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Abstract: Comparing the 1935 and 1975 U.S. birth cohorts, wages of married women grew
twice as fast as for married men, and the wage gap between married and single women turned
from negative to positive. The employment rate of married women also increased sharply,
while that of other groups remained quite stable. To better understand these diverse patterns
we develop a lifecycle model incorporating individual and household decisions about
education, employment, marriage/divorce and fertility. The model provides an excellent fit to
wage and employment patterns, along with changes in education, marriage/divorce rates, and
fertility. We assume fixed preferences, but allow for four exogenously changing factors: (i)
mother’s education, health and taxes/transfers; (ii) marriage market opportunities and divorce
costs; (iii) the wage structure and job offers; (iv) contraception technology. We quantify how
each factor contributed to changes across cohorts. We find that factor (iii) was the most
important force driving the increase in relative wages of married women, but that all four
factors are important for explaining the many socio-economic changes that occurred in the
past 50 years. Finally, we use the model to simulate a shift from joint to individual taxation.
In a revenue neutral simulation, we predict this would increase employment of married
women by 9% and the marriage rate by 8.1%.
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I. Introduction

Wages and employment of married women have grown rapidly over the past 50 years,
both in absolute terms and relative to other demographic groups. In 1962 married women
earned on average 15% less than single women, but their wages caught up to and surpassed
those of single women in the mid-1990s, so by 2015 they earned 18% more. The wages of
married women also grew much faster than those of either married or single men.*

Broadly speaking, employment rates of single men and women, as well as married
men, were all fairly stable over the whole 1962 to 2015 period.? In contrast, the employment
rate of married women doubled from 30% in 1962 to about 60% in 1995, almost approaching
that of single men/women. Since 1995 the employment rate of married women has stabilized.

The increase in relative wages and employment of married women coincided with an
increase in their education relative to singles. But we find education alone cannot explain the
increase in married women’s relative wages. Selection of women into marriage based on
unobserved labor market skills has also gone from strongly negative to positive.

The focus of this paper is to unravel the causes of these puzzling differences in trends
of wages and employment of married women relative to other demographic groups over the
1962-2015 period by analyzing behavior of cohorts born from the 1930’s to 1970’s. Potential
explanations include: changing selection into marriage, changing incentives to invest in
human capital, increased demand for female labor, changing divorce laws, changes in
availability of oral contraception and home production technology. Thus, to understand the
changes in wages and employment that occurred over this period one needs a model that
includes marriage market sorting along with individual and household decisions about
education, marriage/divorce, employment, and fertility.

Of course, prior literature contains many papers that address some aspects of these
phenomena. For example, explanations of why wages/employment of married women have
increased include: reduced gender wage discrimination (Jones at el., 2015), improved birth
control (Goldin and Katz, 2002), changing divorce laws (Stevenson, 2008, VVoena, 2015,
Bronson, 2015), increased marriage market returns to female human capital (Low, 2014),
growth in “pink collar” occupations (Lee and Wolpin, 2006), improved home technology
(Greenwood and Seshadri, 2005, Greenwood at el., 2005) and changing social norms about
gender (Gousse et al., 2017). Our main contribution is to explain the changing patterns of

wages/employment for married women vs. other demographic groups in a unified framework

! The data here refer to Caucasian males and females aged 22-65 in the March CPS survey (see Appendix A).
2 Employment rates of single men and women hovered around 70% to 80% for the whole period, while that for
married men hovered around 80% to 90% (see Figure 1).
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where education, marriage, fertility and labor supply are all treated as endogenous choices.

Specifically, we develop a model that extends the gender-specific life-cycle models of
Keane and Wolpin (1997, 2010) into a unified framework of individual and family decisions
following the cooperative household model, as in Chiappori (1988, 1992), Mazzocco et. al.
(2007) and Gemici and Laufer (2011). Men and women make decisions as individuals from
age 17 to 65, but they also interact with each other in the marriage market. We incorporate
human capital accumulation and exogenous changes in health, taxes and welfare rules over
time. We discipline the analysis by holding preference parameters fixed across cohorts, which
enables us to achieve identification via changes in these exogenous factors. The model is
estimated using March CPS data on five cohorts born in 1935, 1945, 1955, 1965 and 1975.

Given fixed preferences, we show that our model can explain changes across all five
cohorts (and demographic groups) in five key outcomes (i.e., labor supply, education, wages,
marriage/divorce and fertility) using four sets of exogenous factors: (i) parental education,
health and taxes/transfers, (ii) marriage market opportunities and divorce costs, (iii) the wage
offer distribution, and (iv) birth control. Thus, given our model, these four factors are
sufficient to rationalize the data. Furthermore, we find that dropping any one factor leads to
substantial deterioration in fit, so all four factors are necessary to rationalize the data.®*

Between the 1935 and 1975 cohorts, real full-time wages of married women increased
more than twice as much as for married men, and our model captures this well. To assess the
contribution of each factor to this dramatic shift, we conduct counterfactual experiments
where we allow only some exogenous factors to change across cohorts, while holding other
factors fixed. Based on this exercise, our model implies that increasing returns to women’s
education and experience explain about 75 to 80% of their increase in relative wages. Other
factors, including the increase in women’s education, played relatively minor roles.

What drives this result is that our model estimates imply that returns to both education
and work experience were very low for women in the 1935 cohort. But by the 1975 cohort
the offer wage distribution of women had nearly converged to that for men. The sharp
increase in education of married women would have done little in itself to increase their
relative wages, given the low returns to education for women that existed in the 1935 cohort.

Our model also captures the fact that, from the 1935 to 1975 cohorts, the employment

rate of married women aged 25 to 34 increased sharply from 28% to 63% (while employment

® Clearly, fitting the data by age, cohort and demographic group is equivalent to fitting the aggregate data.

* Of course, showing our four factors are necessary and sufficient to fit the data given our model does not imply
they are necessary and sufficient in a formal logic sense. Hypothetical alternative models might rationalize all
these data patterns in other ways, using different factors. But to our knowledge no existing model has done this.
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of men and single women was fairly stable). Our model attributes roughly % of this increase
to the dramatic improvement in the offer wage distribution facing women (along with that of
job offers). The second most important factor, accounting for ¥ of the increase, was the
advent of oral contraception. As for the sharp increase in wages of married vs. single women,
we find that 2/3 was due to selection of higher ability women into marriage, while 1/3 was
due to married women working more and acquiring more human capital.

Our model also captures numerous other major socio-economic changes that occurred
over the sample period. Consider the dramatic increase in the fraction of women with at least
a college degree, from only 5% in the 1935 cohort to 36% in the 1975 cohort. The model
implies that changes in mother’s education, changes in the marriage market and changes in
the wage structure each account for roughly 1/3 of the increase in women’s education, with
contraception playing little role. The drop in marriage rates was largely due to higher
mother’s education and better labor market returns, but the increase in the divorce rate was
mostly driven by changing divorce costs. Availability of oral contraception, explains about
half the drop in fertility for married women and almost the entire drop for unmarried women.

Finally, we use our model to simulate a scenario where the US shifts from joint
taxation of couples to purely individual taxation. In a revenue neutral simulation, we predict
this would increase employment of married women by 9%, while leaving other groups only
slightly affected. It would also increase the marriage rate by 8.1%, reduce the divorce rate by
5.1%, and increase college completion for women by 4.2%. Our ability to predict how such a
change in tax policy would affect not just behavior of existing married couples, but also how
it would affect marriage and divorce rates and education, highlights the value of modelling
this complex set of endogenous variables in a unified framework.

The outline of the paper is as follows. Section Il describes data patterns that motivate
our analysis. Section Il presents our model, and Sections 1V to V discuss solution, estimation

and identification. Sections VI to VII present empirical results, and Section V111 concludes.

Il. Key Patterns in the Data

Our data is the March CPS from 1962-2015. We discuss the construction of the data
in detail in Appendix A. Here we document employment and wage patterns of white males
and females aged 22-65. We define “employment” as working at least as 10 hours a week.
I1.A. Employment Rates by Marital Status

Figure 1A reports employment over time for women. The most striking change is that

the employment rate of married women doubled from 30% in 1962 to about 60% in 1995. It



then plateaus, and hovers in the low 60% range from 1994 to 2015. In contrast, employment
rates of single and divorced women, who behave quite similarly, are remarkably stable. They
hover around 70% throughout the whole period.® Thus, from 1962 to 1994, roughly ¥% of the

employment gap between married and unmarried women was eliminated.®

Figure 1 — Employment Rate by Marital Status: 1962-2015*
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Figure 1B reports employment rates for men. The dominant picture is one of stability.
The employment rate of both single and divorced men hovers around 75% for the whole
period, decreasing somewhat after 2006 (due to the great recession).” Comparing Figures 1A
and 1B, the similarity in employment patterns of single men and women is striking.

In contrast, married men work more than single men or women. Their employment
rate was near 90% in the 1960s. It fell in the recessions of 1974-75 and 1980-82. After that, it
has hovered in the low 80% range, and never returned to its 1960s levels. Still, if the small
decline for married men is compared with the dramatic increase for married women, the
employment rate of married men seems relatively quite stable.

The aggregate data is a sum over different cohorts. In Appendix C we report results
separately for the ‘35, ‘45, ‘55, ‘65 and ‘75 birth cohorts, defined as including people born 2
years on either side of the birth year. Strikingly, the employment rate increased over these
cohorts only for married women (see Figure C1). There were no substantial differences across
cohorts for single men/women or married men. It is particularly striking that married women

in the 1955 (and later) cohorts stay much more attached to the labor force during their prime

> Here, cohabitation is counted as unmarried. We don't have data prior to 1995, but in 1995, 1.6% of the
population was cohabiting and by 2015 it increased to 3.8%. In the cohort of 1975, 4.7% are cohabiting.

® The proportion of married women working full time (35+ hours per week) doubled in this period (22% to
44%), while for single (divorced) women the proportion working full time dropped from 70% (59%) to 50%
(53%). For details see the supplemental web site at http://www1.idc.ac.il/Faculty/Eckstein/EKL.html).

" Cyclical patterns are clear in Figure 1. In particular the Great Recession (2009-11) caused employment rates to
fall for all groups. Cyclical patterns are strongest for single and divorced men, and weakest for married women.
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childbearing years than they did in earlier cohorts. Also notable is that married women in
post-1955 cohorts behave very similarly. The historic increase in employment of married
women in the 20™ century was essentially complete by the 1965 cohort. This is consistent
with the flatness in aggregate employment of married women after 1995 (see Figure 1A).

A major challenge for any model seeking to explain the great increase in employment
of married women is to simultaneously explain the remarkable stability of employment rates
of unmarried women and men, and the relatively small decline in employment for married
men. Another challenge is to capture the timing; i.e., that the increase in married women’s
employment was complete by the 1965 cohort (or by 1995 in the aggregate data).

I1.B. Wages by Marital Status

Figure 2 plots annual average earnings of full-time workers by gender and marital
status. In 1962, the full-time wage of single women was 15% higher than that of married
women. But by 2015 this is reversed, and the full-time wage of married women is 18% higher
than for singles. Wages of married women passed those of single women in 1992-93.2

Figure 2 — Annual Wages by Marital Status: 1962-2015*
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Figure 2B shows earnings patterns for men. In contrast to women, the ranking of
married, single and divorced men by the average annual full-time wage is very stable. But the
magnitudes of the earnings gaps grow over time. In 1962 the annual wage of married men
was 33% greater than that of single men, but by 2015 it was roughly 66% greater.

11.C. Women’s Education and the “Marriage Wage Gap”
During the 1962-2015 period, married women became much better educated relative

to unmarried women. In 1962, only 7% had a college degree (or higher), compared to 10%

& An interesting detail is that until the mid-90s divorced women look very much like single women, but then
their relative wages start to grow and by 2015 their average wage is closer to that of married women.

5



for unmarried women. By 2015 this pattern had reversed, and 36% of married women had a
college degree, compared to only 28% of unmarried women.® So increased education and
work experience (Section 11.A) may explain the growth in relative wages of married women.

To assess this issue, we estimated standard Mincer earnings equations that control for
“potential experience” (i.e., years since leaving school), and its square, as well as education,
and a marriage dummy. The coefficient on the latter gives the wage gap between married and
single workers conditional on potential experience and education - the so-called “marriage
wage gap.” These results are reported in Appendix D, separately by gender and cohort.

For women, the unconditional married/unmarried wage gap was -12.0% in the 1935
cohort, but it was eliminated in the 1965 cohort, and became +7.8% in the 1975 cohort. The
conditional wage gaps obtained from the Mincer equation are -8.9% in the 1935 cohort and
+5.2% in the 1975 cohort. Thus, changes in education and potential experience can only
account for about 30% of the increase in relative wages of married vs. single women.*°

These results imply most of the reversal in the marriage wage gap was due to (i)
changes in the mapping of potential to actual experience (as married women worked more)
and/or (ii) changes in the unobserved characteristics of women who select into marriage. A
key focus of this paper is to develop a life-cycle model that can match and interpret these
facts, especially the changes in female wages, employment and selection into marriage.

I11. A Life-Cycle Model of Education, Labor Supply, Marriage/Divorce and Fertility
In our model, men and women start at age 17 as single individuals in school. They
make annual private decisions about school continuation, work, and, in the case of women,

fertility. We assume only single people can attend school.™

Retirement is enforced at age
T=65, at which point agents receive a terminal value function. The men and women in the
model also interact in a marriage market, so they can choose to form (and later dissolve)
couples. Once a couple is formed, decisions about labor supply and fertility are made jointly.
To make marriage decisions, individuals compare the values of the married and single
states. Thus, we first describe the problem of married couples, followed by that of single
individuals. We are then in a position to explain how we model the marriage market.
I11.A. The Decisions of a Married Couple
We assume a collective model of household decision making. Let t denote the annual

time period, and let j = f, m denote gender. Individuals have time endowments of one unit per

° Data on education levels for both men and women by marital status can be found in Appendix C Figure C2.
1%1n contrast to women, the married/unmarried wage gap for men changed little over the past 50 years. It was
+20% for the 1935 cohort and +18% for the 1975 cohort. See Appendix D.

1 School attendance by married people is rare. We rule out school attendance after age 30 for the same reason.
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period. This is split between market work (h), and leisure (1), hence, h{ + l{ = 1. Agents can
choose to work full-time, part-time, or not at all. Thus, the labor supply choice each period is
h{ € {1,0.5,0}, corresponding to a leisure choice of l{ € {0,0.5,1}. We assume that full-time
and part-time work correspond to 2000 and 1000 annual hours, respectively.

Conditional on marriage, couples have three choice variables: The levels of leisure for

the husband and wife, {1/, l[ }, and pregnancy, p, € {0,1}. We assume pregnancy leads

deterministically to arrival of a child at t+1. Letting th denote work experience, and N;
denote the number of children under 18, the laws of motion for these state variables are
x!,, =x]+n] forj=m,f and N.oy = N, + p; — p_15. In addition, couples make annual
decisions about whether to remain married or get divorced. We ignore this for the time being
and focus on the joint decisions of couples conditional on marriage.

I11.A.1. Preferences and Constraints

Married couples have total gross income GYMgiven by the equation:
1) GYM = W'h® + w/ h]) + b I[R]* = 0] + byI[h] = 0]

Here wtj and h{ for j = f, m are annual full-time wage rates and the b; are unemployment
benefits plus values of home production. We will use the M superscript throughout to indicate

values for married individuals. Net income is Y™ given by the equation:
) YM = GYM — M ((wih + w/h]), Ny,

where T (-,") is the tax function for married couples based on the time t tax rules. We model
the US federal tax system in detail, including deductions, exemptions, EITC, and the joint
taxation of couples (see Appendix B). We assume perfect foresight regarding tax rules.

The household budget constraint takes the form:

(3) Céw =(1- K(Nt))YtM

Here «(N,) is the fraction of Y spent on children, based on a square root equivalence scale.™
We assume a static budget constraint as it is computationally infeasible to add saving in
addition to our other state variables. However, the terminal value function (at age 65) proxies
for how labor supply affects Social Security and retirement assets, so these key aspects of

savings do enter our model in a reduced from way. Furthermore, we also consider robustness

12 For a household with two adults, the square root scale implies that x(N) =1 —/2/(2 + N) . Thus, k(N) =
0.194, 0.293, 0.367 and 0.423 if N = 1, 2, 3 or 4, respectively.
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of our results to inclusion of a simple form of short-run consumption insurance.

The period utility of a married person of age t and gender j in state £2;; is given by: 3
. ) . _
(4a) Ut]M(-th) = ;(l/)ng)a + th(l,{) + 0/ +nlp, + Awa(l{' I, YtM'Nt) j=m,f
7y — Bit (17\Y j
(4b) Li,(1) = 7(lt) + wjiely y<la<l1

The first term in (4a) is a CRRA in consumption with curvature parameter . We assume
household consumption CM is a “public” good. That is, the full amount CM enters the utility
of both the husband and wife. The parameter w € (%, 1) captures household economies of
scale in consumption.** The square root equivalence scale gives y = 1/A2 = 0.707, so a couple
needs 41% more expenditure than a single person to obtain an equivalent consumption level.

The second term in equation (4a) captures the value of leisure and home production.
The third term (8}) is the utility the individual derives from marriage itself (i.e., the match
quality), the fourth term captures the utility (or dis-utility) from pregnancy (p: = 1), and the
fifth term captures the utility a couple receives from the quality and quantity of children.
I11.LA.1.1. Tastes for Leisure and Value of Home Production

As shown in (4b), the second term in (4a) consists of two parts. The first is a CRRA in
leisure with curvature parameter y. The parameter Sj, which must be positive, shifts tastes for
leisure. For women we allow pj; to depend on p;, while for both men and women we allow pjt
to depend on education and on health status.

The second term in (4b) captures stochastic variation in the marginal utility of leisure.
This is denoted by thlg where u;, is a random variable. Our specification of the stochastic

process for u;, is an important and novel aspect of our model. Specifically, we assume that:

(5) In(uje) = toj + TyjIn(pj—1) + T2jPe-1 + ejlt where ejlt~iidN(O, ab)

where 0 < 7;; < 1. Thus, shocks to tastes for leisure (i.e., home time) follow a stationary
AR(1) process. Importantly, the arrival of a new child at time t (i.e., pr.1 = 1) leads to a shift in
tastes for home time (z;). This may capture a desire to spend time with children as well as

an increase in the time required for home production due to the presence of children.

3 The state vector 0j, contains four variables that are relevant for UgM(th). These are Ny and u;,, as well as
parent’s education and health (which shift ;). The state vector £2;, contains several additional variables, whose
role will only become clear after the full model is laid out. Thus, we defer giving the complete list of elements
of 02;, until we finish expositing the full model and turn to discussing the DP problem solution (Section 1V).

Y |f y = % there are no economies of scale, while if y = 1 then M is a pure public good for the couple.
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In practice we would expect that, particularly for women, the marginal utility of home
time will jJump up when a newborn arrives (i.e., 7,5 > 0). Afterward, provided that no new
children arrive, tastes for home time will gradually revert back to normal, as 7,5 < 1. This
mechanism enables the model to generate relatively large declines in employment for women
after childbirth, as well as their subsequent gradual return to the labor force as children grow
older. The stochastic terms e}t generate heterogeneity in individual response patterns.

The specification in (5) has important advantages over prior approaches to modelling
fertility. In dynamic models with endogenous fertility, a person’s state vector contains the
number of children at each specific age. As a result, the number of possible state vectors is
astronomical (see Geweke and Keane (2001) for a discussion). Our approach circumvents
this problem, as the state space in our model only contains the scalar variables u;. and N,
which leads to tremendous computational savings (see Appendix E2 for further details).
I11.A.1.2. Match Quality, Utility of Pregnancy, Child Production

In this section we discuss in detail the last three terms in equation (4a): the utility
from marriage, the dis-utility from pregnancy (p; = 1), and the utility from children. First,

consider the utility from marriage (6}) — i.e., the match quality. We write:

(6) 9{"=d1+d2-1[5m—5f>0]+d3-1[Ef—Em>0]+d4(H;”—H[)2+eg”

where £ ~iidN(0,0) and E’ denotes education, rank ordered as high school dropout
(HSD), high school (HSG), some college (SC), college (CG) and post-college (PC), and
Htj € {1,2,3} denotes health (i.e., good, fair or poor). The 2" and 3" terms capture
assortative mating on education. I[E™ — E/ > 0] is an indicator for the man having greater
education than the woman, and I[E/ — E™ > 0] is an indicator for the reverse. For example,
if d5 < 0, people are averse to matches where the woman has more education. The 4™ term
captures assortative mating based on health. If d,<0 people prefer matches where the partners
have similar health. Finally, £ is a transitory shock to match quality.

Next consider the utility from pregnancy, ;. We specify that:

(7) Ty = T[]_Mt + T[ZHft + T[3Nt + 7T4_pt_1 + Sf + eXp(Spr)

where & ~iidN(0,07) and &;* ~iidN (pr,1). Here = is a function of marital status, where
M; is a 1/0 indicator for marriage, the woman’s health, the number of already present children
and lagged pregnancy. The presence of health helps generate that fertility declines with age.
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The error term in (7) is designed to help capture changes in contraception technology.
It consists of €7, a Gaussian shock to tastes for pregnancy, along with the positive shock
exp(e, 7). The latter may lead to unexpected jumps in utility from pregnancy, which in our
model is observationally equivalent to random failures of contraception. The cohort-specific
parameter pr captures the prevalence such shocks in each cohort.

Note that equation (7) contains nothing individual specific. We assume pregnancy
decisions are made jointly by the couple, and each party gets the same utility from the
decision. Of course, one could imagine individuals in a couple getting different utilities from
a pregnancy decision, but we cannot infer such differences from the data so we ignore them.

Finally, consider the function Q(-) that determines the utility a couple receives from

the quality and quantity of children. We assume it is a CES function of the inputs, as follows:
p 1/p
©® L1y, N) = (ar(t])" + amP + ag(k(N)YM)P + (1 = a — @y — ag)Nf)

The first three inputs, which are home time of parents and spending per child, k(N,)Y, all
increase child quality. The parameter Aj’-” in the utility function (4a) is a scale parameter that

multiplies Q(+). This parameter is allowed to differ in the single state (see below).
I11.A.2. Value Function of a Married Couple
We are now able to write the choice-specific value functions for married individuals.

These depend on both a person’s own state and that of their partner:
. ) .
@ VMU, 0l Qe Q) = — @ + L(1]) + 67" + mep, + A (UL, 1L, v N,)

+0Eax (Mesa VAt Qv O an) + (L= MoV (@en)) G =fom

The current payoff simply reproduces (4). The future component in (9) consists of two parts,
corresponding to whether the marriage continues at t+1 or not. The term V2 (2141, 25.141)
is the value of next period’s state for partner j if the marriage continues. The newly defined
term th (th+1) is the value of next period’s state for partner j if he/she becomes single (i.e., a
divorce occurs). We discuss divorce and the value functions for single persons below.

The t+1 state depends on the current state {0,,., .} and current choices {l;",l[ Dt}
via the laws of motion of the state variables. ¢ is the discount rate and E4x(-) is the
expectation taken over elements of the t+1 state that are unknown at t. These include My,

{efs1) fOr j = m, f, 1, and &/, as well as realizations of wage shocks and job offers. We
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defer a detailed discussion of these until Section I11.C which describes the labor market.
111.A.3. Household Decision Making for Married Couples

In our collective model the household value function is given by:
(20) V(P U el e ) = AV (U1 el e Q) + (L= VM AT U, D) Qe )

Here 7 and (1-2) are Pareto weights. We set 2=0.5 for simplicity.'® The v/ for j=f, m are the
choice-specific value functions of the individual married partners. The € for j=f, m are the
state vectors of these individuals. Couples seek a choice vector {i{", l[, p.} to maximize (10).
The maximization of (10) is subject to the constraint that both parties prefer marriage
over the outside option of divorce.'® Let v/"(2,,,) and th (22¢) denote the maximized value
functions of single males and females in period t. Utility is not transferable, so a divorce
occurs if the value of the outside (single) option exceeds the value of marriage for either

party. Let F denote the feasible set of choice options. A choice vector {I*,1/,p,} € F if:
) V(UL D O) 2V () = B for j=fm

where A;, is the cost of divorce.'” If F = @ no choice vector {1, 1/, p,} satisfies (11)."* *°
We can now formally define the solution to the maximization problem. Denote the

vector of household choices that maximize equation (10) as {I™*, l{*,p;}. That is,

arg max{l{”,l{,pt}ef VtM(lirfni {; D¢ I‘th' ‘th) Lf F # @

1 pi} =
i) = r oo

The form of (10) insures that {l;”*,l[*,p;} is a Pareto efficient allocation. If one or more
parties prefer to remain single for all possible {1, l[,pt} then F = @ and a divorce occurs.

The maximized value function of a married individual in state 2;; is given by:

> In theory and empirical applications there are several ways to model the Pareto weight (e.g. Mazzocco, 2007).
Our simple specification here is similar to that of Voena (2015), who considers a household planning problem
with a unilateral divorce regime. We discuss our decision to stay with this simple specification in Section V.

1% If we take the unconstrained maximum of (10), we might obtain a solution for {l;”, l[,pt} where only one
party prefers to stay married. In a transferable utility framework marriage may be supportable in such a case,
using transfers between partners. We do not adopt this approach, as it is not clear how such transfers would be
enforceable after a couple agrees to remain in the married state.

" The cost of divorce depends on the number of children, Aje = ai + a;'Nt where parameters ai and a; may
change over time due to changing divorce laws.

*® Formally we can write F = {1, I/, p VM (7%, 1], pe| Qne, Q) = V(@) — Ay, for j =m, f} .

9 In Section 111.C we discuss additional constraints on the feasible set F that arise via the labor market. Every
period, workers receive job offers probabilistically. Hence, not every choice {I7*, ltf} is available. These labor
market constraints on the choice set can affect marriage and divorce probabilities.
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VM 1 pf | e, %) for  j=fm if F#0

M =
(12) (-th'gft)—{ . for j=fm if F=0

The maximized value function depends on both the own state (2, and that of the partner. This
dependence arises from two sources: (i) individual choice-specific value functions of married
people thM (i, l{ ,Dt|2me, 2f) depend on both own and partner states, and (ii) the vector
{tm=, 11", p;} is & joint decision made by the couple, so it depends on {€2,,;,2;,}. Note also that
if F = @ then no action exists such that person j can be married at time t, so a divorce occurs.
Then V/M = —o0, S0 behavior is governed solely by the single value function th(fzjt).

111.B. The Decisions of Single Households

In this Section we describe the optimization problems of single (i.e., unmarried) men

and women. To begin, note that the gross income of a single person is simply:
13)  GY/ =w/h] +b;-1[n] = 0] +cb (N) - 1(j = f,N, >0)  forj=m,f

As in equation (1), the wtj for j=f, m are annual full-time wage rates, h{e{O, 0.5, 1} are hours
of work levels, and the b; are unemployment benefits plus values of home time. The term
cb:(Ny) is a function designed to capture the array of social benefits targeted at single mothers
in the US. These include AFDC/TANF benefits, public housing, child care subsidies, etc.

Modeling welfare benefits and take-up is extremely complex (see Keane and Moffitt,
1998, Keane and Wolpin, 2010). Hence, we treat cbh,(N;) as an exogenous stochastic process
that we fit from data prior to estimation (see Appendix A for details). Importantly, the benefit
rule cb,(N,) provides a natural exclusion restriction. It affects behavior of single women
directly through the budget constraint, but it only affects behavior of married women, and all
men, indirectly through the marriage market and the household bargaining process.

The net income of a single person is given by:

14) v/ =c6y/ - ¥ (w/hl,N) j=fm

where £ (w/h!, N,) is the time t tax function for single individuals calculated using the tax

rules described in Appendix B. Thus, the budget constraint for a single person is simply:
(15) ¢/ =@ —«kW))Y/

Note that both single men and women may have children (N; >0). These may be children

from a previous marriage or, in the case of single women, children born outside of marriage.

12



In our model, utility functions exist at the individual level, and are not fundamentally
altered by marriage. Within marriage, collective household decisions are made by constrained
maximization of a weighted average of the individual partners’ utility functions, as in (10).
Consistent with this, we specify the utility functions of singles to be as similar as possible to

those of married individuals. Consider the per-period utility function of a single female:

(16) Utf (-th) = (% (C* + L; (lt)) (1-s)+ UpeSe + e + A;Q(lt' 0,Y, N¢)

where s; is a 1/0 indicator for school attendance. Provided the single woman is not in school
(st = 0), her utility function is fundamentally identical to that of a married woman, as one can
see by comparing (4) and (16). The only differences are that in (16) consumption is
individual specific (i.e., the equivalence scale y = 1), utility from marriage is (of course)

dropped, the utility from children is allowed to differ from the married state (47 # A]M), and,

of course, the home-time of the husband is set to zero in the Q function.

As we noted earlier, we assume only single people can attend school (s; = 1). To
simplify our model, we do not model how consumption is financed by students.”® Nor can we
measure “leisure” time for students in a way comparable to workers.?* Thus, consistent with
prior work like Keane and Wolpin (1997), we simply define a “utility while in school”

variable, which we denote by ;. for j=m,f. As we see in (16), students receive J;; as a current

payoff, rather than the function of (C,, L;) that workers receive. This payoff is given by:
(17) 9 =99j + TC - I(E; > HSG) + 91;PE + 9]’ for j=m/f

Here 9, is a function of tuition cost TC, which is only relevant for higher education, the skill
endowment »}, and parents’ education, denoted PE. As Keane and Wolpin (2001) discuss,
PE affects utility while in school in three key ways: (i) it affects consumption while in school
because more educated parents make larger financial transfers, (ii) it affects tastes for school,
and (i) it affects ability at school. These are very strong casual factors driving children’s
education. They help to generate changes in education levels across cohorts, as cohorts with
better educated parents tend to themselves get more education.?

Education evolves as follows: At age 17 all people are in school, at education level

“HSD.” Two more years of school are required to become a high school graduate (HSG). For

% Consumption while in school may be financed by a combination of parental transfers, financial aid, part-time
work, etc. (see Keane and Wolpin (2001). It is beyond the scope of our paper to model all these possibilities.

21 While we can see hours of market work, we cannot measure hours spent on school work.

%2 Note that U5 captures utility of school net of costs. Without data on costs these can’t be identified separately.
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the next 1 to 3 years of school the person is at the some college (SC) level, while 4 more
years is needed to become a college graduate (CG). Any additional years lead to the PC level.

We can now write the choice-specific value functions for single females:

(18a) th(lt; Pt stlﬂft) = (% (CH* + Lf(lt)) (1—5s)+ V¢St + Tepe + A;‘Q(lt' 0,Y:, N;)
+8EmaxV (Qf t41)

(180) EpaxV (@ 1) = Enax (Mesa Wi (@meen O ean) + (1= MoV (@1 41))

where Ey, AXV(!Zf,Hl) takes into account that the person may get married at t+1.

Similarly, for single males we have the choice-specific value function:

(19)  Vi"e s¢|2pe) = (% (CH* + Lm(lt)) (1= 5) + Opmese + A5 Q(0, 11, Yy, Ny)
+0EmaxV (2m,t41)

Equations (18) and (19) are symmetric, except that the latter does not include a pregnancy
option. The future component in (19) is defined analogously to that for women.

Now we consider the optimization problem of singles. In Section I11.E we discuss the
marriage market, but we must first consider decision making conditional on being single —

i.e., the state where no marriage offer is available or where it has already been declined.

Let V" (2,.) and th (£2¢,) denote the maximized value functions of single males and
females in period t. Let §* and Stf denote the feasible set of choice options for a single male
and female in period t, respectively. As we will see in Section I11.C, workers receive job

offers probabilistically, so §* and Stfmay not include all possible levels of work hours and

leisure. To proceed, for women and men we have, respectively:

f — f
(20) V! (%) = MaXy, pesoes! V. (les e, 5el )

(21) Vi (Qne) = maxg, syesm Vi (Lo SelQne)

These value functions appear in (11) and (27) that govern divorce and marriage decisions.
111.C. The Labor Market — Wage Offers and Job Offers
The wage offer functions have a standard Ben-Porath (1967), Mincer (1974) form:

(22) Inw), = !, + w X, — 0] X? + & for j=fm

where X; is work experience (years) and e € {HSD, HSG,SC, CG, PC} is education level. We let

the wage function parameters {w/,} , vary freely by cohort, gender, and education. Thus, at

k=1,
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a given education level, both starting wages and returns to experience may differ between
males and females, capturing two potential dimensions of discrimination.?® Our specification
allows returns to experience to differ by education, as recent studies (e.g., Imai and Keane,
2004, Blundell et al., 2016) find greater experience returns for more educated workers. We let
parameters vary by cohort to allow for changes in the wage structure over time, particularly
changes in returns to education/experience and relative wages between men and women.

The error term e]Vt" in equation (22) has a permanent/transitory structure:
(23) gt = uj (PE) + &/ where gf ~iidN(0,0")

The time-invariant error component u}f" is the person’s skill endowment (as in Keane and
Wolpin, 1997). Recall from I11.B that the skill endowment may also affect taste for school.
We allow for three initial skill endowment levels (low, medium, high). The probability a
person is each type is allowed to depend of parents’ education (PE), as people with more
educated parents tend to have higher skill endowments, and there is a strong intergenerational
correlation in education (see Keane and Wolpin, 2001, Eckstein and Lifshitz, 2011).

In each time period, people who were unemployed at the start of the period (h.; = 0)
may receive full- and/or part-time job offers probabilistically. Thus, their possible choice sets
for hours are D; = {0}, {0, 0.5}, {0,1} or {0, 0.5, 1}. The probabilities of getting a full-time
offer and a part-time offer are each determined by a logit model of the form:

exp(Pjor+djiret +¢jorXe+djzrHe)
1+exp(djor+djikel +djaXe+dj3iHe)

(24) Pi(k € Dy) =

for k=1, 2

where k=1,2 denote full- and part-time, respectively. Here e/ = 1,...,5 corresponds to the
five education levels in ascending order, X; is work experience and H; is health. An employed
individual (h.;>0) has the option to keep his/her previous job, unless an exogenous separation
occurs. The separation probability obeys a similar logit function that also depends on e/, X;
and H:;. Thus, a person may be involuntary unemployed due to exogenous separation or
because he/she draws the empty choice set (i.e., D = {0}). And a person may be voluntarily
unemployed because he/she quits their prior job or has an offer and rejects it.

By introducing job offer probabilities we can capture the idea that women who leave
the labor force (perhaps after marriage or childbirth) may have a difficult time obtaining job

offers later, as their work experience lags behind that of women who continue working.

28 Different intercepts or slopes between males and females may also capture that males and females of a given
age and education are not perfect substitutes in production, causing rental rates on male/female labor to differ.
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Hence, the impact of not working on experience (and wages) can accumulate over time. This
is important as a potential source of persistence in women’s employment (or unemployment),
as in Eckstein and Wolpin (1989). At older ages, we also have that poor health may limit
one’s ability to get job offers, which may reduce employment and even encourage retirement.
I11.D. Health Status

Health obeys a three-state Markov chain, where Hj; €{1,2,3} indicate good, fair and
poor, respectively. The transition probabilities differ by age and cohort. We assume health is
an exogenous process, so it can be estimated outside the model. See Appendix A for details.

Health is important in our model. For example, we require people to retire by age 65,
but declining health may induce them to retire earlier, as health affects both tastes for work
(eqgn. 4b) and job offer probabilities (24). Health is also a dimension of match quality (egn. 6)
on which people sort in the marriage market, and it shifts tastes for pregnancy (eqn. 7).
Furthermore, as we assume health it is not affected by employment, marriage or fertility
decisions, it generates exogenous variation in these decisions (given our model).
I11.E. The Marriage Market

The final component of the model is the marriage market. Single people may receive
marriage offers, and they choose to become married if they draw a good enough match. To
make this decision, they must compare the value of remaining single to the value of entering
the married state. This section describes how the matching process works.
I11.E.1. Marriage Offers

At the start of a period a single individual may receive a marriage offer. Denote the
probability of receiving an offer as p/(12;,) for j = f, m. We assume the probability is given by
a binomial logit model that depends on age and age-squared, whether a person is below 18,
and whether a person is in school. The age effects differ by gender.

A marriage offer is characterized by a vector of attributes of a potential spouse,
denoted by M. It is convenient to describe the construction of marriage offers in three steps:

First, we assume marriage offers always come from a potential spouse of the same age
(t). This is necessitated by technical issues that arise in solving the dynamic programming
problem. See Appendix E for details. We do not think this assumption will have too great an
effect on the results, because the large majority of married couples are in fact close in age.**

Second, we draw the education of the potential spouse. We assume potential spouses

have three possible education levels: high-school and below (HS, ed = 0), some college (SC,

2 For the cohorts of 1935-1975, the age gap between partners is below 5 years for 78% of all couples. It is
below 7 years for 87% of couples, and below 10 years for 94% of couples.
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ed = 1) or college or above (C, ed = 2). The probability of receiving an offer from a potential
spouse of the HS, SC or C type depends on a person’s own education.?
Specifically, if the individual gets a marriage offer, we draw the potential partner's

education using a multinomial logit (MNL) with the following latent indices:

v = ng+nycIled™ —ed’ = 2] +n5; - I[ed™ —ed” = 1]+ €},
(25)
vyt = noy +nif - Iled™ —ed” = 1]+ €3¢

High school is the base case with v{* = 0. The parameters  govern the extent to which a
person is more or less likely to receive offers from potential partners whose education differs
from their own. Changes in # across cohorts reflect changes in supply of potential partners of
different education levels, as well as changing tastes for partners of different types.

Third, we draw the remaining elements of M. The five observed elements are drawn
from the population distribution of all potential partners within a person’s own age/education
cell.”® These distributions are not conditional on un-observables, so we can obtain them from
the data. The four unobserved elements are drawn from their population distributions as
specified in the model. These are the potential partner’s tastes for leisure u;., labor market

ability u}", transitory wage shock é}/t", and the taste for marriage, €. The stochastic

terms p;q, u}”, éth" and €M, are observed by both parties as part of the marriage offer. Both

parties also understand which terms are permanent and which terms are only transitory.
Putting this all together, the marriage offer for a single female consists of the vector:

(26) My = (E™ H™ X™ N™, PE™, h{", tth, i, Emme, €"

Marriage offers for males (M) have an analogous form.

I11.E.2. Marriage Decisions
Given a marriage offer Mj, a single person can construct the vector (2¢, 2,,;) that
characterizes the state of the couple if they marry. That is, (2, M) = (25, {4,,) for j=f,m.

The potential partner also knows (2, {2,,.). Both parties calculate the value of marriage,

denoted by thM(th, th) for j =f,min equation (12). A marriage is formed if and only if:

(27) thM(th' th) > th('th) and Vth(th’th) > V" ()

% To simplify the MNL we combine the HSD and HSG levels into “HS,” and the CG and PC levels into “C.”
Then, if a person draws “HS” we assign education level HSD or HSG to the potential partner according to the
actual fraction in the data (by cohort and age). We do the same to convert "C" draws to CG and PC offers.

% These elements of Mj; are the partner’s health, work experience, number of children, PE and lagged work.
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If the pair decides to marry they proceed to make collective decisions about work and fertility
as described in Section I1I.A. If the pair decides to remain single they make decisions about
work, school and (for women) fertility as described in Section I11.B.

I11.F. Terminal Period and Retirement

The terminal period in the model is fixed at age 65, at which point everyone must
retire. Of course, people can choose to stop working earlier if desired. By setting the terminal
period at 65 we avoid the complications of modelling Social Security and the accumulation of
retirement savings.?’ To reduce computational burden, we assume the terminal value function
VTj+1([2jT) at T=65 is a simple function of state variables. Thus, the terminal value function
accounts for retirement savings in a reduced form way. See VI1.D and Appendix G for details.
1. G. Summary

This completes the exposition of the model. Note that the choice set of a married
couple is {i, 1/, p,}, as well as whether to stay married, while that of a single person is work
hours, school attendance, whether to marry, and, for women, pregnancy. We have stochastic
terms in tastes for leisure, pregnancy, school and marriage. As there is a stochastic term
associated with every choice, the model will produce a non-degenerate likelihood.

Finally, it is useful to discuss the mechanisms that drive marriage in the model. First,
there is the public good nature of couples’ consumption. Each partner consumes 71% of total
household consumption. Thus, marriage may increase consumption of both parties. However,
if a person has much higher earning capacity than their potential spouse, his/her consumption
may fall with marriage. Thus, a person with higher earning capacity will tend to have a higher
reservation earning capacity for their spouse (ceteris paribus). This occurs for two reasons:
(1) the higher a person’s income, the higher the income of his/her spouse must be to prevent
consumption from falling after marriage, and (ii) a person with higher earning capacity will
have a higher probability that his/her offers are accepted, enabling them to be more selective.
These mechanisms help to generate assortative mating in the model.

Second, people get utility from marriage itself (see egn. (6). But the magnitude of this
utility differs across potential spouses. This gives the individual an incentive to search over
marriage offers (i.e., an option value for waiting). In (6) we specified that people prefer

spouses with similar education. This helps to generate assortative mating on education.

Interestingly, there is a trade-off between 6 and wtf (as noted earlier). This means a person

%" For our five cohorts, the “normal” age for claiming Social Security (SS) benefits was gradually increased
from 65 to 67. But workers can also opt to receive “early” SS benefits at age 62, subject to a penalty in the form
of a reduced benefit level. To avoid having to model this decision, we chose to fit our model only to data up
through age 61. By setting the terminal value function at age 65, we implicitly assume away the early SS option.
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is willing to accept a larger education difference if it is compensated by a higher wage.

IV. Solution of the Model

We back-solve the model from age 65 to 17.2® We stress that we solve the dynamic
programming (DP) problems of individual males and females. The individual solves his/her
problem understanding the probabilities of marriage and divorce, and how decisions will be
made when married (i.e., that couples solve the joint problem described in Section I11.A).

The state space 2;, of our DP problem is discrete. One state variable is marital status
(My). The set of remaining state variables depends on marital status. We now list all the state
variables in (2, along with the number of possible values (or grid points) for each:

For a single person, the state variables are: Gender (j = m, f); Age (t), t =17, ..., 65;
education (E) with 5 levels; experience (X) with 5 grid points 0,1.5, 3.5, 7.5 and 15;*°
children (N) with 4 levels (0, 1, 2, 3+);*° health (H) with 3 levels; taste for leisure (u;;) with 3
levels;** the skill endowment (1) with 3 levels; lagged work (h.:>0) with 2 levels; lagged
pregnancy (pw1) and parent education with 2 levels (college or not). For a married person, or
a single with a marriage offer, the state variables are all of the above, plus the characteristics
of the spouse or potential spouse (M,-t).32 Match quality is the same for both partners.

The number of children is a state variable regardless of whether a person is married.
The law of motion for children conditional on a new marriage at age t is N;;; = N; + p; —
Di—1s + Me11(1 — M)NS where N° is number of children of the potential spouse. We do not
distinguish own from spouse’s children after a marriage is formed. Such a distinction is not
possible in the data, and it would expand the state space dramatically. If a divorce occurs, the
number of children remains a state variable for both partners. It continues to enter the Q(:)
function in (18)-(19) and the budget constraint in (15).% The values of A7 for j =m, f capture
that men/women may have different responsibility/concern for children of a prior marriage.

Crucially, starting at age 17, a single person must make choices taking into account

how they affect his/her marriage market opportunities. This means being able to predict the

?® We assume everyone lives to at least age 65, and abstract from marriages that end via the death of a spouse.

# Note that we reduce the size of the state space by adopting a grid of only 5 possible experience levels, and
interpolating the value functions between those points. We concentrate the grid points at low experience levels
so the approximation can capture the fact that returns to experience are higher at low levels of experience.

% We avoid including ages of children in the state space when we solve the model. This is discussed in detail in
Appendix E Part 2. But we keep track of children’s age when we simulate the model. We impose that 4 is the
maximum number of children, as few people in the data have more, and it reduces the size of the state space.

31 We adopt a three-state Markov approximation to the AR(1) process for tastes for leisure.

*2 In the case of a single person with a marriage offer, the children the potential spouse would bring to the
marriage is also relevant. We denote this by N° and assume it has two possible levels.

% We assume that both parents contribute part of their income to their children after divorce. But we assume no
alimony payments. This is plausible, as during our sample period the enforcement of alimony was weak.
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distribution of potential spouses conditional on own age and education in future periods. We
assume people have perfect foresight about these distributions. This is imposed implicitly in
estimation by: (i) using the same offer distribution that we fit within the estimation as the
distribution that people use to forecast offers, and (ii) requiring that the model based on this
assumed distribution provides a good fit to realized assortative mating patterns. This
assumption circumvents the need to solve for the offer distribution as an endogenous object
that emerges from the marriage market equilibrium, which would be infeasible in a dynamic

context. Appendix E contains additional technical details about the marriage market.

V. Estimation and Identification

We estimate our model using repeated cross-section CPS data, as in Eckstein and
Lifshitz (2011); specifically, using annual data from the March CPS for the period 1962 to
2015. The sample is restricted to white civilian adults over age 16. We divide the sample into
five cohorts born within two years of the reference years 1935, 1945, 1955, 1965 and 1975.*

The estimation method is the Method of Simulated Moments (MSM), as proposed by
McFadden (1989) and Pakes and Pollard (1989). See Appendix F for details. Our procedure
involves simulating hypothetical life-cycle data for 1000 men and women for each cohort.
We observe cohorts for different age ranges; the last observation is age 61 for the 1935, 1945
and 1955 cohorts, 51 for the 1965 cohort and 41 for the 1975 cohort.®

We estimate “benchmark™ and “full” specifications of the model. In the benchmark,
the only differences between cohorts are the initial conditions, which are parent education,
the health process, and the tax/welfare rules. We call these “benchmark factors.” In the full
specification, we let three additional sets of parameters differ by cohort: (a) marriage offer
probabilities and divorce costs, (b) wage/job offer distributions and (c) fertility shocks.

To estimate the benchmark model we use only data for the cohorts of 1945, 1955 and
1965, leaving the cohorts of 1935 and 1975 to test the time invariance of the preference
parameters. There are 1505 moments for the 1945 and 1955 cohorts, and 1181 moments for
the cohort 1965, so the benchmark model is fit to 4191 moments in total. The complete set of
moments is listed in Appendix H, and the parameter estimates are presented in Appendix |.

Note that we set by, = b = 0 in equations (1) and (13), as it was not feasible to identify
both the value of home time parameters in the budget constraint and the preference for leisure

parameters in the utility function (i.e., the £ and zo parameters in equations 4 and 5).

# We did not use the 1925 cohort as the data does not start until age 37, and we did not use the 1985 cohort as
the data exists only up to age 31. Additional sample restrictions are discussed in Appendices A and H.

% For the 1935-55 cohorts data from 62-65 is available. However, as we noted earlier, we chose to fit our model
only to data up through age 61 to avoid having to model the possible early receipt of Social Security at age 62.
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V.A. ldentification

In complex dynamic models, it is well-known that formal proofs of semi-parametric
identification are infeasible. So it is standard to rely on heuristic arguments. Our model can
be viewed as a dynamic version of Heckman’s (1974) labor supply model, but where offer
wage functions are combined with a far more elaborate selection mechanism. Intuitively, just
as in his static model, identification relies on exclusion restrictions of two types. First, to
identify offer wage functions given selection we need variables that exogenously shift the
decision rule for work (e.g., by shifting preferences or values of leisure) but do not enter the
offer wage function directly. Second, to identify utility parameters, we need variables that
exogenously shift offer wages but do not alter preferences or values of leisure.®

Consider first the offer wage function. As wages are only observed for those who
choose to work, and the wage function contains a latent variable for unobserved skill, we
have selection and endogeneity bias in estimating returns to education and experience. But
our model contains several variables that affect the decision to work (through preferences, the
value of leisure, or other channels), but that do not enter the offer wage function, and that are
exogenous from the perspective of the agents.®” These are health, welfare benefit rules,
cb.(N,), and the distributions of potential partners and competitors in the marriage market:

(i) Health affects work decisions directly through tastes for leisure and job offer
probabilities. But it does not affect offer wages directly, generating an exclusion restriction.

(ii) Welfare benefit rules provide an obvious exclusion restriction, as they affect
decisions about work, marriage and fertility but do not enter the offer wage function.

(iii) The distribution of potential partners (marriage market opportunities conditional
on education and experience) is an important source of returns to education/experience — and
hence an important influence on work decisions — but it does not affect offer wages directly.

Second, we also have variables that shift offer wages but do not alter preferences or
values of leisure, thus enabling us to identify utility parameters. For example, tax rules vary
across cohorts and calendar years within cohorts. These tax rule changes alter after-tax offer

wages, allowing us to identify labor supply elasticities with respect to after-tax wages.

% These heuristic arguments mimic identification arguments used in static labor supply models like Heckman
(1974). There, the identification argument consists of two parts: First, in order to identify offer wage function
parameters one requires variables that enter the decision rule for working but do not enter the offer wage
function. Second, in order to identify labor supply elasticities, one also needs variables that enter the offer wage
function but not the utility function (and hence not the decision rule for work).

%7 Children have often been used as an instrument in this sense. But completed fertility (i.e., the number of
children) is presumably correlated with the skill endowment, so it is not a valid exclusion. On the other hand,
the arrival of newborn children shifts tastes for leisure but does not affect wages.

% While a decline in health does not reduce wages immediately, it will reduce wages over time through its effect
on accumulated work experience. This mechanism is found to be important by Capatina et al (2018).
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Given offer wage and labor supply functions, a heuristic argument for identification
of the decision rule for school attendance is straightforward. Following Willis and Rosen
(1979) we can, in principle, construct expected values of lifetime earnings corresponding to
different education levels, and then, in principle, back out the tastes for school (and other
preference parameters) required to match the observed schooling distribution.*

Similarly, to identify the decision rule for marriage, we can use the offer wage and
labor supply functions (both for marrieds and singles) to calculate expected values of future
earnings and consumption for married vs. single individuals of both genders. We could then,
in principle, back out preferences for marriage that rationalize observed marriage decisions.
Of course, in practice, such calculations would be incredibly complex, which is precisely
why the literature resorts to heuristic arguments.*°

In the literature using method-of-moments estimation, an alternative type of heuristic
argument for identification is often used. This mode of argument focusses on which data
moments pin down certain model parameters. Of course, in complex nonlinear models all
moments potentially influence all parameters. But it can still be useful to give an intuitive
discussion of which moments are most informative about certain parts of the model:

For example, moments involving starting wages and the distribution of completed
schooling help pin down wage function intercepts (conditional on education) and parameters
of tastes for schooling.** As individuals only leave school to enter work if a wage offer is
high enough, the model’s predicted starting wages incorporate a selection correction.
Similarly, moments involving wages conditional on experience convey information about
returns to experience (corrected for selection based on the model’s decision rule for work).

Moments involving employment/wages pin down tastes for leisure and consumption,
as well as parameters of the job offer function. Consider a model with a 100% job offer
probability vs. one with a lower probability. In the former, all unemployment is due to
rejected offers, so a higher variance of tastes for leisure is needed to generate a given level of
unemployment. And the composition of the unemployed generally differs between the two
settings (as rejecting offers is a choice, but job destruction is not).*> Changes in employment

with arrival of a newborn also help to pin down some parameters of tastes for leisure.

% Both future and present marriage market opportunities matter for schooling decisions. The expected quality of
future marriage offers depends on ones’ education, and this is an important incentive to stay in school. But
students also get marriage offers, and the distribution of these offers depends on their current education level.

0 Of course, it is straightforward to test whether any particular parametric model — no matter how complex — is
identified simply by checking the invertibility of the Hessian.

* Parents’ education affects tastes for school but it also affects the probabilities of the initial skill level. So it is
endogenous in the sense that it enters the wage function directly.

“2 For instance, note that we do not allow tastes for leisure to vary by education. Given this restriction, it is
difficult to generate the observed unemployment among college graduates without some job destruction.
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Marriage/divorce rates and marital sorting help identify tastes for marriage. For
instance, if tastes for marriage have small variance, one would choose partners solely based
on income and education. More variation in tastes leads to less perfect sorting. Similarly,
sorting is affected who one is likely to meet (e.g., a lower proportion of college types in the
population lowers the chance of marrying that type). As a final example, variation of fertility
with income/employment helps pin down parameters of the child quality production function.

Dynamic models can be estimated from cross-sectional data, provided one observes
the endogenous state variables.*® But we face the added complication that experience is not
observed in the CPS (we only see age). We rely on the structure of our model to deal with
this problem. Most importantly, we assume age does not enter the wage function directly, so
all life-cycle wage growth is due to experience. We do not attempt to disentangle experience
vs. age effects on wages, as this could not be done credibly without data on both variables.

Furthermore, our model generates a work decision rule that implies a mapping from
age to experience. Many observable quantities are affected by that mapping. As one example,
the magnitude of returns to work experience affects labor supply behavior, and in particular
the relationship between the wage-age profile and the wage-hours profile (see Imai and
Keane, 2004). Another example is the observed married/unmarried wage gap. The higher the
participation rate, the better is age as proxy for experience. Specifically, as we will see below,
changes in the marriage wage gap over time can be explained (in part) by changes in the age-
experience mapping induced by rising employment rates of married women.

Finally, as indicated earlier, we assume Pareto weights are constant across time and
cohorts. Allowing them to vary (e.g., to preserve a marriage when total surplus is positive but
one party prefers divorce) would create two problems: First, it enlarges the state space, which
is infeasible. Second, strong identification of the weights requires data on private
consumption/leisure/housework time by members of the household that is not available. As
we show below, our model provides a good fit to marriage and divorce rates, which are
directly affected by the Pareto weights. Thus, we feel that allowing them to vary would not
add much to the model or significantly improve its fit (see Gihleb and Lifshitz, 2012).

V1. Estimation Results and Interpretation

We first estimate our model on pooled data from the 1945, ‘55 and ‘65 cohorts,
assuming common parameters across cohorts, and with no fertility control shock in (7). We
refer to this as the “benchmark™ specification. Here, all that differs across cohorts are the

initial conditions: mother’s education, the tax/welfare rules and the health process. We refer

* Unobserved exogenous state variables can always be integrated out of choice probabilities (see Rust (1987)).
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to these as “benchmark factors.” Of these factors, mother’s education clearly has the primary
impact on cohort differences, as it increased greatly from the *35 to the *75 cohort.**

A subset of parameter estimates of the benchmark model are presented in Appendix
I.1 and Appendix G. These are the parameters of preferences (for leisure, consumption,
school, marriage, pregnancy and children), the child quality production function, the shock
variances, the initial ability distribution, and the terminal value function. Almost all are
significant and with the expected signs. We do not yet report the labor and marriage market
parameters in egn. 22 and 24-25, as these are discussed below for the “full” model.

Not surprisingly, the benchmark model cannot fit the data for all five cohorts (see
Appendix J). Thus, our empirical strategy is to allow some exogenous factors to differ across
cohorts in order to obtain a “full” specification that does fit the data well. But, rather than
conduct an arbitrary specification search, we discipline the analysis in two important ways:

First, we hold preference parameters fixed for all cohorts, including 1935 and 1975, at
their estimated values in the benchmark specification. Second, based on the literature and our
own judgement, we chose three additional factors that we deemed a priori to be the most
important changes across the cohorts. We hypothesized that, given our model, these three
additional factors are both necessary and sufficient to explain the main cohort differences.
Specifically, in the “full” specification we allow for the following four exogenous factors to

differ by cohort, and we estimate their parameters for each cohort separately:

Q) Benchmark Factors: Mother’s education, health and tax/welfare rules.

(i)  Marriage market parameters: the marriage market matching function (25) and the
divorce cost parameters, o] and a.

(iii)  Labor market parameters: the offer wage equation (22) and offer probabilities (24).

(iv)  Awvailability of oral contraception. Imperfect fertility control is captured by including
in (7) the positive shock to taste for pregnancy exp(e, ) where &?~iidN(pr, 1), and

allowing pr to differ freely across cohorts.

Tables 12 and 13 report the cohort-specific parameter estimates for (ii)-(iv). These are almost
all significant with expected signs and magnitudes. The next three sub-sections discuss how
factors (i)-(iv) influence the fit of the model to A) wages/employment; B) the married vs.
unmarried wage gap, and C) education, marriage, divorce, assortative mating and fertility.

We also discuss how each factor contributes to changes in behavior across cohorts.

* The actual rates of college graduate mothers are: 6% for 1935 cohort, 6% for the 1945 cohort, 11% for the
1955 cohort, 20% for the 1965 cohort and 27% for the 1975 cohort. For the tax schedule see Appendix B. for
the health transition process and the tax and welfare rules see Appendix A.
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VI.A. Wages and Employment by Cohort

In Appendix J, Table J1, we present the fit of both the “benchmark” and “full”
specifications to mean wages and employment rates by cohort, broken down by gender,
marital status and age. Obviously, the benchmark model fits poorly for all cohorts except
1955. In particular, it fits the data on mean wages poorly for all other cohorts for almost all
gender/marriage/age cells. The benchmark model does fit employment for men rather well in
all cohorts. But it provides a very poor fit to employment for women. In particular, it greatly
over-predicts both wages and employment for married women in the 1935-45 cohorts, and it
greatly under-predicts these quantities for the 1965-75 cohorts.

In contrast, the full specification provides a very good fit to wages and employment in
all cohorts for almost all gender/marriage/age cells. This supports our hypothesis that factors
(i)-(iv) are sufficient to explain all the main cohort differences in wages and employment. In
particular, we can explain (a) the rapid employment growth for married women at the same
time that employment of single women and all men are fairly stable, (b) the very rapid wage
growth for married women relative to other groups, and (c) the stabilization of employment
of married women in the 1965-75 cohorts. Furthermore, the model fits untargeted moments
for annual transition rates of employment and marital status extremely well (see Table J3).

We have shown that, with fixed preferences across cohorts from 1935-75, factors (i)-
(iv) are sufficient to fit the key facts regarding changes in wages and employment for married
vs. unmarried women (and all men) across the 1935-75 cohorts. But are they all necessary?
Next we assess the contribution of each factor to the observed changes across cohorts.

In Table 1, we use the full specification to decompose the contribution of each of the
exogenous factors (i)-(iv) to changes across cohorts from 1935 to 1975. The predicted values
of the full specification are very close to data, so this decomposition also summarizes the
contribution of each factor to the actual changes overtime. We calculated the contribution of
each factor by adding them in stages, in the order (i)-(iv), and asking how much of the total
change from 1935 to 1975 is explained at each stage. Results are reported in Table 1.°

According to Table 1 top row, the benchmark model can explain only 11 points of the
90% increase in wages of married women aged 25-34 that occurred from the 1935 to 1975
cohorts. This 11 point increase was largely driven by the increase in mother’s education over

this period, which increased their daughters’ skill endowment and tastes for school. When we

* The step-by-step process has the drawback that the contribution of each factor may be sensitive to the order in
which they are added. An alternative method is to change the factors one at time holding other factors fixed. The
one-at-a-time method has the problem that, if there are important interactions between factors, the individual
contributions may not add up to anything close to 100%. Remarkably, we found the estimated contribution of
each factor was nearly identical regardless of the method we used. The one-at-a-time results are in Appendix K.
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allow factor (ii) to differ by cohort (i.e., marriage market opportunities and divorce costs) it
explains another 7 points. But, when we introduce factor (iii), changes in labor market
opportunities, it explains a substantial 65 points of the wage increase. Finally, we find that

improved fertility control (oral contraception) contributed 8 points to the increase in wages.*®

Table 1: Decomposing Sources of Cohort Differences - Wages and Employment

1935 1975 Contribution of each factor
Total % )
Fitted Fitted Change | Benchmark marriage labor contraception|
market market

Wages (Thousands of $)
Married Women - Ages 25-34 20.5 39.0 90% 11% 7% 65% 8%
Married Women - Ages 35-44 25.1 51.2 104% 12% 5% 81% 5%
Unmarried women - Ages 25-34 23.3 37.7 62% 4% 1% 55% 1%
Unmarried women - Ages 35-44 28.4 43.5 53% 3% 1% 49% 0%
Married Men - Ages 25-34 36.2 51.3 42% 1% 1% 40% 0%
MarriedMen - Ages 35-44 52.2 69.8 34% 1% 1% 32% 0%
Unmarried Men - Ages 25-34 30.0 42.9 43% 3% 1% 39% 0%
Unmarried Men - Ages 35-44 42.9 56.3 31% 2% 1% 28% 0%
Employment
Married Women - Ages 25-34 0.27 0.63 130% 13% 13% 67% 36%
Married Women - Ages 35-44 0.44 0.66 50% 4% 5% 35% 6%
Unmarried women - Ages 25-34 0.68 0.75 11% 1% 0% 8% 1%
Unmarried women - Ages 35-44 0.70 0.72 2% 0% 0% 2% 0%
Married Men - Ages 25-34 0.91 0.89 -2% 0% -1% -1% 0%
Married Men - Ages 35-44 0.92 0.90 -2% 0% -1% -2% 0%
Unmarried Men - Ages 25-34 0.78 0.79 2% 0% 0% 2% 0%
Unmarried Men - Ages 35-44 0.79 0.75 -5% 0% 0% -5% 0%

Thus, factor (iii), which captures changing labor market opportunities (i.e., offer wage
functions and job offer probabilities), explains % of the 90% increase in wages for married
women aged 25-34, with the other 3 factors explaining the remaining Y. Similarly, for
married women aged 35-44, factor (iii) explains 4/5 of the 104% increase in wages. For other
groups, changes in labor market opportunities explain almost all of the increase in wages.

In contrast to wages, we only see substantial increases in employment for married
women aged 25-34 (130%) and married women aged 35-44 (50%). As we emphasized in
Section Il, employment was rather stable for the other groups. Focusing on the younger group
of married women, we find that changing labor market opportunities account for 67 points of
the increase — i.e., roughly half. Contraception accounts for roughly 1/4, and the baseline
factors (primarily increased mothers’ education) and changing marriage market conditions
account for 1/8 each.*’ Thus, while labor market conditions are the main factor, we cannot
explain the entire increase in employment of married women without also considering

changes in mothers’ education, the marriage market, and especially contraception.

*® Note that, at the final stage, we re-estimate all the model parameters (except preferences, which are always
held fixed at benchmark values) to get the final fit of the full specification.

" Recall that “marriage market conditions” includes both the marriage offer distribution and divorce costs.
Chiappori, Fortin and Lacroix (2002) find a positive effect of easier divorce laws on women’s employment.
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The role of contraception is worth emphasizing. The estimates of equation (7) imply
that fertility control improved greatly from the 1935 to 1945 cohorts, and that it was nearly
perfect from the 1955 cohort onward.*® The model implies that of the 36 point increase in
employment of young married women (from 27% to 63%) that occurred from the 1935 to the
1975 cohorts, 9 points was due to improved contraception. We found it impossible to fit
employment of young women in the 1935-45 cohorts without accounting for this factor.

As changes in labor market opportunities play such an important role in explaining
wage changes for all groups, and changes in employment for married women, it is interesting
to examine how the wage structure changed over cohorts. We allow a very flexible wage
offer function (22) in which parameters are allowed to vary freely by cohort, gender, and
education. For given education, both starting wages and returns to experience differ between
males and females, in ways that differ by cohort. Given this flexible structure, individual
coefficients are not very informative, and it is more useful to look at graphs of the offer
wage/experience profiles. We present graphs for the 1935 and 1975 cohorts in Figure 3.

Figure 3A presents estimated offer wage profiles for the 1935 cohort. Each color
represents an education group, and the solid lines are for women while dashed lines are for
men. The inferior labor market opportunities for women are evident. At each of the five
levels of education the starting offer wage for women is well below that for men. Even more
striking is that the slopes of the offer functions in experience are much less for women than
men. For example, by 11 years of experience a woman with a post-graduate degree (solid red
line) receives offers no better than a man with only some college (dashed green line).

Figure 3B shows that offer wage functions for men and women became much more
similar in the 1975 cohort.*® The starting wage gap at each education level was sharply
reduced. It is still true that the men’s offer wage function at each level of education lies
slightly above that for women, and the experience slopes for men are still slightly greater than
for women. But the improvement from 1935 is striking. Clearly, returns to education and
experience increased greatly for women over this period.

One obvious potential explanation for these patterns is that discrimination against

*® Recall &’ ~iidN (pr, 1). For the 1935 and 1945 cohorts we estimate pr = -0.18 and pr = -0.79, respectively,
while for later cohorts we estimate pr <« 0 (see Appendix I). These results conform with historical patterns. The
oral contraceptive pill was invented in the late 1950s, and approved by the FDA in 1960. It became available to
married women in all states after Griswold v. Connecticut, 1965, and to unmarried women in all states after
Eisenstadt v. Baird, 1972. Thus oral contraceptives were not available to the 1935 cohort until late in their
reproductive years, and availability to the 1945 cohort was mixed. But the later cohorts had unrestrictive access.
*'If offer wages are similar for men and women, the dashed and solid lines of a given color should lie close
together in Figure 3. This is far from true in 1935, where we often see a solid line (women) of color X lying
below a dashed line (men) of color Y, when color Y actually represents a lower level of education than color X.
But in the right panel, for the 1975 cohort, we see a nearly perfect grouping of the offer wage functions by color.
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women in the labor market has been reduced (see Jones et al., 2003). But two other
possibilities are that: (a) returns to female skills have increased, perhaps due to the growth of
the service sector (see Lee and Wolpin, 2006, Johnson and Keane, 2013), and (b) human
capital investments in girls prior to age 17 have improved. Obviously, our model is not
designed to disentangle these scenarios. A key point, however, is that the complex changes
we estimate cannot be captured by a reduction in the traditional measure of discrimination —
i.e., the so-called “male/female wage gap” (or wage function intercept). Rather, we find that
the male/female wage gap changed differentially at different levels of education/experience.

This pattern is hard to explain by a reduction in pure discrimination.

Figure 3: Simulated Annual Wages by Education and years of Experience
Figure 3.A. — Cohort of 1935 Figure 3.B. — Cohort of 1975
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Finally, we also consider how job offer rates have varied over time. According to our
estimates, offer rates for already employed individuals are always 96 to 97%. So it is more
interesting to focus on the non-employed. In the 1935 cohort a non-working woman had a 1/3
chance of getting a full or a part-time offer, regardless of her education level. For high-school
men in the 1935 cohort the probability of a full-time offer was much higher (58%), and this
increased to 68% for college men. However, the offer probabilities faced by women and men
converge substantially. In the 1975 cohort, high school women are much more likely to get
full-time offers (60%), and the chance is even better for college women (68%). These figures
are still below those for men (71% and 79% respectively), but the convergence is striking.
VI1.B. The Marriage Wage Gap

As the full specification fits mean wage differences between married and unmarried
women and men nearly perfectly for all cohorts, in this section we ask whether the model is

also able to fit the dramatic changes in the marriage wage gap (see Appendix D). This was an

> The figures in the text are calculated using equation (24) and the offer probability parameters in Appendix I.
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untargeted moment in the estimation. Thus, our ability to fit the marriage/unmarried wage
gap is a test of the external validity of the model. To proceed, we estimated Mincer wage
equations for each cohort of women, using (i) the actual CPS data, (ii) simulated data from
the benchmark model and (iii) simulated data from the full model. Table 2 reports the results.

As we noted in Section Il, in the CPS the marriage wage gap shifts from -8.9% in the
1935 cohort to 5.2% in the 1975 cohort. Thus, the “negative” selection into marriage of the
1935 cohort is reversed to “positive” selection in the 1975 cohort. The benchmark model
generates a 4.9 percentage point increase in the marriage wage gap from the 1935 cohort to
the 1975 cohort — roughly 35% of the observed change. But the full model predicts a 12.8
point increase, so it accounts for 90% of the total observed change.>* We regard this as an
impressive validation of the model, as fitting the nature of selection into marriage is a more

subtle challenge than, say, fitting levels of wages and employment.

Table 2: Marriage Wage Gap by Gender and Cohort

Women Marriage Wage Gap Men Marriage Wage Gap
1935 1945 1955 1965 1975 1935 1945 1955 1965 1975
Data -8.9% -6.8% -1.7% 2.0% 5.2% 19.7% 18.7% 19.5% 19.7% 18.3%
Benchmark Model -3.6% -3.7% -1.1% 0.8% 1.3% 11.9% 12.3% 12.0% 12.9% 12.3%
Full Model -8.4% -6.4% -1.0% 2.3% 4.4% 12.9% 13.8% 13.6% 13.8% 13.7%

Control for Experience -3.3% -2.8% 2.0% 3.2% 5.0% 4.3% 4.4% 5.5% 6.5% 6.4%
Control for Ability 0.8% 0.8% 1.1% 0.7% 1.0% 1.2% 0.8% 0.9% 1.4% 0.9%

In the row of Table 2 labelled “control for experience” we use simulated data from the
full model and include true work experience rather than age in the Mincer equation. This is
only possible in simulated data because we do not observe actual experience in the CPS. With
this change, the model predicts an 8.3 percentage point increase in the marriage wage gap.
Thus the model implies that 12.8 — 8.3 = 4.5 points (or one-third) of the 12.8 point predicted
increase in the marriage wage gap is due to changes in the mapping from age to experience
(i.e., married women now are working more and acquiring more human capital).

Finally, in the last column of Table 2, we also control for unobserved ability, which
we observe in the simulated data. In principle, if the mapping from education, experience,
experience-squared and latent ability to wages was exactly log linear, this equation should
control for all differences between married and single women, and the marriage wage gap
should vanish. In fact, the equation implies a small (but statistically insignificant) positive

marriage wage gap for all cohorts. But it increases by only 0.2 percentage points from 1935

>! Recall that our analysis is disciplined by the assumption that preferences are invariant across cohorts. The
remaining 10% change of the marriage wage gap that we do not explain could be due to changing preferences.
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to 1975. Thus, we estimate that 8.3 — 0.2 = 8.1 points or about 2/3 of the 12.8 point predicted
increase of the marriage wage gap is due to selection of higher ability women into marriage.

The right side of Table 2 shows that in contrast to women, there is no clear trend in
the marriage wage gap for men, which hovers around 19%. Thus, the challenge is to explain
its absolute level. The benchmark model generates a marriage wage gap that hovers around
12%, while in the full model it hovers around 13.5%. Thus, our full model generates roughly
70% of the marriage wage gap for males. The remaining 30% is due to factors not included in
model. For example, the responsibilities created by marriage and children may cause married
men to “work harder” (which we cannot capture given invariant individual preferences).

If we run the Mincer regression on simulated data from our full model, substituting
true experience for age, the marriage wage gap for men drops to about 4 to 6%. Thus, the
model implies roughly half the (fitted) marriage wage gap is accounted for by married men
accumulating more work experience per unit of age. If we also control for latent ability, the
marriage gap becomes small and insignificant. Thus, the other half of the marriage wage gap
is explained by selection into marriage of men with high unobserved ability.

VI1.C. Marriage, Divorce, Assortative Mating, Fertility and Education

So far, we have focused on the central issue of the growth in married women’s wages
and employment. Here, we examine at how the model fits other demographic outcomes.
Appendix Table J2 presents the fit of both the “benchmark™ and “full” specifications to (a)
marriage and divorce rates, (b) assortative mating, (c) fertility and (d) education. Clearly, the
benchmark model fits poorly for all cohorts except 1955 (and perhaps 1965). On the other
hand, the full model matches all key moments for all five cohorts quite accurately. This
establishes that adding only our three exogenous factors is sufficient for the full specification
to provide a good fit to all endogenous variables in nearly all gender/marital-status/age cells.

We now turn to the question of whether all three factors are necessary to fit the data,
and, more generally, how each factor contributes to changes between the 1935 and 1975
cohorts. The results are presented in Table 3 where, similar to Table 1, we assess the separate
contribution of each factor by adding then one-by-one to the baseline model.

As we see in Table 3, the percentage of women with at least a college degree
increased from 5% in the 1935 cohort to 36% in the 1975 cohort (see Goldin et al., 2006 for a
discussion). The benchmark model explains less than 1/3 of this increase. It does so primarily
via increased mother’s education, which raises daughter’s skill endowments and tastes for
school (as in Keane and Wolpin, 2010). When we add factors (ii)-(iv), the most important is

changes in marriage market conditions, which account for over 1/3 of the increase. The
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second most important factor was changing labor market conditions (i.e., higher returns to
education) which we already discussed in Section VI.A. Finally, we find that improved

contraception played a minor role in increasing women’s education.>

Table 3: Decomposing Sources of Cohort Differences — Marriage, Children, Education

1935 1975 Contribution of each factor
Total % )
Fitted Fitted Change |Benchmark marriage labor contraception
market market

Family moments
Marriage Rate - Ages 25-34 0.86 0.60 -30% -20% -1% -3% 0%
Marriage Rate - Ages 35-44 0.84 0.70 -16% -1% -1% -2% -1%
Divorce Rate - Ages 25-34 0.03 0.09 206% 31% 144% 13% 17%
Divorce Rate - Ages 35-44 0.08 0.12 62% 3% 54% 5% 0%
Married Women # of Children - Ages 25-34 2.54 151 -41% -8% -12% 0% -20%
Married Women # of Children - Ages 35-44 2.24 1.94 -14% -2% -4% 0% -6%
UnMarried Women # of Children - Ages 25-34 0.92 0.32 -66% -6% -6% -1% -53%
UnMarried Women # of Children - Ages 35-44 0.75 0.51 -32% -3% -4% -1% -24%
Education distribution at 30
Women's CG+PC rate 0.05 0.36 620% 180% 220% 200% 20%
Men's CG+PC rate 0.20 0.29 45% 5% 10% 30% 0%
Assortative Mating
HSD with HSD 0.55 0.56 2% 0% 2% 2% -2%
HSG with HSG 0.64 0.49 -23% -9% -8% -5% -2%
SC with SC 0.24 0.53 121% -4% 25% 100% 0%
CG with CG 0.33 0.49 48% 6% 15% 27% 0%
PC with PC 0.12 0.43 258% 33% 33% 183% 8%
HSG Women with CG Men 0.34 0.08 -76% -9% -21% -47% 0%
CG Women with HSG Men 0.02 0.12 500% 100% 150% 250% 0%

Why where changing marriage market conditions so important for the education level
of women? One reason is that, according to the full model, a college educated woman in the
1935 cohort had little chance of getting marriage offers from college educated men, but by
the 1975 cohort the chance was much greater.>® Keane and Wolpin (2010) find that roughly
half the return to education for women comes through improved marriage market prospects,>
and our model implies that the benefits of a college degree arising through the marriage
market improved greatly for women between the 1935 and 1975 cohorts.

It is interesting that assortative mating increased. The chance a college graduate
married another college graduate increased from 33% in the 1935 cohort to 49% in the 1975
cohort. And the chance a person with a graduate degree married another person with a
graduate degree increased from 12% to 43% (see also Low, 2014). The model implies that
changing labor market conditions explain 56% and 71% of these increases, respectively.

What accounts for this pattern? Consider a highly educated man in the 1935 cohort.

*2 The fraction of men with a college or post-graduate degree rose much less than that of women (i.e., from 20%
to 29%). By far the largest contributing factor to this increase was increasing returns to education.

> This is both because the number of college men was lower, and due to changing tastes for partners.

* Ge (2011) predicts female college graduation would drop 8% without the marriage market return to education.
Chiappori at el. (2009, 2015) and Low (2014) also study the interaction of the marriage market and education.
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His lifetime consumption would be little different if he married a high school vs. a college
educated woman, as (a) the education wage premium for women was small, and (b) women
had low employment rates. By the 1975 cohort highly educated women had become much
more economically attractive to highly educated men. Of course, this marriage market effect
would have caused forward-looking women to invest more in education in the first place.>
Recall we include changes in divorce costs as part of marriage market conditions. We
estimate the fixed cost of divorce for women went down by 45% from the 1935 to 1975
cohorts, with most of that drop completed by the 55 cohort (see Table 13).°%°" It is
interesting to decompose the changes in women’s education due to changes in overall
marriage market conditions into (a) the part due to changes in the marriage offer distribution
vs. (b) the part due to the fall in divorce costs. We find that only 1/6 of the effect was due to
the changes in the marriage offer distribution while 5/6 was due to changes in divorce laws.
As Bronson (2015) notes, the reduction of divorce costs in the US occurred mostly via
changes in State laws in the early 1970s that made divorce easier (no fault unilateral divorce).
She analyses the impact of these changes on women’s education using a model fairly similar
to ours, albeit with many different modeling choices.®® She estimates more lenient divorce
laws increased the college graduation rate of women in 1970 from 18% to 21%. Our closest
comparison is our 16% to 23% predicted increase between the ‘45 and ‘55 cohorts (Table J2).
The marriage rate fell and age at marriage was delayed from the 1935 to 1975 cohorts.
According to our model, factor (i) — primarily increased mother’s education — was the main
factor driving down marriage at early ages. It accounts for 2/3 of the drop in the marriage rate
at ages 24-35. As we have seen, mother’s education has a strong positive effect on daughter’s
education, so it is not surprising it causes delayed marriage. In contrast, mothers’ education
and changing marriage market conditions contribute about equally to the smaller decline in
the marriage rate at older ages. The model implies the substantial rise in the divorce rate was

almost entirely due to changed marriage market conditions (including falling divorce costs).

%5 Our argument is consistent with Low (2014). She notes that over time highly educated women have become
much more likely to form matches with highly educated men. Hence, the cost of delaying marriage to pursue a
higher degree has fallen. We adopt the parallel language that the return to educational investment for women has
increased because their marriage market prospects at the end of the investment period have improved.

*® Note that major changes in the divorce laws occurred in 1970’s and 1980’s (Voena, 2015). This is consistent
with our estimates of the drop in the cost of divorce for the 1945 and 1955 cohorts, as most of them would have
gotten married in the 1970’s and 1980’s. For men, we find a small increase in divorce costs (see Table 13).

* The cost per-child (al) fell only slightly across cohorts for both women and men. In the 1975 cohort the
constant cost of divorce is about the same for women and men, but the cost per-child is 37% higher for women.
*% On the one hand, she has savings and two occupations, and, on the other end, she assumes exogenous fertility,
keeps track of tenure rather than work experience, does not estimate wage functions jointly with the model, and
does not fit data on multiple cohorts. The model is estimated on the 1955-1960 birth cohort, which would have
made school choices under the lenient divorce law regime in 1970. She then simulates a shift to a strict regime.
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Table 3 shows sharp drops in fertility for married women. We find half of this drop
was due to the availability of oral contraception. The rest was split between factor (i) —
primarily higher mother’s education — and changing marriage market conditions. Strikingly,
changes in labor market opportunities play essentially no role in explaining the drop in
fertility at younger or older ages. Fertility of unmarried women fell even more sharply. The
model implies this was almost entirely due to oral contraception. Viewed another way, the
model implies most births to unwed mothers are unplanned (i.e., induced by the &7 shocks).
However, while our results imply contraception was a key factor driving down fertility, and
that it also led to about ¥ of the substantial increase in employment for younger women (age
25-34), we find it had little effect on women’s education, marriage/divorce rates or marriage
market matching, and a limited role regarding employment.*

Summarizing the results of Sections VI.A and VI.C, we see that all four exogenous
cohort-varying factors in the full model are necessary to explain the data. If we exclude any
one of these factors, the model gives a poor fit to at least one key aspect of the data.

V1.D. Robustness Checks: Home Production and Savings

Greenwood et al. (2012) argue that costs of household production may provide an
alternative explanation (aside from contraception) for high fertility and low employment of
young married women in the pre-WWII period. In Appendix L we report results where we let
the cost of home production decline across cohorts. But we conclude this does not improve
the fit of our model, or substantively alter its predictions. This does not necessarily contradict
Greenwood et al. (2012), as most improvements in home production that they emphasize had
already occurred by 1950. Technologies like washing machines, refrigerators, disposable
diapers etc. were already widely available for the cohorts we study.

We also examined whether including savings might lead to significant changes in the
behavior of our model. Including assets as an additional state variable, and consumption as an
additional choice, would render solution of the model infeasible. But we are able to
incorporate a very simple form of buffer stock saving (see Appendix L). When we added this
feature, we found no evidence of improvement in fit, or any significant changes in behavior.

Notably, our model accounts for retirement savings in a reduced form way, as the
terminal value function implies agents place large values on terminal work experience and
education. As agents cannot work past age 65, these quantities only matter as proxies for
retirement assets. If Vgs did not depend on work experience, labor supply would drop off

(too) precipitously before the T=65 terminal period (as older workers do not need to save).

>® Goldin and Katz (2002) argue that the pill was a key driver of increased education/employment of women.
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VI1. Policy Analysis: Tax Reform and Labor Supply

As our model successfully predicts labor supply, marriage, fertility, wages and other
key demographic outcomes for 5 cohorts, all of which faced different tax structures, it seems
credible to use it to predict the impact of changes in tax rules. Here, we use the model to
simulate the effect of changing the US tax code to eliminate joint taxation of married couples.

Most countries tax incomes of married individuals as if they were single, a policy
known as individual taxation. The US is one of the few countries that taxes couples’ joint
income, using a different tax schedule for married and single households (see Appendix B).
This system of joint taxation, combined with the progressivity of the tax schedule, generates
the so-called “marriage tax.” For example, consider a married women whose husband has
high earnings. If the woman chooses to start working, she will face a high marginal tax rate
on her first dollar earned (i.e., she is in the same marginal tax bracket as her husband). This
can create a strong disincentive for married women to work (see Apps and Rees (2009)).

The impact of joint taxation can be substantial. For example, consider the 2011 tax
rules. A married woman (with no children) whose husband earned $88k would pay a tax rate
of 25% on her very first dollar of income. In contrast, if she were single, she would only
begin to pay a marginal rate of 25% once her income reached $44k, which is roughly the
mean earnings of 45 year old married women in the 1965 cohort (see Appendix C).%*

In Table 4 we report the results of an experiment where we eliminate joint taxation of
income for married couples in the 1965 cohort.®? That is, we assume that each person in that
cohort knows with perfect foresight, from age 17 to 65, that their earnings in each calendar
year will be taxed according to the individual tax schedule in effect in that year, regardless of
their marital status (or their spouses earnings).®® According to our model, elimination of joint
taxation would have increased the labor supply of married women in the 1965 cohort by 8.3%
over the ages from 25 to 55.%* Married men increase their labor supply only slightly (0.6%),
consistent with the view that joint taxation primarily impacts the labor supply of women.

The elimination of joint taxation also increases the incentive for young women to

acquire human capital, as they are more likely to work when they are older. Thus, the college

® There are cases where a household faces lower taxes under a joint system. A good example is if both partners
have high earning capacity, and both work. Alm et al. (1999) give a nice discussion of joint taxation in the US.
® Bick and Fuchs-Schundeln (2017) show how a typical married secondary earner in the US faces tax rates as
high as a typical single person in Sweden (which has much higher rates in general, but has individual taxation).
They show cross-country variation in joint taxation helps explain variation in married women’s employment.

®2 This is the latest cohort with data over the main working years, until the age of 51.

% For years after 2017, agents assume the tax rules of 2017 will continue to apply (i.e., static expectations).

% We focus on ages 25 to 55 because we want to focus on how joint taxation affects behavior of prime age
married women. But results would be similar if we looked at ages 17-65. Note that the elimination of the
married tax penalty closes 45% of the gap of the employment rates between married and unmarried women.
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completion rate for women increases by 4.2%, the pre-tax wage rate of married women
increases by 1.3%, and even single women work (0.6%) and earn (0.9%) a bit more.
Moreover, elimination of joint taxation increases the marriage rate by 8%, reduces the
divorce rate by 4.3%, reduces fertility of married women by roughly 4%, and reduces fertility
of single women by roughly 1%. Our ability to predict not only how elimination of joint
taxation would affect behavior of existing married couples, but also marriage rates, education

and other demographics, highlights the value of our unified modelling framework.

Table 4: Implementing Individual Taxation of Income for 1965 cohort*

1965
Fitted Ind. Tax  percentage Ind. Tax percentage

taxes fixed change  revenue neutral change
Gross Wages (Thousands of $)
Married Women 41.9 42.4 1.3% 42.4 1.2%
Unmarried women 42.0 42.3 0.6% 42.3 0.7%
Married Men 63.4 63.3 -0.2% 63.3 -0.2%
Unmarried Men 47.6 47.7 0.0% 47.7 0.1%
Employment
Married Women 0.65 0.70 8.3% 0.71 9.0%
Unmarried women 0.75 0.76 0.9% 0.76 1.2%
Married Men 0.89 0.89 0.6% 0.89 0.9%
Unmarried Men 0.76 0.76 -0.1% 0.76 0.2%
Family moments
Marriage Rate 0.68 0.73 8.0% 0.73 8.1%
Divorce Rate 0.12 0.12 -4.3% 0.12 -5.1%
Married Women # of Children 1.66 1.60 -3.9% 1.59 -4.0%
UnMarried Women # of Children 0.40 0.40 -1.1% 0.40 -1.3%
Education
Women's CG+PC rate 0.24 0.25 4.2% 0.25 4.2%
Men's CG+PC rate 0.26 0.26 0.0% 0.26 0.0%

*Gross Wages — Average simulated annual wages of full-time workers aged 25 to 55. Employment — Average simulated
employment rate of workers aged 25 to 55. Family moments — Average simulated rates for people aged 25 to 55. Education
— Simulated college and post-college graduation rates at age 30.

A shift to individual taxation increases revenue by roughly 9%, as individuals face
higher marginal rates at lower income cutoffs. We can render the policy revenue neutral by
cutting all rates by 9.3% (see Table 4, right columns). Labor supply of married women now
increases by an additional 0.7%, giving 9.0% overall, but other quantities are little affected.

The large employment responses of married women in our tax experiments (8.3% or
9.0%) may appear consistent with the traditional view that labor supply elasticities of married
women are large (see Keane, 2011). But our estimates of preference parameters a and y imply
that in a static single agent model with a linear budget constraint and continuous hours, the
Marshallian elasticity is about -0.30 (see Appendix I). As a < 0 the income effect dominates
the substitution effect. Yet as Keane and Rogerson (2012) discuss, in a complex structural
model like ours, labor supply elasticities are not simple functions of preference parameters,
but depend on all aspects of the structure. Hence, they can only be calculated by simulation.
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In Table 5 we use our model to simulate Marshallian labor supply elasticities broken
down by gender, marital status, age and cohort. The results are obtained by simulating
permanent 5% increases in offer wages. One clear result in Table 5 is that Marshallian
elasticities for married men are modest in size and vary little by age or cohort. For example,
in the 1965 cohort, for the 3 age ranges 25-34, 35-44 and 45-54, it ranges from 0.15 to 0.17.
For single men the elasticities are only slightly higher and they are again stable over cohorts.

And the elasticities for single women are very similar to those of single men.

Table 5: Labor Supply Elasticities by Gender, Marital Status, Age and Cohort

1935 1945 1955 1965 1975
Elasticities
Married Women - Ages 25-34 1.80 1.84 1.27 1.25 1.13
Married Women - Ages 35-44 1.12 1.32 1.13 1.12 1.18
Married Women - Ages 45-54 1.20 1.10 1.04 1.06
Unmarried women - Ages 25-34 0.21 0.23 0.19 0.18 0.22
Unmarried women - Ages 35-44 0.19 0.28 0.21 0.21 0.17
Unmarried women - Ages 45-54 0.16 0.16 0.20 0.20
Married Men - Ages 25-34 0.15 0.15 0.20 0.17 0.19
Married Men - Ages 35-44 0.14 0.17 0.20 0.15 0.17
Married Men - Ages 45-54 0.16 0.19 0.20 0.15
Unmarried Men - Ages 25-34 0.16 0.16 0.20 0.18 0.23
Unmarried Men - Ages 35-44 0.17 0.20 0.21 0.16 0.16
Unmarried Men - Ages 45-54 0.21 0.18 0.16 0.22

In contrast, Marshallian elasticities for married women are much greater (exceeding
1.0 for all cohorts/age groups). They are fairly stable across cohorts for older women (35-54),
but drop substantially for younger women (25-34). This drop is concentrated between the
1945 and ‘55 cohorts, when the elasticity for young married women fell from 1.84 to 1.27. As
can be seen in Appendix J1 employment of 25-34 year old married women increased sharply
from 38% to 55% from the 1945 to 55 cohorts, with more modest increases afterwards.®®

The large labor supply elasticities for married women suggest that reform of the tax
code to eliminate joint taxation is a desirable strategy if one’s goal is to enhance aggregate
labor supply. Two other recent papers, Guner et al. (2012) and Borella et al. (2017), also
predict that the elimination of joint taxation would have large positive effects on labor supply
of married women. These papers use quite different modelling strategies from ours, so this

result appears to be robust to a variety of modelling choices.®

% Estimating static labor supply functions for married women in the CPS, Blau and Kahn (2007) find elasticities
dropped steadily and dramatically from the 1935 to 1975 cohorts for women of all ages. This contrasts sharply
with our results where we find general stability, except for younger women between the 1945 and 55 cohorts.

% Guner et al (2012) use an overlapping generations equilibrium model where marriage, fertility and education
are exogenous, and human capital is endogenous for women but exogenous for men. They predict elimination of
joint taxation would cause employment of married women to increase by 9.5% (compared to our 8.3% figure).
The model in Borella et al (2017) is a dynamic life cycle model like ours, except they choose to make marriage,
fertility and education exogenous while introducing saving and a richer model of retirement behavior. They
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VII1. Conclusion

We studied the life-cycle decisions of five cohorts of US men and women born from
1935 to 1975, a period of dramatic socio-economic change. We develop a life-cycle model
that captures many of the key changes, and allows us to quantify the exogenous factors that
drove them. Our model treats labor supply, education, marriage and fertility as endogenous
decisions. It accounts for human capital accumulation, the evolution of health, and changes in
tax and welfare rules. Prior work has not included all these features simultaneously.

We discipline our model by assuming fixed preferences, and show that it nevertheless
provides an excellent fit to the observed changes in all the above listed behaviors across all
five cohorts. The model is able to fit these changes using changes in four exogenous factors:
(i) parental education, health and taxes/transfers, (ii) changing marriage market conditions,
(iii) changes in wage and job offer distributions, and (iv) changes in birth control technology.

Our estimates show the offer wage distribution has changed radically across cohorts.
In the 1935 cohort the wage structure facing women was inferior to that for men, as both (a)
starting wages given education, and (b) returns to experience, were much lower. By the 1975
cohort starting wages had almost converged, and experience returns for women had greatly
improved (but still lagged men). Also, in the 1935 cohort, women were less likely to receive
full-time job offers, but by the 1975 cohort offer probabilities had almost converged.

A key fact we seek to explain is that, from the 1935 to 1975 cohorts, the employment
rate of married women aged 25 to 34 increased sharply from 28% to 63%, while employment
of other groups was fairly stable. Our model attributes roughly % of this increase to the
dramatic improvement in the offer wage and job offer distributions for women. The second
most important factor, accounting for ¥ of the increase, was the advent of oral contraception.

Another important socio-economic change is that women passed men in educational
attainment in recent cohorts. Our model implies that improvements in mothers’ education
(which enhance daughters’ skill endowments and tastes for school), changes in the marriage
market and changes in the wage structure each account for roughly 1/3 of the increase in
women’s education. The benefits of a college degree arising through the marriage market
increased greatly for women over time, because (i) divorce became easier, and education
provides insurance in the event of divorce, (ii) college women became more likely to match

with college men, and (iii) women became more likely to work after marriage.

predict that the elimination of joint taxation would increase married women’s employment by roughly 10%. The
agreement among our three studies is rather striking. Of course, the other studies cannot make predictions about
marriage rates, education and fertility as we do here — because they allow for saving, they must assume these
variables are exogenous to maintain tractability (as we must assume eqn. (25) is invariant to our experiment).
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Another key fact is that between the 1935 and 1975 cohorts, real wages of married
women nearly doubled, and increased at twice the rate of wages of married men. Our model
implies that changes in the wage structure alone account for 75-80% of this change. An
interesting implication is that the increase in women’s education did not, by itself, lead to
much improvement in their wages. Only after women’s returns to education/experience began
to catch up to those of men did higher education translate into higher wages and employment.

The marriage rate fell substantially among young women, and we find better maternal
education was a key driver of this change. But for women aged 35-44 improved labor market
conditions were also an important factor. In contrast, the model implies the substantial rise in
divorce rates was mostly due to changes in divorce costs. Our model captures that the wage
rate of married relative to single women went from -9% in the 1935 cohort to +5% in the
1975 cohort. We find that 2/3 of this change was due to selection of higher ability women
into marriage, while 1/3 was due to women acquiring more human capital after marriage.

Fertility dropped substantially over this period. Our model implies that availability of
oral contraception explains about half the drop for married women and almost the entire drop
for unmarried women. It also explains about ¥ of the substantial increase in employment for
younger women. But, in contrast to Goldin and Katz (2002), we find contraception had little
or no effect on women’s education or other demographic outcomes.

In summary, we see that no one factor can explain the multiplicity of socio-economic
changes we observe over the past 50 years. Changes in all four exogenous factors we have
considered were necessary in one or more dimensions to provide a good fit to all the key facts
we sought to explain for the changes from the 1935 to 1975 cohorts.

Finally, we used our model to simulate a US shift from joint taxation of couples to
individual taxation. In a revenue neutral scenario, this increases labor supply of married
women by 9% (with small effects on other groups). Furthermore, as marriage and fertility are
endogenous in our model, we predict the policy would increase the marriage rate by 8.1%,
reduce the divorce rate by 5.1%, and increase the college completion rate of women by 4.2%.

In our model generations are linked by the fact that educational attainment of parents
affects preference and skill distributions of children. Our model fits the distribution of
completed education very well for every cohort. Thus, while each cohort treats their parents’
education as predetermined, our model explains the evolution of the education distribution
across cohorts. As an extension, we could use the education choices predicted by our model
for the 1965 cohort to generate initial conditions for the 1985 cohort, and so on. We can then

predict how demographics like married women’s employment rate will evolve in the future.
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