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Introduction

• Develop a life-cycle model with heterogeneous agents making labour supply decisions, both along the
intensive and extensive margins

• The model is consistent with the evidence from the SIPP that male individuals frequently use the
extensive margin to adjust their labour supply within a year .

• The model provides an aggregation theory of individual labour supply that is firmly grounded on
individual-level micro-evidence and is used to study aggregate labour supply responses.

• that the aggregate labour supply elasticity to a transitory wage shock is 1.75, with the extensive margin
accounting for 62% of the response.



Empirical Facts
Looking at the facts on male labour supply over the life cycle, lifetime labour supply, and evidence on
non-linear earnings to guide the theory.

Labour Supply over the life cycle.
Examine the labour supply at the extensive and intensive margin. The distinction depends on the period
of time

• SIPP data used and time period of 4 months (a quadrimester) defined.
• Variation in labour supply within a quadrimester interpreted as change in the intensive margin
• Variation in the number of quadrimesters worked as change in the extensive margin.
• SIPP interviews three times a year (once every 4 months). Provides detailed monthly information on
labour market history and income and welfare programme participation

• 1990 SIPP Panel from Oct 1989-August 1992 : 8 quadrimester (32 months)
• Only men who are not self-employed between ages 25-61.
• Individuals classified as either non-college or college.



Definition of employment and non-employment

• First, whether the individual in a particular month is 1) working; 2) not working ; 3) non-respondent

• Only months with information on working (category 1 or 2) used in the analysis.

• Self-employed fall into category three.

• Second, if individual works even one month of that quadrimester he is considered as employed for that
quadrimester.

• If individual falls in category 2 for all four months of then classified as non-employed.

• Non-employment spell starts when working one quadrimester and not in the next.

• Non-employment spell ends when working one quadrimester.



Employment and mean hours of work.

• Employment patterns not surprising.

• college individuals have a higher
employment rate, at all ages, than
non-college individuals.

• pronounced decline in the employment
rates late in the life cycle.



Mean hours of work.

• Average hours worked are higher for
college individuals,

• Mean hours worked decrease late in
the life cycle for both education groups.

• This is due to both lower employment
rates and lower hours per worker.



Entry into non-employment spells.

• Non-college individuals are much more
likely to enter a non-employment spell
and increases late in the life cycle.

• Throughout life cycle around 4% (2%) of
the employed non-college (college)
individuals will find themselves
non-employed in the following
quadrimester.

• Numbers increase to 6% and 4% late in
the life cycle for the non-college and
the college.



Durations of non-employment spells. (By Education)

• Approximately, half of all
non-employment spells last for only
one quadrimester,

• and only around 25% of the spells last
for more than four quadrimesters (i.e.
more than 16 months).

• In general, college individuals tend to
spend more periods in
non-employment, although they are
much less likely to enter
non-employment spells.



Durations of non-employment spells. (By Age)
Figure 1: Non-employment spells, 1990 SIPP: by age and education.



Model
Authors develop a life-cycle theory of labour supply of individuals (males) along the intensive and
extensive margins. They consider a small open economy facing a fixed interest rate.
• Overlapping generations of individuals who start their lives at age 25, face uncertain lifetimes, and live,
at most, J periods.

• Differ in terms of their education, labour productivity, and taste for leisure.
• The college decision is exogenous,
• The education type of an individual determines the stochastic processes driving the mortality, taste,
and labour productivity shocks.

Preferences

ut = u(ct, lt) = (1− φ)lnct + φ
l1−σ
t

1− σ
− I(lt<1)F, (1)

ct is consumption and lt -leisure. Individuals are heterogeneous in their taste for leisure φ ∈ (0, 1), which
evolves stochastically over time. Individuals who work (lt <1) face a fixed disutility cost of work (F).



Model

• Individuals maximize lifetime expected utility

E
J∑

t=1

βtπtu(ct, lt), (2)

• πt - survival probability

• Shocks each period: mortality, labour market risk (job separation and job finding risk), shocks to taste
for leisure(φ) and labour productivity risk (z)



Heterogeneity in preferences
Taste shocks follow the stochastic process:

φit = φi × φt, . . . φ ∼ N (µφ, σ
2
φ)

• where ρφ denotes the persistence of the shock on preferences for leisure and ηφ is the innovation at
age t.

• Initial seed (φ0) drawn from the invariant distribution of preference shocks.



Labour Services

• hj = 1− lj - time allocated to work.

• Assumed that the mapping of hours of work to labour services is non-linear.

• The idea is that h hours of work map into hθ units of labour services with θ ≥ 1

• θ > 1 gives an economy where earnings are non-linear function of hours of work.

• Earnings of an individual:
w(z, h) = zhθ (3)



Heterogeneity in labour productivity
• For each education group, zt assumed to change stochastically over the life-cycle as:

ln(zit) = xtκ+ αi + ut (4)

• zit - labour productivity of person i at age t.

• xt a quartic polynomial in age.

• αi is a fixed effect determined at birth.

• ut is a persistent productivity shock. Follows a AR(1) process:

ut = ρuut−1 + ηut , (5)

• At age 62, labour productivity becomes zero so that all individuals retire.



Labour Market Frictions
• Three possible labour market states: employed (e), non-employed (n), and unemployed (u).

• Unemployment insurance benefits bu are assumed to be paid only to the unemployed.

• The transition in the labour market status across periods depends on : a) choose to work or not; b) Job
separation shock (δ) and job finding rate (p)



Government

• Govt. Taxes consumption, capital income, and labour income

• τc, τk - flat tax rates.

• Earnings y taxed according to a progressive tax schedule T(y).

• Tax revenue used to finance the govt. expenditures.

• Unemployment Insurance scheme provides unemployment benefits for one period.

• Pay-as-you-go social security system. Financed by payroll tax (τss).



Credit Markets
Individuals can insure mortality risk in fair annuity markets.

Re
j = 1 +

(1 + r
πe

j
− 2

)
(1− τk) (6)

• R - gross interest rate net of capital income taxes (τk)

• πe
j individual at age j− 1 with education e survives to age j.

• Assume that individuals can borrow up to an exogenous fixed limit (a′ ≥ a)except for the last period of
life.

• There are no accidental bequests.



The Individual’s Problem

• Mandatory retirement at age 62.

• The only source of uncertainty faced by retired individuals is in their preference shock (φ) and mortality
shocks.



Calibration
Parameters calibrated without simulating the model economy
Model period set to one quadrimester (four months). Model solved as a partial equilibrium for a fixed
interest rate.

• The quadrimesterly interest rate is chosen so that the implied annual rate of return on capital (net of
depreciation) is 4%.

• The intertemporal elasticity of substitution of leisure: choose σ = 2 implies an intertemporal
elasticity of leisure of 0.5.

• Non-linear earnings. θ = 1.4 (Aaronson & French (2004))
• Tax rates, social security, and unemployment insurance benefits.:
• τc = 0.0075 (McDaniel (2007))
• τk = 0.40 (Domeij and Heathcote(2004))
• τss = 0.153



Calibration

• Taxes on earnings are progressive with 5 tax brackets: 0.10,0.16,0.63, and 1.93 (multiples of average
earnings( ¯bar)).

• Tax rates of the brackets are : 0%,13.2%,17.9%,32.9%, and 36.9%.

• The unemployment insurance benefit is set to 40% of the potential earnings of the unemployed worker.

• Mortality rates. Bhattacharya and Lakdawalla (2006).

• Exogenous job separation rates into unemployment. Based on the empirical analysis exogenous
separation rates into unemployment (δ) in a quadrimester to 2.4% for non-college and 1.16% for
college.



Calibration

Parameters calibrated by simulating the model economy
Parameters partitioned into two subgroups and follow an iterative procedure with two nested loops.

• Inner Loop: calibrate the parameters determining the stochastic process on taste for leisure, the job
finding rate, and the fixed utility cost of work.

• For each education group, six parameters: four values determining the heterogeneity in taste for
leisure (µφ, σ

2
φ, ρφ, σ

2
ηφ
) plus the fixed utility cost of leisure F and the job finding rate p

• Outer Loop: a) the labour productivity process, b) discount rate, c) average earnings in the economy, d)
average lifetime earnings for the four fixed productivity types; e)and the exogenous borrowing limit.

• Assume a common value of β and a for the two education groups



Calibration Results: Outer Loop
• β = 0.983
• Borrowing constraint equivalent to 40% of average annual earnings in the economy.
• the parameters driving the stochastic process on labour productivity in the baseline economy -similar
estimates.



Calibration Results: Outer Loop
• Figure shows that the model mimics well the life-cycle profile of wages.



Calibration Results: Inner Loop

• Individuals from both education groups
face a job finding rate below one.

• Substantial fixed (utility) costs of work

• The utility cost of work is equivalent to
losses in consumption of 8.5% and
10.5% for non-college and college
individuals (Aguiar and Hurst (2013) )

• Substantial heterogeneity in the
preference shocks for the non-college
and college individuals.



Other moments targeted in the calibration: Employment Rates
• Baseline economy is consistent with
the fact that the age profile of
employment is roughly flat early in the
life cycle for both education groups.

• Non-college individuals employment
starts declining at age 45 and that this
decline accelerates substantially after
age 55.

• Decline in the employment rate for
college individuals starts at an older
age.

• Model captures quite well - the decline
in employment rates late in the life
cycle.



Entry into non-employment spells
• Calibration targets the quadrimesterly
hazard rates into non-employment
over the life cycle.

• The model matches quite well the
hazard rates into non-employment.

• The hazard rates have a U shape over
the life cycle and are higher for
non-college than college individuals.

• Allowing for (positive) borrowing and
modelling preference heterogeneity is
important for the decline in hazard
rates early in the life cycle.



Non-employment spells.

• Length of non-employment spells -
measure of the “volatility” of labour
supply decisions along the extensive
margin.

• An important achievement of the
authors theory is that it is consistent
with evidence on both the incidence
and the volatility of non-employment.



Moments not targeted in the calibration: Hours worked.

• Model matches data quite well.



Moments not targeted in the calibration: Hours worked.
The overall distribution of hours worked in a quadrimester in the baseline model economy is similar to the
distribution observed in the 1990 SIPP.



Non-employment spells by age.

• Captures quite well how the duration
distribution of non-employment spells
varies over the life cycle in the SIPP
data.

• When young, 60% of the
non-employment spells last for only
one period.

• As they age, fraction decreases and is
about 40% for the age group 55–61.



Cross-sectional heterogeneity in hours and lifetime labour
supply by age.

• The model predicts that the coefficient
of variation in hours of work is large,
grows with age, and at the end of the
life cycle reaches a value above 0.6 for
non-college and of about 0.4 for college
individuals

• Increase in the variance of working
hours with age is due to an increase in
the variances of labour productivity and
wealth over the life cycle.



Aggregate Labour Supply Responses

• Baseline economy is able to match well facts on male labour supply over the life cycle along the
extensive and intensive margins at the individual level.

• Appropriate tool for studying aggregate labour supply responses to changes in the economic
environment.

• Shut down one by one various modelling assumptions in order to evaluate their importance for
understanding aggregate labour supply responses



Response to a temporary wage change
• Aggregate labour supply response to a oneperiod (quadrimester) unanticipated wage change of 2%.

• The change in the aggregate labour supply provides an estimate of the Frisch elasticity of aggregate
labour supply.

• Caveat : results should be viewed as describing aggregate labour supply responses to a temporary
wage change rather than the Frisch elasticity of labour supply.

• The aggregate elasticity of labour supply to a temporary wage change can be decomposed in terms of
the elasticities along the intensive and extensive margins.

• The change in the average hours of work among employed individuals is used to compute the elasticity
along the intensive margin.

• The elasticity along the extensive margin is given by the elasticity of the employment rate



Aggregate labour supply elasticity to a temporary wage change
• Elasticity of aggregate labour supply in the baseline economy = 1.75
• Intensive margin decreases to 0.67.
• Extensive margin accounts for 62% of the aggregate labour supply response.



Extensive margin elasticity to a temporary wage change, by age
and education
• Labour supply responses have a strong life-cycle pattern: the age profile of the elasticity is U shaped for
both education categories.



Thank You!
See you in Spring, 2019.


