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ABSTRACT

Anticipated and Unanticipated Wage Changes,
Wage Risk, and Intertemporal Labour Supply*

We address the question of how labour supply responds to anticipated wage
growth, unanticipated wage growth, and wage risk. We use the 1989-93 panel
section of the Bank of Italy SHIW, which collects individual-based quantitative
expectation of future wage growth. The use of subjective expectations has
several advantages. First, subjective expectations provide information on the
evolution and riskiness of future wages that the econometrician may never
hope to observe. Second, they allow to control directly for the forecast error,
thus avoiding inconsistency in short panels. Finally, controlling for anticipated
and unanticipated wage changes avoids the need of specifying instruments for
the growth rate of wages, which is usually hard to predict. We find that the
intertemporal elasticity of substitution is precisely estimated and slightly larger
than previous micro estimates. A parametric permanent innovation in wages
impacts positively the rate of growth of labour supply. The impact of wage risk
is consistent with the theory, but of negligible magnitude.
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1 Introduction

A long-standing question in labor economics is whether and to what extent
individual labor supply responds to anticipated wage changes (also known
as evolutionary wage changes). This effect is measured by the intertempo-
ral elasticity of substitution, a popular parameter among macroeconomists.
The available evidence on the magnitude of this parameter is at best mixed.
Several studies conducted in the 1980s on samples of prime age males in the
US (MaCurdy, 1981, and Altonji, 1986) concluded that the magnitude of
the coefficient was likely negligible or playing a second order effect.1 More
recent studies, such as Mulligan (1995, 1999), have reached different con-
clusions and suggested the possibility of a large impact of anticipated wage
changes on changes in individual labor supply. The evidence presented in
these papers exploits particular episodes (such as World War II or the Exxon
Valdez spill-up accident), or focuses on particular groups (such as agricul-
tural workers or stadium vendors) where perhaps a more convincing source
of anticipated variation in wages can be identified.

A related, yet less explored issue is whether and to what extent indi-
vidual labor supply responds to unanticipated wage changes (also known
as parametric wage changes). Attempts to estimate the impact of those
changes on labor supply include MaCurdy (1981) and Bover (1986). These
papers typically construct forecasts of future wages by making explicit hy-
potheses concerning the evolution over time of the individual wage profile
and assuming that the econometrician’s forecasts are unbiased. However, as
outlined by Card (1991), “it is possible that individuals have better infor-
mation with which to forecast future wages than is unavailable to an outside
analyst. In this case, wage innovations in [a] statistical model [...] do not
necessarily represent new information”.

A question that has not received attention so far is whether and to what
extent individual labor supply responds to wage changes that increase the
variability of the lifetime wage profile, i.e. whether labor supply exhibits any
precautionary behavior. In analogy with models of precautionary saving,
a riskier wage profile should delay the consumption of leisure (if leisure
is a normal good), and thus impact negatively the growth rate of labor
supply (Low, 1999). In particular, individuals may work longer hours when
young to accumulate precautionary balances, rather than providing all the
precautionary savings through sacrificing consumption, as in the standard
model. Moreover, accumulated wealth will increase both consumption and

1Similar evidence was available for the UK (Browning, Deaton and Irish, 1985).
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leisure when old, i.e. it will lead to a reduction in labor supply later in life.
Low (2000) presents a more formal theoretical analysis of these issues.

These three issues represent the motivation for this paper. First, the
resurgence of interest on the magnitude of intertemporal substitution in la-
bor supply warrants further research; this is an important structural param-
eter for policy analysis. Lucas and Rapping (1969) suggested that a large
intertemporal substitution in labor supply in response to wage changes could
potentially explain business cycle fluctuations. Second, it is important to
understand whether unanticipated changes in wages play a role in explaining
fluctuations in labor supply over the life-cycle and over the business cycle.
Card (1991) notices that the literature concentrates “on one aspect of in-
tertemporal hours variation -the response to wage growth along a known
life-cycle trajectory- and [...] ignore[s] another, namely, the response to
unanticipated wage innovations”. On the same point, Mulligan (1998) notes
that “previous econometric studies of the [intertemporal substitution] hy-
pothesis which used panel micro data [are] unable to distinguish anticipated
wage changes from those that [are] unanticipated”. Finally, one would like
to assess whether precautionary labor supply is important or negligible as
implicitly assumed thus far in the empirical literature. As reported by Mul-
ligan (1998): “there is no empirical evidence that precautionary motives for
delaying leisure are important” or otherwise.

To address these questions one would ideally use a panel of observations
on the entire life-cycle of hours and wages and other demographic infor-
mation. Unfortunately, this ideal data set does not exist, neither in the
US nor elsewhere. Applied researchers have to side-step this problem using
either the available limited panel data (such as the PSID), or construct-
ing pseudo-panels, as in Ghez and Becker (1975), and Browning, Deaton
and Irish (1985). The latter approach, however, eliminates the individual
heterogeneity that is likely to be most responsible for fluctuations in hours.

The present paper takes another route. We make use of subjective ex-
pectations collected at individual level. It is often argued, but rarely put in
practice, that the nature of the variables one wants to study in the intertem-
poral consumption or labor literature (the expectation, the innovation, and
the expected variability of wage rates, say) calls for the use of individual
expectation data. We test for the effect of anticipated and unanticipated
wage growth and expected wage risk on intertemporal labor supply using
the 1989-1993 panel section of the Bank of Italy SHIW. This data set has the
unique advantage of collecting individual-based quantitative expectations of
future wage changes. The decomposition between anticipated and unantic-
ipated wage growth is exact, because individual subjective expectations are
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used to construct the anticipated component and the difference between the
actual realization and the subjective expectation is used to construct the
unanticipated component. The same data also allow to construct a measure
of anticipated variability in the lifetime profile of wages, and therefore to
test for precautionary labor supply. Up to our knowledge, this is the first
attempt to estimate the impact of wage risk on intertemporal labor supply
using microeconomic data (for evidence on aggregate data, see Blau and
Grossberg, 1989).

The paper proceeds as follows. After setting up the theoretical require-
ments in Section 2, Section 3 discusses the main features of the data and
present descriptive evidence on the intertemporal variability in labor sup-
ply. Here we also show how subjective expectations data can be used to
disentangle anticipated from unanticipated wage growth, and how to com-
pute a measure of overall expected variability in the wage profile. Section 4
presents the main results and consider some extensions. Section 5 concludes.

2 Wage changes, wage risk and intertemporal la-
bor supply

In this section we derive the Euler equation for labor supply and show how
the structural parameters of interest can be identifed. The derivation follows
MaCurdy (1981) and Card (1991). The microeconomic unit of interest is a
married, prime-age male. This individual solves the following problem:

maxEt

T−tX
τ=0

(1 + δ)−τ u (cit+τ , hit+τ ,Zit+τ )

subject to the intertemporal budget constraint:

ait+1 = (1 + rt+1) (ait +withit − cit) (1)

where Et (.) = E (. |Ωit ) is the subjective expectation that conditions on
the individual information set Ωit at time t, δ the intertemporal discount
rate, c consumption, h hours of work, Z a vector of preference shifts, a
assets, r the real interest rate, and w the real hourly wage. We assume that
the preferences and the budget constraint are intertemporally separable and
that there are no restrictions on borrowing, saving and labor supply (i.e.,
the solution is interior).2 However, we do not assume that preferences are

2In the period of observation (1989-1993) there were no changes in the tax code. The
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intratemporally additive. The first order conditions for this problem are:

∂u (cit, hit,Zit)

∂cit
= λit (2)

−∂u (cit, hit,Zit)
∂hit

= λitwit (3)

λit = Et
1 + rt+1
1 + δ

λit+1 (4)

along with the intertemporal budget constraint (1), and where λ is the
Lagrange multiplier. Equations (2) and (3) can be solved for consumption
and hours of work to obtain Frisch (or λ-constant) demand functions; in
this context, consumption and hours of work will depend on the wage rate,
the marginal utility of wealth λit, and preference shifts.

3 The main feature
of Frisch demand functions is that they keep constant the marginal utility
of wealth. In particular, for hours of work one can write the approximated
log-linear specification (Altonji, 1986):

lnhit ∼= Z0itα+ η lnwit + (η + ϕ) lnλit (5)

The term lnλit captures all we need to know about future wages and
interest rates. However, unless restrictive assumptions are made, it has very
rarely a workable closed form. We comment later on this point. The pa-
rameter η is the intertemporal elasticity of substitution for labor supply.
It measures the impact of an anticipated change in wages (an evolution-
ary change) on labor supply while keeping constant the marginal utility of
wealth. The parameter (η + ϕ) is the elasticity of hours with respect to
the marginal utility of wealth. If preferences are strictly concave, and if
leisure and consumption are normal goods, the following sign restrictions
hold: η > 0 and η+ϕ > 0. As for ϕ, its sign will be negative if consumption
and leisure are complements and positive if they are substitutes in utility.
If consumption is independent of wages, which occurs if preferences are in-
tratemporally additive, then ϕ = 0.4

measures of wage, earnings and expected earnings considered in this paper are all after-
taxes and social security contributions.

3The use of both consumption and labor supply data goes beyond the scope of this
paper and is left to future research.

4Defining with ui the derivative of u (.) with respect to the the argument i (i = h, c),
and uij the derivative of ui with respect to the argument j (j = h, c), it can be shown
that:

η =
uhucc

uccuhh − uchuhc
1

h
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One can combine (4) and (5) to obtain the (approximated) Euler equa-
tion for labor supply:

∆ lnhit ∼= ∆Z0itα+ η∆ lnwit − (η + ϕ) (Et−1rt − δ)
− (η + ϕ) (lnλit −Et−1 lnλit)
+ (η + ϕ) lnEt−1

³
elnλit−Et−1 lnλit

´
(6)

where (lnλit −Et−1 lnλit) is the innovation in the logarithm of the marginal
utility of wealth. In previous studies the term lnEt−1

³
elnλit−Et−1 lnλit

´
is

part of the intercept; we allow it instead to vary across individuals in order
to capture heterogeneity in wage uncertainty.

To obtain an empirically tractable specification we make two assump-
tions similar to those made in previous empirical work. The first assumption
is that the wage rate follows a geometric martingale process with drift, i.e.:

lnwit = ∆X
0
itσ + lnwit−1 + ζit (7)

where X is a vector of variables affecting the deterministic component of
wage growth (such as age, education, and other information available to the
individual but not to the econometrician), and ζit the innovation in the wage
rate, i.e. ζit = (lnwit −Et−1 lnwit). It is fair to say that this assumption is
consistent with aggregate data, but less so with microeconomic data, where
instead the evidence is more favorable to ζit following an MA(1) process.

5

As a partial justification, one can notice that a transitory unanticipated
component has a negligible impact on labor supply because it affects lnλit
only marginally. We address this point in the empirical section below.

The second assumption concerns the approximated form of the log of
the marginal utility of wealth, and is the same as in MaCurdy (1981):

(η + ϕ) lnλit = γaait +
T−tX
τ=0

γτEt (lnwit+τ ) + νi (8)

and:

ϕ = − uhcuc
uccuhh − uchuhc

1

h

If uch = uhc = 0, then ϕ = 0 and η =
uh
uhh

1
h
.

5The MA(1) component reflects transitory shocks and measurement error in the wage
variable.
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where νi is an approximation error.6 Note that concavity of the utility
function requires γa and γτ to be negative for all τ . Given the characteristics
of the wage process, it follows that the innovation in the logarithm of the
marginal utility of wealth can be written as:

(η + ϕ) (lnλit −Et−1 lnλit) =
T−tX
τ=0

γτ (Et −Et−1) lnwit+τ = Γζit

where Γ =
³PT−t

τ=0 γτ

´
is the wealth effect of a parametric permanent shift

in the wage profile.7 Note finally that:

− (η + ϕ) lnEt−1
³
elnλit−Et−1 lnλit

´
= ϑζvart−1 (ζit) (9)

where ϑζ = − Γ2

2(η+ϕ) < 0. The equality in (9) holds if the innovation in
the marginal utility of wealth is normally distributed or, as an approxima-
tion, for small risks. The labor supply equation (6) can then be rewritten
(neglecting from now on the approximation sign) as:

∆ lnhit = ∆Z0itα+ η∆ lnwit + ϑ
ζvart−1 (ζit)

− (η + ϕ) (Et−1rt − δ) + Γζit (10)

To see more clearly the distinction between evolutionary and parametric
wage growth effects on labor supply, take the conditional expectation of (10)
to yield:

Et−1∆ lnhit = ∆Z0itα+ ηEt−1∆ lnwit
+ϑζvart−1 (ζit)− (η + ϕ) (Et−1rt − δ) (11)

and subtract (10) from (11) to obtain the innovation in labor supply growth:

∆ lnhit −Et−1∆ lnhit = η (∆ lnwit −Et−1∆ lnwit) + Γζit
= (η + Γ) ζit (12)

6The inclusion of predictable demographic variables does not affect our estimation
strategy. Allowing for higher moments of the distribution of wages has little effect on our
estimates (results are available on request).

7Note that ait−Et−1ait = 0 if innovations in the real interest rate are small. Removing
this assumption leaves the results qualitatively unchanged. These are available on request.
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Replace (11) in (12) to obtain:

∆ lnhit = ∆Z0itα+ ηEt−1∆ lnwit + ϑ
ζvart−1 (ζit)

− (η + ϕ) (Et−1rt − δ) + (η + Γ) ζit (13)

From equation (13), the model predicts that individuals vary their labor
supply in response to numerous factors. First, because of shifts in pref-
erences, represented by the vector ∆Z0it; second, because of anticipated
evolutionary changes in the wage rate, Et−1∆ lnwit; third, because of a
gap between the real interest rate and the intertemporal discount rate,
(Et−1rt − δ); fourth, because of unexpected (permanent) parametric shifts
in the wage rate, ζit; finally, because of a higher dispersion in the conditional
distribution of future wage rates, the term vart−1 (ζit).

Previous papers in this literature consider the impact of preference shifts,
interest rates and anticipated wage growth, but neglect the effect of wage
innovations and wage risk, which are therefore subsumed in the error term.
Moreover, expected wage growth is unobservable in typical data sets, so it
must be inferred from instrumental variable techniques. This approach has
at least four drawbacks. First, it is hard to find good predictors for wage
growth (e.g., a promotion or a change in the wage policy of the firm can be
observed by the individual but unknown to the analyst). Second, the typical
predictors used in these papers are age and education, which thus have to
play the role of excluded instruments. But age and education are also the
most obvious preference shifts one may think of, and should therefore be
included in the vector Z. In other words, these instruments are invalid
if they also play the role of taste shifts. Moreover, the marginal utility of
wealth is a function of all characteristics over the entire lifetime, so there are
no exclusion restrictions. Third, consistent estimation requires the forecast
error to be uncorrelated with the instruments, a property that holds when
the time dimension of the panel is long but not necessarily in short panels
(Chamberlain, 1984). Finally, it has been noticed that the estimates of the
elasticities of interest tend to be sensitive to the set of instruments used.

If the marginal utility is kept constant, ζit = 0 and all wage changes are
anticipated. The reaction of labor supply to expected changes in the wage
rate is measured by η, the intertemporal elasticity of substitution. If the
marginal utility of wealth is kept constant, a higher expected wage growth
suggest to work less in the current period and more in the future, thus η > 0.

To understand the role of wage innovations, consider equation (13) and
suppose that the consumer faces an unexpected positive change in the wage
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rate, ζit > 0. By the characteristics of the wage process, all unanticipated
parametric wage shifts are permanent. Such shift induces a revision in lnλit
(which decreases under the maintained assumption that Γ < 0), and there-
fore on labor supply. This is then a fully parametric wage change. The elas-
ticity of current labor supply with respect to the parametric wage change,
∂ lnhit
∂ζit

, is therefore (η + Γ), a parameter that combines intertemporal substi-

tution effects (η > 0) and wealth effects (Γ < 0). The sign of (η + Γ) is thus
ambiguous. Blundell and MaCurdy (2000) argue that (η + Γ) is the main
parameter of interest for policy analysis. In fact, since changes in the tax
code are usually one-shot reforms that shift the entire wage profile in the
current and future periods, the full effect of tax changes on labor supply can
only be appreciated by accounting for both anticipated and unanticipated
wage changes.8

The empirical specification we consider in this paper has to take into
account the fact that the SHIW elicits subjective expectations of earnings
growth, rather than expectations of wage growth. However, we can use the
equilibrium condition between hours and wages as given by (9) or (10) and
the following change of variable, as suggested by MaCurdy (1985). Since:
yit = withit, it follows that: ∆ lnwit = ∆ ln yit − ∆ lnhit. A conditional
version of this equality is obtained replacing realizations with expectations
(i.e., Et−1∆ lnwit = Et−1∆ ln yit−Et−1∆ lnhit). Moreover, the relationship
between the innovation in wages and the innovation in earnings is: ζit =
(1 + η + Γ)−1 ψit, with ψit = ∆ ln yit−Et−1∆ ln yit.9 Replacing the last two
equalities in the equation (13) and rearranging the terms yields:

∆ lnhit = ∆Z0it
α

1 + η
+

η

1 + η
Et−1 (∆ ln yit) + ϑψvart−1 (ψit)

−η + ϕ
1 + η

(Et−1rt − δ) +
µ

η + Γ

1 + η + Γ

¶
ψit (14)

8Of course, the assumptions we make on the statistical form of lnλ and on the charac-
teristics of the wage process are somehow “ad hoc”. Nevertheless, both assumptions are
very popular choices among labor economists.

9From the expression ∆ lnwit = ∆ ln yit −∆ lnhit, the wage growth innovation is the
difference between the hours growth innovation and the earnings growth innovation:

ζit = ψit − (η + Γ) ζit
where we have used the fact that, under our assumptions, the hours growth innovation
equals (η + Γ) ζit (see (12)). The link between earnings, wages and hours that we exploit
here breaks down in the presence of overtime hours paid at a premium. Moreover, the
presence of unobserved taste shifts may create an endogeneity bias. We comment on this
point later.
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where ϑψ = ϑζ

(1+η+Γ)2(1+η)
. The specification that we test in the empirical

analysis is then the following:

∆ lnh∗it = ∆Z0itβ0 + β1Et−1 (∆ ln yit) + β2vart−1 (∆ ln yit)
+β3 (it −Et−1πt) + β4 [∆ ln yit −Et−1 (∆ ln yit)] + eit (15)

where h∗it denotes measured annual hours, eit includes a multiplicative mea-
surement error in hours, measurement error in the independent variables,
unobserved taste shifts and approximation errors, Et−1 (∆ ln yit) is the sub-
jective expectation of real earnings growth, which is directly elicited in the
SHIW, the term [∆ ln yit −Et−1 (∆ ln yit)] denotes the innovation, which is
constructed by subtracting the subjective expectation of earnings growth
from the actual earnings growth realization, vart−1 (∆ ln yit) is the condi-
tional variance of earnings growth, and (it −Et−1πt) is the real interest rate,
constructed as the difference between nominal interest rate at time t and
inflation expectations, also elicited in the survey.

The use of subjective expectations in this context has several advan-
tages. First, it allows consistent estimation of all the parameters of interest,
in particular of η and (η + Γ), by controlling directly for Et−1 (∆ ln yit) and
ψit in estimation. In other words, we estimate an almost exact form of
the intertemporal labor supply equation under the assumptions spelled out
above. Since the forecast error is directly controlled for in estimation, no
short panel problem should arise in this context (Chamberlain, 1984). Our
estimates will thus be consistent even in the cross-section. Second, control-
ling for anticipated and unanticipated wage (earnings) growth avoids the
needs of specifying instruments for wage growth, which is usually hard to
predict in microeconomic data, and avoids imposing untenable exclusion re-
strictions. Moreover, estimates will not be sensitive to the instruments used
because no IV procedure is needed. Finally, we exploit directly individual
information on the evolution and riskiness of future wages (earnings), infor-
mation that the econometrician may never hope to observe. This allows us
to isolate truly expected wage changes from those that are not and provides
important identifying information.

3 The data

3.1 Description

We estimate the intertemporal labor supply equation (12) using the 1989-
1993 panel section of the Bank of Italy Survey of Household Income and

10



Wealth (SHIW). This data set contains measures of hours, earnings, con-
sumption, income, and demographic characteristics of the household. The
SHIW surveys a representative sample of the Italian resident population.
From 1987 through 1995 the survey was conducted every other year and
covered about 8,000 households, defined as groups of individuals related by
blood, marriage or adoption and sharing the same dwelling. The most recent
survey refers to 1998. Starting in 1989, each SHIW has re-interviewed some
households from the previous surveys. The panel component has increased
over time: 15 percent of the sample was re-interviewed in 1989, 27 percent
in 1991, 43 percent in 1993, and 45 percent in 1995. Details on sampling,
response rates, processing of results and comparison of survey data with
macroeconomic data are provided by Brandolini and Cannari (1994). The
1989-91 panel section of the SHIW includes 2,187 households; the 1991-93
includes 3,470 households.

For the purpose of this paper, the most important feature of the SHIW
is that it collected subjective information on future income in both 1989 and
1991. Several surveys contain subjective income expectations, but vary con-
siderably as to the way expectations are elicited. In the case of the SHIW,
in 1989 and 1991 each labor income and pension recipient interviewed was
asked to attribute probability weights, summing to 100, to given intervals of
inflation and nominal income increases one year ahead. The Appendix de-
tails the wording of the survey questions and how these are used to construct
the subjective mean and variance of future earnings.

A problem with the SHIW data is that they are not available for consecu-
tive years, but only at two-year intervals; moreover, subjective expectations
stretch over a single calendar year. The interviews take place between March
and September, although income, consumption and wealth data refer to the
previous calendar year.10 We thus need to assume that people do not update
their information set between the end of 1989 (1991) and the date of the
interview, or that their updating does not affect subjective expectations of
income. This can be a strong assumption if people receive important news
about the evolution of their future income between the end of 1989 (1991)
and the date of the interview.

So far, the SHIW has been used to test a series of reduced form proposi-
tions in the consumption literature, most notably the impact of precaution-
ary behavior on wealth accumulation (Guiso et al., 1993). The data have

10The reason for surveying in May is that previous experience has shown that people
report income more accurately when filing the income tax forms, which must be returned
by May 31.
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also been used to address more structural questions, such as estimating the
excess sensitivity of consumption to predicted income growth in a standard
Euler equation framework (Jappelli and Pistaferri, 2000), or estimating the
saving for a rainy day equation (Pistaferri, 2001), i.e. how transitory and
permanent income shocks impact household saving in the standard frame-
work of the permanent income hypothesis. However, the data have not yet
been used to test labor market behavior.

In the next section we present more structural evidence on the life-cycle
relationship between wage rates and hours of work. Here we limit ourselves
to a descriptive analysis. The sample used in the empirical analysis below
includes only male, heads of their households, married individuals aged be-
tween 26 and 59 in 1989, who report usable information on the variables of
interest, in particular subjective expectations, earnings, and weekly normal
hours. We exclude the self-employed and the multiple job holders. There are
1,461 individual-year observations. Sample statistics are reported in Table
1, separately for 1989, 1991 and 1993. The table shows that there is little
fluctuations over time in both demographic and economic characteristics.
We also report cross-sectional averages of earnings growth expectations and
innovations. Both the expectation and the innovation for 1991 earnings are
smaller than those for 1993; moreover, they are opposite in sign. Actual
earnings growth was negative in both 1991 and 1993, but more strongly
so (-0.018) in 1993, when Italy entered a recessionary period. Expected
inflation is 7 percent in both years.

Before turning to the empirical analysis, it is useful to describe the dis-
tribution of hours and wages. Descriptive evidence on the life-cycle pattern
of hours and wages is provided in Figures 1 and 2, where we plot the age
profile of weekly normal hours of work and hourly wages for twelve cohorts
whose membership is defined according to the year of birth. Here we use the
repeated cross-sections of the SHIW from 1989 to 1998 but retain the sample
selection criteria detailed above (i.e., we consider only males, heads of their
household, married individuals aged 26-63, and exclude the self-employed
and the multiple job holders). The hours profile is slightly declining over
the life-cycle. The age profile of the hourly wage rate is hump-shaped as in
many microeconomic data sets, and the wage decline occurs relatively late
in the life-cycle (roughly after 55). Note that in the raw data hours and
wages are negatively correlated, a point on which we will return later.
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3.2 Reliability

Economists are usually skeptical about the informational content of sub-
jective expectations data. Manski (2000) reports that “economists often
assert that respondents to surveys have no incentive to answer questions
about their preferences or expectations carefully or honestly; hence, there is
no reason to believe that subjective responses reliably reflect respondents’
thinking”. Interestingly, economists “do not apply this reasoning to self-
report of objective data”. Based on his experience with the Survey of Eco-
nomic Expectations data, Manski concludes that such conventional wisdom
is unfounded: “survey respondents do provide coherent, useful information
when queried about their expectations”.

The reliability of the expectations data from the SHIW has already been
examined elsewhere (Guiso et al., 1992; Jappelli and Pistaferri, 2000). In
particular, Jappelli and Pistaferri confront inflation expectation reported by
SHIW respondents with those elaborated by international institutions and
find that subjective expectations are close on average to both actual real-
izations and to the forecasts elaborated by OECD analysts. An interesting
feature is that subjective inflation expectations do not in fact mask a great
number of implausible extreme values. More than 50 percent of the sam-
ple bunches the entire probability distribution for inflation between 5 and
7 percent. Moreover, there is no clear pattern of subjective expectations by
region, age, education or income.

We checked the reliability of nominal earnings expectations by compar-
ing subjective expectations with the actual realizations. In the raw data,
the correlation coefficient of realized earnings and expected earnings is 0.46,
which is prima facie evidence that subjective expectations do have infor-
mational content.11 The correlation coefficient between realized earnings
growth and expected earnings growth is instead 0.05. Jappelli and Pista-
ferri (2000) also compare earnings expectations with realizations for various
demographic groups. Subjective expectations can be criticized because re-
spondents may not fully understand the survey questions: households with
better education might therefore give more accurate income forecasts simply
because they understand the survey questions better. However, Jappelli and
Pistaferri find that individuals with less education do not appear to answer
the survey questions less accurately than those with more.

11Bernheim and Levin (1989) use the HRS to compare expected social security benefits
with actual realizations and find a raw correlation coefficient of 0.41.
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4 Estimation results

4.1 Basic specification

Our purpose in this section is to report and comment on the empirical
estimates of the Euler equation for labor supply (15)12 which is reproduced
here with the account for the biennial nature of the SHIW data:

lnh∗it − lnh∗it−2 =
¡
Z0it − Z0it−2

¢
β0 + β1Et−2 (ln yit − ln yit−2)

+β2vart−2 (ln yit − ln yit−2) + β3 (it −Et−2πt)
+β4 [(ln yit − ln yit−2)−Et−2 (ln yit − ln yit−2)]
+eit (16)

Due to non-linearities in the parameters, a non-linear least squares pro-
cedure is used to identify the parameters of interest (see below) and obtain-
ing the appropriate standard errors. The real interest rate (it −Et−2πt) is
constructed as the difference between the after-tax nominal interest rate on
saving accounts and the subjective expectation of the inflation rate. By the
virtue of heterogeneity in inflation expectations, this measure of the real
interest rate displays cross-sectional variability.13 We include the following
taste shifters: age, education, regional dummies, number of children in three
age bands (0-5, 6-13, 14-17), the number of additional income recipients, a
dummy for working wife, and time dummies.

The following structural parameters are estimated:

• η, the elasticity of intertemporal substitution. This measures the reac-
tion of labor supply to an evolutionary change in wages (i.e., keeping
constant the marginal utility of wealth). The theory requires that
η > 0.

12The dependent variable is the growth in annual hours of work. The SHIW elicits
weekly overall hours hn (including overtime), and months of employment m. In the
empirical analysis below annual hours are defined as the product of weekly hours and
weeks of employment: h = 4hnm. The wage variable, whenever used, is defined as the
ratio between annual earnings and annual hours.
13We use the nominal interest rate on saving accounts because these are very widespread

in our sample, as opposed to other financial assets. In particular, 92 percent of our sample
has a saving account, as opposed to 23 percent holding short-term government bonds
(BOT), and 25 percent holding other assets (excluding cash). Moreover, conditioning on
ownership, roughly 62 percent of the household assets are held in saving accounts. The
before-tax nominal interest rates in 1989, 1991 and 1993 were 7.3, 7.79, and 7.8 percent,
respectively. A flat tax rate of 30 percent was levied on the interests accrued.
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• Γ, the wealth effect of a parameteric permanent shift in the marginal
utility of wealth. The theory requires that Γ < 0. In turn, Γ =PT−t
τ=0 γτ .

• ϕ, a parameter that measures the extent of intratemporal non-additivity
between consumption and leisure. If ϕ > 0 (< 0), consumption and
leisure are substitutes (complements) in utility.

• ϑζ , a parameter that measures the reaction of labor supply to wage
risk. The theory requires ϑζ < 0.

• η+Γ captures the reaction of labor supply to a parameteric permanent
shift in the wage profile. The theory has no sign predictions concerning
this parameter.

• η+ϕ measures the response of labor supply to the gap between the ex-
pected real interest rate and the intertemporal discount rate (and also
the elasticity of the marginal utility of wealth). The theory requires
η + ϕ > 0.

In the basic specification (reported in Table 2), the elasticity of intertem-
poral substitution, η, displays a point estimate of 0.7, with a small standard
error of 0.09. This implies that along a known wage profile an expected
evolutionary 10 percent increase in the wage rate produces a decline in cur-
rent labor supply (and a concurrent increase in next period labor supply) of
about 7 percent. This estimate is slightly larger than the one obtained by
MaCurdy (1981) and Altonji (1986) for the US, and Browning, Deaton and
Irish (1985) for the UK, where η is the 0-0.6 range. On the other hand, it
is still quite far from the range of estimates (between 1 and 4) reported by
Mulligan (1995) or studies based on aggregate data. One reason why our
results are different is that we are able to control in a more effective way for
uncertainty.

The effect of a wage innovation on the rate of growth of labor supply (an
estimate of η+ Γ) has a point estimate of 0.51, with a small standard error
of 0.05. It is worth recalling that the sign of the impact of a permanent
parametric wage shock on labor supply is generally ambiguous. However,
in this particular case the intertemporal substitution effect (η) dominates
the wealth effect (Γ, which has a point estimate of −0.2 with a standard
error of 0.09), and hence the overall effect on labor supply is positive. Note
that the results are in agreement with the theoretical prediction that Γ < 0.
The implication of the estimate of (η + Γ) is that a 10 percent permanent
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upward shift in the wage profile increases labor supply in the current period
and at all future ages by approximately 5-7 percent (depending on the point
of the life cycle when this is measured, with young individuals being more
responsive on average because they have a longer horizon over which to
allocate the wealth effect of a permanent change in the wage).14 Such effect
is larger than the one estimated with a different identification strategy by
MaCurdy (1981), who finds (η + Γ) = 0.08 for a sample of prime-age US
males. On the other hand, it agrees with what outlined by Card (1991). He
stresses that “one source of systematic hours variation that is described by
the labor supply model but ignored in most studies is idiosyncratic variation
in the marginal utility of wealth”; he adds that “a typical person-specific
wage innovation results in a significant revision to lifetime wealth”.15

The effect of the interest rate on labor supply (η + ϕ) agrees with theo-
retical predictions. In particular, it implies a point estimate of the elasticity
of labor supply with respect to the marginal utility of wealth of 0.59 (with
a standard error of 0.29). The estimate of ϕ is −0.11, but it is imprecisely
measured (a standard error of 0.27). One reason for this low precision is
that we are using a too crude approximation to individuals’ preferences for
consumption and leisure. At face value, the evidence is consistent with
consumption and leisure being complements in utility, a finding similar to
Browning, Deaton and Irish (1985). In the light of the large standard errors,
however, we do not wish to put too much emphasis on this result.

The effect of the conditional variance of wage growth (an estimate of ϑζ)
is consistent with precautionary behavior (a negative coefficient of −0.11),
and statistically significant (a standard error of 0.03). In agreement with
what argued by Mulligan (1995), however, the effect of wage risk on labor
supply appears negligible: a 10 percent increase in the conditional variance of
future wages increases current labor supply by about 0.05 percent (evaluated
at the median). Even doubling wage risk (a very extreme experiment) would
thus hardly affect labor supply. The small precautionary labor supply effect
is consistent with the low wealth effect noticed above. If there are small
wealth effects of a particular wage realization there will be only second-order

14From the model above: Γ =
PT−t

τ=0
γτ . If one assumes γτ constant over the life cycle,

then Γ = (T − t+ 1) γ. For young individuals (T − t + 1 = 40, say), Γ = −0.2, but for
those only ten years away from retirement (T − t+ 1 = 10), Γ = −0.05. Thus the wealth
effect declines in absolute value and the elasticity with respect to parametric permanent
wage shocks (η + Γ) increases over the life cycle (from 0.5 at age 25 to 0.7 at age 65).
15Another interpretation of (η+Γ) is that it measures cross-sectional difference in hours

for individuals with different wage profiles. In our case, individuals with a 10 percent
higher wage profile work approximately 5 percent more hours than individuals with lower
permanent wages.
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effects on utility and hence only small precautionary effects. Note that, from
the model in Section 2, ϑζ = − Γ2

2(η+ϕ) . While we have not imposed such
restriction in estimation, we can test whether it holds in the data. The test
statistic has a borderline p-value of 4.3 percent, which supports the model.

As for the demographics, we find that once we control for expected wages,
wage surprises and wage risk, they have a small and statistically insignificant
impact on intertemporal labor supply. A time dummy for 1993 is statisti-
cally significant. The change in the working wife indicator captures family
labor supply effects. It is theoretically justified within a conditional leisure
demand framework. The estimate is positive, but not well measured (0.06
and a standard error of 0.04). It implies complementarity between head’s
hours and the wife’s labor market participation, consistent with the notion
that family members enjoy leisure together.

The evidence for intertemporal substitution seems to contradict the raw
data evidence (Figures 1 and 2), where hours and wages appear to be neg-
atively correlated in the early part of the life-cycle. A positive correlation
between the age profile of hours and that of wages is typical of a simple
model in which only intertemporal substitution effects exist. As equation
(13) makes clear, however, the effect of wages on labor supply is only one of
the possible factors at work. The factor (η + ϕ) (Et−1rt − δ), for instance,
may induce a decline in hours over time even when wages are rising, as long
as Et−1rt − δ > 0. This could be due, for example, to lower intertempo-
ral discount rates (lower impatience) at the beginning of the life cycle. In

the same direction works the factor ϑζitvart−1 (ζit). Wage risk is more likely
to be higher at the beginning than at the end of the life cycle (because of
uncertainty resolution issues, inital job mismatch, etc.). Coupled with the
interest rate effect, this may induce a decline in labor supply at the begin-
ning of the life cycle even when wages are rising. Finally, the presence of
unobserved taste shifts (which we discuss below) may come in the form of
time-increasing preferences for leisure.

In sum, the comparison between estimation results and raw data evi-
dence suggests that, at least in the early part of the life cycle, intertempo-
ral substitution and wealth effects of wage changes (which imply positive
growth rates in hours) are weaker than the combination of precautionary
labor supply, interest rate, and taste heterogeneity effects (which imply neg-
ative growth rates). It confirms that the amount of variability in hours
explained by the intertemporal substitution motive can be quite small, a
fact that agrees with evidence available for other countries.16

16A simple numerical example can be instructive. Suppose that the average expected
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4.2 Sensitivity analysis

We considered some extensions to the basic specification, performed several
tests to check the robustness of the results, and explored various sources of
bias.

4.2.1 Extensions and robustness checks

An important question is whether there is any substantial gain produced by
the use of subjective expectations. In particular, one may wonder whether
the parameters that we are estimating will be the same if subjective ex-
pectations were not available, as in standard studies of intertemporal labor
supply.

The benchmark we consider to evaluate this question is the standard
intertemporal labor supply regression estimated by MaCurdy (1981), where
there is no control for wage innovations and wage risk and where typical
instruments for ∆ lnwit are a cubic in age, education, and the interaction
between age and education.17 These are then excluded from the vector Z.
In our sample, this regression produces a point estimate of the intertemporal
elasticity of substitution η of 0.32 with a standard error of the same magni-
tude (see column 1 of Table 3). With the obvious caveat represented by the
large standard error of this estimate, it is however worth noting that this
number is not far, in terms of magnitude and statistical significance, from
the one estimated in previous empirical work with panel data. However, it
provides misleading information concerning the impact of an expected wage
change on labor supply, because it neglects that information available to an
individual differs from that available to the econometrician.18 Furthermore,
with the limited data available, it is impossible to obtain an estimate of

wage growth and the average innovation are 1.4 percent and 2.1 percent, respectively
(these figures are consistent with the data). If η = 0.7 and η+Γ = 0.5, the growth rate of
hours due to wage growth is about 2 percent. Evaluated at the median, the wage risk part
contributes a negative growth in hours of 0.05 percent if ϑζ = −0.11. If the gap between
the interest rate and the intertemporal discount rate is 2 percent and η + ϕ = 0.6, this
contributes a negative growth in hours of 1.2 percent. The growth in hours predicted by
the demographics is −5 percent. Thus hours will exhibit a negative growth of about 4
percent even when wages grow on average by about 3.5 percent, consistently with the raw
data and the empirical estimates.
17MaCurdy uses also family background variables, but these are unavailable in the

SHIW.
18The predictive power of the first stage regression is, as usual in these cases, very

low. The adjusted R2 in the regression for the reduced form is in fact only 0.0025; the F
statistic is 1.73. Wage growth is in fact very hard to predict in panel data.
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the impact of parametric wage changes on labor supply or other structural
parameters.

An important issue has to do with the impact of unemployment and
other demand side variables on labor supply. The major criticism addressed
to studies of intertemporal labor supply is in fact that employed individuals
may face hours constraints. Sizeable year-to-year changes in annual hours
will then be associated with movements between jobs, multiple job holding,
voluntary or involuntary unemployment, a switch from full-time to part-time
employment (or vice versa) or measurement error.

Ham (1986) suggests to test whether unemployment is part of the op-
timal plan by introducing a dummy for unemployment in the λ-constant
labor supply function. His argument is that if unemployment is a voluntary
choice the dummy should be statistically insignificant. In contrast, if unem-
ployment reflects hours constraints, the coefficient should be negative and
statistically significant.

We experiment by adding two variables that reflect demand conditions.
The first is ∆Uit, the first difference of a dummy that equals one if the
individual worked less than 12 months and zero otherwise. This affects 6
percent of our sample (1 percent experiment a fall and 5 percent an increase
in months of employment). The second variable ∆Nt is the change in the
local (province) unemployment rate. Given that we are directly controlling
for the forecast error in the marginal utility of wealth through subjective
expectations, least squares estimates should still be consistent. This allows
us to treat the unemployment variables as exogenous.

The estimates of η and (η + Γ), reported in column 2 of Table 3, are
now very close to each other (an equality test has a p-value of 0.42). The
estimate of Γ is small and statistically insignificant and so are the estimate
of (η+ ϕ) and ϕ. The coefficient on the variance term halves to 0.05 but is
still statistically significant. The dummy for months of unemployment has a
negative coefficient of -0.65 with a standard error of 0.03. The local unem-
ployment rate has a coefficient of -0.004 (0.003).19 The evidence is favorable
to the hypothesis of hours constraints as put forward by Ham. Ham’s argu-
ment, however, has been criticized by MaCurdy (1990), who argues that the
unemployment dummy is compatible with voluntary unemployment if the
offered wage falls below the reservation wage. The interpretation of the un-
employment dummy remains an issue of considerable debate. For example,
the significance of the unemployment dummy in the labor supply equation
could be the reflection of a mechanical negative correlation: workers who

19Inclusion of job and industry dummies has little effect.
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face an increase in unemployment from one period to the next will also
report a negative growth in annual hours over the same time period.20

A somewhat different, and perhaps more plausible way to examine the
issue of hours constraint is to use direct information on the presence of these
constraints. In both 1991 and 1993 SHIW respondents are asked whether
they have the option of working overtime in their job. Unless people self-
select in jobs where overtime is allowed, this variable can be assumed to be
exogenous. To check whether hours constraints are important, we augment
the annual hours specification by a dummy variable for the option of working
overtime. The results are reported in column 3 of Table 3 and are very
similar to those reported in the basic specification of Table 2. The estimate
of the coefficient on the dummy variable for the option of working overtime
is 0.05 with a standard error of 0.02, and agrees with intuition: those who
are given the option of working over time may experience faster growth in
annual hours (which include overtime hours). A possible interpretation of
this result is that some workers are underemployed. When hours constraints
are removed, faster growth in hours occurs.

4.2.2 Sources of bias

It is worth commenting on various sources of bias in our estimates. First,
we examine whether the estimated impact of unanticipated wage growth on
labor supply is biased because we are neglecting transitory wage innova-
tions. To address this point, assume that wages are the sum of a permanent
martingale component (as in 8) and a serially uncorrelated transitory shock
(εit), a very popular characterization that agrees with panel data evidence.
The wage innovation is therefore (ζit + εit). The labor supply equation (11)
can be rewritten as:

∆ lnh∗it = ∆Z0itα+ ηEt−1∆ lnwit − (η + ϕ) (Et−1rt − δ)
+ (η + Γ) (ζit + εit) + ϑ

ζvart−1 (ζit) + eit

The error term in the Euler equation for labor supply, eit, now includes
the term (γ0 − Γ) εit (if one assumes for simplicity that the variance of the
transitory shock is absorbed by the intercept). This term is obviously corre-
lated with the wage innovation (ζit + εit) for which we control in estimation.

20Given that the focus of the paper is on prime-age males, we do not model participation.
Implicitly, the assumption we make is that wage uncertainty affects hours choice, but is
not incorporated in the participation decision. In a more realistic model, participation
could of course depend on wage uncertainty.
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It can be showed that in the simplest case in which the innovation is or-
thogonal to the other regressors in the intertemporal labor supply equation,
the bias in (η + Γ) is the product of three factors: (γ0 − Γ), ω

1−ω , where ω
is the relative importance of the transitory innovation on the overall inno-
vation in earnings, and (1 + η + Γ). All these factors are positive (as long
as (η + Γ) > −1). This suggests that the estimated long-run elasticity is
likely an upper bound for the true elasticity. The bias is small if most of the
variability in wages is of permanent nature.

Next, consider the possibility of unobserved taste shifts. These will cre-
ate a bias due to the fact that we use earnings rather than wages on the
right hand side of the labor supply equation. Equation (11) can be rewritten
as:

∆ lnh∗it = ∆Z0itα+ ηEt−1∆ lnwit − (η + ϕ) (Et−1rt − δ)
+ (η + Γ) ζit + ϑ

ζvart−1 (ζit) + eit

The error term eit includes error in hours and πit, a taste shock, with
Et−1πit = 0. Note that earnings, wages, and taste shocks are linked through
the relationship:

ψit = (1 + η + Γ) ζit + πit

The source of bias is that while ζit and πit are (or can assumed to be)
orthogonal, ψit and πit are not. In particular, cov (ψit,πit) = σ2π. If ψit
is orthogonal to the other regressors of the labor supply equation, one can

prove that the bias in (η + Γ) is given by: σ2π
(1+η+Γ)σ2

ζ
. This suggest that

the bias is upward if η + Γ > −1. The bias tends to disappear when the
proportion of unexplained earnings variability due to taste shocks is small.

Thus, the possibility of an upward bias in (η + Γ) due to omitted transi-
tory shocks or unobserved taste shifts cannot be dismissed. In the absence of
additional information, information on the magnitude of these two sources
of bias is hard to come by. The inference one can draw is that the wealth
effect (Γ) is probably higher (in absolute value) than the one we have esti-
mated above, and the effect of permanent shocks on labor supply (η + Γ)
smaller.

On the other hand, consider that the earnings innovation could be itself
subject to measurement error, which would create a downward bias in the
estimate of (η + Γ). For instance, if the innovation in earnings is measured

with error and taste shocks are present, the bias in (η + Γ) is σ2π−(η+Γ)σ2ω
(1+η+Γ)σ2

ζ
+σ2ω

,
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where σ2ω is the variance of the measurement error in ψit. In general, this
bias is smaller than the one calculated in the case where only taste shocks
are present. It is not clear (and perhaps impossible to determine) whether
the various sources of bias balance each other out.

5 Conclusions

In this paper we have used unique information about expectations of future
wages collected in the 1989-1993 panel section of the Bank of Italy SHIW
to isolate anticipated and unanticipated wage changes and to construct a
measure of wage risk. These are in turn related to shifts in life-cycle labor
supply. This is to our knowledge a novel approach not attempted in previous
empirical work.

Our empirical strategy allows to disentangle the effect of evolutionary,
expected wage changes from parametric, unanticipated wage changes. Sim-
ilarly to other studies in the literature, we assume that preferences are in-
tertemporally separable. This implies that current wages do not depend on
past work effort; a more complex model would relax this assumption but
face serious data limitations.

We estimate an intertemporal substitution elasticity of around 0.7. This
number is slightly larger than the one obtained by MaCurdy (1981), Altonji
(1986), and others for the US, but smaller than the one used by macroe-
conomists in calibration analyses. We estimate that the impact of a perma-
nent wage shock on labor supply, i.e., letting the marginal utility of wealth
to vary in response to parametric wage shifts, is positive and about 0.5 on
average. Also this number is relatively large when compared with previ-
ous evidence but relatively small when compared to macroeconomic guess-
estimates. A possible explanation for the discrepancy between our results
and previous evidence is that we are able to isolate in a more convincing
way the effect of anticipated and unanticipated wage growth on labor sup-
ply; alternatively, the presence of taste shocks is creating an upward bias in
our estimates.

Another finding of this paper relates to the role of wage risk in explaining
intertemporal movements in labor supply. While the effect of wage uncer-
tainty on labor supply is in agreement with the theory, implying that there
is some adjustment, perhaps for some categories of workers or in particular
stages of one’s career, it is for practical purposes negligible. Finally, we
find some weak evidence that consumption and leisure are complements in
utility.
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A Survey questions on income prospects

This Appendix draws from Guiso et al. (1992). In both 1989 and 1991 each
labor income and pension recipient interviewed SHIW was asked the following two
questions.

Inflation expectations: “On this table [a table is shown to the respondent] we
have indicated some classes of inflation. We are interested in knowing your opinion
about inflation twelve months from now. Suppose that you have 100 points to
be distributed between these intervals. Are there intervals you definitely exclude?
Assign zero points to these intervals. How many points do you assign to each of the
remaining intervals?” For this and the following question the intervals on the table
shown to the person interviewed are: less than zero; 0-3; 3-5; 5-6; 6-7; 7-8; 8-10;
10-13; 13-15; 15-20; 20-25; >25 percent. If the response is “less than zero”, the
person is asked: “How much less than zero? How many points would you assign to
this class?”

Income expectations: “We are also interested in knowing your opinion about
your labor earnings or pensions twelve months from now. Suppose that you have
100 points to be distributed between these intervals [a table is shown again]. Are
there intervals you definitely exclude? Assign zero points to these intervals. How
many points do you assign to each of the remaining intervals?”.

To construct subjective expectations and variances of the variable of interest
(either the rate of growth of nominal earnings or the rate of inflation), we set the
upper bound of the distribution -the open interval- at 35 percent. Let xiτ be the
variable of interest. The subjective expectation of xiτ at time τ − 1 is then given
by:

E (xiτ |Ωiτ−1) =
KX
k=1

[Pr (xk−1 ≤ xiτ ≤ xk)] 2−1 (xk + xk+1)

and the subjective variance by:

V ar (xiτ |Ωiτ−1) =
KX
k=1

[Pr (xk−1 ≤ xiτ ≤ xk)]
£
2−1 (xk + xk+1)−E (xiτ |Ωiτ−1)

¤2
where xk and x0 are, respectively, the upper and the lower bound of the distribution,
and Ω is the information set of the individual. Note that the intervals are not of
the same size.21

Expected real earnings growth is E (∆ ln yiτ |Ωiτ−1) = E (∆ ln yniτ |Ωiτ−1) −
E (πτ |Ωiτ−1), with ∆ ln yniτ denoting nominal income growth and π the inflation
rate. As far as the variance of real income growth is concerned, this is defined as:

21More precisely, x0 = 0 for those assigning zero probability to a negative earnings
growth event, otherwise it is a value chosen by the respondent; x1 = 0.03; x2 = 0.05;
x3 = 0.06; x4 = 0.07; x5 = 0.08; x6 = 0.1; x7 = 0.13; x8 = 0.15; x9 = 0.2; x10 = 0.25;
xK = x11 = 0.35.
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var (∆ ln yiτ |Ωiτ−1) = var (∆ ln yniτ |Ωiτ−1) + var (πτ |Ωiτ−1)
+2corr (∆ ln yniτ ,πτ |Ωiτ−1) ∗q
var (∆ ln yniτ |Ωiτ−1)

p
var (πτ |Ωiτ−1)

Since the correlation term is unknown, we assume that it equals 1 (different
values do not change the results much). This is the value that maximizes the
variance of real earnings growth. Moreover, to avoid imputing a zero variance to
those reporting point expectations, we calculate the variance within each interval
assuming a multi-step uniform distribution. The formula is a generalization of the
one given above.

Finally, we need to adjust the available subjective expectations data to the bien-
nial nature of the SHIW. In fact, in the SHIW individuals report Et−2 (∆ ln yit−1),
with t = 1991, 1993, rather than Et−2 (ln yit − ln yit−2), which is the variable that
appears in (13). However, the variable of interest Et−2 (ln yit − ln yit−2) can be
obtained as: 2 ∗ Et−2 (∆ lnyit−1) under the assumption that Et−2 (∆ ln yit−1) =
Et−2 (∆ ln yit), i.e. that expected growth rates of earnings are smooth over a period
of two years. Using the same assumption, we approximate vart−2 (ln yit − ln yit−2),
which is the variable that appears in (13), with 4 ∗ vart−2 (∆ lnyit−1), where
t = 1991, 1993.
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Table 1
Sample characteristics

Variable 1989 1991 1993

Age 42.07
(8.59)

43.26
(8.69)

44.81
(8.40)

Education 10.33
(4.30)

9.96
(4.17)

9.66
(4.07)

North 0.38
(0.49)

0.41
(0.49)

0.43
(0.50)

South 0.45
(0.50)

0.40
(0.49)

0.37
(0.48)

Family size 3.86
(1.07)

3.81
(1.03)

3.79
(0.99)

Income recipients 1.64
(0.73)

1.68
(0.74)

1.75
(0.73)

Kids 0-5 0.35
(0.59)

0.29
(0.55)

0.24
(0.50)

Kids 6-13 0.61
(0.76)

0.57
(0.73)

0.54
(0.72)

Kids 14-17 0.35
(0.61)

0.33
(0.58)

0.33
(0.55)

Working wife 0.36
(0.48)

0.35
(0.48)

0.35
(0.48)

Family income 21, 415.63
(10,642.93)

21, 033.32
(10,752.47)

21, 617.61
(10,605.19)

Working months 11.85
(0.92)

11.83
(0.96)

11.66
(1.42)

Weekly normal hours 40.83
(5.78)

40.67
(5.92)

39.50
(7.18)

Earnings 12, 443.24
(4,921.95)

12, 193.92
(5,709.74)

12, 173.83
(4,642.11)

Wage rate 6.49
(2.36)

6.50
(4.67)

6.88
(3.58)

ψit −.− 0.0028
(0.2521)

0.0132
(0.3438)

Et−1 (∆ ln yit) −.− −0.0079
(0.0508)

−0.0300
(0.0594)

Expected inflation 0.0730
(0.0347)

0.0738
(0.0419)

Note: Standard deviations in parenthesis. The figures for income, earnings, and

wages are in euro. ψit is the innovation in earnings growth,∆ ln yit−Et−1 (∆ ln yit) .
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Table 2
The estimate of the intertemporal labor supply equation

Variable or structural parameter Estimate

Constant −0.0032
(0.0739)

1993 −0.0683
(0.0228)

Age −0.0001
(0.0014)

Education −0.0014
(0.0026)

North 0.0213
(0.0301)

South −0.0306
(0.0299)

∆ Number of children aged 0-5 −0.0252
(0.0319)

∆ Number of children aged 6-13 −0.0003
(0.0296)

∆ Number of children aged 14-17 −0.0138
(0.0249)

∆ Number of income recipients 0.0161
(0.0216)

∆ Working wife 0.0597
(0.0391)

η 0.7038
(0.0928)

η + Γ 0.5053
(0.0506)

η + ϕ 0.5928
(0.2892)

ϕ −0.1111
(0.2748)

Γ −0.1985
(0.0908)

ϑζ −0.1060
(0.0265)

Note: η is the elasticity of intertemporal substitution, η+Γ the elasticity with
respect to parametric wage growth, η + ϕ the elasticity of the marginal utility of
wealth, ϕ captures within-period non-additivity between consumption and leisure,
Γ is the wealth effect of parametric wage growth, and ϑζ the coefficient attached
to the conditional variance of wage growth.
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Table 3
Sensitivity analysis

Structural Standard Controlling Controlling
parameter labor supply for for overtime

equation unemployment constraints
(1) (2) (3)

η 0.3180
(0.3188)

0.2569
(0.0528)

0.7002
(0.0920)

η + Γ 0.3031
(0.0348)

0.4980
(0.0501)

η + ϕ 0.2225
(0.1844)

0.5941
(0.2878)

ϕ −0.0344
(0.1757)

−0.1061
(0.2736)

Γ 0.0462
(0.0571)

−0.2022
(0.0897)

ϑζ −0.0505
(0.0105)

−0.1052
(0.0262)

Note: η is the elasticity of intertemporal substitution, η+Γ the elasticity with
respect to parametric wage growth, η + ϕ the elasticity of the marginal utility of
wealth, ϕ captures within-period non-additivity between consumption and leisure,
Γ is the wealth effect of parametric wage growth, and ϑζ the coefficient attached
to the conditional variance of wage growth.
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Figure 1: The life-cycle profile of annual hours
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Figure 2: The life-cycle profile of hourly wages
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