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EXPERIENCE AND THE CHANGING GENDER EARNINGS GAP!
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This paper investigates the role of labor-market attachment, on-the-
job human-capital accumulation, occupational sorting, and discrimina-
tion in the narrowing gender earnings gap over the past three decades.
This paper contributes in three ways: First, it formulates an estimable
dynamic model of labor supply occupational sorting and human capi-
tal accumulation, in which gender discrimination and earnings gap arise
endogenously. Second, it demonstrates the identification and develops
a three-step estimation technique. Third, it utilizes the framework to
quantify the main driving forces behind the changes in gender patterns
of labor-market outcome. The decomposition of the change in the gender
earnings gap reveals that changes in private information and hiring cost
accounts for over 33% of the change in professional occupation while
increase aggregate labor market productivity accounted for 23% and de-
mographic changes (mainly fertility decline) accounted for about 18%.
Similar results were found for the Nonprofessional occupations. The es-
timation results do not support the hypothesis that changes in home
production technology explain the increase in women’s labor-market par-
ticipation. Further analysis shows that market frictions significantly am-
plifies exogenous changes in our model. Without labor market frictions
the earnings gap would have been small by at least 45%, women would
have participation less in the labor force but the ones that participated
would have worked more and earned income similar to men. We find
that the there are significant higher return to professional occupation
and that this has increased greatly over time, hence accounting for the
increasing representation of women in professional occupations.
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pation sorting, Labor market experience, Gender earning gap, Discrimi-
nation, Semi-paramtric estimation, Structural estimation, Estimation of
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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 significant reduction in the gender wage gap. In 1968 the unconditional median
gender wage differential was about 40%; this gap was reduced to around 28% by 1992.!
While the wage gap was declining, there were significant changes in labor-market attach-
ment. According to figures from the Michigan Panel Study of Income Dynamics (PSID), the

'We thank Zvi Eckstein, John Kennan, Bob Miller, Derek Neal, Victor Rios-Rull, Steve Spear, Yoram
Weiss, the participants of SOLE 2005, Tel-Aviv summer workshop 2005, SITE 2006, Econometric Society
2007 and the the seminar participants at Purdue University, University of Minnesota, Carnegie Mellon, Uni-
versity of Pennslavania, New York University, Boston University, Northwestern University and The Federal
Reserve Bank Of Chicago for comments and suggestions.

For example, according to Blau and Kahn (1997), the log male/female wage differential declined from
0.47 to 0.33 between 1979 and 1988.
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participation rate of women has 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 figures for men. Furthermore, occupation composition has changed
significantly 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 unezxplained portion of the earnings gap, which is sometimes attributed to
discrimination, has declined as well.? These significant 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 effects is to account for the endogeneity of labor
supply, discrimination, and earnings. This paper contributes in three ways: First, it formu-
lates an estimable dynamic model of labor supply occupational sorting and human capital
accumulation, in which gender discrimination and earnings gap arise endogenously. Second,
it demonstrates the identification and develops a three-step estimation technique. Third,
we utilize the framework to quantify the main driving forces behind the changes in gender
patterns of labor-market outcome.

In the model, workers are heterogeneous with respect to characteristics affecting dis-utility
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 affects the current dis-utility 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, firms compete over workers,
and there is free entry of firms into the market. The returns to experience, hours worked
and cost of hiring new workers, differ across occupations. There are firm-specific costs of
hiring new workers that are identical within occupations and different across occupations.
Employers observe age, experience, education, and other skills, but there are characteristics
affecting the dis-utility from 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 be-
liefs regarding the worker’s future employment spell when they offer wage contracts. Wage
contracts consist of hours and earning. We solve for spot market contracts equilibrium.

Because of the firm-specific cost of hiring new workers, employers make rent on workers a

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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year after they are hired (since the market is competitive, when hiring workers firms make
zero expected profits over the workers’” expected employment spells). In equilibrium, beliefs
about the worker’s future participation in the firm enter the earnings equations. Our model
incorporates several elements which may cause men and women to display different labor
market outcomes. First, the utility parameters may vary across gender. Therefore, differences
in dis-utility from working and differences in participation costs can induce men and women
choices of participation, occupation, and hours worked to be different even in the absence
asymmetric information. Secondly, there may be unobserved difference in skills across the
gender; such differences can also give rise to earnings gap in the absence of asymmetric in-
formation. Thirdly, even if there are no differences in preferences and skills across gender
groups, different outcomes may arise due to multiplicity of equilibria when there is asym-
metric information.® That is, if employers have different beliefs about future participation of
men and women, women may face lower wages; they therefore, may work less, and sort into
occupations with lower returns to experience and lower costs of hiring workers. As a result, on
average, women may accumulate less labor market experience than men. Because there may
be differences in preferences and productivity across gender groups, we define discrimination
as the difference between the labor markets outcome of men and women under symmetric
information (which yields a unique equilibrium), and under asymmetric information. That
is, the gender differences in earnings which arise due to observed ”group affiliation” are refer
to as discrimination, as opposed to differences that arise due to differences in preferences
and productive skills.

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 re-
vealed 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, work-
ing more today may affect the worker’s potential earnings not only through accumulation of
experience, but also because of the possible effect 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.

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 first factor
is technological changes in the economy, which we model as occupation-specific changes in
productivity. They raise productivity for all workers within the occupation equally. Our
model, however, predicts that if women’s participation is lower, increase in productivity 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 fixed costs in the utility when an

3Thus, our framework is flexible enough to give rise to endogneous differences in labor market outcomes
of men and women even if there are no initial differences, but does not impose the groups to be initially
identical.
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individual participates in the labor market. If costs of home-produced goods declined over
time, these costs should decline as well. It may affect 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 affect the
dis-utility from working.

There are two broad types of employers’ discrimination in the literature. The first type
is taste-based discrimination, formulated by Gary Becker (1971); the second type results
from incomplete information (also called statistical discrimination), pioneered by Kenneth
Arrow (1972) and Edmund Phelps (1973) and further analyzed by Coate and Loury (1993).
Discrimination of the first type may not persist in a competitive environment, but some
frictions, such as search frictions, may lead to persistent group differentials in the long-run
equilibrium (see Bowles and Eckstein, 2002). Our model belongs to the second class of models.
Whereas the models in the typical statistical discrimination literature (see for example,
Altonji(2005), Moro(2003), Antonovics(2004), among others) focuses on the effect of beliefs
about productivity differences across groups, in our model the uncertainty is about the
turnover propensity of workers. The main theoretical contribution of the model is to provide
a theoretical framework for a dynamic model in which participation, accumulation of labor
market experience and sorting into occupations are endogenous, when workers have private
information. This allow us to demonstrate how beliefs about future employment spells arise
endogenously, affecting gender differences in labor-market experience, occupational sorting,
and attachment to the labor force. Another paper that has endogenous gender gap is Albanes
and Olivetti (2005). They develop a one-period model of gender statistical discrimination in
which effort in the labor market and hours worked at home are determined endogenously. The
moral hazard problem in the labor market can generate endogenously gender discrimination.
In equilibrium, women may have higher costs of effort as it is optimal to work more hours
at home.*

One of the main problems in estimating games of multi-agent informational models is the
possibility of multiple equilibria. Since the problem of multiple equilibria is not one of iden-
tification, we use a multi-stage estimation procedure to estimate the model; the procedure is
based on necessary conditions for all equilibria. Thus assuming only one equilibrium played
in the data per cohort (or other data partition), the data reveals which equilibrium is being
played. Other papers taking this approach are Tamer (2003), Aguirregabiria(2004), Aguir-
regabiria and Mira (2005), Penendorfer and Schmidt-Dengler (2003, 2006), Bajari, Benkard
and Levin(2004), Pakes, Ostrovsky and Berry (2004), among others.

This paper then uses a constructive strategy, similar to Chesher (2003, 2005, 2007), Pe-
nendofer and Schimdt-Dengler(2006), to show that the model, of discrete and continuous
choice, is semiparametrically identified. That is, conditional on the distribution of the un-
observed preference shocks and the class of risk aversion, our model is nonparametrically
identified up-to three additive normalizations. This results is stronger than what is obtain
in the standard discrete choice model (see for example Magnac and Thesmar (2002) and
Penendofer and Schimdt-Dengler(2006)) but have parallel in the literature on continuous
choice models,( see Pesendorfer and Bonet (2004) for example).

4Baron et al. (1993) developed a model in which employers expect women to have a higher turnover rate
and give women lower training levels, explaining the lower wages in non game theoretic setting,
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Based on the necessary conditions for equilibrium, we developed a multi stage semiparamet-
ric estimation procedure. The estimation proceeds in three steps. The employer’s problem,
is estimated in the first step, along with other inputs from the individual consumption Euler
equation. The estimates from the first stage are used to nonparametrically estimate each in-
dividual’s choice-specific probabilities and their derivatives, and the employers beliefs about
workers’ future participation probabilities in the second step. In the final step, these esti-
mates are combined with a tractable alternative representation of the agents’ choice-specific
valuations to form moment conditions to estimate the structural parameters of the agents’
utility function. The estimates of the structural parameters are v/N consistent (where N is
the number of individuals in the sample) and asymptotically normal although the second
step is estimated nonparametrically. Our estimator is akin to a number of estimators in the
literature for the estimation of discrete 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 different, however,
in that we are estimating a dynamic adverse-selection model with both discrete and contin-
uous controls without any simulation. To the best of our knowledge this is the first paper to
estimate a structural dynamic signalling model.

We find that the cost of hiring workers is roughly 3.5 times higher in professional occu-
pations compared to nonprofessional occupations. The returns to labor-market experience
are also substantially higher in the professional occupations. These findings 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 earnings 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 decline is 25%. Further analysis shows that market frictions significantly amplifies
exogenous changes in our model. Without labor market frictions the earnings gap would
have been small by at least 45%, women would have participation less in the labor force but
the ones that participated would have worked more and earned income similar to men. We
find that the there are significant higher return to professional occupation and that this has
increased greatly over time, hence accounting for the increasing representation of women in
professional occupations.’

The decomposition of the change in the gender earnings gap reveals that changes in private
information and hiring cost accounts for over 33% of the change in professional occupation
while increase aggregate labor market productivity accounted for 23% and demographic
changes (mainly fertility decline) accounted for about 18%. Similar results were found for
the Nonprofessional occupations. The estimation results do not support the hypothesis that
changes in home production technology explain the increase in women’s labor-market partic-
ipation (see similar findings in Jones, Manuelli, and McGrattan, 2003). Such changes should
have caused a decrease in the fixed cost of participating in the labor market (estimated as
part of the utility-function specification). Our estimation results suggest that fixed costs

5See Erosa, Fuster and Restuccia (2005) for a model of endogenous fertility, and human capital accumu-
lation explaining the gender earnings gap.
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of participation account for only 1% in professional occupations and 2% in nonprofessional
occupations.

This paper is organized as follows. Section 2 gives an overview of the data and document
the secular trends in the labor market. Section 3 describes the model. Section 4 contains
the equilibrium analysis while Section 5 discusses the theoretical model’s predictions for the
earnings gap. The identification results are presented in section 7 while the empirical strategy
are outline in Section 7. Section 8 contains the estimation results, empirical analysis, and the
gender earnings gap decomposition. Section 9 concludes. The appendices present proofs, the
implementation and asymptotic property of our estimator and a detailed data description.

2. DATA

The data for this study are taken from the Family File, the Childbirth and Adoption
History File, the Retrospective Occupation file, 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. Individuals are classified into two 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 definition of
the variables are described in greater detail in Appendix C.

2.1. Secular Trends

We emphasize five important secular trends over the period that we intend to explain.
First, earnings and wage gaps have narrowed significantly. Second, average hours worked
by women increased significantly. Third, there has been a spectacular increase in labor force
participation of women. Fourth, there has been a drastic change in the occupation com-
position with women increasingly entering traditionally male dominated occupations. Fifth,
there has been significant changes in the demographic attributes of the population, especially
the fertility rates.

2.1.1. Wage and Earnings

The average annual earnings for men increased by roughly 18% over the period, going from
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. As seen in Figure (7?7) the gender earnings
gap much greater that the wage gap. However, the declining trend in both are roughly the
same. The wage gap declined by around 30% over the period, going from around 40% in
1968 to around 28% in 1992. At the same time the earnings gap declined by around 25%.
The earning gap is 50 percent larger than the wage gap.

Therefore, in this paper we focus on the earnings gap instead of the traditional wage gap
in order to understand the forces behind both.

2.1.2. Participation, Hours Work, and Education

Table 1 contains summary statistics of our main labor-market and human-capital variables.
The participation rate for men is relatively constant over our sample period with a sight
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decline toward the end of the sample period. In contrast, the participation rate for women
increased significantly 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 constant 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. Although the gap between the hours worked by women and men has narrowed
significantly over the period, it however remain large. Therefore a larger fraction of the
differences between the wage gap and the earnings gap is accounted for by the differences in
the hours worked by men and women.

The gap in the average years of completed education between men and women has been
almost completely erased by the early 1990s, yet still the participation and hours gap remains.

2.1.3. Occupation

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. Also the
earning gap are significantly different in the two occupations. In professional occupation the
earnings gap is much smaller than in the nonprofessional occupations. Also the earnings
gap is narrowing at a faster rate in the professional than the nonprofessional occupations®.
Therefore any theory that is going to attempt to explain the decline in the earnings gap
and participation increases such account for that fact that over time women are entering
occupations with high hours and lower earnings gap to begin with.

2.1.4. Demographic

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 final sample is married through the period.
Therefore the major demographic change that occurs over the period has been declined in
fertility rate over time. It is still an open question of what role does the decline in fertility
plays in the labor trends documented above.

2.2. Consumption and Other Variables

Our measure of consumption is food consumption. Food consumption 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 ¢ 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 first half of the year, while the response is dated
in the previous year. Household food consumption has declined over the period, however,

SInfact with finer occupation classification Dey and Hill(2007) found that in some professional occupation
, i.e., Engineering and Architecture, on average the women earns more than men.
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per capita food consumption has increased over the period. Household income and income
per capita has increased over the sample period.

3. THEORETICAL MODEL

In this section we describe the theoretical framework. The economy consists of infinitely
lived firms and finitely workers. Labor markets are competitive with T occupations, 7 =
1,..., Y. We describe below the preferences, technology, and the timing and information
structure of the game-theoretical model.

3.1. Workers’ Preferences and Choice

There exist a continuum of workers on the unit interval [0, 1] in each age-education cohort
(all workers who were born in the same year, and have the same number of years of completed
education). These workers are divided into two observed gender groups , i € {w, m}, women
and men respectively. For notational ease we will denote age and calendar year for each
cohort by t (¢t =0,...,T). The theoretical model is written for a given cohort. Workers have
preferences about nonmarket hours, [; (time in which the individual does not work) and
consumption, ¢;. Let h; denote the time spent working at t. There is a fixed 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 < h; < 1, thus [; = 1 — h;. If h; = 0, the agent does not work
at time t. Otherwise, the agent works the fraction of time h; > 0. For notational convenience
two additional indicators are defined: a work force participation indicator d;, where d; = 1
if and only if A; > 0 and 0 otherwise, and an occupation participation indicator I, where
I+ = 1 if and only if the worker is employed in occupation 7 and 0 otherwise.

Let a; be the set of labor market actions of the worker, i.e. a; = (dy, {I+}X_,, h;). Define
the employment history of a worker by H;_1 = (ao, ay, ..., a;—1), therefore next employment
history H,, is H; = (H;_1,a;). Each worker preferences are additively separable in con-
sumption and leisure contemporaneously. In addition, consumption is additive separate over
time whereas leisure is not . It is assumed that there are two time-varying vectors of char-
acteristics that determine the utility associated with alternative consumption and leisure
allocations. Denote the first by the K x 1 vector z; and the second by the 3 x 1 vector
(€ot, €14, €2¢)". It is assumed that z; is independently distributed over the population ( it
includes number of household members, marital status, number of kids and spouse charac-
teristics); over time it evolves according to a known group- specific transition distribution
function, Fio(z441 | 2, Hy). The vector (eot, €14, €2;)" is assumed to be independent across the
population and time and drawn from a population with a common distribution function
Fi(got, €14, €2¢)- There are several things to notice: first, Fio(z441 | 2¢, H;) depends on Hy 1, a;
but not ¢, this property follows directly from the definition of time additive separability.
Second, although we assume that characteristics in z;, such as marriage and fertility are con-
temporaneous exogenous from work decision, Fyy(z;11 | 21, Hy) is a function of the worker’s
actions a;, and therefore are endogenous is a predetermined sense.

The current-period utility function at date ¢ for individual is defined as

(3.1) Uy = dyuino(2t) + wir (2, Hi—1) + ua(2e, ¢, €2) + (1 — di)eor + dieny,



LABOR FORCE EXPERIENCE AND THE CHANGING GENDER EARNINGS GAP 9

where w0 represents the fixed utility costs of working, which depends on the observed
individual-specific characteristics but may change from period to period. We allow the costs
to to change over time in order to capture the possible changes in home production tech-
nology. Particularly, if the cost of producing home good has changed over time, it should
affect the costs of participating in the labor market. We allow for the possibility that the
fixed cost of working and the utility from nonmarket hours to be group-specific (for example,
it can differ by gender). Whether these utility components vary by gender is an empirical
question which this paper hopes to answer. The utility from nonmarket hours is additive
and non-separable over time. We assume the utility functions satisfies the standard regular-
ity conditions: it is concave, continuous and twice differentiable. The distribution function
Fio(zi11 | ¢, Hy) is absolutely continuos with continuously differentiable fio(z411 | 24, Hy)-

Let 8 € (0,1) denote the common subjective discount factor, and write E(.) as the expec-
tation conditional on information available to individual at period t. The expected lifetime
utility of individual is then:

32) E li ﬁ’"tUit]

To provide a tractable solution to the model, we assume that asset markets are competitive
and complete (CCM).” 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 financial securities exists to hedge
against uncertainty.®

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 ¢ on
information that is publicly available at that time and can purchase contingent claims to
consumption that pay off in each state of the world. This assumption allows us to rewrite
the workers’ budget constraint in each period as

(3.3) K {sz BN e — St}} <W,

where S, 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 is the sum of two incomes), A, is
the expected price of the contingent claim, and W is an exogenously determined quantity

"Whereas 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 justified 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.

8 Altug and Miller (1990, 1998) have used this condition to estimate both males’ and females’ consumption
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 Kotlikoff
(1996); Miller and Sieg (1997); and Gayle and Miller (2004), among others.
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denoting bequests net of inheritances. In any state,z*, the price of a contingent claim is

() = / A(29)g(2*) dz*.

The states are determined by realizations of €9;, and z;, and they are independent with
joint density g(z;)). The aggregate feasibility condition equates the sum of labor income by
all households and the aggregate resource endowment W;

(3.4) /Ol[ct—S]dLSWt, te{0,1,...).

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

3.2. Firms’ Technology and Payoffs

Firms offer jobs to maximize lifetime expected discounted profits. Each occupation has a
continuum of identical firms competing for workers. Each firm offers one job each period.
There is a homogeneous product with price normalized to 1. Let 2} be a vector of individ-
ual characteristics which affect productivity. It includes education, age, and an individual-
specific skill which is constant over time. Output in period ¢ in occupation 7 is denoted by:
Yrt = y(hy, Hi_1,2). The production function is identical within an occupation and varies
across occupations. Output is a function of current hours input, the worker’s past labor
market experience, and other production relevant characteristics of the worker. Assume that
gender does not affect output, that is, a woman and a man with the same labor market expe-
rience, and other production characteristics produces the same level of output if they supply
the same amount hours. The production relevant characteristics, 2, is meant to capture
other production enhancing variables like education, ability (i.e. fixed effects) or potential
experience (age less years of education). Past labor market experience augments the output
produced per unit of hours input. Labor market experience is general but the returns to
experience vary across occupations.

There are costs to the employer when a new worker is hired. These costs are specific to
the employers. Within occupations, the costs are the same for all employers. We denote
employer’s cost of hiring a new employee (hiring costs) in occupation 7 by ~.. Hiring cost
is meant to capture all possible training, administrative and other net cost that accrued in
the first period of hiring a new worker.

Workers and firms can only commit to (non-contingent) spot contracts.” Firms offers jobs
(a job is equivalent to fraction of time worked) to a worker only if given the worker’s charac-
teristics, the output he/she produces net of the costs of hiring within the occupation is the
highest among all occupation. This is formalized in the assumption below.

ASSUMPTION 3.1 A firm in occupation T offers a contract for hours h to a worker with
experience Hy,_y and characteristics z¥ if there exists no other occupation 7' such that

(3.5)  yrilhe | Hi—v,28) = v > yr (B | Hio1, 20) — 7,

9A more realistic assumption is that firms 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.
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If in addition to Assumption 3.1 the production function satisfies a single crossing condition
then occupations would be segmented into jobs (hours) offered to workers, conditional on

their characteristics affecting production. This property is formalized in the Assumption
3.2.10

AssuMPTION 3.2 (Single crossing) For any two occupations 7',7 yi(hy | Hi_1,25), and
Yrt(he | Hi_1,2Y) may not cross more than once. and y.4(hy | Hy_1,2Y) is twice continuously
differentiable.

Let 7 — 1 (7 + 1) denote the occupation of the worker if she chooses hours below (above)

h.(H;_1,2) and (h,(H_4, 27)). These hours are determined by the following conditions,

Yrt(br(Heo1,27)) = Yro1e(br (Hi-1,27))) = v + 7,21 = 0

yrt(hT(Ht—la Zf)) - y’r—i-l,t(hT(Ht—lv Zf)) - ")/7- + ’7.,-+1 = O
The single crossing condition in assumption 3.2 ensures a connected set of occupation seg-
mentation, while the continuously differentiability of the production function to ensure that

h(H;_1,2Y) (h,(H;_, 27) exist.

Assumptions 3.1 and 3.2 imply that for every occupation 7, and worker with characteristics
H,; 4,2}, there is a range of hours in that occupation h C (h.(H;_1,27) h.(H;_1,27)) where
h,(H; 1, 20) < h(H;_q, 2f) for which employers will offer jobs. While these assumptions are

not necessary for the results derived in this paper, it simplifies the analysis significantly.

3.3. The Structure of the Game: Information, Timing and Strategies

Our model is a reputation game in which workers have private information, employer
offers contracts which workers select into every period; observing workers’ choices, employers
update their beliefs. Below we describe the information, timing and strategies.

3.3.1. Information

All utility and production function parameters, hiring cost, labor market history, worker
gender and production relevant characteristics, 2¥, are common Knowledge. The worker’s
private information includes consumption, ¢;, and time-varying characteristics that determine
the utility associated with alternative consumption and leisure allocations, z;, and ;. The
distribution function of z; and &; are common knowledge.

In the empirical section of this paper z; will include variables such consumption, spouse
characteristics, marital status, number of kids. The issue of which variables are private
information to the worker is not is central to this paper, instead it is the existence of some
private information allowing workers to better predict the likelihood of remaining in the firm
in the future. In particular, it is crucial that this information is not observed by potential
employers as opposed to the current employer. Assuming consumption is privately observed

10For example, a part time job for a worker with certain skill, experience and education is offered only by
one occupation.
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is natural provided trade in the consumption contingencies markets is anonymous. As to
what we include in z; is less obvious. Our decision of which variables are privately observed
are based on two conditions: first, is the information private in nature and second, can a
worker credibly report or convey this information. If this information is important, workers
will have incentives to misrepresent this information. In our framework, employers cannot
credibly commit to penalizing workers who misrepresented information after they are hired,
because of the initial costs of hiring.!’ Empirical we will show that our model provides a
set of natural over-identifying restrictions to guide in selection of what variables are private
information or not.

Notice that the worker’s type here is characterized by z; and &;. Whereas ¢, is i.i.d., 2
evolves according to a known process, Fo;(z;11 | 2, Hy); therefore, there is a correlation
between types over time (for example, number of children, marital status, spouse character-
istics). Thus, the worker has better information about the probability of remaining in the
firm in the future. This also means that an individual type is endogenously determined in
the model because the transition probability of future type (i.e. Fio(zi+1 | 2, Hy)) depends
current and past actions, H;. Throughout the paper we denote the worker’s type by z = (

2ty 675)‘

3.3.2. Timeline and Strategies

At the beginning of each period, the growth rates of aggregate utility costs of participation
shocks, and aggregate permanent occupation specific productivity shocks between period ¢
and t 4+ 1 are observed by all agents in the economy. Workers privately observe their type,
z{. Given this information, workers make a participation, occupation and hours decisions,
a;. *?Observing workers choices, firms offer simultaneously salaries for each worker. Workers
observe the offers and chose a firm.

Thus, we can summarize a worker’s strategy as {o;(a; | 2/, H;_1),ct, offer choice}. A firm’s
strategy is denoted by Si+(hy, Hy 1, 27). Figure 1 summarizes the exact time line.

1Tf it is not costly to verify this imformation, then employers could conceivably obtain this information
on a secondary market. This, however, is an empirical issue which we hope answer in the section.

12The choice of hours implies that a worker is committed to a job which is defined by hours and occupation
and participation, for the current period. Clearly in equilibrium this choice will take into account the offers
made in the later stage. We further discuss this choice of timing in section XX}
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3.3.3. Beliefs

At the beginning of each period, firms form a (common) set of prior beliefs on each individ-
ual worker’s type, i.e. ;, (2 | Hi_1, 2Y). Upon observing the worker’s action, a;, firms update
their beliefs about each worker’s type. We denote posterior beliefs—which are formed upon
observation of a; by fi;(2* | Hi_1, 21, a). Notice that p;, (2 | Hy, 2f, a;) is used to form the
prior beliefs in period t + 1, as the types are correlated over time, and evolve according to
the Markov process specified above.

4. EQUILIBRIUM ANALYSIS

The equilibrium concept used in this paper is Perfect Bayesian. Below we provide a formal
definition.

DEFINITION 4.1 (Equilibrium) A Perfect Bayesian FEquilibrium consists of strategies
¢, Oy, and the worker’s offer choice, {Sift}le, and a common belief system, such that

1. Fach player’s strategy is optimal given beliefs and other players’ strategies

2. The posterior beliefs, i, satisfy Bayes’ rule when possible.™

~ * Mit(zzﬂ | ZfaHt—l)Oi(at | Z:v Ht—l)
4.1 i A zp H ay) =
( ) :uzt(t| ty44t—1, t) ft(*|) 7,(75|)1*

and for all histories, types and actions

ﬁit(zz:/k | zvat—laat) = /jzt(’z: | Zfa Ht—hat) Zf ay = a

3. At the beginning of period t+1 firms form priors about the worker’s type at that period
based on past history (types changed endogenously)

(4.2) gy (2 | He o2t ) = [fio(zes | 2 Hy), f (e | €] (2) ] )

13The restriction on the beliefs is stronger than usual as it applies to updating in histories that are reached
with probability zero. See Definition 8.2 of Fudenberg and Tirole (1996) for the formal description of the
conditions of equilibrium.
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The equilibrium conditions state that given the (common) beliefs of firms, each employer
offers a salary which maximizes payoffs. Workers choose participation, hours, occupation and
consumption optimally given the firms’ offers strategies. Firms’ observe workers hours and
participation decisions and form beliefs. These beliefs follow Bayes’ rule, and are consistent
with the worker’s strategies on-the-equilibrium path. At the beginning of each period, firms’
beliefs about worker’s “types” are updated according to the distribution of the i.i.d. shocks
and the transition densities of workers types. The off-equilibrium path beliefs states that
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. The formal statement of
the off-equilibrium beliefs are in the appendix.

The solution of our model proceeds as follows. For any period ¢ and beliefs, derive optimal
consumption choice, offer acceptance choice, optimal salary schedule, optimal participation,
hours and occupation decisions (beginning with the final stage in that period). Then prove
that the above strategies constitute an equilibrium given the beliefs. This is shown by first
proving that there is no profitable unilateral deviation from the competitive salary schedule.
Second, show that a necessary and sufficient condition for existence of equilibrium is that
the implied probability that a worker participate in the firm next period, conditional on the
employers information is correct and has a fixed point. Finally show that there exist such a
fixed point.

Let 1 denote the Lagrangian multiplier associated with the budget constraint in equation
(3.3), then the optimal consumption satisfies the necessary conditions,

8U2<Ct7 2ty €2t)

aCt

forallt € {0,1,2...}.

With the contemporaneous separability of the consumption from the labor supply choices,
the condition in (4.3) can be used to solve for the individual Frisch demand functions, which
determine consumption in terms of the time-varying characteristics, z;, the idiosyncratic
shocks to preferences, €9, and the shadow value of consumption, n);.**

Lemma 4.1 below summarizes the optimal offer choice ow the workers.

(43) = 77)\75,

LEMMA 4.1  Given any choice of hours, a worker accepts the contract with the highest salary.
Employed worker remains with the current employer if there is a tie. If not employed, the
worker randomizes between identical offers.

Higher salary, given the amount of hours worked increases utility. The only reason for
choosing a lower salary is if it affect beliefs and therefore future earnings. Future earnings
depend on experience through the production function and beliefs, since past salaries are not
observed, then future salary choice cannot be altered by choosing lower salary today. Since by
assumptions(3.1) and (3.2) only one occupation offers hours for a given set of characteristics
then there is no profitable deviation for the worker.

14This 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.
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Proposition 4.1 states the optimal salary schedule.

PROPOSITION 4.1 (Competitive Salary Schedule)  For any hours chosen by the worker,
and firms’ beliefs, the competitive salary is

(4-4) Sm(ht, H,, Zf) = yTt(htJ Hy 4, Zf) — Y+ ﬁ’YTﬁz‘rtJrl(Ht, Zf)

for all hy € (h(Hy_1,2Y), h(Hy_1,2Y)), where Direy1(Hy, 21) is the probability that the worker
will work in the firm the proceeding period.

The salary schedule is equal to the worker’s productivity plus the function of the hiring
costs and the probability the worker says with the firm next period. It is the highest outside
offer a worker can receives. It is offered so an outside employer makes expected profits of
zero over the worker’s years in the labor market. This condition must hold for all workers in
all occupations.

Under symmetric information, each worker earns the expected productivity over time net
of hiring costs, however under asymmetric information each worker earns the expected pro-
ductivity (net of costs) over the expected employment spell with the employer of all workers
with the same observable characteristics. Therefore the only difference between the optimal
salary under symmetric versus asymmetric information is the probability of future partic-
ipation. Thus consider two workers with the same publicly observable characteristics, 27,
who differ with respect to unobservable characteristics, z;, and choose the same number of
hours worked in equilibrium under asymmetric information.. The worker whose z; implies
that she/he is less attached earns on average more than the productivity (net of costs), and
the worker whose z; implies she/he is more attached is paid less than the productivity (net
of costs). This result is because p;-411 is higher than the actual probability for the worker
with the lower attachment and lower than the actual probability for the worker who is more
attached to the firm.

Conditional on the optimal salary schedule, we derive the workers participation, hours and
occupation decisions. Let w; = (Hy_1, 2, ), ) denotes the non-idiosyncratic state variables
of the worker'®. The complete state variables of the worker is (w;,&;). Define the ex-ante
conditional valuation functions associated with the decisions to work and not work at time
t as V1, and Vjo, respectively. The ex-ante conditional valuation function is the discounted
sum of future payoffs before the choice specific idiosyncratic utility shock are realized and
actions taken. Formally,

T
(45) ‘/ﬂct(wt) = Inax Et {Z ﬁs_t [dSUO(zs) + Ul(Zs, hs> Hs—l) + d5€15

{hT tT:t s=t
T
+ (1 - ds)€03 + n)\s Z ITsSiTs(hS7 Z?, Hs) ‘ dtt = k .
=1
The necessary condition for the optimal participation decision is then

1 if Vigg(we) + €16 > Vipe(we) + o

0 otherwise.

(46) dft(wt, E0t, 61,5) = {

5Note that since the agents know the equilibrium functions/conjectures then a sufficient state statistic
for S;tr is Hy—1 and 2. If the worker is married then a sufficient statistic for his spouse work behavior is
nA; which enters the household budget constraint and equation(4.3).
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That is, the worker chooses to participate if and only if the ex-ante conditional valuation
function of working plus the utility shock of working is greater or equal to that of not working.

Define by hg,, the optimal labor-supply decision in period ¢ and by A}, € (0, 1), the optimal
interior solution of the labor-supply decision in period . Using the above notation the optimal
worker strategies are summarized the the Proposition 4.2.

PROPOSITION 4.2  Given the firms strategies, a worker’s best response is characterized by,
p%, the conditional probability of participation, h},(z, Hy), the number of hours worker and

12, (2, Hy), the optimal occupation choice, i.e.0y = {p%, hi (2, Hy), 12, (2, Hy) }:
Vii—Vi
(4.7)  ph = Eldy |w] = [ (ot — €1¢) AF1(ots €1ty €20) = Qi(Vire(wi) — Vior (Wi )i)-

T
h;‘t(zt, Ht) = argmax [Ul (lt, Ht—l; Zt) -+ 77)\75 z_:l [Stsi'rt(hta Zf, Ht)

htE(O,l)
+ BEApiti1[Vir(wes1) + €1e41] | wi, d?t =1}
(4.8) + BEA(1 = pie1) Vio(wer) + erepa] [ wi, dy = 1}

and
(4.9)  I2(z, Hy) = I{h,(Hy_1, 20) < hi(2z, Hy) < he(Hy_1, 20)}

Under Assumptions 3.1 and 3.2 any choice of hours, A, conditional on (H;_1, 2) maps into
a unique occupation choice in period t. This is obtained by maximizing separately over each

open interval (hy+(Hi—1,27), hrt(Hi—1,27)), and then choosing the occupation that yields the
highest utility.
Next we show that given Lemma 4.1, Propositions 4.1 and 4.2 no firm can profitably

unilaterally deviate from the competitive salary schedule.

LEMMA 4.2  Given firms are following the competitive salary schedule in Proposition 4.1,
workers are following the strategies specified in Proposition /.2 and the beliefs system are
according to Definition j.1 and Assumption B.1; no single firm has an incentive to unilateral
deviate from the competitive salary schedule.

Lemma 4.2 stands in contrast to the well unknown nonexistence result in the Rotschild-
Stiglitz (1976) model. However, as pointed out in Hellwig (1987) this non-existence result is
very sensitive to the timing of the players’ moves. If the workers move first deciding how much
to work , and then the firms make offers for these hours with the workers finally choosing
which offer to accept then the non existence result of the original Rotschild-Stiglitz model
is broken(see Hellwig (1987) for more details). Using the Walrasian Equilibrium concept
instead of Perfect Bayesian would give the existence of equilibrium with the same optimal
salary schedule!'®. For papers that demonstrated existence of equilibrium in Rotschild-Stiglitz

6For example Riley (1979), in a model with single dimensional type showed existence of equilbrium if under
the assume that the distribution of type is every strictly concave and that there is a mass point at the lower
end of the distribution of type. An equivalent set of assumptions can be derived for the multi-dimensional
type model.
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type models with Walrasian equilibrium, see Riley (1979), Prescott and Townsend (1984),
Gale (1992), Bisin and Gottardi (2006), among other.

Next we show that there exist a fixed point in mutual best responses. The optimal hours
worked and participation is function of firms beliefs about next period participation. To see
this consider the beliefs above period T participation, i.e.

]Aji’rT = /Q(z;v HT—l(ﬁiTTa ... 7ﬁi7’2>a h;)IT(z;a HT—l(ﬁiTTa o 7ﬁi7’2)a h’})

(4.10) pr(2p | Hroy, 27) dzg.
Clearly p;; 1 is defined as a implicit function of itself. In fact there is a triangular system of
implicit equilibrium beliefs of the following form:

ﬁi‘rT = PiT(ﬁi‘rTa cee 7ﬁi72)

Dirr—1 = Lir—1(Dirr—1,-- -, Dir2)

(4.11) Pira = LDia(Pir2),
where I';; is the RHS of equation 4.10.

COROLLARY 4.1 A necessary and sufficient condition for existence of equilibrium in our
model is that there exists a fixved point in {pira, . .. ﬁiﬁ}fee{fu m} of the system equations in

(4.11) for all T and i

Existence of equilibrium in our model established by showing there exist a fixed point to
the system of equations in (4.11). Proposition 4.3 establishes that fact.

PROPOSITION 4.3  There exists {Dira, - - - ﬁiTT}Zeegv,m} which the fixed point of 4.11.
Finally, we establish the main result of our model, self-fulfilling beliefs.

COROLLARY 4.2 In equilibrium the perceived probability of the worker will work in the firm
in the proceeding period is correct conditional on the what is observable to the firm.

The fact that there exists a one to one mapping between the posterior beliefs and the
implied participation probability in equation(4.10) comes directly from the requirement in
Bayesian games that beliefs are consistent with player’s strategies and Bayes’ rule is sat-
isfied (when possible), this condition holds by construction. Therefore, the expected profit
condition on salary which are function of the firms beliefs, is also correct on-the-equilibrium
path.

5. THE GENDER EARNINGS GAP

Next we discuss the different channels in which gender differences in the labor market arise
in equilibrium. Under symmetric information the salary in 4.4 is different only with respect
to the probability of future participation. It is conditioned on the information available to
the worker, 2/, instead of z!. If men and women were identical in all respects, then no wage
gap arises in equilibrium, and men and women will have the same labor market participation,
experience and occupation choice patterns. Suppose instead there are some z; for which the
cost of participation and the dis-utility from hours worked are larger for women. Then a
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woman with the same characteristics as a man may earn lower wage because transitions
into a state in which the costs of participation are higher may imply a lower probability
of future participation. Facing states which can be reached and in which the likelihood of
participation is lower, may cause current value of participation to be lower and the value of
working long hours to be lower as well. Women would participate less, work less hours and
sort into different occupations. Thus earnings gap and different labor market histories can
be generated under symmetric information.

“Discrimination” in this paper refer to the difference between the earnings of men and
women under symmetric versus asymmetric information. Under symmetric information
individual worker’s future participation probability is known to employers whereas under
asymmetric information the gender is used to infer participation probability and the “group”
affiliation affects earnings. Suppose that the distributions of skills, characteristics, and pref-
erences are ex-ante identical for men and women then our model may gives rise to ”dis-
criminatory equilibria”.!” Suppose employers believes that women have a lower likelihood of
future employment than men, then women would face lower earnings than men for identical
characteristics. These beliefs are self-fulfilling in equilibrium and induce women and men to
make different participation and labor-supply decisions.

Moreover, 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 differences in wages for men and women
with the same observable characteristics; the gender wage gap in these occupations may be
smaller.'®

Whereas discrimination may be a result of pure coordination failure (in which case, if there
exists a unique solution given fixed beliefs and there is no multiplicity, the two groups have
the same outcomes), our model may exhibit discriminatory equilibrium due to cross-group
(gender) effects (see for example Moro and Norman (2004)). Because there are complemen-
taries in the utility function, i.e. consumption depends on the household budget constraint.
Then there is complementarity between the hours (participation) women and men work . A
discriminatory equilibrium (asymmetric equilibrium) may then be established, even if there
is no coordination failure. Then men would participate more and earn more, women (mar-
ried) would have higher consumption and work less. Although cross-gender complementaries
exist through household consumption, this affects not only married women. Since the model
is dynamic, and single individuals take into account their probability of been married in the
future, then household complementaries affect single women through their future expecta-
tions.

17See Tirole (1997) for a discussion of dynamic adverse selection and statistical discrimination. The dif-
ference between this model and Tirole’s arises because the matching in Tirole’s between firms and workers
is random. In our framework, workers select into contracts offering different hours and earnings.

180Our 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 efficient 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 accumulate, on
average, less labor-market experience and more home-production hours. Therefore, in equilibrium, employers
beliefs on labor-market participation are correct.
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Finally, although the gender earnings gap, as well as differences in experience, occupation
choice can be generated when preferences are different and the information is symmetric,
the model of symmetric information and the model with asymmetric information are not
observational equivalent. Under asymmetric information, labor market history is used by
employers to update beliefs about an individual worker’s type. If men participation and
hours is high relative to women then the growth rate of earnings be higher for women than
men. For example, a woman who works full time for a continuous period should have a larger
increase in her earnings than for a similar man. Therefore, returns to experience for women
would be larger than that of men with the same labor market history

This is an immediate implication of Bayesian learning. Over time, more information about
labor-market participation and labor supply arrives. Therefore, the effect of the initial beliefs
becomes smaller. The only wage component that generates difference 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 sim-
ilar publicly observable characteristics face the same earnings, over time, their choices and
histories reveal information, and therefore, earnings dispersion increases. .Thus, for a given
cohort, conditional on all publicly observable characteristics, the gender earnings gap declines
with experience.

5.1. Changes in the Gender Earnings Gap Over Time

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

COROLLARY 5.1  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. Differences in education across the different cohorts

2. Occupation-specific aggregate productivity shocks

3. Demographic changes which affect the distribution, Fiy(zi1 | z¢, Hy)

4. Changes in fized costs of participating

5. Changes in beliefs across cohort

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 differences 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 affects
the wages of all workers because y,;(hy, H;_1,2;) 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), affects beliefs
about future participation. Forth, 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
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of participation may affect the relative earnings because changes in beliefs about participation
will raise women’s earnings more than they will raise men’s earnings.

Note that the equilibrium characterization is for each cohort separately. In the data, we
observe several overlapping cohorts. A worker’s cohort is an observable characteristic. There-
fore, 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 different. 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 would capture that.

6. MULTIPLICITY OF EQUILIBRIA AND IDENTIFICATION

One of the main problems in estimating games or multi-agent informational models is the
possibility of multiple equilibria. Before discussing different solutions to this problem, it is
important to make a clarification that equilibrium uniqueness is neither a necessary nor
sufficient condition for the identification of a model. Put differently, the problem of multiple
equilibria is not a problem of identification.

Formally, define the mapping F from the space of structural characteristic ©(M) to the
space of conditional distributions II such that F(6(,M)) contains all the conditional distribu-
tions predicted by the model when the structural characteristic is §(M). Multiple equilibria
means that F(6(M)) is not a function but a correspondence. While no identification means
that the inverse mapping F!(.), evaluated at the population distribution FY k. is a cor-
respondence.'”. Therefore, we will treat the solution to the problems of multiplicity and
identification separately.

The solution to the multiple equilibrium problem is based on the following intuition. The
players equilibrium strategies can be recovered from the data under the assumptions the
data was generated by a single equilibrium (within observable groups of agents) and that
the econometrician observes all the non-idiosyncratic state variables. Conditional on other
players’ equilibrium strategies, each player’s decision becomes a single agent maximization
problem( i.e. the best response function). Since this maximization problem is a necessary
condition in all equilibria, an estimator of the structural parameters can be obtain from a
criterion function based on these best response. This criterion function will be well defined
once the model is identified.

The approach we take in this paper to show identification of the single agent problem is
constructive in nature. We rely on Chesher (2007) that shows that if there exist a functional
of the conditional distribution, F~!(Fy|x), with the property that the functional returns the
value 6" in all the admissible structures of the model with (M) = #*, then the value of a
structural characteristic #(M) is identified by the model when #(M) = 6*. The advantage
of this approach to identification is that there is a natural analog estimator of the value
of the structural characteristic. Given a panel data with {a,, Hnt—1, Znt, Cnts Snrt 11;/:11" 411,15:1
where n index individual, ¢ index the year, and (with some abuse of notation) z,; contains
an indicator for gender, we outline of our Identification strategy below:

1. First we show that under standard regularity condition on us(z, ¢, €9;), if it is multi-

plicative separate in €9, then standard independence assumption between z; and e
allows us to identify n\; up-to proportional constant.

9For more a detailed discussion of this problem see Jovanovic(1989)
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2. Assuming that 2! is fully observed by the econometrician, we show that, under standard
regularity conditions, the equilibrium salary schedule and 3 are identified.

3. Let Fi(eot, 1) be the marginal of Fi(gqy, €14, €14). Given that S;¢(hy, Hy1,2¢), 8 and
n\; are identified, we show that ug(z;) and u (2, l;, H;_1) are identified up-to Fi(eqq, £1¢)
and two additive constants

Putting 1, 2 and 3 together we conclude that our model is identified up-to Fi (e, €1¢), two
additive and one proportional constants

6.1. Identification of the Marginal Utility of Wealth

It is well known in the literature on the estimation of consumption function, that the
general forms of utility with risk aversion is not identified without quantity and price data,
which we do not have. Therefore, we follow the literature and state sufficient condition to
obtain identification of the marginal utility of wealth. Below we state a set of such conditions.

ASSUMPTION 6.1  Assume that the marginal utility of consumption has the following form

8U2(Cm; Znt, €2t)
8Cnt

(6.1)

= UQC(Cnt)UQZ (Znt)52nt

where ug.(cy) > 0, ug,(2z;) > 0 and g9 > 0.

ASSUMPTION 6.2 1) Assume that E[logeant|zns] = 0 for all n,t; and 2) Assume that

ASSUMPTION 6.3 1) Assume that z, has a continuous element ze,; with continuous vari-
ation on it support [z, Zc); and 2) ua, (2 .) =0

Assumption (6.1) states that the marginal of consumption is multiplicatively separable, for
example both the class of constant absolute risk aversion and constant relative risk aversion
would satisfy this assumption. Assumption 6.2(1) formally states that the error is mean
independent of z,;, with expectation zero. Assumption 6.2(2) is the standard normalization
needed in panel data model in order recover the level of the time component. Finally,
Assumption 6.3 (1) states that at least one variable with continuous variation on its support
is required, and Assumption 6.3 (2) is a boundary condition. Assumption 6.3 can be replaced
with a parametric assumption on the function us,(z,).

LEMMA 6.1 Suppose ua.(cnt) is known, and assumptions 6.1-6.3 are satisfied, then n,\; is
identified.

6.2. Identification of the equilibrium salary schedule
This section establishes the identification of the Equilibrium salary schedule.

ASSUMPTION 6.4 1. Suppose there exist observable characteristics, 7, H;_1,2Y, on a set
of positive measure, such that

A @tﬂ(Hm Zf) = ﬁmTtH(Ht, Zf) - ﬁwrt—&—l(Hm Zf) ?é 0
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2. Assume (0, Hy 1,20) =0 V71, Hy 1,2}

Assumption 6.4 (1) states that in each occupation there is a range of hours, labor expe-
rience and individual characteristic for which the employers hold different belief about the
two gender, Assumption 6.4 (2) states that an input of zero hours produces zero output.

LEMMA 6.2 Under Assumptions (5.1), (3.2) and (6.4) yr¢(hy, Hi1,2¢), B and v, are iden-
tified, and there are at least two over-identifying restrictions.

Given the Lemma above, we are able to test the specification of our equilibrium salary
schedule outside of the full solution of the model.

6.3. Identification of the utility of Nonmarket Time

In the literature on estimation of dynamic Markovian games, it is standard to use time-
series data to estimate and identify models.?’. We extend this approach to a panel data
setting, considering age-education cohort partition of data generated by a single path of
play, exploiting therefore, the information contained in the repeated observation of the same
players in the cohort partition along the path of play. Because different cohorts may be
playing different equilibrium, we also have variation across cohort partition. We formalize
the equilibrium selection discussed in the previous paragraph below.

AssuMPTION 6.5 (Equilibrium Selection) Conditional on the time invariant component of
2Y, the data for each age-education cohort, is generated by only one equilibrium conditional.

This assumption rules out the possibility that for any given age-education cohort and time
invariant component of 27, the time series data is generated by a mixture of two or more
equilibria.

ASSUMPTION 6.6 The econometrician observes all the private information of the worker
except for the idiosyncratic components €.

This assumption formalized the notion that retrospective survey data many time allows
the econometrician to obtain information that is not publicly observed at the time of play.
It is similar to the assumption made by Altonji and Pierret(2001) which tests for employers’
learning in a model of statistical discrimination.

Let’s redefine the primitives of our problem as follows:

(6.2)
Wit (Znts Hne—1, 1) for k=0

Ui Wnt) = T
tk( t) uitO(Znt) + uil(znh Hnt—la l;t) + nn)\t Z—:l In'rtSn’rt(hf;ta nga Hnt—l) for k = 1.

then we can write the ex-ante value functions as

(63) ‘/z'tk(wnt) = max Et[z Bs_t{ds[Uisl(Wns) + 615] + (1 - ds)[Uisl (wns> + 503]} | dt - k]

{hr}?:t s=t

20See Pesendorfer and Schmidt-Dengler(2006) for an example of this approach.
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There are two important dimensions our game differs from the games typically estimated.
First, in our model, employers learn and update beliefs based on the complete history of
workers’ behavior. As a result, the Markov perfect equilibrium refinement, typically used in
the literature on estimation of games, would assume away a central feature of our problem?!
Second, the state variables do not have discrete support because labor market experience
has continuous components*

In order to generalize results from the literature so we can apply them to our model, we
borrow the concept of finite state dependence from Altug and Miller (1998).

DEFINITION 6.1  Given any value of the initial state variable wy, there exists a finite integer
p(wo), a value of the state variable w, , and a sequence of choices, over the next p(wg) periods,

denoted by i\ (wy) = (A7 (wesr), - diti(;(wO)(thrp(wo)), such that the state will be w ()
at date p(wg) for dy =k for all k.*

The finite dependence assumption is a generalization of the Markovian assumption to
a larger class of model. Of all the possible types of state variables the finite dependence
assumption only placed restriction on those that evolves stochastically but do depend on the
action the individual takes. That is, finite dependence breaks the connection between these
state variables and past choice. For example in our model the probability of marriages/or
the number of kids today would only be allowed to depend on the decision to work in the
past of a finite lag and a summary statistic.

AssumMPTION 6.7 (Finite State Dependence) The non-idiosyncratic state variable w; has
the property of finite state dependence.

Next we characterize the necessary condition for equilibrium, namely condition 1) of De-
finition 4.1. First, note that the first result in Proposition 4.2 implies that the equilibrium
choice probabilities of working, are given by

(6.4)  pit(wnt) = E(d, | wnt) = Pr{Vis(wnt) + €1nt > Viro(wnt) + €ont },

A 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 difference
between the ex-ante value functions, Vi (wn) — Viso(wne).?* Let Q : R — (0,1) denote the
mapping from the choice-specific value function to the conditional choice probabilities. That
is,

(6.5) pit(wm) = Q(V;tl (Wnt) - V;to(wnt))-

21See Maskin and Tirole (2001) for a discussion of the Markov Prefect Equilibrium.
22This point is less critical see Bajari and Hong (2006) for an extension of the standard results to where
the state variables are continuous.

23Unlike the optimal participation choice, d (wo)(wt) does not depend on € by definitio. Instead, it is a
deterministic function of the state variables.

24This 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 (forthcoming); and Bajari
and Hong (2005), among others.
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Lemma 1 of Hotz and Miller (1993) shows that the inverse exists:

(6.6)  Vin(wnt) — Vieo(wnt) = Q_l(pit<wnt)>-

Note that the mapping, @(.), is only a function of the unobserved state variables, £q,
and e1,;. Proposition 1 of Hotz and Miller (1993) also states that there exists a mapping
¢+ 10,1] — R, that measures the expected value of the unobservable in the current utility,
conditional on action k € {0, 1}, i.e.

(6.7)  or(pit(wni)) = Elewnt | wni, dyy = K.

To set some notation, let wkt) denote state in period ¢ + s if at time ¢ the k;th decision
is taken, i.e. d; = k and the sequence of decisions for the next s periods is dkt 1 (wt+1), ey

47 (wyy,).  Also denote by p’), the probability that dy,, = 1 conditional on w}, i.e.

Pt = Bldisslwiy)
Combining equations (6.5),(6.6) and (6.7) with the ex-ante value function (6.3) allows us
to write the ex-ante equilibrium value function for any initial state wq:

Vi(wo) = Uitk(w0)+Et{ Z B, zso(w;(gt)) —|—g00(p,(§2)

FpHQ T D) + 01 (0)) — wo(Pin)}]
w w 1
+6p 0 +1[Vit+p(wo)+10(wp(oJo)+l) + ‘Po(pz(tp( or+ ))

w 1) p(w 1 w 1 w 1
(6.8) +pi ILQTH P D) + 0y (P Y) — o (P )

This value function representatlon can be think of as the continuous state/finite depen-
dent analogue of equation(6) of Pesendorfer and Schmidt-Dengler (2006), a proof of this
representation can be found in Altug and Miller (1998).

Next we characterizes using 6.6 and 6.8 the necessary conditions for equilibrium in Propo-
sition4.2. First we characterizes the equilibrium relationship from (4.7). Substituting (6.8)
into (6.6) gives equilibrium

p(wnt)
QM (pir(wnm)) = Uiﬂ(wn»—Uito(meEt{ X AU Uiso(w$)) — Usgo(w$)

eo(plit) — poPii2) + P6ilQ ™ (p532) + 01 (p5i)) — o (pbid)]
(6.9) —piHQ T () + a0 — 2o (i)}
Note that all the elements from period p(wy,:)+1 onward are the same irrespective of whether
action 1 or 0 are taken today by Assumption 6.7, hence they fall out of the above equation.
Similarly the sufficient condition for equilibrium hours can be write as

_anﬂ(Wnt) _ Et{p%lt 3 aUzs0<W1t)) +8g00(p§2)

8ht s=t [ 3ht 3ht

28581001 50) + 1) — ()
Oh, Diit) T ©1(P Po\P1it

©01Q7 (D)) + 1 () — o ()] }

1
(6 0) + D1t aht
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Note that all the elements from period p(w,:) + 1 onward are independent of current partic-
ipation choice, and choice of hours and by Assumption(6.7) and hence they fall out of the
above equations.

By Proposition(4.2), equations (6.9) and (6.10) are necessary conditions and therefore must

hold in all equilibria. {pit (Wnt), {pfﬁi,pﬁfi)} (:nt) } , and the distribution over which FE, is

taken, are the only elements which differ, across the different equilibria. { pit(Wnt), { p(() 227 pﬁii)} (_wlm) } | 7
are conditional expectation functions, and given Assumption (6.5), can be recovered from o
the data, and therefore, are identified.?”> For the purpose of the identification of the utility of

nonmarket hours, we can treat {pit(wnt) {pé‘zz, pﬁ.i)}”(“’”)} as known. Denote by 72/

=1
and S, (h%,, zh. Hp,_1) the shadow prices and salary schedule under the true equilibrium

in the data respectively. The true probabilities under the true equilibrium in the data are
denoted by {pf (). {poif),p‘iif))}”(“”’}‘ - and define

s=1
plwnt) o(s
Yiine = )\0 Z ]ntTSznTt<hnt’z£t7Hnt 1)+ Z B? {%(pon)) ‘Po(p1§t))
+m$@ Yoo + o1 (003 — %@ﬁw
(6.11) —pIHQT () + e p1)) — oI} — QM (P (wnr))
and

T 080, (W, 2y Huo1)  P@n) [ 9y (p08))
)% = 0\0 I intT \'ntr “ntr 14n . s 0\/13t
12nt nn)‘t TZZ:I o aht 52::75 ﬁ 8ht

8]7055) _ o(s
+ 17 B + D) = wolpii)]

o()0[Q 7" pOES) + pOES) - p0§5)
(6.12) o) Q" (puir) Wéétlt) @o(Prir )]

o
Because 02\, SO (h*,, zh Hy—1), F(eo, €1¢) and f are treated as known, Yj1,,; and Yo,

can be treated as observe data.

LEMMA 6.3 In all equilibria the following system of equation holds :

Yine = win(Zne, Hut—1,1) = wito(2ne) — ir (2nt, Hot—1, 0y
p wnt
(613) + Z 6 [uzsl(zﬁn)thl(ns 171) uzsl(ZOn)taH(()n)s 1 )] +§ilnt
Ouiy (2nt, Hut—1, 1) Plent) Uils(Z£S)t Hfs)_l 1)
6.14) Yipy = - e — ’ B Tmm e
( ) 2nt 8ht 52::15 ﬁ [ aht ] 52 t
where z,(ci)t and ngi)s_l denote the worker’s type and labor experience in period t+s, if at time
t d, = k, the sequence of decisions for the next s periods are diy%) (wWit1), -y dips (wrys),

E[&intlwne] = 0 for j = {1,2}, and i = {w, m}, and E} is taken over the actual equilibrium
played; formal definition of the residual &,.,, is in the proof in the Appendiz.

Jn

Note that the data is informative about EY under Assumption(6.5). The identificability of

25See Haavelmo(1944) for detail.
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the structural functions depends on whether these functions can be deduced if EP[Yjnt|wne]
is known. The following lemma establishes the main identification result.

LEMMA 6.4 (Nonmarket Utility Identification) Under Assumption(3.1)-Assumption(6.7)
wiro(2nt) 18 identified up-to an additive constant, and wi(zne, Hpt—1,lne) s identified up-to an
additive function of z; and H,;_1.

The above Lemma implies that, the levels of nonmarket hours utility are not identified,
but the marginal utility of nonmarket hours are identified.?® This result is stronger than
identification results in discrete choice models with discrete state variables, in which only
the difference between the utilities conditional on the choices is identified (see Magnac and
Thesmar (2002) and Pesendorfer and Schimdt-Dengler (2006)). In this way our identification
result is similar to that found in Bonet and Pesendorfer (2003). The continuous choice of
hours in our model increases the identification power of the model: if the level of utility from
not working is normalized, then the rest of to be fully identified.

7. EMPIRICAL STRATEGY

The estimation of the model follows the outline of the identification strategy. First, the
marginal utility of wealth is estimated from the consumption Euler equation. Second, the
earnings equation is estimated from the zero profit condition. Third, the conditional choice
probabilities and the firms’ equilibrium belief are estimated nonparametrically. Lastly, we
form the empirical analogue of equations (6.13) -(6.14). Using method of moment estimation
procedure, we recover the parameters of the utility from non-market work and the risk
aversion parameter.

The production function and the utility from non-market hours are nonparametrically
identified, conditional on the distribution of ¢,; and the class of consumption function. In
the estimation stage, however, we specify parametric functional forms for two reasons. First,
in order to conduct the decomposition of the change in the earnings gap that is the focus
of this paper, we need to solve for counterfactual versions of the model, and that can only
be done with parametric functions. Second, given the nature of the three step estimation,
a nonparametric final step would have undesirable sampling properties given the size of the
data set.

In order to implement the model, we need to further address the following issues. First, we
need to specify which variables the worker privately observes and which variables are observed
by employers. Second, we need to decide which restrictions to place on the employment
history that employers observe. Third, we will incorporate unobserved productivity in the
production function.

To address the first issue, we assume consumption is private information, and hence the
marginal utility from wealth is private information®’. All spouse related variables (such as
education), marital status, the number of children and age distribution of children are as-
sumed to be private. We assumed that employers observed the actual hours worked in each
occupation for the most recent three years, and the total numbers years worked in each

26Because of the ordinality of the utility function, this result is expected.
2TNote that the marginal utility from wealth is a sufficient statistic for spouse labor income and hence we
are assuming that spouse labor income is private information as well.
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occupation. This assumption is made in order to reduce the dimension of the conditioning
variables in the nonparametric estimation of beliefs; this restriction is not imposed, however,
by the finite state dependence assumption. Finally, given the functional form restrictions on
the production function we can account for individual specific productivity differences. These
differences are assumed to be observed by the firms and workers, but not by the econome-
trician. The following sections provide a brief overview of each stage of the estimation and a
description of the functional form restrictions imposed at each stage. A detailed description
of the estimation procedure can be found in the accompanying estimation appendix.

7.1. Consumption Equation

We assume the following functional form for the utility from consumption:
(7.1)  ua(Cnt, Znt, €2nt) = exp(2); By + Eont )0y /.
The Euler equation of consumption becomes
(7.2)  exp(z, By + con )t = n,M

Under assumption(6.2), it is possible to estimate (1 — ) !By, (1 —a)7 !, and (1 —a)™ 1)
using panel data on individual consumption, and characteristics z,;; see discussion in Heck-
man and Macurdy(1980), MaCurdy (1981) and Altug and Miller (1990,1998)) among others.
There are several issues to address when implementing this estimation strategy.

First, the only panel data set which includes reliable labor market variables and con-
sumption related variable in the US is the PSID; the PSID, however, includes data on food
consumption only?®. Therefore, most papers estimating labor supply and consumption be-
havior jointly, use food consumption as the basis for estimating consumption equations (see
Blundell and Macurdy (2007) for a survey of this literature). This can be justified under the
assumption that food consumption is additively separable from non-food consumption with
a quasi-linear utility function. Second, food consumption is only observed at the household
level, whereas in the model consumption is chosen at the individual level. To address this
issue, we divide consumption among the household members by allowing the data to im-
plicitly adjust the weight given to each household member, accounting for the number of
individual in the household and the age distribution of members of the household. Third,
following standard practice we include regional dummies in z,; to account for differences in
consumption prices across regions.

Finally, (1—«)~'n,, is estimated for each individual in our sample. Therefore, the traditional
fixed effect estimations (as used in Heckman and MaCurdy(1980)) would be biased for small
T. As shown in Macurdy(1981), (1—a)~'#,, can be written as a function of individual specific
variables. We follow the Altug and Miller(1998) implementation of this idea, and construct
a nonparametric estimator which is consistent as the number individual goes to infinity; we
use years of completed education, gender, marital status by age 30, age distribution of kids
at age 35, home ownership at 35 and geographical location at age 30 in this estimation.

28See Blundell, Pistaferri and Preston(2004) for discussion of this problem and the alternative solutions.
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7.2. FEarning Equation

We assume that the production function has the following functional form
(73) y’rt(hnta Hnt—la th) = bOTt + lehnt + bTtht + Z$:1 bT37’hnt—T‘ + ZfLItBTE) + Vn.

The production function is nonparametrically identified, as discussed in the identification
section, we however choose of functional form for the estimation; this form captures five main
features of our model: First, occupational specific aggregate change in productivity, which
are captured by by,¢. Second, we include quadratic term in current hours worked, h,;. Third
, we include finite lags of hours worked in the most recent p periods to capture past labor
market experience, which is an important mechanism accounting for endogenous difference
in productivity between men and women. This specification was chosen because of its strong
support in the empirical literature (see Eckstein and Wolpin(1989), Altug and Miller(1998),
among other). Note that we are assuming that human capital is general in nature, but its
rate of return is different across occupations. Fourth, we included quadratic term of age
and an interaction term of age and education as elements of 2f,. These terms capture the
effect of education and potential experience on productivity. Finally, we allow for a general
individual-specific additive effect, v,,. This component typically captures unobserved skill
or ability of the individual. In the context of our paper, however, it also captures other
sources of discrimination which we do not model explicitly. Thus, it gives us a natural way
of ascertaining the importance of other sources of discrimination that have a time invariant
effect on earnings differences between men and women.

Given this specification of the production function and the assumptions that employers
observed the occupation worked, and hours worked for the past three years, along with total
number of years worked in each occupation, we estimate the parameters of the earnings
equation based on the zero profit condition. A detailed description is in the estimation
appendix.

7.3. Conditional Choice Probabilities and Equilibrium Beliefs

There are five inputs of equations (6.11) and (6.12) that are needed to be estimated before
we can form the empirical counterpart of Y;1,; and Yjs,;. First, Y;1,; is a function of the
equilibrium salary schedule, which is a function of the employers’ beliefs (equation(4.1) ).
These beliefs will be estimated nonparametrically. Second, Y;s,; is a function of the derivative
of the equilibrium salary schedule with respect to current hours; we estimate these derivative
nonparametrically. Third, Y;1,; is a function of the current conditional choice probabilities,
P2 . (wnt), which we will also estimate nonparametrically. Finally, Y;1,; and Yis,; are both
functions of ngfl)t and there derivative respectively. The following subsection discuss the
estimation of all these elements.

7.3.1. Estimation of Equilibrium Beliefs and Derivative

The equilibrium beliefs for each occupation, p;,,¢, are computed as a nonlinear regres-
sion of the product of next-period participation and occupation choice index, d,;11 X Inrei1
on today’s public information variables, z%,, work histories, H,;_;, and hours worked, h,;,
conditional on working today in occupation 7. Let X,,; = (28,, Hy 1, hpt, Vi, Gender,) and
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NY,+_1 be the total number of years worked in occupation 7 up to period ¢ — 1; since only
two occupations are used in the estimation, 7 € {1,2}. The labor market history use in this
paper is defined as

(7.4)
Hntfl == (NYnltfb NYthfla dnt73[n1t737 dnt73[n2t737 RS dntfljnltfla dnt71[n3t717 hntf?n c0y hntfl)
Let Jy[678(Xn — Xows)] denote a kernel where §y is the bandwidth associated with each

argument. The nonparametric estimate of ps,,¢, denoted pl\ ., is computed using the kernel
estimator,

(7 5) ﬁN _ Zﬁ:l,n';ﬁn Zz:_ll dn’erl[n’Terldns[n"rle [6I]\1f(Xnt - Xn/s)]
. mrt erl\i:l,n/;ﬁn Zzz_ll dn’sIn’Tsjl [51_]\1/'(Xnt - Xn’s)] .

The derivative is then estimated using the standard nonparametric derivative kernel esti-
mator (see Pagan and Ullah, 1999).

7.3.2. Estimation of Conditional Choice Probabilities

The estimate of the conditional choice probabilities requires us to be more specific about
the state variables. In contrast to the beliefs, the conditional choice probabilities are defined
from the workers prospective and not the firms prospective. Recall, that the non-idiosyncratic
state variable for the workers problem is w,; = (Hui—1, Znt, 1,,A¢). From the estimation of the
consumption equation 7, A; is known up to a proportional constant. The elements included
in z,; are number of individual in the family unit, number of children less than three, number
of children between three and fourteen, age, years of completed education, marital status, the
number of years of education of spouse if married, and gender.

The conditional choice probabilities, p;,:, are computed as nonlinear regressions of the par-

ticipation index, dy, on the current state, w)), = (2}, Hne—1, 1} ANY where the N superscript

denotes an estimated quantity. We denote by J [5 N (wﬁ — wﬁs)} the kernel and by dy the
bandwidth associated with each argument. The nonparametric estimate of p;,;, denoted by
pY., is computed using the kernel estimator,

Eﬁ:l,n’;ﬁn Zstl dnls‘] |:517\71 (w7]1Vt - w%s)}
S ctn T T 3 (Wi = w)]

7.3.3. Estimation of Finite State Path Probabilities and Derivative

(7-6) p%t =

We begin by characterizing the different possible sequence of choices which can lead to
the same labor market history at certain point in time due to the assumption of finite state
dependence.

The hyp(o‘ghetical labor market history is defined as

s
Hlnt = (NYn1t71+sy NYnltflJrsa dnt73+s[n1t73+s; dnt73fs[n2t73fsa (RS dntfljnltflla
*
(77) dnt—1]n2t—127 Inlta ]n2t,a 07 SAED) Oa hnt—3+sa <y hnt—b hnt7 07 8] 0)
and
(s) _
Hont - (NYn1t71+sy NYn2t71+sa dnt73+s[n1t73+s; dnt73fs[n2t73fsa (RS dntfljnltfla

(78) dnt—1]n2t—la 07 07 1]n1t7 ]-InZt,a 07 ceey 07 h’nt—3+57 ooy h’nt—17 Oa h;kuﬂ 07 ooy 0)
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where
NYnTt—1+s = NYm-t—l + 1[n7t

for s = 1,2,3. The vectors H 1(2 would be the work of an individual entering period ¢ + s
who has accumulated the work history H,;_1, then chooses to work in period ¢ the optimal
hours in the optimal occupation. However, for the following s — 1 between ¢ and ¢ + s
this individual chooses not to work. Conversely, the vectors Héfl)t would be the work of an
individual entering period ¢ + s who has accumulated the work history H,; 1, then chooses
not to work in period ¢t. Then in period ¢ + 1 he/she chooses to work the optimal hours and
occupation as if he/she had worked in period ¢. However, for the following s —2 between ¢+ 1
and t + s this individual chooses not to work. Notice that these two sequences of decisions
will lead to the same labor market history in period ¢ + 4, i.e.,

Hiny = Him = (NYp1 115, Ny 115,0,0, ..., 0)

Thus, assuming a Markovian transition of the variables z,;, we have found the sequence of
decision satisfy the assumption of finite state dependence. Lets define the following partici-

pation indices that corresponds to the sequence of decisions that get one to H. ,ﬁ,jt,

dgjz)t = (1 - dnt—l) X ..o X (]- - dnt—s—l) X dnt—s
and
A = (1 = dpp—1) X oo X dpp—s—1) X (1 = dyy—s)

Note that dlm and d ont 18 equal to one if the individual enterlng perlod t has followed
a decision path identical to the path hypothesized under Hlnt and H0 Let w;gtN =
(2, +3,Hkim VAN, for k = {O 1} be the empirical counterpart of the hypothetical state.
Recall that p,(;i =F [dt+$|wkt] hence it can be estimated as nonlinear regressions of the

participation index, d,;, on the hypothetical state, ng)t = (2}, ) ,Ent, nN )\ﬁrs) conditional

on, d,(frzt = 1. Specifically,

Z%M%ZE%M%APV@%“M%H

ZN 1,n'#n Zg 1 dkn r‘] [51\7 (w](:'fzzv W,,]XT)} |

(7.9)  pl) =

To evaluate the term ﬁpz(»fzbt /Ohyg, which appears in the definition of Y, , define

(7.10) fi(fit = fa (ng)t | dntys = 1)

to be the probability density function for wgn)t, conditional on participating at date ¢ + s.

Likewise, let fi( = f; (Wmt) be the related probability density that is not conditioned on
participating in period ¢t + s for s = 1,...,3. Denote their derivatives with respect to i, by

£ and £,%9, respectively. We can then show that

P '(s) '(s) )
(7.11) ;’];W = [fl(lgt - flg) (o) s=1,...,3.
nt filnt fmt
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We derive this expression using the representation of pﬁf?n as pEth =Pr (d trs = 1| wg‘;)t) =
Pr(dy.s = 1) e / fWt Differentiating this expresswn with respect to h,; yields the above
expression. The nonparametric estlmates of f o and fmt are defined, respectlvely, as the
numerators and denominators of pzkm in equatlon (7 11). The estlmates of f 1 and fmt are

obtained from the derivatives of the estimates, f Tt N and fmt , with respect to h,; (Pagan
and Ullah, 1999).

7.4. Utility of Nonmarket Time

The identification result in Proposition(6.4) assumes that the distribution of (€gpt, €1pt) 18
known. Because we are not estimating the utility from non-market labor nonparametrically,
we can relax that assumption, and allow for the variance to be unknown; specifically, we
assume (Eont, E1n¢) is distributed as a Type I extreme value with variance parameter 0% and
mean zero. This distributional assumption for the preference shocks implies that Q~!(p) =
oln[p/(1 = p)l, ¢o(p) = & — oln[(1 — p)], and ¢,(p) = & — olnfp], where ( is the Euler

g
constant. Under this distribution assumption Y;1,,; and Yjs,; simplifies to
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since Q1) + o, (WS — o () = 0. Note that based on the three previous stages
of estimation the only unknown parameter in Y;y,; and Yo, is 0. Since it only affects the
probabilities its is trivially identified and estimable.

Lastly we specify the form of the Non-market hours utility function. We allow the fixed
cost of participating to change over time in order to capture the possible changing home
production technology. It takes the form:

!
Wito(2nt) = Bot + 2, Bi1.

Hnt 1)

nt»

We assume the following functional form for the utility of non-market hours:

Us1 (Znta Hnt—17 l:t) - Z/ lntBﬂ + 9201215 + Z ezslntlnt s

s=1

Under the above specifications, Lemma(6.3) yields:
p
Yitnt = —Bot — 23, Biv + 21t Biz + 0o (1 - lit) + ;1 Osilunt(lnt—s + B°) + i1y

P
(7-14) Yiont = Z;,:Biz + 20,0l + Zl Hsi(lnt—s + 58) + €i2nt
5=
We then construction the empirical counterpart of that system by substituting for the
o (R 2h Hoe 1), Dints pEOZLt, and o, Ll';t We then base our
estimation on that system of equations for the remaining parameters using GMM estimator.

The remaining details of the implementation and asymptotic properties of the estimator are
in the estimation appendix.

estimated quantities of 3, n2\7, S,
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8. 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
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).

Next we discuss the results of the estimation of the salary schedule. The over-identifying
restrictions can not be rejected at the 5% level of significance. First we will discuss the
estimated productivity shock and the other component of the salary schedule.

Figure 2 shows a significant increase in aggregate productivity in both occupations. This in-
crease, however, was much larger in the professional occupations than in the nonprofessional
occupations. or example, the estimated aggregate productivity increased by 80% from the
mid 70s to the late 80s in the professional occupations and only by 33% in nonprofessional
occupations over the same period.

The estimation results of the earnings equation are reported in Table 4. Coefficient on
current hours worked is larger in professional occupation (183,392 versus 100,688).Consistent
with Corollary 1, the professional occupations have significantly higher returns to labor-
market experience than the nonprofessional occupations.?” But, the returns to working less
hours (part time) in the nonprofessional occupations is higher; this can be seen by comparing
the linear and quadratic terms in current hours (COMPUTE NUMBER!). There is a larger
cost of hiring a new worker (3032 versus 875).

These results are consistent with the empirical fact that women’s representation in non-
professional occupations is higher. Our model predicts, that women will sort into occupations
with lower higher returns to labor-market experience, higher returns to working less hours
and lower costs of hiring new workers if in equilibrium, they work less and are less attached
to the labor market. The increase in productivity in professional occupations relative to non-
professional occupation is consistent with increase in women’s representation in professional
occupation, as is documented in Table 1 and other literature (see Lewis, 1996)..°C Our theo-
retical model implies that productivity shocks should have a more significant effect on female
labor force participation than on men’s participation, and therefore lead to a reduction in
the gender earnings gap (see Corollary 5.1(2)).

Table 5 contains the estimates of the fixed cost of labor-force participation.®' There is no
significant difference in the cost of participation for men and women with the same years of
completed education (notice that a positive coefficient implies higher dis-utility). A larger
number years of completed education raises the likelihood of working for men and women
equally. The effect 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

29Notice that the coefficients on the hours and experience are large because hours are between zero and
one.

30This is in keeping with the empirical finding the increasing returns to skill.

31In 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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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.

Table 6 contains the results of our estimates on the utility of leisure (or nonmarket pro-
duction). Again there are gender differences; whereas women with kids have higher costs of
participating, conditional on working, they have lower dis-utility of working more hours; the
opposite is true for men. The opposite is also true for education. That is, educated women
have lower costs of participating, but education has no significant effect on the dis-utility
of working more hours conditional on working in the labor market. Education, on the other
hand, does not have any significant effect on men’s costs of participation, but it does increase
men’s dis-utility of working more hours conditional on working in the labor market. Lastly,
conditional on working in the labor market, marriage increase the disutility of working more
hours. Conditional on working, having a more educated spouse decreases the disutility of
working more hours for women but not for men.

Table 7 contains the estimates for the time nonseparability in nonmarket hours. They show
that there are significant complementaries between nonmarket hours across time for women.
The results on complementaries 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.

Here we find our first evidence in support of Proposition 4. The difference in the estimated
coefficients 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. These results are also supportive of the idea of cross-group complementaries
in the utility function (asymmetric equilibrium). That is, 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-fulfilling beliefs and different
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. 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), firms’ beliefs, the fixed effects, 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.*? 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 difference in human capital, 12%
is due to differences in firms’ beliefs, 4% is due to differences in the estimated fixed effects,

32Where wage is compute, as earnings divided by hours worked.
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and 10% is due to differences 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 differences in human capital, 9% is due to differences in employers’ beliefs, 7% is due to
differences in the estimated fixed effect, and 4% is due to differences in the education and
age composition between men and women. Given how the fixed effect 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.

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.

First we assess the importance of labor market frictions, hiring costs, on labor supply, the
earnings gap, occupation composition and the changes in those over these two disjoint time
periods. Without costs of hiring new workers, earnings equal the worker’s productivity, that
i8 Sire(Pngs Hug—15252) = yri(hg, Hog—1, 2h,). We then simulate the model with out hiring
cost and computed the earnings gap, participation rates, hours worked and occupational
composition for the two periods, respectively. The inputs into these simulations include
the demographic characteristics, aggregate shocks, the marginal utility of wealth, the fixed
effects, and the estimated transition probabilities of marital status and number of kids. The
row labelled hiring cost in Tables 9 through 11 contains the result form from that simulation.

In Table 9 the predicted wage gap in professional occupation under this simulation, would
have been 81% in 1974-1978 instead of 52% as predicted by bench mark model and 96%
in 1984-1988 instead of 67%. Table 10 shows that with no labor market frictions women’s’
participation rate in the 70’s and 80’s (57%) would have been lower if there were no frictions
(51% versus 62% and 57% versus 70%, respectively). Female representation in professional
occupations would have been lower (30% instead of 34% and 35% instead of 40% ) and
that the increase in participation would have been smaller. Finally Table 11 shows that
the hours worked by women who participate in an economy with no labor market frictions
is larger than it is in an economy than in the benchmark model (1820 versus 1702 and
2050 versus 2100 respectively). In fact the 80’s women who participate in an economy with
no frictions are working almost as much as men (2050 versus 2100). A similar pattern is
observed in Nonprofessional, except that the earnings gaps are lower that in professional but
still higher than in the benchmark economy, there is a higher percentage of women in that
nonprofessional than professional but still lower than in the benchmark economy and while
the hours are higher than the benchmark economy, they are not as close to the hours worked
by men as in the professional occupations.

The above results demonstrated two important things. First, without market friction the
selection of the women than works is significantly different from the market friction economy.
Women participates less and when the do the work more in the nonprofessional occupation
but he ones who do participate works more hours and in professional occupations hours
that are similar to men. This is because in an economy with private information the low
attachment women pretend to be high attachment type and high attachment women work
less. With no market friction there is a separation between the two types. Second, the change
in the earnings gap over the two disjoint periods would be have been small by about 34%
and 20% in professional and Nonprofessional Occupations respectively. That means that
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market friction also plays an amplification role. For example, suppose that there is an
increase in overall productivity within an occupation. Such an increase affects the wages
of all workers because y,;(hy, Hi_1,2f) 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. However, there would an additional increase that would come from the updating of
employer’s beliefs to reflect the higher participation of women.

The question still remains as to was the cause of the remaining 66% and 80% of the change
in the gender earnings gap over the two period? In order to answer that question we simulate
our model under that assumption of no market friction, holding each of our three remain
exogenous source of variation, i,e, demographic change, aggregate participation cost change,
and aggregate productivity increases, constant over two period. Tables 9 through 11 contain
the results of these simulations under the headings, Demographics, participation Cost and
Aggregate Production. Each is done by holding the other two components fixed at the 1970s
level and only allowing the particular component to change in the 1980s. The result from
that exercise show that of the remaining 66% change in the earning gap in professional
occupation over the period; 35% is due to increase in aggregate productivity; 28% in to
changes in demographic ( mainly fertility decline) changes; and 3% is due in increase in the
aggregate cost of participating in the labor force. In the Nonprofessional occupations, of the
80% change in the earnings gap 47% is due aggregate productivity increase; 29% is due
demographic changes and 4% is due to changes in the aggregate cost of participation.

Finally we quantify the effect of the discrimination on the earnings gap and the change in
the earnings gap. Recall that in our model,discrimination, as defined in the model, occurs
only because employers do not have all the information workers have that is relevant to
predicting employment spells. The effect of the asymmetric information is calculated as
described above (the effect of the hiring costs calculation). However, instead of setting ..
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. Table 9 shows
that under symmetric information, the earnings gap would have been 71% instead of 52% in
the 70’s and 82% instead of 67% in the 80’s. Table 10 demonstrates that participation would
have been 62% instead of 70, percentage of women in professional occupations would have
been 38 instead of 40 and hours 1820 instead of 1702 and 2090 instead of 1960. The intuition
for the lower levels of participation and occupation composition is similar to the case with
no frictions: there is no value of signalling. However, unlike no frictions, there is still larger
earnings gaps due to lower attachment of women affecting hours supplied of women who
work.

9. 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-specific productivity shocks) over the years is larger in professional
occupations than 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. Further analysis shows that market frictions significantly amplifies
exogenous changes in our model. Without labor market frictions the earnings gap would
have been small by at least 45%, women would have participation less in the labor force but
the ones that participated would have worked more and earned income similar to men. The
decomposition of the change in the gender earnings gap reveals that changes in private infor-
mation and hiring cost accounts for over 33% of the change in professional occupation while
increase aggregate labor market productivity accounted for 23% and demographic changes
(mainly fertility decline) accounted for about 18%. Similar results were found for the Non-
professional occupations. The estimation results do not support 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 effect of changes in family
structure on the gender wage gap. We find that changes in family structure are a significant
factor driving the change in beliefs. These changes drive belief changes about women’s at-
tachment to the labor force. In our model, these changes in family structure are assumed
to be exogenous, and therefore, are identified as factors causing changes in beliefs, increases
in the participation rate, and decline in the gender earnings gap. Although our empirical
findings suggest that changes in family structure may be important to further understand-
ing 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.

Tepper School of Business, Carnegie Mellen University
ggayle@andrew.cmu.edu, hitp://www.andrew.cmu.edu/user/qggayle/
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Tepper School of Business, Carnegie Mellon University
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APPENDIX A: 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 file 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 specified 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 file
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 specified 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.

Our sample selection started from the Childbirth and Adoption History File, which contains 24,762 in-
dividuals. 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.
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There were coding errors for the different measures of consumption in the PSID from which we construct
our consumption measure. In particular, our measure of food consumption 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 first 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 different 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 file. 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 defined the region variable to be the geographical 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 redefined 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, Hispanic, American Indian, Aleutian or Eskimo, and Asian or Pacific 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 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 first 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 Occupational code
for our sample. First we eliminated all self-employed, dual-employed, government workers, Farmers and
Farm Managers, Farm Laborers and Farm Foremen, Armed Forces, and Private Household workers. The
professional occupation is made up of following classifications: 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 classifications:
Sales Workers (not included in Professional); Clerical and Kindred Workers; Craftsmen and Kindred work-
ers; Operatives, Except Transport; Transport Equipment Operatives; Laborers, Except Farm; and Service
Workers, Except Private Household.??

33See PSID wave XIV — 1981 documentation, Appendix 2: Industry and Occupation Codes for a detailed
description of the classifications used in the paper.
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We used two different deflators to convert such nominal quantities as average hourly earnings, household
income, and so on to real values. First, we defined 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
deflator for food consumption expenditures published in Table t.12 of the National Income and Product
Accounts. On the other hand, we deflated variables such as the nominal value of home ownership or nominal
family income by the Chain-type price deflator for total personal consumption expenditures.

APPENDIX B: THEORETICAL RESULT PROOFS

Let z%,(H—1,2Y) be the type that works the most in occupation 7 and z%,(H;_1,2Y) be the type which
works the smallest fraction of time in the occupation. Let 71, = p;, (2%, | Hi—1, 2’) be the beliefs about the
type Zr¢, and = p; (25, | He, 2) be the beliefs about the type z7;.

AssuMPTION B.1 (Off-equilibrium path) if Vz;, oy(ar | Hi—1,2f) = 0, then p;(zf | Hi—1,2{) = p_ if
ht < h‘rt? and /j/it(zzk | Ht—lazf) = ETZf h’t > Et‘l’

PrOOF OF LEMMA 4.1: We show that it is optimal to accept the highest salary offer. First, given any choice
of hy, the current utility is increasing in salary, and secondly, the given beliefs and any h;, the continuation
value of the worker is non-decreasing if she chooses higher salary. The increase in salary enters the value
function through the frisch demand see equation B.5 . Since n,,A; > 0 then the current utility is increasing
in S;r¢(he, Hi—1, 7). Next we show that given choice of h, the continuation value is unchanged by a higher
salary. We begin by showing that a higher salary does not affect tomorrow’s beliefs. First, given hours choice
one occupation is chosen by Assumption 3.1. Changing employers within occupation with the same hours
worked does not change the the beliefs. Second, we assume salary is not observed by outside employers,
hence it is not part of employment history and does not affect beliefs. Therefore, accepting highest salary
given hours is optimal. Q.E.D.

PROOF OF PROPOSITION 4.1: The free-entry condition implies that in equilibrium, the expected value of
a vacancy in each occupation at any period, 7,¢, is zero. Thus 7m,; is the continuation value of hiring a
new worker in occupation 7 in period ¢. Define 7§ by the continuation value of the current employer in
occupation 7 in period t. That is, 7¢, is the expected profits from employing a worker who was employed in
the firm for more than one period. We use this to derive the optimal contract by solving backwards:

At time ¢t = T (the worker’s final year), the free-entry condition that implies that for a new employer,

expected profit from offering the worker a contract is zero. The expected profit from offering a contract,
Sire(he, Hi_1.27), is

(B.1) e = Yrr(hr, Hr-1,2%) — Sizr(hr, Hr—1, 25.) — v, = 0.
Therefore,

Sizr(hr, Hp—1,25) =y (hp, Hp—1,25) — 7,
The current employer’s profit, substituting the earnings is
(B.2) 7 = yor(hr, Hr—1,28) — Sizp(hy, Hy, 25) = 7,
Consider a potential employer making an offer at time t =T — 1:

TrT—-1 = yTT—l(hT—l,HT_Q,Zg—‘_l) e SirT—l(hT—hHT_l,z}_l)
+  Bpirr(Z_y, Hp—1)mep = 0.

Thus,

Sir—1r(hp—1, Hr—1,28_1) = Yrr—1(hr—1, Hr—2, 25 ) — 7. (1 = Birr (25|, Hr—1)).
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A current employer’s profit in period T' — 1 is therefore
mor 1 = Yer—1(br—1,Hr—2, 2} 1) — Sir—1-(hr—1, Hr—1, 21_,)
+  BPirr (¢4 _ys Hr—1)mor = 7,
Solving backwards, at any period s < T, the free-entry condition implies
Trr—s = Yrr—s(hr—s, Hr—s—1,27_,) = v = Sirr—s(hr—s, Hr—s, 2 )
+  BPirr—s+1(2_s, Hr_)m5p_ 41 =0

and, therefore,
(B3) SiTT—s(hT—sa HT—sa ZP}_S) = y‘rT—s(hT—s, HT—s—h Z’?‘_s) - 77(1 - Bﬁi‘rT—s+l(z’1€—sa HT—S))'
Therefore, the current employer’s profit is

(B4) 7TiT—s = yTT—S(hT—Sa HT—S—17 Z’I])‘_s) - SiT—s‘r(hT—s, HT—S, z’?—s)
+ ﬁﬁiTT—S+1(Z]€—s7 HT—s)WiT—sH =7

Given the beliefs and worker’s strategy to accept the highest offer by Lemma 4.1, and other firm’s strategies,

equation(4.4) is the competitive salary schedule. Q.E.D.
PROOF OF PROPOSITION 4.2: Using the Bellman principal, the ex-ante value function for an individual
who chooses to participate in the labor force in period ¢t and to behave optimally thereafter is Q.E.D.
(B5) Vz-l(wt)

T
= max ul(lt,Ht_l,zt) +77>\t Z ITtSiTt(ht3Zf7Ht)
ht€(0,1) =1

+ BEApit+1[Vir(wit1) + €1e41] | we, he > 0}

+ BE{(1 = pit+1)[Vio(wes1) + €141 | we, by > 0}] .

Then Q(zt,St) and hj,(z¢, Ht) follow directly equations(4.3) -equation(4.6) along with the above equation.

I%(z4, Hy) comes follows directly from Assumptions 3.1 and 3.2. Lastly we need to show that given off-
equilibrium path beliefs, off-the-equilibrium path by Assumption B.1, on workers who work fewer hours than
the minimal (optimal) hours receive the productivity plus the beliefs component attached to the marginal
type who works the least hours, and there are no gains from deviation (beliefs will not change), thus, there is
no profitable deviation for working less. Same argument applies to working more than the maximum optimal
hours, as beliefs are not adjusted to be higher than the beliefs for hours worked more than the highest
optimal hours.

PROOF OF LEMMA 4.2: Now we show that the contract which satisfies the zero profit condition is optimal.
In order to establish that, we need to show that given other firms’ offering the competitive rate, and the
worker’s strategy and the firm’s beliefs, no firm can deviate from the competitive rate and strictly increase
its expected profits. First we show that by offering a lower wage rate, the firm cannot increase profit. From
Lemma 4.1 workers accept the highest offer, thus a deviation to a lower wage implies the worker rejects the
offer and the payoff is zero. Thus, offering a lower salary is not a profitable deviation.

Considering a firm offering a salary, 5;,; for h; such that 3;; > sO,(hy, Hy, 27), where 9, (hy, Hy, 27) is
the competitive salary offered by other firms and satisfy the zero profit condition. Worker’s state variable are
not a function of past salaries therefore, at ¢ + 1 worker’s state variables remain Hy, 2, 2,11 and competing
firms’ offers are unchanged s?, | (he41, Hy, 27, 1) as past salary histories are unobserved . Therefore, Q(z, S7),
I%(z;, Hy) remain the same. Given the beliefs p,(z, | Hy , 2%, ), the probability of participation next period
remains unchanged :

ﬁinH(Ht, Zf, g’rt) = ﬁirtH(Ht, Zf)

/Q(Z;-lth’ht+1)ITt+1(Z:+1aHt7ht+1)ui,t+1(2:+1 | Hy,z[)dzfy,.
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Therefore, as established in equationB.3 the continuation expected profit at can be written as

T(5rt,.) = Yrelhe, Him1,20) — Vs — Sirt + BV, Pires1 (Hy, 27)
< yrlhe, Heo1,20) — 7 — 80y + By Pires1 (He, 28) = 0

Hence there is no profitable deviation from the competitive salary schedule.
off-equilibrium beliefs are described in Assumption B.1. Given these beliefs the competitive salary schedule
above is optimal. Q.E.D.

PRrROOF OF COROLLARY 4.1: In order to prove this we first show necessity. Suppose there exists an equi-
librium in which equation 4.11 does not have a fixed point. Then take any ¢, 7 and ¢, the probability that a
worker remaining in the firm at ¢ + 1 is either higher or lower than p;¢++1. By equation(B.3) and because on
the equilibrium path the beliefs are consistent, the zero expected profit condition hold. Since p;;¢y1 is not
equal to the probability of next period participation, the zero profit condition is violated, and hence cannot
constitute an equilibrium.

Next we show sufficiency. Suppose equation 4.11 has a fixed point. Then for any ¢,7 and i, by Lemma
4.1 the competitive salary schedule exists. Given the competitive salary schedule by Proposition 4.2— the
worker’s strategies of hours and participation and occupation choice and consumption exists and is unique.
Hence by Definition 4.1conditions 1,2,3 exist (mutual best responses by construction, beliefs satisfy Bayes’
law). Q.E.D.

PROOF OF PROPOSITION 4.3: Given the triangular nature of the system of equations in (4.11), it is suffi-
cient to show existence for each equation in its own variable.

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
set of contracts offered.

Next, note that any period ¢,occupation 7 and gender ¢, p; r ++1 is the solution to

Bortt1 = / { / et | Qs HoBrorgan, ) by (Bires)
z{ Zi

L1 (251 He(Dirts1, --)s iy (Dire42), Szt (hy 1)y by (Hy, 27),

Freer(Hy, ) d2 } w(zp | Hyy ) e

Here we only make explicit the arguments of interest.

A) Note that Djr¢41 : [0, 1], and that the left hand side, is also defined on the interval [0, 1]. Thus, continuity
of the RHS suffices to guarantee a solution to each one of the equations separately.

B) To show continuity: Recall that 2%, | be the marginal type for which b, (Hy, 20,1, 2,401) = b (Hy, 2744),
and z%, |, the type for which h%, ,(Hy, 2/, %5 ) = he(Hy, 2 4). Note that k%, (zf,,,.) is continuous and
invertible in 2}, ; as the utility function is continuous. Thus we can write, Q;l (Hy, zﬁtH) =27 and 27,4
= h;l(Hta Z41)-

Since Ir11(25 11, He(Dirpsr,....Pir2), M1, Sire41(hiy1)) is an indictor function that takes the value 1 when
hiii1 € (b (Hy, 28,0 1), he(Hy, 20 1)) and O otherwise, we can rewrite the integral

Zrit1
/* i | 20) Qe (V4 () dz], | :/ i [ 2)Qen () dz),
zt+1 z

¥
Zrt41

C) Since hi(Pirt+1) is continuous in Pirry1 and Q(h¢(Pirt+1).) is continuous in hy, we only need to show
. _ ——1 . .~
that the functions h_ 1(Ht, zﬁtﬂ) and h_ " (Hy, zfﬂ) are continuous in pjr¢41.
From the continuity of the production function in each occupation in all factors of production, h, (Hy, 2 1)

and h, (Ht,zf +1) are continuous in hy and hy(Dir¢41) is continuous in Pjr¢41. Hence there inverses are con-
tinuous in pPir¢+1. Therefore, there exists a solution to every period’s beliefs separately. Q.E.D.
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APPENDIX C: IDENTIFICATION PROOFS
PRrROOF OF LEMMA 6.1: Without loss of generality, assume that

Ous(Cnt, Znt, €2t)

de . = exp(UQC(cnt)) eXp(_UQZ (Znt)) exp(_EZnt)

The above equation satisfies Assumption(6.1), the explicit functional form simplifies the exposition. Equation
() implies that the euler for consumption is

(C.1) exp(uac(nt)) exp(—uaz (2nt)) exp(—€ant) = N\
Taking logs of equation(C.1), first differencing the results and rearranging gives us
(C.2) Auge(Cnt) = Aug, (2nt) + Alog(Ay) + Aegp:
By assumption 6.2 (1) then
(C.3)  E[Ausc(cnt)|znt, zne—1] = Auaz(2nt) + log(Ae)

Taking derivative of E[Ausac(cnt)|2znt, 2nt—1] with respect to ze,: and z.,.—1 respectively and integrating back
up to Zen and ze,¢—1 respectively, gives

Fent 8E A C n nty #*nt—
(04) ’U,2z(znt) = UQZ(&vzc’nt) +/ { [ U2 (Ca;)|z ts Ant 1]}ch
Ze c
Fert =t [ OE[Auge(Cnt)|2nts Znt—
(05) UQZ(Znt—l) - U/Qz(ﬁ, Zc’nt—l) + / { [ 2 (azt)| ¢ ¢ 1] } ch—l
Ze c—1
Which by Assumption (6.3) 2, and from results in Chesher(2007) is identified. Therefore
Fent E A c n nty “nt—
Alog(N) = E[Ausc(cnt)|2nts Zni—1) —/ {8 [Au, (Ca;)|z b Znt 1]}dzc
Fent=1 8E A c n nty #“nt—
o R I
Ze 0%c—1

and by Assumption(6.2) 1

(C.7) log(A1) = E[Ausze(cn)|zn1] _/zcm {8E[AU2§£jnt)|2n1]}dzc

Hence is A; is identified. Finally by Assumption (6.2) 2 we have

(C.8) log(n,,) = Er{uac(cnt) — log(Ae) — u2s(2nt)|2nt]

Using Chesher(2007) result and the that ua.() is assumed known we the results from equation (C.6),(C.7),and(C.8).
Q.E.D.

ProOF OF LEMMA 6.2: This results is show by proving that

_ A Et[dntInTtSnTt|Hnt7 Zﬁt]
A ﬁ‘rt-}—l(Hnt) Zfbt)

h

"t Ei[dntInrt Sinre| Hnt, 254]
rt(Pnty Hpp—1,28,) = 0 2L | \Oh ¢ dh
yrellines ot ) /0 { {Et[dmlanm,z:;t,i] '

/hnt {a |:A Et[dntInTtSnTt|Hnt7Z£t]
0 A 57t+1(Hnta Zf;,t)

(C.9) B,

)

(C.10)

)
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for ¢ € {m,w} and

N = /h"t {8 [Et[dntInTtSinTt|Hn;7Z.flt]:| \3h} dh — Et[dntInTtSinTt‘Hn;aZ.fuf]
0 Et [dntInTt|Hnt7 Znt7 7’] Et [dnt-[n'rt |Hnt7 Znta Z}

(C.ll) _ /hnt {8 |:A Et[dZtITLTtSTLTt|H;Lta Z'Zr:t]:| \ah} dh — A Et[dﬁtlnftS’nTAH;Lta Z{;t]
0 A Privr (Hnes Zy) A Privr (Hnes Z0y)

for i € {m,w}and where

A Et [dntITLTtSTLTt‘HILt’ Z'Zt} _ Et |: Et [dntI'nTtSmnTt|Hnt7 Zﬁt] _ Et [dntInTtanTt|Hnta Z]:Lt] :|

Et[dntInTt|Hnt7 Zﬁtvi = m] Et[dntInTt‘Hnta Zﬁtvi = .ﬂ

Applying the results from Chesher(2007) then all these parameters are identified because data is informa-
tive about p;; ++1(Hy, 2) by Corollary (4.2).
From Proposition (4.1) the zero profit condition implies that

(012) Et[dntInTt(SinTt - yTt(hnta Hm‘/fh ZZt) + Vr — dnt+lln‘rt+lﬁ'77)|Hnta zﬁta Z] =0
rearranging and noting that

p -
Et [dntlnrtdnt-i-llnﬁ—&-l ‘HTLta Znt> Z]

C13)  Pirgs1(Hu, 21y) =
(C13)  Birura(Hps, 2hy) EildniLnri|Ht, 75y, ]

We can write the zero profit condition as

Et[dntInTtSinTt|Hnt Zpt] ~
e T hn aHn -1, P — T Hn ) b
Erldoy et | Hot, 27, 1] Yrt(hnts Hnt—1, 201) — Ve + BV Dirt+1 (Hnt, 2¢)

(C.14)

Taking the difference between equation(C.14) for men and women and rearranging gives

A EyldnilnriSnrt| Hut, b
(C15) By, = LB ntdnrtSure Huts 2]
A Prig1(Hnt, 2n)

which is well defined by Assumption 6.4(1). Substituting equation (C.15) into (C.14) for men and women
gives the following system of equation

(C.16)
P o E, [dntInTtSinTt|Hnt7 ZZt] A Ey [dntInTtSm—t|Hntv Zzt] X 5i7t+1(Hnt7 Z;Zt)
yTt(hnta Hyi v, Zm&)_’)@— T E R — D

t[dntInTt|Hnt7 mev Z] A p'rt+1(Hnt7 Znt)

, 0= {m,w}

Differentiating equation (C.16) with respective to hours and then integrating

h,

nt Et[dntInTtSinTt‘Hnt Zp ]
ci(Pots Hpo—1,22,) = yrg(0, Hpyy1, 27 0 2t |k b dh
Y t( ! o Znt) Y t( =l Zm&)+/0 { |: Et[dntInTtlHnt,Zth;ﬂ \

h
nt A Et[dntInTtSnTt|Hnt7 Zpt]:| }
C.17 —/ {8 [ — n Oh ¢ dh
( ) 0 A progr(Hue, 2py) \

and by Assumption 6.4(2) we have have the results in the lemma. By substituting (C.17) into (C.16) and
rearranging, we obtain the final equation in the lemma. Q.E.D.
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PROOF OF LEMMA (6.3): Define the errors as:

p(wnt)

b = 3 BIU. Uiso(w$)) = Usso (@)
o(s)

+p°“[cz Lpgt)) + o1 (o)) — 0o Do)

QT I + o1 (1)) — 0o (DI}

E?{ it B°[U. st(WOt)) UHO(W(U))

o QT ) + o1 (05)) — o (i)

(C.18) “PIHQT 00 + 1 (07 — po i)}
and
Plend) o OUins(wry) | Opo(whsr)
§i2nt - Z ﬁ[ aht + aht
310 E ?) — 0 o(s o(s
+ o QT I + (b)) — o))
@ QT G + 010 — o071
P1it aht
Pent) OUo(wiy) | Dpo(pi3)
_E° s 15 1t 0\"14¢t
f{sztm Ohe T oh
) o(s) o(s) o(s)
+Tht[Q Yot ) + o1 (07i) — o(Ti)))]
(C.19) L QT W) + 01 (1) — o)
. P1it aht
Given this definition the result follows immediately. Q.E.D.

PrRoOOF OF LEMMA 6.4: To establish the results we prove that

1 [hne OE?[Yiint|wn
(020) Uito (Znt) Chit — [ L1nt|wnt] + = D) / {Ef [}/i27zt|wnt] + t[ltt]} dh
0

oh

and

IR OB Yitnt|wn
(C.21)  wsie(2ne, Hpt—1,lnt) = Coit(2nt, Hnp—1) + 5/ {Ef[yiznﬂwnt] + M} dh
0

oh

where
Plems) (s) ) ()
Crit = E B® [Uzl(zmw Hipi—101) = it (2o, Hopg—1, 1)

and Cot(2nt, Hpt—1) = wire(znt, Hnt—1,1). By applying the results from Chesher (2007) and using the above
results we obtain our functional F~*(Fy|x).
Taking expectations of equations(6.13) and(6.14) gives

Ef[Yilnt|wnt] = Uil(znta Hyyq, 1) - uitO(Zm&) - uil(znta Hyy_q, l;t)
o ) Plemy) () ) ()
(022) +Et Z B [u’bl(’zlnt’ Hlns—17 1) - u21<z0nt7 HOns—l’ 1)]

(C.23)  El[Yintlwm] = -

8uil(znt,Hnt—lal:t) - %7:” ,6 [uil(zgfz)t?Hl(fL)é 171)]
5)ht 8ht
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Note that Hl(fL)sfl is a function of h,; while Héfl)Fl is not. Hence take derivative of ( C.22) with respect
to hy: gives

(C.24) T = he x Al o

OB [Yitntlwnt]  Oust(2ne, Hpt—1,1,4) o ) Plent) uil(zﬁ)ta Hl(fl)s—p 1)
- + K ]
which implies that

p(wnt

)
(C.25) Ef{ 2 Al

Uz'l(zﬁfz)t? Hfi)sflﬂ 1)] _ aE? [Y;,'lnt|wnt] + 6ui1(znt7 Hntfla l;ky,t)
ht 8hnt ht

Substituting (C.25) into (6.14) gives

auil(znta Hnt—la l*t) aEto [Y;llnt|wnt]
C.26)  E°[Yiont|wn:] = —2 nt) _
( ) t [ 2 tlw t] 8ht 8hnt

Rearranging we get

auil(znh Hnt—la Z:Lt) 1 aEf [Y;lnt|wnt]
2 — -t entiont]
(C.27) Ohy 2 Ohpt

+ BV |
Integrating up-to h,; gives

. 1 (" [ OEf[Yiint|wn 0
(C.28)  uii(znts Hnt—1,13;) = it (2nt, Hpp—1,1) — / {t Yitne|ond] + Ef [Yi%t|wnt]} dh
0

2 oh
Let
o )Pzt () p7(9) ) p(s)
Crit = E} Z_:t B [uil(zlnt7H1nt—1’ 1) - uil(fzomvHom—la 1)

then substituting (C.28) into (C.22) and rearranging gives

1 hnt OB [Yiint|wn
(€20)  wanlent) = vt = BVl 4 5 [ { BelYiamliond + 220 ekt g
0

and obtain the result in the Lemma. Q.E.D.

APPENDIX D: ESTIMATION
D.1. Estimation of Consumption and Earnings Equations

In the first step, we use the Euler equation for consumption to form the moment condition:

auQ (Cnta Znty E2nt, 96)

(D.1) E o

- nn)‘t

Znt:| =0

Here we are assuming that the functional form of us() is known up to a finite-dimensional parameter vector,
... Recall that we assume that

u2<cnt; Znty E2nt, ec) = eXp(Z,:LtB4 + 52nt)cgt/a-
Let A denote the first-difference operator. Taking the logarithm of each side of this expression, differencing,

and rearranging implies

(D.2) (1—a) ' Aegpe = Aln(eny) — (1 —a) P Az, By + A1 —a) tn(\)
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Let O, denote the (K + T — 1)-dimensional vector of parameters to be estimated, defined as

(1- 04)_1134
o, Al - 04): In(\2)
A = a)~1 In(Ar)
We also define Y, = (Aln(cpz2), ..., Aln(c,r))’ as a vector of endogenous variables and Z¢ as the exogenous
variables:
ANzl Dy ... 0
Z5 = : oo ,
Az 0 ... Dy
where D, denotes a time dummy for ¢ € {2,...,T}. The assumptions in Section 2 imply that the unobserved

variable €5, is independent of individual-specific characteristics. Therefore E((1 — o)™t A gapny | 2nt) = 0.
Using equation (D.2), one can obtain a set of orthogonality conditions,

E [(Yn - Z’I’CLG)C) Zr(;] =0,

that can be exploited to estimate O, using an optimal instrumental-variable estimation technique.
We use a traditional fixed-effect estimator to estimate (1 — a)~!In(n,). Let T} be the number of time
periods for which the marginal utility of consumption equation is estimated. Let:

(D3)  (I—a) ' In(n,) = [Ilew) — (1 —a) 2 Ba+ (1 —a) " In(\)] /Ty
teT:

The fixed effects estimates of (1 — a)~!1In(n,) are obtained as the simple time averages of the estimated
residuals of the consumption equation, which correspond to the sample counterparts of (1 — )~ !In(n,,)
T

. t=1"
From the estimate of ©, however, we can only obtain estimates of {A(1 —a)™* ln()\g)}t;. This requires
us to make the additional assumption that E,[n, | Z,] = 0, where E,[.] is the expectation operator over

individuals. This assumption enables us to obtain an estimate of (1 — a)~!In();) as the sample analogue of

defined above. In order to form the sample counterpart of (D.3), we need an estimate of { (1 — &)~ In(\;)

(1—a) 'In(\) = —E, [In(cpn) — (1 — )" 'z, By] .

We now have estimates of {(1 — a)™* ln()\t)}tTil and (1 — «)~!ln(n,,), enabling us to recover « in the third
step of our estimation.

Next we turn our attention to the estimation of the earnings equations. Let dy++ = I,r+ X dn. Since all
the information set in equation (??) is public at period ¢, we have

(D4) Et{dn’rtdnrtfl[ASnt - AbO'rt - b’T A cht - AZﬁ;B-,—g, - 577 A dnTtJrl] | zﬁp Hnta ;ky,t} = 07

where AHC = (Ahpty A2y, Ahpt—1, ..., Ahpi—p) and by = (br1,br2,brs1, - ., brsp).
Let ©., denote the (2 + K + p + T)-dimensional vector of parameters to be estimated,

br
B7'5

B+
Ocr = | Abgro

Aborr

We also define Y, = (dnrodnr1 & Sna, - - - durrdnrr—1 A Spr)’ as a vector of endogenous variables and X,
the exogenous variables,
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AZE;Q D2 . 0
Xop=| & 1
AZL';T 0 N DT

where Ax’ ., = dpridprt—1(Dhng, AR2, ANhpg— 1,y ... Ahpt—p, Azﬁi, Adyre41). Letting Z,, be the matrix of

conditioning variables
Z;:Iz Hn2 hn2
Zn = . . .
Z:/T HnT hn2T
and using equation (D.4), one can obtain a set of orthogonality conditions:

E [(an - XnTGeT) Zn] =0,

which can be exploited to estimate O, using an optimal instrumental-variable technique. The aggregate
effect and fixed effect in the earnings equation is estimated in a similar way to those in the consumption
equation.

D.2. Estimation of the Final stage

Note that from the second step, we have estimates of b;1, br2, 8,7,, and all the other parameters of the
production function. In addition, from the first step, we have an estimate of ¢,,,,

Gt = (L —a) " In(n,Ar).

The third step yields estimates of py, pgizt, Drrt+1s thpg‘;)t, and Vi, Pnrer1. We can form the moment
conditions:
mane (Ou, 00,00, ™M) = o [p(/ (1= )| = Bot = 24 B1 + 21t By

P
00 (L= 15) + X Oshut(lne—s +6%)

(s)(N)
L s 1- Pint
_oszz:lﬂ In <1 Bl )>

Pont
— exp ((1 —a)o, v ) Z - {yﬂ (hnthnt 1,2 m’a(N))

(D.5) ¥ + By N)@fm)ﬂ}
and

1
Mont (@U, @éN)7 ®£N)aw(N)) = { Z 6 ( lnt N)) V ntp:(liL)t(N)
- Z;ItB2 - 2eOlnt - Z Hs(lnt—s + BS)
+ exp ((1 — )¢l ) z diprt {bff )+ 200,

N
+ B’y'(rN)vhntﬁgwt)Jrl} }7
where ™) = pfl]j),poz)t(m,pg;)f]v),ﬁgz +1) are the nonparametric second-step estimates and

©, = (0,a,8,Bo1,...,Bor, B1,Ba,00,...,0,) are the structural parameters left to be estimated.
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There are now two sources of errors in evaluating the sample counterparts of (??) and (??). The first is the
forecast errors from replacing the expectations of future variables with their realizations. The second is the ap-
proximation error that arises from replacing the true values of the conditional choice probabilities, conditional
expectation, and time-invariant individual-specific effects with their estimates. Let us define the 2 x 1 vector

li
ma3ant (@ua ®¢(2N)7 et(EN)7 ¢(N)> = |:m1nt (@’lm @gN)v @gN)7 dJ(N)) , TMant (@ua et(:‘N)y ®t(EN)7 w(N)>:| and 1et T3 de_
note the set of periods for which the hours and participation equations are valid. Define the vector

/
mby (0.,000,0(M, ™)) = (mgnl (6u, 0,6, w“v))' g (04,000, 00), 1/,<N>)’)

as the wvector of the idiosyncratic errors for a given individual over  time.
!/

Define ng) =FE [mgm (@u, GEN), @E;N), w(N)) M3nt (@u, @((;N), @gN), z/J(N)> ] The off-diagonal elements of

Q(N)

it are Zero because

!
E, [mm (@u, oM, @§N>,¢<N>> M3 (@u, oM, @éN),w(M) ] —0forr#t r <t The2 x 2 conditional

N)

heteroscedasticity matrix €,

associated with the individual-specific errors, ms,: (@u, @&N% @&N), ’(/J(N)), is
evaluated using a nonparametric estimator based on the estimated moments, mg;; (@g), @&N), @éN), w(N )>,

derived from an initial consistent estimate of @gi\j). The optimal instrumental-variables estimator for oM
is

S, mY (6,009, 6 5™) (aM)  ml (6,007, 6 1)
- |

D.6) O™ =arg H@lil’l

D.3. Asymptotic Properties

It is well known in the econometric literature that under certain regularity conditions, pre-estimation 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 affected by
the pre-estimation. In order to conduct inference in this type of estimation, one has to correct the asymptotic
variance for the pre-estimation. The method used for correcting the variance in the final step of estimation
depends on whether the pre-estimation parameters are of finite or infinite dimension. Unfortunately, our
estimation strategy combines both finite- and infinite-dimensional parameters. Combining 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 first and third-step
estimation as a set of joint moment conditions:

Y, - Z,0.) Z¢
(Ynl - XlnG)el) Zn
(YnQ - XMnG)eZ\/I)Zn
m3n(@ua B¢, O, 7#)

mn(@uv 667 6677/)) =

where (Y,, — Z,0.) Z¢ is the orthogonality condition from the estimation of the consumption equation, (¥, —
XnrOcr)Zy, is the orthogonality condition from the estimation of the earnings equation, and ms,, (0, ©., O., 1)
is the moment conditions from the third-step estimation. Let © = (©,,0,,0.)’, with the true value de-
noted by ©. Note that each element of ¢ is a conditional expectation. Redefine each element as (29) =

f.i(Z)E [J{l | zj}, where d?, = [1,dy)’ for the estimation of py, d, = [d,(:rzt, d,(;l)tdnt]’ for the estimation of

pg;l)w and d,, = [dprt, dnridnres1] for the estimation of Py ¢t 1. Therefore W(N)(zj) = % S dl Ksy (29 —22).
n=1
The conditions below ensure that z/J(N ) is close enough to ¢, for N large enough, in particular that

2
VN HT/J(N) — 1/10H converges to zero
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A3: There is a version of y(z) that is continuously differentiable of order T, greater than the
dimension of z and 1,y(z) = f.(z) is bounded away from 0.

J
A4: [K(u)du=1 and for all j <7, [ K(u) (®u) du = 0.

s=1
AS5: The bandwidth, dn, satisfies N52dlm ‘ /(ln(N))2 — 00 and No% — 0.
A6: There exists a ¥(w), € > 0, such that

IVemn(w.0,1) = Venn (w00, 1) < ¥(w)[[|© = Ol + |t — l|]

and E[¥(w)] < co.

A7: ©N) - Oy with Oy in the interior of its parameter space.

A8: (Boundedness)

(i) Each element of m,,(©, 1) is bounded almost surely: E[||m, (0, ¢)|?] <

(i) E[Z].Z,] < oo, E[XL,Z,] < o0, Elexp((1 — &)¢,,;)] < o0 E[zm] < o0 E[yTt(hnt,ng,l,
Zh . 0e)] < 00,7, < 00, E[Vh,,Dnrt+1] < 00, E[X,,] < oo for 7 =1,2;

(iii) pnt,p,(:n)t,ﬁmt_,_l, €(0,1), for ke {0,1}, r=1,...,p,and 7 =1,2;
(iv) E[Vif.i(27)] < 0o and E[V,E[d | 27]] < oc;

THEOREM 1 Under A1-A8 and Y (w) defined below,
VN (6~ 89) = N (0, V(8y)),

where

V(@) = E[Vemn(w)2, Vemaw)]
X B [Vem @) {my(w )+ T} (e )+ T(@)} ' Vomn (w)]
x B [Vomn (@), Vemn(w)] ™

Assumptions A3-A8 are standard in the semiparametric literature, see Newey and McFadden (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 assumption.

PrOOF OF THEOREM 1: We first check the various boundedness requlrements of Theorem 8.12 in Newey
and McFadden (1994). By assumption A8(i), we have that E[||m,(0,)]?] < co. It obvious by inspection
that m,(©,) is continuously differentiable in © and by A8(ii-iv) that E[Vom,(©,1¢)] < oo. Additionally,
VM (O, ¥g) is also bounded: E[||V iy, (O, )] < oo.

Second, consider a pointwise Taylor expansion for the j** element of m,,,

m! (w,v) = m (W, 10) + Vym! (w,10) (¥(2) = ()
+ (1(2) = $(2)) Vg (w, o) (1(2) = ¥o(2)) + ol[|8(2) — o (2) 1),
where the norm over the 1 is the sup-norm. Next, note that
|m? (w,9) = m? (w, o) Vym? (w, o) (¥(2) — (2 ))I
<l 2))' Vippm? (w, 1) (¥(2) = ¥o(2)) ||

+o<||w<z> - 0<z>|| )
<l = ol [ Vpum? (w,0)|| + ol — o)1),

using the triangle inequality and the Cauchy-Schwartz inequality. Therefore for ||1) — 1),|| small enough,

N

| (w, ) = m (w, o) = Vym? (w, ) ($(2) = Po(2))] < 10 = ol |V psrn? (w, 0)
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So that

1 = @oll* |V pwm(w, do)l
19 = @oll* |V pwm(w, bo)l

I (w, ) = m(w, o) = Vym(w, o) (4(2) = o (2))]]
[l (w, ) = m(w, ¥g) = Vym(w, o) (1 (2) — o (2))]]

<
<

Hence I'(w, ¥ — ¥g) = Vym(w, ¥) (¥(2) — ¥o(2)) and U(w) = ||V yypm(w, 1y)]. It follows that both I'(w, 1 —
1) and ¥(w) are bounded from the boundedness conditions established above.
Next we establish the form of the influence function. Note that we have

[T b)) = [ LEENVmw)| ) ds

e,

where v(z) = f.(2) E[Vym(w, 1) | 2]. So, by the arguments on page 2208 of Newey and McFadden (1994),
we have the influence function for m(w, p™):

Tw) = v(z)—E[v(z)cﬂ

= [(DE[Vym(w, i) | 2] = E | f2(2) E[Vym(w, ¢) | Z]g]

Again by the boundedness of Vym(w,1), it follows that [ |jv(z)|| dz < oco. Finally Assumption A7
guarantees that the Jacobian term converges. Q.E.D.
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Table 1: Summary of Labor-Market and Human-Capital Variables

Participation Hours Earnings Fraction of Women, Education

ale emale Male Female Male Female Professional Nonprofessional Male Female
1968 033 (B0 A1 ) o1 dbd) 0.28 0.45 s e
1969 (82?@) (8:918) si0) (73 (%%2%) d?:%) 0.29 0.48 s NE:
w0 695 0% e B 35 A 0.30 0.49 A
1971 (8:38) (822%) CORRGS (3}1:5) (Hig) 0.32 0.48 %) BEK
2 030 095 B A okh dls o082 0.49 % BER
1973 (81?8) (8:918) GG (%%2%) (Hig) 0.30 0.47 L 0%
1974 Qo.%% 09 ) A3 &3 % o 0.47 S (26
1975 03% 099 @ B8 G50 dlg 0 032 0.48 5 0
1976 (81%?1) (8:913) GG (%?:?) (%51531) 0.35 0.49 % Re:
977 030 099 bk ey GTh  dSh 0.35 0.50 S (s
1978 (8:§§) (8:913) G50 (é"é":%) d%;g) 0.33 0.46  AVIEE:
1979 035 0% w5 @3 d8h ose 0.49 AVICR:
1980 (813519) (8:912) b (7 (%%2%) (%2451) 0.38 0.50 20 (5
st 9% 098 B B 483 d¥) 0 osr 0.45 xR
1982 038 (099 B W Sk A3 o3 0.46 o er
1983 (8238) (8:913) S0y (608 (%?I%) (%g:% 0.37 0.47 78 (s
s 0430 099 HRE S8 AL A% 0.38 0.47 R 5
1985 (8238) (8:71%) S (6% (3%23) (%g;?) 0.40 0.47 SR (s
1986 (080 04 B OB @98 &Y os 0.48 22.‘79 ox
1987 040 040 ey 6 dth @D 039 048 22.67) o
1988 (82%8) (811%) S I Gt (%?ZZ) (%%1%) 0.41 0.48 22.'6_/) ox
1989 (82%’) (8:31%) s10) (6he (%ZIS) (%%2(73) 0.41 0.47 226; o
1990 (82%3) (8:71%) SORRG (?3‘3:9) (%%1531) 0.41 0.48 22.'67) 5
o1 085 08 B @ dlh @b 0.42 0.43 xReE
we @5 A1 w W g w8

Standard deviation in parentheses. Earnings in thousands of year-2000 US$
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Table 2: Summary of Demographic and Wealth Variables

Marital

Number of Kids
years old > 5 and < 17 years old Status

<5

Age

Famil
Sizey

Food |
Consumption

Household
Income
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Standard deviation in parentheses. Household Income and Food Consumption in thousands of year-2000 US$
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FIGURE 1.— Earnings and Wage Gaps
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Table 3: Consumption Equation
In(cn) = 1/(1 = a) [z, Ba — In(n, Ae) + €204

Variable Parameter Estimate
risk aversion o 0.636
(2.0E-04)
Socioeconomic variables
0.0253
FAM (1-a)™ B (3.4E-04)
0.0014
YKID,,; (1 — Oé)ilB42 (00015)
—0.0013
OKID,; (1 — Oé)_lB43 (00014)
_ -1.20E-04
AGE,, (1-a)"" By (4.03E-05)
Region Dummies
—0.0076
NEni (=)™ B 0039)
—0.0041
5Ont )
W, (1= )~ Bag —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

\ 183,392 100, 688
nt (2,560) (967)

2 251,162 —88,891

nt (4,908) (2,152)

L 14,252 12,394
=1 (808) (340)

L 6086 3,969
ni=2 (730) (330)

Age and Education
) —36 —13
AGE (1.5) (0.7)
—23 25

3,032 875

Hiring cost (171) (70)

57



58 G.-L. GAYLE AND L. GOLAN

Table 5 Fixed Cost to Labor Participation

Variable Estimate

Socioeconomic variables

—0.0625

—0.713

YKID,, x male dummyy, (006806031)
—0.413

OKID,,, (0.0001)

OKID,; x male dummyn (00'0407071)
0.163

AGE,, (0.01)

, ~0.003

AGE?, (0.008)
0.08

EDUC,,; x male dummyp, (_OOQE)S
0.205

MSnt (0006)

SP.EDUC; x MSy (_00(')%855);

SP.EDUC 3 x MS .+ X male dummy,; (8(1)32)
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Table 6 Utility of Leisure/Home Production

Variable

Estimate

lnt

FAMnt X lnt

YK[Dnt X lnt

YKID,+ X It X male dummiyn,

OKIDnt X lnt

OKID ,; X Ly X male dummy,s

AGE"t X l'n,t

AGE?, X 1y

ED UCmg X Znt

EDUC ¢+ X lpt X male dummyp

MSnt X lnt

MS”t X SPEDUO,UL X l’nt

MS .,y x SP.EDUC 4 X lp; X male dummynp,

—4.4558
(0.004)

0.082
(0.01)

—0.1033
(0.001)

0.933
(0.001)

—0.141
(0.001)

0.098
(0.001)

—0.045
(0.19)

0.0005
(9.4)

0.0504
(0.04)

—0.225
(0.004)

0.198
(0.06)

—0.0398
(0.05)

0.0956
(0.04)
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Table 7 Nonseparability in Utility of Leisure/Home Production
Variable Estimate

Lagged Leisure

12 —0.214

nt (0.002)

2.423

lnt X lntfl (0004)

lnt X lpi—1 X male dummyp, (%%Ei)
2.357

lnt X lnt72 (0004)

—2.575

Int X lpt—2 X male dummyn, (0.004)

42,553

Standard deviation (12, 376)
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Table 8: Decomposition of the Gender Wage Gap}
(Median Women Wage over Median Men Wage(%))

Source Professional Nonprofessional
Raw 87 76
Predicted 92 81
Explained 95 93
Unexplained 5 7
Decomposition of Explained Gap
Human Capital®? 69 74
Beliefs 14 12
Fixed Effect 6 8
Age-education 11 6

Table 9:The Gender Wage Gap

(Median Women Earnings over Median Men Earnings(%))
1974-1978:1984-1988

Source Professional Nonprofessional

1974:1978  1984:1988 1974:1978  1984:1988
Raw 48 62 38 47
Predicted 52 67 41 50
Hiring Cost 81 96 68 79
symmetric Information 71 82 57 65
Demographic Characteristics 81 89.6 68 75
Participation Cost 81 94.9 68 78.5
Aggregate Production 81 88.5 68 72.5

34Human Capital includes the effect of current and past hours on the production function.
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Table 10: Hours, Participation and Occupation Composition
(1974-1978:1984-1988

Source 1974:1978 1984:1988
Women Participation
Raw 62 70
Hiring Cost 51 57
Private Information 56 62
Demographic Characteristics 51 54
Participation Cost 51 51
Aggregate Production 51 53
Fraction of Women
Professional
Raw 34 40
Hiring Cost 28 35
Private Information 30 38
Demographic Characteristics 28 33
Participation Cost 28 35
Aggregate Production 28 30
Nonprofessional
Raw 48 48
Hiring Cost 42 40
Private Information 45 46
Demographic Characteristics 42 41
Participation Cost 42 42

Aggregate Production 42 40
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Table 11:The average Hours worked
1974-1978:1984—1988

Source Professional Non- Professional

1974: 1978 1984: 1988 1974: 1978 1984: 1988

Women Men Women Men Women Men Women Men
Raw 1640 2201 1904 2226 1424 1998 1635 2117
Predicted 1702 2100 1960 2123 1490 2030 1700 2070
Hiring Cost 1980 2010 2050 2100 1580 2000 1590 2060
Private Information 1820 2080 1990 2090 1510 1970 1640 1930
Demographics 1980 2100 1980 2150 1580 2000 1610 2080
Participation Cost 1980 2100 2045 2110 1580 2000 1592 2065
Aggregate Production 1980 2100 1820 2156 1580 2000 1575 2065
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