing of substance would be altered.

Our model is very different in this respect because here it is objectively good to be the son
of a rich father, and it is objectively good to have high productive ability. There is no way
of sustaining an equilibrium where low income parents invest in their children as much as

rich parents do, as marginal utility of consumption of poor parents is larger.

It is easy to see that the market will always discriminate against the children from deprived
backgrounds. If it did not, the rich would still invest more in their children than the poor,

so it would be irrational not to discriminate.

Likewise, an individual with a large value of m; is always going to be paid more than another
that differs only in having a lower value of m;. More productivity is more productivity,

and there is no other conceivable way of interpreting it.

. There is a positive feed-back mechanism by which inequality fosters further inequality.

On one hand, the more inequality there is (large V,,), the more heterogeneous agents are
in their productive ability, and the more uncertainty firms face. Consequently, the market
rewards indications of productive ability, both the direct ones (m!), and the suggestive

. . Z . . .
ones via parental investment (a}). f,,,, and f,,,,, are increasing in V.

On the other hand, the larger the value given to the signals (5,,,,, and f,,,,), the larger
the amount of inequality the next generation will endure, as the differences among agents

are more salient.

Thus, the more that society values the observable differences between agents, the more

inequality it creates, and because of that, the more that it values the observable differences
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between agents. Or, looking at it from the other side, inequality fosters further inequality

via increasing the way in which society differentiates among its members.

This positive feed-back mechanism is ingrained in the process of statistical discrimination.
It implies a multiplier effect: the effect of any exogenous change of parameters leading to

an increase in inequality will be ampliﬁedﬂ

Thus, our model does not allow for the existence of different sets of strategies and beliefs
which could be mutually compatible for a single set of state variables: equilibrium is unique.
Nevertheless, the existence of the positive feed-back mechanism generates the possibility of
multiple path dependent steady states. This happens if different values of the state variables
lead you to different steady states in the long run, but there is no possibility of moving form one
of those steady states once the economy has settled in it.

In our model multiple steady states arise if the elasticity of human capital to investment is
large enough. If a > 1 there are three steady states, of which two are stable. Of these one
has infinite variance, with p being not smaller than one and huge responses to a and m. The
other stable equilibria is qualitatively identical to the one that we present for a < 1. We prefer
to restrict the parameter space to insure that this possibility does not arise. There are three
reasons for this: (1) because we do not know how to interpret an infinite variance , (2) because
the restriction necessary (a < 1) is eminently reasonable , and (3) because the steady state that
results is equivalent with the reasonable (i.e. finite variance) stable steady state if the restriction
does not apply. From now on we always assume that o < 1.

We characterize the solution of this system of differential equations in the next result ]

Result 5. If a < 1 equations , and define a system of differential equations with a
unique steady state which is globally stable. In the steady state log income is normally distributed

with variance being characterized by the (unique) solution of the following system of equations:

o B Vo
Vo = T B (L= B + ] 21
v,
Ba - ‘/y n Va (22>

T 2BV, V, V.,

Unfortunately, the explicit solution to this system of equations is extremely cumbersome

10Proof in appendix
1Proof in appendix
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and uninformative. We can instead solve analytically the comparative statics on the relevant
exogenous variables. That is, we look at how the steady state values of the endogenous variables

(Vy, B, and f3,,) move as a consequence of exogenous changes in V, and V,.

5.3 Comparative Statics of V.

A decrease of V, means that the market will have more accurate information on the background
of agents. This is not good news for equality. Being better able to differentiate who received
more education, the market will be more inclined to discriminate in their favor, providing greater
advantages to those from afluent backgrounds. But how much the market chooses to discriminate
is a function of the degree of inequality in the economy, and this is a state variable whose path
is determined endogenously.

In appendix [G] we prove the following results, which characterize the effects of V,

Result 6. An increase in the accuracy of the signal on background (a decrease of V,,) results, in
steady state, in more inequality, greater persistence of income across generations, more discrim-
ination based on perceptions of the background of an agent, and a smaller elasticity of income to

the signal on ability:

dv, o dp _dB. _ df. _ dn
dl/;<0’ d%<0, dVa<0’ dVa<0’ v

>0 (24)

More accurate information on the background of an individual increases the attention that
firms give to this signal, increasing the persistence of income across generations and its variance
across individuals.

Notice that this result is far from obvious: Decreasing the amount of noise in the economy
(i.e., increasing the information that agents have) increases the dispersion of incomes. You
reduce noise, but as result you increase dispersion.

The reason lies in the increase in the persistency of the income process. Better informa-
tion on the background of the individuals allows firms to discriminate more accurately between
agents, directly favoring those from better backgrounds. A more persistent income process is
bound to have a larger unconditional variance. Thus, inequality increases, which itself increases
even further the value of the information on background via the positive feed-back mechanism
discussed above.

Notice also that the effect on the human capital signal (5,,) is the opposite. Better infor-
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mation on background results in a lower elasticity of income to the ability of individuals. This
might look surprising, given that inequality is larger for lower values of V,. More inequality
implies that firms are less aware on the abilities of any specific worker, and thus, one could have
expected that firms would give more attention to the meritocratic signal of human capital (m?).
They do not, and the reason is that, albeit the unconditional variance of income increases, the
variance of log income conditional on the signal a’ decreases. Thus, the dispersion of human
capital conditional on a! decreases, and there is less of a demand for the meritocratic signal.
There is a crowding-out effect, background replacing merit in the determination of one’s income

and, consequently, a profoundly antipathetic decrease of intergenerational mobility.

5.4 An Exogenous Increase in the Degree of Meritocracy

Next we want to consider the effect of exogenously reducing V,,. A reduction in V,,, all else
equal, improves the quality of the human capital signal, providing greater advantages to those
with greater human capital. With all the caveats discussed in section 2 we consider it reasonable
to say that a society with a lower value of V,,, is more “meritocratic”.

The first thing to notice is that the same feedback mechanism that is very obvious for
information on background, acts in the same manner for the information on merit. The easiest
way to see it is by assuming that there is no signal on background (V, — oo). In such a case

the law of motion becomes:@

a?Vy, + Vo

Vi = Oﬂﬂmtﬂ%t + B Vios B = oV, +V,+V,
Yt w m

(25)

More information on merit (lower V;,) makes the market increase the reliance on such in-
formation, increasing f3,,,,. This necessarily increases the spread of incomes, as the differences
between agents become more salient. Finally, the increase of inequality makes firms of the fol-
lowing generation less sure of the human capital of their workers, increasing the value that they

assign to any information on merit, increasing 3, further...

2Notice that as V, approaches infinity, then 8,,,, — 0 and 8,,,, Ve — V,,
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It is easy to see that the unique steady state of is the unique solution to:

BV
2
A (27)

a?Vy,+V,+V,

and that the steady state values of V3, V,, and 3, are all decreasing in V;,,. The intergenerational
income elasticity (now equal to af3,,) increases and V,, is reduced.

Contrary to what could be thought, meritocracy does not increase the degree of intergen-
erational mobility. It decreases it. More information on people’s ability is bound to decrease
intergenerational mobility because ability and background are correlated and, by increasing in-
come dispersion, meritocracy increases the value of any existing information on people’s ability.
The children of the rich, being on average more productive than the children of the poor, benefit
from the increase in the accuracy of information on merit, leading to more persistent income
shocks and further inequality. Meritocracy has very much the same effects as an increase in the
information available on background.

It is now easier to consider the effect of an exogenous improvement in the quality of the
human capital signal when both signals are available and useful to the firm (i.e. V, finite). We

do so in the following result/™]

Result 7. An increase in the accuracy of the signal on ability (a decrease of Vi, ) results, in steady
state, in more inequality, greater persistence of income across generations, a larger elasticity of
income to the signal on ability and more weight given to the signal on background when evaluating

an agent’s parental income (which is what 3, measures):

d% . dp . dﬁm . dﬂa
av, <o <0 g <% g

<0 (28)

Moreover, given a set of values for v € (0,1) and V, € R™ (V, < 00), there ezists a variance

A

of the error in the signal on ability, V,,, such that (O <V < oo)

¥ dBa
I th 2
Vi < Vi, then de>0 (29)
& d/éa
If Vip > Vi, th
Vi >V, en v <0 (30)

BProof in appendix
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The value of Ba, the weight given to the signal on background when evaluating an agent’s human

capital, is mazimal if V,, = Vi

If society is better endowed to judge its members merit, it is doomed to increase the dispersion
of their incomes (paying more to those judged to be better). This increased dispersion has effects
on both the value assigned to merit, [3,,, and the value assigned to “advantages”, Ba.

First it increases the dispersion of the abilities of the children, thus feeding back into increased
underlying uncertainty and value of the signal on human capital in the following period. Thus,
not surprisingly, better information on human capital increases the market value of that signal.

The effects on the weight given to background when determining income (Ba) are more
complicated. First of all, there is a "crowding-out effect” in the opposite direction to that in
result [0l Better information on human capital makes you place less weight on background as
merit replaces inherited advantages in the determination of human capital. This is clear from
the fact that 3, enters negatively in 8, = 3, (1 — Bn). However, there is an effect on the other
direction too: as income variance increases, the signal on background becomes more valuable in
judging parental income. This increase in 3, acts in the opposite direction to the increase in f,,.
The net effect on 3, depends on the relative size of the effects on 3, and Sy

We can understand the net effect by doing the following mental exercise. Imagine that V,,
were very low (and thus, firms have good information on ability). In that case 3, would be very
large (close to one), and the effect of the increase of 3, would be very small (% =a(l- ﬁm)> .
The net effect of a decrease in V,,, would be an increase in the market value of the human capital
signal, but a decrease in the value of the parental income one. There would be a trade-off
between meritocracy and advantages as the crowding-out effect dominates.

Now imagine the polar opposite case where V,, is very large. In such a case (3,, would be
close to 0 and background information would play the dominant role in the determination of
human capital. Any increase in the quality of information on ability would increase the market
value of both signals because, in this case, the effect of an increase in 3, on Ba is relatively large.

In any case, notice that the degree of intergenerational mobility always decreases whenever
the society becomes more meritocratic as a consequence of a decrease of V,,. This occurs both
when there is a trade-off (and advantages become less important) or when there is not. This is a
consequence of inheritance. The talented become richer, and thus incomes are bound to get more
dispersed. This increased dispersion of incomes is going to be translated into a further dispersion

of abilities as the rich invest more in the children. Abilities then, being better evaluated, translate
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into more income for the children of the rich even if it is perfectly possible that firms care less
about the background of agents.

This is one of the main insights of our paper. Meritocracy in and of itself is not going to
increase intergenerational mobility or decrease the prevalence of inheritance. And this is bound
to happen even if an increase in meritocracy does produce a decrease in the advantages associated
with being from a good background, which is by no means a foregone conclusion.

This is not to say that meritocracy is a bad thing. In the next section we show that it
increases the share of income invested in human capital. The significance of our result is to
notice that there are several roads that lead to countries having low intergenerational mobility
and high inequality: one is the “aristocratic” route, where the children of the rich benefit from
positive statistical discrimination as the rich are known to invest more heavily in their children’s
education than the poor; but a very different road leading to the same mobility and inequality
is the meritocratic one. If the aspects of reality that one focuses on are limited to the degree
of mobility and inequality, meritocracy and aristocracy are almost equivalent. Both of them
produce a negative correlation between inequality and mobility, reproducing the observed data.
Thus, just looking at the data we cannot say if a society is more or less meritocratic. For doing
so we need to find a variable that reacts differently to advantages and to meritocracy. We do so

in the next section.

6 Equilibrium

The log-normal structure of the model has allowed us to do the rather unusual exercise of solving
for the comparative statics in steady state of a set of the endogenous variables (V,,, f, and 3,,)
without solving the complete model. This facilitates our analysis enormously by making the
pricing decisions independent of the share of investment in education (), insofar as all parents
invest the same share of their income, which we saw in section 4] was the case. Now we solve for
the complete equilibrium, including investment in human capital.

An equilibrium consists of (i) a rule for parent’s investment behavior and (ii) an income

determination process such that:
1. The investment behavior of parents is optimal given the income determination process.

2. The income determination process is such that the wage of each worker equals her ex-
pected productivity given the information available on the worker (i) and the investment
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behavior of parents.

In section [ we saw that if parents believe that the income of their children is going to be

determined by Y, = e (V;)" (X{)™ ect+1 (for some values of 1, 72 and stochastic process

V2
14+6—71 "

£i,1), then they choose optimally to invest a fixed proportion of their income A =

In section |5| we have seen what the stochastic process of income is if parents invest a fixed
proportion A of their income in their children.

Thus, in order to prove that we have located an equilibrium it remains to be shown that
there exists values of 7, 71, 72 and a well defined stochastic process & 41 such that equation
is a representation of the stochastic process of income defined by in result {4 for the values
of V,, B, and f3,, obtained in result . We do so in the following result.ﬁ

Result 8. Equilibrium. The equilibrium stochastic process of income as a function of parental

income and investment is Y, = e (Y))" (X})" e¥+1 with:

Yo =10 Z 0 (L= B) (1 B) py + 0]+ 5 [BVin — Vi (31)
1= 0B, (1- B) (32)
1= af, (33)
Eir1 = Ba (1= Bm) el + B (Wi +671) (34)

and, consequently, the equilibrium share of income invested in children’s education is:

B B
140 —af. (1 - )

A (35)

The elasticities of income with respect to parental income and investment are af, (1 — 5,,)
and «f3,, respectively. The portion of talent which is not derived from parental income (w;)
plays a larger role in the determination of income when f,, is higher, implying it has a more
substantial impact in more meritocratic societies.

From results |5| and [§] we derive the following corollary, which describes the equilibrium.

Result 9. If o < 1 there exists an unique steady state. In steady state the values of V,, B, and

B are the unique solution to:

& By Vo t+V,
a? B, Vo + Vo + Vi

- BV | .
—1_052[6a(1_6m)+5m]’ _‘/;J—'—V:z’

1Proof in appendix
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The intergenerational correlation of income equals

p:a[ﬁa(l_ﬁm)—i_ﬂm]

and the share of income invested in human capital is in all families identical, and equals

N B
146 —aB.(1—-By)

Given that we have already seen the comparative statics of V,,, p, 3, and Ba with respect to
Vi, and V,, all what it rests to show is how the investment rate A react with respect to those
variables.

We start with V,,. It is quite intuitive that if firms are very well informed about the pro-
ductivity of workers, parents will want to invest a large share of their income in their children
education. This is because, in that case children’s income necessarily depends on their productiv-
ity, and not in other considerations that could be inferred from their background. Consequently,
the return of investment in education becomes large: it translates into future income readily.

Thus, it is not surprising the following result:ﬁ

Result 10. An increase in the accuracy of the human capital signal (a decrease of Vi, ) results,

in steady state, in an increase in the proportion of income invested in education.

Notice that in our context parents want to educate their children only in the measure that
education makes them look as having more human capital. Wages are a result of how productive
agents look, not of how productive they are. Thus, educational investment is very sensitive to
Bm. If its value is very low, you will not invest in your children, as the investment would not
change the perception that the market has on them. You would rather eat the resources.

This is a strong force by which parents respond to the greater rewards to education arising
from a more accurate human capital signal by investing more heavily in the human capital of
their child.

This force works in exactly the opposite in response to an increase in the accuracy of the
information available on background. As we saw in result [7, a decrease of V, produces a steady
state decrease of f3,,, decreasing the return of investing in education.

There is, though, an additional force in play that complicates the analysis: A larger effect

of the perception of background on wages is similar to a reduction of the discount rate. The

5Proof of results [10[ and [11]is in appendix
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reason is as follows. A larger effect of background on wages (larger Ba) means that any increase
in the wage of your child that comes as a consequence of you increasing her education will have
a larger effect in your grandchild. The background of your grandchild will be better, and she
will be better treated by the market. Thus, the effects of the investment last longer across the
generations, something that you appreciate.

Result demonstrates that is not strong enough to overturn the first one in response of
investment to an increase in the accuracy of the merit signal. Nevertheless, it complicates the
analysis of the response of investment to an increase in accuracy of the signal on background,

which we sumarise this in the following result [

Result 11. An increase in the accuracy of the signal on background (a decrease of V,) may

increase or decrease investment. A sufficient condition for % <0 1s:
a

Vm 1— 052 [6& (1 - Bm) + 6m]
7 TR s (36)

Thus, V,, and V, have different effects on A. In the next section we will use these differences

to identify the degree of meritocracy and the prevalence of advantages in different societies.

7 Calibration

The existing data on on inequality and intergenerational mobility is often interpreted in public
discussion in terms of meritocracy and the prevalence of advantages. Thus, when a society is
shown to have relatively low intergenerational mobility it is often understood to be not mer-
itocratic, at least vis a vis another society with more intergenerational mobility. Our model
contradicts such a view, our main insight being that given the complexities of the transmission
of inheritance one should be cautious when extrapolating from the existing data on intergener-
ational mobility and inequality into which are their causes.

Thus, albeit the motivation and the main contribution of this the paper is eminently the-
oretical, it is interesting to see how the model interprets such data. We have seen that two
societies showing similar levels of inequality and mobility could have arrived to such a point via
different routes. For instance, Italy and the US have similar levels of mobility and inequality,
but it is perfectly possible that one may have a high degree of meritocracy and low prevalence

of advantages, while the other may be just the reverse.

16Proof in appendix
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Moreover, at the light of the model it is perfectly possible that a society has less intergener-
ational mobility than another while paying individuals much more according to their objective
measures of productivity and less in function of their background. Thus, in principle the US
could have a higher correlation of income parent-son than Sweden, while being more meritocratic.

The objective of this section is to look at how our model maps the existing data into the
degree of meritocracy and the prevalence of advantages of different societies. It is by no mean
an empirical “test” of the model, and we do not want to read the results in a literal sense. All
models are “wrong”, in the sense of being a simplification, and when dealing with complex issues
(such as inheritance and advantages) in order to be comprehensible they need to be abstract
from many issues that are undoubtedly relevant.

Nevertheless, a model is better than no model. The literal and naive reading of the data
that is normally made (less mobility equals less meritocracy and more prevalence of advantages)
implies a much bigger oversimplification, if not a logical fault. Consequently, the natural next
step is to entail the degree of meritocracy and the prevalence of advantages that our model

suggests that exist in different societies.

7.1 Procedure

Obviously, there exists no direct data on [, or Ba, much less on V, and V,,. All that is available
is data on p, V, and A. Our goal is to use these data in order to reveal (for any society j) the
values of V7 and V7 (and thus 39, and 37) that would generate within the model values of p
and Vyj, and M that are the closest possible to the data. To clarify notation, from now on we
will include an index j € {1,..., J}, indicating the society (country) to which we are referring.

Our starting assumption is that societies differ in the amount of information available to
firms to evaluate the workers productivity (V7), and in the amount of information available to
firms to evaluate the workers background (V7). The other three parameters in the model («, V,
and ) are assumed to take the same value in all societies.

The discount rate 0 is assumed to be 1% annually. It is much more difficult to give numerical
values to the elasticity of human capital accumulation to educational investment («) or the
variance in the process of exogenous shocks in the acquisition of human capital (V,,). Thus, we
will calibrate then within a very comprehensive and internally coherent data set.

In addition to VJ and V) societies could differ in the process of human capital accumulation.

In our model these differences would be captured in the intercept Z in equation [} In principle
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we could also calibrate for those variables Z7 in each country j, and include average income as
another target, but notice that such extension would be irrelevant. The reason is that differences
of productivity in the human capital accumulation function would map one to one into differences
in average income, while they do not affect at all the rest of the variables in the model. We
would match average income exactly, but it is just because for each country we have an extra
variable dedicated to that task. Given that this variable does not affect at all our variables of
interest it would be a futile exercise that we ignore.

Thus, summarizing. We will assume that all societies have a common discount rate of 6 = 1%
annually, and they also have common values for o and V,,, but the values of these variables will
be discerned by calibrating the model. Societies are different because they differ in the values
of VJ and VJ, which are the exogenous force of variation in the degree meritocracy and the
prevalence of advantages across societies. Societies may also differ on Z;, but that is irrelevant
and we can ignore it.

These different values of VZ and VJ, together with the common values of a, d and V,,,
generate within the model values for the variables for which we have counterparts in the data.
Specifically, within the model we get the degree of intergenerational mobility p’, the degree of
inequality Vyj, and the investment in education M. Our goal is to find for all countries for all

countries j € {1, ..., J} the values of VJ and V?

m?

and the global variables o and V,, such that
the model values of these moments (V;/, o/ and M Vj) within the model are the closest possible
to their data counterparts.

We do this exercise in two different contexts. First we look at the configuration of meritocracy
and advantages across the geography of the US. For this we make use of the extraordinary
data made available by |Chetty et al. (2014).They use administrative data in order to estimate
intergenerational mobility in 741 US Commuting Zones. Moreover they report the degree of
inequality and education investment in each of them (along with many other variables). This
is, assuming that all US Commuting zones share the same value of o and V,,, we calculate the
values of V7 and VZ (plus a and V,,) that make the model closest to the data. We determine
their geographical distribution, and we correlate the results with other macroeconomic variables
across commuting zones. Thus, we can look not only at the correlation of meritocracy with
advantages, but also at which variables are correlated with each of them.

In contrast with this set of US data (that is extremely rich and with very accurate measure-

ments of intergenerational mobility), international data on intergenerational mobility is scarce

27



and not always directly comparable. Nevertheless, in the last 10 years there has been a ma-
jor, and overall successful, effort to generate comparable measures. Thus, the values reported
by |Corak (2013) have received much attention as they show that mobility and inequality are
negatively correlated across countries (the so called “Great Gatsby Curve”), and that the US
is in the dismal extreme of this relationship (i.e., the US has relatively low mobility and high
inequality). Our second exercise is to look at how our model filters these data. This is, we look
at the degree of meritocracy and the prevalence of advantages that our model suggests that could
have generated the observed data across the different countries. Countries that look similar in
the “Great Gatsby Curve” are very much apart in the meritocracy versus advantages dimension.
Some countries with very low mobility appear to be highly meritocratic.

Still, for doing this second exercise we will make use of knowledge gained with the much more

reliable US data. So we turn to that problem first.

7.2 A Geography of Merit and Inherited Advantages in the US

As we mentioned, we obtain all data from [Chetty et al| (2014)[7] From their extensive data set
we use principally (albeit not exclusively, see below) data determining the degree of inequality,
the degree of intergenerational mobility and the investment in education in 741 US commuting
Zones.

Summarizing our approach: we assume a discount rate of 1% annually (this is, § = 0.348
counting that a period is one generation which we take to be 30 years), and find the values
of V7 and V? (in each of the commuting zones) and the values of a and V,, that maximize the
correlation between model generated moments of p/, V;j and N with their empirical counterparts.
We explain the procedure in detail below, but first we describe the data we use, and discuss their

caveats.

7.2.1 Description of US Data

Data on Inequality
Chetty et al.| (2014) document the GINI index of the distribution of income at Commuting
Zone level. This is a different measure of inequality than the variance of log income, which is

the one we use in the model. In order to run the calibration procedure we translate the GINI

"Data available from “Chetty, Hendren, Kline and Saez (2014): Descriptive Statistics by County and Com-
muting Zone”. Section of http://equality-of-opportunity.org/index.php/data
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index into the variance of log income assuming that income is distributed with a log normal.ﬁ

Data on Intergenerational Mobility

The preferred measure of intergenerational mobility in Chetty et al. (2014)) is the rank-rank
correlation, which differs from the parent child correlation in that it looks only at persistence in
the relative position, not weighting at the differences in this position vis-a-vis the other members
of society. There are good reasons for centering in the rank-rank correlation, as it controls better
for the relatively scarce information on lifetime income of the children. Nevertheless, this measure
does not map directly into our model (or into any formal model that we know of), and it seems
reasonable to translate it into parent-child income correlation before calibrating the model.

We do so by determining which rank-rank correlation would be generated by an income
generating process following a AR(1) with normal shocks, with exogenous mean, variance and
autocorrelation, and then inverting this relationship. In appendix [N] we explain in detail the
procedure followed. The relationship does seem to be independent of § and V,, and p and the
rank -rank correlation are closely associated (as it can be seen in figure . So much so, that
there is almost no difference between using the rank-rank correlation and the intergenerational

correlation implied ']

Educational Investment

As an empirical counterpart of A we use an transformation of the ratio of spending per
student to the mean household income of the each Commuting Zone. The transformation, and
its rational, is as follows.

Spending in education of the children is larger, perhaps substantially larger, than what is
spent in formal schooling. It includes, for instance, the spending in real state incurred in order to
enjoy the externalities generated from the presence of high income students in the neighborhood,
or the spending in extra-curricular activities (from violin lessons to trips to museums). We have
no way of including data on all this activities, and (Chetty et al.|(2014)) only report on spending
per pupil.

It is reasonable to expect, nevertheless, that total spending will be related to formal spending
per pupil. Thus, we define a variable k7 per each country j capturing the standardized (i.e. zero

mean and variance equal to one) ratio of spending per student divided by mean household income

18Specifically, we invert the relationship: GINI = 2® (%) — 1. See |Aitchison & Brown (1963])

19 We performed the same exercise using directly the rank-rank correlations instead of our transformation. The
calibrated parameters are almost identical, and the correlation of the values of 57 and /5 with our benchmark
is larger than 97%
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of each CZ. We then define \; = 1+ ok, as our proxy to the values of the data moment, and our
empirical counterpart to M. p and o are chosen by the calibration routine (see below) in order
to equalize the mean and variance of the model value of M to its empirical counterpart. As our
goal is to maximize the correlation between empirical and model variables across countries (and
not to equate their mean and variance), the inclusion of p and o is innocuous except for the
mostly aesthetic effect of equalizing the distribution of empirical and model moment: this does
not affect the correlation across commuting zones.

Not all cells in the data are populated, thus we eliminate all commuting zones on the basis of
any missing values in the variables needed to construct {‘A/y (1), pi, Rs Vz’}. This leaves a data

set of 701 commuting zones.

7.2.2 Calibration Procedure

We look for the values of {VJ VJ7} Vj and {a, V,,} that minimize the following objective function:

i L (1 = Corr|p, p])2 + (1 —Corr [Vy, V;,])Q + (1 — Corr [;\, )\]>2
{vihvi}, oV +(Inp? —In pM)Z + (In f/yD —In f/yM)2

where the elements of the first line of the loss function are (one minus) the correlation across
commuting zones between the model moments ad their data counterparts. Thus, for instance,
Corr [p, p] is the correlation across all commuting zones between the model generated values of
p (as a consequence of {V;), V7},;, a and V,,) and their data counterparts p. The second line of
the loss function is the square of the difference between the model and data values of the means
of p and V,, in all commuting zones.

We maximize the correlations, instead of minimizing the square errors, of the moments
because in this way we normalize the magnitudes of the three variables, giving them effective
equal weight. The loss is convex in the square of the correlation mistake, indicating that we
prefer to equate the loss across the three moments. Notice that this does not fix either the mean
or the variance of the moments. This is, the mean and variance of the moments of the data could
be vastly different than the ones in the model, while the correlation could be high. In order to
avoid this we also account (in the second line) for the deviations of the mean of p and V,, from
the ones observed in the data.

Note two things. First, we could as well account for deviations of the variances. We choose

not to do it in order to have some untargeted moments where to check how well we are doing in
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the calibration. Second, we do not include the mean or the variance of A, because these already
perfectly match by construction via the inclusion of o and p (as explained above).

The optimization algorithm@ runs an outside loop to calibrate the global parameters o and
V. It then runs an inner loop to calibrate the local parameters V7, VJ for each location j

conditional the current values of o and V.

7.2.3 Calibration Results

In table [1] and figure (1| we report the calibrated parameters and the fitness of the targeted
moments. Each scatter plot draws the value of the data and the moment value for one of
the targeted moments in each of the CZ’s. In spite of having many degrees of freedom, the
correlations are substantially high and, less surprisingly, the mean of p and V,, across CZ’s is
pinpointed very accurately. Nevertheless, being targeted moments, it is difficult to interpret this
as goodness of fit.

The variances of p and V, across CZ’s are the only untargeted moments that we have left.
On this we do quite well in the first, but less so in the second. The standard deviation of p in
data is 0.060, in the calibration it’s remarkably close: 0.063. On the other hand, we do very
poorly in the variance of inequality across CZ’s, its standard deviation in the data is 0.304, in
calibration it’s 0.095.

The calibrated values of o and V,, are 0.409 and 1.038 respectively. E Instead of looking at

the of V7 and VJJ it is more convenient to look at the precisions. We define P/, = log <V17> and
PJ =log (v%{) Then, in figure [2| we plot the distribution of the logs of the implied precision of
the merit and background signals across all CZ’s, which visually suggests that they are negatively
correlated across CZ’s. This is indeed the case. In table (1| we show that more meritocratic places
have in average less advantages: the correlation of P, with P, is negative, which translates into

a negative correlation of —.54 between the rewards on merit and background. This covariance

between the two sources of exogenous variation across CZ’s explains why when comparing across

CZ’s:

e CZ’s with more information on background have less mobility, but also less inequality

(positive correlation of P’ with data and model p/)

20Tt is explained in detail in appendix |§|
21We have performed the same exercise assuming instead values of the discount of 0.5% and 1.5% anualy
(instead of the 1% of our bechmark). The change in the calibrated parameters is small, and the correlation of

the calibrated values of 3, and Bg with the ones in our benchmark calibration is always larger than 95%
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Table 1: Calibrated Parameters and Fitness of Targeted Moments.
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Figure 1: Calibrated Common parameters & Model and Data Moments for all CZ.
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e (CZ’s with more information on merit are suffer more inequality but have almost no different
mobility (P? is very positively correlated with data and model Vyj , but only very marginally

positively correlated with the model p?, and very marginally correlated with the data p’.

In figure 3| we plot the geographical distribution of our proxits for merit and reward, along
with the data values of mobility and inequality for comparison. Data is in green in quintiles:
darkest (lightest) green is highest (lowest) quintile of variable being mapped. We plot in red the
CZ with insufficient data. Here the same pattern is apparent. Due to the negative correlation
between the two precisions, the precision of merit seem to explain inequality better, while the
precision of background seems to explain mobility better.

It may also be of interest to correlate the implied precision of both signals and the rewards to
merit and background to a relatively large set of Commuting Zone characteristics available from
Chetty et al.| (2014). In table [2l we do so for the 418 Commuting Zones that have information
on all the properties that we look. We run a regression@ of these characteristics against both
mobility and inequality in each CZ, but also on P,, P,,, Ba and [3,,. We only report the values
for theose characteristics that are significative in at least one regression.

Income level is not very significatively related to either precission, while income growth is
negatively related to the prevalence advantages and positively related to the prevalence of merit.

Racial segregation and the share of manufacturing, particularly the second, seem to be the
variables that correlate better with the precision of the background signal (and with its reward
Bﬁ) It also correlates negatively with the size of the foreign community in the CZ, and with
education achievement indicators (teacher student ratio and college graduation rate).

The share of manufacturing is also the variable that better correlates with the precision of the
merit signal, but negatively. The fraction of foreign born correlates very positively. This suggest
that areas with relatively large service sectors and more migrants tend to be more meritocratic.
The reward to merit also decreases with the proportion of African Americans. Educational
achievement (share of college graduates) correlates positively with it, while tax progressivity
does it negatively.

Finally, Social Capital seems to correlate positively with the incidence of background and
negatively with the incidence of merit.

In table [3| we perform the same exercise in a sample including all the commuting zones but

less characteristics. It shows the same general patterns.

22 All variables in all exercises have been standardized by subtracting mean and dividing by standard deviation.
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Figure 3: Geographical patterns in the US
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Sample Correlations.
[ Mobility Gini 1/Va  1/Vie  Ba___ Bm |

fraction black -62% 58%  24% 9% 25%  18%
racial segregation -43% 30%  12% 6% 19%  15%
fraction with commute 15 mins 47% -58%  -12%  -11%  -21%  -14%
household income per capita 13% 8% -10% -20% 2% -35%
state income tax progressivity 4% -19% 6% -10% 6% -18%
state eitc exposure 14% 81% 3% -7% 0% -9%
teacher student ratio 2% 16% 5% -12% 3% -18%
high school dropout rate income adjus -35% 4%  10% 17% 9% 23%
college graduation rate income adjus 4% 1% 2% -4% -2% -2%
labor force participation rate 32% -35% -11%  -32% 1% -44%
manufacturing employment share -40% 3% 40%  -16%  52%  -32%
teenage labor force participation rate 52% -64% -13%  -23%  -16% -38%
migration inflow rate 24% 8%  -24% -T% -25% -5%
migration outflow rate 27% 2% -22% -8% 2% -1%
fraction foreign born 29% 22%  -31%  13%  -30%  25%
social capital index 32% -66% 4% -29% 4% -46%
fraction of children with single mother -65% 62%  25% 17% 23%  31%
fraction of adults divorced -13% 20% -2% -5% 4% -5%
income growth 51% -35%  -32% 2% -36% 2%

Partial Correlations.
[ Mobility Gini  1/Va  1/Vi _ Ba Bm |

fraction of black -13% 11% -4%  -22% 3%  -22%
-2.26 1.69 -0.42 -1.85 0.36 -2.93
racial segregation -30% 0% 9% -7% 19% 1%
-9.68 -0.10 1.75 -1.14 4.08 -0.23
fraction with commute 15 mins 17% 21%  -19%  -18% -21%  -12%
3.37 -3.39  -2.26 -1.65 -2.75 -1.81
household income per capita 5% 17% -21% 8% -15%  -8%
0.98 2.63 -2.38 0.70 -1.91  -1.16
state income tax progressivity -1% -6% 5% -12% 5%  -18%
-0.30 -1.47 0.86 -1.74 1.08 -4.14
state eitc exposure 6% -T% -4% 7% -10%  17%
2.19 -2.01 -0.82 1.15 -2.43 4.42
teacher student ratio 23% -7% 8%  -14%  -12%  -20%
6.33 -1.51 -1.28 -1.90 -2.24  -4.13
high school dropout rate income adjusted -5% 13% 3% 18% 0% 13%
-1.55 3.40 0.63 2.68 -0.04 3.11
college graduation rate income adjusted -1% 2% -12% 2% -9% 11%
-0.24 0.71 -2.62 0.41 -2.24 3.00
labor force participation rate 6% -8% 0% -30% 1% -18%
1.29 -1.48 0.01 -3.02 -0.14 -2.82
manufacturing employment share -24% 21%  32%  -21%  48%  -36%
-6.49 -4.64 5.12 -2.63 8.66 -7.31
teenage labor force participation rate 15% -17% 9% 10% 4% -10%
2.53 -2.49 0.93 0.81 0.42 -1.27
migration inflow rate -8% 14% -11% 7% -9% 9%
-1.51 2.18 -1.17 0.57 -1.03 1.28
migration outflow rate 12% 24% 10% -21% 7% -21%
2.55 -4.12 1.22 -2.05 0.91 -3.24
fraction foreign born 18% 19%  -23% 8% -16%  22%
4.65 4.02 -3.51 0.99 -2.73 4.24
social capital index -25% 21%  31%  -37%  38% -32%
-4.50 -3.18 3.37 -3.20 4.67 -4.36
fraction of children with single mother -24% 20% 21% 22% 12% 30%
-3.93 2.81 2.10 1.69 1.28 3.72
fraction of adults divorced -1% -9% 8%  -34% 4% 2%
-0.26 -1.86 -1.16 -3.96 0.71 -4.98
income growth 13% 2%  -19%  15% -12%  14%
3.35 0.43 -2.99 1.85 -2.14 2.70
[ R? [ 5% 68% 34%  27%  46%  59% |

Table 2: 418 CZ without blank data. In the Partial Correlations panel each column is a different
LHS variable. In the first line of each row we place the coefficient of the variable (in %), in the
second line the t-statistic.
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Sample Correlations.
| Mobility Gini  1/Va 1/Vin  Ba Bm |

fraction black -57% 54%  25% 10% 25% 14%
racial segregation -41% 28%  14% 3% 22% 6%

fraction with commute 15 mins 41% -56%  -8% 6% -18% -5%
household income per capita 17% 7% 1% -18% 9% -25%
local government expenditures per capita 31% -10% -21% 6% -26%  12%
state income tax progressivity 14% 8%  -11% -™% -8% -9%
state eitc exposure 13% -25% 1% -4% -4% -4%
labor force participation rate 22% -26% 6% -29% 2% -35%
manufacturing employment share -44% -2% 39%  -20% 51%  -34%
teenage labor force participation rate 44% -58% -10%  -22%  -13%  -30%
fraction foreign born 32% 30% -40% 18% -37%  30%
fraction religious 6% 29% ™% -11% 5%  -17%
fraction of children with single mother -59% 58% 24% 19% 23% 27%

Partial Correlations.
[ Mobility Gini_ 1/Va  1/Ve  Ba___ Bm |

fraction black -12% 17% 4% 1% 1% 0%
2.80 3.88 0.77 0.09 0.26 0.03

racial segregation -27% -3% 15% -1% 23% -1%
-9.89 -1.15 4.00 -0.36 6.49 -0.30

fraction with commute 15 mins 9% -25% 3% -7% 0% -1%
2.11 -5.33 0.58 -1.09 0.04 -0.19
household income per capita 3% 18% -10% -13% 2% -20%
0.75 4.75 -1.98 -2.41 -0.48 -4.33
local government expenditures per capita 6% -3% -4% 9% -8% 12%
2.11 -0.91 -1.06 2.09 -2.24 3.41
state income tax progressivity 5% -6% -4%  -10% 0% -14%
1.92 -2.38  -1.27  -2.80 0.03 -4.70
state eitc exposure 6% -5% -3% 12%  -13%  21%
2.29 -1.78  -0.75 2.98 -3.63 6.11
labor force participation rate 4% -12% 1% -22% 1% -19%
1.18 -3.30 0.17 -4.40 0.22 -4.48
manufacturing employment share -29% -15%  35%  -19% 4%  -33%
-10.50 -5.11 9.19 -4.60 13.66  -9.29
teenage labor force participation rate 2% -16% 12% 2% 12% -15%
0.35 -2.87 1.72 -0.24 1.86 -2.23
fraction foreign born 27% 21% 2% 17%  -26% 2%
9.68 7.00 -7.18 4.20 -7.43 7.68
fraction religious -8% 3% 5% -6% 6%  -10%
-2.92 0.85 1.25 -1.46 1.64 -2.85
fraction of children with single mother -29% 25% 18% 7% 14% 12%
-6.44 5.11 2.93 1.08 2.44 2.15
[ R? [ 65% 59%  34%  19%  44%  42% |

Table 3: 701 CZ. In the Partial Correlations panel each column is a LHS variable. In the first
line of each row we place the coefficient of the variable (in %), in the second line the t-statistic.
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Figure 4: The Great Gatsby Curve

Summarizing. When we calibrate our model to US data, the implied values of the precision
of the merit signal are negatively correlated with the implied precision of the background signal.
The prevalence of advantages due to background is very negatively correlated with the degree of
mobility, not so much to inequality. High rewards to merit, on the contrary, seem correlated to
inequality and only little with mobility. Racial characteristics of a CZ have the expected effects:
segregation and racial diversity increase the prevalence of advantage and decrease meritocracy.
State tax progressivity is negatively related to the precision of the merit signal. The productive
structure of the commuting zone is what most clearly correlates with both merit and advantages:
manufacturing associates possitively with advantages and negatively with merit. Finally, foreign
migrants tend to live in CZ’s where the implied precision of merit signals is high and where the

one of background is low.

7.3 Calibration to International Data

The discussion on the preeminence of inheritance and the possible end of the American dream
has focused a substantial amount of attention in the so-called “Great Gatsby Curve” % This
is a relationship between the degree of inequality and a set of comparable measures of the
intergenerational persistence of income across countries, which we depict in figure il P4 Tt
indicates that societies showing less inequality are more likely to show more mobility. In itself
it is not surprising, and it has been extensively discussed in the literatureﬁw hat did get the

public attention was the fact that the US is at the dismal extreme of the curve: the US has a

23The origin of the name is obscure and difficult to ascertain. It is also quite confusing. The relationship
became prominent following [Krueger| (2012)), albeit it was based in previous work developed by (Corak| (2013).

24This positive correlation has been documented across countries (Corak (2013)), across US commuting zones
(Chetty et al| (2014)) and across Italian provinces (Guell et al. (2015)).

2> As mentioned above Hassler et al.[(2007)) and Solon| (2004)), for instance, discussed the theoretical relationship
between inequality and mobility before this was documented by Corak
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very low degree of mobility and a large degree of inequality. It is very much in the same place
than Italy and much worse than, for instance, the Scandinavian countries. This has been read
as indicating that the US is no more the land of opportunity, but one where merit is secondary
to privilege.

It is naturally appealing to check at whether our model reads the data as indicating that the
prevalence of merit within the US is relatively large or small because, as we have seen, from the
point of view of theory our could as well imply the same reading than the naive equalization of
meritocracy with mobility (i.e., relatively low values of /3,,, in the US), or the opposite. Moreover,
the calibration of the model to international data allows us to do a sensible simulation of the
model, indicating the magnitudes that we are talking about.

Nevertheless, to do so we need to address even more issues than in our previous section.
First due to the difficulty of obtaining comparable data across countries, and second because
our model obviates many institutional issues that should be taken into accountwhen doing this

exercise.

7.3.1 Data and Procedure

Our approach, like in the previous section, is to presume that the exogenous source of variation
between countries lies in the precision of their signals on merit and background. Consequently
0, a and V, are kept constant across all countries. As before, we assume ¢ = 0.348, which a
mount to a 1% annual discount. Instead of re-calibrating the values of a and V,, we use the
values that we obtained in the previous exercise with US Commuting Zones. This is: a = 0.409
and V, = 1.038.

We use two sources of international data. We obtain from (Corak| (2013) values of the inter-
generational correlation of income between parents and sons for a selection of countries. The
OECD provides data on the distribution of income and the degree of educational investment. In
order to abstract from issues that might depend on the stage of development we opt to do our
exercise only with developed Countries@ The intersection of two sets consists on 15 countries.ﬂ

When looking at international data we need to take into account that in the model we have
abstracted from institutional differences across countries. In particular we have abstracted from

(i) the possibility of taxation and redistribution, and (ii) from the possibility of the procurement

26The only country at a different stage of development for which we have data is Chile. We also performed our
exercise including Chile and obtain the same qualitative results.

2"The countries are: Australia, Canada, Denmark, Finland, France, Germany, Italy, Japan, New Zealand,
Norway, Spain, Sweden, Switzerland, United Kingdom, United States.
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Country P Vy Education over GDP
PreTax | PostTax | TotalEd ‘ PrivateEd
Australia 0.26 | 0.777494 | 0.375999 | 5.51% 1.34%
Canada 0.19 | 0.669317 | 0.340614 | 5.77% 0.70%
Denmark 0.15 | 0.563195 | 0.190069 | 8.05% 1.49%
Finland 0.18 | 0.783977 | 0.230952 | 5.60% 0.40%
France 0.41 | 0.837894 | 0.282429 | 6.07% 0.63%
Germany 0.32 | 0.885219 | 0.2708 4.87% 0.22%
Italy 0.50 | 0.87078 | 0.332033 | 5.12% 0.82%
Japan 0.34 | 0.859455 | 0.375552 | 5.91% 1.93%
New Zealand 0.29 | 0.730179 | 0.362101 | 6.51% 1.18%
Norway 0.17 | 0.576651 | 0.203958 | 5.16% 0.09%
Spain 0.40 | 0.746395 | 0.328532 | 4.98% 0.59%
Sweden 0.27 | 0.628584 | 0.21964 5.96% 0.00%
Switzerland 0.46 | 0.467887 | 0.292865 | 5.23% 0.08%
United Kingdom | 0.50 | 0.941469 | 0.391376 | 5.38% 1.08%
United States 0.47 | 0.851498 | 0.484567 | 7.00% 1.47%

Table 4: International Data

of public education.

Both aspects are of obvious importance, and both affect the quantitative implications of the
model. The only reason for not incorporating their analysis in the model is that it would have
impeded us to obtain analytic results. Including these aspects while preserving the log-linear
nature of the model, which allows for it to be analytically tractable, is a complicated task that
is part of our future research on this topic. For the present paper instead of developing such an
extended theory we opt to adapt the data to our model. This is, we calibrate the model to (1)
both the distribution of income before and after taxes, and (2) both the investment in private
education and in total education (i.e., both private plus public). The qualitative results are
robust to any of the four possible data configurations. Given that the intention of our exercise
is not to provide with a numerical value to the degree of “meritocracy”, but to show that our
way to looking at the problem can be potentially important, we believe that this should suffice
to convince the reader.

In table 4| we present our data. The data on mobility (p) is directly defined as in the model
and we use it as it is. We map the GINI coefficient of the distribution of income (provided by
OECD) into the variance of log income in the same manner as in the previous section. OECD
data allows us to do this for the distributions of income before and after taxes. In order to
proxy for human capital investment we use either the total educational or private educational
spending divided by GDP, both figures from OECD. As in the previous section we consider true

human capital investment effort A to be a linear transformation of the data, with the values of
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Figure 5: Implied Rewards and Precisions of Merit and Background signals for all countries for
the income distribution before taxes and total educational investment.

the transformation (1 and o) being obtain from the calibration |

Thus, we have four data configurations: (pre-tax income, total educational spending), (post-
tax income, total educational spending), (pre-tax income, private educational spending) and
(post-tax income, private educational spending). In each of them we apply the same calibration
procedure than in the previous section for selecting (VZ,V7) Vj and for u and o, but we do

not adjust a or V.
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7.3.2 Results of Calibration to International Data

In figure |5| we plot the implied rewards to merit and advantage (in panel (a)), and the implied
precision of both signals (in panel (b)) using the income distribution before taxes and the total

spending in education. We can extract three lessons from these graphs.

e [t may be the case that in a country the unconditional effect of background on income be

high while the effect conditional on the individual observed abilities is very low.

We know that parental background matters a lot in the US relative to other countries
because that is precisely what it means that its mobility is low. Moreover, in the calibration
the imputed precision of the signal on background is among the highest. Nevertheless, the
implied reward of having a good background Ba is among the lowest. The reason is that
the implied precision of the direct objective signal on the productive ability of individuals
is so much higher in the US than anywhere else. This results in that the rewards of merit
Bm are very large, and (3, very low. The unconditional effect of background is large, but

the effect conditional to ability is very small.

Perhaps this is our most important insight: Rewards to merit may be very large while
having a low degree of mobility. Actually, large rewards to merit will cause low mobility

and high inequality. Moreover, that is how the model reads the situation of the US.

e [taly and the US look very much the same in the Great Gatsby curve, but they are very

far apart in the maps of imputed rewards and precisions.

The reason is that they are very different in the educational effort that they make. The
US invests in education much more than the average country, while Italy is very much an
usual on this respect. The model interprets this as indicating that the return to educational
investment must be perceived as larger in the US, which is what happens if the precision
of merit signals is much larger in the US. Actually, that is the differentiating aspect of the

US: it invests a lot in education (see in table [4)).

Thus, two countries which are very much close in the Great Gatsby curve may have arrived
to this point via very different routes. In particular, the model suggests that if they differ

in the educational investment is a sign that the one that invests the most is likely to have

28Notice again that p or o only adjust the mean and variance of A across countries between model and data,
but their value does not affect the correlations, and in this respect they are there for aesthetic value. In any case,
we perform the exercise also using spending in education directly (without any transformation) and obtain the
same qualitative results.
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more accurate objective information on the ability of workers, larger reward to merit and
less incidence of background conditional on merit. This generates the larger demand of

educational investment.

e A country may have much less mobility than another, and in spite of it the effect of
background be much larger. This is very clear when comparing the US and Denmark in
the data. The interesting bit is that Denmark is the only country with a larger educational
effort than the US. In spite of it the model imputes Denmark less precision in both accounts
signals, as it is the only way of making it compatible with the low inequality and mobility

observed.

In figure [0] we present the result of the same exercise performed under alternative data
configurations. As it is clear, qualitatively the same results arise. Albeit the behavior of the
US it is somewhere less radical, it is always among the countries with the highest precision on
the merit signal, and its largest reward. With respect to Italy, the US puts always considerably
more value on merit, and there is less prevalence of background conditional on merit (albeit with
after taxes and private education data only the differences are not huge, they always go in the
right direction). With respect to Denmark the US has always larger values of both precisions,
and larger rewards on both signals.

The main point of this section is that when confronted with data, the suggestions of the paper
seem at least plausible. A naive interpretation of intergenerational mobility as degree of “meri-
tocracy” may be a dangerous oversimplification. The US might be still a land of opportunities
conditional to have the right ability. Of course, those abilities are to a large extent inherited,
and that is the reason why the intergenerational persistence of income is so large. But notice
that the reason why they are so inheritable might precisely be that merit is highly rewarded;

that in a deep sense, the US is a very meritocratic society.

8 Summary, Conclusion and Further Research

In this paper we have argued that it is reasonable to understand merit as rewards to objective
measures of productive ability, as opposed to rewarding inferences made on an agents productiv-
ity based on her background. Perhaps our main contribution is to articulate that a low degree of
intergenerational mobility is not at all incompatible with a large prevalence of merit in a society.

Very much the opposite.
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We have presented a model of statistical discrimination. On one hand families take a rational
decision on consumption and educational investment in the absence of capital markets. As a
consequence richer families invest more resources in the education of their children, who in
average become more productive than the children of poor families.

Then firms need to determine the wage of workers whose productivity is observed with noise.
Consequently, firms use any information on the background of agents in order to help infer their
productivity. Two individuals that provide the market with the same observable productivity
will not receive the same wage. The one with richer parents will be rewarded more generously.

We show that, not surprisingly, the more accurate is the information on the background of
individuals, the easier it is to discriminate, the larger the reward of having a good background,
and the smaller the reward of merit. All of it leading to more inequality and less intergenerational
mobility.

Perhaps more surprisingly, we also show the accuracy in the direct signal on productivity
has qualitatively the same effects. More precise information on productivity leads to having a
larger reward to merit, but also to a society that not only is more unequal society, but where
the income of a child is more associated with the one of her parent.

Providing with information (be it on agents productivity or on their background), allows
society to differentiate between agents, paying more to those deemed to be more productive.
This increase of inequality feeds back to itself, because heterogeneity among the parents increases
the ex-ante uncertainty that firms have on the human capital of their children, which itself leads
to more use of the information that differentiates people (the signals), which leads to further
inequality, and so on...

Notice that inheritance is ingrained in this process. Things hinge in the fact that more
inequality in the income of the parents translates into more inequality in the human capital of
their children. Because it does, not only more access of information feeds up inequality, but
also the linkages of income across generations. Both things (inequality and lack of mobility)
positively correlate with each other, implying a Great Gatsby Curve, but they could be caused
by either a prevalence of merit or a prevalence of inherited advantages.

Nevertheless, there is an important aspect in which the effects of more information on merit
differ qualitatively from the effects of more information on parental background. The first
encourages human capital accumulation much more. Rewards of merit directly determines the

return of human capital accumulation, because in the model you do not want to educate your
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children beceause it is rewarding in itself (there is no warm glove motive), You want to educate
your children in the measure that it makes them look productive, and thus makes them rich.
For that to be the case, it is necessary that firms value their talent itself.

More accurate information on background has a much milder effect on the incentives to invest.
On one hand has a second order incentive effect on ivestment because your grandchildren (not
your children) will enjoy a larger income as a consequence of your kids will getting richer if you
invest more on them. But on the other hand, the rewards to merit will undoubtedly decrease as
consequence of it, decreasing the link between your investment and your children income.

This difference allow us to try to do the exercise of calibrating the model to the available data,
first across countries US commuting zones, and then across countries. We do not perform this
exercise with the aim of testing the model, and we do not take our results as literal measurement
of the rewards to merit and background across societies. With this exercise we make the point

that:

e The measures that we obtain from the model seem to have reasonable correlations with
characteristics of the society. Thus, across US commuting Zones the prevalence of merit
seems to correlate well with having a large service sector and large foreign communi-
ties, while the fraction of African-Americans and racial segregation correlate well with the

prevalence of inherited advantages.

e [t may very well be the case that in societies where parental income has a very large
unconditional effect on the child income, this same parental income may have a very small
effect when controlling for the abilities of the child. Thus, the US shows very little mobility
when compared with most other developed countries, while the inferred the prevalence of

merit is among the largest, if not the largest.

e Two societies that look similar in the Great Gastby Curve, may look very different in
the space defined by the rewards to merit and background, and this may be reflected in
the effort that they make on educational investment. For instance, the US and Italy look
very much the same in what respects to their levels of inequality and mobility, but the
US invests much more in education. Consequently, the model suggests that merit is much

more prevalent in the US than in Italy.

e A society may have much more prevalence of merit, and less rewards to advantages, than

another that is much more equal and that has much more intergenerational mobility. For
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instance, the implied prevalence of merit in the US is larger than in Denmark, albeit it is
much more unequal and less mobile. This is interesting because Denmark is the country
that has more investment in education (both public and private) in the sample. The reason
for getting this ranking is that in order to be provide with low inequality and mobility to
Denmark, the model can not allow her to be very meritocratic. In the model, and when
we simulate it with reasonable numbers, a consequence of having accurate information on

the productivity of people is to be in the sad end of the Great Gatsby Curve.

8.1 Caveats and further research

It is important to remark things that we don’t do. Our exercise is not to explain the great Gatsby
curve. It is almost evident that institutional differences in redistribution and public education
spending must be an important part of it. Our measures completely abstract from it, as we have
not modeled them. Our point, thus, is just to show that the model suggests that the rankings
of merit could differ, even very substantially, from the rankings of intergenerational mobility.
That is precisely what Michael Young had in mind when he invented the word “meritocracy”.
Moreover, doing a simple (but informed) simulation of the model suggests that in vary radical
way, by placing the US in the top. Our point is to indicate that these effects have the potentiality
of being large, and to have them in mind might be a useful tool for understanding current events.

There are several issues that should address in the future. (1) First of all, and most obviously,
we should model also redistribution and government education. (2) We should also try to find
direct empirical measures of merit, and correlate it with our model-based inference. (3) We
should model capital markets in more inclusive way, and allow for different information structures
at the time of investment.

Public education could have the effect of disconnecting one’s productivity from their parental
income under two conditions: If it was really equal for all and if it substituted away completely
from private educational decisions. If both were literally true, there would be no connection
between parental income and a person human capital, which is one of the fundamental building
blocks of our model. There would be effectively no inheritance due to the economic position of
the parents.

Nevertheless, it is most unlikely that both held true in such a literal sense. First of all,
as we have argued, investment in education far exceeds the income spend in formal schooling.

Externalities in human capital accumulation suggest that people will segregate according to
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incomeF_g] Richer people is likely to pay more in order to live near rich people, and to make sure
that their children interact with other a superior station of life than their own, resulting in a
segregated distribution of population and neighborhood gentrification. So, even in the presence
of generous public education the same effects that we have model may take place. Moreover,
the provision of public education does not preclude the existence of a large degree of private
educational investment. Some of it in a very formal sense, like paying private schools that
provide better education, or paying private tutoring. Some of it in the form of more time, and
more time of highly qualified individuals, devoted to improving the future productive ability of
children. This could be teaching them to play violin, but also reading them books at night,
or doing homework, or having motivating conversations with them, and so on. Thus, even in
societies that could prohibit formal private education, it is unlikely to imagine that the better
of will not invest more in their children.@. We are quite confident that the kind of effects we
have talked about would survive in a model with formal education. The issue is quantitative,
not qualitative. The inclusion of formal public education would allow us to put more trust in
the calibration exercise.

Somehow the same happens with redistribution. Unless we were talking of a Maoist regime
that would cancel any ex-post heterogeneity, the same effects that we are talking about would
survive, albeit their magnitude could be very different.

In this paper we have abstracted from these most obvious issues because including them
would preclude us from providing analytical solutions. We believe that that is important, as this
is an eminently theoretical paper that aims to stress a channel that has been sidelined by the
literature.

In any case, to address these issues further research should provide with a model allowing for
these effects, in order to provide with a more sensible (while still rough) calibration. Likewise
another issue that should be addressed in further research is the inclusion of more realistic
capital markets, as it is clear that student credit is a first order related issue and parents do
leave inheritance to their children in other forms that human capital investment.

In principle it would be possible to study all those effects in a structural model, and perform
hypothetical exercises, measuring for instance the effects of different policies, and the relative

relevance of the mechanism that we exposed. While it is not impossible to include all these

298ee for instance the seminal paper Benaboul (1993), and the large literature thereafter.

30And all this assuming that public education benefits the poor more than the rich, which could not be the
case in some circumstances. |Checchi et al.| (1999) for instance argue that subsidies in the tertiary educational
system decrease mobility in Italy when compared to the US precisely because they are in practice a subsidy to
the rich
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effects in an encompassing model, it is an extremely difficult task. We will certainly explore the
possibility of doing so, but there is another possible way of dealing at least with the relevance
of our mechanism.

We stress the difference between the unconditional effect of parental income, and the effect
of parental income once conditioning for individual characteristics. That is something that in
principle it should be possible to do. It is difficult to compare across countries with identical
measures, but perhaps there are ways to deal with the problems. We plan to pursue that line of
research.

In the model we do allow for the inheritance of talent itself.

Two theoretical caveats... inheritance of talent and information of children ability at the

time of investment

There are, of course, many caveats to this story.

and possible extensions.

Inheritance of talent, genetic or otherwise

— Assortative Mating

e Grammar schools. parents invest more to get their children in the right track.

Not a caveat, but a possible add on, conspicuous consumption.

e Also that the signal on parental income could be educational investment... conspicuous
education.
e Look at measures across countries of conditional and unconditional effect of parents...

perhaps using educational attainment. Empirical task.
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A Proof of Result [1]

Proof. Solving the program:

A i i 1 iyt 7\ 72 i
W(n)_n)lgx{lnm Xt]+—1+5EW(€”°(Yt) (X7) 6€t>} (37)

First we prove that parents invest a fixed percentage of their income in their children:

X, =\, (38)
To do we guess ‘ '
W (Yy) =A+ BInY; (39)
which we will later verify. The Euler equation is:
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Implying:
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Now, substituting X} into the expectation we get:
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Solving for B
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(1+6) = (m +72)

which should be positive. We will show that the equilibrium values of 7; and 72 are always such that
this happens. Finally, solving for A
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51

B
E+ 70+ 72l — 12— (52)

SA=(1+6)1
(1+6)In (1+6) + By,



It is useful to notice that
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B Proof of Result 2

Proof. This follows directly from the human capital accumulation equation [6] and the investment rule,
X} = \Y}. O

C Proof of Result [3

Proof. Since (hi,,ai,,,mj ) hasa multivariate normal distribution, we can appeal to the conditional
normal p.d.f. to find the distribution of hj [} .

Let X be a partitioned multivariate normal random vector with X7 = [ X1 X ], where X1 = [hfe +1]
and X1 = [al,; m} ,]. The mean of X is given by:

=] (57)

12

where p1 = [pp] and pd = [uy ).
The variance-covariance matrix of X is given by:

Y1 XY }
Y= 98
[ o1 oo (58)

where:

Su=1[Va] (59)
Sp=[aV, V]=33 (60)

| VitV aV,
Mo = [ aVy VitV } (61)
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Then the distribution of h{,; conditional on €, is univariate normal with the following mean and
variance:

B (A1) (©2)
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and,
Var (hiﬂmiﬂ) (67)
=3 - B35, T (68)
1 Vi +V, —aV, aV,

=V — V, V; " Y v 69
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D Proof of Result (4]

Proof. Given the conditional distribution of the log of human capital is normal, the conditional distri-
bution of human capital is log normal with mean:

) . ) Vi |
i i i _ ) ) t+11% 841
Vi =E (exp {hi1} Qh41) = exp {Mh;H\Q;H } exp {2 (73)
Substituting and taken logarithms produces expression O

E The Multiplier Effect

This appendix proves the existence of the multiplier effect described in section and calculates its
magnitude.

Proof. Imposing the steady state condition, Vy, = V,, , = V,, on the law of motion of the variance of
log income given in equation [20] gives:

Vy =0 [Ba(1 = Bim) + B Vyy + BV (74)

Solving this gives the equation for steady state variance of log income given in result [5, We will call
the right-hand side of equation U(Vy, Ba, Bms Vi, ).

We can then examine two things: the shift in ¥ from a change in one of the exogenous parameters,
keeping V), fixed; and the total derivative of V}, with respect to the same parameter. The ratio of the
latter to the former is the multiplier.

Take V, as an example. For a given V}, the effect of a change in V;, on the ¥ function is given by:

U QU OB, OV [0Bm . OBmOBa
Ve  0BaOVy 0B |OVe  0Ba OV,

(75)
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This is the partial effect for a fixed Vj,. Allowing V}, to fully adjust however, we find the effect of a
change in V, to be:

v,  0vdV, 0VdB, 0¥ db,
Ve — OV,dVy  0BadVe = 9B dVi
_ Jov OV OV 9B, 0B, dV, OV 8B, OV [0By = 9Bm OB
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1= (B4 (L + pr ] 0] LL06 * OPm 0Ba ] OVa  Ofm OV

The first term on the right-hand side (i.e the fraction) is the multiplier term. The second term is
the shift in the ¥ curve calculated in If the multiplier is greater than 1, it tells us that the total
(or long-run) effect on V,, of a change in V, is larger than the partial effect when V}, is fixed (or the
short-run effect, since V, ;1 is fixed).

By substitution, the multiplier term is:

1
1—a?|1—(1=8)%(1—Bm)

> 1 (77)

Thus any change in V, is amplified since the additional income variance which it creates feeds into
next period’s income variance and the levels of discrimination which individuals in that generation are
subjected to.

We can carry out exactly the same exercise for V,,, V,, and a. Although the partial effect of a
change in each of the parameters differs, the multiplier is the same in each case. In all cases it is given

by equation O

F Proof of Result [5

Proof. W(Vy, Ba, Bm, Vi, @) is defined as in appendix [E} It follows that:
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AV, = BV VotV (82)
it follows that,
AUV, Bar Bons Vi,
o oo Ver @) _ 2153,(1— ) 4 ] 114 (1 = o) (1 )} (s
Yy
=ap 1+ (1 =Bn)(1—=75)]>0 (84)
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Figure 7: Law of motion of V,

while the second derivative is:

9 d\IJ(Vy,,Ba,ﬂm,Vw,a)} a5, D) [d\P(Vy,Ba,Bm,Vw,a)} d8,.

d2\l’ as Mmy Ywy

(Vy, B f Vi, @) _ vy, L+ av, (85)

dV 0B, avy 0Bm avy

dfa, dBm

:221_a1_m 1—Pm 1—05a) -
0 (1= B (1= ) [ (1= B) 2+ (L= 8) 2| >0 (80)

We also know that:
V2
‘I’(Oaﬁaaﬁma Vwaa) = m (87)
U(Vy, Ba, B, Vi, ) = 00 as Vj, = o0 (88)
\P as mo wH
Y (Vy, Ba B, Ve a)%o? as V, = o0 (89)
avy

Since V(Vy, Ba, Bm, Vi, @) starts above the 45 degree line, is upward sloping and convex in Vj;, and
has a maximum slope of & < 1, it must cut the 45 degree line once from above. This gives the unique,
stable, steady state value of V.

Note that the shape of the curve implies there will be a multiplier effect from changes in the
parameters. Any parameter change which causes a shift in W(V,, 84, Bm, Vi, @) will lead to a larger
change in V. This multiplier effect will be discussed further when we consider the comparative statics
of the model.

To find the steady state value of the mean of log income, we take the mean of equation [19 and apply
the steady state condition py, = iy, ,, = py to get:

VUJ mvm
V., 8

py =InZ +aln — > 5

+ apy (90)

This solves to give the equation for mean log income.
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G Proof of Result

Proof. Notice:
A8 _ 9BudVy OB _ 1
dVy  OVydV, OV, Vy+V,

dv,
v,

-5 52 - 5]

and
dBm _ O0Bm dBa 0Bm _ 042(1 - ﬁm) (1 _8 )2 dVy +B2
dV, 0B, dV, oV, 2B, Vy + Vi + Vi 4V, e

So, after some algebra

dv, —a2B2(1 — Bp)?
dVa B l—ap [1+(1_/6m)(1_6a)]

Note also that:
2 2 2
L= ap[l+ (1= ) (1= Ba)] = 1= a? [1= (1= Bn)* (1= B2)°] >0
Therefore, the effect of a change in V, on V, is:

dvy _ —a?B3(1 — Bm)?

W 1m0 =]

The effects of a change in V, on 8, and (3, are:

dﬁa _ _/Ba(l — Ba) -1 + 042/3(1(1 — Ba)(l — 6m)2 :| <0

Vo Vo | (1-a2)+a2(l- B2 (1— )
a0 -p [1met [t 0-s) -]
N O e S e

dBn _ 02521 — B)? L-o? >0
dVy Vin 1—a2 [1 —(1- ,Bm)2 (1- /Ba)z}

~

(91)

(92)

(96)

(97)

(98)

The extent to which firms value and use the signal on background is not measured by 3, but by

Ba = afa (1 — Bim). A change in the precision of the advantage signal has the following effect on S,:

df. dBa dBm
av, ~ @ (L= Bm) G — aBapm <0
The effect of a change in V,, on p is:
av, = = bm) G el =Fa) Gy

_ aBa (1= Ba) (1= B)?
VoV [1 . [1 (1= Bm)2 (1 — BG)QH
A1 =a®) (Vo + Vi) +®(1 = Bo) (1 = B) Vin } <0

H Proof of Result [7

Proof. Notice that:
dBa  0Bq dV, (1 —3,) dV,
AV OV, dVy  Vy+ Vg dVy,
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and

dBm _ OPm dfa | OPm

AV, 0By Vi OV (104)
_ (1= Ba)’(1 = Bm) dVy Prm (105)
B VoA Ve Vi dVin 028V + Vi + Vi
Then, )
av, —Bs,
W 1—ap 0+ (L~ fm) (1— Ba)] (106)
As above:
L= ap [L+ (1= Bn) (1= )] = 1= a® [1 = (1= 6)* (1 = £,)’] (107)
Therefore, the effect of a change in V,,, on Vj, is:
vy B
= — <0 108
de 1— Oé2 [1 _ (1 _ Bm)Q (1 . 6(1)2] ( )
The effects of a change in V,,, on 5, and 5, are:
dBa (1—Ba)? B
= — <0 109
de Va 1— O£2 |:1 _ (1 _ 6m)2 (1 . Ba)2:|] ( )
fm _ B (L= Bm) |, 0B (L~ Bm) (1 = Ba)”
— n <0 110
AV Vin { 1=a2[1- (1= B)2 (1- a)?] o
The effect of a change in V,,, on p is:
dp _ dfBa _ 5y ®Bm
o —a(l- ) (- ) (111)
aﬁm (1 _ Ba) (1 B /Bm) (1 B Ba)ﬁmvm
- Vi, + <0 112
Vbl { [ [ulﬁmmﬂam} "

Now turning to the effect on Ba. A change in the precision of the ability signal has the following effect

on fBg:
dfa
AV

Ao _ 5 Bm
AV, YAV,
aﬁm (1 B /Bm)

- VaVim [1 —a? [1 — (1= Bm)* (1= Ba)?

=a(l - Bnm)

(113)

H {BVa (1 =0a?) =V, (1= Bn) (1= Bo)*}  (114)

This is § zero if:

BaVa (1= 0%) S Vi, (1= Bm) (1 = Ba)? (115)

There is a turning point at Vi, where V;,, gives values of 8, and 3, which solve the following equation:

BaVa (1 - 042) =Vo(1—8m) (- Ba)Q (116)
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The left-hand side of the above equation is increasing in V,, while the right-hand side is decreasing.
Therefore V,,, is a unique turning point and a maximum:

d [ﬁavtzﬂ(j —a?)] =V, (1- a2) 55!1 <0 (117)
o _ 2
d[V, (1 52(1 Ba)?] _ V(1= Ba) {2(1 — Bum) 55; +(1- ga)j‘i:} >0 (118)

For values of V,,, < Vm, BaVa (1 — a2) >V, (1= Bm) (1 — By)? and g‘é; > 0.For values of V,,, > Vm,

BaVa (1 - a2) < Vi, (1 - Br) (1 - Ba)? and 2= <0, O

I Proof of Result

Proof. From equation [18 we can see that:

B Vim

yir = (1— Bm) [1nz+a1nA—V2“+a<1—ﬂa)uy]+ 5 (119)
+afa (1 - Bm) ai+1 + Bmmiﬂ (120)
Substituting for a} and m¢:

Yi1 = (1— Bm) [an—l— aln )\ — % +a(l - Ba)uy] + 5m2Vm (121)
+afy (1= Bm) (yi + 5%11) + Bm (hi+1 + 6%?1) (122)

Equation [f] then allows us to substitute for log human capital:
yi1 = (1—Bn) {an +aln\ — % +a(l—p5) ,uy} + 5m2Vm (123)
+ aBa (1= Bm) (vi +€i%) + Brm (m Z+alnX] | — % +wig + dﬁy) (124)

It is then just a matter of rearranging to find 7o, 71, y2 and &

yi = {mz +a(l—Bn)[(1—Ba) py +In A + % [BimVin — Vw]} (125)
+ 0B (1= Bm) Y + 0B I X[ + 0fla (1= Bm) i1 + B (i1 +€1T4) (126)

A is found by substitution of 71 and 79 into equation [7] Note that v1 +v2 = p < 1+ § as required
to ensure B is positive.

O
J Proof of Results 10 and 11
Proof. P
e
AT () o 120
The partial derivatives of A\ with respect to (,, and (5, are therefore:
ox  al(l49) —aBd
Om 10— (1—Bm)afel (128)
ox a?Bm (1 — Bm) (129)

Ba [L46— (1= Bm)af)?

o8



So:

dA . « [(]. + 5) — aﬁa] dﬁm QQﬂm (1 B ,Bm) d/Ba
W 140 — (1= Bu) Bl Win (150 — (1 ) 0Bl WV (130)

With respect to V,:

A\ a[0+8)—af] dfm  0®Bu(l-Pw)  dba s
dVa [1 +0— (1 - ﬁm) O‘BG}Q dVa [1 +0 — (1 - /Bm) Q’Ba]g dVa
_ a?Ba (1 = Bim) a(l = a®)BaVa(l = Bm) [(1 +6) — af] (132)
= 2
VoV [14 6 = (1 = B) aBa] 1- a2 [1 (1= Bm)? (1 — 5[1)2}
_ a(1-Bw) (1= B0)BVin [1 = 02 [1 = (1= Bu) (1 = B’ (153)
VaVin [1 46 = (1 = ) @]’ =02 [1— (1 6)* (1 - B)?]
This is positive if:
1—a? _ & 1—a2[6a(1_ﬂm)+ﬁm]
e smramar]] TR e ]

Since the left-hand side of this equation is less than 1, it follows that a sufficient (though not necessary)
condition for % <0 is:

Vin {1—(12 waa—ﬁm)wmq -1 (135)

Ve [(1+9) — af)
O

K Privilege and Meritocracy

In this section we present an extension to the model where the children of the rich get an advantage
independently of how productive they are thought to be.

As in the main text, human capital is a function of parental investment in education, and parents
invest a fixed percentage of their income in education. Consequently, we can write the process of human
capital acquisition as:

Hi = Ax (YD) xehenr = bl =InmA+ay+€el, 5 el ~N(0,3) (136)

Also as in the main text, firms receive a signal on the human capital of agents. But, like in section
m we assume that firms have no signal on the agent’s background (i.e., V, — o00). Therefore, the
information available to the firm when forming an expectation about the agent’s human capital is
Qjﬁﬁ—l - {mi-kl?/‘yt’ %t}? where ‘ . '

mipy = hip + el (137)

The difference with the main text is that we assume that the pricing mechanism shows discrimina-
tion against the poor. Not statistical discrimination, but raw preference-based discrimination. Firms
somehow prefer to hire children of the rich even when conditioning on what one would rationally think
about their human capital. Formally, an agent with certain observable traits mi+ 1 and parental income
Y, gets as income:

Vi = (B (Hialom)) T x (08) < et di ~ N (0. (138)
where 7 is a parameter measuring how much privilege the children of the rich enjoy. If the elasticity
of income to parental income when conditioning on expected human capital equals one, the income
process is exogenously determined to be a random walk, with maximal correlation between parental
and children’s income (and unconditional income variance approaching infinity). The polar case is the
one that we study in the main text, where m = 0, and conditional on human capital expectations,
parental income is irrelevant.

Of course parental income could be used to form those expectations (as we do in the main text).
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The difference now is that there is an advantage above and beyond the news that parental income may
provide on human capital. Firms, thus, are inefficient in the sense of not maximizing profits because
they overpay employees who are the children of rich people. In Becker’s parlance they “prefer” to
employ the children of the rich, and are willing to pay them more for the same expected output. We
do not explain how it turns out that these firms exist, and why they are not driven to extinction by
competitive firms that do not prefer the children of the rich (like the ones in the main text). Notice
that if there was any information on parental income, the firms in the main text would also pay more
to the children of the rich, but not beyond their expected human capital.

Given this set up, it is straight forward to notice that if the distribution of log income among the
parents generation is yj ~ N(uy,,Vy,), the prior (before observing m{, ;) of the log of human capital of
a certain individual ¢ is:

Ry ~ N(In A+ apy,, oV, + V3) (139)

and the posterior (after observing a certain realization of m% 11

o i (a2Vy, + Vi) Vi
iU~ N <5t+1mt+1 + (1= Bry1)(In A+ apy,) 2V, t_‘_ Vi + V. (140)
with )
[0 Vyt + Vh
= 141
Pt = oY,V Vi ()
Thus,
logl2 (Hi|0F) = Bevimbsy + (1~ fin) (n A+ ap,) + 222 (142)
and
i g i Br+1Vim i
Yirr = 7Y+ (1= 7) | Beraimiq + (1 = Bigr) (In A + apy,) + + € (143)

which can be written in a Becker-Tomes form by substituting mj, for its value hj ; + €7y (and then
hiyy by In A+ ayj +€lty):

Yiy1 = (1 =) [lnA + a1 — Begr) py, + ﬁt%] (144
+ 7+ (1= m)aB]y + (1 — W)ﬁtﬂ(ﬁi}il + 6231) + Eiil (145)

Equation determines a law of motion for the variance of log income, the persistence of the income
process and f:

Vi = (0141)°Vy, + (1 = 1) (Be1)* (Vi + Vin) + Vau (146)

pre1 =7+ (1 = m)aBisa (147)
__a®VytW
B = v v (148)
In this extension we solve numerically, not analytically, for the properties of the solution of this system.
It is easy to check numerically that

Result 12. As in our main model, in steady state, an exogenous increase in the degree of meritocracy
(a decrease of Vi, ) leads to a new steady state with a higher degree of intergenerational correlation, (p),
greater weight given to the observable signal (8), and a higher degree of inequality (V).

The reasons are the same as in our main model: more meritocracy increases the differences between
agents, as they are paid more accurately according to their productive ability, and given that the children
of the rich are indeed on average more capable, this effect only increases the inequalities inherited via
the privilege channel. The increase in inequality increases the value that the market assigns to objective
information in the determination of the wage, 3, increasing further the degree of inequality, etc...

This is the main result of this section: nothing of interest changes by introducing “irrational”
privilege, at least with respect to the effects of meritocracy. It still increases inequality and still
decreases mobility.

It should be mentioned though, that the effects of privilege (7) are more complicated than the ones
that advantages (rational advantages) had in the main text. In particular, an increase in the degree
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of privilege () always increases the intergenerational persistence of income, but it may decrease the
degree of inequality (and thus, ).

L A Model of Dynamic Statistical Discrimination

Assuming V,,, — oo shuts off the role of the human capital signal, since it is useless and completely
disregarded by firms. The first interesting thing to note is that in the model with V,,, — oo the unique
steady state requires V,, to be zero for any value of VQE

The reason is as follows. Remember that different agents will receive different realizations of wj,
implying that some get more human capital per unit of investment made on them. Thus, even if parents
are homogeneous in their income, their children won’t be in their productivities. Nevertheless in the
absence of a signal on talent (if V,, — 00), the market is unable of seeing these differences. It only
observes something that belongs to the parents, and the inference that it makes on parental income is
mean reverting (because the posterior is a convex combination of the signal with the prior). Thus, the
only possible steady state has no inequality. In the only steady state everybody is expected to have
the same education, and everybody is expected to have the same productive ability. There is no way
for the more talented to show their worth.

This is not the case in the full model (V,,, < 00). There the differences in innate productive ability of
workers is reflected in m¢, even for the same parental income. Moreover, the mistakes in the perception
of workers, € | actually differentiate between families. With the same backgrounds, even with the
same talents, some of them are perceived as better, and thus, paid more. This extra real income has
real effects: it produces more education. Thus, firms will be attentive to parental income, generating
differences in income for their children.

Thus, to introduce meaningfully statistical discrimination while abstracting from the “meritocracy”
aspect, the shorter route is to introduce some noise in the income process. We assume that parental
income is:

Vi = E[exp{hj,} 9% 1] exp {uf,} (149)

with u,; ~ N (0,V,) and Vi >0, and Q= {aj 1, 1y, Vi, }-

The stochastic noise u} generates income variance, in the same manner that the signal noise in
talent does in the full model. This noise is not related to the real productivity of the worker, but that
does not matter. The important thing is that it produces different incomes, so the next generation of
parents will invest different amounts in the education of their kids. Their kids, thus, will be expected
to have different productive abilities when conditioning on parental income.

The law of motion of log income now given by the following equation, analogous to equation [19]in
the general model:

a2 B&Va

2
+ oBayi + afagfiy + uf iy (150)

Yin=InZ+alnA+a(l—pB,)puy +

Intergenerational mobility is then given by p = af,, the weight of parental income in the agent’s
income.

Result 13. E There exists a unique steady state for the system of differential equations defined by
(150) and . This results from solving:

Vi
s (151)
Vy
= 152
b= (152)

Equations and completely define the steady state and show the feed back mechanism which
we want to stress. Equation indicates that the larger the role of background in the determination

31To see this note that in such a case 8, =0
32Proof in appendix
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of income, the larger the degree of inequality. From equation [I52] the more inequality there is, the more
that the market will rationally give extra advantages to people from good backgrounds. Both together
indicate that inequality fosters further inequality because it increases the demand for information on
people’s background.

Consequently, any exogenous change that increases inequality will have a general equilibrium effect
larger than its inital effect — an inequality multiplier. Furthermore, the degree of intergenerational
mobility decreases as firms give more weight to the background of agents.

Result 14. E The full effect of an exogenous change in the parameters o, V, or Vy, is greater than the
partial effect due to the feed back from income inequality to discrimination

~|dBa 0B
7 ‘dx >‘3><

avy
dx

av,

ox

where  x = {a, Vg, Vi, } (153)

Any exogenous change in parameters that has a direct effect on either the degree of inequality or
the use of information on background, will have its effect amplified via the other variable. For example,
if there is an increase in the variance of income shocks, V,,, its effect on the variance of income is larger
than the direct one on because the increase in inequality feeds into an increase in the degree of
discrimination, which feeds back into inequality, which feeds back into discrimination, and so on.

Moreover, increases in the precision of the signal on background increase inequality, the value of
the signal and the persistence of income across generations:

Result 15. ﬁ The solution of (151) and (152)) implies that Vi, p and B, are all decreasing in V.

Notice that the result is not obvious. Let’s look again at equation [150] and consider an exogenous
decrease in the amount of informational noise (a smaller value of V,). For a given [, the variance of
income will fall in the subsequent generation. However, once we allow (3, to adjust endogenously we
find just the opposite: the less informational noise we feed into the economy, the larger the variance
of log income in the economy. The reason is precisely because the increase in precision translates into
more discrimination, which itself translates into a larger intergenerational correlation («f,). Thus, the
income process becomes more persistent, and this is bound to increase the unconditional variance of
income, even if what we did in the first place was to decrease the conditional variance of income.

L.1 Proof of Result [14]

Proof. Let:
2

v
Uo(Vy,a, Vo, Vo) = O‘Qﬁ + Vi (154)
Y a

where the steady state is defined by V, = W, (Vy, o, Vo, Vi).
The steady state is unique as ¥,(Vy,a, V,,V,) is increasing in Vj,, but with a slope smaller than
one. As ¥V, (V, =0,a,V,, V) =V, > 0, there exists a unique fixed point.

V2
(Vy + Va)?

0V (Vy, o, Vg, Vi) 02

o, = € (0,1) (155)

As a result, we generate multiplier effects from a change in any of the parameters («, V, or V,,) which
shift W,(Vy, o, Vg, Vy,). If they cause a fall in ¥, (V,, o, Vg, V,,), Vi, will have to fall to bring the steady
state equation back into equality, which will further reduce ¥, (Vy, o, V4, V,,) and so on. Similarly, any
exogenous change in the parameters which increases ¥, (Vy,, o, Vg, V,,) will increase V};, further increasing
U, (Vy, o, Va, Vo).

For example, a change in V,, has the partial effect:

8\Ija(Vya Oé, Va; V’u)
=1 156
oVy (156)

33Proof in appendix
34Proof in appendix
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But the overall effect of the change on steady state V, is:

d\I/a(V;/,Oz, VaaVu) aqja(Vy,aaVa,Vu)%

=1 1
av, * av, av, (157)
avy _ 2 dVy
m =1l+a Ba (1+(1 Ba))m (158)
1 qICL Y Y asy u
%: >8 (Vy, o, Va, V) (159)
qu 1—a2 [1 _ (1 o /Ba)Q} 8Vu
In a similar manner, if we call B, (54, a, Vo, V3,) = m, we can show that:
dﬁa _ Va (1 - a2/3a) aBa(ﬁm o, Vg, Vu) (160)
AV Vo4 Vo (1 — a2B,))* — a2V, Vs, OV

It is easy to show the partial and total effect from a change in « or V, in exactly the same way, proving
that that the total effect on steady state 3, or V,, from a change in the parameters is greater in absolute
terms than the partial effect (or, alternatively, the long run effect is greater than the short run one).

O
L.2 Proof of Result 15
Proof. Comparative statics from a change in the precision of the signal a:
d\Ija(VyvaaVavvu) _ a\l’a(%aayvaavu) a‘l’a(%,ﬁa,a,vu) d‘/y (161)
dVy N oV, oV, dVy
dvy, 252 2 dvy
= — 1 1-— 162
dVa aﬂa—i_aﬁa( +( 5a))dva (6>
242
vy _ " <0 (163)
dVa 1 _ g2 [1 (- ﬂa)Q]
dBa  OBa | OBa dVy
= 164
av, ~ ov, " ov, v, (164)
_ Zh(1=F) L= % <0 (165)
Va 1- a2 [1 (- mﬂ
Since p = af, it follows that:
dp _ —aBa (1= fa) L= % <0 (166)
dVa Va 1—a2 [1 — (1 - /Ba)2:|
O

M The Cost of Misallocation

One of the omissions from the original model is a cost associated with the misallocation of workers given
that firms do not perfectly observe their human capital. In equation a worker’s output is assumed
to equal his human capital. This was done for simplicity. However, if a firm cannot perfectly identify
that human capital it is likely that he will not be able to realise his full productive potential, and all
the moreso as the error in the firm’s belief grows. In this appendix, the role of allocating workers to
tasks is added into the model. It does not have any effect on the results presented in the body of the
paper.

In order to capture the role of allocation in production, a term A is added to the production function.
This allocative cost pulls the output of the worker down to below their full level of human capital. The
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greater the error is firms’ beliefs, the greater the degree of misallocation and the lower the level of
output. Firms, as before, pay workers their expected output conditional on the available information
but taking into account that their output will be lowered by misallocation.

ti+1 =K [A €xp {hi+1} |Qi+1] (167)
0 .
A= exp {3 (s~ G
e R

The allocative cost is given by the square of the difference between actual and expected human
capital. An exogenous parameter 6 can control the extent to which this misallocation impacts on
production. If @ is set equal to zero, this returns us to the model in the text.

Intuitively, since the human capital of any individual worker is unknown to the firm they cannot
make adjustments to the individual wages paid. They adjust everyone’s income by the same amount
depending on the aggregate amount of misallocation, which is itself an endogenous function of the
income distribution. As a result, the additional of this allocative cost impacts on the mean of income,
but not the intergenerational elasticity or inequality presented above. Thus the main results of the
paper are preserved without any adjustment.

The additional of A alters result [4] in the following way.

Result 16. Given the posterior belief about the log of human capital follows a normal distribution

41l ~ N <Mhi+1|91+1’ Vh§+1\9i+1) (168)
and income is given by equation , it follows that:
‘ 1 1 Vi, |0
Yy = exp { (M)}exp{uhi ) (169)
L0V o, ATV ep, Al
Proof. We need to calculate
i i 0 2
Yii, = E jexp § hy — 9 (ht-H - Mh;’+1|§2;’+1> (170)
hi ’
o0 1 0 2 1(t—Mhi Ql> .
:/ expd b =5 (h =i jar,) — 5 wle) Cang )
—00 1/ 2 Vhi+1|9%+l h§+1\91+1

After some manipulation, this becomes:

" o { <M> + i 0 } )
L+ 0Vh§+1|9§+1 2\1+ HVh%"rl'Qi«‘»l 1184
0 1 1 <hi - [/‘h%+19%+1 + (W)]) |
") 2 e D dhi  (173)
) Vii | i P75 ( Vii 19, > ;
el Vg,
\/ﬂ 1+0Vh§+1\9%+1 1+9Vh%+1\§2%+1

The second term is equal to one, therefore income of individual ¢ is given by:

PR S—— .y (UL T | R (A -
S 140V, It P 2\ 140V, i PP,
t+1

t+1 t+1|Qt+1

O]

By taking logs of equation (169) and substituting from result [3| we can find the log income of
individual ¢ with signals af,, and mj,:
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, Vi
Yipr = (1= Bm) [an—l—aln/\— 7—1-04(1 —@z)ﬂy]

1 Bm Vi
-3 [ln(l + 08 Vm) — T 08V 95me]
+ afy (1= Bm) af‘iﬂ + ,Bmmiﬂ (175)

This is equivalent to equafcion in the main body of the paper. Given that a! 41 and m} 41 are
both stochastic functions of y; we can write the law of motion of the log of income:

A V.,
Yist :1nZ+aln)\—?—I—a(l—ﬂa)(l—ﬁm),uy

1 BmVim
-3 In(1+608,Vn) — T2 08,7 0BV
+alBe (1= Bm) + Bl vi + aBa (1 — Bm) €1%y + B (17 + wiyy) (176)

This is equivalent to equation ([19)) in the text. It can clearly be seen that the only role for misallo-
cation is in the intercept. As misallocation plays a larger role (6 is higher), mean log income is reduced,
as would be expected. The steady state equations for 3., B, V; and p are the same as those given in
result Bl

Result 17. Steady State with misallocation. Given the process of human capital accumulation in
equation (@), imcome given by equation , and the information set given by equation @, there
exists a unique steady state which is globally stable. In the steady state log income is normally distributed
with variance being characterized by the (unique) solution of the following system of equations:

B Vi

V., = 177
VT T2 [Ba (1~ B) + B {77
Vy

= 178
2 Vy+ Va (178)

a2 /Ba Va + Vw
m = 179
o = B Vat Va + Vi (179)

The steady state mean of log income and intergenerational correlation of income are given by:
mZ+amh—Y% —Llin(1+08,Vn)— 71@%:%}

Hy = —a (180)
p=alBa(l—pm)+ bml (181)

Misallocation will push down median income (e*v) but will otherwise leave the steady state unaf-
fected. All of the results from sections [5.3] and are preserved.

Similarly, misallocation will have a fairly limited impact on the equilibrium presented in section [6}
The ~g term will be impacted upon by the degree of misallocation, but otherwise nothing is affected.

Result 18. Equilibrium with misallocation. The equilibrium stochastic process of income as a function
of parental income and investment is Yy | = €7° (Yt’)71 (Xg)v2 eft+1 with:

BmVim

’VO:IHZ"i_a(l_ﬁm) [(1_ﬂa)ﬂy+ln)‘]_% ln(1+0ﬁmvm)_m+vw (182)
M =ab, (1 - Bm) (183)
Y2 = afm (184)
5i+1 = afy (1 - Bm) 5?3}1 + Bm (W§+1 + 5?3:1) (185)
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and, consequently, the equilibrium share of income invested in children’s education is:

\ = aBm
148 —aBy (1 - Bn)

We now have a more realistic model of production which accounts for the degree of asymmetry
of information between the worker and firm, and the impact this will have on worker’s productivity.
As such, it might be instructive to look at the impact on median income of increases in the degree of
meritocracy or inherited advantage. That is the objective of the remainder of this appendix. Result
summarises the findings.

(186)

Result 19. When misallocation is sufficiently costly (0 is above a threshold level), an increase in the
accuracy of either signal will raise median income. The threshold value above which this occurs for the
ability signal, 0, solves:

dA n 0
2£ v B [9 (1 + GBme) — 1] (187)
= = 2
M BtV (14 88aV)
The threshold value above which this occurs for the background signal, é, solves:
dA ) j —
20 B 0(1+080Vin) - 1] s
AV, dBm - 2
o (1 + GBme>
Proof. Median income is /¥ so the log of median income is .
me
e (1—a)
The derivative with respect to V,, is given by:
dpy Opy  Opy dX  Opy dBm (190)
AV, OV O dViy OB dVi,
0(14+68,Vy) —1 m dA
_ B0V 1 o o)
(L+0BnVim)® 2(1—a) (I—a)AdVy
(1+08nVim)? 2(1—a)dVy,
_[Bat Vmiﬁ;’i] 0 (1408 Vim) — 1 2048 (193)
_ — — - .
2(1—«) (14 608mVin) A [6m+vme}
Note that o\ 0
d m 1- m
5m+Vm6 = ( Q)BQ 5 >0 (194)
dVm  (1-a?)+a2(1—Bm)” (1 - Ba)
The derivative :;% is negative if:
20 0 (1+0B8,Vim) — 1
< 3 (195)
A B+ V] (14 08nVin)
The left-hand side is independent of . The right-hand side is increasing in 6:
d [9(1+9,8mvm) — 1] 14 BV (04 2) (196)
Ao | (14 608nVn)? (1+ 083 Vi)

So if there is a sufficient cost of misallocation, then an increase in the accuracy of the signal on ability

leads to higher median income. As the left-hand side of equation (195|is negative), a sufficient condition

for %"’ to be negative is:
m

0(1+60BmV)—1>0 (197)
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which holds if 8 > 1. 8 > 1 is therefore a sufficient condition for a fall in V;,, to raise median income.
The derivative of p, with respect to V, is given by:

dpyy — Opy dX Oy dBy,

dV, — X dV, = 0B, dV, (198)
_a dx [0 408uVi) =1 Vi dBnm (199)

(- rdv, (1+08,Vin)* 2(1—a)dV,
_ Vm d/Bm 2a dd‘i\'a _ [9 (1 + Gﬂme) — 1] (200)

2(1—a) dVy | AV, & (14 08mVin)?
This is negative if:
dA
2a dVy [9 (1 + gﬁmvm) — 1] (201)
AV 40 (14 08 Vim)?

The left-hand side of equation is also independent of . Thus, a sufficiently large 6 will again ensure
that the inequality holds and that median income is increasing in the accuracy of the background
signal. O

Misallocation makes an important contribution to ensuring that improvements in the information
available to firms lead to increases in median income. It is one of the channels through which this
can occur (another being parental investment) and, provided misallocation has a sufficient impact on
productivity, ensures that is does. That is, if the problem of asymmetric information between the
worker and firm is acute, improvements in the precision of information available to the firm will lead
to higher median income. Furthermore, the addition of misallocation does not alter the results set out
in the body of the paper above.

N From rank-rank to intergenerational income correla-
tion.

e Online Data Table 5 has measures of intergenerational correlation. Need to make some assump-
tions that map these into the intergenerational correlation of income coefficient. We have ”RM”
= "Relative Mobility” = Rank-Rank Slope, £1; under some model, 51 = p

e Have an income distribution

Y ~ N (3,V,)

and given large populations, we can assume perfect sampling from this distribution. The rank of
a draw is therefore 1 minus the probability that any other draw is less than that i.e. let y be a
draw from InY’, then the rank of y, r (y) = 1 — F (y). This can be sampled across generations to
obtain samples ({yf, yf“} , {rf, rf“}).

e Then we want to estimate 0 < p < 1 from

it =g+pyl—9) +e!
=1 -p)7+py; +e!

but we have only the estimate B from
rith = Po + Birf + €]
in the data.

o It is clear that R ~ U [0, 1], so
P(R>r)=1-r
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We also have

i.e.

e Also have

Corr (yf“, yf)

I
RS

and
y' =G+ aZ, + b2,
Yyt =g+ cZi + dZy
vl [y 4| bl | Z1
yt+1 - 7 c d| |Z,
y=y+ AZ
where

Z1,%5 ~ N (0,1) are independent
a2+ 0> =V, =c*+d?
E [ytyt+1] =F [(Zj +aZy + bZQ) (ﬂ +cZi1+ dZQ)]

COU [yt7yt+1:| — E [ytytﬁ’l} o E [yt] E [yt+1]
= E[(§+aZ1+bZ) (y" =G+ cZ1+d2Z)] —
= ac+bd = pVj,

i.e.
Letb=0

then a = V;?
3

c=pVy
= Vy(1-p%)

Sl I P

allows us to determine a, b, ¢, d in terms of p (which we don’t know yet).

e For each value of p, § and Vj, however, we can simulate many realisations of Z; and Z3, and
therefore of yf and yf“ and therefore of rf and rf“ and so, if this appears to be independent
of  and V,;, then we can produce a map between p and ;. The relationship does seem to be
independent of ¢ and V,, and it looks like very close relationship between p and i, as it can be

seen in figure
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. Tho

y =-0.052404x3
+0.000566x%
+1.051083x
-0.000251

-0.5

-1
beta 1

Figure 8: Mapping from rank-rank correlation (; in the x axis) into intergenerational income
correlation (p in the y axis)

O Calibrationa Procedure Appendix

O.1 Basic Idea
e Model Equations:

for location %

B )V
Vy (i) = 1_7%
pPi =« (ﬁa (Z) (1 - ﬂm (Z)) + 5m (Z))
L B
‘ 1+5_a6a(i)(1_6m(i))
with
B () = 2 (é[ =
N pi— B (1) pifo— B (0)
el = =B @)~ 1=Bu®
N i 1 -5, (Z)
Va (Z) —Vy( ) /Ba (Z)
= (a?B,4 (1) Va (i L~ B (0)
Vm(l)—( 6a()va()+vw) B (i)
where:

— \; is total parental investment in next generation as a share of income,
— V, (@) is the variance of log income, and

— p; is the intergenerational elasticity

e Calibration strategy is

— Given a set of "global” parameters {«,V,,d}, and data TiD = {Xi,f/'y (1) ,ﬁi}, find then
values for {V, (i), V;, (i)} such that TM = {\;,V, (i), p;} best matches T}”
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— For each location ¢, this is an overidentified system of 3 equations in 2 unknowns which there-
fore cannot be matched exactly i.e. there will be some aggregate error value £ [|TZM — TP, Vi] (a, V,,
that is a function of the global parameters

— The ”global” parameters «, V,, & § are determined by minimising the value of this aggregate
erTor.

Implementation

A

The data moments that we use are: {Vy (2), pi, Ri - W} where 5\1 = 1+ ok, as described in the text.
e To generate initial conditions to start the calibration, we set:

u=0,0=1

§=1.01%" — 1 (i.e. assume § = ann discount rate of 1%)

a = 0.5 (we test that the result is not sensitive to this initial condition)
Vo(@)) =V (1) =V =1, Vi

e We do not vary ¢ in the calibration.

D

o Then V, (i) = Vi, (i) = Vi, ¥4, so that (p;, Vyy ()™ = (5, V)" , Vi

e Then keeping these initial global parameters constant, we choose, for each i, (V; (i), Vi, (7)) to

. 2
minimise (In p; — In p;)? + (ln Vy (i) —In'Vj, (z)) . This ensures that correlations between data

and model p’s and V}’s are well defined rather than being divide by zero errors. i.e. in each
location we have an initial local calibration that matches local inequality and mobility but pays
no attention to investment.

e The main part of the calibration routine is then as follows:

1. Let tol =100
2. For i =1 to 701, choose (V, (¢), Vi, (7)) to minimise

Obj = (1 — Corr [p, p])2 + (1 — Corr [Vy,VyDZ + (1 — Corr [5\, )\D2

+ (ln[)D —lnﬁM)2—|— (anyD —anyM)2

3. Repeat 2. until Obj is stable, then save the matrix V74, = {(V, (¢) , Vin (0)) : Vi}

4. Choose p & o so that the mean and standard deviation of the A matches the modelled
equivalents, subject to the constraint that min {5\2} > 0. NB Always the case, independent
of u & o > 0, that Corr [/%,5\] =1

5. For i =1 to 701, if Obj; > tol, choose (V, (i), Vi (7)) to minimise

Obj; = (In(V, (4)) — In(V, (0)))? + (In(p;) — In(p;))* + (In(A;) — In(X;))?

then save the matrix V4 = {(Va (i), Vin (3)) : Vi}

6. Count the number of rows in which V374 # V.., repeat from 2. until this number is
constant.

7. Let tol = %tol, then repeat from 2. unless tol < 1
8. For i =1 to 701, choose (V, (i), Vy, (7)) to minimise

Obj = (1 = Corr [p, ,0])2 + (1 — Corr [Vy,%DQ + (1 — Corr [5\, )\DZ

+ (lnﬁD —lnﬁM)Q—}— (anyD —ln‘_/yM)2

9. Repeat 8. until Obj is stable
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10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

Let Inc = 10%
Let Vagar = {(V, (i), Vi, (7)) : Vi}; Params = {a, V,,}

Let {(Vo(i),Vin (i) :Vi} = Vayrar; No change to Params; For i = 1 to 701, choose
(Vo (2) , Vip (7)) to minimise

Obj (0) = (1 — Corr [p, p])? + (1 — Corr [Vy, Vy]>2 + (1 — Corr [5\, )\DQ

+ (Inp” —=mmp™)’ + (VP - VM)?
Varar (0) = {(Va (1), Vi (i) = Vi}
Let {(Va (i), Vi (4)) : Vi} = Vagar; Params = Params except a« = min {0.9, max {0.1, &« x (1 + Inc
For i =1 to 701, choose (Vg (i), Vi, (7)) to minimise

Obj (1) = (1 — Corr [p, p])* + (1 — Corr [%, Vy]>2 + (1 — Corr P\, )\DQ

+ (Inp” —mp™)’ + (VP —mVM)?
Varar (1) = {(Va (i) , Vi (1)) : Vi}

Let {(V, (i), Vin (7)) : Vi} = Vapar; Params = Params except a = min {0.9, max {0.1, a/ (1 + Inc)
For i = 1 to 701, choose (V, (i), Vy, (7)) to minimise

. 2 . 2
Obj (2) = (1 — Corr[p, p))* + <1 — Corr [Vy, Vy]) + (1 — Corr {)\, )\D
+ (Inp” = p™)? + (VP —mVM)?
Viar (2) = {(Va (i), Vi (7)) = Vi}
Let {(V, (i), Vin (1)) : Vi} = Vapar; Params = Params except V,, = max {0.001,V,, x (1 + Inc)};
For ¢ =1 to 701, choose (Vg (i), Vi, (7)) to minimise

Obj (3) = (1 — Corr [p, p])? + (1 — Corr [Vy, Vy]>2 + (1 — Corr [5\, )\})2

+ (Inp” —=mp™)’ + (VP - VM)?
Vaar (3) = {(Va (1), Vi (i)) = Vi}
Let {(Va (i), Vi (4)) : Vi} = Vagar; Params = Params except V,, = max {0.001,V,,/ (1 + Inc)};
For i =1 to 701, choose (V4 (i), Vi, (7)) to minimise

Obj (4) = (1= Corr [p, o) + (1 = Corr [, Vy])2 + (1= Corr [A, )\DQ

=(
+ (lnﬁD — lnﬁM)2 + (ln‘_/yD — anyM)2
Virar (4) = {(Va (1), Vi (1)) : Vi}
If min{Obj (j):7=0,...,4} = Obj (0) then

No change to Params, let Inc = %I’nc and let Vagar = Varar (0); goto 12. so long as
Inc > 0.01%

Else if min {Obj (j) : 7 =0,...,4} = Obj (k) ,k #0
Make appropriate change to Params and let Vyyar = Varar (k); goto 12.
For i =1 to 701, choose (V4 (i), Vi, (7)) to minimise

Obj = (1 — Corr[p, p))* + (1 — Corr [Vy,%DQ + (1 — Corr [5\, )\Dz

+ (lnﬁD — lnﬁM)2 + (anyD — anyM)2
Repeat 18. until Obj is stable
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20. Choose p & o so that the mean and standard deviation of the A matches the modelled
equivalents, subject to the constraint that min {5\1} > 0.
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