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H I G H L I G H T S

• Is wage variability by education dominated by risk or by unobserved heterogeneity?
• Is risk monotonically related to level of education?
• We apply a model developed by Chen (2008) to datasets for US, UK and Germany.
• Risk dominates over unobserved heterogeneity.
• Increasing levels of education are not associated with lower levels of risk.
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We apply a recently proposedmethod to disentangle unobserved heterogeneity from risk in returns to education
to data for the USA, the UK and Germany. We find that in residual wage variation, uncertainty by far dominates
unobserved heterogeneity. The relation between uncertainty and level of education is not monotonic and differs
among countries.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Empirical information on the extent of risk in schooling choice is
very important. With uncertain schooling benefits a fact of life, we
need to know the extent of risk as an input for realistically modeling
schooling choice as a choice under risk (Levhari and Weiss, 1974).
Knowing the extent of risk is particularly relevant for policy issues.

Education is often promoted as an insurance against earnings risk,
but we have no solid evidence that it really is. While realised earnings
variances for individuals with given levels of schooling are well docu-
mented, such data are not informative on risk as they also include
unobserved heterogeneity that may govern potential students'
choice.1

A recent paper by Chen (2008) recognizes the potential bias in ex
post earnings data and suggests a method to correct for it. Individuals
are endowedwith a factor ν that rules their choice of education: a single
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1 Realised earnings variance has no robust relationship with length of education: de-
pending on time and country, it may increase, decrease or stay constant. See Hartog
et al. (2004) and Hartog and Diaz Serrano (forthcoming).
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parameter reflecting their taste, abilities etc., known to the individual,
unobserved by the outsider. Educational choice is modeled as an or-
dered probit on this taste factor, with interval boundaries depending
on individuals' characteristics. Potential wage after completing an
education has three components: rewards for individual characteris-
tics, a permanent individual fixed effect and an annual transitory
shock. Each component is education specific. The rewards for
individual characteristics are known, the transitory shock is fully
relegated to uncertainty. The fixed effect is partly known: only to
the extent that it correlates with the schooling taste factor. The
remaining part, the extent of imperfect correlation, is an element of
the uncertainty faced by an individual.

To expand empirical knowledge on the magnitude of earnings risk
associated with different levels of schooling, we apply Chen's method
to data for the US, the UK and Germany.2 Chen reported two main
conclusions. First, for men in the US, risk does not increase with educa-
tional level as previous research on the topic suggested. Second, Chen
finds evidence of pervasive underestimation of differences in potential
wages by observed wage inequalities. Our results deviate from Chen's
in several respects andwe find no uniform relationship between uncer-
tainty and level of education. However, a key conclusion stands firmly,
both in Chen's results and in our own estimates: the contribution to
wage inequality of unobserved heterogeneity is negligible relative to
the contribution of uncertainty.

We intended our study as a replication of Chen's analysis, to
generate internationally comparable information on the relationship
between schooling and risk. However, we were unable to use the
same instrument for schooling as Chen, because the data on local tuition
cost were not available for the countries we selected. But we were able
to use two identical instruments for each country (unemployment dur-
ing schooling age and country GDP growth in the same period) and this
makes our results comparable across countries. By applying two instru-
ments we can apply standard tests for overidentifying restrictions and
gain confidence on the validity of the exclusion restrictions selected.
When we estimated Chen's model on her data with our instruments,
we got different results. We cannot apply a pure replication of Chen's
analysis, as observations on the instrument for schooling (local tuition
cost) are only available for researchers residing in the US. As we were
also unable to reconstruct Chen's dataset perfectly, we cannot exactly
assess the effect of using different instruments. However, our interest
centered on the relative magnitude of uncertainty and unobserved
heterogeneity and in this respect all results point in the same direction:
uncertainty by far dominates.

We proceed as follows. In Section 2 we set forth Chen's model.
Section 3 presents results for the US, Section 4 for the UK and Section 5
for Germany. In Section 6 we compare our results to the original Chen
results and Section 7 concludes.

2. Chen's model

2.1. The theoretical model

We present Chen's model in detail, for convenience of the reader, to
define concepts and to point out how we dealt with obscurities in the
original presentation. The model in Chen (2008) has been constructed
to exploit the data in the NLSY79. Consider a panel dataset of Nworkers
observed over T time periods indexed by subscripts i and t respectively.
In the first period, worker i's schooling level is determined; it will not
change over the following periods. The schooling level chosen by the
individual will be indicated with s. Chen classifies the possible choices
in the NLSY79 in four intervals: no high school diploma (si=0), high
school graduate (si =1), some college (si =2) and four years college

or beyond (si =3). yit indicates the observed log wage in period t for
person i. The worker's potential wage is obviously observed only in
one educational level, therefore, the worker's observed wage is:

yit ¼ y0itI si ¼ 0f g þ y1it I si ¼ 1f g þ y2it I si ¼ 2f g þ y3itI si ¼ 3f g; ð1Þ

where I{} is the indicator function taking value 1 if the subject belongs to
that specific schooling category and 0 otherwise. The link between
schooling level si and potential wage (ysit) is given by the following
regression model:

ysit ¼ αs þ xitβs þ σ sesi þ ψstεit if si ¼ s: ð2Þ

αs is the intercept for schooling level s, βs the vector of coefficients of the
observable characteristics xit, esi and εit are zero mean, unit variance
random variables uncorrelated with each other.3 The time invariant
individual fixed effects are denoted by σsesi. This term measures the
unobserved earning potential at schooling level s which is allowed to
be correlated with observable characteristics xit. ψstεit denotes the
transitory shock, assumed to be uncorrelated with observables. The
potential wage variation is σs

2 + ψst
2 for subjects' schooling choices s

and covariates at time t. The permanent componentσs
2 is created by var-

iations in the individual specific effects which are supposed to vary
across educations, but to be constant in time. The temporary shocks
emerging from macroeconomic conditions or institutional changes are
incorporated in ψst

2 which can vary with both time and schooling level.
The variables of interest in this model are the variances of both compo-
nents in potential wages.

The selection problem is formalized in a latent-index schooling
assignment rule:

si ¼ s if νi∈As fors ¼ 0;1;2or3; ð3Þ

where the unobserved schooling factor vi summarizes the private infor-
mation such as taste for education, ability and so on, which influences
the subjects' educational choices. As≡ {νi : asi≤νi≤ as+1,i} is the group
of individuals who chose educational level s. asi≡κs−ziθ is the minimal
level of theunobserved schooling factor inAs. The vector zi contains time
invariant covariates and an instrument for educationwhose coefficients
are contained in θ. κ0=−∞ and κ4=∞. The structure of error terms is
known to all agents and summarized by:
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As assumed, the unobserved schooling factor is correlated with the
individual fixed effects esi, but not with the transitory shocks ψst. The
correlation coefficient (ρs) can assume either positive or negative
values. In case of positive value we have positive selection, the opposite
in case of negative values.

The parameter vi clarifies why it is important to distinguish between
wage variability and risk. In fact, the private information, by definition
unobservable to the econometrician, can be used to predict the distribu-
tion of potential wages accessible to the subject for each schooling level.
The expected value of potential wage at time t and schooling level s,
from a personal point of view, is given by:

E ysit jsi ¼ s; xit ;νi½ � ¼ αs þ xitβs þ γsνi; ð5Þ

where γsvi represents the unobserved heterogeneity component at
schooling level s and γs ≡ σsρs. Eq. (5) follows from the distributional
assumptions in Eq. (4) and E[esi|si= s, xit, νi]=ρsνi.

2 A different method to reach the same goal has been proposed by Cunha et al. (2005).
Also Belzil and Leonardi (2007) take endogeneity into account to establish how risk aver-
sion is affecting educational choices.

3 We follow Chen in giving a general specification of the model. In the empirical imple-
mentation, the beta's are constrained to be equal across education, with education
dummies added.
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