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Female labor force participation and labor supply in the United States, as in many other devel-
oped countries, has changed dramatically over the last 30 years. If one contrasts the labor supply 
behavior of the cohorts of women born in the 1930s (such as Elizabeth Dole), 1940s (Hillary 
Clinton), and 1950s (Oprah Winfrey) in its various dimensions, two main features emerge. First, 
comparing the Elizabeth Dole cohort to the Hillary Clinton one, we can see a substantial shift of 
the age profile of labor supply: the Clinton cohort worked more than the Dole cohort. However, 
the shape of the age profile does not change much. In particular, in both profiles we observe 
low participation (relative to other ages) corresponding to child rearing years. When comparing 
the Hillary Clinton cohort with the Oprah Winfrey one, we see that the low participation rates 
associated with the “fertility years” are no longer present. The aim of this paper is to construct 
a life-cycle model of labor supply and saving that could explain these dramatic changes and, in 
particular, the difference between the Clinton and Winfrey cohorts. We explore the extent to 
which realistic changes to some specific parameters and exogenous variables of this model can 
generate the patterns observed in the data. Or, to use a different perspective, we want to quantify 
the size of changes in these variables that would be needed to explain the observed patterns.

We build a model of the participation and savings decisions of households across the life cycle 
and calibrate this model by matching simulated participation and wage profiles to observed 
participation and wage profiles. The main change in female labor supply behavior in the data 
is on the extensive margin. For this reason, we focus on participation choices. Households are 

Explaining Changes in Female Labor Supply in a  
Life-Cycle Model

By Orazio Attanasio, Hamish Low, and Virginia Sánchez-Marcos*

This paper studies the life-cycle labor supply of three cohorts of American 
women, born in the 1930s, 1940s, and 1950s. We focus on the increase in labor 
supply of mothers between the 1940s and 1950s cohorts. We construct a life-
cycle model of female participation and savings, and calibrate the model to 
match the behavior of the middle cohort. We investigate which changes in the 
determinants of labor supply account for the increases in participation early in 
the life-cycle observed for the youngest cohort. A combination of a reduction 
in the cost of children alongside a reduction in the wage-gender gap is needed. 
(JEL D91, J16, J22, J31)

*Attanasio: Department of Economics, University College London, Gower Street, London, WC1E 6BT, United 
Kingdom, and Institute for Fiscal Studies (e-mail: o.attanasio@ucl.ac.uk); Low: Faculty of Economics, University 
of Cambridge, Sidgwick Avenue, Cambridge CB3 9DD, United Kingdom, and Institute for Fiscal Studies (e-mail: 
hamish.low@econ.cam.ac.uk); Sánchez-Marcos: Departamento de Economía, Universidad de Cantabria, Avda. de los 
Castros s/n, Santander 39005, Spain, and Fedea (e-mail: sanchezv@unican.es). We would like to thank participants 
at the NBER Summer Institute Workshop on the Aggregate Implications of Microeconomic Consumption Behavior, 
participants at the conference on the Macroeconomics of Imperfect Risk Sharing at the University of California at 
Santa Barbara, and seminar audiences at the Macro Seminar at the University of Pennsylvania, the Stockholm School 
of Economics, MadMac at CEMFI, the University of California at San Diego, the Federal Reserve Bank of Chicago, 
the University of Wisconsin-Madison, the University of New South Wales, the Universidad de Vigo, the University of 
Oslo, the University of Toulouse, the Bank of Spain, and the Australian Treasury. Funding from the Spanish MEC, SEJ 
2006-10827/ECON, and the ESRC in the United Kingdom is gratefully acknowledged.



september 20081518 THE AMERICAN ECONOMIC REVIEW

able to save and borrow, and women choose whether to work. Decisions are taken at an annual 
frequency. In our life-cycle model, households face uncertainty about the wife’s wages and hus-
band’s earnings; maternity is exogenously given and children impose some monetary fixed cost 
when mothers decide to work. In the model, returns to experience are a result of participation and 
of the depreciation of human capital when labor market interruptions are made. There is no exog-
enous aggregate productivity growth, nor are wages determined in equilibrium. Human capi-
tal is accumulated only through participation in the labor market. Observed average wages are 
endogenous, however, as they result both from the selection process that induces some women 
to work and others to stay out of the labor force in the current period and the selection process 
that operated in the past.

The ability of households to save and to borrow makes our model different from Zvi Eckstein 
and Kenneth I. Wolpin (1989), Wilbert van der Klaauw (1996), and Marco Francesconi (2002), 
who impose that consumption coincides with income and estimate structural models of females’ 
employment decision in the first case, females’ employment and marital status decisions in the 
second case, and female employment and fertility in the third case. Without the saving choice, 
the only way to substitute consumption intertemporally would be through changing labor supply 
and, hence, in a model with returns to experience, the future wage rate. Saving is potentially a 
more flexible tool for intertemporal substitution; therefore, ignoring it might overstate the impor-
tance of labor supply choices in life-cycle smoothing. More recently, Eric B. French (2005) and 
van der Klaauw and Wolpin (2005) estimate models with a joint saving and labor supply choice, 
focusing on the retirement decision, while Silvio Rendon (2006) estimates a joint saving and 
labor supply/search model.

To calibrate the parameters of our model, we use observed profiles from the cohort born at 
the start of the 1940s (cohort 2). We explore the role of different factors in shaping the participa-
tion age profile and the age wage profile. The latter will be shaped by the fact that a selected set 
of women work. Having built a model that represents well the behavior of the Clinton cohort, 
we experiment with changes in the basic determinants of labor supply to determine which are 
more likely to yield the profiles of the cohort born in the 1950s. We consider a number of pos-
sible determinants of changes in participation. First, the fixed cost of participating for moth-
ers might have fallen relative to female wages. For example, the costs of child care may have 
fallen. Second, on-the-job learning or the return to experience may have increased. As argued by 
Claudia Olivetti (2006), this increases the opportunity cost of reduced labor supply. Third, the 
level of female wages might have increased, either due to a level shift or to faster growth. Our 
structural model of life-cycle behavior attempts to evaluate these alternative explanations.

The facts on employment are not in dispute and have been described before. For instance, 
Mary T. Coleman and John H. Pencavel (1993) and Pencavel (1998) report age profiles for par-
ticipation similar to those we present, and Ellen R. McGrattan and Richard Rogerson (2004) 
show similar year and cohort effects. More controversial is understanding the data on wage 
profiles and on the process of human capital accumulation, as well as the underlying question of 
why participation has changed.

Obviously, wages are likely to be an important determinant of female labor supply. By look-
ing at observed wages alone, however, it is difficult to disentangle the return to experience, the 
depreciation rate of human capital, and the extent to which observed average wages are affected 
by participation bias (selection). Moreover, the interactions of these effects with other important 
determinants (such as fertility patterns, the cost of children, uncertainty, and so on) even in a 
simple life-cycle model can be quite complex and difficult to quantify.

Olivetti (2006) suggests that changes in wage profiles across cohorts reflect a change in the 
return to experience. While it appears that the Oprah Winfrey cohort has indeed achieved faster 
wage growth from early in the life cycle, it is less clear to what extent this is due to year effects, 
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and it is less clear to what extent the cohort effects reflect a return to experience or general 
productivity growth. For example, wage growth seems to have benefited both those who have 
worked only intermittently and those who have worked full time.

There is now a substantial literature addressing the underlying question of why participation 
has changed. For example, Olivetti (2006) uses a four-period model and estimates of the returns 
to experience to show the effect that increases in the returns to experience have on hours worked 
by women. Jeremy Greenwood and Ananth Seshadri (2002) measure the impact of technologi-
cal progress on the increase in women’s participation, while Greenwood, Seshadri, and Mehmet 
Yorukoglu (2005) focus on the role played by changes in home production (with the development 
and diffusion of many household appliances) in explaining the increased labor force participa-
tion of women. Larry E. Jones, Rodolfo E. Manuelli, and McGrattan (2003) investigate the effect 
on average hours worked by women of the decrease in the wage-gender gap, as well as the effect 
of technological progress. Elizabeth M. Caucutt, Nezih Guner, and John Knowles (2002) explore 
the interaction between wage inequality, marriage, fertility, and employment decisions of young 
women, emphasizing the importance of the timing of children for participation decisions.

The contribution of the current paper is primarily to use a realistic life-cycle model of saving 
and participation to compare alternative explanations. Relative to other contributions, we focus 
on the changes in the labor supply behavior of mothers belonging to the cohort of women born 
in the 1950s relative to those born in the 1940s. In this sense, our paper can be seen as a comple-
ment to some of the contributions above. Our main conclusion is that a decrease in child care cost 
plays an important role in explaining the observed changes in participation rates. However, we 
need to combine this decrease with an increase in the level of female wages to match the facts 
concerning the dynamics of observed average wages. Neither explanation on its own can explain 
the observed changes in participation and wages for plausible changes in parameters.

The rest of the paper is organized as follows. In Section I, we describe the data that moti-
vate the paper, in particular female employment behavior and patterns of observed wages. We 
describe the behavior of three cohorts: those of women born in the 1930s, 1940s, and 1950s. In 
Section II, we describe the model and we compare it with the literature. In Section III, we discuss 
how we calibrated the parameters of the model and report results for our “baseline” simulations, 
meant to describe the behavior of the cohort of women born in the 1940s. In Section IV, we carry 
out comparative statics exercises for the variables we think are the main candidates for explain-
ing the changes in female labor force participation. In Section V, we discuss the implications of 
our exercise and conclude the paper.

I.  Facts to Explain

The aim of this section is to illustrate the main facts about female labor supply and about a 
number of variables that are likely to be important determinants of labor supply choices. Clearly, 
as we discuss below, some of these variables could be jointly determined with labor supply either 
at the individual level—such as fertility—or in a general equilibrium setting, such as wages.

The main data source we use is the Panel Study of Income Dynamics (PSID). In particular, 
we use the PSID core sample, including the Survey of Economic Opportunity (SEO) low-income 
sample. Because of our inclusion of the SEO sample, in all our computations we use the PSID 
weights. As the focus of this paper is a life-cycle model, we follow three different cohorts of 
women over the observed part of their life cycle. The first cohort comprises women born between 
1934 and 1938 and is therefore observed between (median) ages of 35 and 60. The second cohort 
contains women born between 1944 and 1948 and is observed between ages 25 and 50, and the 
third cohort contains women born between 1954 and 1958 and is observed between ages 25 to 
40. Sample sizes are reported in Table 11 in the Appendix. While we do not observe the complete 



september 20081520 THE AMERICAN ECONOMIC REVIEW

life-cycle profiles for each cohort, each cohort overlaps, at some ages, with the others. With the 
important caveat that different cohorts are obviously observed at the same age at different points 
in time, these overlaps can be informative about possible differences in life-cycle profiles. On 
the other hand, we should keep in mind the impossibility of disentangling, without additional 
information, year, age, and cohort effects.

We concentrate on married women. It is well known that the main component of the increase 
of female employment in the United States over the last few decades is the change in married 
women’s behavior. The main issue is whether the increase in the proportion of women who are 
single or single mothers and the trend toward marrying later might affect or bias our results: 
changes in participation across cohorts may reflect composition changes rather than changes 
in behavior. This selection into marriage (and out of marriage) is not part of our model, and its 
importance remains an open question. We begin our descriptive analysis with labor supply vari-
ables. We then show wage profiles.

A. Employment

We start our analysis by looking at the life-cycle profiles of hours worked. In Figure 1, we plot 
average hours worked for the three cohorts, averaging over both workers and nonworkers. In this 
figure, we first see a pattern that we observe repeatedly. Two features stand out. First, there is a 
large increase across cohorts in the number of hours worked by women, especially if we compare 
the first and third cohorts. Second, the difference in the life-cycle profile between the second and 
third cohorts: while the difference between the two cohorts is quite large early in the life cycle 
when hours worked are much higher for the third cohort, by age 37 the difference between the 
two cohorts is minimal.�

� It is possible that the increases in hours worked that we show here are due to year effects, with hours worked simply 
being higher in more recent years. This explanation would suggest that wages were higher for the youngest cohort in 

Figure 1. Average Hours Worked
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In Figure 2, we report average hours worked by women who work. We observe that differ-
ences across cohorts are much smaller now, suggesting that the main change in women’s labor 
supply behavior is in participation decisions. This supposition is confirmed in Figures 3 and 4, 
which refer to employment rates and full-time employment rates, respectively. In the former 
case a woman is classified as employed if she works at least 100 hours per year, while in the lat-
ter she is considered working full time if she works at least 1,500 hours per year. Both figures 
show large differences in employment rates across the different cohorts. Again, it is interesting 
to note that the main differences between cohorts 2 and 3 are observed from age 25 to age 35. 
For cohort 2, employment rates are low but increasing from age 25 to age 35, corresponding to 
child rearing years. However, for the youngest cohort, participation rates are less correlated with 
women’s age.

Next, we focus on the early part of the life cycle and relate labor supply behavior to fertility 
behavior. In Figures 5 and 6, we plot employment rates and full-time employment rates for moth-
ers of children younger than three. As from age 35 on there are very few observations, we restrict 
our comparison to ages 25 to 35, so we have observations only for cohorts 2 and 3.

The difference between the two cohorts is remarkable. In cohort 3 as many as 66 percent of 
mothers with a child under the age of three are working, while the same figure for cohort 2 is 
only 47 percent. This evidence is consistent with some facts reported by Kristin Smith, Barbara 
Downs, and Martin O’Connell (2001), reproduced in Figure 7. They consider women who were 
mothers in four different periods—1961–1965 (cohort 1), 1971–1975 (cohort 2), 1981–1985 
(cohort 3), and 1991–1995—and look at employment decisions before and after childbirth. Fig
ure 7 shows that the first two cohorts were unlikely to have returned to the labor market a year 

the early years of working life than for older cohorts. We show in Figure 8 below that real wages are, if anything, lower 
for the younger cohort.

Figure 2. Average Hours Worked, Employed Women Only
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after birth. However, for the two youngest cohorts, employment rates three months after child-
birth are similar to those two months before.

The women belonging to the three cohorts we are studying are very different in many dimen-
sions. A very important one is their education achievements. The members of the youngest cohort 
are much more educated than their predecessors: in the Current Population Survey (CPS), only 

Figure 3. Employment Rate

Figure 4. Full-Time Employment Rate
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20 percent of the women belonging to our cohort 1 had more than high school education. This 
percentage increased to 26 percent for the second cohort and to 41 percent for the third cohort. 
It could be the case that part of the observed increase in women’s employment rates was due to 
a composition effect. However, when redoing the exercise for different education groups, we 

Figure 5. Employment Rates of Mothers of Children under the Age of Three 

Figure 6. Full-Time Employment Rates of Mothers of Children under the Age of Three
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find that the trends just discussed can be observed at different education levels. This implies that 
there is behavioral change within education groups.�

Figures 5 and 6 show the importance of the changes in the behavior of mothers in explaining 
the different participation rates of cohorts 2 and 3. To complement that evidence, in Table 1 we 
compute the fraction of women who exit from the labor market at each age between 26 and 32 for 
cohorts 2 and 3. The table shows that a smaller fraction of cohort 3 women exit the labor market 
at each age. Once out of the labor market, women belonging to the two cohorts also differ in 
terms of the amount of time they stay out of the labor market. In Table 1 we report the median 
duration of time out of the labor market by age of exit for women who return to work by age 40, 
and also for all women who exit (i.e., including those whom we do not observe returning). We 
also include duration statistics, pooling all women who exit at or before age 32.

B. Wages

The price of human capital is determined in equilibrium by the interaction of demand and sup-
ply of the relevant factors. For an individual, however, it could be argued that the path of wages 
is given. As we discuss further below, current wages are not the only important determinant 
of the participation decisions in a lifetime framework. Dynamic aspects, such as the return to 
experience and the depreciation of human capital when not participating in the labor market, are 

� We report the evidence on labor supply (and wages) by education in an earlier (working paper) version of this paper,  
Attanasio, Low, and Sánchez-Marcos (2004).

Figure 7. Speed of Return after Childbirth

Note: Women who worked before and after their first birth by month before and after birth: selected birth cohorts, 
1961–65 to 1991–94.

Source: US Census Bureau, Survey of Income and Program Participation (SIPP), 1996.
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also likely to be important determinants. For this reason, in this section we look at the life-cycle 
profile of wages for our three cohorts of women.

While life-cycle profiles for wages are informative about the return to human capital for 
women who work, two important caveats should be kept in mind when looking at these pictures 
and thinking about the role wages could play in determining participation. First, it is not clear 
whether the observed profile was actually rationally predicted by the decision makers at the time 
the labor supply decision was made. We already mentioned the existence of macro effects: a 
future increase (or stagnation) in wages for a given cohort is not necessarily anticipated. Second, 
the pictures we construct do not necessarily reflect the average (or median) offer wage, which 
is the one relevant for the decision: selection into employment is not random and can induce 
important biases.

Figure 8 plots, for each of the three cohorts, the median female hourly wage against age. 
Cohort 3 faces a much steeper wage profile in the early part of the life cycle than cohort 2. This 
can be interpreted as an increase in the return to experience. However, it is difficult to separate 
out cohort and year effects. This difficulty can be appreciated if we plot, as in Figure 9, the 
median wages for the three cohorts against time, rather than age. If we consider separately the 
three decades of the 1970s, 1980s, and 1990s, Figure 9 shows real wages being flat in the 1970s 
for cohorts 1 and 2 (cohort 3 has not yet entered). In the 1980s, cohort 3 experiences faster 
wage growth than cohorts 1 and 2, but in the 1990s all three cohorts experience fast real wage 
growth. These patterns suggest there is a mix of cohort and aggregate time effects driving wages. 
Moreover, it should be remembered that the observed wages are affected by selection.�

II.  Model

In this section we describe the model we use to explain the changes in female labor sup-
ply. We assume that unitary households maximize expected lifetime utility. The utility function 
is intertemporally separable, and instantaneous utility depends on household consumption per 
adult equivalent and the labor supply choice of the wife. We assume that all households have two 
adults who remain married and that husbands always work and receive earnings that are deter-

� In Figure 8 we average the wages of women with different levels of labor market experience at each age. As women 
select into and out of the labor market and paid work, the composition of working women (by ability and levels of 
human capital) changes over time.

Table 1—Rate of Exit and Duration of Exit

Cohort 2 Cohort 3

 Duration Duration
Fraction of 

workers who 
exit

Reentering Fraction of 
workers who 

exit

Reentering

Age All median Mean Median All median Mean Median

26 0.27 3 3.0 2 0.16 2 2.6 1
27 0.15 4 3.2 2 0.12 1 2.1 2
28 0.15 7 4.6 3 0.07 3 3.2 2
29 0.16 3 3.9 2 0.10 4 2.0 1
30 0.20 3 3.2 2 0.14 2 1.6 2
31 0.14 7 4.0 2 0.10 2 2.6 1
32 0.15 4 2.9 2 0.10 4 2.1 1
All 3 3.5 2 2 2.3 1

Notes: Duration is measured in number of years. We report numbers up to age 32 only in order to keep sample size large 
enough. As cohort 1 is observed only from age 35 onward, the interesting comparison is between cohorts 2 and 3.
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mined by a stochastic process introduced below. We do not model fertility choices. However, we 
calibrate the arrival of children to make it similar to what we observe in the data. We assume that 
there are three types of women in our model. The first type never has any children; the second 
and third type both have two children, with the second child arriving two years after the first. 

Figure 8. Log of Median Hourly Wage by Age

Figure 9. Log of Median Wage by Year
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However, the second type of woman has her first child at 24, while the third type has hers at 29. 
We will label these two groups as “young” and “older” mothers. We assume that there is no cor-
relation between productivity (male or female wages) and fertility types. Children do not have a 
direct effect on utility (except for deflating consumption by their adult equivalent). However, they 
do affect the fixed cost of work.

In particular, we consider an individual household with an instantaneous utility function of 
the form

(1)	 ut 5 u 1ct, Pt ; et 2 ,

where Pt is a discrete {0, 1} female labor supply choice, ct is total household consumption, and 
et is the number of adult equivalents in the household. The household is assumed to maximize 
lifetime expected utility,

(2)	 m
c,P
ax Vt 5 Et a

T

s5 t
 bs2tu 1cs, Ps ; es 2 ,

where b is the discount factor and Et the expectations operator conditional on information avail-
able in period t. We consider a retirement period after which neither of the members of the house-
hold participates in the labor market and the household receives a pension equal to 90 percent 
of the husband’s earnings after retirement in period T 2 r. One of the reasons for including the 
retirement savings motive in our model is to have a realistic amount of savings so that the poten-
tial role of female labor supply as a private insurance mechanism is not overestimated. We use a 
utility function of the form

(3)	 u 1ct, Pt ; et 2 5   
1c tet 2   

12g

 exp (c1Pt ) 2 c2Pt.	 1 2 g

As we use values of g . 1, we constrain c1 . 0 so that participation reduces the utility of con-
sumption. The functional form in equation (3) purposefully deviates from the homothetic speci-
fications typically used in macro growth models that generate balanced growth paths. Consistent 
with estimates from micro studies, such as Martin Browning and Costas Meghir (1991), utility 
is not homothetic. Moreover, given that the focus of this paper is in understanding the reaction 
of labor supply to different types of incentives, we did not want to build into the specification of 
the utility function a restriction on the response of labor supply to changes in wages. The equiva-
lence scale for consumption is given by et, which depends on the age and number of children. We 
use the McClements scale to determine e.�

The intertemporal budget constraint has the form

(4)	 At11 5 R AAt 1 Ay f
t 2 F(at)BPt 1 ym

t 2 ctB ,

where A are beginning of period assets, R is the interest rate, and F the fixed cost of work,  
which depends on at , the age of the first child born to the female. Female earnings are given 
by y f

t, and husband’s earnings are given by ym
t. In any period, individuals are able to borrow 

against the minimum income they can guarantee for the rest of their lives. Notice that this 

� According to the McClements scale, a childless couple is equivalent to 1.67 adults. A couple with one child is 
equivalent to 1.9 adults if the child is under the age of 3, to 2 adults if the child is between 3 and 7, 2.07 adults if the 
child is between 8 and 12, and 2.2 adults if the child is between 13 and 18. As we mention in the text, we assume that 
each couple has two children who arrive at a predetermined age and leave at age 18.
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feature differentiates our model substantially from those used by Eckstein and Wolpin (1988) and 
van der Klaauw (1996), who rule out any borrowing or saving. More recently, Rendon (2006), 
French (2005), and van der Klaauw and Wolpin (2005) estimate labor supply models jointly with 
savings.�

We denote the child care units needed by a family whose first child is age at by G 1at 2 and the 
price of each unit of child care by p. Therefore, the total child care cost faced by a household 
when the woman participates in the labor market is given by

(5)	 F 1at 2 5 pG 1at 2 .

We estimate the function G 1at 2 from expenditure data of households with children of the relevant 
ages.

Female earnings are given by

(6)	 ln y f
t 5 ln y f

0 1 ln hf
t 1 v f

t ,

where ht is the level of human capital at the start of the period and v f
t  is the permanent productivity 

shock.
Human capital evolves with employment decisions in the following way:

(7)	 ln hf
t 5 ln hf

t21 1 Ah0 1 h1t BI APt21 5 1B 2 dI APt21 5 0)    h0 . 0, h1 , 0.

We think of d as the permanent depreciation in human capital associated with nonparticipa-
tion, as discussed and estimated by Jacob Mincer and Solomon Polachek (1974) and Mincer 
and Haim Olfek (1982). We do not model direct investment in human capital (such as schooling 
decisions or on-the-job training), which are extensively discussed in Mincer and Polachek (1974) 
and Mincer and Olfek (1982). However, we impose a floor on how far human capital can decline 
so that human capital will not fall below its initial value. This means that the marginal loss of 
human capital associated with a year out of the labor force becomes zero for a sufficiently long 
unemployment spell.

The process of human capital accumulation is important to our model. One issue is whether 
the increase in human capital associated with working diminishes with the level of human capi-
tal. A related issue is whether this increase depends on age. Eckstein and Wolpin (1989) and van 
der Klaauw (1996) assume that the increase in human capital diminishes with the level of human 
capital. Olivetti (2006) assumes the increase in human capital diminishes with age, but not with 
the level of human capital. As in Olivetti, we assume that the increase in human capital depends 
on age only, with the increase in human capital decreasing with age if h1 , 0. We calibrate the 
depreciation rate and the human capital function parameters so that our model matches certain 
moments of the data that we discuss below.

Since we assume men always work, husband earnings are given by

(8)	 ln ym
t 5 ln ym

0 1 hm
t 1 vm

t ,

(9)	 hm
t 5 am

1 t 1 am
2 t

2.

� The introduction of borrowing and saving combined with the heterogeneity in types and the persistence of shocks 
means that the model becomes difficult to estimate structurally because of the computational time in each iteration.
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We estimate directly from the data the parameters of the human capital accumulation function 
for men. As for married men labor market participation is very high, selection bias in this estima-
tion is expected to be small.

Both female and male earnings, y f
t and ym

t , in the household are subject to permanent shocks, v f
t 

and vm
t , that are positively correlated. In particular, we assume

	 v f
t  5 v f

t21 1 j f
t ,

(10) 	 vm
t  5 vm

t 21 1 jm
t  

where jt 5 1j f
t, j

m
t 2 , N 1mj, s

2
j2 ,

(11)	 mj 5 12 s2
j  

f

2 ,2 
s2

j  
m

2 2    and    s2
j 5 qs2

j
f    rj f, jm r .

	
rj

f, jm    s2
j m

This is the only uncertainty that households face. They are assumed to have perfect foresight 
regarding fertility, child care costs, the process for human capital accumulation, and the fact that 
they will remain married.�

In each period, if the woman chooses to participate, the value function is given by

	 V 1
t   AAt, v

m
t, v

f
t, h

f
t B 5

(12) 	 m
ct
axuu 1ct, Pt 5 1; et 2 1 bEt smaxuV 0

t11 1At11, v
m
t11, v

f
t11, h

f
t11B vt v .	 V 1

t111At11, v
m
t11, v

f
t11, h

f
t11B 

If she chooses not to participate, the value function is given by

	 V 0
t   AAt, v

m
t, v

f
t, h

f
t B 5

(13) 	 m
ct
axuu 1ct, Pt 5 0; et 2 1 bEt smaxuV 0

t11 1At11, v
m
t11, v

f
t11, h

f
t11B vt v .

	
V 1

t111At11, v
m
t11, v

f
t11, h

f
t11B

The decision of whether or not to participate in period t is determined by comparing  
V 0

t  1At, v
m
t,  v

f
t, h

f
t B and V1

t 1At, v
m
t,  v

f
t, h

f
t B . The participation choice and the consumption choice in t 

determine the endogenous state variables (assets and human capital) at the start of the next 
period. The nonconcavity in the value function induced by the discrete participation decision is 
smoothed out by the presence of sufficient uncertainty. We check that this holds in the numerical 
solution of the problem, as discussed in the Appendix.

One of the main differences between our model and those estimated in the literature by 
Eckstein and Wolpin (1989) and van der Klaauw (1996) is the inclusion of saving and borrow-

� When married women face uncertainty about their future marital status, and the accumulation of labor market 
experience has a return in terms of higher future wages, they have an additional incentive to participate in the labor 
market. Several papers support this link between marital risk and employment of married women ( H. Elizabeth Peters 
1986; Allan M. Parkman 1992; William Sander 1985; Bisakha Sen 2000; and Sánchez-Marcos 2002). According to 
OECD figures, divorce rates in the United States increased from 2.2 percent in 1960 to 4.8 percent in 1990. In this 
paper, we do not consider the effects of divorce risk.
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ing as a choice variable. While allowing individuals to save adds an element of realism to our 
model, the assumption that they can borrow up to the present discounted value of their minimum 
earnings can be an unrealistic assumption. It is possible that individual households are prevented 
from borrowing large amounts at the current interest rate because of imperfections in credit 
markets. The presence of such borrowing constraints is likely to have a particularly strong effect 
on young households. In Attanasio, Low, and Sánchez-Marcos (2005), we use the model in this 
paper to show how much borrowing constraints matter for female participation.

III.  Baseline Parameters and Simulations

In this section, we discuss the choice of the parameters we use in our baseline model. We then 
show the life-cycle profiles and other statistics implied by these parameters. We calibrate the 
model parameters to fit the life-cycle profile of cohort 2. In the next section, we carry out com-
parative statics exercises and discuss the implications of changing some key baseline parameters 
for female participation.

A. Baseline Parameters

We take some of the parameters of our model from preexisting estimates and direct estimates 
from the data. We calibrate the remaining parameters to match some moments of the data. We 
start by discussing the first set.

External Parameters.—In Table 2, we report the set of “exogenous” parameters we use in our 
baseline simulations. We fix the interest rate to equal the average real return on three monthly 
T-bills at 0.015. We assume a discount factor equal to 0.98, which implies a discount rate slightly 
higher than the interest rate. In the utility function (3), the coefficient of relative risk aversion, g, 
is set to 1.5. This value is consistent with the evidence on the elasticity of intertemporal substitu-
tion in the United States provided by Attanasio and Guglielmo Weber (1995).

As mentioned above, in our model, women differ in the age at which they have their first 
child. We assume that 12 percent of women never have a child, 41 percent have the first of their 
two children at age 24, and 47 percent have their first child at 29. We have calibrated these pro-
portions on the distribution of maternity age of women belonging to cohort 2 in the PSID. All 
women in our model begin life at age 23 with zero assets.

The deterministic component of the male earnings process is estimated from the PSID. The 
innovations to both male earnings and female wages are assumed to have a unit root, consistent 
with the evidence on men produced by Thomas E. MaCurdy (1982) and John M. Abowd and 
David Card (1989). The degree of persistence of income shocks is important. If shocks are i.i.d. 
but with a high variance per period (this is necessary to keep the variance of lifetime earnings 
constant), participation is high across the life cycle as individuals face large amounts of ongoing 
uncertainty. With persistent shocks, the uncertainty translates into heterogeneity late in life. On 
the other hand, our simulations show that uncertainty does not have substantial effects on the 
timing of participation (in contrast to the large effects that uncertainty has on the timing of con-
sumption). We explore the implications of uncertainty for participation more fully in Attanasio, 
Low, and Sánchez-Marcos (2005).

The standard deviation of the innovation for male earnings is assumed to be 0.13. This number 
is similar to the variances estimated using PSID data by Christopher D. Carroll and Andrew A. 
Samwick (1997) or Low, Meghir, and Luigi Pistaferri (2006). There is not much evidence on the 
variability of female wages and/or earnings. Assuming that the variance of female wage innova-
tions is the same as that for male earnings, we compute the implied coefficient of variations of 
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female earnings, which comes out at 0.69. Obviously, this is very different from the coefficient of 
variation of male earnings because of endogenous participation. It turns out to be quite similar, 
however, to the value of 0.65 reported by Dean R. Hyslop (2001) for female earnings.� In addi-
tion, for our baseline cohort in the PSID, the same coefficient of variation is not very different, 
at 0.77. We therefore settled for the value of 0.13. We assume that the correlation coefficient 
between the two shocks (for husband and wife) is equal to 0.25, as estimated by Hyslop (2001).

There are two components to child care costs: the function G 1at 2 and the price p. We estimate 
the function G 1at 2 directly from the data. In particular, for households where the mother is 
working, we regress total child care expenditure on the age of the youngest child, the age of the 
oldest child, the number of children, and a dummy that equals one if the youngest child is zero. 
The shape G 1at 2 can be derived from the coefficients of this regression function, considering that 
in our model all women who have children have two of them, and at the same interval between 
children of two years.� This implies that the child care cost can be expressed as a function of 
the age of the oldest child. As we discuss below, we calibrate the price p using our model. We 
do not, however, model the choice over quality of child care and we rule out the possibility of 
using unpaid child care (e.g., other family members) which may be important, particularly for 
low-income families (David M. Blau 2001).

Calibrated Parameters.—In the top panel of Table 3, we report the set of parameters that 
we have calibrated to match certain statistics of the data. In the bottom panel, we report the 
value of the statistics we chose to calibrate in the data, alongside their value in the calibrated 
model implied by the chosen parameters. All the statistics refer to cohort 2. Obviously, when 
one parameter is changed, all simulation statistics change so that the mapping suggested in the 
columns of Table 3 is only approximate and indicative. It is clear, however,  that some parameters 
are crucial in determining certain features of the simulations.

The parameters of the model we calibrate are: the utility cost of working (given by two param-
eters), the depreciation rate (defined as the annual decline in human capital while not working), 
the initial offer wage-gender gap, the returns to experience, and the price of child care. The 
moments we are matching in the data are computed for women between the ages of 25 and 50 
and belonging to cohort 2. We match the following moments:

	 (i)	 The average participation of women over the life cycle.

� Hyslop (2001) assumes a different process for wages, as he includes individual fixed effects in the process for 
female wages, rather than persistent innovation.

� Our estimate of G(at) combines the cost of the first-born child along with the costs associated with the arrival of a 
second child two years later. In this way, any economies of scale in child costs will be captured by G(at).

Table 2—Exogenous Parameters

Parameters

Discount factor b   0.98
Interest rate R 1.015
Regression log wage on age and age2 (men) am

1 , a
m
2 0.034, 20.00033

Husband and wife wage correlation r 0.25
Standard deviation of permanent shock (men) sjm 0.13
Standard deviation of permanent shock (women) sj f 0.13
Risk aversion g  1.5
Length of life T   50
Length of working life r   40
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	(ii)	 The average participation of women who have no children under 18. This includes women 
before they have children, women after their children have left home, and women who 
never have had children.

	(iii)	 The average participation of mothers with children under the age of three.�

	(iv)	 The observed wage-gender gap for women under the age of 40.

	 (v)	 The wage loss observed for women on reentry, for those women exiting the labor market 
before 32 and coming back before 40. The statistic is the exponential depreciation rate cal-
culated as

(14)		  Dt, k 5 
1
k

 ln a wt

wt2k
b ,

		  where k is the duration of an exit that began in period t 2 k.10

	(vi)	 The wage growth of wages for women who have worked 90 percent of their lifetime at each 
age for two groups of women: those who are younger than 35 and those who are older than 
35. For wage growth we match, for the two groups of women, the parameter u1 in the fol-
lowing regression:

(15)	 log y f
t 5 u0 1 u1t 1 ut.

It should be stressed that in computing all the statistics that involve female labor market out-
comes, we implicitly control for the selection process that is operative in our model, because 
both in the data and in the simulations, the women on which these statistics are computed are a 
selected sample.

The price of child care that we calibrate implies that the child care cost associated with a first 
born is 66 percent of mean earnings for a 30-year-old woman who worked continuously prior 
to childbirth. Child care costs in our model are clearly substantial and this accords with other 
direct evidence on child care costs, such as Karen Schulman and Gina Adams (2000), who report 
data on child care costs in the 50 US states. In 1999, according to the Child Care Bureau of the 
US Department of Health and Human Services, child care costs varied between $300 and $700 
per month per child. In certain areas of the country these costs could be even higher, especially 
for families with infants, whose cost is substantially higher than that of children over the age 
of three. In the same year, median earnings of female workers were, according to the Census 
Bureau, $1,922 per month. Therefore, for a woman earning average wages with two children and 
facing a cost of $500 per child, child care cost was around 53 percent of her earnings.

The c2 parameter reflects the direct utility cost of participating, and it takes a value equal to 
0.0020 in our baseline. We could alternatively have a fixed cost of working in the budget constraint 
that is not child related. The c1 parameter reflects the reduction in the utility of consumption 
caused by participation. Since g . 1 and c1 . 0, the marginal utility of consumption is greater 

� In the simulations, the participation rate of mothers is computed considering the participation of mothers within 
five years of the birth of their first child, because the second child arrives when the first child is two.

10 We follow women who have employment interruptions and who are observed before and after the interruption, 
and we control for the duration of nonparticipation. This calculation is similar to the one performed by Mincer and 
Polachek (1974) and Mincer and Olfek (1982).
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when participating than when not participating; in other words, consumption and participation are 
complements in utility, as in van der Klaauw (1996). Parameter c1 5 0.038 in our baseline cor-
responds to a utility cost of participation equivalent to 7.3 percent of consumption.

The ratio of initial offer wages for men and women is set to 0.64 and is lower than the observed 
gender gap. This implies that offered wages lie below accepted wages for women. These selec-
tion effects are an important part of our model and are discussed further below.

The depreciation parameter, d, is equal to 0.074. This is high relative to Mincer and Olfek 
(1982), who estimate d 5 0.02. However, the implied annualized wage loss from nonparticipation 
in our model is 0.02. This lower annualized wage loss arises because the impact of depreciation 
on human capital is constrained by the assumption that human capital cannot fall below its start-
ing value, and so further increases in d do not improve our match of the annualized wage loss. 
Selection also goes in the direction of decreasing the observed annualized wage depreciation.

The parameters h0 and h1 measure the return to experience for those participating, giving a 
return to one year of participation of about 2 percent, which is similar to Eckstein and Wolpin 
(1989). Olivetti (2006) estimates the return to one extra year of full-time work at between 3 and 
5 percent, based on the return to extra hours of work rather than the return to participation. One 
implication of the presence of a return to experience is that individuals may choose to work early 
on despite current earnings being less than the fixed cost, particularly if they are able to finance 
this investment through borrowing.

B. Baseline Life-Cycle Profiles

Given the parameters in Table 3, we can simulate the model and generate life-cycle profiles for 
the variables of interest. We can also calculate statistics that have not been used in the calibra-
tion to compare to the data of cohort 2. We focus our discussion on the labor supply behavior 
of women who differ in their fertility experience. In particular, we consider childless women, 
young mothers (age 24 at childbirth), and older mothers (age 29 at childbirth).

Table 4 reports statistics for participation for the three groups of women in the model and 
compares these to the data. Figure 10 shows corresponding participation profiles. The simulated 
model is able to match not only the participation statistics that were used in the calibration, 

Table 3—Calibration Process of Model Parameters

Parameters Value

Utility cost of participation c1 0.038
Utility cost of participation  c2 0.0020
Child care cost p 12791
Depreciation rate d 0.074
Offered wage-gender gap y f

0/ym
0 0.64

Returns to human capital h0 0.0266
Returns to human capital  h1 20.00038

Targets in the data Cohort 2 Model

Participation 0.71 0.72
Participation mothers with children under age of 3 0.47 0.47
Participation nonmothers 0.83 0.83
Median annualized wage loss for nonparticipants 0.05 0.02
Observed wage-gender gap 0.69 0.69
Female wage growth (if younger than 35) 0.020 0.025
Female wage growth (if older than 35) 0.009 0.006
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but also other salient statistics describing female labor market behavior: first, as in the data, 
young mothers in the model participate less than older mothers; second, we match almost exactly 
the participation rates of mothers of older children. Further, median duration out of full-time 
employment is seven years in the model and seven years in the data.11 In Figure 10 we observe in 
the simulations a decline in participation with age that is steeper than the decline observed in the 
data, and that begins at an earlier age than in the data. This decline in participation within groups 
is less marked than when we aggregate across groups, but there is still a noticeable decline after 
age 40. In the model, the decline is partly due to the resolution of uncertainty allowing indi-
viduals to decumulate precautionary balances, and partly arises because individuals have strong 
incentives to participate when young to accumulate experience.

11 We report the statistic from the data for duration until return to full-time employment. In the data, as reported in 
Table 1, duration until return to any employment is faster, often because women return to work temporarily between the 
births of their children. The effects of these short return spells are discussed in Mincer and Olfek (1982).

Table 4—Other Statistics in the Baseline Simulations

Statistics Model Data

Participation mothers with children under age 3 0.47 0.47
Participation young mothers with children under age 3 0.30 0.42
Participation old mothers with children under age 3 0.59 0.53
Participation mothers with children age 4–18 0.71 0.70
Median duration in years 7 7

Notes: In the data, a fraction of women return to part-time work in between the birth of the 
first and second child. Reported median duration is calculated for return to full-time work.

Figure 10. Simulated Participation Profiles by Age at Childbirth
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Quantifying Selection.—Figure 11 shows life-cycle profiles of log earnings averaged over 
women who are participating, by fertility experience. The figure shows that, following child-
birth, only the more productive mothers remain in the labor force. This explains the hump in 
the earnings profile that occurs at different ages for mothers with different maternity ages. The 
figure also shows how child care costs compare to realized earnings. It is difficult to compare 
these profiles to the data directly because, given our sample sizes, we cannot restrict to women 
who have exactly the same maternity experience as women in our model. This picture, however, 
illustrates the potential importance of the selection bias induced by the participation decision 
following childbirth and has implications for estimates of the return to experience and of wage 
dispersion that are based on observed wage data.

There are two forces underlying the selection effects. First, only women with a certain pro-
ductivity enter the labor market and are observed. Second, those who enter increase their wages 
through the return to experience, so that selection has an impact on the observed wage dynamics 
as well as on the observed wage level. We use our model to quantify the extent to which selection 
into the labor market matters for the life-cycle profiles of observed wages compared to offered 
wages, and to disentangle the two effects. In Figure 12, we show the average offer wage (for all 
women) by age and compare it to the average wage for working women and to the average wage 
for women who have worked at least 90 percent of the time. Observed wages lie above offered 
wages, reflecting the selection effect on the level of the wage. Observed wages for those who 
have worked at least 90 percent of the time lie above the wages for all women: this confounds the 
selection effect and the return to experience.

To disentangle the pure selection effects from the indirect effect induced by the process of 
human capital accumulation, we simulate the effect of a 10 percent fall in child care costs. This 
induces an increase in participation relative to the baseline simulations. Note that the exogenous 
change in child care cost does not affect directly the offered wage. New participants will start 

Figure 11. Simulated Earnings Profiles by Age at Childbirth
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accumulating human capital, however, and this will affect their offer wage in subsequent peri-
ods. To assess the magnitude of these effects, we start by plotting in Figure 13 three lines: 

	 (i)	 The average wages observed for all women participating with the lower child care costs;

	(ii)	 The average wage profile observed with the lower child care costs for those women who 
were participating even in the baseline (whom we will call “original participants”); and 

	(iii)	 The average observed wages for the women who are induced to participate by the lower 
child care costs (whom we will call “new participants”).

The labor supply behavior of the “original” participants is not affected by the change in child 
care cost, and neither are their observed wages. The overall average wage, however, is lower 
because less productive women now enter the labor market. This is made clear by the lower level 
of the third line. The difference between the first and second line is not large because the new 
participants account for a relatively small fraction of the total. The difference between average 
wages for the “new” participants and those for the “original” participants reflects both the selec-
tion and the new process of human capital accumulation. A slightly surprising feature of the 
average wage for the “new” participants is the fact that it declines considerably after age 28–30.

To disentangle the selection effects from the human capital effects, and to better understand 
the decline in the wage of the marginal participants, we plot in Figure 14 the offered wage of the 
“new” participants “before” and “after” the decrease in child care cost, separately for young and 
older mothers. The difference between the two lines in each figure is induced by the difference 
in the realized return to experience. The solid line corresponds to the average offered wage in 
the baseline, while the dotted line corresponds to the average offered wage with lower child care 
costs. Wages are lower for older mothers because, among older mothers, fewer mothers exit and 

Figure 12. The Effect of Selection on Wages
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so the average productivity of those who exit is lower. For both young and old mothers, the wage 
level is the same at the point of childbirth because work histories are almost identical at that 
point. After childbirth, offered wages are higher in the environment with lower child care costs 
when the group is participating and earning the return to experience. Indeed, this difference is 
due only to the return to experience. The decline in the offered wage occurs for two reasons: first, 

Figure 13. The Dynamics of Selection

5 5

Figure 14. Offered Wage for New Participants
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there is wage depreciation in the baseline when the group is not participating; second, there is a 
composition change in the group because women have different durations of time out of the labor 
force: less productive workers return to work more slowly. Given the parameters of the model, 
this effect is more visible for younger mothers.

The pictures we have discussed here show the importance and complexity through which 
selection affects observed wages in our model. The last experiment is particularly interesting, as 
it shows that average wages can be affected quite substantially simply by a change in the composi-
tion of working women induced by a change in a parameter unrelated to wages or productivity.

Child Care Cost Elasticity.—Changes in child care costs will be one of the central hypotheses 
we propose in the next section to explain the change in female labor supply. To compute the elas-
ticity of participation to child care cost implied by our model, we simulate for many individuals 
the effect of a change in these costs and compute participation rates before and after the change. 
Given the nature of our model, the child care cost elasticity will be dependent on the age of the 
child and the age of the mother at childbirth. We compute the elasticity for mothers of children 
age 0–6 for comparability with the literature, and we distinguish between the responsiveness 
of young mothers and that of older mothers. We compute the elasticity for young mothers to be 
20.98 and that for older mothers to be 20.82. How do these values compare with values reported 
in the literature? Blau (2003) discusses carefully alternative estimates of this elasticity. Estimates 
vary substantially depending on the methodology, with some estimates greater than one and 
others at zero. For married women with children under the age of six, Patricia M. Anderson and 
Philip B. Levine (2000), for example, estimate an elasticity of 20.46. Closer to our numbers are 
the results in Rachel Connelly and Jean Kimmel (2003), who estimate an elasticity of 20.71.

IV.  Explaining Changes in Female Participation

In this section, we describe the impact that various changes in the economic environment 
have on female participation over the life cycle. Our main aim is to establish what are the most 
likely explanations for the change in the shape of the life-cycle profiles of cohort 3 relative to 
cohort 2. In particular, we focus on changes in child care costs, return to experience, and the 
level of the wage. For each of these variables, we first provide some evidence on the observed 
changes in these variables between cohorts 2 and 3, and then simulate the behavior of a cohort 
that faces these changes relative to the baseline scenario we presented in the previous section. 
We then compare the resulting labor supply behavior to that of cohort 3. The statistics reported 
in this section differ slightly from those used in the calibration: first, we report statistics only 
for women age 40 or under because we do not have more recent data for cohort 3. Second, we 
report more disaggregated statistics on participation, showing how participation differs by the 
age of child and by age at childbirth, and we compare these statistics to the data. Finally, we do 
not report changes in the wage loss following time out of the labor force. These numbers are very 
noisy in the data and, as discussed at the end of Section IIIA, our model does not do a good job 
of matching the observed fall even in the baseline.

We do not consider differences across cohorts in the number of children or in the age at 
childbirth as strong candidates for explaining the change in labor supply. The main reason for 
this decision is that, although there are large changes in the level and timing of fertility between 
cohorts 1 and 2 (the Clinton cohort has fewer children and later in the life cycle than the Dole 
cohort), the changes in this dimension between cohorts 2 and 3 are small. 12

12 The reduction in the number of children happened at the same time as a delay in the birth of the first child. Using 
the PSID 1993 additional fertility module, we can calculate, for each of our three cohorts, the proportion of women who 
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A. Child Care Costs

In Section I, we stressed that the main difference in the labor supply of women in cohort 2 and 
3 is caused by the increase in mothers’ employment. It is therefore natural to look at the cost and 
availability of child care arrangements and to consider how changes in these costs might affect 
participation.

Measuring the Exogenous Change across Cohorts.—In Section III, we discussed the high 
level of child care costs that we calibrated for cohort 2. To understand the role of child care costs 
in explaining the change in participation across cohorts, we need to know how much these costs 
have changed in relation to the potential earnings of women. Unfortunately, it is not easy to find 
consistent data on child care costs for the period we study. We use two sources of information 
to provide evidence on the dynamics of child care costs relative to female earnings. First, we 
consider detailed information on child care expenditure that can be obtained from the Bureau of 
Labor Statistics (BLS) Consumer Expenditure Survey (CEX), and second, we consider indirect 
evidence on the unit cost of child care.

The CEX collects detailed information on consumption expenditure by US households. For 
our exercise, in which we compare the women born in the 1940s to women born in the 1950s, we 
need data from the 1970s, which are not available: data are available on a consistent basis only 
since 1980.13 However, we use the CEX to give an indication of the trend in the ratio of child care 
costs to female earnings. We consider households observed between 1980 and 1984 and between 
1998 and 1999, where either the reference person or the spouse is a working woman with chil-
dren between the ages of 0 and 7. We construct the ratio of child-cost expenditure to female earn-
ings and run a Tobit regression of this ratio on the log of the annual number of hours worked, the 
number of children between 0 and 3, and the number of children between 4 and 7 years of age. In 
addition to these variables, we introduce a dummy for the late 1990s year. In Table 5 we report 
the results of two regressions: the first for mothers with at least one child age 0 to 3, the second 
for mothers with at least one child age 4 to 7. Notice that the two samples are partly overlapping. 
In both columns, we see that the coefficient on the late 1990s is significantly negative, indicating 
a decline in the ratio of child care costs to women’s earnings, even after controlling for differ-
ences in the number of hours worked. The decline is particularly large for younger children. A 
similar exercise can be executed in the PSID, although the number of observations is small. If 
we compare the ratio of child care cost to women’s earnings in 1975 and 1988, we find that, con-
ditional on having positive costs, the ratio is considerably higher in 1975 than in 1988, even after 
controlling for the number of hours and number of children.14

We are somewhat cautious about interpreting this evidence as support for a fall in the cost of 
child care for three reasons: first, the evidence is based on expenditure on child care costs rather 
than on the price of child care. Second, the evidence shows a fall only in the ratio of child care 
expenditure to earnings. Such a fall might arise even if child care costs were constant if there 

have their first child in any given age interval. In cohorts 1 and 2, 30 percent of women had their first child between 18 
and 22; this percentage falls to 26 percent for cohort 3. On the other hand, while only 29 percent of cohort 1 women 
had their first child when older than 26, that percentage goes up to 37 percent for cohort 2 and to 41 percent for cohort 
3. These proportions are similar to the data from the National Vital Statistics System published by the US Department 
of Health and Human Services (DHHS 1989).

13 The 1972–1973 CEX used very different definitions of most commodities, including the components of child care. 
The numbers between surveys, therefore, are not comparable. The SIPP is an alternative data source, which has been used 
by several authors, including Anderson and Levine (2000) (who use waves from the 1990s) and David C. Ribar (1992) 
who uses the 1984 wave. As with the CEX, however, we do not have information on child care costs for cohort 2.

14 Interestingly, the fraction of working women reporting a positive amount of child care costs is higher in 1988 
than in 1975.
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were an improvement in female wages. However, to the extent that the main component of child 
care costs is the wages of child care workers, a fall in the ratio of child care costs to earnings 
would suggest either differential earnings growth by skill level or a fall in expenditure on child 
care. Third, if hours of work increase by more for the highly educated than for the less educated, 
this composition change in the use of child care will generate a fall in the ratio of child care costs 
to earnings that does not reflect any change in price.

To overcome these difficulties with interpreting the evidence in Table 5, we present some evi-
dence on the price of child care. Direct evidence on the cost of child care, especially historically, 
is difficult to obtain. Some insights on the evolution of these costs can be obtained by considering 
the wages of child care workers. Lynne M. Caspar and Martin O’Connell (1998) and Grace E. 
O’Neill and O’Connell (2001) document how poorly employees in child care establishments have 
fared over the past 20 years. Figure 15 reproduces results from the US Census Bureau on payroll 
costs for employees working in the child care sector.

The average payroll dollars per employee in 1997 was $11,076, which is $548 less than in 
1977 (in 1997 dollars). This fall of about 5 percent comprises an initial fall of about 15 percent 
that occurred between 1977 and 1982, followed by a partial recovery. Further, between 1982 
and 1997, in the economy-wide recovery of wages after the high inflation period at the end of 
the 1970s, wages for all female workers increased by 79 percent (from $13,366 to $16,849) com-
pared with the 11 percent increase (from $9,690 to $11,076) for child care employees. Given the 
importance of labor cost in total child care costs, this evidence would imply a relative decline of 
the latter. Women in cohort 2 would have incurred child care costs in the 1970s, while women in 
cohort 3 would have incurred costs in the 1980s when the level of costs had fallen by as much as 
15 percent and the cost relative to female earnings had fallen even further. The fiscal treatment 
of child care costs also changed over the period. In 1954 a deduction for employment-related care 
expenses was established. The deduction became a credit in 1976, and in 1981 the limits were 
$2,400 for one child and $4,800 for two or more.15

Consistently with this evidence, Namkee Ahn and Pedro Mira (2002) argue that there was a 
decline in the price of child care relative to female wages based on Blau (1992). A possible expla-
nation for the decline in child care cost is discussed in Dolores Ferrero and Amaia Iza (2004), 

15 In 2002 these figures were raised to $3,000 for one child and $6,000 for two. These increases do not even make up 
for inflation. Family income determines the percentage of child care expenses that can be claimed for credit (between 
20 and 35 percent). The credit is not refundable, which keeps the lowest-income families from benefiting from it.

Table 5—Evidence for Changes in Child Care Costs

Tobit regression, dep. var.: Child care cost/women’s earnings

Number of children age 023 . 0 Number of children age 427 . 0

Log hours 20.029 20.023
(0.006) (0.003)

Number of children 0–3 0.057 0.076
(0.017) (0.006)

Number of children 4–7 0.035 0.048
(0.011) (0.009)

Year . 1997 20.236 20.050
(0.036) (0.012)

Constant 20.163 20.123
(0.048) (0.028)

Number observations 9,201 10,438
Pseudo R2 0.0098 0.0375

Source: CEX data.
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who argue that recent skill-biased technological change, which implies an increase of the skill 
premia and a relative decrease in the market price of child-caring with respect to female mean 
wages, could contribute to explaining the increase in women’s employment rate.

Another indication of the “cost” of child care is its “availability.” Figure 16 uses data from 
the US Census Bureau to show child care arrangements used by mothers over time. The figure 
shows the large increase in the use of organized child care facilities, which seems to indicate 
their increased availability. An interesting fact is that until 1986/87 child care workers were not 
considered as a separate occupation in the Occupational Outlook Handbook that the BLS pub-
lishes every other year.

While this evidence clearly indicates a decline in child care costs, it is difficult to quantify the 
size of such a decline. Moreover, it is likely that there were changes also in the quality of child 
care that would constitute an additional problem in quantifying the change in its cost. Blau (2001, 
2003) has stressed that part of the problem with child care is the prevalence of low-quality child 
care, and the fall in child care cost is an indication of this fall in quality. We do not pursue the 
issue of a decline in the quality of child care in our experiments, but we try different hypotheses 
about the size of the decline in the price.

Experiment.—In Table 6 we show how participation reacts to the price of child care in our 
model. The first column of the table reports the change in the statistics of interest between cohort 
2 and cohort 3. The remaining columns report the simulated change relative to the baseline when 
we decrease the cost of child care, p, by 5 percent, 10 percent, 15 percent, and 20 percent. Given 
the evidence above on the evolution of child care worker pay relative to other workers, a decrease 
in 15 percent is not unreasonable. We see that decreasing child care costs by 15 percent increases 
total participation by 6 percentage points, which compares with an increase of 12 percentage 
points in the data. When we look at the different groups of women in our simulations, we find 

Figure 15. Annual Payroll for Employees in Child Care Establishments
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that a 15 percent decrease in child care cost is able to generate changes in each of these groups 
that are similar to what we observe in the data: for young mothers, we observe a 22 percentage 
point increase in the data and a 19 percentage point increase in the simulations; for older moth-
ers, we observe a 19 percentage point increase in the data and an 11 percentage point increase in 
the simulations. Our simulations match closely the increased participation rates of mothers with 
children age 4 to 18 which increases by 8 percentage points in the data and 6 percentage points 
in the simulations. With a fall in child care costs of 20 percent, the match on participation does 
even better, but this fall is larger than we have evidence for. Furthermore, on the negative side, 
we should stress that the experiment is not successful in capturing changes in the observed wage 
growth16 or the gender gap.

B. Returns to Experience

Olivetti (2006) presents evidence on the change in the return to experience between the 1970s 
and the 1990s. She shows that estimated changes in the return to experience can explain changes 
in hours worked across this time frame. In this section, we explore whether a change in the return 
to experience might explain the observed changes in participation.

Measuring the Exogenous Change across Cohorts.—The evidence in Section I suggests that 
changes in wage profiles across the two cohorts are driven partly by year effects common to both 
cohorts, and partly by cohort-specific increased returns, which may be caused by an increased 
return to experience. In order to have additional information on the returns to experience, we 

16 We do not report wage growth for older women because cohort 3 is observed only until age 40.

Figure 16. Child Care Arrangements
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plot, for each cohort, two life-cycle wage profiles. At each age we compare the wage of all 
women with the wage of those women who have been observed since age 25 and have not had 
more than one year off work. These two profiles, plotted in Figure 17, are observed from age 26 
to age 39 and give an idea of the return to experience these cohorts face. Computing the “return 
to experience” as the difference between these two profiles has an important advantage relative 
to the profiles in Figure 8, and some drawbacks. The advantage is that, to a certain extent, year 
effects are common to the two profiles and might be “differenced out.” However, we do not 
take into account the duration of spells out of the labor force and we know these to be shorter 
for cohort 3. Moreover, we ignore selection (and possible changes in it). Perhaps surprisingly, in 
these figures we do not find very strong differences in this particular measure of return to experi-
ence between cohort 2 and 3. On the other hand, we again see the pattern that wage growth for all 
women in cohort 3 has been faster than for cohort 2. Since the profiles in Figure 17 are obviously 
affected by the interaction of the selection in and out of employment, changes in productivity, 
and depreciation, they cannot be used formally to disentangle the various factors at play. As we 
know that more women participate in cohort 3, selection will pay a greater role in affecting the 

Table 6—Decreasing Child Care Costs 

Child care cost (p) D Cohort 25 percent 210 percent 215 percent 220 percent

D Participation all women 0.12 0.02 0.04 0.06 0.07
D Participation mothers with child 0–3 0.21 0.05 0.09 0.14 0.18
D Participation mothers (age , 29) child 0–3 0.22 0.06 0.11 0.19 0.23
D Participation mothers (age > 29) child 0–3 0.19 0.04 0.07 0.11 0.14
D Participation women with no child , 18 0.07 0.00 0.00 0.00 0.00
D Participation mothers with child 4–18 0.08 0.02 0.04 0.06 0.08
D Wage-gender gap 0.07 0.00 0.00 0.00 20.01
D Female wage growth (age < 35) 0.021 20.002 20.004 20.006 20.007

Figure 17. Returns to Experience for Cohorts 2 and 3
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difference between the two profiles shown in the figure. The fact that this difference is similar 
between the two cohorts is not inconsistent with the hypothesis that cohort 3 enjoys a higher 
return to experience.

Experiment.—As suggested by Olivetti (2006), an increase in the returns to experience may 
affect labor supply. She estimates an increase of the returns to experience of about 25 percent. 
In Table 7 we report the same participation statistics reported in Table 6 for different returns to 
experience. As with Table 6, in the first column we report the change in the statistics between 
cohorts, while in the remaining columns, we report the statistics for simulations where we 
increase the parameters of the human capital accumulation function. In particular, we increase 
h0 so that the implied increase in the marginal returns to experience averaged along the life cycle 
is approximately 10 percent, 20 percent, and 40 percent.17

An increase in the return to experience by 10 percent has only small effects on the partici-
pation of mothers, or any women. When the increase is 20 percent, the participation rates of 
both young and older mothers increase by 7 percentage points. This compares to increases of 
22 percentage points and 19 percentage points between cohort 2 and 3 for the two groups. Even 
when we increase the return to experience by 40 percent, we still do not get an increase that is as 
large as that observed in the data. One explanation of this may be that an increase in the return 
to experience not only tilts the wage age profile but also increases the amount of resources avail-
able to our households. Moreover, a large increase in the return to experience allows women who 
take time off from employment to raise children to make up for the lost years more quickly. This 
limited impact of the return to experience on participation is in contrast to the findings of Olivetti 
(2006). There are two main factors contributing to this difference: first, in our framework, the 
labor supply choice is discrete and we do not preclude the possibility of an impact on the inten-
sive margin similar to the one found by Olivetti. On the other hand, as shown in Section I, the 
large change in labor supply in the data has been on the extensive margin. The second factor is 
the role of uncertainty. In Olivetti (2006), households have perfect foresight and so are able to 
respond fully to intertemporal incentives. By contrast, in the presence of uncertainty, house-
holds’ responses to intertemporal incentives can be dampened as precautionary motives induce 
more work and saving early in the life cycle regardless of intertemporal substitution incentives.

Turning to the changes in earning profiles, we see that the increase in the return to experi-
ence does not explain the changes in wage growth, although it performs better than the previous 
experiment. For the gender gap, we do not get any substantial changes.

17 Note that the increase in the marginal return to experience implied by the increase in h0 depends on age.

Table 7—Increasing the Returns to Experience 

Returns to experience D Cohort 110 percent 120 percent 140 percent

D Participation all women 0.12 0.02 0.03 0.07
D Participation mothers  with child 0–3 0.21 0.04 0.07 0.14
D Participation mothers (age , 29) child 0–3 0.22 0.04 0.07 0.15
D Participation mothers (age > 29) child 0–3 0.19 0.05 0.07 0.13
D Participation women with no child , 18 0.07 0.00 0.01 0.01
D Participation mothers with child 4–18 0.08 0.02 0.04 0.07
D Wage-gender gap 0.07 0.00 0.01 0.01
D Female wage growth (age < 35) 0.021 20.001 20.002 20.003
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C. Wage-Gender Gap

Measuring Changes in the Relative Wages of Men and Women.—There is a substantial amount 
of evidence that, over the period we are considering, there has been a reduction in the observed 
wage-gender gap, in other words, a reduction in the difference between average observed wages 
for working men relative to women, controlling for observed skills. The evidence on the wage-
gender gap is vast and we could not do justice to it here. Instead, we use the PSID to calculate the 
change in the observed wage-gender gap across the cohorts. The ratio of observed female to male 
wages has increased from 0.69 to 0.76 over the two cohorts for women under 40.

This change in the observed wage-gender gap is likely to be a result of a reduction in the 
offered wage-gender gap. However, exogenous changes in the offered wage are filtered into 
changes in observed wages through the selection mechanism that responds to specific incentives. 
Further, observed wages for women relative to men will be affected by additional human capital 
accumulation earned by women through any increased participation. In what follows, we experi-
ment with different changes in the offered wage-gender gap to show the effects on participation 
and wage dynamics.

Experiment.—There are several ways in which we can introduce a change in the wage-gender 
gap in our model. We could have an exogenous change in the level of female wages relative to 
male earnings, or we could have an increase in the rate of growth for female wages (but not for 
male earnings or wages) that over time would induce a reduction in the wage-gender gap. In 
Table 8, we consider, in turn, these two mechanisms for changing the gender gap.

As with the other tables, in Table 8 we first report the change in the statistics across the two 
cohorts. We then report the results we get by increasing the wage level by 5 percent, 10 percent, 
and 15 percent. Finally, in the last two columns, we consider introducing exogenous, determinis-
tic wage growth equal to 1 percent per year and 2 percent per year for women.

The increase in the female wage level does increase substantially the labor supply of mothers. 
Indeed an increase in the wage of around 15 percent generates an increase in participation of both 
young and older mothers similar to what we observe in the data. The similarity of this result with 
that obtained with a change in child care cost is intuitive: what matters for participation is the 
ratio between wages and child care costs. However, an increase in the level of wages generates 
an increase in the participation of mothers of older children (age 4–18) of 11 percentage points 
compared to the increase of 8 percentage points in the data. Further, the required increase in the 
gender gap in the offered wage gives rise to an improvement in the gender gap in observed wages 
that is greater than observed in the data, while the increase in the wage level does not improve 
our matching of wage growth. A lower increase of 11 percent in the wage level for females 

Table 8—Increasing Female Wages 

Increasing wages D Cohort D Gender gap D Wage growth

15 percent 111 percent 115 percent 11 percent 12 percent

D Participation all women 0.12 0.04 0.08 0.10 0.07 0.14
D Participation mothers  with child 0–3 0.21 0.07 0.15 0.19 0.12 0.23
D Participation mothers (age , 29) child 0–3 0.22 0.09 0.19 0.25 0.09 0.20
D Participation mothers (age > 29) child 0–3 0.19 0.06 0.12 0.16 0.15 0.26
D Participation women with no child , 18 0.07 0.01 0.02 0.02 0.02 0.04
D Participation mothers with child 4–18 0.08 0.04 0.08 0.11 0.08 0.16
D Wage-gender gap 0.07 0.03 0.07  0.09 0.06 0.13
D Female wage growth (age < 35) 0.021 20.003 20.006 20.007 0.003 0.008
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matches exactly the observed changes in the wage-gender gap; however, this is not enough to 
explain the observed changes in the participation of mothers, particularly young mothers.

Introducing a deterministic growth component to female wages does lead to better matching 
of the wage growth statistics. However, the implications for participation do not match the data. 
In particular, deterministic growth has a larger impact on older mothers, relative to young moth-
ers, whereas in the data the relative change is the other way around.18

D. Combining Explanations

Clearly none of the experiments we have considered so far can explain fully the observed 
patterns in the data. The hypothesis that appeals to an increase in the return to experience is the 
least attractive in terms of explaining the changes between cohorts 2 and 3 in the variables we 
considered. On the other hand, both changes in the wage gap and changes in child care costs can 
explain several aspects of the data.

The main problem we encounter with the explanation that appeals only to changes in child 
care costs is the inability of such an experiment to explain changes in the observed wage gap 
and wage growth between the two cohorts. Although, as we discussed above, selection is an 
important channel through which changes in various variables are reflected in aggregate wages, 
clearly it is not enough to generate the patterns of wages we observe. On the other hand, as 
we saw above, plausible changes either in the level or the growth of the wage-gender gap can-
not explain the labor supply behavior of mothers. For this reason, our next exercise consists of 
combining two different explanations: that of an increase in the wage gap and a simultaneous 
decrease in child care costs. Clearly, as the two effects cumulate, we consider smaller changes 
in the two variables.

In Table 9 we show the combination of an 11 percent increase in female wages with a 6 per-
cent decrease in child care costs. Including the 6 percent decrease in child care costs helps to 
explain observed changes in participation of mothers, whereas it still predicts well the change 
in the wage-gender gap and the participation of mothers of children age 4 to 18. However, the 
prediction for wage growth worsens. In Table 10 we combine a 1 percent increase in the exog-
enous wage growth with an 11 percent decrease in child care costs. Again, the combination of 
two exogenous changes improves the predictions of the simulations in explaining simultaneously 
the observed wage and labor supply data. In this case, our match of the relative participation 

18 We did consider exogenous growth affecting both male and female earnings. This induced income effects that 
substantially dampened the incentive for women to participate, and we do not report these results further.

Table 9—Gender Gap and Child Care Costs 

With 11 percent increase in female wage D Cohort D Child care cost

0 percent 26 percent

D Participation all women 0.12 0.08 0.10
D Participation mothers with child 0–3 0.21 0.15 0.20
D Participation mothers (age , 29) child 0–3 0.22 0.19 0.26
D Participation mothers (age > 29) child 0–3 0.19 0.12 0.16
D Participation women with no child , 18 0.07 0.02 0.02
D Participation mothers with child 4–18 0.08 0.08 0.10
D Wage-gender gap 0.07 0.07 0.07
D Female wage growth (age < 35) 0.021 20.006 20.007
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of young versus old mothers is closer than when adjusting the wage level, and our match on 
observed wage growth improves, although we still do not match the size of the change.19

Combining factors in this way enables us to match both participation and wage statistics with 
more plausible parameter changes. The fact that a combination of changes is necessary to explain 
differences across the cohorts is highly plausible because, in reality, several of the factors that 
affect female participation have changed, and different explanations are not mutually exclusive.

V.  Implications and Conclusions

It is now time to take stock of the simulations performed in the previous section and discuss 
what can be learned from them in terms of explaining the differences in the behavior of the 
Hillary Clinton and Oprah Winfrey cohorts discussed in Section I. We simulate three changes 
to important determinants of female labor supply. In particular, having matched the behavior 
of the Hillary Clinton cohort in our baseline simulations, we show how the life-cycle profile of 
female labor supply changes when we decrease the cost of child care relative to earnings, when 
we increase the returns to experience, and when we reduce the wage-gender gap (through both a 
change in the growth and a change in the level of female). We also present some evidence on the 
importance of these factors over the relevant period. While it is hard to measure the magnitude 
of some of these changes, our simulations serve the purpose of evaluating the relative merits of 
alternative explanations of the observed changes in female labor supply. Having done that, and in 
particular having determined the magnitude of changes in the environment needed to cause the 
observed shift in labor supply behavior, we can assess how realistic they are.

First, we observe that a decrease in child care costs of greater than 15 percent would be needed 
to explain the increase in participation of mothers of young children from the observed 0.47 rate 
in the Clinton cohort to the observed 0.68 in the Winfrey cohort. Such a change also explains the 
differential shifts in the labor supply of younger and older mothers and the change in participa-
tion by mothers of older children. We presented evidence showing that changes in child care 
costs of a similar magnitude have occurred.

Second, an increase in the return to experience that is similar to that estimated in the data 
by Olivetti (2006) is not able to increase the participation rate of mothers by the amount we 
observed in the data, particularly for younger mothers. More substantial increases in the return 

19 While it may seem obvious that adding an exogenous growth to wages improves our ability to match the observed 
increased wage growth, observed wage growth reflects both the exogenous changes to the offer wage distribution and 
the selection process induced by the model. It is this selection process that can, in principle, substantially dampen the 
effect of increased wage growth.

Table 10—Wage Growth and Child Care Costs 

With 1 percent exogenous wage growth D Cohort D Child care costs

0 percent 211 percent

D Participation all women 0.12 0.07 0.11
D Participation mothers with child 0–3 0.21 0.12 0.21
D Participation mothers (age , 29) child 0–3 0.22 0.09 0.23
D Participation mothers (age > 29) child 0–3 0.19 0.15 0.20
D Participation women with no child , 18 0.07 0.02 0.02
D Participation mothers with child 4–18 0.08 0.08 0.12
D Wage-gender gap 0.07 0.06 0.06
D Female wage growth (Age < 35) 0.021 0.003 0.00
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to experience increase labor supply somewhat, but additional increases imply wealth effects that 
dampen the improved incentives to work.

Third, an increase in the level of wages does increase substantially the labor supply of women. 
This is consistent, within the model, with the large effects seen for a decrease in the cost of 
child care: it is the ratio of wages to child care costs that is relevant. However, the increase in the 
level of wages that is necessary to match the change in participation implies an increase in the 
labor supply of mothers of older children that is larger than observed in the data, and it implies 
an improvement in the observed gender gap that is greater than that observed. Changing the 
wage-gender gap through exogenous growth in wages is less successful at matching participation 
because such exogenous growth induces a greater change in participation for older mothers than 
for young mothers, which is the reverse of what is observed in the data.

This evidence leads us to conclude that no single change can explain both changes in partici-
pation and changes in wages. Instead, we show that a combination of a decrease in child care 
costs alongside a reduction in the wage-gender gap through aggregate wage growth can match 
both the changes in participation and key aspects of observed wages. This does not mean, how-
ever, that our model can predict all aspects of the data. In particular, we cannot explain the size 
of the increase in the rate of growth of wages.

We have not explicitly investigated the effects of other factors that are, in all likelihood, impor-
tant determinants of female labor supply. Those that immediately come to mind are changes in 
fertility (both in number of children and their timing), changes in home production technology, 
changes in divorce and marriage rates, and changes in education. The reason for these omissions 
is that these factors have not changed much between cohort 2 and cohort 3. They are probably 
very important, however, in explaining the shift from cohort 1 to cohort 2, as argued recently 
by Greenwood, Sehadri, and Yorukoglu (2005) for home production technology, and by Stefania 
Albanesi and Olivetti (2005) for changes in home production.

The results of this paper are very suggestive and open further lines of enquiry. Two important 
issues that we have ignored are the incentives to accumulate human capital through education or 
training and the possibility of working part time. Both these issues, again, can be very impor-
tant in the early part of the life cycle, where most of the action happens both in the data and in 
our simulations. It would therefore be worthwhile to incorporate these issues in more realistic 
incarnations of the model.

Appendix: Solution Method

Households have a finite horizon and so the model is solved numerically by backward recur-
sion from the terminal period. At each age, we solve the value function and optimal policy rule, 
given the current state variables and the solution to the value function in the next period. This 
approach is standard. The complication in our model arises from the combination of a discrete 
choice (to participate or not) and a continuous choice (over saving). This combination means that 
the value function will not necessarily be concave. We briefly describe in this Appendix how we 
deal with this potential nonconcavity.

In addition to age, there are four state variables in this problem: the asset stock, the permanent 
component of earnings of the husband, nm

t, the permanent component of earnings of the wife, nt
f, 

and the experience level of the wife. We discretize both earnings variables and the experience 
level, leaving the asset stock as the only continuous state variable. Since both permanent com-
ponents of earnings are nonstationary, we are able to approximate this by a stationary, discrete 
process only because of the finite horizon of the process. We select the nodes to match the paths 
of the mean shock and the unconditional variance over the life cycle. In particular, the uncondi-
tional variance of the permanent component must increase linearly with age, with the slope given 
by the conditional variance of the permanent shock.
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Value functions are increasing in assets At but they are not necessarily concave, even if we 
condition on labor market status in t. The nonconcavity arises because of changes in labor market 
status in future periods: the slope of the value function is given by the marginal utility of con-
sumption, but this is not monotonic in the asset stock because consumption can decline as assets 
increase, and expected labor market status in future periods changes. By contrast, in Danforth 
(1979), employment is an absorbing state and so the conditional value function will be concave. 
Under certainty, the number of kinks in the conditional value function is given by the number 
of periods of life remaining. If there is enough uncertainty, then changes in work status in the 
future will be smoothed out, leaving the expected value function concave: whether an individual 
will work in t 1 1 at a given At depends on the realization of shocks in t 1 1. Using uncertainty 
to avoid nonconcavities is analogous to the use of lotteries elsewhere in the literature.

The choice of participation status in t is determined by the maximum of the conditional value 
functions in t. In our solution, we impose and check restrictions on this participation choice. 
In particular, we use the restriction that the participation decision switches only once as assets 
increase, conditional on permanent earnings and experience. When this restriction holds, it 
allows us to interpolate behavior across the asset grid without losing our ability to determine 
participation status. We therefore define a reservation asset stock, Rt, to separate the value func-
tion and the choice of consumption made when participating from the value function and choice 
of consumption made when not participating.

Solving for the reservation asset stock serves two purposes: one, it makes it easier in the 
solution to allow for the fixed cost in the budget constraint (rather than having an unconditional 
policy function with a discontinuity); two, it provides an additional check on our numerical solu-
tion: the reservation asset stock should be increasing in the wage rate. A sufficient condition for 
this to be unique is that the conditional value functions be concave. This is not true in general, 
as discussed above, but uniqueness can be achieved by having enough uncertainty to make the 
conditional expected value function concave. Even when the conditional value functions are not 
concave, however, we can have a unique reservation asset stock, particularly if individuals are 
impatient enough: impatience means that individuals prefer periods of nonparticipation to be 
earlier in the life cycle and so avoids indifference about the timing of leisure, which can generate 
nonuniqueness.20

In solving the maximization problem at a given point in the state space, we use a simple golden 
search method. We solve the model and do the calibration, assuming this process is appropri-
ate and assuming there is a unique reservation asset stock for each point in the state space. We 
then check that the results in our baseline case are unaffected when we use a global optimizing 
routine, simulated annealing, and we do not assume a unique reservation asset stock. It is worth 
stressing that there are parameter values for which the techniques we used do not work. In par-
ticular, the assumption of a unique reservation asset stock fails as the variance of shocks gets 
sufficiently low and if households have discount rates very close to the interest rate.

There are no nonconcavities due to borrowing constraints in our model because the only bor-
rowing constraint is generated by the no-bankruptcy condition, which is, in effect, enforced by 
having infinite marginal utility of consumption at zero consumption. 

20 In principle, we could test whether this unique reservation asset stock property held empirically. However, such a 
test would be difficult, given the quality of asset data. Further, a rejection in the data may well be generated by unob-
served heterogeneity, which would not be a problem in our solution where the solution is carried out separately for each 
“type” of person.
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