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Abstract

Over the past few decades, the skilled-unskilled hours differential for US men in-

creased when the skill premium rose sharply, which contrasts with previous studies

suggesting dominant income effects. We explore increases in wage volatility to resolve

this discrepancy. Using the PSID, we document that skilled men experienced much

larger increases in wage volatility than unskilled men. Feeding in these wage processes,

our general equilibrium incomplete markets model successfully replicates the increased

hours differential. We find that hours adjustment is important for self-insurance in the

short run, whereas precautionary savings play the dominant role in the long run.

Keywords: Skill Premium, Wage Volatility, Labor Supply by Skill Group, Precau-

tionary Savings

JEL Classifications: E24, J22, J24, J31

∗ We thank editor Dirk Krueger and three anonymous referees for their insightful comments and sugges-
tions. We believe that this paper improved significantly by addressing their comments. We are also grateful
to Mark Aguiar, Mark Bils, Yongsung Chang, and participants at the Wegmans conference held at the U of
Rochester in 2009, Midwest Macro Meetings 2011, annual conference of the Canadian Economics Association
2011, Midwest Economics Association Annual Meeting 2013, NY/Philadelphia Workshop on Quantitative
Macroeconomics 2013, Shanghai Macro Workshop 2014, European Meetings of the Econometric Society 2014,
Yonsei U, Cleveland Fed, Seoul National U, Sogang U, Korea U, Sungkyunkwan U, and West Virginia U for
their valuable comments. Kyooho Kwon and Jinhee Woo provide excellent research assistance. This work
was partially supported by Research Resettlement Fund for the new faculty of Seoul National University.
All errors remain ours.

† Department of Economics, Seoul National University, Email: jayhong@snu.ac.kr

‡ Department of Economics, The Ohio State University, Email: seok.19@osu.edu

§ Corresponding Author: Department of Economics, State University of New York at Buffalo, Email:
hyemiyou@buffalo.edu

1



1 Introduction

It has been well documented in the literature that over the past four decades the skill

premium, the relative wages of U.S. men with a college degree (skilled) to those without a

college degree (unskilled), increased substantially (Katz and Murphy (1992); Krusell et al.

(1994); Autor et al. (2008)). The substitution effect from a rise in the skill premium predicts

skilled men to increase hours worked relative to unskilled men, while the income effect works

in the opposite direction. In a recent survey, Saez et al. (2012) writes: “At the margin,

substitution possibilities...can be captured by a compensated labor supply elasticity. With

some notable exceptions, the profession has settled on a value for this elasticity close to

zero for prime-age males.” This implies that the income effect possibly governs the response

of hours worked of skilled men relative to unskilled men to a rise in the skill premium,

that is, skilled men who face higher relative wages likely reduce their work hours relative

to unskilled men. However, difference in hours worked between skilled and unskilled men

actually increased in the U.S. when the skill premium rose most rapidly.

This paper explores the changing patterns of the second moment of wages, i.e. increased

wage volatility, to resolve this discrepancy. As wages become more volatile, individuals under

incomplete markets work longer hours as well as accumulate more precautionary savings for

self-insurance. Flodén (2006) shows that an increase in future wage uncertainty raises current

labor supply due to a precautionary motive in a simple two-period model. Pijoan-Mas (2006)

also emphasizes the impact of wage volatility on labor supply decisions, by showing that both

the level of precautionary savings and labor supply are higher in an economy with incomplete

markets than in a complete-markets economy. If skilled men were exposed to larger increases

in wage volatility than unskilled men, then this channel can potentially explain the observed

rise in skilled-unskilled hours differential concurring with a rising skill premium.

This paper begins by estimating the time path of wage volatility separately for skilled

and unskilled men using the data from the Panel Study of Income Dynamics (PSID). We

document that there are marked differences in the trends of the second moment–as well as
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the first moment–of wages across skill groups over the past few decades. Our estimation

shows that i) wage volatility (measured by the variance of residual wages) has risen for both

skill groups between 1967 and 2000, consistent with the findings in the related literature and

ii) skilled men have experienced much larger increases in their wage volatility compared to

the unskilled, which is our contribution to the literature.1

In order to quantify the effect of the changing wage structure in explaining the skilled-

unskilled hours differential, we develop a general equilibrium incomplete markets model with

heterogeneous agents of different skill levels. Agents face uninsurable idiosyncratic wage

shocks, which consist of a persistent and a transitory component drawn from a skill-specific

distribution. In particular, the initial steady state of the model is calibrated to the 1967

U.S. economy. We then feed in the estimated wage processes from the PSID data to quantify

how much the absolute and relative increase in wage volatility can explain the widening gap

between skilled and unskilled hours.

We find that rising wage volatility, particularly through persistent wage shocks is quanti-

tatively important in explaining the increasing pattern of the skilled-unskilled hours differen-

tial in the U.S. data. In our model economy, the self-insurance mechanism causes households

to increase their hours worked when wage volatility is larger to accumulate a buffer stock

of savings. This effect is much stronger for skilled men because they were exposed to larger

increases in wage volatility than unskilled men, leading to a rise in the skilled-unskilled hours

differential. However, as skilled men are able to accumulate wealth over time, they can afford

to reduce work hours. The large wealth of skilled men also decreases the equilibrium real

interest rate, discouraging unskilled men from saving. This reduces unskilled men’s wealth

1Although examining the causes of the rising wage volatility is outside the scope of this study, we view the

increasing adoption of performance-pay contracts and deunionization in the U.S. labor market as important

factors behind the increases in wage volatility. Lemieux et al. (2009) show that about 20% of the rise in the

variance of male log wages is associated with performance pay contracts and that performance-pay contracts

have been widely adopted in occupations of managers and sales and in finance, insurance, and real estate

industries, regarded as skill-intensive compared to others. Card et al. (2004) claim that deunionization is an

important contributor to the rise in male wage inequality. Acikgoz and Kaymak (2014) explore skill-biased

technical changes as a potential explanation behind the decline in U.S. unionization rate.
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and hence unskilled men do not decrease their work hours as much in the long run as skilled

men do. Consequently, the skilled-unskilled hours differential declines in the long run. To

summarize, in response to a wage shock, hours adjustment is important for self-insurance in

the short run, whereas precautionary savings play a dominant role in the long run. We also

find that persistent wage shocks are crucial in explaining the observed increase in the hours

differences between skilled and unskilled men while the quantitative impact of transitory

wage shocks on this pattern is fairly small.

As a validity check for the insurance mechanism explored in this study, we assess the

model’s implications for consumption and wealth. Based on food consumption data from

the PSID, we document that the relative consumption of skilled to unskilled households

displays a u-shape in the 1970s and continued to increase thereafter. This path is well in

line with the relative consumption of skilled men generated by the model. The model can

also replicate the increasing trend in net worth of skilled households relative to unskilled

households in the PSID data. In addition, our model implies that both the cross-sectional

variance of hours worked and the correlation between wages and hours increased more among

skilled men than unskilled men, broadly consistent with the data.

This paper is closely related to Heathcote et al. (2010), who explore the implications of

observed changes in the wage structure (including a rising skill premium, a declining gender

gap, and the increasing overall residual wage dispersion) for cross-sectional inequality in

hours, earnings, and consumption. Our work differs from theirs in that we focus on the

differences in the evolution of wage volatility across different skill groups. We explore the

quantitative effects of the differences in increased wage volatility on the evolution of the

relative hours worked of skilled to unskilled men. Another contribution of our study is that

it distinguishes the impact of persistent wage shocks from that of transitory wage shocks. The

results show that persistent wage shocks are quantitatively more important in accounting

for the evolution of hours by skill type.

We can also relate our paper to Erosa et al. (2014) and Castro and Coen-Pirani (2008)

who examine differences in male labor supply by skill groups. However, Erosa et al. (2014)
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focus on their life-cycle features to study aggregate labor supply responses to changes in

the economic environment. Their main purpose is to quantify the aggregate responses of

labor supply to wage changes and evaluate the importance of the extensive versus intensive

margins in this response. Instead, our study aims to explain changing patterns of relative

hours worked using differences in the evolution of wage volatility across skill type. Our work

also differs from Castro and Coen-Pirani (2008) in that they explore demand-side factors to

explain changes in business cycle fluctuations of hours by skill groups,2 whereas we consider

supply-side factors to address the trends in hours by skill levels.

Several recent studies, including Santos (2014), Elsby and Shapiro (2012), Michelacci and

Pijoan-Mas (2008), and Michelacci and Pijoan-Mas (2012) have tried to explain phenomena

related to our motivating facts using a different mechanism. These studies all explore the

effects of current experience/hours on future labor market outcomes as potential explanations

for the phenomena, although the details of the mechanism vary. Santos (2014) considers a

model in which current work hours affect future productivity in order to explain the increase

in the correlation between hours and wages for the last quarter of the 20th century in the

U.S. He shows that in the CPS data, this dynamic effect has become stronger for higher

wage quintiles, whereas it has weakened for lower wage quintiles, leading to the recent rise

in the hours-wages correlation. Elsby and Shapiro (2012) focus on the extensive margin

of labor supply and explore changes in the returns to experience as driving forces behind

the changing patterns of employment/nonemployment rates by education. They find that

the return to experience for high-school dropouts has fallen significantly since the 1970s,

which contributed to a downward trend in their employment rate. Michelacci and Pijoan-

Mas (2008) and Michelacci and Pijoan-Mas (2012) exploit a search-matching framework to

explain the link between wage inequality and hours worked. They assume that current hours

of work affect the future probability of getting outside job offers. In this framework, greater

wage inequality makes outside offers more attractive, inducing agents to work longer hours.

2Castro and Coen-Pirani (2008) attempt to explain increased cyclicality of skilled hours since the mid-

1980s and propose changes in capital-skill complementarity as potential explanations.
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Michelacci and Pijoan-Mas (2008) use this mechanism to explain the divergence in hours

worked between the U.S. and Continental Europe, while Michelacci and Pijoan-Mas (2012)

show that this model is consistent with the positive correlation between the increase in wage

inequality and the rise in hours worked across occupation and industry groups in the U.S.

census data. Relative to these studies, we propose an alternative mechanism based on a

self-insurance motive. Our work shows that the evolution of the second moment of wages

plays a quantitatively important role in explaining the recent changes in U.S. male hours

worked by skill groups.

The remainder of this paper is organized as follows. Section 2 describes the stylized facts

on changes in the U.S. wage structure and the trends in hours worked by skill group. In

section 3, we describe a general equilibrium model with heterogeneous agents and incomplete

markets. We then describe the calibration procedure in section 4. Section 5 presents main

quantitative results and Section 6 discusses several sensitivity analyses. Section 7 then

concludes the paper.

2 Data

This section documents how the U.S. wage structure and hours worked have changed by

skill type over the past few decades. Our data of wages and hours worked are drawn from

the Panel Study of Income Dynamics (PSID) 1967 through 2011. We also use the Current

Population Survey (CPS) March Supplements over this period to document the relative

wages and hours worked of skilled to unskilled men for comparison. In order to avoid issues

associated with changing selection into labor force participation among women, we restrict

our attention to men. Detailed sample selection criteria are provided in the Online Appendix.

2.1 Changes in the Wage Structure

We measure skill (e) based on one’s educational attainment: we define a skilled worker (s)

as one with a college degree or higher and an unskilled worker (u) as one without a college
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degree. We assume that an individual wage follows a skill-specific process that depends on

a time-varying skill price per efficiency unit of labor, years of experience, and persistent and

transitory labor productivity shocks. Specifically, the hourly wage of individual i, aged a at

time t and skill type e ∈ {s, u} is assumed to follow

lnweiat = βet + f e(Xit) + yeit, (1)

where βet is a skill-specific time dummy, f e is a skill-specific return to experience (assumed to

be a cubic polynomial of Xit), Xit ≡ ait−Si− 5 is potential experience with Si representing

years of schooling, and yeit is the log wage residual. We assume that the log wage residual yeit

consists of a persistent and a transitory component:

yeit = µeit + υeit + θeit,

where µeit is a persistent component, υeit ∼ (0, λe,υt ) is a transitory component, and θeit ∼ (0, λθ)

is measurement error. The variance λe,υt of the transitory component υeit is allowed to vary

over time, whereas the measurement error’s variance is time-invariant and independent of

skill type. The persistent component µeit is modelled as an AR(1) process:

µeit = ρeµeit−1 + ηeit,

where ρe is the persistence and ηeit ∼ (0, λe,ηt ) is the persistent wage shock that has a time-

varying variance of λe,ηt . The initial value of persistent component is drawn from a time-

invariant, skill-specific distribution: µe0 ∼ (0, λe,µ). We assume that all four variables, υeit,

θeit, η
e
it, and µe0 are orthogonal and i.i.d. across individuals.3

With this statistical model, we estimate the wage processes of skilled and unskilled men

separately in two stages. In the first stage, we run an Ordinary Least Squares (OLS) regres-

sion of log hourly wages on a time dummy and a cubic polynomial of potential experience

by skill type, as shown in Equation (1). The residuals from these first-stage OLS regressions

3We focus on time effects in this specification because empirical evidence suggests that time effects rather

than cohort effects have been important in explaining rising wage inequality in the U.S. for recent decades

(see Heathcote et al. (2005)).
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are exploited to estimate the parameters governing persistent and transitory wage shocks.

Since a transitory shock in wages disappears after one period, autocovariances of individual

log wage residuals depend solely on the persistent component, which help us to identify a

persistent component from a transitory one.4 In implementing the estimation procedure, we

compute sample autocovariances of the residual yeit from the first-stage regressions of all pos-

sible orders for each age group in every survey year. According to the specifications above,

the autocovariances of log residual wages can be written as functions of model parameters

including ρe, υeit, θ
e
it, η

e
it, and µe0. The parameters are then estimated by minimizing the

equally weighted distance between the sample autocovariances and the model counterparts.5

To disentangle a transitory component from a measurement error, we use an estimate of 0.02

for the measurement error taken from French (2004).

We define the log skill premium as the differential in the mean predicted log wages

between skilled and unskilled men:

ln(skill premiumt) = ln ŵst − ln ŵut ,

where ln ŵet denotes the average of individual predicted log wages in period t from the

first-stage regressions for skill type e. Figure 1 plots the trends in the male skill premium

since 1967, using data from the PSID and CPS. Both data show similar trends in the skill

premium over the sample period, although the timings differ slightly. As many previous

studies document, the skill premium declined from the beginning of the sample period to

4A large literature in labor and macroeconomics has been devoted to estimating labor income processes.

As Krueger et al. (2010) summarize, these studies often find that the estimates of persistent and transitory

variances, based on the covariances of the levels of log earnings, are significantly different from those based on

their first differences. A recent paper by Daly et al. (2014) attempts to reconcile these different estimates and

finds that “outlying” earnings observations either prior to or following a missing observation are misspecified

in standard labor income processes used in this literature. However, they find that without dropping such

“outlying” observations, one can use the estimates for persistent variances based on the levels of log earnings

because the biases are quantitatively small. In section 5, we show that a time-varying persistent wage

component drives most of important quantitative results in our model while the impacts of a transitory wage

component is quantitatively small.

5Details of the estimation procedure are provided in the Online Appendix.
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the mid-1970s and increased sharply thereafter.6

[Put Figure 1 here]

Table 1 reports the estimated variances of persistent and transitory wage shocks of each

skill type from the second stage regression.7 To better present the trends in these variances,

we depict their paths in Figure 2. The estimated variance (λs,ηt ) of a persistent wage shock

for skilled men rose substantially for the sample period. In particular, they experienced

sharp rises in the variance of their persistent wage component during the 1980s and 1990s.

The estimated variance (λu,ηt ) of a persistent wage shock for unskilled men also increased

over the sample period, but by much smaller than skilled men. The variance for unskilled

men rose mostly during the 1970s and stayed roughly constant thereafter until it rose again

in the mid 2000s.8

[Put Table 1 here]

[Put Figure 2 here]

The estimated variances (λe,υt ) of a transitory wage shock also exhibited different patterns

by skill groups. Skilled men experienced a mild increase in the variance of a transitory

wage shock during the 1980s and faced a sudden increase in its variance during the 1990s.

Conversely, the bottom right panel of Figure 2 indicates that the variance of a transitory

wage shock of unskilled men increased mostly during the first two decades and stagnated

thereafter.

6The differences in the skill premium between the two datasets began to increase around the mid-1990s,

which is due to a reduction in the representativeness of the PSID pointed out in the literature (Gouskova

(2014)).

7Our estimation strategy is closest to that in Heathcote et al. (2010). As a robustness check, we estimate

the variances of persistent and transitory wage shocks of the whole sample as Heathcote et al. (2010) do and

confirm that our estimates are consistent with theirs.

8Blundell et al. (2008) estimate time-varying variances of permanent income shocks during the 1980s

using the PSID data, and find that college graduates experienced continued growth in the variance of their

permanent income shocks, whereas the variance in the permanent income shocks declined for non-college

graduates towards the late 1980s.
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[Put Figure 3 here]

These changes in the variances of persistent and transitory wage shocks ultimately raised

the volatility of residual wages faced by both skill groups. Figure 3 reports the variance

decomposition of log wage residuals by skill type, based on the estimated parameters. In

order to show the trend more easily, we normalize the total residual wage variance of skilled

men to 1 in 1967. The left panel shows that the total variance of residual wages of skilled

men more than doubled over the sample period. The rise in wage volatility occurred mostly

during the 1980s and 1990s. During the 1980s, the rise in the variance of the persistent

component caused the total variance to increase, while the increasing variances of both

persistent and transitory shocks are responsible for the rise in the total variance of residual

wages during the 1990s. Over the same period, unskilled men also experienced a large

increase in the variance of their residual wages. Their total residual wage variance reached

about 50% higher by 2000 but to a level lower than skilled men. Unlike skilled men, unskilled

men’s wage volatility increased most rapidly between 1967 and the mid 1980s. Comparing

both skill groups, we conclude that skilled men experienced a much larger increase in their

residual wage volatility (measured as the estimated variance of log wage residuals) for the

sample period than unskilled men.

[Put Figure 4 here]

Over the sample period, the composition of a persistent and a transitory wage component

has changed significantly for both skill groups as shown in Figure 4. Both skill groups

experienced sharp declines in the share of persistent wage shocks over the sample period,

particularly during the 1970s. The share of the persistent wage component for both skill

groups declined by more than 15 percentage points between the two end points of the sample

period. However, skilled men experienced a marked increase in the share of the persistent

component during the 1980s, while that for unskilled men continued to drop. In summary,

compared to unskilled men, skilled men experienced a greater increase in total wage volatility,

with a larger fraction of the rise due to the persistent wage component.
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One possible explanation behind the greater rise in wage volatility for skilled men than

unskilled men is that the increasing share of college graduates caused more recent college

graduates to be drawn from the bottom of the ability distribution.9 In this case, the cross-

sectional variation of residual wages may widen without any changes in wage volatility faced

by individuals. However, we argue that the estimation results are not mainly driven by these

changes in labor composition by education. Firstly, the estimation exploits a panel dimension

to identify time-series variations of wage volatility from the cross-sectional variation of wages.

Secondly, the fraction of college graduates increased most rapidly during the 1970s and grew

only slowly thereafter, whereas wage volatility among skilled men changed little during the

1970s and rose sharply since the early 1980s.10

We also examine the possibility that wage volatility appears to have risen due to increased

unemployment risks. Considering that wages tend to decline after a spell of unemployment,

frequent unemployment spells may increase variability of observed wages. In the PSID

data, we did not find any distinct trends in the transition probabilities from employment

to unemployment for either skill group, particularly during the 1980s and 1990s. Thus, the

estimated rises in residual wage volatility for both skill groups are not likely due to changes

in unemployment risks.

[Put Figure 5 here]

To summarize, there have been substantial changes in the U.S. wage structure between

1967 and 2010. It is well known that the skilled premium rose sharply, in favor of skilled men.

On top of that, wage volatility also increased by different magnitudes across skill groups.

Our empirical analysis concludes that skilled men were exposed to a greater rise in wage

9According to the CPS data, the share of college graduates was about 15% in 1967 and rose to 31% in

2006.

10Carneiro and Lee (2011) examine the effect of distributional changes in the context of the skill premium.

Specifically, they computed the time path of skill premium adjusted for changes in quality of new college

graduates and compare it with the raw skill premium. They found that the distance between the two

increased the most during the 1970s when the share of college graduates rose most rapidly.
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volatility than unskilled men, with more pronounced differences in the variance of persistent

wage shocks. While we estimate wage processes using data up to 2010, we use the estimates

up to 2000 for our quantitative evaluation. We make this choice because we have a smaller

number of empirical covariances available to identify the variances of persistent wage shocks

towards the end of the sample period; hence, the estimates for more recent survey years

are relatively less accurate. Figure 5 depicts the Hodrick-Prescott (HP) filtered time series

of the variances of persistent and transitory wage shocks by skill group as well as the skill

premium used for our quantitative exercises.

2.2 Trends in Hours Worked

In this section, we document the trends in hours worked by U.S. men by skill group using

the PSID. In particular, we focus on changes in labor supply at the intensive margin. We

make this choice because the second moment of wages tends to have a larger impact on

hours adjustment along the intensive margin rather than the extensive margin. Individuals

facing more volatile wages may find staying in the labor market less attractive, yet they do

not withdraw from the labor market unless they have very large wealth or are old enough

to retire.11 Most workers who do not fall in this category tend to increase their work hours

to build up a larger stock of precautionary savings. Motivated by rising wage volatility

for U.S. male workers, this paper naturally focuses on the intensive margin of hours worked.

Moreover, the participation margin of labor supply is closely related to unemployment shocks

and retirement, which are outside the scope of this paper.12

11Low et al. (2010) consider the impact of wage risk on employment rates by doubling the standard

deviation of annual earnings growth and find that it had little effect on employment rates of workers younger

than 55.

12There are many previous studies on changes in U.S. labor supply at the extensive margin (see Juhn

(1992), Juhn et al. (2002), Juhn and Potter (2006), and Elsby and Shapiro (2012)). These studies document

that nonemployment rate of U.S. men increased significantly over the past few decades with it concentrated

among less-skilled men. They also find that the early retirement rate has increased and unemployment

duration has become longer. Suggested explanations for the phenomena include a reduction in real wages of

less-skilled men, an expansion of disability benefits program, and a decline in returns to experience.

12



[Put Figure 6 here]

The left panel of Figure 6 plots the trends in the average weekly hours (annual hours

worked divided by 52 weeks) of U.S. men who worked at least 260 hours in the PSID and

CPS over the 1967-2010 period. In order to clean out the effect of demographic changes

on the trends in the average hours worked, we depict the trends in hours, holding the age

and race composition constant.13 The average weekly hours show similar patterns in both

datasets. Although unskilled men’s weekly hours in the PSID are about one hour less than

those in the CPS throughout the sample period, both datasets share the same trends in

unskilled men’s hours. Both skill groups reduced their weekly hours during the 1970s and

began to increase their hours worked in the early 1980. This increasing pace continued until

2000 when both skill groups decreased labor supply again.

The right panel presents the differences in the average weekly hours between skilled and

unskilled men over the same period. In the PSID, skilled men on average worked about 1

hour more than unskilled men in the beginning of the sample period. The hours differential

rose to about 2.5 hours in the early 1980s and declined only slightly thereafter. The hours

differential around 2000 is about one hour larger than in the early 1970s. The similar pattern

also appears in the CPS. In the CPS, the initial increase in the skilled-unskilled hours

differential continued for a longer period until the early 1990s, and then began to decline.

However, the hours differential around 2000 is still larger than it was in the beginning of the

sample period in both datasets.

The increase in the hours gap between skilled and unskilled men in the last few decades

of the 20th century has been documented in the literature. For example, based on five waves

of American Time Use Surveys (ATUS), Aguiar and Hurst (2007) show that less-educated

men reduced their time spent on total market work relative to those with a college degree or

13Specifically, we classify men in each skill group by age and race, and compute the average share of each

age and race group for the first 5 years, and use the shares to obtain the weighted average of weekly hours

in each skill group as if the age and race composition stayed constant over time.
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higher over 1965-2003.14 Additionally, Costa (2000) and Santos (2014) find a similar pattern

from the Current Population Survey (CPS) using wage as a measure of skill.15

Assuming that age effects are time-invariant, the rise in the relative hours of skilled

to unskilled men may be due to either time effects (skilled-unskilled hours differential has

increased over time within every age group) or cohort effect (hours gap between skilled and

unskilled men is larger among younger cohorts than older cohorts). We claim that time effects

rather than cohort effects have been more important in the rise in the skilled-unskilled hours

differential, as is the case for increased wage volatility. To illustrate this point, consider a

model in which the skilled-unskilled hours differential (hd) depends on age (a), time (t), and

cohort (c = t− a), where these three components are additively separable:

hd(a, t, t− a) ≡ g1(a) + g2(t) + g3(t− a).

As in Heathcote et al. (2005), we compute changes in the hours differential within cohort,

within age, and between age groups to identify time and cohort effects. If we track changes

in the hours differential of the same cohort c = t−a between t and t+1, the change excludes

cohort effects and captures age and time effects:

∆hdct,t+1 = g1(a+ 1)− g1(a) + g2(t+ 1)− g2(t) = ∆g1(a) + ∆g2(t).

The average of within-cohort changes in the hours differential across different cohorts is then

given by ∆hdct,t+1 = ∆g1(a) + ∆g2(t). If the average varies by subperiods, it is attributable

to time effects because age effects are time-invariant.

14According to Aguiar and Hurst (2007), hours worked of all men (including both extensive and intensive

margins) declined substantially between 1965 and 2003, while Figure 6 shows that hours worked of both

skilled and unskilled men in the early 2000s are no less than those in the beginning of the sample period.

This is because Aguiar and Hurst (2007) look at all men, while we focus on employed men. Despite this

difference in the trends in hours between all men and employed men, the trends in the skilled-unskilled hours

differential show the same pattern.

15Costa (2000) shows that the length of a work day by higher-wage earners has increased relative to that

of lower-wage earners between 1973 and 1991 in the CPS. Santos (2014) confirms that this finding holds for

the CPS data extended to 2006.
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Instead, following the hours gap between skilled and unskilled men within the same age

group a between t and t + 1 sorts out age effects and reflects the sum of time and cohort

effects:

∆hdat,t+1 = g2(t+ 1)− g2(t) + g3(t+ 1− a)− g3(t− a) = ∆g2(t) + ∆g3(t− a).

Note that the correlation between within-cohort changes and within-age changes is mainly

determined by the strength of time effects. Taking the average of within-age changes across

different age groups yields ∆hdat,t+1 = ∆g2(t) + ∆g3(t− a).

Lastly, variations in the skilled-unskilled hours differential between ages a and a + 1 in

period t + 1 indicate the difference between age and cohort effects, while removing time

effects:

∆hdt+1
a,a+1 = g1(a+ 1)− g1(a)− (g3(t+ 1− a)− g3(t− a)) = ∆g1(a)−∆g3(t− a).

The average between-age group change is given by ∆hdt+1
a,a+1 = ∆g1(a) − ∆g3(t− a). Any

variations in the average between-age group changes across different subperiods can then be

ascribed to time-varying cohort effects.

[Put Table 2 here]

Table 2 presents the average annual changes in the skilled-unskilled hours differential

within cohort, within age, and between age groups (within-period) for various subperiods.

The results show that within-cohort changes in the relative labor supply are statistically

different across sub-periods. However, between-age groups variations are not statistically

different from zero except for the first five years in the sample. Given that the age effects

are time-invariant, whereas both time and cohort effects are time-varying, the results imply

that time effects are strong and cohort effects are not.

In addition, since both within-cohort and within-age changes in the skilled-unskilled

hours differential have time effects in common, the correlation between the two should be

strong if the time effects are strong. The correlation is very close to one as shown in the
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bottom of Table 2. To the contrary, the correlation between within-age and between-age

variations is close to zero, implying that cohort effects are weak. These results suggest

that time effects rather than cohort effect have been more important in the trends of the

skilled-unskilled hours differential. Based on these empirical evidences, our study focuses on

how hours worked by skill level change over time in response to rising wage volatility and

abstracts from life-cycle features of hours.

3 The Model

To understand how our empirical findings are connected, we develop a general equilibrium

heterogeneous agent model with incomplete markets. Below we explain elements of our

model in a greater detail.

3.1 Households

There are two types of single-person households–skilled and unskilled–in this economy.16 We

denote the skill type by e where e ∈ {s, u} and the population share of skilled households at

period t is given by πt.
17 Each household is endowed with one unit of time in each period

and faces a skill-specific process for his idiosyncratic productivity. In the beginning of a

period t, a household of skill type e draws persistent and transitory components (µet and

υet , respectively) of his productivity, xet , from his type-specific distribution. After observing

16By considering single-person households, we ignore intra-household transfers. In recent decades, labor

force participation rates have risen more markedly among highly-educated women while the correlation

between husband’s and wife’s education levels has become stronger (see Greenwood et al. (2014)). These

trends may have affected the skilled-unskilled hours differential through income-pooling, intra-household

bargaining, etc. While we understand the importance of these channels, we focus on the role of wage process

in male hours worked in this paper. To our relief, trends in the skilled-unskilled hours differential among

married men are very similar to those of non-married men in the data.

17We abstract from educational choice by households to focus on differences in labor supply by skill level.

According to the CPS March supplements, the fraction of individuals with a college degree has increased

rapidly until 1970s and the increase has slowed down afterwards. The extent that this change in acquiring

a college education affects labor supply decisions is unaccounted for in our analysis, thus, our quantitative

results may be biased.
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his productivity draw, the household decides whether to be employed or non-employed. If

employed, he provides htx
e
t efficiency units of labor and gets paid wet per efficiency unit of

labor, where ht is hours worked chosen by this household. There is a minimum requirement

for the number of hours such that each household should work at least h when employed. If

this household is non-employed, then his hours of work ht is zero, and he receives no wage

income.

In this economy, only a risk-free asset is available for saving and no borrowing is allowed,

which make markets incomplete. Households insure themselves against bad shocks through

both precautionary savings and labor supply decisions.

At the end of the period, households face a survival probability of γ: a fixed fraction γ of

the population survives to the next period and the remainder is replaced by newborn house-

holds. We make this choice because it allows the model to generate reasonable predictions

on hours and saving without an explicit life-cycle, which adds age to the state space. Out of

these newborn households, a π̃t fraction is assumed to be born as skilled, thus the evolution

of total number of skilled workers is given by πt+1 = γπt + (1 − γ)π̃t. Unclaimed assets of

deceased households are collected and redistributed to all households in a lump-sum transfer,

Tt. Households pay income tax, Ω (rtat + wethtx
e
t ) ≡ rtat + wethtx

e
t − κ (rtat + wethtx

e
t )

1−τ ,

where parameters τ and κ governs the progressivity and level of the tax schedule, respectively.

A government fund its expenditures, Φt, using the tax revenue.

Each household maximizes the expected lifetime utility from a stream of consumption ct

net disutility from hours worked ht:

E
∞∑
t=0

(βγ)tu(ct, ht),

u(ct, ht) =
c1−σ
t

1− σ
− ψe h

1−ν
t

1− ν
and β, γ ∈ (0, 1),

where β is the discount factor, ψe is a skill-specific constant, σ is the inverse of elasticity

of intertemporal substitution with respect to consumption, and ν is the same but with

respect to hours worked. Consumption and leisure are assumed to be additively separable

in a constant relative risk aversion (CRRA) utility function, which is common for both skill
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types. In period t, households choose consumption ct, hours of work ht, and asset holdings

at+1 for the next period subject to

ct + at+1 ≤ at(1 + rt) + wethtx
e
t + Tt − Ω (rtat + wethtx

e
t ) ,

ct ≥ 0, at+1 ≥ 0, ht ∈ {0} ∪ [h, h],

where rt is real interest rate on the risk-free asset and wet is real wage per efficiency unit of

labor for skill type e. In order to incorporate a skill premium into the model, we consider

two different real wages by skill types. The logarithm of the idiosyncratic productivity xet

of skill type e is specified as the sum of a persistent and a purely transitory component (µet

and υet , respectively), given by

lnxet = µet + υet ,

where υet ∼ N(0, λe,υt ). The persistent component is modelled as an AR(1) process:

µet = ρeµet−1 + ηet ,

where ηet ∼ N(0, λe,ηt ). These specifications allow for differences by skill types in the persis-

tence of productivity shocks and in the variances of both persistent and transitory compo-

nents. The variances of both persistent and transitory productivity shocks are time-varying

in order to capture changing patterns in wage volatility seen from the PSID data. The

recursive formulation of a household problem of skill type e is then given by:

V e
t (at, µ

e
t , υ

e
t ;Gt) = max

ct≥0,at+1≥0,ht∈H

{
u(ct, ht) + βγEtV e

t+1(at+1, µ
e
t+1, υ

e
t+1;Gt+1)

}
,
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subject to

ct + at+1 ≤ at(1 + rt) + wethtx
e
t + Tt − Ω (rtat + wethtx

e
t ) ,

lnxet = µet + υet ,

υet ∼ N(0, λe,υt ),

µet = ρeµet−1 + ηet , ηet ∼ N(0, λe,ηt ),

H = {0} ∪ [h, h],

Gt+1 = Tt (Gt) ,

where Gt is a distribution of households over (e, at, µ
e
t , υ

e
t ) space and Tt is a mapping from

Gt to Gt+1.

3.2 Production

We consider a representative firm that produces output using a standard Cobb-Douglas

technology with competitive factor markets. The firm’s production function is given by

F (Kt, Ht, zt) = ztK
α
t H

1−α
t ,

where Kt is aggregate capital which depreciates at a rate of δ and Ht is aggregate labor

input. The aggregate labor Ht is a constant elasticity of substitution (CES) aggregator of

efficiency hours worked by skilled St and unskilled Ut households:

Ht =
{
χtU

φ
t + (1− χt)Sφt

} 1
φ
,−∞ < φ ≤ 1,

where 1
1−φ denotes the elasticity of substitution between the two types of labor inputs. The

parameter χt is introduced to capture skill-biased technical changes over time. A decrease

in χt makes efficiency units of hours worked by skilled workers more productive relative to

those of unskilled workers, leading to a rise in the skill premium.
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The assumption of competitive factor markets imply

rt + δ = FK(Kt, Ht, zt) = ztα(Kt/Ht)
α−1,

wst = FS(Kt, Ht, zt) = zt(1− α)(1− χt)(Kt/Ht)
αH1−φ

t Sφ−1
t ,

wut = FU(Kt, Ht, zt) = zt(1− α)χt(Kt/Ht)
αH1−φ

t Uφ−1
t .

Therefore, the skill premium ωt is given by:

ωt ≡ wst/w
u
t =

1− χt
χt

(St/Ut)
φ−1.

3.3 Competitive Equilibrium

A competitive equilibrium consists of value functions, individuals’ optimal policies, aggregate

inputs, prices, and a law of motion for the distribution Gt+1 = Tt (Gt) such that:

given sets of parameters {zt, χt, πt, λs,ηt , λu,ηt , λs,υt , λu,υt }∞t=0,

i) Given {wst , wut , rt}∞t=0, households of skill type e optimally choose ct(e, at, µ
e
t , υ

e
t ;Gt),

at+1(e, at, µ
e
t , υ

e
t ;Gt), and ht(e, at, µ

e
t , υ

e
t ;Gt) that are consistent with households problem

specified above,

ii) The firm chooses Kt, St, and Ut to maximize profits,

iii) The labor market for each skill type clears:

St =

∫
ht(s, at, µ

s
t , υ

s
t ;Gt) exp(µst + υst ) dGt(s, at, µ

s
t , υ

s
t );

Ut =

∫
ht(u, at, µ

u
t , υ

u
t ;Gt) exp(µut + υut ) dGt(u, at, µ

u
t , υ

u
t )

iv) The capital market clears:

Kt =
∑
e

∫
at dGt(e, at, µ

e
t , υ

e
t )

v) The goods market clears:

∑
e

∫
ct(e, at, µ

e
t , υ

e
t ;Gt) dGt(e, at, µ

e
t , υ

e
t ) + Φt = F (Kt, Ht, zt) + (1− δ)Kt −Kt+1,

where Ht =
{
χtU

φ
t + (1− χt)Sφt

} 1
φ
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vi) The government budget constraints are satisfied:

∑
e

∫
Tt dGt(e, at, µ

e
t , υ

e
t ) = (1− γ)

∑
e

∫
at dGt(e, at, µ

e
t , υ

e
t );

Φt =
∑
e

∫
Ω (rtat + wethtx

e
t ) dGt(e, at, µ

e
t , υ

e
t )

vii) Individual and aggregate behaviors are consistent.

4 Calibration

This section describes our calibration strategy. We first begin with a few parameters set

based on related literature. We then turn to parameters whose values are chosen so that

the model can match relevant data moments. Table 3 summarizes the values of our model

parameters and relevant data moments used for calibration.

The model period is one year. The common estimates for risk aversion fall between 1 and

2 in the literature (see Attanasio (1999)) and the preference parameter σ is set to 1.5.18 The

parameter ν is set to match the Frisch elasticity of hours worked of 0.4, consistent with most

micro estimates.19 Following Aiyagari (1994) and Prescott (1986), we assign 0.36 and 0.08

to, respectively, the capital share α in the production function and the depreciation rate δ

of capital. There is a large literature that attempts to estimate the elasticity of substitution

between skilled and unskilled workers and most estimates fall between 1.4 and 2.20 We take

an intermediate value of 1.5 by setting the parameter φ to 1/3. The maximum hours of work

18This value for the relative risk aversion implies that the intertemporal elasticity of subsitution is less than

1 (i.e., the income effect is greater than the subsitution effect). In section 6.3, we implement a sensitivity

analysis by varying the parameter σ and find that our quantitative results are still valid with alternative

values of σ.

19According to MaCurdy (1981), most micro estimates for the elasticity range between 0.1 and 0.5. We

present a sensitivity analysis with respect to this elasticity in section 6.3.

20Katz and Murphy (1992) find that this elasticity is about 1.4 based on CPS March Supplements for the

period 1967-1973. Autor et al. (2008) show that the elasticity is estimated to be about 1.6 using the CPS

data extended to 2005. Heckman et al. (1998) and Card and Lemieux (2001) obtain the estimates of 1.5 and

2, respectively.
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h is set at 1 which corresponds to 112 hours per week and the minimum hours of work h is

set to 0.04, equivalent to 5 hours per week, consistent with how we treat the data.21 Using

estimates in Chen and Guo (2013), the parameters τ and κ, which govern the income tax

schedule, are set at 0.1679 and 0.8081, respectively.

Another set of parameters is calibrated so that the initial steady state of the model can

replicate target data moments. The discount factor, β, is picked so that the equilibrium real

interest rate matches an annual real interest rate of 0.04. The parameters ψs and ψu in the

utility function are chosen to match the average weekly hours worked of skilled and unskilled

men for the first 5 years in our PSID sample, which are 43.9 and 42.7 hours, respectively.

We set the survival probability γ to 0.972 so that the average life span of workers is 35 years.

The remaining parameters include variables whose values vary over time. We set the total

factor productivity, zt, to 1 in every period.22 The population share of skilled men, πt, is

taken from the PSID. The parameter χt governing the skill-biased technical change is chosen

to match the Hodrick-Prescott (HP) trend of the skill premium ωt in the PSID over the

sample period. In regards to the parameters that determine the idiosyncratic productivity,

xet , we take the HP trend of our point estimates from the PSID data. Figure 5 depicts

the trends in the skill premium and in the variances of both transitory and persistent wage

shocks by skill level.

[Put Table 3 here]

21We solve our model using different values of h and h and find that our main results are not sensitive to

these upper and lower bounds of labor supply.

22As an alternative, we solve the model by normalizing the output yt to 1 in every period and find that

the short-run quantitative results differ little. In the long-run, there are some level effects at work, yet

the long-run skilled-unskilled hours differential is the same as the benchmark outcome. These results are

available upon request.
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5 Results

This section presents our main quantitative results. We assume that the 1967 U.S. economy

is in the steady state and that the economy experiences unexpected changes in the variances

of wage shocks as well as in the skill premium between 1967 and 2000. Specifically, in

the beginning of 1967, workers in the economy receive a new set of complete information

about the first and second moments of their wage process (i.e. the skill premium and wage

volatility) over the 1967-2000 period. After 2000, the economy gradually converges to a new

steady state.

This section begins with the initial steady state results. It is then followed by transi-

tional dynamics of hours worked and precautionary savings by skill group in response to the

changing wage structure.23 Lastly, in order to fully understand the model mechanism, we

implement counterfactual experiments by unplugging one exogenous change at a time and

present the results.

5.1 Initial Steady State

We solve for the initial steady state allocations of the model economy by targeting the 1967

U.S. economy. Table 4 summarizes the results. Consistent with the skill premium observed

in the data, real wage per efficiency of labor is higher for skilled men than unskilled men.

Skilled men also work 2.7% longer hours (or 1.1 hours more per week) than unskilled men.

Skilled men on average earn 54% more wage income than unskilled men. Compared to

unskilled men, skilled men’s hours are less dispersed mainly because they are exposed to less

volatile wages than unskilled men. Skilled men face smaller wage volatility through both

persistent and transitory wage components. These differences in wages and hours between

the two skill groups also affect their consumption, causing skilled men’s average consumption

to be 37% higher than that of unskilled men.

[Put Table 4 here]

23The computation algorithm to solve the model is described in the Online Appendix.
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5.2 Transitional Dynamics

5.2.1 Hours Worked

The main experiment in this study is the comparison of the transitional dynamics generated

by the model in response to exogenous changes in the wage structure with what we observe

in the U.S. economy since 1967. In our benchmark economy, we consider gradual exogenous

changes from 1967 to 2000 in the following three factors: i) the skill premium; ii) the

variances of persistent and transitory wage shocks; iii) the skill composition in the labor

force.24 Households are assumed to have perfect foresight about the changes in the wages

and the skill composition. After 2000, the wage structure stays unchanged and the economy

gradually converges to a new steady state.

[Put Figure 7 here]

According to the model, the exogenous changes considered have a big impact on the

evolution of hours worked by both skill groups. Figure 7 presents how hours worked by skill

group evolve along the transition to the new steady state in our benchmark model.25 As

the wage structure changes, skilled men increase their hours worked, but the trajectory of

their hours worked is not monotone. Skilled men reduce their work hours for the first decade

and increase their labor supply from the late 1970s to the early 1990s. The weekly hours

of skilled men peak around 1990, reaching 45.2 hours. This trend of skilled men’s hours

worked is well in line with the time path of the skill premium. One possible explanation for

this phenomenon is associated with the perfect foresight assumption. The anticipated rise

24The skill premium and the skill composition may not be completely separated. Changes in the skill

premium are due to changes in both the skill biased technology χ and the skill composition π in the labor force.

Moreover, the skill composition in the labor force has an indirect effect on the relative wages through the

general equilibrium effect because aggregate savings are affected by changing shares of skilled and unskilled

men.

25Due to the lack of business cycle features, the levels of hours generated by the model do not mimic those

in the data. However, taking the difference in hours between the two skill groups eliminates the business

cycle component that affect both skill groups evenly, justifying a comparison between the evolution of the

skilled-unskilled hours differential in the model and its data counterpart.
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in wage volatility causes skilled men to raise their labor supply to increase a buffer stock of

precautionary wealth. The most efficient way of adjusting hours to this aim is to increase

labor supply when the skill premium rises and reduce it when the skill premium declines,

consistent with our model prediction. We examine this hypothesis later in Section 5.3 by

decomposing the effect of the exogenous driving forces. We find that the upward trend in

skilled men’s hours does not last in the long run. As shown in Figure 8, skilled men increase

their wealth rapidly beginning in the 1980s. As skilled men accumulate more wealth, they

can afford a reduction in their work hours. Due to this wealth effect, skilled men begin to

decrease their labor supply in the early 1990s. The model predicts that skilled men’s work

hours reach 42.5 hours per week by 2100, which is 1.4 hours smaller compared to the initial

steady state level.

[Put Figure 8 here]

Compared to skilled men, unskilled men show somewhat different pattern of time alloca-

tion to labor in terms of both timing and magnitude. Anticipating a rise in wage volatility,

unskilled men also have incentives to increase their labor supply for a precautionary saving

motive. The initial decline in the skill premium provides unskilled men with a good op-

portunity to pursue this scheme. Thus, unskilled men increase their hours worked for the

first decade since 1967. However, this rise in unskilled men’s work hours is much smaller

than that of skilled men because they face a smaller increase in wage volatility and they

derive larger disutility from work than skilled men. Through this increased time allocation

to labor, unskilled men can accumulate enough buffer stock of wealth in the beginning of the

sample period as shown in Figure 8 and can afford to reduce their work hours sooner than

skilled men. However, unskilled men’s hours worked bounce back after 2000. The substan-

tial amount of savings accumulated by skilled men lowers the real interest rate, discouraging

unskilled men to save in the long run. This general equilibrium effect causes unskilled men

to decumulate their savings, which reverses the downward trend in their work hours in the

long run. Nonetheless, unskilled men work shorter hours per week in the new steady state
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compared to the initial steady state.

[Put Figure 9 here]

Figure 9 depicts the model’s predictions for the hours difference between skilled and

unskilled men in the short run (left) vs. in the long run (right) along with their data

counterparts. The skilled-unskilled hours differential closely follows the trend in hours worked

of skilled men. The difference in weekly hours between skilled and unskilled men instantly

rises to 2.5 hours as the exogenous changes begin and then declines until the mid-1970s. Since

then, the hours differential between the two groups increases sharply until the mid-1990s,

reaching its peak in 1994. These model predictions are broadly consistent with their data

counterparts, although the turning points occur slightly sooner in the data compared to the

model. According to the PSID, the skilled-unskilled hours differential continued to increase

from the early 1970s to the early 1980s, and maintained its level in the early 1980s through

the early 1990s. The model also slightly overstates the short-run rise in the hours differential

observed in the data. Let ∆(hs−hu)SR denote the short-run change in the hours differential,

defined by the change in the skilled-unskilled hours differential between the initial steady

state and the peak year. Table 5 shows that the short-run change in the hours differential

in the model is 2.04 hours, while it is 1.36 hours in the data. This overstatement may be

attributable to some factors that reinforced income effects for skilled men such as an increase

in secondary earnings within household, a rise in asset prices, etc.

[Put Table 5 here]

We find that the rise in the skilled-unskilled hours differential is a short-run phenomenon.

In the long run, precautionary savings play an important role in the evolution of hours

worked. In both the model and data, the skilled-unskilled hours differential begins to decline

in the early 1990s and continues the downward trend until it reaches the new steady state.

Analogous to the short-run change in the hours differential, we define ∆(hs − hu)LR as the
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long-run change in the hours differential between 1967 and 2100. The long-run change in

the hours differential is −0.59 hours in the benchmark model, as shown in Table 5.

Another useful check for the model’s validity is to compare the model’s implications for

the second moments of hours worked with what we observe in the data. Table 6 summarizes

how the coefficients of variation (CV) of hours worked by skill group changed over the sample

period both in the model and data. The model cannot generate as much variation in hours

as we observe in the data because it abstracts from various factors that contribute to cross-

sectional dispersion in hours, for instance, business cycle features, unemployment shocks,

individual fixed effects, etc. However, the model is in line with two distinct features of the

data. Both in the model and data, hours are relatively more dispersed among unskilled men

than skilled men throughout the sample period, while the coefficient of variation of hours

increased more for skilled men than unskilled men.

[Put Table 6 here]

The changing wage structure also affects the correlation between wages and hours. With

our parameterization for the risk aversion (σ > 1) where the wealth effect is dominant,

permanent wage shocks such as changes in the skill premium cause households to adjust their

hours in the opposite direction of the wage changes, reducing the wage-hour correlation. In

contrast, rising wage volatility causes households to work more in response to a rise in their

wages to accumulate more precautionary savings, which contributes to a rise in the wage-

hour correlation. Table 6 shows that in both the model and data, the wage-hour correlation

increased for both skill groups with the rise more prominent for skilled men than for unskilled

men.26 27 The model is also consistent with the fact that in the beginning of the sample

26Many previous studies including Costa (2000), Santos (2014), and Heathcote et al. (2010) find that the

wage-hour correlation increased sharply over the past few decades. We document that the pattern holds

within each skill group as well.

27Despite the similarity in the trends between the data and model, the correlation coefficient is smaller in

the data, compared to their model counterpart. One of the reasons for this is the measurement error in the

data. Note that hourly wage in the data is annual labor income divided by annual hours worked and weekly
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period, wages and hours are more negatively correlated among skilled men than unskilled

men.

5.2.2 Precautionary Savings and Consumption

In a class of model where households face uninsurable idiosyncratic shocks, households have

strong incentives to increase wealth in response to rising wage volatility. Figure 8 documents

the evolution of wealth by skill level generated by the model. Skilled men accumulate a

substantial amount of wealth in the long run, but this path is not monotone. For the initial

decade while the skill premium declines, skilled men reduce their work hours and thus deplete

their wealth to smooth consumption fluctuations. It takes another decade before skilled men

increase their asset holdings not only because the skill premium has not recovered enough

but also because their wages become more volatile. Skilled men who draw bad productivity

shocks experience a larger decline in their wage income over time and hence need to decrease

their wealth more to support consumption. Consequently, skilled men’s wealth in the mid-

1980s is 40% lower than in the initial steady state. Skilled men begin to accumulate more

wealth in the mid-1980s and this trend continues until the economy converges to the new

steady state.

Unskilled men, on the other hand, gradually increase their wealth from the beginning.

As the skill premium declines, unskilled men have sufficient resources to increase wealth

without reducing consumption much. The wealth effect from this increased asset holdings

allows unskilled men to reduce their hours worked beginning in the early 1980s. However,

unskilled men do not maintain this large wealth in the long run. The real interest rate

continues to decline from the beginning as the aggregate capital stock increases due to large

savings by unskilled men. As skilled men accumulate wealth more rapidly beginning in the

mid-1980s, the real interest rate declines even further,28 which discourages unskilled men

hours are annual hours divided by 52 weeks. Thus, weekly hours and hourly wage are negatively correlated

by construction.

28During the transition, the composition of skilled workers has monotonically increased from 15.4% in

1967 to 30.4% in 2000. Combined with this, the increase in the average skilled men’s wealth accumulation
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from accumulating more wealth.

[Put Figure 10 here]

In order to compare the model implications for wealth with their data counterparts, we

use wealth data from the PSID. The PSID publishes data on household wealth beginning in

1984 in every few years until 2007. Note that we define net worth as wealth and determine

the skill type of a household based on the skill level of the male head of households. Figure

10 depicts the path of skilled households’ wealth relative to that of unskilled households

over the 1984 to 2007 period from our PSID sample together with its model counterpart.

The relative wealth of skilled households in the PSID data displays a rapid increase over

the sample period, except for the last two data points. We find that the evolution of the

relative wealth of skilled households predicted by the model is consistent with this pattern.29

Since the wage structure stays constant after 2000 in the model, we examine how rapidly

the relative wealth of skilled households grew between 1984 and 2001 in both the data and

model. In the data, the growth rate of the relative wealth of skilled households over this

period is 2.7% per annum, comparable to its model counterpart of 2.2% per annum.

[Put Figure 11 here]

There are many previous studies attempting to quantify the magnitude of precautionary

savings in the U.S. These studies use a variety of econometric methods to estimate the

has much stronger effect on the real interest rate over time.

29In the initial steady state of the model, skilled households hold less wealth compared to unskilled

households, whereas the opposite is true in the data. Accounting for the difference in the level of wealth by

skill group is outside the scope of our study. However, how sensitive our results are to the wealth position

of skilled relative to unskilled households may be of interest to readers. Thus, we solve a model where the

degree of impatience varies by skill type so that the model can match the wealth-to-labor income ratio of

skilled men relative to unskilled men in the initial steady state using this additional free parameter. For the

relative wealth position of skilled men in the initial steady state, we use the wealth data in the 1962 Survey

of Financial Characteristics of Consumers (SFCC) because it is the only available data source for the 1960s.

The results from this exercise confirm that the effects of matching the relative wealth position of skilled men

on our main quantitative results are small. More details about these results are available upon request.
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contribution of the precautionary saving motive to wealth and their estimates fall in a wide

range.30 Among these studies, Carroll and Samwick (1998) estimate 32% to 50% of wealth in

the PSID sample to be attributable to the extra uncertainty some households face compared

to the lowest uncertainty group. To compare the size of precautionary savings in our model

with theirs, we implement a counterfactual exercise, where skilled men are exposed to the

same change in wage volatility as unskilled men over the sample period. Figure 11 depicts

the evolution of hours and wealth by skill level with the path of the real interest rate in this

experiment. Faced a smaller increase in their wage volatility, skilled men reduce their hours

response in the short run and accumulate a smaller buffer stock of savings, compared to the

benchmark result. Particularly, skilled men’s wealth is reduced by 23% in 2000 and 43%

in 2100, relative to their levels in the benchmark model. These results are in line with the

estimates in Carroll and Samwick (1998).

[Put Figure 12 here]

As an additional validity check of the model, we study the model’s implications for

consumption trends. Figure 12 documents the trends in consumption of skilled households

relative to unskilled households generated by the model and in the PSID data.31 In both the

data and model, skilled men consume more than unskilled men in the initial steady state.

Once the wage structure changes, the model implies that the consumption of skilled men

relative to unskilled men declines until it bounces back after a couple of decades. We find a

similar pattern in the data. Around 2000, the relative consumption of skilled men recovers

its initial steady state level. The model implies that this increasing trend of the relative

consumption of skilled men continues until it converges to the steady state.

30The lack of the consensus about the size of precautionary savings and wealth is mainly because it is

challenging to identify exogeneous variations in income risks. In addition, income risks and the time path of

income are often correlated, making it hard to disentangle the precautionary motive from the intertemporal

subsitution motive in saving behavior. See Browning and Lusardi (1996) and Dı́az et al. (2003) for a survey

of the estimates in the literature.

31The PSID consumption data are based on household food consumption, which includes food at home

and food away from home.
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5.3 Understanding the Mechanism

The benchmark results present the combined effects on hours worked of the exogenous

changes in both the first and second moments of wages and the skill composition. In or-

der to isolate the quantitative importance of each of these driving forces in explaining the

hours pattern, we implement a sequence of counterfactual experiments by eliminating one

exogenous change at a time. We first unplug the changes in the skill premium from the

benchmark model (CF1), and then remove changes in the variance of persistent wage shocks

additionally (CF2) . In the third experiment, we solve for transitional dynamics, holding the

variances of both transitory and persistent wage shocks as well as the skill premium at their

initial steady state levels (CF3). Table 7 summarizes the exogenous changes considered in

each counterfactual experiment and Table 8 presents the short-run and long-run changes in

the skilled-unskilled hours differential in these counterfactual experiments. Based on the re-

sults from these counterfactual experiments, we explain the mechanism through which each

exogenous driving force affects hours worked by skill level.

[Put Table 7 here]

Effect of Skill Premium

The benchmark model predicts that the skilled-unskilled hours differential follows skilled

men’s time allocation to labor closely. Since skilled men adjust their hours worked in step

with the skill premium, the skilled-unskilled hours differential declines sharply during the

1970s and continues to rise since the late 1970s, following the path of the skill premium.

How would the skilled-unskilled hours differential change if there were no changes in the skill

premium? Figure 13 presents the results from a counterfactual where the skill premium is

held constant at its initial steady state level (CF1). With a constant skill premium, skilled

men smooth out hours worked across period. Skilled men increase their hours worked by

about one hour as soon as the wage structure changes and maintain the hours until the early

1990s. During this period, the average weekly hours of skilled men are larger than those in

the benchmark model because the wealth effect from the rise in the skill premium is absent
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in CF1. This path of hours worked by skilled men allows them to accumulate wealth more

rapidly and hence reduce work hours sooner than in the benchmark model. However, the

long-run weekly hours with a constant skill premium differ little from the benchmark result.

[Put Figure 13 here]

Compared to the short-run hump-shaped hours profile in the benchmark model, unskilled

men show a monotonically declining pattern of work hours with a constant skill premium.

Unskilled men increase their weekly hours initially and then continue to reduce their work

hours. For the first half of the sample period, unskilled men work shorter hours than in

the benchmark model. This pattern is reversed in the early 1990s as unskilled men are

discouraged from saving due to the rapid decrease in the real interest rate. In the long run,

unskilled men work slightly shorter hours with a constant skill premium compared to the

benchmark result.

[Put Table 8 here]

These patterns of hours worked of both skill groups lead to a smooth increase in the

skilled-unskilled hours differential in the short-run. There is no longer a significant drop in

the hours differential followed by a sharp increase, mimicking the path of the skill premium.

With a constant skill premium, hours difference between the two skill groups continues to

increase until the early 1980s and decline afterwards as skilled men reduce their weekly hours.

According to Table 8, the hours differential in CF1 rises by 1.68 hours in the short run. The

difference in this measure between CF1 and the benchmark result is attributed to the rising

skill premium. The difference is 0.36 hours, which accounts for 18% of the benchmark

change. If the skill premium were to stay constant, the long-run hours differential converges

to a slightly higher level compared to the benchmark model, but the difference is small.

Effect of Persistent Wage Shocks

Figure 13 also documents the results from a counterfactual where changes in the variance

of persistent wage shocks as well as the skill premium are unplugged from the benchmark

32



model (CF2). Comparing the results from this counterfactual with CF1 illustrates how

important the changes in the wage volatility through persistent wage shocks have been

in explaining the hours worked by skill level. The short-run increase in skilled men’s hours

worked in CF2 is only about half that in CF1. Without an increase in wage volatility through

persistent wage shocks, skilled men do not accumulate as much precautionary savings in the

long run as in CF1. As a result, skilled men do not reduce their weekly hours much in the

long run. Skilled men’s average weekly hours in the long run in CF2 are 1.2 hours more than

those in CF1.

Since the variance of persistent wage shocks did not increase much for unskilled men

except for in the 1970s, their hours response in CF2 is not much different from that in CF1.

Unskilled men increase their weekly hours instantly in response to anticipated changes in

the wage structure and the skill distribution, and then gradually reduce hours worked as in

CF1. However, as the changes in the exogenous driving forces stop towards the end of the

sample period, unskilled men slightly increase their weekly hours and restore their initial

steady state level.

These responses cause the hours differential between skilled and unskilled men to increase

during the 1970s and 1980s, maintain its level until the mid 1990 when it begins to decline.

Comparing the short-run change in the skilled-unskilled hours differential in CF2 with that

in CF1 reveals the contribution of the changes in the variance of persistent wage shocks

to the short-run change in the benchmark model. Table 8 indicates that the increased

wage volatility through persistent wage shocks is the most quantitatively important driving

force behind the short-run change in the hours difference between skilled and unskilled

men, explaining 37% of the benchmark change. In the long run, the skilled-unskilled hours

differential in CF2 converges to 0.9 hours, 0.3 hours higher than the CF1 level, but still lower

than its initial steady state level.

Effect of Transitory Wage Shocks

The last counterfactual (CF3) removes the changes in the variances of transitory wage

shocks of both skill groups from CF2. By doing so, we eliminate all changes in the wage
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structure. We find that the increase in the transitory wage variances is not quantitatively

important in explaining the observed hours difference between the two skill groups. The

skilled-unskilled hours differential without a change in the wage structure (CF3) differs little

from that in CF2. According to Table 8, the observed changes in the variance of transitory

wage shocks account for only 6% of the short-run increase in the skilled-unskilled hours

differential in the benchmark result.

On the other hand, eliminating the rise in wage volatility through transitory as well as

persistent wage shocks reduce precautionary savings of skilled men even more than in CF2.

Thus, skilled men do not reduce their weekly hours in the long run as much as in CF2. This

causes the long-run skilled-unskilled hours differential to converge to a level higher than its

initial steady state level, as shown in Table 8.

5.4 Welfare Analysis

Changes in the wage structure considered in this study lead to significant adjustments in

households’ hours worked, consumption, and wealth. We assess how much households would

gain or lose if they went through the transition to the new steady state. Specifically, we

compute the percentage change in lifetime consumption households in the initial steady

state should receive to give them the same utility they would enjoy from period t onward. It

also indicates how much lifetime consumption households in the initial steady state would

give up to avoid the changes in the wage structure from period t onward. This consumption

equivalent (CEV) measure is the value ζt that solves∫ ∞∑
τ=t

(βγ)τ−tu([1 + ζt]c
∗
τ , h

∗
τ )dG

∗ =

∫ ∞∑
τ=t

(βγ)τ−tu(cτ , hτ )dGτ ,

where the superscript ∗ denotes the initial steady state and Gt(e, a, µ, υ) is the distribution

of households across all possible states in period t.

[Put Figure 14 here]

Figure 14 plots the average welfare changes by skill type. The structural changes in

wages turn out to be welfare-improving for skilled men in the long run. While the larger
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wage volatility has a negative welfare effect, skilled workers gain from the rise in the skill

premium. Moreover, as skilled men accumulate a large stock of savings, both the aggregate

capital stock and output increase significantly in the long run, which has a positive welfare

effect. As a result, skilled men enjoy about 2% larger lifetime consumption in the long run.

This long-run welfare gain of skilled men comes at the expense of reduced consumption of

goods and leisure in the short run. The average welfare loss of skilled men is more than 8%

of lifetime consumption in the late 1970s.

In contrast with skilled men, unskilled men experience large welfare losses both in the

short run and in the long run. In the long run, the negative welfare effects of the larger

wage volatility and the decline in the relative wages of unskilled men dominate the positive

welfare impact from the long-run increase in the aggregate output. Unskilled men’s lifetime

consumption in the new steady state is 4.4% lower than its initial steady state value. In

the short run, unskilled men’s welfare moves closely together with the evolution of the skill

premium. During the 1970s when the skill premium moves in favor of them, the average

welfare loss of unskilled men declines. It then reverses its trend in the late 1970s and continues

to increase until the economy converges to the new steady state.

6 Discussion

In this section, we would like to show that our main results prevail even if we change certain

assumptions of the model. First, we consider the effect on the hours worked of U.S. taxation

changes around the mid-1980s that reduced the progressivity of labor income taxes. Second,

we examine how important the perfect foresight assumption is in our quantitative results by

considering an alternative assumption about expectation formation. It is then followed by

a couple of sensitivity analysis where the degree of relative risk aversion or the elasticity of

intertemporal substitution varies.
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6.1 Taxation Changes

Labor income tax affects the effective real wage faced by households and distorts their labor

supply. It is then natural to ask whether the observed changes in the relative hours worked

of skilled to unskilled are caused by important changes in the U.S. tax system. One of the

most important changes in the U.S. tax system in recent decades is the tax reform during

the Raegan administration. The Tax Reform Act of 1986 devised to simplify the tax code

reduced the tax rates for high-income workers significantly, lowering the progressivity of the

U.S. tax system. In this section, we present the transitional dynamics in the presence of this

tax change in 1986 and compare the results with our benchmark one. We parametrize the

tax change based on the estimates in Chen and Guo (2013). We keep the values of τ and κ

at the initial steady state until 1986. After 1986, the values of τ and κ are set at 0.0634 and

0.7973, respectively, which implies that the post-1986 tax code is less progressive, compared

to the pre-1986 one.

[Put Figure 15 here]

Figure 15 shows that the tax change that occurred in 1986 leads to a substantial jump

in the hours worked by both skill groups and hence in the hours differential between both

skill groups after 1986. The less progressivity implied by the tax reform increases the ef-

fective real wages of high-labor income households relatively more than low-labor income

households. This new tax system makes leisure increasingly costly for households who draw

better productivity shocks. Once the new tax system is adopted, households increase their

work hours much more than in the benchmark model and this effect is stronger for house-

holds with more labor income. This, in turn, raises the skilled-unskilled hours differential in

the short run compared to the benchmark result. Despite this quantitatively large effect, the

tax code change does not appear to be one of the main driving forces behind the observed

changes in the skilled-unskilled hours differential. This increase in the hours differential

caused by the tax code change occurs mostly after 1986 in the model, whereas in the data,

the skilled-unskilled hours differential rose mainly until the early 1980s.
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With the new tax system, individual savings also increase significantly. The longer weekly

hours under the new tax system help skilled men build up an even larger buffer stock of wealth

in the long run, compared to the benchmark model. Despite the larger wealth, skilled men do

not reduce work hours much in the long run. Under this less progressive tax system, skilled

men choose to substitute consumption for leisure and maintain longer working hours in the

long run compared to the benchmark model. This substitution also occurs among unskilled

men. Despite the little difference in the long-run wealth, the new tax system causes unskilled

men to work longer hours in the new steady state than in the benchmark model. With the

latter effect being dominant, the skilled-unskilled hours differential converges to an even

lower level in the long run than in the benchmark model.

6.2 Expectations

In our benchmark model, we assume that households have perfect foresight about the evolu-

tion of the wage structure. Given the anticipated changes in the wage structure, households

choose the optimal path of hours worked. To the extent that it is difficult to forecast the

observed changes in wages, the actual evolution of hours may be different from the bench-

mark results. In order to address this concern, we consider an alternative assumption about

the formation of households’ expectations and examine how critical the perfect foresight

assumption is in our main quantitative results for the evolution of hours of both skill groups

and the skilled-unskilled hours differential.32

Suppose that households are surprised in every period as the skill premium and the shock

variances change. Households believe that the current wage structure remains unchanged

forever, while they update their beliefs about future wages based on new information about

the wage structure in every period. Figure 16 displays the evolution of hours by skill level in

32It is also worth noting that the estimated variances of persistent and transitory shocks have different

precisions at different periods. The imprecision of the estimates for certain periods implies a large forecasting

error, suggesting that the perceived trends of wage variances may not be the same as the observed ones,

which is another reason to relax the assumption on perfect foresight.
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the presence of this partial information updating. With this type of expectation formation,

skilled men’s hours worked move inversely with the skill premium, particularly while the

skill premium declines. As the skill premium declines, the dominant wealth effect embedded

in our parameterization causes skilled men to increase work hours, which is in contrast

with the benchmark result where skilled men reduce labor supply while the skill premium

declines. As the skill premium bounces back to an increasing pattern, skilled men’s hours stop

increasing, yet skilled men cannot afford to reduce hours worked because wage volatility rises

simultaneously. Exposed to more volatile wages, skilled men continue to increase their weekly

hours to accumulate a buffer stock of precautionary savings. Consequently, the model with

partial information updating predicts that skilled men’s work hours monotonically increase

until the early 1990s when skilled men begin to decrease labor supply due to the wealth

effect from the increased precautionary wealth. Despite the differences in the short run, the

path of skilled men’s hours after 2000 with partial information updating is almost identical

to the benchmark prediction.

[Put Figure 16 here]

Unskilled men’s hours worked also show a somewhat different path in the short run

compared to the benchmark results. As soon as the wage structure changes, unskilled men

face a decline in the skill premium and a rise in the variance of persistent wage shocks. The

declining skill premium provides unskilled men incentives to reduce work hours due to wealth

effects, while the rising wage volatility through persistent wage shocks forces unskilled men to

work longer hours to increase precautionary wealth. The right panel of Figure 16 shows that

unskilled men reduce their weekly hours during this period, suggesting that the gain from

the declining skill premium was a dominant factor in this behavior. Since the skill premium

began to pick up in the mid-1970s, the declining pace of unskilled men’s work hours slowed

down. During the 1980s, the variance of persistent wage shocks for unskilled men declined

and hence they could afford a further reduction in their work hours. After the early 1990s,

the skill premium rises above its level in the initial steady state, inducing unskilled men to
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increase their hours slightly. This short-run change in unskilled men’s hours contrasts with

the benchmark prediction where unskilled men’s increase their labor supply while the skill

premium declines and reduces work hours thereafter. It takes about 50 years before this

discrepancy in unskilled men’s hours between these two models vanishes.

[Put Figure 17 here]

Figure 17 depicts the skilled-unskilled hours differential based on partial information up-

dating. The hours difference between the skill groups generated by the model with partial

information differs from its benchmark counterpart, mostly for the first two decades. In the

benchmark model, both skill groups have perfect foresight about the wage structure, which

allows them to efficiently adjust their time allocation by increasing labor supply when the

wage moves in favor of them. In the absence of perfect foresight, this dynamic consideration

is missing, causing both skill groups to increase their work hours when they face a decline in

their relative wages or a rise in wage volatility. As a result, the skilled-unskilled hours differ-

ential increases from the beginning as opposed to the benchmark result, although the hours

differential at the peak differs little. While the assumption about expectation formation is

important in determining the exact timing of the short-run increase in the skilled-unskilled

hours differential, the quantitative importance of the changing wage structure in explaining

the short-run changes in hours worked by skill level prevails regardless of the assumption.

6.3 Sensitivity Analysis

This subsection presents a sensitivity analysis with respect to two key model parameters

governing households’ intertemporal substitution of consumption and leisure.

Relative Risk Aversion

The relative risk aversion determines the curvature of utility from consumption. A higher

risk aversion implies that the marginal utility of consumption diminishes more rapidly. Thus,

risk averse agents choose to increase leisure (and reduce hours) relatively more in response to
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a rise in real wage than otherwise the same agents. In other words, a higher risk aversion is as-

sociated with a larger income effect of higher wages on leisure and a smaller (uncompensated)

wage elasticity of labor supply. A simple derivation of the elasticity illustrates this point.

Recall that the utility function in this study is given by u(c, h) = c1−σ

1−σ −ψ
e h1−ν

1−ν , σ > 0, ν < 0.

In a static case, the utility function implies that:

hs

hu
=

(
ψu

ψs
ws

wu

(
cs

cu

)−σ)−1
ν

.

Taking logarithm of both sides of the above equation and taking the total derivative, we

obtain:
d ln hs

hu

d ln ws

wu

=
−1

ν
+
σ

ν

d ln cs

cu

d ln ws

wu

.

Based on Attanasio and Davis (1999), assume that d ln cs

cu
≈ d ln ws

wu
. Then, we have:

d ln hs

hu

d ln ws

wu

=
σ − 1

ν
.

This implies that a rise in the skill premium causes the relative hours worked of skilled to

unskilled men to decline if σ > 1, increase if σ < 1, and remain unchanged if σ = 1. On

the other hand, the parameter σ affects households’ precautionary savings motives. More

risk averse households attempt to accumulate more precautionary wealth when exposed to a

rise in wage volatility. Suppose that skilled men face an increase in both the skill premium

and wage volatility as observed in the U.S. data. A higher degree of risk aversion implies

that the larger income effect causes skilled men to reduce hours worked more while the

stronger precautionary motive induces them to increase hours worked more in the short run.

Depending on which effect is larger, the short-run increase in skilled men’s hours worked

may vary by the degree of risk aversion. In our benchmark calibration, we use σ = 1.5,

which implies the dominant income effect in a static case. In order to examine how our main

quantitative results hinge on this parameter value, we consider alternative values of the risk

aversion parameter, σ = 1 (log utility) and σ = 3. For both values of σ, we recalibrate

the time discount factor β, and skill-specific parameters ψs and ψu governing utility from

non-working time so that the model matches the real interest rate and average weekly hours
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of skilled and unskilled men in the initial steady state. The recalibrated parameter values

are summarized in Table 9.

[Put Table 9 here]

[Put Figure 18 here]

Figure 18 presents hours worked by skill level generated by a model with log utility.

While the log utility reduces the income effect from a rising skill premium, it weakens the

precautionary savings motive of skilled men compared to the benchmark model. The smaller

increase in skilled men’s weekly hours in the short run compared to the benchmark result

implies that the latter effect is dominant. For unskilled men, both the smaller income effect

and the weaker precautionary motive decreases the increase in unskilled men’s weekly hours

in the short run relative to the benchmark result. These effects are quantitatively small:

the path of unskilled men’s hours differ little from the benchmark result. Consequently, the

skilled-unskilled hours differential increases by a smaller amount in the short run, peaking

at 2.5 hours in the 1990s, 0.6 hours smaller than in the benchmark model. In the long run,

households can afford a larger reduction in their work hours because they are willing to bear

larger fluctuations in consumption compared to the benchmark model. This effect is even

stronger for unskilled men, causing the hours differences between skilled and unskilled men

to converge to a larger value in the long run relative to the benchmark value.

[Put Figure 19 here]

Figure 19 displays the transition dynamics of hours worked for σ = 3. While the bench-

mark model’s qualitative implications for the skilled-unskilled hours differential prevail with

more risk averse households, quantitative changes in the hours differential are more drastic.

The higher degree of risk aversion causes skilled men to reduce their weekly hours relative

to unskilled men more in response to a rising skill premium. However, this effect is more

than offset by the strengthened precautionary motives of households, leading to a substan-

tial increase in both skilled men’s hours worked and the skilled-unskilled hours differential
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in the short run. The hours differential reaches 5 hours at the peak with σ = 3, 2 hours

more than in the benchmark model. While both skill groups accumulate much larger wealth

than in the benchmark model, they work longer hours in the long run to reduce fluctuations

in consumption even more. The hours differential between the two skill groups ultimately

converges to its initial steady state level in the new steady state.

Frisch Elasticity of Labor Supply

Our main quantitative results may vary by households’ willingness to substitute hours

worked across time and state. In our benchmark calibration, we use a value of 0.4 for the

Frisch labor supply elasticity standard in the literature. However, according to Keane (2011),

the estimates for the Frisch elasticity range from 0 to 0.7. Thus, we consider two alternative

values (0.2 and 0.6) of the elasticity for a sensitivity check. Table 9 presents the recalibrated

parameters for this analysis.

[Put Figure 20 here]

Figure 20 presents the trends in hours worked by skill level with the Frisch labor supply

elasticity of 0.2. The main qualitative features of hours worked by skill level are the same as

in the benchmark model. Skilled men adjust their work hours in step with the skill premium

while unskilled men changes hours in reverse. Quantitatively, the lower elasticity reduces

the magnitude of changes in hours worked by both skill groups compared to the benchmark

model, due to a stronger incentive to smooth hours worked across time and state. This effect

is stronger among skilled men and thus the skilled-unskilled hours differential increase up

to 2.3 hours in the early 1990s, less than the 3.2 hours at the peak in the baseline results.

Households achieve this smoother profile of hours at the expense of a smaller precautionary

wealth in the long run. Consequently, both skill groups work longer hours in the new steady

state than in the benchmark model. The hours differential also converges to a slightly higher

level compared to the benchmark results.

[Put Figure 21 here]

42



To the contrary, the larger Frisch labor supply elasticity cause households to increase

their hours to the larger extent while wages move in favor of them, compared to the baseline

model. Figure 19 shows that both skill groups increase weekly hours in the short run more

and the skilled-unskilled hours differential at the peak is 0.7 hours more than in the baseline

model. By substituting hours more flexibly across time and state, households accumulate

more precautionary wealth in the long run and thus can afford to reduce their hours worked

by a larger amount. The hours differential is less than 0.5 hours in the long run, which is

smaller than their benchmark value.

7 Conclusion

In the past few decades in the U.S., skilled men increased their hours worked relative to

unskilled men while the skill premium rose sharply. This fact contradicts the predictions of

the previous literature suggesting a zero labor supply elasticity with respect to wage. This

paper attempts to explain this discrepancy using wage volatility. In an incomplete markets

framework, more volatile wages cause households to work longer hours to accumulate a buffer

stock of precautionary wealth. Using the PSID, we estimate the wage process by skill level

and find that skilled men experienced larger increases in their wage volatility through both

persistent and transitory wage shocks, compared to unskilled men. This can potentially

explain the rise in skilled-unskilled hours differential concurring with a rising skill premium

observed in the data.

In this paper, we develop a general equilibrium incomplete markets model where workers

receive idiosyncratic labor productivity shocks drawn from a skill-specific distribution. By

feeding in the skill-specific wage processes estimated from the PSID, the model can replicate

the observed trend in hours worked of skilled men relative to unskilled men. The result

confirms that a comparatively larger rise in wage volatility for skilled men can explain the

increased hours differential between skilled and unskilled men over the transition period.

However, as skilled men accumulate a large buffer stock of precautionary savings, they can
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afford to reduce their labor supply relative to unskilled men. These results imply that hours

adjustment is important for self-insurance in the short run while the effect of precautionary

savings are dominant on hours worked in the long run. We also find that the impact of the

increased wage volatility through persistent wage shocks on the observed skilled-unskilled

hours differential is quantitatively large, while the quantitative impact of transitory wage

shocks is fairly small.

What caused the wage volatility of skilled men to rise more with an increasing fraction

of a persistent wage component than that of unskilled men is outside the scope of this

study. Exploring potential explanations behind the phenomenon may help improve our

understanding of male labor supply, its evolution, and its macroeconomic implications. We

leave this for future work.
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Table 1: Estimated Variances of Persistent and Transitory Wage Shocks

Year Persistent Shock Variance Transitory Shock Variance

Skilled Unskilled Skilled Unskilled

1967 0.0079 (0.0023) 0.0037 (0.0016) 0.0182 (0.0211) 0.0289 (0.0118)

1968 0.0000 (0.0033) 0.0114 (0.0079) 0.0049 (0.0123) 0.0097 (0.0085)

1969 0.0000 (0.0039) 0.0051 (0.0041) 0.0000 (0.0054) 0.0105 (0.0098)

1970 0.0000 (0.0038) 0.0017 (0.0043) 0.0128 (0.0123) 0.0132 (0.0091)

1971 0.0107 (0.0055) 0.0040 (0.0032) 0.0220 (0.0153) 0.0264 (0.0110)

1972 0.0125 (0.0075) 0.0104 (0.0073) 0.0333 (0.0155) 0.0333 (0.0104)

1973 0.0134 (0.0099) 0.0000 (0.0007) 0.0000 (0.0060) 0.0323 (0.0117)

1974 0.0026 (0.0023) 0.0000 (0.0018) 0.0205 (0.0131) 0.0306 (0.0102)

1975 0.0060 (0.0043) 0.0048 (0.0035) 0.0141 (0.0165) 0.0256 (0.0091)

1976 0.0000 (0.0020) 0.0170 (0.0060) 0.0347 (0.0160) 0.0481 (0.0135)

1977 0.0000 (0.0016) 0.0088 (0.0052) 0.0223 (0.0121) 0.0358 (0.0103)

1978 0.0090 (0.0045) 0.0075 (0.0050) 0.0246 (0.0128) 0.0331 (0.0107)

1979 0.0000 (0.0015) 0.0071 (0.0048) 0.0064 (0.0129) 0.0322 (0.0118)

1980 0.0067 (0.0043) 0.0115 (0.0063) 0.0522 (0.0226) 0.0499 (0.0113)

1981 0.0043 (0.0041) 0.0147 (0.0049) 0.0499 (0.0213) 0.0492 (0.0113)

1982 0.0109 (0.0061) 0.0057 (0.0060) 0.0321 (0.0162) 0.0511 (0.0129)

1983 0.0100 (0.0049) 0.0129 (0..0056) 0.0623 (0.0174) 0.0424 (0.0118)

1984 0.0149 (0.0071) 0.0208 (0.0071) 0.0322 (0.0162) 0.0558 (0.0133)

1985 0.0128 (0.0069) 0.0132 (0.0047) 0.0170 (0.0146) 0.0656 (0.0123)

1986 0.0363 (0.0089) 0.0091 (0.0050) 0.0516 (0.0234) 0.0691 (0.0123)

1987 0.0048 (0.0043) 0.0026 (0.0036) 0.0320 (0.0177) 0.0659 (0.0131)

1988 0.0141 (0.0067) 0.0095 (0.0046) 0.0409 (0.0143) 0.0891 (0.0134)

1989 0.0258 (0.0104) 0.0118 (0.0043) 0.0416 (0.0125) 0.0563 (0.0124)

1990 0.0032 (0.0054) 0.102 (0.0045) 0.0352 (0.0164) 0.0665 (0.0122)

1991 0.0261 (0.0112) 0.0043 (0.0044) 0.0515 (0.0183) 0.0648 (0.0136)

1992 0.0128 (0.0094) 0.0052 (0.0046) 0.0339 (0.0138) 0.0730 (0.0143)

1993 0.0439 (0.0132) 0.0151 (0.0053) 0.0614 (0.0142) 0.0779 (0.0133)

1994 0.0064 (0.0065) 0.0089 (0.0049) 0.0720 (0.0224) 0.0659 (0.0124)

1995 0.0183 (0.0161) 0.0114 (0.0055) 0.0657 (0.0228) 0.0558 (0.0136)

1996 0.0207 (0.0171) 0.0041 (0.0043) 0.0651 (0.0304) 0.0438 (0.0129)

1998 0.0250 (0.0109) 0.0164 (0.0042) 0.0720 (0.0248) 0.0518 (0.0127)

2000 0.0426 (0.0091) 0.0093 (0.0048) 0.1030 (0.0308) 0.0463 (0.0119)

2002 0.0120 (0.0094) 0.0072 (0.0054) 0.1381 (0.0329) 0.0973 (0.0138)

2004 0.0112 (0.0069) 0.0189 (0.0075) 0.1178 (0.0233) 0.0844 (0.0125)

2006 0.0383 (0.0088) 0.0114 (0.0059) 0.0729 (0.0211) 0.0500 (0.0095)

2008 0.0235 (0.0126) 0.0163 (0.0048) 0.0562 (0.0187) 0.0735 (0.0120)

2010 0.0295 (0.0166) 0.0193 (0.0062) 0.0728 (0.0207) 0.0645 (0.0117)

Note: Numbers in parentheses are standard errors computed from block bootstrapping of 200 replications.
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Table 2: Average Annual Changes in Skilled-Unskilled Hours Differential

Within Cohort Within Age Between Age

∆g1(a) + ∆g2(t) ∆g2(t) + ∆g3(t− a) ∆g1(a)−∆g3(t− a)

1967–1971 −0.0045 −0.2110 0.2146∗∗

(0.1661) (0.1817) (0.0981)

1972–1976 0.2986∗ 0.3224∗ −0.0097

(0.1599) (0.1738) (0.0955)

1977–1981 0.2838∗ 0.2285 0.0622

(0.1483) (0.1613) (0.0884)

1982–1986 −0.1076 −0.1548 0.0241

(0.1402) (0.1529) (0.0837)

1987–1991 −0.0059∗ 0.1029 −0.0903

(0.1336) (0.1463) (0.0795)

1992–1996 −0.0833 −0.1038 0.0034

(0.1252) (0.1370) (0.0747)

1997–2001 0.4945∗∗ 0.5113∗∗ 0.0194

(0.1875) (0.2032) (0.1111)

2002–2006 −0.1360 −0.1266 0.0206

(0.1497) (0.1618) (0.0879)

2007–2012 −0.1748 −0.0670 −0.0197

(0.1864) (0.2012) (0.1084)

Correlation with Within Age 0.9882 — 0.0156

Note: Numbers in parentheses represent standard errors. Coefficients with a * and a ** are statistically

significant at a 10% and a 5% level, respectively.
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Table 3: Parameters

Parameter Target

Parameters taken from the literature

σ = 1.5 Relative risk aversion of 1.5

ν = −2.5 Frisch elasticity of hours of 0.4

α = 0.36 Capital share (e.g. Aiyagari (1994))

δ = 0.08 Capital depreciation rate (e.g. Prescott (1986))

φ = 1/3 Substitution elasticity of 1.5 b/w skill groups

(e.g. Heckman et. al. (1998))

h= 1 112 hours per week

h= 0.04 5 hours per week

τ = 0.1679 Progressivity of income tax (Chen and Guo (2013))

κ = 0.8081 Level of income tax (Chen and Guo (2013))

Parameters specific to model economy

β = 0.9970 Real interest rate of 0.04

ψs= 22.1537 Avg. weekly hours of skilled men in PSID: 43.9

ψu= 26.4886 Avg. weekly hours of unskilled men in PSID: 42.7

γ = 0.972 Average work life of 35 years

πt Skilled share from PSID

χt Time series of skill premium (ωt) in PSID data

ρs= 0.9834 Own estimate for the skilled from PSID

ρu= 0.9859 Own estimate for the unskilled from PSID

λs,µ= 0.1172 Own estimate for the skilled from PSID

λu,µ= 0.1488 Own estimate for the unskilled from PSID

λs,ηt , λu,ηt , λs,υt , λu,υt Own estimates from PSID for 1967 through 2000

Table 4: Initial Steady State Results

Skilled (s) Unskilled (u) Ratio (s/u)

Wage Rate: w 2.1361 1.3539 1.5777

Weekly Hours: h 0.3896 0.3795 1.0266

Labor Income: wxh 0.9014 0.5840 1.5437

Standard Deviation of Hours: SD(h) 0.0205 0.0320 0.6391

Persistent Volatility: λη/
(
1− ρ2

)
0.1215 0.1784 0.6811

Transitory Volatility: λυ 0.0087 0.0154 0.5649

Consumption: c 0.8147 0.5936 1.3729
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Table 5: Changes in the Skilled-Unskilled Hours Differential

Short-Run Change Long-Run Change

∆(hs − hu)SR ∆(hs − hu)LR

Data 1.36

Benchmark 2.04 −0.59

Table 6: Dispersion in Hours and Wage-Hour Correlation: Model vs. Data

CV (h) Corr(wx, h)

Model Data Model Data

S U S U S U S U

1967 0.0575 0.0868 0.2405 0.2560 −0.1810 −0.0242 −0.1914 −0.1764

2000 0.0906 0.1166 0.2495 0.2633 0.1649 0.1766 −0.1025 −0.1476

Change 0.0331 0.0299 0.0089 0.0073 0.3459 0.2008 0.0889 0.0287

Table 7: Exogenous Changes Considered in Each Experiment

Changes

Skill Persistent Transitory Skill Equil
Premium Variance Variance Composition Prices

Benchmark O O O O O

CF 1 X O O O O

CF 2 X X O O O

CF 3 X X X O O
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Table 8: Decomposing the Effects of the Changing Wage Structure on the Skilled-Unskilled

Hours Differential

Changes in the Skilled-Unskilled Hours Differential

Short-Run Change Long-Run Change

∆(hs − hu)SR ∆(hs − hu)LR

Benchmark 2.04 −0.59

CF 1 1.68 −0.53

CF 2 0.93 −0.20

CF 3 0.81 0.08

Contribution of Each Factor to the Short-Run Change

Difference Factor Contribution (%)

CF1 − Benchmark Skill Premium 0.36 (18%)

CF2 − CF1 Persistent Wage Shocks 0.75 (37%)

CF3 − CF2 Transitory Wage Shocks 0.12 (6%)

Table 9: Recalibrated Parameter Values for Sensitivity Analysis

Benchmark σ = 1 σ = 3 Frisch elasticity=0.2 Frisch elasticity=0.6

β 0.9970 0.9982 0.9937 0.9970 0.9970

ψs 22.1537 19.5696 30.9431 233.9572 10.0932

ψu 26.4886 19.7302 62.4469 299.3740 11.7891
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Figure 1: Trends in Skill Premium for U.S. Men
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Note: The skill premium is defined by the exponent of the log mean wage differential.
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Figure 2: Estimated Variances of Persistent and Transitory Wage Shocks
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Figure 3: Variance Decomposition of Log Wage Residuals
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Figure 4: Trends in the Share of a Persistent Wage Component
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Note: The share represents the ratio of the peresistent wage component’s variance to the sum of

the variances of both persistent and transitory components. Both time series are 5-year moving

averages.
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Figure 5: Summarized Changes in the Wage Structure
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Note: This figure displays trends in the skill premium (top), the variance of persistent wage

shocks by skill level (middle), and the variances of transitory wage shocks by skill level

(bottom). The trends are extracted by the HP filter.
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Figure 6: Trends in Male Hours Worked in the U.S.
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Note: These trends are based on U.S. men who worked at least 260 hours in the past year.

Both panels depict 5-year moving averages.

Figure 7: Hours worked by skill type in the Benchmark Model
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Note: The left and right panels are from the same exercise. They are drawn in different

scales to emphasize the different pattern of hours in the short run vs. long run.

Figure 8: Transition Dynamics in the Benchmark Model
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Figure 9: Hours Differences between Skilled and Unskilled Men: Model vs. Data
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Note: The left and right panels are from the same exercise. They are drawn in different

scales to emphasize the different pattern of hours in the short run vs. long run.
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Figure 10: Relative Wealth of Skilled to Unskilled Households: Model vs. Data
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Note: The wealth ratio in the data is based on households net worth excluding net farm and business assets

from the PSID. The wealth data are available for selective years from 1984 to 2007.
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Figure 11: The Impact of Extra Increase in Wage Volatility of Skilled Men on Their Precau-

tionary Savings
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Note: In this counterfactual, we have both skilled and unskilled men face the same increase in the

variance of each component. The deline in skilled men’s savings in this experiment compared to

the benchmark model quantifies the size of their precautionary savings caused by their extra wage

volatility above unskilled men’s.

Figure 12: Consumption of Skilled Households Relative to Unskilled: Model vs. Data
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Note: The consumption path in the data is based on food at home and food away from home at the

household level available from the PSID.
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Figure 13: Decomposing the Effects of the Changes in the Wage Structure
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Note: CF1 removes the rise in the skill premium from the benchmark model and CF2 removes changes in

the variance of persistent wage shocks from CF1.

Figure 14: Welfare Changes from the Changing Wage Structure
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Figure 15: The Effects of the Tax Reform in 1986 in Transitional Dynamics
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Note: In this experiment, households are surprised by the tax change effective in 1986 as

well as other exogenous driving forces in 1967.

Figure 16: Hours Worked by Skill Type with Partial Information Updating

1950 2000 2050 2100
41.5

42

42.5

43

43.5

44

44.5

45

45.5
Skilled Hours

year

w
ee

kl
y 

ho
ur

s

 

 

Benchmark
Partial Information

1950 2000 2050 2100
41.5

42

42.5

43

43.5

44

44.5

45

45.5
Unskilled Hours

year

w
ee

kl
y 

ho
ur

s

 

 

Benchmark
Partial Information

Note: Each square indicates one-period information update. Dotted lines indicate hypothetical

path without any additional information update.
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Figure 17: Skilled-Unskilled Hours Differential with Partial Information Updating
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Figure 18: Sensitivity Analysis with Log Utility
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Figure 19: Sensitivity Analysis with σ = 3
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Figure 20: Sensitivity Analysis with with Frisch Elasticity of 0.2
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Figure 21: Sensitivity Analysis with Frisch Elasticity of 0.6
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Appendix

(For Online Publication)
Appendix I. Data

We use data from Panel Study of Income Dynamics (PSID) in 1968 through 2011 to
document how wages, hours worked, consumption, and wealth by skill level have evolved.
Since the survey is conducted biennially beginning 1997, we exploit a total of 37 surveys from
PSID. We also exploit data from Current Population Survey (CPS) March Supplements to
document the trends in the skill premium and the skilled-unskilled hours differential for
comparison purposes.

PSID: We begin with the core Survey Research Center (SRC) sample, which represents
the U.S. population in 1968. We restrict our sample to male heads of household who partic-
ipated in the labor market last year (i.e., worked at least 260 hours).We only include men
aged between 25 and 59 with non-missing information about their educational attainment,
total annual work hours, and labor income in the past calendar year. Hourly wage is ob-
tained by dividing annual labor income by annual work hours. Extreme outliers are excluded
from our sample by dropping those whose reported annual hours worked in the past year are
more than 5840 hours, or whose hourly wage is less than half the federal minimum wage.
Self-employed men are also removed because it is difficult to distinguish between labor and
capital shares out of their income. The resulting sample is an unbalanced panel. We also ex-
tract information on household wealth and consumption for this sample. Household wealth
is defined by net worth based on farm and business assets, checking/savings accounts, stocks,
IRA/private annuities, net worth of vehicles, home equity, net worth of other real estate,
other assets, and other debts. These variables are available for years 1984, 1989, 1994, 1999,
2001, 2003, and 2007. Household consumption is defined by the sum of food at home and
food away from home, available for all survey years except for 1973, 1988, and 1989. This
food expenditure is divided by the number of adult equivalents, where adult equivalent is de-
fined by (number of adults +0.7(number of children))0.7 according to the census equivalence
scale. We use the consumption per adult equivalent for our analysis.

CPS: We apply the same sample selection criteria to data from the CPS. We include
men aged between 25 and 59 with reported educational attainment. We obtain annual hours
worked by multiplying previous calendar year’s weeks worked by usual hours worked per
week. In surveys before 1976, usual hours worked per week in the past year are not available
and weeks worked in the past year are coded in intervals. Therefore, we impute both variables
for previous surveys using the average weeks worked and the average usual hours worked
per week in the same education and weeks worked interval cells in the 1976 survey. Annual
earnings in the CPS are income from wages and salaries. We multiply top-coded earnings by
1.5, following Katz and Murphy (1992). Hourly wage is annual earnings divided by annual
hours worked. As with the PSID, we exclude those who worked less than 260 hours and
more than 5840 hours in the past year, who earned less than half the federal minimum wage
per hour, or who is currently self-employed.

Appendix II. Estimation of Wage Processes

As described in section 2.1, following Heathcote et al. (2010), we model the log wage
residual yeit as the sum of persistent and transitory shocks with time-varying variances:

yeit = µeit + υeit + θeit

where µeit is a persistent component, υeit ∼ (0, λe,υt ) is a transitory component, and θeit ∼ (0, λθ)
is measurement error. The persistent component µeit is assumed to follow an AR(1) process:

µeit = ρeµeit−1 + ηeit
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where ρe is the persistence and ηeit ∼ (0, λe,ηt ) is a persistent wage shock whose variance
λe,ηt varies over time. The initial value of the persistent component is drawn from a skill-
specific distribution: µe0 ∼ (0, λe,µ). We assume that all four variables, υeit, θ

e
it, η

e
it, and µe0

are orthogonal and i.i.d. across individuals.

As we mention in 2.1, we take the estimate of 0.02 from French (2004) for the variance,
λθ, of measurement error. Then, we estimate a parameter vector Φe, which includes two
time-invariant parameters ρe and λe,µ and a set of time-varying parameters {λe,ηt , λe,υt }2006

t=1967

for each skill group e ∈ {s, u}. Since the PSID are available biennially beginning in 1997,
we do not have empirical moments for transitory shocks for years 1997 and 1999. In order
to resolve this issue, we assume that the cross-sectional variance of log residual wages in
these missing years is the average of that in the previous year and in the subsequent year,
and identify the variances of transitory wage shock for missing years as is done in Heathcote
et al. (2010).

For each sample year t, we construct 10-year adjacent age cells from ages 29 to 54 such
that, for instance, the age group 29 consists of those aged 25 to 34 years. We then compute
the empirical autocovariance, ĝea,t,n, of all possible orders for each age/year (a, t) cell in our
PSID sample using log wage residuals ŷeit from the first-stage regressions:

ĝea,t,n =
1

Iea,t,n

Iea,t,n∑
i=1

ŷeit|ait=a · ŷ
e
i,t+n

∣∣
ait=a

, n > 0,

where Iea,t,n is the number of observations for nth order autocovariance for age/year (a, t)

cell in skill group e. We then pick the parameters Φ̂e that minimize the equally weighted
distance between this empirical autocovariance matrix and its theoretical counterpart:

Φ̂e = arg minΦe

[
Ĝe −Ge(Φe)

]′
I
[
Ĝe −Ge(Φe)

]
,

where Ĝe is a stacked vector of empirical autocovariances as well as cross-sectional variances
for missing years, Ge(Φe) is the theoretical counterpart, and I is an identity matrix.

Appendix III. Algorithm

A set of parameters β, ψs, and ψu is calibrated to match targets in the initial steady state.
We allow the parameters Λt = {zt, χt, πt, λs,ηt , λs,υt , λu,ηt , λu,υt }, governing the productivity, the
skill premium, the population share of the skilled, and persistent and transitory idiosyncratic
productivity, to vary over time.

Solving for the steady state

Under a set of parameters for the steady state (including Λ∗),

1. Guess price r. Given this guess, compute wu and ws (given Λ∗).

2. Solve the value function and get h(e, a, µe, υe), a′(e, a, µe, υe), c(e, a, µe, υe).

3. Generate a sample of population N over (e, a, µe, υe) space. That is, NS = π∗N sample
over (a, µs, υs) and NU = (1− π∗)N sample over (a, µu, υu).
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4. Compute aggregate statistics:

K =
∑
e

∫
adG(e, a, µe, υe)

S =

∫
h(s, a, µs, υs) exp(µs + υs) dG(s, a, µs, υs)

U =

∫
h(u, a, µu, υu) exp(µu + υu) dG(u, a, µu, υu)

H =
{
χUφ + (1− χ)Sφ

} 1
φ

And define
r̃ = zα (K/H)α−1 − δ

5. Check if |r − r̃| < ε. If not, update r and go back to step 1.

Solving transition economy (Changing parameters overtime)

The economy was originally at the initial steady state (∗). There is a gradual change for
Λ from Λ∗ to Λ∗∗ for periods t = t1, · · · , tτ , and then the economy converges to the new
steady state (∗∗) at tT (> tτ ).

1. A sequence of parameters is given: {ωt, λs,ηt , λs,υt , λu,ηt , λu,υt }tτt=t1 .

2. Solve two (initial and final) steady states and find a set of parameters {zt, χt, rt}t=t0=∗,
{zt, χt, rt}t=tT=∗∗, where zt and χt are determined by an aggregate output (Yt) and
skill premium (ωt) in each steady state respectively. Record the stationary distribution
G∗(e, a, µ

e, υe) and the value function V e
∗∗(a, µ

e, υe).

3. Guess the sequences of {zt, χt, rt}tT−1
t=t1 . Then, the other prices are given by

wst = ws(zt, χt, rt;α, δ, φ)

wut = wu(zt, χt, rt;α, δ, φ)

wut = zt(1− α)χt

(
rt + δ

ztα

) α
α−1

(
χt + (1− χt)

(
χt

1− χt
· ωt
) φ

φ−1

) 1−φ
φ

wst = wut · ωt

4. Solve for workers decisions backwards and get the decision rules during the transition
periods:

(a) Using the value function at the new steady state: V e
∗∗(a, µ

e, υe; Λ∗∗),
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(b) In each period during the transition (t = t1, · · · , tT−1), solve

V e
t (at, µ

e
t , υ

e
t ) = max

ct,at+1,ht
{u(ct, ht) + βγEtV e

t+1(at+1, µ
e
t+1, υ

e
t+1)}

subject to constraints with pt = {rt, wut , wst} and Λt for t = t1, · · · , tT−1.
Solve the problem above backwards from t = tT−1, · · · , t1 to obtain the deci-
sion rules: ct(e, at, µ

e
t , υ

e
t ), ht(e, at, µ

e
t , υ

e
t ), a

′
t(e, at, µ

e
t , υ

e
t ) and the value function,

V e
t (at, µ

e
t , υ

e
t ).

5. Given a distribution at t, Gt(e, at, µ
e
t , υ

e
t ), simulate Gt+1(·) by applying ct(·), ht(·), and

a′t(·). Start from t = t1where we know Gt1(·) from the distribution of the initial steady
state G∗(·)

(a) First calculate the aggregate statistics:

Kt =
∑
e

∫
atdGt(e, at, µ

e
t , υ

e
t )

St =

∫
ht(s, at, µ

s
t , υ

s
t ) exp(µst + υst )dGt(s, at, µ

s
t , υ

s
t )

Ut =

∫
ht(u, at, µ

u
t , υ

u
t ) exp(µut + υut )dGt(u, at, µ

u
t , υ

u
t ).

(b) Using these aggregate statistics, compute

• an updated share χ̃t (which implies the observed skill premium ωt) such that

χ̃t =
(St/Ut)

φ−1

ωt + (St/Ut)
φ−1

,

• an implied price r̃t such that

r̃t = ztα
(
Kt/H̃t

)α−1

− δ,

where

H̃t =
{
χ̃tU

φ
t + (1− χ̃t)Sφt

} 1
φ
,

• and a productivity parameter z̃t to normalize the aggregate output such that

z̃t =
z∗K

α
∗H

1−α
∗

Kα
t H̃

1−α
t

.

(c) Get an updated distribution Gt+1 and go back to (5a) until we get GtT .

6. Check if the guessed sequences {zt, χt, rt}∗∗t=∗ are close enough to the model-implied
sequences of {z̃t, χ̃t, r̃t}∗∗t=∗ from (5b). If not, update the guesses and go back to step 3.
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