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Motivation

Literature has been largely successful in accounting for the evolution
of both average consumption and its variance across agents in an
incomplete markets, lifecycle setting.

However, these models have not similarly addressed inequality in
labor supply, which is important for two reasons:

1 Modeling the labor supply decision accurately can help us to
understand the structure of labor markets.

2 Labor supply enters the utility function directly, and so is
essential for measuring welfare.

Standard incomplete markets models with frictionless labor supply
decisions cannot account for both cross-sectional data on
consumption and hours — a robust result.

Instead, this paper will incorporate involuntary unemployment and
nonseparability between disutility of the extensive and intensive
margins of work to match the data.
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Demographics

Continuum of households, indexed by i .

Agents work until T ret and then retire.

Mortality risk: unconditional probability St of surviving until age t,
certain death at age T .

No bequest motive.

Perfect annuity markets to hedge against survival risk (i.e. higher
interest rate on savings).
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Preferences

Time-separable expected utility preferences over annual
consumption cit and hours worked Hit :

E
T∑

t=1

βt−1St

[
c1−γ
it

1− γ − ϕi
H1+σ

it

1 + σ

]

ϕi is allowed to vary across households (but is fixed over time).
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Technology

Each household consists of a single worker with a fixed time
endowment (1) that is divided between work and leisure.

Worker receives labor income yit = witHit , where wit is an
individual-specific exogenous wage process given by

logwit = κt + αi + zit + εit

zit = ρzit + ηit

Asset markets are limited to a risk-free security ait that pays interest
rate R. Holdings can be negative up to an exogenous borrowing
limit a.
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Government

Taxes:

1 Progressive tax on labor income, ζ(y).
2 Proportional tax on capital income τa.
3 Proportional consumption tax τc .

Progressive social security system, where benefits are functions of
αi , the fixed component in wages.
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Data

Data on wages, hours, and wealth from the PSID, with long panel
dimension.

Consumption data (cross-sectional) from CEX, also contains data
on earnings and hours for constructing joint moments.

Allows for the possibility that log hours, earnings, and consumption
contain classical measurement error.

Focus of the paper is on residual inequality, so first-stage regression
is performed to purge effects of experience, education, year/cohort,
and race.

Year/cohort effects can not be separately identified along with
lifecycle effects, so separate estimation is performed controlling for
each.
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Empirical Patterns

First moments:

1 Mean log consumption increases roughly linearly during
working years.

2 Mean log hours has an inverse U shape: increases over the first
10 years, then flattens, and decreases before retirement.

Second moments:

1 Variance of log consumption increases by less than the
variance of log wages.

2 Variance of log hours is strongly U shaped: sharp decrease
over first 15 years.

This decrease is a robust finding across other data sets, and is
not driven by observable characteristics or compositional
effects.
Will cause problems for the benchmark model.
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Estimation with First Moments

Estimation performed using simulated method of moments.

Targeted moments are mean residual log hours and log (normalized)
consumption at 36 experience levels during working life only.

Estimated parameters are (γ, σ, a, {φi}).

Internally calibrated parameters: E[ϕi ] (to match mean log hours),
β (to match 75th percentile of wealth at retirement).

Externally calibrated parameters: R = 3%, τa = 0.4, τc = 0.08,
ζ(·), distribution of ai0, stochastic process for individual wages.



(1) (2) (3)

Estimated parameters

γ
1.60

(1.22,1.98)
1.86

(1.57,2.68)
1.65

(1.36,2.15)

σ
2.00

(1.31,3.13)
2.48

(1.37,5.86)
1.94

(1.31,2.67)

CV[ϕ]
1.27

(0.65, 142.0)
0.98

(0.55,3.40)
1.16

(0.72,9.77)

a
-0.30

(-6.90,-0.10)
-0.27

(-0.63,0.09)

σ2
ε,y

0.00
(0.00,0.05)

σ2
ε,h

0.03
(0.00,0.05)

σ2
ε,c

0.05
(0.03,0.08)

Test of over-identifying restrictions
p-value 0.45 0.00 0.00

Calibrated parameters
β 0.990 0.988 0.990

E[ϕ] 29.4 67.2 30.3

Targeted moments
E[log c] X X X
E[log h] X X X
V[log c] X
V[log h] X

Table 1: Parameter estimates
95% bootstrap confidence intervals in parentheses. Borrowing limit, a, is expressed as a multiple of the average annualized

hourly wage. σ2
ε,y and σ2

ε,h are estimates of classical measurement error in earnings and hours respectively. When not estimated

they are set at 0.01.
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Estimation Results
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Figure 1: Model fit for first moments
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Solid dark blue line is fit of model

when only means are targeted. Dash-dot red line is fit of model when only means are targeted and borrowing is not allowed.

Dashed light blue line is fit of model when means and variances are jointly targeted.

column (2) of Table 1). Without borrowing, the model is unable to generate an upward
sloping profile for mean hours and vastly overstates the growth in mean consumption. The
test of over-identifying restrictions is strongly rejected (p-value =0.0). The reason is that
young households face relatively low wages and hold relatively small amounts of wealth.
Borrowing allows the young to substitute their labor supply to later periods in life when
wages will be higher, yet maintain only moderate consumption growth by borrowing from
their future earnings.

5 Second moments: A challenge for the benchmark model

Although the model is able to successfully reproduce the evolution of mean hours and mean
consumption over the lifecycle, in this section I argue that the model fails with respect to
the second moments of hours and consumption, regardless of whether these are included as
targets for estimation.

Benchmark model fit on second moments The fit of the benchmark model for the
variances of hours and consumption are displayed in Figure 2.29 The model slightly over-
states the rise in consumption inequality over the lifecycle, although the model’s predictions

29In Figure 2, the level of inequality is the same in the data and the model for both consumption and

14

Benchmark model does well in fitting first moments.

Ability to borrow (esp. for young agents) is critical to obtaining this
fit.
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Estimation with Second Moments
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(a) Variance log consumption
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Figure 2: Model fit for second moments
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Solid dark blue line is fit of model

when only means are targeted. Dashed light blue line is fit of model when means and variances are jointly targeted.

lie within the 95% confidence bands. However the model fails to generate the sharp decline
in the variance of hours over the first 15 years. The reason that the model can generate a
small reduction in the hours inequality over experience levels 3 to 10 is due to heterogene-
ity in initial wealth. This heterogeneity generates cross-sectional differences in the relative
strengths of the income and substitution effect of wage shocks which in turn generates het-
erogeneity in hours worked. As households accumulate financial wealth for lifecycle and
precautionary reasons, the effects of these initial wealth differences dissipate. However, this
effect is far too small to account for the decline in the data.30

Estimation including second moments as targets Since the model is over-identified
with data on lifecycle means, it is possible that by re-estimating the model to target all four
moments simultaneously, the fit could be improved. When doing this, I include the variance
of measurement error in earnings, hours and consumption as additional parameters to be
estimated. The resulting parameter estimates are shown in column (3) of Table 1 and the

hours. This is because classical measurement error in consumption and hours is assumed to be responsible
for any positive difference between the cross-sectional variance in the data compared with the model. This
procedure implicitly generates an estimate of the amount measurement error in hours and consumption.
When I extend the estimation exercise to include the second moments as targets, I explicitly include the
variances of measurement error as parameters to be estimated.

30There is also a second contributing factor the small decline in hours inequality at young ages. This is
the fact that the estimated variance of transitory wage shocks is falling very early on in the lifecycle. See
Figure 16 in appendix E.
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However, the model fails to fit second moments, even if they are
targeted in the estimation.

In particular, fails to capture the decline in hours inequality early in
the lifecycle.

Test of overidentifying restrictions including second moment
conditions is overwhelmingly rejected.
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Problems with the Benchmark Model

First order condition for the choice of hours:

witc
−γ
it = ϕiH

σ
it

This implies

σ2∆Var(logHit) = ∆Var(logwit) + γ2∆Var(log cit)

− 2γCov(log cit , logwit) + 2γCov(∆ log cit , logϕi )

From the data, the LHS is negative at young ages, but the variance
of wages and consumption are both increasing in the data, and so
the RHS in the data is positive for any plausible γ.

Note that this does not depend on the specific wage process chosen,
only on moments, so this is robust across all specifications with this
FOC.
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Problems with the Benchmark Model

A mechanical way to generate a decline in Var(logHit) would be to
allow for time-varying individual shocks to the disutility of working,
ϕit , but lacks underlying mechanism.

From data, appears that declining variance of hours is not driven by
observable characteristics (i.e. marraige, fertility, home ownership).

Instead, will introduce age-varying labor market frictions, implied by
observed age differences in job destruction rates.

Most of the variance in logHit is in weeks per year (65%), not hours
per week (25%), and is concentrated in the bottom half of the
distribution.



Introduction Benchmark Model Benchmark Estimation Unemployment Model Unemployment Estimation Conclusion

Unemployment Hypothesis

Hypothesis: decline in inequality at the bottom of the hours
distribution is due to age differences in the incidence of
unemployment.

Backed by PSID data: fraction of sample experiencing at least one
week of unemployment during the calendar year drops from 25% to
5% over this period.

Effect comes from incidence, not duration: duration of
unemployment conditional on experiencing spell is very consistent
with age.
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Modeling Unemployment

Extend the benchmark model so that each individual’s time
endowment is h̄it ∈ [0, 1], so that 1− h̄it is the fraction of the year
spent unemployed.

To prevent workers from unrealistically loading up on hours during
time employed, model preferences over (hit , h̄it):

v(h, h̄) =
(h̄χh)1+σ

1 + σ
.

With χ = 1, individuals only care about total hours. With χ = 0,
individuals only care about intensity of hours when employed. With
χ < 0, individuals like working while employed less the longer they
are unemployed.
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Modeling Unemployment

First order condition is now

witc
−γ
it = h̄

(χ−1)(1+σ)
it ϕiH

σ
it .

This introduces a term

(χ− 1)2(1 + σ)2∆Var(log h̄it)

into the expression for σ2∆Var(logHit). A decrease in this term in
the data will allow for the desired fall in hours inequality.

Also introduces a term

2(χ− 1)(1 + σ)∆Cov(log h̄it , logϕi )

which can be used to model “lazy types” who are more likely to
become unemployed. If this correlation is positive, and χ− 1 < 0,
then this can also have a negative effect.
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Unemployment Process

Treat unemployment as an exogenous shock, with an age-varying
distribution.

Conditional on receiving a shock, h̄it takes one of two discrete
values with equal probability, to match the mean and variance of
time spent unemployed.

Realizations of h̄it are independent across time, which is backed up
by data (autocorrelation after controlling for individual fixed effects
is small).



(1) (2) (3) (4)

Estimated parameters

γ
2.33

(1.86,3.48)
2.47

(1.82, 3.68)
2.24

(2.06, 2.92)
2.49

(2.03, 2.96)

σ
2.10

(1.49, 3.69)
2.26

(1.56, 4.27)
2.41

(1.72, 3.95)
3.05

(1.75, 4.44)

CV[ϕ]
0.21

(0.00, 0.52)
0.23

(0.08, 0.82)
0.80

(0.71, 0.94)
0.77

(0.71, 0.93)

a
-0.22

(-0.44, -0.12)
-0.22

(-0.45, -0.11)
-0.17

(-0.41, -0.04)
-0.19

(-0.39, -0.07)

σ2
ε,y

0.02
(0.00, 0.20)

0.01
(0.00, 0.07)

0.10
(0.04, 62.32)

0.06
(0.04, 15.48)

σ2
ε,h

0.02
(0.00, 0.04)

0.02
(0.00, 0.04)

0.00
(0.00, 0.01)

0.00
(0.00, 0.00)

σ2
ε,c

0.08
(0.06, 0.09)

0.08
(0.06, 0.11)

0.06
(0.05, 0.07)

0.06
(0.05, 0.07)

χ
-0.36

(-0.52,-0.23)
-0.08

(-0.22, 0.44)

ρϕ,h̄
0.74

(-0.02, 1.09)
0.24

(-0.26, 0.58)

Test of over-identifying restrictions
p-value 0.28 0.26 0.00 0.00

Calibrated parameters
β 0.989 0.989 0.989 0.987
Eϕ 66.4 88.4 115.1 305.0

Targeted moments
E[log c] X X X X
E[log h] X X X X
V[log c] X X X X
V[log h] X X X X

COV[logw, log h] X X
COV[log c, log h] X X
COV[logw, log c] X X

Table 2: Parameter estimates with shocks to time endowment
95% bootstrap confidence intervals in parentheses. Borrowing limit, a, is expressed as a multiple of the average annualized

hourly wage. σ2
ε,y and σ2

ε,h are estimates of classical measurement error in earnings and hours respectively. When not

estimated they are set at 0.01. ρϕ,h̄ reflects correlation between between unemployment shocks and disutility of hours worked,

as described in the text.
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Estimates

χ is found to be slightly negative (−0.36).

Negative χ implies a positive cross-sectional correlation between the
fraction of the year employed and hours worked when employed,
consistent with the data.

Test of over-identifying restrictions no longer rejected even if
variance moments are matched.

A good fit can also be obtained with χ = 0 and “lazy types” (i.e.
positive covariance between h̄i and ϕi ).
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Estimation Results
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(a) Mean log consumption

0 5 10 15 20 25 30 35 40
−1

−0.95

−0.9

−0.85

−0.8

−0.75

Experience

 

 

No unemployment

With unemployment: estimate χ

With unemployment: lazy types

(b) Mean log hours

Figure 5: Model fit for means (with unemployment)
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Solid dark blue line is fit of model

without unemployment shocks. Dash-dot red line is fit of model with unemployment shocks, without correlation between

unemployment and disutility of labor. Dashed light blue line is fit of model with χ = 0 and estimated correlation between

unemployment and disutility of labor. All models target means and variances jointly.

spell during the year, holding consumption constant. With the assumed preferences it can
be shown that this amount is given by h̄ exp

(
−χ (1 + σ)−1). At the estimated parameter

values (σ = 2.1, χ = −0.36), a 20% reduction in the time endowment generates a reduction
in hours of 10.1%.

The fit of the model is displayed in Figure 5 (first moments) and Figure 6 (second moments).
In contrast to the model that excluded unemployment shocks the fit of the model is excellent.
The test of over-identifying restrictions is easily passed, with a p-value of 0.28.

Estimating correlation between unemployment disutility of work Some readers
may find the idea of a negative value for χ unappealing. While there are a number of
possible stories that could be used to micro-found a model with χ < 0 (e.g. habits in labor
supply, loss of motivation) I acknowledge that it may be more attractive to account for
the data without appealing to this feature of the model. One way to achieve this is to
allow for correlation between the disutility of working and the likelihood of experiencing an
unemployment shock. This is the story of ‘lazy types’ described in the previous section, and
is also consistent with the observed auto-correlation of weeks unemployed being accounted
for by individual fixed effects.

To estimate this version of the model, I fix χ = 0, and allow the probability of suffering an

28

As before, model is able to match first moments well.
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Estimation Results
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(a) Variance log consumption
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Figure 6: Model fit for variances (with unemployment)
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Solid dark blue line is fit of model

without unemployment shocks. Dash-dot red line is fit of model with unemployment shocks, without correlation between

unemployment and disutility of labor. Dashed light blue line is fit of model with χ = 0 and estimated corrleation between

unemployment and disutility of labor. All models target means and variances jointly.

unemployment spell to be related to the disutility of working, ϕi, using the formula

Pr
(
h̄ < 1 | ϕi, t

)
=

(
1 + ρ

ϕi
E [ϕ]

)
πt

where πt is the unconditional probability of an unemployment shock at experience t. When
ρ = 0, the model collapses to the one in the previous section. When ρ > 0, individuals with
above average values of ϕi are more likely to be unemployed. I estimate ρ along with the
other parameters of the model.

The results of the estimation are displayed in Figures 5 and 6. The estimated value of ρ
is 0.74. This model also does an excellent job of matching the data on consumption and
hours. Again the test of over-identifying restrictions is easily passed (p-value = 0.26).

10 Further evaluation of the model

The focus of this paper has been on developing a theory that can simultaneously account
for the lifecycle means and variances of consumption and labor supply. To this end, the
model presented in section 9 is largely successful.

29

However, model with unemployment is also able to get a very good
fit of the second moments, including early fall in hours inequality.



Introduction Benchmark Model Benchmark Estimation Unemployment Model Unemployment Estimation Conclusion

Estimation Results
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(a) Covariance log wages, log hours
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(b) Covariance log consumption, log
hours

0 5 10 15 20 25 30 35 40
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Experience

(c) Covariance log wages, log consump-
tion

Figure 7: Model fit for covariances (with unemployment, estimating χ)
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Solid red line is fit of model when

matching means and variances only. Dash-dot green line is fit of model when matching means, variances an covariances. All

models estimate χ and do not allow for correlation between unemployment and disutility of labor.

However, as is true with all models, the model with unemployment shocks cannot be con-
sistent with all aspects of the data. So in this section I evaluate the fit of the model along
some additional dimensions. There are two natural starting points. First, I consider the
remaining second moments: covariances between wages, hours and consumption. Second, I
examine the key elements of the evolution of the wealth distribution over the lifecycle.

Fit of covariances The fit of the model for the joint second moments of wages, hours and
consumption is shown in Figure 7.40 The model is successful in generating the broad pattern
of a negative and downward sloped covariance between wages and hours. The reason is that
with the estimated inter-temporal elasticity of substitution 1

γ
< 1, the income effect of hours

responses to wage changes is negative. Agents face two types of wage shocks in the model.
There is little or no income effect associated with transitory shocks. Hence hours co-vary
positively with transitory shocks due to the substitution effect. Persistent shocks, however,
do generate an income effect, and hence co-vary negatively with wages. As households age,
persistent shocks account for an increasing fraction of the overall cross-sectional variance of
wages. This generates a declining covariance between log wages and log hours in the model.

The model is less successful at matching the covariances of wages and hours with con-
sumption. The model predicts a counter-factually negative covariance between hours and
consumption, and overstates the rise in the covariance between wages and consumption.

These shortcomings can be mostly overcome by re-estimating the model to target the three

40The figures show the fit for the model that estimates χ. Along these dimensions, the fit of the ‘lazy
types’ model is extremely similar. Results are available from the author on request.
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Unemployment model does less well matching covariance of wages,
hours, consumption.

However, if these covariances are targeted as well, the fit is much
better, with the exception of (w , c) covariance.



Introduction Benchmark Model Benchmark Estimation Unemployment Model Unemployment Estimation Conclusion

Estimation Results
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Match V(h), V(c), E(h), E(c)

Match Joint Moments Too

(a) Variance of log h̄
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(b) Variance of log h

0 5 10 15 20 25 30 35 40
−0.02

−0.015

−0.01

−0.005

0

0.005

0.01

0.015

0.02

Experience

(c) Covariance log h, log h̄
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Match V(h), V(c), E(h), E(c)

Match Joint Moments Too

(d) Variance of log h̄
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(e) Variance of log h
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(f) Covariance log h, log h̄

Figure 8: Model fit for intensive and extensive margins
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Solid red line is fit of model

when matching means and variances only. Dash-dot green line is fit of model when matching means, variances an covariances.

Models in top row estimate χ and do not allow for correlation between unemployment and disutility of labor. Models in

bottom row set χ = 0 and estimate the correlation between unemployment and disutility of labor.
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Model does a pretty good job of matching intensive and extensive
(h, h̄) moments, especially if (w , c , h) covariances are targeted.
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Estimates

Model also matches key features of non-human wealth distribution:
declining fraction of the population with non-positive wealth, and
positive correlation between log wages and log wealth.

Fit of non-human wealth inequality not as good.

Early in the lifecycle, model gini is too large (too many agents
with nonpositive wealth).
Later in the lifecycle, model gini is too small (upper tail not fat
enough).



0 5 10 15 20 25 30 35 40
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Experience

 

 

With unemployment: estimate χ

With unemployment: lazy types

(a) Fraction with negative or zero assets

0 5 10 15 20 25 30 35 40
0.5

1

1.5

2

2.5

3

3.5

4

4.5

Experience

(b) Variance log wealth for wealth > 0

0 5 10 15 20 25 30 35 40
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Experience

(c) Covariance log wealth, log wages

0 5 10 15 20 25 30 35 40

−0.1

−0.05

0

0.05

0.1

0.15

0.2

0.25

Experience

(d) Covariance log wealth, log hours

0 5 10 15 20 25 30 35 40
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Experience

(e) Gini coefficient for wealth

Figure 9: Model fit for wealth distribution (with unemployment)
Thick dashed black line is data. Thin dotted black line is 95% confidence interval for data. Dash-dot red line is fit of model

with unemployment shocks, without correlation between unemployment and disutility of labor. Dashed light blue line is fit

of model with χ = 0 and estimated correlation between unemployment and disutility of labor. All models target means and

variances jointly.
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Conclusion

Standard model’s intratemporal FOC produces very strong,
counterfactual restrictions on joint distribution of consumption,
wages, and hours, regardless of wage process.

Modification to allow for exogenous unemployment and
nonseparable preferences allows the model to correctly match the
first and second moments of consumption, hours, and wages.
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