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Abstract

This paper investigates the role of labor-market attachment, on-the-job human-
capital accumulation, occupational sorting, and discrimination in the narrowing gender
wage gap over the past three decades. This paper contributes in three ways: First,
we formulate a dynamic adverse-selection in which self-ful�lling beliefs about future
employment spells arise endogenously in equilibrium, a¤ecting gender di¤erences in
labor-market experience, and occupational sorting. Second, we develop a new three-
step estimation technique that allows us to estimate the model without solving it.
This is particularly important with this class of model because it may exhibit multiple
equilibria. We estimate the model using the PSID. Third, we decompose the changes
in the gender earnings gap into the di¤erent components and quantify the e¤ect of
statistical discrimination on the changes in labor-market experience and the earnings
gap. Increase in overall productivity, demographic changes and statistical discrimi-
nation patterns account for a large percentage of the decline in the gender earnings
gap and the increase in female labor market experience. Whereas, relative increase in
productivity in professional occupations raise representation of women in professional
occupations.
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1 Introduction

One of the most striking changes in the U.S. labor market over the past three decades

has been the signi�cant reduction in the gender wage gap during the 1980s. In 1968 the

unconditional median gender wage di¤erential was about 40%; this gap was reduced to

around 28% by 1992.1 While the wage gap was declining, there were signi�cant changes in

labor-market attachment and women�s occupational composition. According to �gures from

the Michigan Panel Study of Income Dynamics (PSID), the participation rate of women

increased from 54% in 1968 to 74% in 1992. The annual hours worked by women also

increased over the period, from 1400 hours in 1968 to 1800 in 1992. While these trends

were taking place in women�s labor-market attachment, there were little or no changes in

the �gures for men. Furthermore, occupation composition has changed signi�cantly over

the period with women entering in greater numbers the traditionally male occupations. For

example, according to Lewis (1996), in 1976 42% of women and 49% of men held federal jobs

in which 95% of their coworkers were of the same sex. By 1993, this had fallen to 12% and

3% respectively. Lewis (1996) also found that the portion of women holding a professional

or administrative job went from 18% to 45% between 1976 and 1992. In the PSID, the

percentage women holding professional jobs went from 28% in 1968 to 43% in 1992. The

unexplained portion of the earnings gap, which is sometimes attributed to discrimination,

has declined as well.2 These signi�cant changes prompt the question: What are the main

driving forces of these changes in gender patterns of labor-market outcomes?

This paper investigates the roles of labor-market attachment, on-the-job human-capital

accumulation, occupational sorting, and discrimination in the narrowing gender wage gap.

The main challenge in quantifying these e¤ects is to account for the endogeneity of labor

supply, discrimination, and earnings. This paper contributes in three ways: First, we formu-

late a dynamic adverse-selection model of labor supply and human-capital accumulation, in

which gender discrimination and the earnings gap arise endogenously. Second, we develop a

three-step estimation technique and estimate the model using the PSID. Third, we decom-

pose the changes in the gender earnings gap into the di¤erent components and quantify the

e¤ect of the incomplete information and other factors on the changes in experience and the

earnings gap.

There are two broad types of employers�discrimination in the literature. The �rst type is

1For example, according to Blau and Kahn (1997), the log male/female wage di¤erential declined from
0.47 to 0.33 between 1979 and 1988.

2Many papers document the changes in the gender wage gap, occupational composition, and patterns
of participation, including Blau and Kahn (1997), Lewis (1996), and Eckstein and Nagypal (2005), among
others.
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taste-based discrimination, formulated by Gary Becker (1971); the second type results from

incomplete information, pioneered by Kenneth Arrow (1972) and Edmund Phelps (1973).

Discrimination of the �rst type may not persist in a competitive environment, but some

frictions, such as search frictions, may lead to persistent group di¤erentials in the long-run

equilibrium (see Bowles and Eckstein, 2002). Such models, however, are more adequate to

explain race-based discrimination because their predictions do not match patterns of gender-

related labor-market di¤erences.3 Our model belongs to the class of incomplete-information

discrimination models and, in particular, to the literature on statistical discrimination �rst

analyzed by Coate and Loury (1993). Whereas the statistical discrimination literature fo-

cuses on the e¤ect of beliefs about productivity di¤erences across groups, in our model the

uncertainty is about the turnover propensity of workers. In particular, employers beliefs that

women are less attached to the labor force and have shorter employment spells than men

may be self-con�rming, leading to women accumulating less labor-market experience and

hence begin paid less than men.4

We incorporate statistical discrimination based on beliefs about employment-spell length

into a framework of a general equilibrium dynamic adverse-selection model.5 In the model,

workers are heterogeneous with respect to characteristics a¤ecting disutility of working.

These characteristics evolve according to a known Markov process. Every period, workers

choose consumption, whether to participate in the labor market (extensive margins), and

how many hours to work (intensive margin) in order to maximize lifetime utility. Utility is

an increasing function of consumption and nonmarket hours (leisure time and hours spent

producing home goods). Nonmarket hours is time inseparable in the utility function to

allow for the possibility that the stock of past nonmarket hours a¤ects the current disutility

of hours worked. Every period there is a random utility shock to the utility of participating

and not participating. We assume asset markets are complete, �rms compete over workers,

and there is free entry of �rms into the market. The returns to experience, hours worked

and cost of hiring new workers, di¤er across occupations� Eckstein and Wolpin (1989),

Altug and Miller (1998), Buchinsky et al. (2005), Be¤y et al. (2006), and Gayle and Miller

(2004), among others, estimate models of labor supply in which returns to experience are

3For example, Such models predict that the discriminated group is less likely to work in professions in
which they have extensive contact with costumers. Women, however, tend to work in service industries.

4Albanes and Olivetti (2005) develop a one-period model of household good production and labor supply
in which gender discrimination also arises in equilibrium; however in their model the asymmetric information
is due to unobserved e¤ort. Thus, employers face moral hazard problem and not adverse selection.

5Pay di¤erences can be generated in our model if the groups of male and female are ex-ante identical.
However, in the estimation stage, we allow for di¤erences across groups. Furthermore, characteristics that
are exogenous in our model, such as education, can generate pay gaps. We are able, however, to estimate
these e¤ects separately.
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endogenous. There are �rm-speci�c costs of hiring new workers that are identical within

occupations and di¤erent across occupations. Employers observe age, experience, education,

and other skills, but there are characteristics a¤ecting the disutility of working that are the

worker�s private information. In particular, because these characteristics evolve according

to some known process, there is a correlation in the �worker�s� type over time. Based on

observable characteristics, employers form beliefs regarding the worker�s future employment

spell when they o¤er wage contracts. Wage contracts consist of hours and earning. That is,

we solve for a contract posting equilibrium.

Because of the �rm-speci�c cost of hiring new workers, employers make rent on workers

a year after they are hired (since the market is competitive, when hiring workers �rms make

zero expected pro�ts over the workers�employment spells). In equilibrium, beliefs about

the worker�s future participation in the �rm enter the earnings equations. Therefore, if

women face lower wages, since there is disutility of working, they will work less and sort

into occupations with lower returns to experience and lower costs of hiring workers. Thus,

on average, they will accumulate less experience than men. The closest papers to ours are

Lee and Wolpin (2000, 2006). They develop and estimate a model with cost of switching

sectors and include an endogenous formation of human capital; however, there is no private

information in their model and they do not model discrimination.

Our model is a signaling model. Individual labor-supply decisions (participation and

hours) may provide information on the worker�s type. In equilibrium, information on workers

is revealed gradually over time (this is a typical feature of dynamic adverse-selection models

with correction in the types over time and incomplete contracts. See, for example, Tirole

(1996). Over time, employers update beliefs based on individual labor-market history. Thus,

working more today may a¤ect the worker�s potential earnings not only through accumulation

of experience, but also because of the possible e¤ect on the employers�beliefs. Therefore, the

model predicts that the information employers have on experienced workers is more accurate

than their information on young workers. These predictions are consistent with empirical

regularities found in several papers that empirically examine the relationship between the pay

gap and the length of employment spells. Light and Ureta (1992) found that, controlling for

all observable characteristics, older women are more likely to stay in a job and earn as much

as men. Light and Ureta (1992) found evidence that stayers are paid more than workers

with short employment spells. They also found that women are more likely to move and that

this di¤erence becomes smaller as workers age. Altonji and Paxton (1992) found that job

mobility is strongly linked to hour changes; women who face changes in family responsibility

adjust their hours and this may lead to lower earnings. Baron et al. (1993) developed a

model in which employers expect women to have a higher turnover rate and give women
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lower training levels, explaining the lower wages. The main theoretical contribution of the

model is to formally show how self-ful�lling beliefs about future employment spells arise

endogenously, a¤ecting gender di¤erences in labor-market experience, occupational sorting,

and attachment to the labor force.

One of the goals of this paper is to account for changes in relative earnings, the wage

gap, over time. The literature focuses on several factors that may have caused these changes,

some of which are exogenous in our model; they drive changes in beliefs, earnings, the gender

earnings gap, and labor supply. We explore which of these factors drove changes in the

relative wages of men and women, and quantify their relative importance. The �rst factor

is technological changes in the economy, which we model as occupation-speci�c shocks to

productivity. They raise productivity for all workers within the occupation equally. Our

model, however, predicts that if women�s participation is lower, positive productivity shocks

may increase female participation and employment spells more than males�, driving a decline

in the gender wage gap. The second possible source of changes in relative earnings is a decline

in costs of producing home goods. In our model, there are �xed costs in the utility when an

individual participates in the labor market. If costs of home-produced goods declined over

time, these costs should decline as well. It may a¤ect the beliefs about women�s attachment

to the labor force as well. The third factor is changes in education, marriage, and fertility

over time. Such changes may cause changes in labor supply behavior because they a¤ect the

disutility of working.

Our model exhibits a multiplicity of equilibria. Di¤erent beliefs generate di¤erent equi-

librium outcomes. This is standard in models of statistical discrimination (Moro, 2003;

Antonovics, 2004). In the standard statistical discrimination model, an identi�cation prob-

lem of the following form arises: Given the observed wage distribution and human-capital

investment, an econometrician tries to recover the preference parameters and the beliefs

about an unobserved variable that a¤ects productivity. The source of the identi�cation

problem is that there may be more than one combination of preferences parameters and

beliefs that could have generated the observed wage distribution. Our model, however, does

not have that problem. This is because our beliefs are about future participation probabil-

ity, conditional on observed characteristics. Panel data, however, allows us to observe the

individual�s next-period participation decision, which is correct across the population con-

ditional on the observed characteristics. Therefore we can nonparametrically identify these

beliefs under the assumption that for each cohort one equilibrium plays out.

Toward this end, we developed a new multistep semiparametric estimation strategy that

allows us to estimate the model without solving it. This is particularly important in this

class model which may exhibit multiple equilibria. Our model yields several moment condi-
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tions. First, there is a consumption Euler equation. From labor-supply decisions, we obtain

the Euler equation for hours. In addition, workers face a discrete-choice problem each period

of whether to participate in the labor market or not, yielding another moment condition.

Finally, the free entry into the labor market yields another moment condition as the wage

contracts are o¤ered so employers make zero expected pro�t from hiring a worker. We use

these conditions for identi�cation and estimation. First, from the standard Euler equation,

we identify the individual marginal utility from wealth used in the hours Euler equation.

Second, the beliefs are identi�ed nonparametrically from the equilibrium condition: Con-

ditional on the current information available to the employer, the expected participation is

correct. The zero-pro�t condition identi�es the cost of hiring employers in each occupation.

This is identi�ed over variation in beliefs about future participation in the earnings equa-

tion. The production function parameters in each occupation are also identi�ed through

this equation. We then use the hours Euler equation and the choice probabilities to identify

the rest of the utility parameters (Altug and Miller, 1998). The estimation then proceeds

in three steps. The idea is to estimate the employer�s problem in the �rst step, along with

other inputs from the individual consumption Euler equation. The estimates above are used

to nonparametrically estimate each individual�s choice-speci�c probabilities and their deriv-

atives in the second step. In the �nal step, these estimates are combined with a tractable

alternative representation of the agents�choice-speci�c valuations to form moment condi-

tions to estimate the structural parameters of the agents�utility function. The estimates of

the structural parameters are
p
N consistent (where N is the number of individuals in the

sample) and asymptotically normal although the second step is estimated nonparametrically.

Our estimate is akin to a number of estimators in the literature for the estimation of dis-

crete games and single-agent models (Hotz and Miller, 1993; Altug and Miller, 1998; Pakes,

Ostrovsky, and Berry, 2004; Pesendorfer and Schmidt-Dengler, 2003; Bajari, Benkard, and

Levin, forthcoming); our estimator is di¤erent, however, in that we are estimating a dynamic

adverse-selection model with both discrete and continuous controls.

We �nd that the cost of hiring workers is roughly 3.5 times higher in professional occupa-

tions compared to nonprofessional occupations. The returns to labor-market experience are

also substantially higher in the professional occupations. These �ndings are consistent with

the model�s prediction that the earnings gap should be smaller in occupations with low costs

of hiring workers and that women will sort into occupations in which the costs of hiring is

smaller and returns to labor-market experience are lower. Our model predictions matched

the raw data well. The predicted decline in the wage gap between the mid- to late 1970s

and the mid- to late 1980s in professional occupations is 28% and the raw decline is 30%; for

nonprofessional occupations, the predicted decline in the earnings gap is 22% and the raw
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decline is 25%. Further analysis shows that private information, demographic changes and

aggregate shocks to market productivity account for most of the change in the accumulation

of labor-market experience by women over the period relative to men.6

The decomposition of the change in the gender wage gap reveals that changes in sta-

tistical discrimination patterns account for 16% of the decline in the gender wage gap in

professional occupations and 14% in nonprofessional occupations. We then computed the

decline in the wage gap due only to factors unrelated to the friction (hiring costs). That is,

we computed the decline in the wage gap in an economy with no hiring costs (in which wages

are the marginal productivity). These changes are decomposed into changes in demographic

characteristics, changes in costs of home production and occupation-speci�c productivity

shocks. We �nd that changes in demographic characteristics account for 19% and 22% of

the closing gender wage gap in professional and nonprofessional occupations, respectively.

These changes include changes in education and family structure (such as fertility and mar-

riage). Our production-function parameter estimates show that the positive trend in pro-

ductivity shocks is larger in professional occupations than in nonprofessional occupations.

Occupation-speci�c productivity shocks account for 12% of the change in the earnings gap

in professional occupations and only 7% in nonprofessional occupations. The estimation

results do not support the hypothesis that changes in home production technology explain

the increase in women�s labor-market participation (see similar �ndings in Jones, Manuelli,

and McGrattan, 2003). Such changes should have caused a decrease in the �xed cost of par-

ticipating in the labor market (estimated as part of the utility-function speci�cation). Our

estimation results suggest that �xed costs of participation account for only 1% in professional

occupations and 2% in nonprofessional occupations.

This paper is organized as follows. Section 2 describes the model. Section 3 contains

the equilibrium analysis and the theoretical model�s predictions. The identi�cation and

estimation methods are presented in section 4. The data description is in section 5, and

section 6 contains the estimation results, empirical analysis, and the gender earnings gap

decomposition. Section 7 concludes. The appendices present proofs, the asymptic property

of our estimator and a detailed data description.

2 Theoretical Model

This section describes the basic structure of the economy and the dynamic general-equilibrium

model. In the labor market, �rms compete over workers, and the gender wage gap and oc-

6Notice that although our model uses nonlinear labor pricing, we can compute earnings. From earnings,
we can compute the implied wages.
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cupation sorting are determined together with worker�s labor supply. We then analyze the

model�s predictions and empirical properties.

2.1 Workers�problem

We assume that there exist a continuum of workers (men and women) on the unit interval

[0; 1]. Let g = ff; rg denote the worker�s gender (female and male respectively) and let a
denote the worker�s age�education cohort (all workers who were born in the same year, who

have the same number of years of completed education). Workers are �nitely lived (denote

the worker�s age by � = f18; : : : ; 65g). The calendar year is indexed by t (t = 1975; : : : ; 1994).
Each individual has preferences about nonmarket hours (time in which the individual does

not work) and consumption. The consumption allocated to individual n at date t is denoted

by cnt. The other choice variable is hnt, the time spent working by agent n in period t.

There is a �xed amount of time in each period available for working, which implies that the

amount of time worked in each period can be normalized as 0 � hnt � 1. If hnt = 0, the

agent does not work at time t. Otherwise, the agent works the fraction of time hnt > 0. For

notational convenience, a participation indicator dnt is de�ned, where dnt = 1 if and only if

hnt > 0 and 0 otherwise.

Preferences are additive in consumption and leisure both contemporaneously and over

time. It is assumed that there are both observed and unobserved (by the econometrician)

exogenous, time-varying characteristics that determine the utility associated with alterna-

tive consumption and leisure allocations. Denote the former by the K � 1 vector znt and
the latter by the 3 � 1 vector ("0nt; "1nt; "2nt)0. It is assumed that znt is independently

distributed over the population with a known distribution function, F0ga(znt+1 j znt), the
vector ("0nt; "1nt; "2nt)0 is independent across (n; t) and drawn from the population with a

distribution function F1("0nt; "1nt; "2nt).

The current-period utility function at date t for individual n is de�ned as

Unt � dntut0(znt) + u1(znt; 1� hnt) + u2(znt; cnt; "2nt) + (1� dnt)"0nt + dnt"1nt; (1)

where ut0 represents the �xed utility costs of working, which depends on the observed

individual-speci�c characteristics but may change from period to period. We allow this

to change over time in order to capture the possible changing home production technology.

It takes the following form:

ut0(znt) = Bot + z0ntB0:

u2 represents the current consumption utility (which depends on consumption and observed

8



characteristics of the individual and the idiosyncratic shocks): u2(znt; cnt; "2nt) is concave

increasing in cnt for any znt and "2nt. We assume the following functional form:

u2(cnt; znt; "2nt) = exp(z
0
ntB4 + "2nt)c

�
nt=�:

and E("2nt j znt) = 0. u1(znt; 1�hnt) is the utility of nonmarket hours consumed. Intuitively,
u1 is the utility from consuming a greater fraction of leisure or spending a greater fraction

of time on home production (which varies with current time spent at work as well as the

observed individual-speci�c characteristics). The utility from non�labor-market hours is

also a function of spouse characteristics such as education, and income. It depends on past

nonmarket hours and there is interaction between past hours. This formulation allows us

capture the element of experience accumulation in home production

u1(znt) = z0ntlntB2 + �0gl
2
nt +

�X
s=1

�sglntlnt�s

We allow men and women to have di¤erent distributions of znt and a di¤erent utility

parameter �s. We do not, however, impose these di¤erences.7

Let � 2 (0; 1) denote the common subjective discount factor, and write Et(:) as the

expectation conditional on information available to individual n at period t. The expected

lifetime utility of individual n is then:

Et

"
TX
r=t

�r�tUnt

#
(2)

To provide a tractable solution to the model, we assume that asset markets are com-

petitive and complete (CCM).8 Here the word competitive is synonymous with price-taking

behavior and �complete markets�means that there are no frictions in the markets for loans,

a common interest rate facing borrowers and lenders, and a rich set of �nancial securities

exists to hedge against uncertainty.9

7Wage gap, in our model can arise even if men and women are ex-ante identical in all respects.
8Whereas to some the assumption of complete markets might be controversial, it is empirically tractable

and serves as a useful benchmark, which allows us to focus our analysis on the primary source of asymmetry
in our model. A popular alternative to the complete-market assumption is to put wages directly into the
utility function, this is an even stronger assumption than complete markets and can only be justi�ed under
two very strong assumptions; (1) wealth maximization or (2) no markets to borrow or save. Hence we feel
that at least by assuming complete markets, we know the source of our restrictions on behavior.

9Altug and Miller (1990, 1998) have used this condition to estimate both males�and females�consump-
tion and labor supply with aggregate shocks. Other papers that discuss complete markets and estimate
frameworks based on this assumption include, Card (1990); Mace (1991); Townsend (1994); Altonji, Hayashi
and Kotliko¤ (1996); Miller and Sieg (1997); and Gayle and Miller (2004), among others.

9



The CCM assumption allows us to compactly write the lifetime individual budget con-

straint. A complete market implies that individuals can condition their choice at time t on

information that is publicly available at that time and can purchase contingent claims to

consumption that pay o¤ in each state of the world. This assumption allows us to rewrite

the workers�budget constraint in each period as

E0

(
TnX
t=0

�t�t
�
cnt � Snt

�)
� Wn; (3)

where Snt is the total household labor-market income (i.e., if the individual is single then

it is only one income, but if the individual is married it the sum of two incomes), �t is

the expected price of the contingent claim, and Wn is an exogenously determined quantity

denoting bequests net of inheritances. In any state, �, the price of a contingent claim is

�t(e�) = Ze� �(�t)g(�t) de�:
The states are determined by realizations of "2nt, znt (recall that the densities are F0(znt+1 j

znt); F1("2nt)); they are independent and g(� t) is the joint density.

The aggregate feasibility condition equates the sum of labor income by all households

and the aggregate resource endowment WtZ 1

0

[cnt � Snt] dL(n) � Wt; t 2 f0; 1; : : :g: (4)

In this expression, L(:) is the Lebesgue measure, which integrates over the population.

2.2 Firms�problem, labor market and employment contracts

Employers are in�nitely lived. Firms (employers) compete over workers. There are M

occupations, m = 1; : : : ;M . There are costs to the employer when a new worker is hired

(for example, speci�c training). These costs are speci�c to the employer and vary across

occupations. Within occupations, the costs are the same for all employers. We denote

employer�s cost of hiring a new employee (switching costs) in occupation m by 
m. There

is a free entry into the market. We assume that there is a homogeneous product with price

normalized to 1.

Let dmnt be an indicator function which takes the value 1 if worker n works in occupation

m in period t; and zero otherwise. Hnt�1 denotes the worker�s labor-market experience at the

beginning of period t (participation in each occupation, and hours worked in every period),
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i.e. Hnt�1 = [hn1; hn2; : : : ; hnt�1, fdmn1; dmn2; : : : ; dmnt�1gMm=1]. Let z
p
nt denote a vector of

worker characteristics that a¤ect production. The production function and costs are identical

within occupations, but vary across occupations. Output in period t in occupation m is

denoted by: ymt(hnt; Hnt�1; z
p
nt). Employers maximize lifetime expected discounted pro�ts.

Each occupation has a large number of identical �rms that competing for workers.

Workers and �rms can only commit to (noncontingent) spot contracts.10 Each �rm

o¤ers one contract each period and commits to hours (for the current period) before posting

the contract. Output is a function of human capital, hours, and other characteristics, zpt .

Occupations may vary in the hours they o¤er. We assume that a �rm in occupation m only

o¤ers a contract with hours h for a worker with experience Ht�1 and characteristics z
p
t if

there exists no other occupation m0 such that

fm0t(ht j Ht�1; z
p
t )� 
m0 > fm(ht j Ht�1; z

p
t )� 
m: (5)

This is a sorting assumption that implies that occupations specialize in hours in which

they have an advantage over other occupations.11 This assumption implies that any choice

of hours, hnt, of any particular worker with characteristics Ht�1; z
p
t (education and skill )

maps into a unique occupation choice in period t. That is, for any given characteristics

that a¤ect production, each occupation o¤ers contracts of hmt(Ht�1; z
p
t ) � ht(Ht�1; z

p
t ) �

hmt(Ht�1; z
p
t ). Because each employer can o¤er an employee a contract with any number

of hours in the occupation, turnover of workers who remain in the labor force only occurs

across occupations.12

The pro�t function of the �rm is simply the expected pro�ts from hiring an individual

worker. Thus, an optimal contract o¤er can be solved separately for each job (hours and

salary). Denote by �tm the value of a vacancy for each employer in occupation m in period t.

Thus, participation in a �rm in occupation m denoted by the indicator dnmt, where dnmt = 1

if and only if hmt(Ht�1; z
p
t ) � hnt(Hn;t�1; z

p
nt) � hmt(Ht�1; z

p
t ) and dnmt = 0 otherwise.

10A more realistic assumption is that �rms can commit to long-term contracts, but workers cannot. The
main feature, that contracts do not fully screen workers in such a framework, can be maintained. See also
Dionne and Doherty (1994) for a derivation of an optimal renegotiation-proof contract with semicommitment
in an adynamic adverse-selection model.
11Although this assumption does not change qualitatively the theoretical prediction of the model, it sim-

pli�es the estimation stage substantially.
12The dataset we use does not have information on employers. Only on occupations. Therefore, we cannot

detect job-to-job transitions within an occupation.
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2.3 The structure of the game: Timing, information, and strate-

gies

Labor-market experience, Hnt�1, is common knowledge. The utility function parameters

and functional forms are common knowledge as well, but outside employers do not observe

past wage history of a worker.13 Some characteristics a¤ecting labor supply, znt, are un-

observed by potential employers in the labor market. The worker�s private characteristics

are wealth, spouse income, spouse characteristics (such as education), marital status, and

number of kids.14 The i.i.d. shock to utility are also the worker�s private information. These

characteristics a¤ect labor-market�participation decisions and labor supply. Denote by z�nt
the worker�s publicly observable characteristics which are at time t except for the worker�s

history. Denote by zpnt a subset of z
�
nt that directly a¤ects production (such as education,

age, and individual �xed-e¤ect). So the information structure is as follows: zpnt � z�nt �
znt. Workers know the complete structure, but potential employers only know z�nt. Work-

ers� consumption is not observed by the employer (knowledge of znt and "0nt is su¢ cient

to recover consumption, but both are unknown to the employer). Notice that the worker�s

type here is characterized by znt and "0nt. Whereas "0nt is i.i.d., znt evolves according to a

known process, Fga(znt+1 j znt); therefore, there is a correlation between types over time (for
example, number of children, marital status, spouse characteristics). Thus, the worker has

better information about the probability of remaining in the �rm in the future (the employer

knows Fga(znt+1 j z�nt)). To be exact the timeline of the actions is as follows.
13This assumption is made to simplify the o¤-equilibrium path analysis and to reduce notation.
14These characteristics a¤ect the marginal utility of consumption and the disutility of working. The

criterion we used to determine what characteristics are unobserved by potential employers is whether they
are unveri�able by potential employers. For example, legal restrictions on asking workers to provide this
information and on �ring them later if they do not report it truthfully. We also assume implicitly that
no markets for this information exists. Furthermore, we conduct a counterfactual experiment in which the
above characteristics are common knowledge. This provides an informal test of whether the characteristics
are indeed private information. Notice, that the important assumption is that workers have information
potential employers do not have, as opposed to their current employer. The reason is that wages are
determined by the o¤ers made by potential employers.
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Strategies and beliefs
The worker�s strategy is a choice of consumption, participation, and labor hours in each

period for every possible state. We denote a strategy� the probability of participation and

how many hours to work given the worker�s type, labor-market experience, and observable

characteristics� by �g(hnt�1; dnt�1 j znt�1; Hnt�2) and the consumption by cnt.

The �rm�s strategy is a choice of hours; hmt 2 [hm(Hnt�1; z
p
nt); hm(Hnt�1; z

p
nt)], and salary,

Smg(htm; Hnt�2; z
�
nt), in every period for any observable characteristics and history of a

worker. At the beginning of each period, �rms form a (common) set of prior beliefs on

each individual worker�s type, i.e. �tg(znt j Hnt�1; z
�
nt). At the end of each period, �rms

update their beliefs about each worker�s type by observing the worker�s actions in the pre-

vious period. We denote posterior beliefs� which are formed at the end of period t, after

observing the worker�s decision� by f�tg(znt j Hnt; z
�
nt). Notice that f�tg(znt j Hnt; z

�
nt) is used

to form the posterior beliefs in period t+1, as the types are correlated over time, and evolve

according to the Markov process speci�ed above. Therefore, the worker�s behavior in time

t may convey information about the worker�s future type. We also de�ne the �rms�beliefs

at the beginning of period t about future participation by epgt+j. The beliefs about future
participation will be derived from the beliefs about the worker�s type. We discuss belief

formation further below.

3 Equilibrium Analysis

We �rst describe the equilibrium concept and then analyze the workers�optimal strategies

and the optimal contracts. The rest of this analysis is for a given age�education cohort; for

expositional ease, we drop the cohort subscript.

De�nition 1 (Equilibrium) A Perfect Bayesian Equilibrium consists of strategies

13



(cn; �
o
gn; S

0
gm(h;H; z

�); hm), where �ogn is the probability of participation and hours worked

in every period for every type in every state, S0gm(h;H; z
�), are the contracts o¤ered in each

occupation in each period for any observable characteristics, history, and belief system, such

that

1. Each player�s strategy is optimal given beliefs and other players�strategies

2. The posterior beliefs, e�, satis�es Bayes�rule when possible.15
e�tg(znt j hnt; dnmt; z�nt; Hnt�1) =

�tg(znt j z�nt; Hnt�1)�(hnt; dnmt j znt; Hnt�1)R
�t(eznt j :)�(hnt; dmnt j :) deznt (6)

3. At the beginning of period t+1 �rms form priors about the worker�s type at that period

based on past history (types changed exogenously)

�t+1g (znt+1 j Hnt ; z
�
nt ) =fgz(znt+1 j znt)e�tg(znt j :) (7)

4. The probability of participation in the proceeding period is

epgm;t+1(Hnt�1; z
�
nt) = Et[Et+1(�(hnt+1; dmt+1 j zt+1:)) j Hnt�1; z

�
n]

Next we characterize the equilibrium strategies of the workers and �rms. We begin with

the solution to the individual problem. Let �n denote the Lagrangian multiplier associated

with the budget constraint in Equation (3), then the optimal consumption satis�es the

necessary conditions,
@u2(cnt; znt; "2nt)

@cnt
= �n�t; (8)

for all n 2 [0; 1] and t 2 f0; 1; 2 : : :g.
With the contemporaneous separability of the consumption from the labor supply choices,

the condition in (8) can be used to solve for the individual Frisch demand functions, which

determine consumption in terms of the time-varying characteristics, znt, the idiosyncratic

shocks to preferences, "2nt, and the shadow value of consumption, �n�t.
16 Characterizing the

optimal labor-market participation and hours-of-work decisions is more involved. Note that

each person�s labor supply contributes an in�nitesimal addition to aggregate output. De�ne

15The restriction on the beliefs is stronger than usual as it applies to updating in histories that are reached
with probability zero. See De�nition 8.2 of Fudenberg and Tirole (1996) for the formal description of the
conditions of equilibrium.
16This solution assumes complete information in the consumption contingencies market. One may worry

about the unraveling of workers�private labor information that can happen if there is a market for informa-
tion. In order to resolve this, we assume trade is anonymous in the consumption market.

14



the conditional valuation functions associated with the decisions to work and not work at

time t as V1nt and V0nt respectively. The necessary condition for the optimal participation

decision is

dont =

8<:1 V1nt + "1nt � V0nt + "0nt

0 otherwise.
(9)

The expected value of dont, conditional on the observed (to the researcher) state variables,

!nt, is the conditional choice probability of participating in the labor force and can be written

as

pnt � E[dont j !nt] =
Z V1nt�V0nt

�1
("0nt � "1nt) dF ("0nt; "1nt; "2nt): (10)

In our model !nt � [Hnt�1; znt; �n�t; �t]. This equation basically characterizes the participa-

tion decision.

The equations below are the value function for an individual who chooses not to partici-

pate in period t and to behave optimally thereafter.

V0nt + "0nt � max
fhnrgTt=t

Et

(
TX
s=t

�s�t
�
dnsu0(zns) + u1(zns; 1� hns) + dns"1ns (11)

+(1� dns)"0ns + �n�s
MP
m=1

dnmsSm(hns; z
�
ns; Hns�1; �s)

�
j hnt = 0

�
:

Using the Bellman principal, the value function for an individual who choose to partici-

pate in the labor force in period t and to behave optimally thereafter is

V1(!nt) (12)

= max
hnt2(0;1)

�
u1(lnt; Hnt�1; znt) + �n�t

MP
m=1

dnmtSm(hnt; z
�
nt; Hnt�1; �t)

+ �Etfpnt+1[V1(!nt+1) + "1nt+1] j !nt; hnt > 0g

+ �Etf(1� pnt+1)[V0(!nt) + "1nt+1] j !nt; hnt > 0g
�
:

We next analyze the worker�s labor-supply decision. We de�ne by hont, the optimal labor-

supply decision for individual n in period t and by h�nt 2 (0; 1), the optimal interior solution
of the labor-supply decision for individual n in period t. Similarly, we de�ne by dont the

optimal participation decision for individual n in period t. Using the above formulation, the
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necessary condition for an optimal interior solution for labor supply is

0 =
@u1

�
lnt; Hnt�1; znt; fS0mt(h; �t)gMm=1

�
@hnt

(13)

+ �n�t
MP
m=1

dnmt
@Snt(hnt; z

�
nt; Hnt�1; �t)

@hnt
+ �Etf@[pnt+1(V1(!nt+1)� V0(!nt+1))]=@hnt

+ @V0(!nt+1)n@hnt j !nt; hntg

There are several points to notice in the condition for the interior solution in the hour

equation. The �rst component is the change in the disutility of working when hours change

and the last two terms are the change in the future expected payo¤s. In the model, the

change in earnings that results when one changes hours is nonlinear.

@Sm(hnt; z
�
nt; Hnt�1; �t)

@hnt
=
@fm(hnt; HTnt�1; z

�
nt)

@hnt
+ 
m�

@epnmt(hnts; Hmnt�1; z
�
nt)

@hnt

It is worth noticing that the beliefs component in the salary is based on beliefs about the

selection of workers with di¤erent unobserved characteristics in the speci�c contract. Fur-

thermore, increasing hours worked today has two e¤ects on future earnings. First, it a¤ects

the productivity in the future (as fmt(ht; Ht�1; z
p
nt) is a function of past experience) and

therefore, a¤ects future earnings. The second e¤ect is due to the information asymmetry.

Choice of hours a¤ects not only current beliefs about type, and therefore, current salary,

but also a¤ects future beliefs. That is, work experience is a signal about the worker�s typeepgm;t+1(Hnt�1; z
�
nt). In the model, occupation sorting is endogenous: The assumption in

equation 5, together with the assumption that all human capital is general, implies that

by choosing hours, the worker selects into an occupation and a salary that is paid in this

occupation for the given number of hours worked.

The participation decision is simply derived from a comparison between the value of

working and the value conditional on not working,

dont(!nt; "0nt; "1nt) =

8<:1 if V1(!nt) + "1nt � V0(!nt) + "0nt

0 otherwise:
(14)

Next, we characterize the optimal contracts �rms o¤er. De�ne

Im(znt+1; Hnt) � Ifhm(Hnt; z
p
nt) � hnt+1(znt+1; Hnt) � hm(Hnt; z

p
nt)g
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to be an indicator function which takes the value 1 if the worker�s hours are o¤ered in

occupation m and zero otherwise, and denote the probability that type znt, with history

Hnt�1 and observable characteristics z�nt, works in that period by

Qt(znt; :) = E[dnt j znt; :]:

Proposition 1 (Employers�optimal strategies)

1. The optimal contracts of the �rms are

Sgm(hnt; Hnt�1; z
�
nt) = ymt(hnt; Hnt�1; z

p
nt)� 
m + �
mepgm;t+1(Hnt�1; z

�
nt) (15)

for all hnt 2 [hm(Hnt�1; z
�
nt); hm(Hnt�1; z

�
nt)], where epgm;t+1(Hnt�1; z

�
nt) is the belief that

the worker will work in the �rm in the proceeding period.

2. The beliefs about the participation of the worker in the proceeding period is

epgm;t+1 = Z Qt+1(znt+1; Hnt; ht+1)It+1(znt+1; Hnt; ht+1)�gt+1(znt+1 j Hnt; z
�
nt) dznt+1

3. O¤-equilibrium path: if 8znt(ht), �g(hnt; dmnt j Ht�1; znt) = 0, then �gt(znt j Hnt�1; z
�
nt)

= � if hnt < hnt; and �gt(znt j Hnt�1; z
�
nt) = � if hnt > hnt. That is, if a worker�s hours

are above the highest hours a worker of his type works, he is believed to be the type who

works the most hours. If his hours are below the lowest hours, he is believed to be the

lowest type given the observable characteristics.17

The above propositions characterize the employers�optimal contracts given their beliefs.

These beliefs, in equilibrium, satisfy Bayes�law and are consistent with workers�labor sup-

ply. A formal proof is in Appendix A, but the intuition is as follows. Because of the free

entry assumptions, all o¤ers yield zero expected payo¤s over time. Earnings are determined

by competitive bidding; thus, each period an outside employer o¤ers a contract, which de-

termines the earnings. The solution is obtained by solving backwards. In the worker�s �nal

period, T , each outside �rm o¤ers ymt(hnt; Hnt�1; z
p
nt)� 
m, which is the worker�s marginal

product in a new �rm. Consider the period prior the �nal period (T � 1). Taking into
account the earnings in the �nal period and the probability the worker will remain in the

�rm (leaving the current employer a rent of 
m), and since the current productivity net of

hiring cost is ymt(hnT�1; Hnt�2; z
p
nt)� 
m, the salary that makes the expected pro�t over the

17Note that the prior belief e�(znt j :) is always strictly positive. This is because given any possible history,
F (znt+1 j znt) > 0 8znt+1; znt

17



two periods zero is as described in equation 15. Earnings is computed in the same fashion

for all periods.

It is worth pointing out the di¤erence between this contract and the optimal contract

in the symmetric information case. In the symmetric information case, each worker earns

the expected productivity over time net of hiring costs. In the asymmetric information

model, each worker earns the expected marginal product (net of costs) over the expected

employment spell with the employer of a worker with the same observable characteristics.

That is, each period the earnings equation is given by

Smg(hnt; Hnt�1; znt) = ymt(hnt; Hnt�1; z
p
nt)� 
m + �
mepgm;t+1(Hnt�1; znt): (16)

Thus consider two workers with the same publicly observable characteristics, z�nt, who di¤er

with respect to unobservable characteristics, znt, and choose the same number of hours

worked in equilibrium (asymmetric information). The worker who has a lower expected

employment spell earns on average more than the productivity (net of costs), and the worker

who is more "attached" is paid less because epgm;t+1, the belief that the worker will remain in
the �rm in the proceeding period, is higher than the actual probability for the worker with

the lower attachment and lower than the probability of the worker who is more attached to

the �rm.18

Next, we show that an equilibrium exists. Establishing existence requires that a solution

to the worker�s problem given current and future expected earnings exists. To show that,

it is su¢ cient (in addition to some standard regularity conditions) to prove that there exist

beliefs about future participation that are self-ful�lled. Self-ful�lling beliefs mean that the

expected probability that workers who accept a contract (given information �rms currently

have) will remain in the �rm in proceeding period is indeed the proportion of workers who

remain in the �rm. By construction, this will imply that the beliefs about workers�types

satisfy Bayes�law. Notice that �rms and workers are forward looking: workers consider the

e¤ect of current choices on future earnings, and �rms predict the probability workers will

remain in the �rm in all future periods (until retirement). Therefore, there is a system of

equations in which the self-ful�lling beliefs are solved simultaneously.

Proposition 2 (Existence)

1. For any state variables, there exists a unique solution to the worker�s problem.

18In the symmetric equilibrium, these workers would have faced their true expected employment spell
and, therefore, their individual expected productivity over the employment spell, net of the hiring costs.
Therefore, they would have worked di¤erent numbers of hours.
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2. There exists fepmn;2(h1; z�n2); : : : ; epmn;T (z�nT ; HnT�1)g which satis�es the equilibrium con-
ditions.

3.1 Discussion

Before we proceed with the characterization of the equilibrium contract, we demonstrate the

nature of this repeated adverse-selection problem. First note that types are correlated over

time and z evolves stochastically according to the density Fg(zt+1 j zt).19 It is typical for this
class of dynamic adverse-selection model that when only spot contracts are feasible, indi-

viduals do not truthfully report their future-participation probability.20 More information is

revealed over time and, in general, there is semipooling. The payo¤ from working more hours

today in standard models (with symmetric information) in which workers accumulate human

capital on the job, increases the future payo¤ through the accumulation of productive labor-

market experience. Therefore, workers with more experience are more likely to participate

because the opportunity cost of not working is higher (see Altug and Miller, 1998). Un-

der asymmetric information, there may be additional bene�t to accumulating labor-market

experience because employers use experience as a noisy signal to workers�unobservable char-

acteristics. This creates incentive for workers to pool. The current salary of a worker who

has a long expected employment spell is lower than in the symmetric information case and

therefore this worker�s incentive to work long hours is lower. In contrast, the reward to a

worker with a lower expected employment spell for working more hours increases (compared

to the full-information case). In general, the equilibrium, however, is not one in which all

workers supply the same hours. Workers for whom the disutility of working is very high still

work less than workers who have a low disutility of working. The degree of separation may

vary across occupations and over time.

The model exhibits discriminatory equilibria.21 Although we allow men and women to

be di¤erent, our model gives rise to discriminatory equilibria even if men and women are

initially identical (same distribution of preferences and skills) in all aspects that a¤ect labor

supply, participation, and production. As a benchmark, we describe these equilibria below.

Suppose employers have di¤erent beliefs about the likelihood of future employment spells,

then womenmay face lower wages than men (conditional on all other relevant characteristics).

19Therefore, epgm;t+1(Hnt�1; z�nt) is a function of the beliefs of the worker�s type. For example, the prior
beliefs in period 3, �3g(zn3 j Hn2; z�n3), depend on the beliefs of the type in period 2, �2g(zn2 j (Hn1; z�n2),
and are derived using Bayes�rule.
20If the �rm can commit to long-term contracts and workers cannot, workers still do not report their type

truthfully, although the adverse selection is weaker.
21See Tirole (1997) for a discussion of dynamic adverse selection and statistical discrimination. The

di¤erence between this model and Tirole�s arises because the matching in Tirole�s between �rms and workers
is random. In our framework, workers select into contracts o¤ering di¤erent hours and earnings.
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These beliefs are self-ful�lling in equilibrium and induce women and men to make di¤erent

participation and labor-supply decisions. One feature that generates persistence in labor

supply (apart from past labor market experience) is the nonseparability of leisure in the

utility function (captured by �). Suppose � > 0.22 That is, there is complementarity between

nonmarket hours across time. Then, workers who worked less hours or did not work at all may

tend to have lower employment spells because the cost of participation is higher. Therefore,

for given random shocks to utility from participation and nonparticipation, they are less

likely to work.

Our model is also consistent with Becker (1965) and a model of home-production division

(the statistical discrimination mechanism is similar to Coate and Loury, 1993). In particular,

if married women face lower wages, the e¢ cient division of home-production hours is that

women put in more hours at home, leading to the solution to the decision problem in which

the worker decides whether to participate in the labor force and how many hours to work

there. This decision depends on the returns to working in the labor market (current and

future expected earnings). If, systematically, wages are lower for women, they may accumu-

late, on average, less labor-market experience and more home-production hours. Therefore,

in equilibrium, employers beliefs on labor-market participation are correct.

Proposition 3 (Discrimination) Suppose that the distributions of skills, characteristics,
and preferences are ex-ante identical for men and women, but that employers believe that

women�s employment spells in the proceeding periods is lower than men�s. That is, for some

znt, and m p1f (z
�
nt) < p1r(z

�
nt), then women face lower wages than men. These wage di¤er-

ences are larger in occupations with large 
m. Beliefs are self-ful�lling in equilibrium, and

therefore women work less hours and are less likely to participate.

The costs of hiring new employees are di¤erent across occupations. If the initial beliefs,

p1m, for men are lower than for women, then in equilibrium women face lower wages and

expected future wages (over time and across the di¤erent states) than men face. In equilib-

rium, these beliefs are self-ful�lling and generate di¤erent labor-market histories for the two

groups.

The Bayesian updating formula shows persistence of initial beliefs. Furthermore, these

beliefs are self-ful�lling in equilibrium and, thus, create di¤erent experience and occupation

choices in the two groups.

22We do not, however, impose this restriction on the empirical model. Instead, we estimate the utility
function parameters and verify that there is complementarity in leisure. Whereas a gender wage gap can
occur when the two groups are ex-ante similar, di¤erences in the utility function parameter (higher �s),
imply that for given wages, women�s labor supply is smaller. Such utility di¤erences may arise, for example,
if women�s productivity in home goods is higher.
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In particular, the optimal hours are characterized by the following Euler equation:

h�nt = argmax
h�nt2(0;1)

�
u0(znt) + u1(znt; 1� hnt) + �n�t

MP
m=1

dnmtSgm(hnt; z
�
nt; Hnt�1; �t)

+ �Et[pnt+1V1nt+1 + (1� pnt+1)V0nt+1]

�
(17)

Notice that for two identical workers with the same znt, who di¤er only by gender, the

�rst two elements in the equation are similar, but the last two elements are di¤erent. The

change in beliefs,
@epgmt(hnts; HTnt�1; z

�
nt)

@hnt
;

may be gender speci�c and is part of the current earnings. Importantly, the last element,

Et

n
@Vn;t+1
@hnt

j znt; hnt = hont

o
, which is the change in the continuation value from the marginal

change in hours worked, may be di¤erent. If the returns to labor-market experience are

su¢ ciently lower for women because they face a lower stream of wages across states and time,

then in order for the FOC to hold, the current marginal disutility of working, @u1(znr;1�hnt)
@hnt

,

is smaller.

This is intuitive: The current salary for any level of hours is higher for men, and working

more hours more hours increases labor-market experience, which is rewarded when a worker

is planning to work in the future. However, it is possible that for some workers in some

states,
@epgmt(hnts; HTnt�1; z

�
nt)

@hnt

is high and reduces the e¤ect of the lower continuation value.

Whereas discrimination can be a result of pure coordination failure (in which case, if there

exists a unique solution given �xed beliefs and there is no multiplicity, the two groups have

the same outcomes), our model may exhibit discriminatory equilibrium due to cross-group

(gender) e¤ects. Moro and Norman (2004) analyze a statistical discrimination model in

which a discriminatory equilibrium may arise as a result of complementarities in production.

That is, if we have complementarities in the utility function, consumption depends on such

household characteristics as spouse income. Once complementarity is established between

the hours (participation) women and men work (via the utility function), a discriminatory

equilibrium (asymmetric equilibrium) may establish itself, even if there is no coordination

failure. If men are believed to participate more and earn more, women (married) have higher

consumption and work less. It is important to note that although cross-gender complemen-

tarities exist through household consumption, this a¤ects not only married women. The

reason is that the model is dynamic, and single individuals take into account they may
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marry in the future, thus, household complementarities a¤ect them through expectations.

3.2 Empirical Properties

Next, we discuss some implications of the model.

Corollary 1 If women work less in equilibrium, they will sort into occupations with lower
returns to labor-market experience and lower costs of hiring new workers.

Occupations with lower costs of hiring new employees will have smaller di¤erences in

wages for men and women with the same observable characteristics; the gender wage gap in

these occupations may be smaller. To sum, if employers believe that women are less likely

to remain in the �rm in the future, women may lower labor-market experience. Thereafter,

they will sort into occupations that have lower costs of hiring workers and lower returns to

experience.

Corollary 2 The e¤ect of initial beliefs on wages declines over time. Thus, for a given
cohort, conditional on all observable characteristics (to the employer), the gender wage gap

(for men and women with the same observable characteristics) declines with experience.

This is an immediate implication of Bayesian learning. Over time, more information

about labor-market participation and labor supply arrives. Therefore, the e¤ect of the

initial beliefs becomes smaller. The only wage component that generates di¤erence in wages

for equally productive men and women (with the same employment history) is the beliefs on

future participation. It is interesting to notice that when workers are young, all workers with

similar publicly observable characteristics face the same earnings, over time, their choices

and histories reveal information, and therefore, earnings dispersion increases.

Next, we discuss the dynamic evolution of the gender wage gap and the factors that drive

changes.

Corollary 3 According to our model, the following exogenous (outside the model) changes
could account for the narrowing in the observed gender wage gap over time.

1. Di¤erences in education across the di¤erent cohorts

2. Occupation-speci�c aggregate productivity shocks

3. Demographic changes which a¤ect the distribution, F (znt+1 j znt)

4. Changes in production costs of domestic goods
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Over time, women�s educational attainment has increased and, therefore, beliefs about

women�s labor-market participation increase. Since education is constant for each individual,

change in educational composition explains only earnings-gap di¤erences across cohorts. The

rest of the factors can account for changes in the earnings gap within cohorts. Suppose that

there is an increase in overall productivity within an occupation. Such an increase a¤ects

the wages of all workers because ymt(hnt; Hnt�1; z
�
nt) increases, but if men�s participation rate

is high, beliefs about women�s participation may increase women�s wages relative to men�s

wages. This increase in wage will result in a bigger increase in labor supply and participation

of women.

The third factor, changes in demographics (such as a decline in fertility or an increase

in the divorce rate), a¤ects beliefs about future participation. Lastly, if home production

becomes cheaper over time (due to technological changes), the cost of participation in the

labor market is reduced, possibly increasing participation. Since women are less likely to

participate than men, changes in costs of participation may a¤ect the relative wage because

changes in beliefs about participation will raise women�s wages more than they will raise

men�s wages.

It is important to notice that the equilibrium characterization is for each cohort sepa-

rately. In the data, we observe several overlapping cohorts. A worker�s cohort is an observ-

able characteristic. Therefore, for workers who are identical in all observable characteristics

except for the cohort they belong to, it is possible that employers� initial beliefs will be

di¤erent. The theory imposes no restrictions on how initial beliefs are formed. If there were

social and cultural changes over cohorts, the beliefs about future participation can capture

that.

4 Identi�cation and Estimation

There are two types of multiple equilibria in this model that we have to consider before

taking it to data. The �rst is the standard multiple equilibria that arise because it is a

model of imperfect information; a given equilibrium is supported by speci�c o¤-equilibrium

beliefs and di¤erent o¤-equilibrium beliefs may give rise to a di¤erent equilibrium. We never

observed o¤-equilibrium behavior, but the earnings equation holds for any beliefs of histories

that are on the o¤-equilibrium path. Hence we will be estimating a particular equilibrium

outcome observed in the data.

The second type of multiple equilibria is more central to the estimation of our model.

Statistical discrimination means that employers choose to believe that one group is less at-

tached that other and these beliefs are then self-ful�lling in equilibrium. For any given belief,
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there is a di¤erent equilibrium. In the standard statistical discrimination model, an iden-

ti�cation problem of the following form arises: Given the observed wage distribution and

human-capital investment, an econometrician is trying to recover the preference parameters

and beliefs about an unobserved variable that a¤ects productivity. The source of the identi-

�cation problem is that there may be more than one combination of preference parameters

and beliefs that could have generated the observed wage distribution (see Moro, 2003, and

Antonovics, 2004, for detail of this problem). Our model, however, does not have that prob-

lem. This is because our beliefs are about next-period participation probability conditional

on observed characteristics. Panel data, however, allows us to observe the individual�s next-

period participation decision. This must be correct across the population conditional on

the observed characteristics. Therefore we can nonparametrically identify these beliefs if the

following assumption holds:

A1:(Equilibrium Selection): The data for each age�education cohort is gen-
erated by only one equilibrium.

This assumption is standard in the literature for estimating dynamic discrete games. It

only rules out the possibility that for any given age�education cohort the data is generated

by a mixture of two or more equilibria. It does not select any one equilibrium or restrict the

type of equilibrium played across age�education cohorts.

This reduces our identi�cation problem to recovering the preferences and technology pa-

rameters given the observed beliefs, conditional wage distribution, and labor-supply choices.

As shown in Aguirregabiria (2005), these models are semiparametrically identi�ed.

4.1 Outline of Estimation Strategy

Estimation proceeds in three steps. In the �rst step, we estimate the earnings and con-

sumption equations using a panel data Generalized Method of Moment (GMM) estimation

strategy. In the second step, we estimate the conditional choice probability and the �rm�s

beliefs using a kernel-density�based nonparametric estimation strategy. In the third step,

we use the estimates of the marginal utility of wealth, the production functions, and the

switching cost from the �rst-step estimation, along with estimates of the conditional choice

probabilities and the �rms�beliefs in a set of moment conditions derived from the workers�

optimization problem. We then minimize this GMM criterion function to obtain estimates of

the utility function. We will describe the estimation strategy more in detail in what follows

below.

Before we describe the details of the three estimation steps, we begin with a description of

the basic preference estimating equations. First, note that the optimal participation decision
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in equation (14) implies that the equilibrium choice probabilities of working, p(dont j !nt),
must satisfy

p(dont j !nt) = PrfV1(!nt) + "1nt � V0(!nt) + "0ntg, (18)

where !nt are the econometrician�s observed state variables, which also includes the �rm�s

beliefs that the worker will remain in the �rm next period. A very useful insight of the seminal

work of Hotz and Miller (1993) applies to our model: There is a one-to-one relationship

between the equilibrium choice probabilities and the di¤erence between the choice-speci�c

value functions, V1(!nt) � V0(!nt).23 We let Q : R ! (0; 1) denote the mapping from the

choice-speci�c value function to the conditional choice probabilities. That is,

p(dont j !nt) = Q(V1(!nt)� V0(!nt)): (19)

The inverse exist and gives

V1(!nt)� V0(!nt) = Q�1(p(dont j !nt)): (20)

This mapping, Q(:), is only a function of the unobserved state variables, "0nt and "1nt.

Proposition 1 of Hotz and Miller (1993) also states that there exists a mapping 'k : [0; 1]!
R, that measures the expected value of the unobservable in the current utility, conditional

on action k 2 f0; 1g :
'k(p(!nt)) � E["knt j !nt; dont = k]: (21)

Given these two results, we can obtain the di¤erence between the two conditional val-

uation functions once we know the distribution function of the unobserved state variables.

However, we are interested in reformulating the problem as a function of only the primitives

of our original problem, the utility functions and the equilibrium wage equation. Hence,

we need, in addition, a representation of our conditional valuation functions as a function

of only the model�s primitives and the conditional probabilities. To do this, we need the

following assumption, which states that the production and utility functions depend only on

the most recent work history.

A2: (Finite State Dependence): The production and utility functions depend
only on a �nite history of past work decisions, Hp

nt�1 = (hnt��; : : : ; hnt�1)
0.

This assumption states that the payo¤-relevant history is �nite. However, it still leaves
23This equation is central to estimation in a number of papers including, Hotz et al. (1993); Altug and

Miller (1998); Aguirregabiria and Mira (2002); Gayle and Miller (2004); Pesendorfer and Schmidt-Dengler
(2003); Bajari, Benkard, and Levin (forthcoming); Pakes, Ostrovsky, and Berry (2004); and Bajari and Hong
(2005), among others.
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the possibility that the information-relevant history includes the workers� complete work

history. Note that the �rm�s set of beliefs is an aggregator of information, and hence helps

to reduce the state space for the problem. Since the information-relevant history only enters

into the �rm�s beliefs, and the beliefs are an aggregator that enters into the worker�s state

space, the worker�s state space has �nite dependence also.

First de�ne vectors !(r)ont and !
(r)
1nt, as

!
(r)
ont = (hnt��+r; : : : ; hnt�1; 0; 0; : : : ; 0; z

0
nt+r; ep1n;t+1+r; : : : ; epMn;t+1+r)

0; (22)

and

!
(r)
1nt = (hnt��+r; : : : ; hnt�1; h

�
nt; 0; : : : ; 0; z

0
nt+r; ep1n;t+1+r; : : : ; epMn;t+1+r)

0 (23)

for r = 0; : : : ; �. The vector !(r)ont is the state at date t + r for an individual who has

accumulated the work history (hnt��+r; : : : ; hnt�1)0 up to period t, and then chooses not to

participate at date t and for r � 1 periods following period t. Similarly, !(r)1nt is the vector
for an individual who has accumulated work history (hnt��+r; : : : ; hnt�1)0 up to period t and

chooses to participate and supply hours h�nt at date t, but chooses not to participate for r�1
periods following period t.

A restatement of proposition 1 of Altug and Miller (1998) p. 64 in our context gives us

the following representation. Suppose we de�ne the primitives of our problem as follows:

Uk(!nt) =

8><>:
u1(znt; 0) for k = 0

u0(znt) + u1(znt; 1� h�nt) + �n�t
MP
m=1

dnmtSm(z
�
nt; h

�
nt; epmn;t+1) for k = 1:

(24)

and let p(r)knt � Pr(dont+1 = 1 j !
(r)
knt = !) for k 2 f0; 1g and r = 0; : : : ; �. Then for k 2 f0; 1g,

the conditional valuation functions can be expressed as

Vk(!nt) = Uk(!nt) + Et

(
�X
r=1

�r
h
U0

�
!
(r)
knt

�
+ '0

�
p
(r)
knt

�
+ p

(r)
knt

�
Q�1

�
p
(r)
knt

�
+ '1

�
p
(r)
knt

�
� '0

�
p
(r)
knt

��i
+ ��+1

h
V0

�
!
(�+1)
knt

�
+ '0

�
p
(�+1)
knt

�
+ p

(�+1)
knt

�
�
Q�1

�
p
(�+1)
knt

�
+ '1

�
p
(�+1)
knt

�
� '0

�
p
(�+1)
knt

��i)
(25)

The di¤erence between the conditional valuation functions that characterize the participation

decision does not depend on the unknown valuation function any more since !(�+1)nt for
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k 2 f0; 1g are both equal to (0; : : : ; 0; z0nt+�; ep1n;t+1+�; : : : ; epMn;t+1+�)
0. Hence, equation (20)

implies that the conditions for an optimal participation decision depend on state probabilities

and payo¤s for 2� dates into the future. Note that the valuation function now only depends

on the utility function, the distribution of the utility shocks (through Q�1() and 'k), and the

conditional choice probabilities in a �nite number of counterfactual states. We can now apply

an estimation strategy that does not require the computation of the valuation functions and

hence does not su¤er from the problem of multiple equilibria.

4.2 First Step: Estimation of the Consumption and Earnings Equa-

tions

Suppose the econometrician has access to panel data of an age�education cohort of indi-

viduals (n = 1; : : : ; N; t = 1; : : : ; T ). During each time period, the econometrician observes

the actions and state variables except any idiosyncratic shocks to utility or any individual-

speci�c, time-invariant state variables (Snt; dnt; dnmt; hnt; cnt; znt; z�nt). Note that we are as-

suming that the econometrician observes the private information z�nt from survey data.

In the �rst step, we use the Euler equation for consumption (8) to form the moment

condition:

E

�
@u2(cnt; znt; "2nt; �c)

@cnt
� �n�t

���� znt� = 0 (26)

Here we are assuming that the functional form of u2() is known up to a �nite-dimensional

parameter vector, �c. Based on equation (26), the econometrician can estimate �c and �n�t
up to a proportionality constant. In fact, we assume that

u2(cnt; znt; "2nt; �c) = exp(z
0
ntB4 + "2nt)c

�
nt=�:

Let 4 denote the �rst-di¤erence operator. Taking the logarithm of each side of this expres-

sion, di¤erencing, and rearranging implies

(1� �)�14 "2nt = 4 ln(cnt)� (1� �)�14 z0ntB4 +4(1� �)�1 ln(�t) (27)

Let �c denote the (K +T � 1)-dimensional vector of parameters to be estimated, de�ned as

�c =

0BBBB@
(1� �)�1B4

4(1� �)�1 ln(�2)
...

4(1� �)�1 ln(�T )

1CCCCA :
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We also de�ne Yn = (4 ln(cn2); : : : ;4 ln(cnT ))0 as a vector of endogenous variables and Zc
n

as the exogenous variables:

Zc
n =

2664
4z0n2 D2 : : : 0
...

...
. . .

...

4z0nT 0 : : : DT

3775 ;
where Dt denotes a time dummy for t 2 f2; : : : ; Tg. The assumptions in Section 2 imply that
the unobserved variable "5nt is independent of individual-speci�c characteristics. Therefore

E((1 � �)�1 4 "2nt j znt) = 0. Using equation (27), one can obtain a set of orthogonality

conditions,

E [(Yn � Zc
n�c)Z

c
n] = 0;

that can be exploited to estimate �c using an optimal instrumental-variable estimation

technique.

We use a traditional �xed-e¤ect estimator to estimate (1 � �)�1 ln(�n). Let T1 be the

number of time periods for which the marginal utility of consumption equation is estimated.

Let:

(1� �)�1 ln(�n) �
X
t2T1

�
ln(cnt)� (1� �)�1z0ntB4 + (1� �)�1 ln(�t)

�
=T1 (28)

The �xed e¤ects estimates of (1 � �)�1 ln(�n) are obtained as the simple time averages

of the estimated residuals of the consumption equation, which correspond to the sample

counterparts of (1 � �)�1 ln(�n) de�ned above. In order to form the sample counterpart of

(28), we need an estimate of f(1� �)�1 ln(�t)gT1t=1. From the estimate of �c, however, we

can only obtain estimates of f4(1� �)�1 ln(�2)gT1t=2. This requires us to make the additional
assumption that En[�n j Znt] = 0, where En[:] is the expectation operator over individuals.
This assumption enables us to obtain an estimate of (1��)�1 ln(�1) as the sample analogue
of

(1� �)�1 ln(�1) = �En
�
ln(cn1)� (1� �)�1z0n1B4

�
:

We now have estimates of f(1� �)�1 ln(�t)gT1t=1 and (1� �)�1 ln(�n), enabling us to recover
� in the third step of our estimation.

In the �rst step, we also use the free-entry condition from Proposition 1 (Optimal Con-

tract) to form the following orthogonality conditions.

Etfdnmt[Snt � ymt(hs; Hs�1; z
p
ns; �e) + 
m � �
mdn;mt+1] j z�nt; Hn;t�1; h

�
ntg = 0. (29)

Again we are assuming that the functional form of ymt() is known up to a �nite-dimensional
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parameter vector �e. Based on equation (29), the econometrician can estimate �e and �
m.

We assume the following functional form for our production function.

ymt(hs; Hs�1; z
p
ns; �e) = �0mt + �m1hnt + �m2h

2
nt +

P�
r=1 �m3rhnt�r + z�

0

ntBm5 + �n

This production function allows for occupation-speci�c aggregate shocks and general human

capital. However, it�s rate of return is di¤erent across occupations. There is an unobserved

individual-speci�c component, �n, which is completely general in nature. Since all the infor-

mation set in equation (29) is public at period t, we have

Etfdnmtdnmt�1[4Snt�4�0mt��m4HC nt�4z�
0

ntBm5��
m4 dn;mt+1] j z�nt; Hn;t; h
�
ntg = 0;

(30)

where 4HC nt = (4hnt;4h2nt;4hnt�1; : : : ;4hnt��)0 and �m = (�m1; �m2; �m31; : : : ; �m3�).
Let �em denote the (2 +K + �+ T )-dimensional vector of parameters to be estimated,

�em =

0BBBBBBBBB@

�m

Bm5

�
m

4�0m2
...

4�0mT

1CCCCCCCCCA
:

We also de�ne Ymn = (dnm2dnm1 4 Sn2; : : : ; dnmTdnmT�1 4 SnT )
0 as a vector of endogenous

variables and Xmn, the exogenous variables,

Xmn =

2664
4x0m2 D2 : : : 0
...

...
. . .

...

4x0mT 0 : : : DT

3775
where4x0mnt = dnmtdnmt�1(4hnt;4h2nt;4hnt�1; : : : ;4hnt��;4z�

0
nt;4dn;mt+1). Letting Zn be

the matrix of conditioning variables

Zn =

2664
z�0n2 Hn2 hn2
...

...
...

z�0nT HnT hn2T

3775
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and using equation (30), one can obtain a set of orthogonality conditions:

E [(Ymn �Xmn�em)Zn] = 0;

which can be exploited to estimate �em using an optimal instrumental-variable technique.

The aggregate e¤ect and �xed e¤ect in the earnings equation is estimated in a similar way

to those in the consumption equation.

4.3 Second Step: Nonparametric Estimation of Choice Probabil-

ities and Beliefs

The equilibrium earnings equation and the alternative representations for the Euler and

participation conditions require estimates of the beliefs and the conditional choice proba-

bilities. First, epmnt are computed as a nonlinear regression of the next-period participation
index dmnt+1 on today�s public information variables, z�nt, work histories, Hnt�1, and hours

worked, hnt, conditional on working today in occupation m. Let Xnt = (z
�
nt; Hnt�1; hnt; �n)

and de�ne J1[�
�1
1N(Xnt � Xn0s)] as the normal kernel. �N is the bandwidth associated with

each argument. The nonparametric estimate of epmnt, denoted epNmnt, is computed using the
kernel estimator,

epNnmt = PN
n0=1;n0 6=n

PT�1
s=1 dmn0sdmn0s+1J1[�

�1
1N(Xnt �Xn0s)]PN

n0=1;n0 6=n
PT�1

s=1 dmn0sJ1[�
�1
1N(Xnt �Xn0s)]

: (31)

The derivative is then estimated using the standard nonparametric derivative kernel

estimator (see Pagan and Ullah, 1999). Theoretically, Hnt�1 includes the complete working

history of the worker, including number of hours worked and occupation. In practice, for

older workers the history could be very large, and therefore, our estimator would su¤er from

the curse of dimensionality. In order to obtain, the optimal history length for information

we use a cross validation procedure to �nd the optimal information history dependence.

The conditional choice probabilities, pnt, are computed as nonlinear regressions of the

participation index, dnt, on the current state, !Nnt � (z0nt;Hnt; epN1nt; : : : ; epNMnt; �
N
n �

N
t )

0, where

the N superscript denotes an estimated quantity. De�ne J
�
�N
�
!Nnt � !Nn0s

��
as the normal

kernel and �N as the bandwidth associated with each argument. The nonparametric estimate

of pnt, denoted pNnt, is computed using the kernel estimator,

pNnt =

PN
n0=1;n0 6=n

PT
s=1 dn0sJ

�
��1N

�
!Nnt � !Nn0s

��PN
n0=1;n0 6=n

PT
s=1 J

�
��1N (!Nnt � !Nn0s)

� : (32)
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The conditional choice probabilities, p(r)knt, are also computed as nonlinear regressions of a

participation index on the appropriate state variables. De�ne

d
(r)
knt = [1� (1� k)dnt�r � k(1� dnt�r)]

Qr�1
l=1 (1� dnt�l); k 2 f0; 1g:

Notice that d(r)1nt = 1 if the person participated at t � r, but did not participate for the

preceeding r�1 periods. Similarly, d(r)0nt = 1 if the person did not participate between t�r and
t�1. Thus, d(r)knt is an index variable that allows us to condition on the behavior of individuals
with the labor-market histories de�ned by H(r)

knt. The conditional choice probabilities, p
(r;N)
knt ,

are computed as

p
(r;N)
knt =

PN
n0=1;n0 6=n

PT
s=1 dn0sd

(r)
kn0sJ

h
��1N

�
!
(r;N)
knt � !Nn0s

�i
PN

n0=1;n0 6=n
PT

s=1 d
(r)
kn0sJ

h
��1N

�
!
(r;N)
knt � !Nn0s

�i ; (33)

where !(r;N)knt = (H
(r)
knt; z

0
nt+r; epNn1t+r; : : : ; epNnMt+r; �n�t+r)

0 for k 2 f0; 1g is the counterfactual
state vector for individual n.

To evaluate the term @p
(r)
1nt=@hnt, which appears in the Euler equation, de�ne

f
(r)
1nt � f1

�
!
(r)
1nt j dnt+r = 1

�
(34)

as the probability density function for !(r)1nt, conditional on participating at date t+ r. Like-

wise, let f (r)nt � f
�
!
(r)
1nt

�
be the related probability density that does not condition on

participating in period t+ r for r = 1; : : : ; �. Denote their derivatives with respect to h�nt by

f
0(r)
1nt and f

0(r)
nt , respectively. It is straightforward to show that

@p
(r)
1nt

@h
=

"
f
0(r)
1nt

f
(r)
1nt

� f
0(r)
nt

f
(r)
nt

#
p
(r)
1nt r = 1; : : : ; �: (35)

We derive this expression using the fact that p
(r)
1nt can be written as

p
(r)
1nt = Pr

�
dnt+r = 1 j !(r)1nt

�
= Pr(dnt+r = 1)f

(r)
1nt=f

(r)
nt . Di¤erentiating this expression with

respect to hnt yields the above expression. The nonparametric estimates of f
(r)
1nt and f

(r)
nt are

de�ned, respectively, as the numerators and denominators of p(r;N)knt in equation (33). The

estimates of f
0(r)
1nt and f

0(r)
nt are obtained from the derivatives of the estimates, f (r;N)1nt and

f
(r;N)
nt , with respect to hnt (Pagan and Ullah, 1999).
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4.4 Third Step: Estimation of the Structural Parameter

Assume that ("0nt; "1nt) is distributed as a Type I extreme value with variance parameter

�2 and mean zero. This distributional assumption for the preference shocks implies that

Q(p) = � ln[p=(1 � p)], '0(p) =
�
�
� � ln[(1 � p)], and '1(p) =

�
�
� � ln[p], where � is the

Euler constant. Combining equations (20) and (25) along with the above expressions of

Q(p), '0(p) and '1(p), we obtain

� ln[pnt=(1� pnt)] = B0t + z0ntB1 � z0nthntB2 � �0
�
1� l2nt

�
+�n�t

MP
m=1

dnmt [ymt(hnt; Hnt�1; z
p
nt; �e)� 
m + �
mepmn;t+1]

�
�P
s=1

�shnt (lnt�s + �s) + �Et

"
�P
s=1

�s ln

 
1� p

(s)
1nt

1� p
(s)
0nt

!#
(36)

Finally, combining the Euler equation for hours (13) and the alternative representation of

value (25) along with the above expressions of Q(p), '0(p), and '1(p), we obtain

Et

�
dnt

�
�

�P
s=1

�s
�
1� p

(s)
1nt

��1
rhntp

(s)
1nt � z0ntB2 � 2�0lnt �

�P
s=1

�s(lnt�s + �s)

+ �n�t
MP
m=1

dnmt [�m1 + 2�m2hnt + �
mrhntepmn;t+1]��
= 0; (37)

where rhntepmn;t+1 is the derivative of the beliefs with respect to current hours.
Note that from the �rst step, we have estimates of �m1, �m2, �
m, and all the other

parameters of the production function. In addition, from the �rst step, we have an estimate

of �nt,

�nt = (1� �)�1 ln(�n�t):

The second step yields estimates of pnt, p
(s)
1nt, epmn;t+1, rhntp

(s)
1nt, and rhntepmn;t+1. We can
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form the moment conditions:

m1nt

�
�u;�(N)c ;�(N)e ;  (N)

�
= � ln

h
p
(N)
nt =

�
1� p

(N)
nt

�i
�B0t � z0ntB1 + z0nthntB2

+ �0
�
1� l2nt

�
+

�P
s=1

�shnt(lnt�s + �s)

��
�P
s=1

�s ln

 
1� p

(s)(N)
1nt

1� p
(s)(N)
0nt

!

� exp
�
(1� �)�

(N)
nt

� MP
m=1

dnmt

h
ymt

�
hnt; Hnt�1; z

p
nt; �

(N)
e

�
� 
(N)m + �
(N)m ep(N)mn;t+1

i
(38)

and

m2nt

�
�u;�(N)c ;�(N)e ;  (N)

�
= dnt

�
�

�P
s=1

�s
�
1� p

(s)(N)
1nt

��1
rhntp

(s)(N)
1nt

� z0ntB2 � 2�0lnt �
�P
s=1

�s(lnt�s + �s)

+ exp
�
(1� �)�

(N)
nt

� MP
m=1

dnmt

h
�
(N)
m1 + 2�

(N)
m2 hnt

+ �
(N)m rhntep(N)mn;t+1

i�
;

where  (N) =
�
p
(N)
nt ; p

(s)(N)
0nt ; p

(s)(N)
1nt ; ep(N)mn;t+1

�
are the nonparametric second-step estimates

and �u = (�; �; �;B01; : : : ; B0T ; B1; B2; �0; : : : ; ��) are the structural parameters left to be

estimated.

There are now two sources of errors in evaluating the sample counterparts of (36) and

(37). The �rst is the forecast errors from replacing the expectations of future variables

with their realizations. The second is the approximation error that arises from replacing

the true values of the conditional choice probabilities, conditional expectation, and time-

invariant individual-speci�c e¤ects with their estimates. Let us de�ne the 2 � 1 vector
m3nt

�
�u;�

(N)
c ;�

(N)
e ;  (N)

�
�
h
m1nt

�
�u;�

(N)
c ;�

(N)
e ;  (N)

�
;m2nt

�
�u;�

(N)
c ;�

(N)
e ;  (N)

�i0
and

let T3 denote the set of periods for which the hours and participation equations are valid.

De�ne the vector

m
(N)
3n

�
�u;�

(N)
c ;�(N)e ;  (N)

�
��

m3n1

�
�u;�

(N)
c ;�(N)e ;  (N)

�0
; : : : ;m3nT3

�
�u;�

(N)
c ;�(N)e ;  (N)

�0�0
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as the vector of the idiosyncratic errors for a given individual over time. De�ne 
(N)nt �
Et

�
m3nt

�
�u;�

(N)
c ;�

(N)
e ;  (N)

�
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5 Data

The data for this study are taken from the Family File, the Childbirth and Adoption History

File, the Retrospective Occupation �le, and the Marriage History File of the PSID. The

sample contains individuals who were either the Head or Wife of a household in the year of

the interview. The variables used in the empirical study are hnt, the annual hours work by

individual n at date t; Snt, the reported real annual earnings at t; cnt, the real household food

consumption expenditures; FAM nt, the number of household members; YKIDnt, the number

of children less than six years of age; OKIDnt, the number of children of ages between six

and sixteen; AGEnt, the age of the individual at date t; EDU nt, the years of completed

education of the individual at time t; NEnt, Wnt, SOnt, region dummies for northeast, west,

and south, respectively; andMSnt, denoting whether an individual is married or not. We also

use variables related to the spouse of the individual if the individual is married. SP :EDUC nt

and SP :INCOMEnt, the completed years of education and the labor-market income of the

spouse of individual n in period t respectively. Individuals are classi�ed into two di¤erent

occupation categories, professional and nonprofessionals. We only keep white individuals

between the ages of 25 and 65 in our sample. After eliminating missing variables we are left

with 5,978 individuals over the years 1968 to 1992 of which 46% are women. The construction

of our sample and the de�nition of the variables are described in greater detail in Appendix

C.

Table 1 contains summary statistics of our main labor-market and human-capital vari-
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ables. The participation rate for men is relatively constant over our sample period with

a sight decline toward the end of the sample period. In contrast, the participation rate

for women increased signi�cantly over the sample period, starting around 54% in 1968 and

increasing to 74% by 1992. The average annual hours worked by men is also relatively con-

stant over our sample period, but the average annual hours worked by women increased by

roughly 30% over the sample period, going from around 1,400 hours per year in 1968 to

1,800 per year in 1992. At the same time, the average annual earnings for men increased by

roughly 18% over the period, going US$40,000 per year in 2000-constant dollars in 1968 to

US$47,000 in 1992. Meanwhile, the average annual earnings for women increased by around

49% over the same period, going from US$16,200 in 1968 to US%24,100 in 1992. Note that

the implied reduction in the gender earnings gap is less than that reported in the literature.

This is because there are still signi�cant di¤erences between the hours worked by men and

the hours worked by women. Figure 1 displays the median gender wage for the same period

(wage is annual earnings divided by annual hours worked). There it is clear that the wage

gap declined by around 30% over the period, going from around 40% in 1968 to around 28%

in 1992. This is in line with other reports in the literature.24 The percentage of women in

the professional occupations increased by around 54% over the sample period, going from

28% of the occupation in 1968 to around 43% of the occupation by 1992. At the same time

the fraction of women in the nonprofessional occupations increased by around 10% over the

period, going from 45% in 1968 to around 50% in 1992. The gap in the average years of

completed education between men and women has been almost completely erased by the

early 1990s.

Table 2 contains summary statistics of our main demographic and wealth variables. The

sample has aged and household size has declined, with the decline is most pronounced

amongst young children. Roughly 80% of our sample is married through the sample. House-

hold income has increased somewhat, but household consumption of food has declined. How-

ever, both food consumption and income per capita has increased over the sample period.

6 Empirical Results

The main purpose of estimating the consumption equation is to obtain estimates of the

marginal utility of wealth for our main estimation equations. Therefore, we do not focus the

discussion on these results. Table 3 contains the results from this estimation. These results
24It should be noted that because of the skewness of the distribution of earnings, the median earnings gap

is less that the mean earnings gap. However, regardless of how it is measured, the earnings gap has declined
less that the wage gap. In the results, we do our decomposition using the median wage gap to be comparable
with the wage-gap literature.
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are standard and consistent with estimates of these parameters in previous literature (see

Gayle and Miller, 2004, and Altug and Miller, 1998, for similar estimates). Furthermore, we

obtain reasonable estimates for our risk aversion parameter which is normally a problem in

estimation of consumption equations (Altug and Miller, 1990; Gayle and Miller, 2004).

Figure 2 shows a signi�cant increase in aggregate productivity in both occupations. This

increase, however, was much larger in the professional occupations than in the nonprofes-

sional occupations. Our theoretical model implies that productivity shocks should have a

more signi�cant e¤ect on female labor force participation than on men�s participation, and

therefore lead to a reduction in the gender earnings gap (see Corollary 3(ii)). These shocks

should also lead to increased sorting of women into the professional occupations, as is docu-

mented in the literature (Lewis, 1996). We compute directly the e¤ect of productivity shocks

on the changes in the gender earnings gap below (Table 10).

The estimation results of the earnings equation is reported in Table 4. Consistent with

Corollary 1, the professional occupations have signi�cantly higher returns to labor-market

experience than the nonprofessional occupations.25 These results are consistent with the em-

pirical fact that more women sort into the nonprofessional occupations than men. Additional

evidence in support of Corollary 1 is that there is a larger cost of hiring a new worker, along

with the higher returns to working less hours (part time) in the nonprofessional occupations.

This can be seen by comparing the linear and quadratic terms in current hours.

Table 5 contains the estimates of the �xed cost of labor-force participation.26 Here we �nd

our �rst evidence in support of Proposition 4. The di¤erence in the estimated coe¢ cients for

number of kids (both young and old kids) for men and women, is suggestive evidence that

more women specialize in nonmarket work relative to men. This is consistent with Becker�s

(1965) theory of home-production division of labor. It should be noted that this evidence

is only suggestive because we only use time spent working directly in our data. However,

our results, using the number of kids as a proxy for home production hours, support this

theory. There is no signi�cant di¤erence in the cost of participation for men and women

with the same years of completed education. A larger number years of completed education

raises the likelihood of working for men and women equally. The e¤ect of marital status is

highly nonlinear and depends on the education level of one�s spouse. A married individual

is more likely to participate in the labor force. A married women who is married to a more

educated man, however, is less likely to participate. In contrast, a man who is married to a

more educated women is more likely to participate in the labor force.

25Notice that the coe¢ cients on the hours and experience are large because hours are between zero and
one.
26In our model, unemployment is interpreted as a decision not to work. This is in keeping with the labor

literature on female labor supply.
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Table 6 contains the results of our estimates on the utility of leisure (or nonmarket

production). Again, the estimates support the idea of specialization. However, the results

are a little more subtle. For example, whereas women with kids are less likely to work in the

labor market, conditional on working, they are more likely to work more hours; the opposite

is true for men. The opposite is also true for education. That is, educated women are more

likely to work in the labor market, but education has no signi�cant e¤ect on the likelihood

of working more hours conditional on working in the labor market. Education, on the other

hand, does not have any signi�cant e¤ect on men�s likelihood of participation, but it does

increase men�s likelihood of working more hours conditional on working in the labor market.

Lastly, conditional on working in the labor market, marital status decreases the likelihood

of working more hours. Conditional on working, having a more educated spouse increases

the likelihood of working more hours for women but not for men. These results are also

supportive of the idea of cross-group complementarities in the utility function (asymmetric

equilibrium).

Table 7 contains the estimates for the time nonseparability in nonmarket hours. They

show that there are signi�cant complementarities between nonmarket hours across time for

women. The results on complementarities between nonmarket hours across time for men are

mixed. In particular, nonmarket hours for men are compliments one period back. However,

they become substitutes two periods back. This further suggests that our model does not

require a coordination failure in order to exhibit a �discriminatory equilibria.�This could

be the results of just an asymmetric equilibria that would generate self-ful�lling beliefs and

di¤erent labor-market histories between men and women as discussed in section 3.1.

The fact that our structural estimates are consistent with our model�s prediction does not

mean that private information is quantitatively important or that the gender earnings gap is

driven by discriminatory equilibria. This is even more problematic given that the estimated

switching cost is not very high ($3,000 in professional and less, $1,000, in nonprofessionals).

Although these numbers may be reasonable, they are still small relative to the earnings gap.

To investigate this, we decompose the earnings gap into four components: human capital

(current and past hours worked in the market), �rms�beliefs, the �xed e¤ects, and other

(education and age composition). The results are reported in Table 8, which has the median

wage of a woman over the median wage of a man.27 The wage gap for our sample is 87% and

76% for professionals and nonprofessionals, respectively. Our model predicts an earnings gap

of 92% and 81% for professionals and nonprofessionals, respectively. Of the 92% predicted

wage gap in the professional occupations, 60% is due to the di¤erence in human capital, 12%

is due to di¤erences in �rms�beliefs, 4% is due to di¤erences in the estimated �xed e¤ects,

27Where wage is compute, as earnings divided by hours worked.
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and 10% is due to di¤erences in education and age composition between men and women.

In the nonprofessional occupation, of the 81% wage gap predicted by our model, 56% is due

to di¤erences in human capital, 9% is due to di¤erences in employers�beliefs, 7% is due to

di¤erences in the estimated �xed e¤ect, and 4% is due to di¤erences in the education and

age composition between men and women. Given how the �xed e¤ect is estimated, one may

be worried that it is capturing implicit discrimination which is not in our model. Given that

it accounts, however, for only a small fraction of the predicted wage gap, we can safely ignore

these other sources of possible discrimination.

Given that our model performs reasonable well in explaining the earnings gap, we are

now in a position to look at the sources of the change in the earnings gap over two disjoint

time periods: 1974�1978 and 1984�1988. To do this, we calculate the median wage gap in

both time periods and express the di¤erence as a percentage of the median wage gap in

the �rst period. The results are reported in Table 9. The raw changes in the wage gap

over the period are 30% and 25% for professionals and nonprofessionals, respectively. Our

model predicts changes of 28% and 22% for the two occupations, respectively. Therefore,

our model is doing slightly better at predicting the change in the wage gap than the level.

We then decompose the predicted changes into changes due to di¤erences in human capital,

�rms�beliefs, and education and age composition (labeled Other in Table 9). Changes in the

di¤erences in human capital over the two periods account for 67% and 65% of the changes

in our two occupations, respectively. Changes in �rms� beliefs account for 8% and 6%

of the changes in professional and nonprofessional, respectively, whereas education and age

composition accounted for 25% and 29% of the changes in professionals and nonprofessionals,

respectively.

Human capital is by far the most important factor in explaining both the wage gap and

the changes in the wage gap over time. Human-capital accumulation, however, is endogenous

to our model. Hence, the e¤ect of private information is compounded into the human-capital

e¤ect. In order to disentangled these di¤erent e¤ects on human-capital accumulation, we

need to solve the model. The problem with solving the model is that with private information

there is the possibility of multiple equilibria. Therefore, there are no guarantees that the

equilibrium we solve for is the one that actually played out in the data, the parameter values

of our model may be consistent with many di¤erent equilibria. In order to get around this

problem, we solve the model under two di¤erent situations. In both situations we know that

there is a unique equilibrium. We then compare the results from our solution with the actual

data to obtain a measure of the e¤ect of private information on the e¤ect of human-capital

accumulation on the earnings gap. The �rst situation is when the switching cost, 
m, is zero.

The second is when �rms observe all the private information of the individual. Under both
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scenarios we can solve the model using backward induction.

We then calculate the e¤ects of �ve sources of the changes in human-capital accumula-

tionon on the earnings gap. These results are reported in Table 10. First, we calculate the

e¤ect of the hiring costs on the change in the gender wage gap. That is, we compute the

change in the wage gap attributed to the friction of �rm-speci�c hiring costs. Without costs

of hiring new workers, earnings equal the worker�s productivity, and the prospect of future

participation does not a¤ect them. To calculate the e¤ect of hiring costs on the gender wage

gap, we take the two disjoint time periods and calculate the average of all the inputs to

our model for each period. These inputs include the demographic characteristics, aggregate

shocks, the marginal utility of wealth, the �xed e¤ects, and the estimated transition proba-

bilities of marital status and number of kids. We then solve the model in both time periods,

setting 
m equal to zero.
28 Then we calculate the implied changes in the wage gap. Notice

that we capture wage gap and changes in the earnings gap in a model in which earnings are

the worker�s productivity. In such a model, the changes in earnings and human capital over

the years occur because of the aggregate productivity shocks, demographic characteristics,

and costs of participation in the labor market. We decompose these changes in the same

way they are calculated in Table 9. Then we express the amount of the change attributed to

human capital as a percentage of the change attributed to human capital in Table 9. We �nd

that 38% and 32% of this change in human capital in the professional and nonprofessional

occupations, respectively, are due to the hiring costs. (That is, in a model without hiring

costs, the change in human capital in professional occupation, would have been 38% smaller

compared to the changes in human capital in our model.)

The second entry in Table 10 calculates the e¤ect of the private information on the

change in the wage gap. This can essentially be interpreted as the change in the earnings

gap attributable to changes in patterns of discrimination. Recall that in our model, dis-

crimination, as de�ned in the model, occurs only because employers do not have all the

information workers have that is relevant to predicting employment spells. The e¤ect of

the asymmetric information is calculated as described above (the e¤ect of the hiring costs

calculation). However, instead of setting 
m equal to zero, we solve the model backward,

calculating the actual probability of working next period in the same occupation conditional

on working today in that occupation. This calculation is conditioned on all the information

known by the worker today. This accounted for 12% and 13% of the changes in the profes-

sional and nonprofessional occupations, respectively. That is, the e¤ect of changes in beliefs

about next-period participation on human-capital accumulation is 12% and 13% smaller

when information is symmetric. Note that the overall e¤ect of the information friction (sta-

28Therefore, the earnings equation in the scenario is: Sm(hnt;Hnt�1; z�nt) = ymt(hnt;Hnt�1; z
�
nt)
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tistical discrimination) is the e¤ect on human capital plus the direct e¤ect on earnings. In

professional occupation it is 16% (0.12*0.67+0.08=0.16), and for non-professionals it is 14%.

To compute the e¤ect of changes in demographic characteristics on the change in human

capital, we again set 
m equal to zero, holding all the demographic characteristics level�

marital status, number of kids, years of completed education, and spouse education. We

hold their transition probabilities at the 1974�1978 levels in both periods and repeat the

calculations on the e¤ect of hiring costs. By doing so, we shut down the e¤ect of these

characteristics on the earnings because they do not enter the production function. This

accounts for 28% and 34% of the changes in the two occupations, respectively, over and

above those found in the model with no hiring costs.

We then repeat the exercise above to obtain the e¤ect of home-production shocks and

aggregate productivity shocks on the change in the earnings gap. To calculate the e¤ect of

an aggregate shock to the utility of participating in the labor market (which we refer to as

changes in home-production costs), we hold the aggregate shock to home production �xed at

its 1974�1978 level in both time periods, while allowing demographic characteristics to vary

across the to periods. This only accounted for 2% and 3% of the changes over and above the

28% and 34% of the changes accounted for by the measure in the model in which there are

no hiring costs.

We again repeat the same exercise, holding the aggregate shock to market productivity

constant across the two time periods while allowing all other input to vary. This accounted

for 18% and 11% of the changes over and above the 28% and 34% of changes accounted for

in the frictionless model.

From the decomposition, exercise we learn that private information, hiring cost, demo-

graphic changes, and changes in aggregate productivity in the market sector account for

most of the changes in human capital. In turn, human capital accounts for most of the

changes in the explained gender earnings gap over the period.

7 Conclusion

The focus of the paper is accounting for the changes in labor-market outcomes gap for

males and females. Our estimates reveal that the increase in productivity (estimates of the

year- and occupation-speci�c productivity shocks) over the years is larger in professional

occupations than in nonprofessional occupations. Productivity increased by around 150%

in professional occupations between the years 1975 and 1985, whereas it only increased

by around 100% in nonprofessional occupations. Our model predicts that such an increase

allows for relative gains for women causing an increase in female representation in professional
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occupations over time. We continue with a decomposition of the change in the gender gap.

We �nd that 16% of the decline in the gender wage gap in professional occupations and 14%

in nonprofessional occupations is due to changes in patterns of statistical discrimination

(both the direct e¤ect on wages and the indirect e¤ect on labor supply and occupational

sorting). We also �nd that Occupation-speci�c technological shocks and changes in family

structure and education played an important role in the decline in the earnings gap. The

estimation results do not support, however, the hypothesis that changes in home production

technology explain the increase in women�s labor-market participation.

Further extensions of our framework will include exploring the e¤ect of changes in family

structure on the gender wage gap. We �nd that changes in family structure are a signi�cant

factor driving the change in beliefs. In professional occupations, 28% of the change in human-

capital accumulated (which accounts for 67% of the entire gap) is due to demographic changes

(such as the decline in married women�s fertility). For nonprofessionals, it is 34% (the human

capital explains 65%). These changes drive belief changes about women�s attachment to the

labor force. In our model, these changes in family structure are assumed to be exogenous, and

therefore, are identi�ed as factors causing changes in beliefs, increases in the participation

rate, and decline in the gender wage gap. Although our empirical �ndings suggest that

changes in family structure may be important to further understanding the observed changes

in the gender wage gap, these changes are endogenous to changes in earnings. Therefore,

we cannot disentangle the causality relations. Inferring causality is beyond the scope of this

paper.

8 Appendices

8.1 Appendix A: Theoretical Results

Proof of Proposition 1 (Employers�optimal strategies). This proof establishes that
given the strategies and beliefs of the players, the contract in (15) is optimal. The free-entry
condition implies that in equilibrium, the expected value of a vacancy in each occupation
at any period, �tm, is zero. Thus �tm is the continuation value of hiring a new worker in
occupation m in period t. De�ne �etm by the continuation value of the current employer in
occupation m in period t. That is, �etm is the expected pro�ts from employing a worker
who was employed in the �rm for more than one period. We use this to derive the optimal
contract by solving backwards:
At time t = T (the worker�s �nal year), the free-entry condition that implies that for

a new employer, expected pro�t from o¤ering the worker a contract is zero. The expected
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pro�t from o¤ering a contract, s(ht; Ht�1;z
�
t ), is

�T = ymT (hT ; HT�1; z
p
T )� ST (hT ; HT�1; z

�
nT )� 
m = 0: (40)

Therefore,
ST (hT ; HT�1; z

�
nt) = ymT (hT ; HT�1; z

p
T )� 
m

The current employer�s pro�t, substituting the earnings is

�eT = ymT (hT ; HT�1; z
p
T )� ST (hT ; HT�1; z

�
T ) = 
m (41)

Consider a potential employer making an o¤er at time t = T � 1:

�T�1 = ymT�1(hT�1; HT�2; z
p
T�1) � 
m � S(hT�1; HT�2; z

�
T�1)

+ �epmTg(z�T�1; HT�2; hT�1)�
e
T = 0:

Thus,

S(hT�1; HT�2; z
�
nt) = ymT�1(hT�1; HT�2; z

p
T�1)� 
m(1� �epmTg(z�T�1; HT�2; hT�1)):

A current employer�s pro�t in period T � 1 is therefore

�eT�1 = ymT�1(hT�1; HT�2; z
p
n) � S(hT�1; HT�2; z

�
T�1)

+ �epmTg(z�T�1; HT�2; hT�1)�
e
T = 
m:

Solving backwards, at any period s < T , the free-entry condition implies

�T�s = ymT�s(hT�s; HT�s�1; z
p
n) � 
m � S(hT�s; HT�s�1; z

�
T�s)

+ �epgmT�s+1(z�T�s; HT�s�1; hT�s)�
e
T�s+1 = 0

and, therefore,

S(hT�s; HT�s�1; z
�
n) = ymT�s(hT�s; HT�s�1; z

p
n)� 
m(1� �epgmT (z�T�s; HT�s�1; hT�s)):

Therefore, the current employer�s pro�t is

�eT�s = ymT�s(hT�s; HT�s�1; z
p
n) � S(hT�s; HT�s�1; z

�
T�s)

+ �epgmT�s+1(z�T�s; HT�s�1; hT�s)�
e
T�s+1 = 
m

Given the beliefs and worker�s strategy to accept the highest o¤er, and other �rm�s strategies,
the above contract is optimal.
Next, we show that no possible deviation from the competitive rate can be pro�table to

any player. Each occupation o¤ers all hours in the occupation�s range. No worker accepts a
lower wage (dmnt = 0 if S

0
m(hs; Hs�1; z

�
s) < Sm0(hs; Hs�1; z

�
s)). By construction, the inability

of both �rms and workers to commit implies that o¤ering a higher wage for any given hours
and observables leads to a negative expected pro�t. Notice that every contract for every hour
in any occupation is o¤ered. They all yield zero pro�t and �rms are indi¤erent. Any hours
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contract that is not o¤ered provides an opportunity for a new �rm to enter and attract
a worker at a wage that yields positive pro�ts. The worker�s choice of participation and
optimal hours is described in (14) and (13).
Next, we argue that the worker�s strategy, given any hours she chooses to work is to

accept the highest salary. A higher salary increases utility today and does not a¤ect beliefs
or salaries tomorrow (recall salary is not part of the observed employment history). Thus,
for any hours worked, if o¤ered a higher salary by a �rm in the occupation, the worker will
take the highest o¤er (switching employers within occupation does not a¤ect beliefs). O¤ the
equilibrium path, workers who work fewer than the minimal hours receive lower salaries and
there are no gains from deviation (beliefs will not increase), there is no pro�table deviation for
working more than the largest amount of hours, as beliefs are not adjusted to be higher than
the beliefs for hours worked more than the highest optimal hours on the equilibrium-path.

Proof of Proposition 3 (Existence). Existence of a solution to the worker�s consumption
and hours problem follows immediately from continuity and strict concavity of the utility
function the fact that there is a solution to the worker�s problem for any contract o¤ered.
First, notice that since choice of hours worked and participation depend on current salary,

they are a¤ected by the �rm�s beliefs. Consider the �nal period T . The salaries are inde-
pendent of the �rm�s beliefs as all factors a¤ecting production are observable. The following
functions summarize the worker�s strategy (participation decision and hours worked, respec-
tively),

QT (znT ; HnT�1(SnT�1(hnT�1; epmn;T ); : : : ; Sn1(hn1; epmn;2)); h�T )
IT (znT ; HnT�1(SnT�1(hnT�1; epmn;T ); : : : ; Sn1(hn1; epmn;2)); h�T )

and 81 < t < T ,

Qt(znt; Hnt�1(Snt�1(hnt�1; epmn;t); : : : ; Sn1(hn1; epmn;2)); h�t )
IT (znt; Hnt�1(Snt�1(hnt�1; epmn;t); : : : ; Sn1(hn1; epmn;2)); h�t ):

In period T � 1,

epmn;T =

Z
QT (znT ; HnT�1(epmn;T ; : : : ; epmn;2); h�T )IT (znT ; HnT�1(epmn;T ; : : : ; epmn;2); h�T )

�T (znT j HnT�1; z
�
nT ) dznT :

Next, in order to solve for epmn;t, notice that it appears in QT and IT on the right hand
side for any period t. In particular, epmn;t+1 is the solution to
epmn;t+1 =

Z
zt

�Z
zt+1

f(znt+1 j znt)Qt+1(znt+1; Hnt(epmn;t+1); h�t+1(epmn;t+2)
It+1(znt+1; Hnt(epmnnt+1;:::;epmn2); h�nt+1(epmn;t+2); Snt+1(h�nt+1)hmt+1(Hnt; z

p
nt);

hmt+1(Hnt; z
p
n) dznnt+1

�
�t(znt j Hnt�1; z

�
nt) dznt
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A) Note that epmn;t+1 : [0; 1], and that the left hand side, is also de�ned on the interval
[0; 1]. Thus, continuity of the RHS su¢ ces to guarantee a solution to each one of the equations
separately. We then show that a solution exists to the system of beliefs epmn;t+1; : : : epmn;2
simultaneously.
B) To show continuity: Let zmt+1 be the marginal type for which h

�
mt+1(Hnt; z

�
n; znt+1)

� h�mt+1(Hnt; z
�
nt+1), and zmt+1 the type for which h

�
mt+1(Hnt; z

�
n; zmt+1) � h

�
mt+1(Hnt; z

�
nt+1).

h�mt+1(znt+1; :) is continuous and invertible in znt+1 as the utility function is continuous.
zmt+1 (zmt+1) is the lowest (highest) z, so a worker with history Hnt and characteristics z�nt+1
chooses optimally to work hmt+1. Thus we can write, h

��1
mt+1(Hnt; z

�
nt+1) = zmt+1 and zmt+1

� h
��1
mt+1(Hnt; z

�
nt+1). Since It+1(znt+1; Hnt(epmnnt+1;:::;epmn2); h�nt+1; Snt+1(h�nt+1)) is an indictor

function that takes the value 1 when h�nt+1 2 [hmt+1(Hnt; z
�
nt+1); hmt+1(Hnt; z

�
nt+1)] and 0

otherwise, we can rewrite the integralZ
znt+1

f(znt+1 j znt)Qt+1(:)It+1(:) dznnt+1

=

Z zmt+1(Hnt(epmn;t+1);z�n)
znt+1(Hnt(epmn;t+1);z�n) f(znt+1 j znt)Qt+1(ht(epmn;t+1)It+1(:)) dznnt+1

C) Since ht(epmn;t+1) is continuous in epmn;t+1 and Qt+1(ht(epmn;t+1):) is continuous in ht,
we only need to show that zmt+1(Hnt(epmn;t+1); z�nt+1) and znt+1(Hnt(epmn;t+1); z�nt+1) are con-
tinuous in epmn;t+1. Let m � 1 (m + 1) denote the occupation of the worker if she chooses
hours below (above) h

�
mt+1(Hnt; z

�
nt+1) (h

�
mt+1(Hnt; z

�
nt+1)). These hours are determined by

the following conditions,

fm(h
�
mt+1(Hnt; z

�
nt�1))� fm�1(h

�
mt+1(Hnt; z

�
nt�1))� 
m + 
m�1 = 0

fm(h
�
mt+1(Hnt; z

�
nt+1))� fm+1(h

�
mt+1(Hnt; z

�
nt+1))� 
m + 
m+1 = 0:

From the continuity of the production function in each occupation in all factors of pro-
duction, h�mt+1(Hnt; z

�
n) and h

�
mt+1(Hnt; z

�
n) are continuous in hnt. Therefore, there exists a

solution to every period�s beliefs separately.
Next we show that there exists a beliefs sequence that solves the following system of

simultaneous equations (where g represent the RHS of the equations),

epmnT = g(epmnT ; : : : ; epmn2)epmnT�1 = g(epmnT�1; : : : ; epmn2)
...epmn2 = g(epmn2):

The matrix is diagonal and nonsingular. Therefore, a solution exists.
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8.2 Appendix B: Derivation of Asymptotic Variance

It is well known in the econometric literature that under certain regularity conditions, prees-
timation does not have any impact on the consistency of the parameters in the subsequent
steps of a multistage estimation (Newey, 1984; Newey and McFadden, 1994; Newey, 1994).
The asymptotic variance, however, is a¤ected by the preestimation. In order to conduct
inference in this type of estimation, one has to correct the asymptotic variance for the prees-
timation. The method used for correcting the variance in the �nal step of estimation depends
on whether the preestimation parameters are of �nite or in�nite dimension. Unfortunately,
our estimation strategy combines both �nite- and in�nite-dimensional parameters. Combin-
ing results from two sources (Newey, 1984; Newey and McFadden, 1994), however, allows us
to derive the corrected asymptotic variance for our estimator.
Following Newey (1984), we can write the sequential-moments conditions for the �rst-

and third-step estimation as a set of joint moment conditions:

mn(�u;�c;�e;  ) =

2666664
(Yn � Zn�c)Z

c
n

(Y1n �X1n�e1)Zn
...

(YMn �XMn�eM)Zn
m3n(�u;�c;�e;  )

3777775 ;

where (Yn � Zn�c)Z
c
n is the orthogonality condition from the estimation of the consumption

equation, (Ymn � Xmn�em)Zn is the orthogonality condition from the estimation of the
earnings equation, and m3n(�u;�c;�e;  ) is the moment conditions from the third-step
estimation. Let� = (�u;�c;�e)0, with the true value denoted by�0. Note that each element

of  is a conditional expectation. Rede�ne each element as  j(zj) = fzj(z
j)E

hedjn j zji,
where edjnt = [1; dnt]

0 for the estimation of pnt, edjnt = [d
(r)
knt; d

(r)
kntdnt]

0 for the estimation of
p
(r)
knt, and edjnt = [dmnt; dmntdmnt+1]

0 for the estimation of epmn;t+1. Therefore  j(N)(zj) =

1
N

NP
n=1

edjnK�N (z
j � zjn). The conditions below ensure that  

(N) is close enough to  0 for N

large enough, in particular that
p
N



 (N) �  0




2 converges to zero
A3: There is a version of  0(z) that is continuously di¤erentiable of order � ,
greater than the dimension of z and  10(z) = fz(z) is bounded away from 0.

A4:
R
K(u) du = 1 and for all j < � ,

R
K(u)

�
jN
s=1

u

�
du = 0.

A5: The bandwidth, �N , satis�es N�
2 dim(z)
N =(ln(N))2 !1 and N�2�N ! 0.

A6: There exists a 	(!), � > 0, such that

kr�mn(!:�;  )�r�mn(!:�0;  0)k � 	(!) [k���0k
� + k �  0k

�]

and E[	(!)] <1.
A7: �(N) ! �0 with �0 in the interior of its parameter space.
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A8: (Boundedness)

(i) Each element of mn(�;  ) is bounded almost surely: E[kmn(�;  )k2] <1;
(ii)E[Z 0n0Zn] <1, E[X 0

mnZn] <1, E[exp((1��)�nt)] <1; E[znt] <1; E[ymt(hnt; Hnt�1;
zpnt; �e)] <1; 
m <1, E[rhntepmn;t+1] <1, E[Xmn] <1 for m = 1; : : : ;M ;

(iii) pnt; p
(r)
knt; epmn;t+1;2 (0; 1), for k 2 f0; 1g, r = 1; : : : ; �, and m = 1; : : : ;M ;

(iv) E[rhfzj(z
j)] <1 and E[rhE[edjn j zj]] <1;

Theorem 1 Under A1�A8 and �(!) de�ned below,
p
N
�
�(N) ��0

�
) N(0; V (�0));

where

V (�0) = E
�
r�mn(!)


�1
n r�mn(!)

0��1
�E

�
r�mn(!)


�1
n fmn(!) + �(!)g fmn(!) + �(!)g0
�1n r�mn(!)

0�
�E

�
r�mn(!)


�1
n r�mn(!)

0��1 :
Assumptions A3�A8 are standard in the semiparametric literature, see Newey and Mc-

Fadden (1994) for details. One can now use Theorem 1 to calculate the standard for all the
parameters in our estimation.
The proof of Theorem 1 will follow from checking the conditions for Theorem 8.12 in

Newey and McFadden (1994). We Assume A1�A7 and add the following additional assump-
tion.
Proof of Theorem 1. We �rst check the various boundedness requirements of Theorem
8.12 in Newey and McFadden (1994). By assumption A8(i), we have that E[kmn(�;  )k2] <
1. It obvious by inspection thatmn(�;  ) is continuously di¤erentiable in� and by A8(ii�iv)
thatE[r�mn(�;  )] <1. Additionally,r  mn(�0;  0) is also bounded: E[kr  mn(�0;  0)k] <
1.
Second, consider a pointwise Taylor expansion for the jth element of mn,

mj(!;  ) = mj(!;  0) +r m
j(!;  0)( (z)�  0(z))

+ ( (z)�  0(z))
0r  m

j(!;  0)( (z)�  0(z)) + o(k (z)�  0(z)k
2);

where the norm over the  is the sup-norm. Next, note that��mj(!;  )�mj(!;  0)r m
j(!;  0)( (z) �  0(z))j

�


( (z)�  0(z))

0r  m
j(!;  0)( (z)�  0(z))




+ o(k (z)�  0(z)k

2)

� k �  0k
2


r  m

j(!;  0)


+ o(k �  0k

2);

using the triangle inequality and the Cauchy-Schwartz inequality. Therefore for k �  0k
small enough,��mj(!;  )�mj(!;  0)�r m

j(!;  0)( (z)�  0(z))
�� � k �  0k

2


r  m

j(!;  0)


 :
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So that

km(!;  )�m(!;  0)�r m(!;  0)( (z)�  0(z))k � k �  0k
2 kr  m(!;  0)k

km(!;  )�m(!;  0)�r m(!;  0)( (z)�  0(z))k � k �  0k
2 kr  m(!;  0)k

Hence �(!;  �  0) = r m(!;  0)( (z) �  0(z)) and 	(!) = kr  m(!;  0)k. It follows
that both �(!;  �  0) and 	(!) are bounded from the boundedness conditions established
above.
Next we establish the form of the in�uence function. Note that we haveZ

�(!;  )F0( d!) =

Z
fz(z)E[r m(!;  0) j z] (z) dz

=

Z
�(z) (z);

where �(z) = fz(z)E[r m(!;  0) j z]. So, by the arguments on page 2208 of Newey and
McFadden (1994), we have the in�uence function for m(!;  (N)):

�(!) = �(z)� E
h
�(z)edi

= fz(z)E [r m(!;  0) j z]� E
h
fz(z)E[r m(!;  0) j z]edi

Again by the boundedness of r m(!;  0), it follows that
R
k�(z)k dz < 1. Finally

Assumption A7 guarantees that the Jacobian term converges.

8.3 Appendix C: Data Description

We used data from the Family, Childbirth, and Adoption History File, the Retrospective
Occupation File, and the Marriage History File of the PSID. The Family File contains a
separate record for each member of each household included in the survey in a given year
but includes only labor income, hours worked, and years of completed education for Heads
and Wives. The Childbirth and Adoption History File contains information collected in the
1985�1992 waves of the PSID regarding histories of childbirth and adoption. The �le contains
details about childbirth and adoption events of eligible people living in a PSID family at the
time of the interview in any wave from 1985 through 1992. Each set of records for a speci�ed
individual contains all known cumulative data about the timing and circumstances of his
or her childbirth and adoption experience up to and including 1992, or those waves during
that period when the individual was in a responding family unit. If an individual has never
had any children, one record indicates that report. Note that eligible here means individuals
of childbearing age in responding families. Similarly, the 1985�1992 Marriage History �le
contains retrospective histories of marriages for individuals of marriage-eligible age living in
PSID families between 1985 and 1992. Each set of records for a speci�ed individual contains
all known cumulative data about the timing and circumstances of his or her marriages up
to and including 1992, or those waves during that period when the individual was in a
responding family unit.
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Our sample selection started from the Childbirth and Adoption History File, which con-
tains 24,762 individuals. We then drop any individual who was in the survey for four years
or less, this selection criteria eliminated 4,300 individuals from our sample. We then drop
all individuals who were older than 65 in 1967, this eliminated a further 3,331 individuals.
We then drop all individuals that were less than 25 years old in 1991, this eliminated an
additional 2,385 individuals. We then drop all individuals who were neither Head nor Wife in
our sample for at least 4 years. this eliminated a further 4,567 individuals from our sample.
There were coding errors for the di¤erent measures of consumption in the PSID from

which we construct our consumption measure. In particular, our measure of food con-
sumption expenditures for a given year is obtained by summing the values of annual food
expenditures for meals at home, annual food expenditures for eating out, and the value of
food stamps received for the year. We measured consumption expenditures for year t by
taking 0:25 of the value of this variable for the year t � 1 and 0:75 of its value for the year
t. The second step was taken to account for the fact that the survey questions used to elicit
information about household food consumption is asked sometime in the �rst half of the
year, while the response is dated in the previous year.
The variables used in the construction of the measure for total expenditures are also

subject to the problem of truncation from above in the way they are coded in the 1983
PSID data tapes. The truncation value for the value of food stamps received for that year is
$999.00, while the relevant value for this variable in the subsequent years and for the value
of food consumed at home and eating out is $9,999.00. Taken by itself, the truncation of
di¤erent consumption variables resulted in a loss of 467 person-years. We also use variables
describing various demographic characteristics of the individuals in our sample. The dates
of birth of the individuals were obtained from the Child Birth and Adoption �le. The age
variable resulted in a loss of 462 individuals.
The race of the individual and the region where they are currently residing were obtained

from the Family portion of the data record. We de�ned the region variable to be the geo-
graphical region in which the household resided at the time of the annual interview. This
variable is not coded consistently across the years. For 1968 and 1969, the values 1 to 4
denote the regions Northeast, Northcentral, South, and West. For 1970 and 1971, the values
5 and 6 denote the regions Alaska and Hawaii and a foreign country, respectively. After 1971
a value of 9 indicates missing data but no person years were lost due to missing data for
these variables. We also drop all observations of individuals coded as living in regions 5 and
6.
We used the family variable Race of The Household Head to code the race variable in

our study. For the interviewing years 1968�1970, the values 1 to 3 denote White, black, and
Puerto Rican or Mexican, respectively, 7 denotes other (including Oriental and Philippino),
and 9 denotes missing data. For 1971 and 1972, the third category is rede�ned as Spanish-
American or Cuban and between 1973 and 1984, just Spanish American. After 1984, the
variable was coded in such a way that 1�6 correspond to the categories White, Black, His-
panic, American Indian, Aleutian or Eskimo, and Asian or Paci�c Islander, respectively. A
value of 7 denotes the other category, a value of 9 denotes missing. We used all available
information for all the years to assign the race of the individual for years in the sample when
that information was available. We the drop all individuals that were not coded as White.
The marital status of a women in our subsample was determined from the Marriage
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History File. The number of individuals in the household and the total number of children
within that household were also determined from the family-level variables of the same name.
In 1968, a code for missing data (equal to 99) was allowed for the �rst variable, but in the
other years, missing data were assigned. The second variable was truncated above the value
of 9 for the interviewing years 1968 and 1971. After 1975, this variable denotes the actual
number of children in the family unit.
Household income was measured from the PSID variable, total family money income,

which included taxable income of head and wife, total transfer of head and wife, taxable
income of others in the family units and their total transfer payments.
We used the PSID Retrospective Occupation File to obtain a consistent Three-Digit Oc-

cupational code for our sample. First we eliminated all self-employed, dual-employed, gov-
ernment workers, Farmers and Farm Managers, Farm Laborers and Farm Foremen, Armed
Forces, and Private Household workers. The professional occupation is made up of following
classi�cations: Professional, Technical, and Kindred Worker; Managers and Administrators,
Except Farm Managers; and some categories of Sales Workers. The Sales Workers included
in Professionals are, Advertising and Salesmen; Insurance agents; brokers and Underwrit-
ers: Stock and Bond Salesmen. The nonprofessional occupation is made up of the following
classi�cations: Sales Workers (not included in Professional); Clerical and Kindred Work-
ers; Craftsmen and Kindred workers; Operatives, Except Transport; Transport Equipment
Operatives; Laborers, Except Farm; and Service Workers, Except Private Household.29

We used two di¤erent de�ators to convert such nominal quantities as average hourly
earnings, household income, and so on to real values. First, we de�ned the (spot) price of
food consumption to be the numeraire good at t in the theoretical section. We accordingly
measured real food consumption expenditures and real wages as the ratio of the nominal
consumption expenditures and wages and the annual Chain-type price de�ator for food con-
sumption expenditures published in Table t.12 of the National Income and Product Accounts.
On the other hand, we de�ated variables such as the nominal value of home ownership or
nominal family income by the Chain-type price de�ator for total personal consumption ex-
penditures.
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Table 1: Summary of Labor-Market and Human-Capital Variables
Participation Hours Earnings Fraction of Women Education
Male Female Male Female Male Female Professional Nonprofessional Male Female

1968 0.93
(0.25)

0.54
(0.50)

2,244
(631)

1,401
(731)

39.8
(24.9)

16.2
(10.8) 0.28 0.45 12.2

(3.4)
11.7
(2.6)

1969 0.96
(0.18)

0.60
(0.49)

2,240
(610)

1,371
(739)

41.2
(26.6)

16.2
(11.2) 0.29 0.48 12.1

(3.4)
11.7
(2.6)

1970 0.97
(0.18)

0.64
(0.48)

2,216
(593)

1,332
(758)

41.6
(26.5)

16.2
(11.0) 0.30 0.49 12.1

(3.4)
11.8
(2.6)

1971 0.96
(0.20)

0.63
(0.48)

2,175
(636)

1,382
(750)

41.7
(24.9)

17.0
(11.6) 0.32 0.48 12.2

(3.3)
11.8
(2.6)

1972 0.95
(0.21)

0.62
(0.49)

2,155
(636)

1,389
(728)

41.7
(26.2)

17.4
(11.8) 0.32 0.49 12.2

(3.3)
11.8
(2.6)

1973 0.96
(0.19)

0.60
(0.49)

2,188
(633)

1,411
(720)

43.2
(26.5)

17.8
(11.2) 0.30 0.47 12.2

(3.3)
11.9
(2.6)

1974 0.95
(0.23

0.62
(0.49)

2,130
(641)

1,424
(713)

43.2
(28.4)

18.1
(12.5) 0.32 0.47 12.2

(3.3)
11.9
(2.6)

1975 0.92
(0.27)

0.62
(0.49)

2,230
(641)

1,415
(726)

42.0
(30.6)

17.7
(11.9) 0.32 0.48 12.3

(3.2)
11.9
(2.6)

1976 0.92
(0.24)

0.62
(0.49)

2,092
(677)

1,395
(726)

40.9
(31.1)

17.8
(12.4) 0.35 0.49 12.3

(3.2)
12.0
(2.5)

1977 0.91
(0.27)

0.61
(0.49)

2,119
(668)

1,418
(706)

42.6
(31.0)

18.1
(12.4) 0.35 0.50 12.4

(3.1)
11.8
(2.5)

1978 0.87
(0.33)

0.62
(0.49)

2,115
(650)

1,454
(737)

44.2
(32.8)

18.6
(12.5) 0.33 0.46 12.4

(3.1)
12.0
(2.5)

1979 0.91
(0.29)

0.63
(0.48)

2,141
(675)

1,472
(711)

43.5
(30.3)

18.7
(12.7) 0.36 0.49 12.4

(3.1)
12.1
(2.5)

1980 0.91
(0.29)

0.65
(0.48)

2,112
(651)

1,450
(726)

42.4
(28.2)

18.5
(12.4) 0.38 0.50 12.4

(3.0)
12.1
(2.5)

1981 0.91
(0.28)

0.64
(0.48)

2,199
(578)

1,642
(607)

42.3
(28.3)

19.9
(13.7) 0.37 0.45 12.6

(2.8)
12.2
(2.4)

1982 0.91
(0.29)

0.64
(0.48)

2,166
(576)

1,630
(617)

41.3
(28.3)

19.7
(12.1) 0.36 0.46 12.6

(2.8)
12.3
(2.4)

1983 0.90
(0.30)

0.65
(0.48)

2,136
(600)

1,632
(628)

40.3
(31.2)

20.2
(13.7) 0.37 0.47 12.6

(2.8)
12.3
(2.3)

1984 0.90
(0.30)

0.67
(0.47)

2,142
(586)

1,635
(628)

40.7
(32.7)

20.4
(13.8) 0.38 0.47 12.6

(2.7)
12.3
(2.3)

1985 0.90
(0.30)

0.70
(0.45)

2,188
(615)

1,646
(680)

42.9
(39.9)

20.6
(13.1) 0.40 0.47 12.6

(2.7)
12.3
(2.3)

1986 0.90
(0.30)

0.70
(0.46)

2,192
(576)

1,665
(678)

44.0
(39.5)

21.6
(15.1) 0.39 0.48 12.7

(2.7)
12.3
(2.3)

1987 0.90
(0.30)

0.70
(0.46)

2,215
(612)

1,690
(662)

45.2
(41.5)

22.5
(15.1) 0.39 0.48 12.7

(2.6)
12.3
(2.3)

1988 0.90
(0.30)

0.71
(0.45)

2,230
(594)

1,691
(671)

46.7
(51.4)

23.2
(15.3) 0.41 0.48 12.7

(2.6)
12.4
(2.3)

1989 0.89
(0.31)

0.72
(0.45)

2,221
(610)

1,703
(676)

47.7
(54.0)

23.7
(16.6) 0.41 0.47 12.7

(2.6)
12.4
(2.3)

1990 0.88
(0.32)

0.72
(0.45)

2,251
(579)

1,683
(631)

48.0
(50.7)

23.8
(17.4) 0.41 0.48 12.7

(2.6)
12.4
(2.2)

1991 0.87
(0.33)

0.72
(0.49)

2,259
(576)

1,807
(641)

47.2
(41.5)

23.7
(18.7) 0.42 0.43 12.7

(2.6)
12.5
(2.3)

1992 0.87
(0.33)

0.74
(0.44)

2,221
(606)

1,815
(682)

47.2
(44.8)

24.1
(18.2) 0.43 0.50 12.8

(2.6)
12.6
(2.3)

Standard deviation in parentheses. Earn ings in thousands of year-2000 US$
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Table 2: Summary of Demographic and Wealth Variables
Household Food Family Number of Kids Marital
Income Consumption Size Age � 5 years old > 5 and < 17 years old Status

1968 46.7
(27.7)

4.0
(1.9)

37.8
(10.7)

0.56
(0.82)

0.94
(1.3)

0.85
(0.35)

1969 49.9
(31.1)

7.7
(3.7)

4.0
(1.9)

38.5
(10.9)

0.53
(0.83)

0.93
(1.3)

0.86
(0.35)

1970 50.3
(30.0)

7.7
(3.6)

3.8
(1.8)

38.6
(11.3)

0.49
(0.79)

0.87
(1.3)

0.85
(0.36)

1971 51.0
(31.4)

7.5
(3.5)

3.7
(1.8)

39.0
(11.6)

0.44
(0.76)

0.85
(1.2)

0.83
(0.37)

1972 51.4
(31.5)

7.4
(3.5)

3.7
(1.8)

39.3
(11.8)

0.42
(0.72)

0.80
(1.2)

0.82
(0.38)

1973 53.3
(35.2)

7.4
(3.4)

3.6
(1.8)

39.5
(12.2)

0.39
(0.69)

0.77
(1.1)

0.82
(0.38)

1974 54.3
(35.2)

7.3
(3.4)

3.4
(1.8)

39.8
(12.5)

0.37
(0.68)

0.71
(1.1)

0.82
(0.39)

1975 52.9
(34.6)

6.9
(3.2)

3.3
(1.7)

39.8
(12.6)

0.35
(0.67)

0.66
(1.0)

0.81
(0.39)

1976 53.4
(35.6)

6.8
(3.2)

3.3
(1.7)

39.7
(12.6)

0.35
(0.68)

0.62
(1.0)

0.80
(0.39)

1977 52.1
(35.6)

6.7
(3.3)

3.2
(1.6)

39.7
(12.6)

0.34
(0.68)

0.60
(0.96)

0.79
(0.40)

1978 52.1
(35.6)

6.5
(3.5)

3.2
(1.6)

38.9
(12.7)

0.41
(0.72)

0.51
(0.87)

0.77
(0.42)

1979 55.5
(55.2)

6.7
(3.3)

3.1
(1.5)

39.8
(12.5)

0.34
(0.66)

0.53
(0.88)

0.77
(0.42)

1980 55.1
(39.1)

6.6
(3.3)

3.1
(1.5)

39.9
(12.5)

0.35
(0.69)

0.50
(0.84)

0.78
(0.42)

1981 56.2
(68.0)

6.4
(3.1)

3.1
(1.4)

38.8
(11.9)

0.39
(0.69)

0.50
(0.82)

0.80
(0.39)

1982 54.1
(40.3)

6.3
(3.1)

3.1
(1.4)

38.9
(11.8)

0.38
(0.69)

0.50
(0.82)

0.80
(0.40)

1983 53.1
(39.4)

6.3
(3.1)

3.1
(1.4)

39.0
(11.8)

0.38
(0.67)

0.51
(0.84)

0.80
(0.40)

1984 54.8
(43.2)

6.3
(3.1)

3.1
(1.4)

39.1
(11.7)

0.38
(0.70)

0.51
(0.84)

0.80
(0.40)

1985 57.9
(51.3)

6.5
(3.8)

3.1
(1.4)

39.6
(11.5)

0.37
(0.68)

0.53
(0.85)

0.80
(0.40)

1986 59.2
(48.8)

6.4
(3.2)

3.1
(1.4)

40.2
(11.2)

0.37
(0.69)

0.56
(0.87)

0.81
(0.40)

1987 61.9
(51.4)

6.5
(3.1)

3.1
(1.3)

40.6
(10.8)

0.36
(0.67)

0.57
(0.87)

0.81
(0.40)

1988 64.1
(63.6)

6.6
(3.0)

3.1
(1.3)

41.4
(10.6)

0.34
(0.66)

0.58
(0.87)

0.81
(0.40)

1989 65.9
(69.7)

6.5
(2.9)

3.1
(1.3)

42.1
(10.3)

0.33
(0.63)

0.59
(0.87)

0.81
(0.39)

1990 66.3
(63.7)

6.6
(3.2)

3.1
(1.3)

42.7
(10.1)

0.30
(0.62)

0.61
(0.89)

0.81
(0.39)

1991 61.4
(52.3)

6.4
(3.1)

3.0
(1.4)

43.7
(10.2)

0.29
(0.60)

0.58
(0.87)

0.77
(0.43)

1992 65.6
(62.1)

6.7
(3.8)

3.1
(1.3)

44.0
(9.6)

0.29
(0.61)

0.62
(0.89)

0.82
(0.39)

Standard deviation in parentheses. Household Incom e and Food Consumption in thousands of year-2000 US$
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Figure 1: Gender Wage Gap
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Table 3: Consumption Equation
ln(cnt) = 1=(1� �)[z0ntB4 � ln(�n�t) + �2nt]

Variable Parameter Estimate

risk aversion �
0:636

(2.0E�04)

Socioeconomic variables

FAM nt (1� �)�1B41
0:0253
(3.4E�04)

YKIDnt (1� �)�1B42
0:0014
(0:0015)

OKIDnt (1� �)�1B43
�0:0013
(0:0014)

AGE 2nt (1� �)�1B24
-1.20E�04
(4.03E�05)

Region Dummies

NEnt (1� �)�1B45
�0:0076
(0:0032)

SOnt (1� �)�1B46
�0:0041
(0:0022)

Wnt (1� �)�1B26
�0:0023
(0:0025)
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Figure 2: Estimated Aggregate Productivity
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Table 4: Earning Equation
Variable Professional Nonprofessional

Hours and Lagged hours

hnt
183; 392
(2; 560)

100; 688
(967)

h2nt
�251; 162
(4; 908)

�88; 891
(2; 152)

hnt�1
14; 252
(808)

12; 394
(340)

hnt�2
6086
(730)

3; 969
(330)

Age and Education

AGE 2nt
�36
(1:5)

�13
(0:7)

AGEnt � EDU nt
�23
(14)

25
(6:6)

Hiring cost
3; 032
(171)

875
(70)
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Table 5 Fixed Cost to Labor Participation
Variable Estimate

Socioeconomic variables

FAM nt
�0:0625
(0:001)

YKIDnt
�0:713
(0:0001)

YKIDnt �male dummynt
0:863
(0:0001)

OKIDnt
�0:413
(0:0001)

OKIDnt �male dummynt
0:477
(0:0001)

AGEnt
0:163
(0:01)

AGE 2nt
�0:003
(0:008)

EDUC nt
0:08

(0:0004)

EDUC nt �male dummynt
�0:03
(0:04)

MSnt
0:205
(0:006)

SP :EDUC nt �MSnt
�0:088
(0:005)

SP :EDUC nt �MSnt �male dummynt
0:145
(0:003)
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Table 6 Utility of Leisure/Home Production
Variable Estimate

lnt
�4:4558
(0:004)

FAM nt � lnt
0:082
(0:01)

YKIDnt � lnt
�0:1033
(0:001)

YKIDnt � lnt �male dummynt
0:933
(0:001)

OKIDnt � lnt
�0:141
(0:001)

OKIDnt � lnt �male dummynt
0:098
(0:001)

AGEnt � lnt
�0:045
(0:19)

AGE 2nt � lnt
0:0005
(9:4)

EDUC nt � lnt
0:0504
(0:04)

EDUC nt � lnt �male dummynt
�0:225
(0:004)

MSnt � lnt
0:198
(0:06)

MSnt � SP :EDUC nt � lnt
�0:0398
(0:05)

MSnt � SP :EDUC nt � lnt �male dummynt
0:0956
(0:04)
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Table 7 Nonseparability in Utility of Leisure/Home Production
Variable Estimate

Lagged Leisure

l2nt
�0:214
(0:002)

lnt � lnt�1
2:423
(0:004)

lnt � lnt�1 �male dummynt
3:479
(0:004)

lnt � lnt�2
2:357
(0:004)

lnt � lnt�2 �male dummynt
�2:575
(0:004)

Standard deviation
42; 553
(12; 376)
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Table 8: Decomposition of the Gender Earnings Gap
(Median Women Wage over Median Men Wage(%))

Source Professional Nonprofessional

Raw 87 76

Predicted 92 81

Human Capital 60 56

Beliefs 12 9

Fixed E¤ect 5 7

Other 10 4

Table 9: Decomposition of Change in the Gender Wage Gap
(Median Women Earnings over Median Men Earnings(%))

1974�1978:1984�1988
Source Professional Nonprofessional

Raw 30 25

Predicted 28 22

Human Capital 67 65

Beliefs 8 6

Other 25 29

Table 10: Decomposition of Change in Human Capital as a Source of Gender Wage Gap
(Median Women Earnings over Median Men Earnings(%))

1974�1978:1984�1988
Source Professional Nonprofessional

Hiring Cost 38 32

Private Information 12 13

Demographic 28 34

Home Production Shock 2 3

Production Shock 18 11
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