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Abstract

The social security system is non-neutral with respect to marriage, with mar-
ried couples able to receive 150 percent of the primary earner’s benefits (spousal
benefits). This paper asks how changes in tax and retirement policy affect ed-
ucation and marriage. We first document trends relating to social security and
household structure and then build a structural model with endogenous educa-
tion and marriage, where households are modeled in a collective-household setup
as compared to a standard unitary model. Contrary to models where the returns
to education are only through the labor market, our model predicts increasing
payroll taxes leads to a marginal increase in those who invest in college, while re-
ducing those who choose to remain single. Removal of spousal benefits or joint
income taxation results in a reduction in the economic benefit of marriage and
work. This leads to increased labor force participation by married females; how-
ever, removal of spousal benefits leads to higher singlehood rates, higher college
investment, and higher male labor force participation, while that of joint income
taxation results in lower male labor force participation and marginal change in col-
lege investment or singlehood rates. This arises primarily due to the modeling of
the collective household, where both spouses” decisions matter. Thus, evaluation
of the social security system is sensitive to decisions of education, marriage, and
within-household bargaining and will be incomplete without incorporating these

decisions.
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1 INTRODUCTION

Many policies in the United States are not marriage neutral i.e., vary by the marital
status of an individual. Two prime examples of this are the social security system
and joint income taxation. Under the social security system, each spouse receives a
maximum of either the benefit based on their employment history or 50 percent of the
spouse’s benefits. In other words, married couples are entitled to at least 150 percent
of the primary earner’s benefits. Thus, single households and single-earner house-
holds pay the same payroll taxes but receive vastly different social security benefits.
If spousal benefits are considered an economic benefit of marriage, then it could affect
the decision of if and to whom to get married to. In addition, given that higher income
earners could receive higher benefits, spousal benefits can affect education and labor
force participation decisions within the household.

This paper seeks to understand the importance of incorporating education, mar-
riage, and intra-household decisions in analyzing changes to the social security sys-
tem, specifically in terms of payroll taxes and spousal benefits. While there exists a
large literature that focusses on education and social security system and there is a
growing literature on the effect of education and marriage, there are very few papers
that analyze the interplay of education, marriage, and social security system, while ex-
plicitly modeling within-household behavior that highlights the individuality of the
the household members.

This paper follows a two-step methodology. We first document data trends that
are relevant to the social security system and household structure; we then substan-
tiate this by building a structural model to disentangle the mechanisms underlying
these trends. We present three key findings: (i) through spousal benefits, social se-
curity is biased in favor of married households, specifically single-earner households;
(i) retirement earnings vary by education and marital status, with low-educated sin-
gle females being disproportionately represented in the bottom quintile of the income
distribution in old age; (iii) marital status and within-household decisions affect labor
force participation and income. However, the objects being studied here are endoge-
nous.

The question this paper seeks to answer has many selection issues built in, and thus,
viewing it through the lens of a structural model will help in disentangling the role of
education, household structure, and labor force participation in old age outcomes. We
develop a life-cycle model with endogenous human capital accumulation, consump-
tion, savings, labor force participation, and marriage. Males and females are initially
identical, starting with some initial human capital and assets. Individuals decide on
their education level. Based on their education, a female (male) chooses to stay single
or get married to a male (female) of a certain educational attainment. Once house-
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holds (single or married) are formed, time allocation of work, home and leisure, and
savings decisions are made each period until they retire. Members of the household
earn income, pay taxes, and save. Once they retire, they make decisions about home
and leisure allocation along with savings. Households then live off their accumulated
assets and social security benefits.

In this model, a key aspect is that members within a household are treated as dis-
tinct individuals, or in other words, as a collective household setup following Chiap-
pori (1992). In this setup, the wife is assigned a Pareto weight A, which can be thought
of as a measure of bargaining power within the household, and determine the choices
of the spouses. Additionally, we allow for imperfect transferable utility within the
households, which ensures that time allocation decisions, taxation, and social secu-
rity are relevant. This is embedded within an equilibrium marriage market, following
Gayle and Shephard (2019), where the prices that clear the marriage market are the
Pareto weights A when the supply of partners equals the demand of partners. Individ-
uals get married for the following economic reasons: public good of home production,
joint taxation, social security, and insurance. We allow for a non-economic benefit of
marriage, or love shock as in Choo and Siow (2006).

Incorporating endogenous marriage decisions and equilibrium marriage markets
has two key implications. First, the returns to education are two-fold — there are the
standard labor-market returns as well as the marriage market returns to education
(Chiappori, lyigun, and Weiss 2009). Second, the education and marriage markets are
jointly linked — the marriage markets influence education through the change in the
returns; however, education influences the marriage market through A as it affects the
availability of individuals of a certain type, thus directly impacting supply and de-
mand of individuals. We prove identification for the model. The Pareto weights A are
identified from the variation in the social security benefits across households (Blun-
dell, Chiappori, and Meghir 2005), and the identification of the remaining parameters
follows from standard semi-parametric identification results for discrete choice mod-
els. We estimate the model using a two-step Generalized Method of Moments (GMM),
with moments from PSID, and HRS data.

The model fits the data reasonably well, matching the education, marriage, labor
force participation and home production patterns of single individuals and house-
holds. We find that there are high gains from homogamy in marriage, as well as higher
tixed costs of working for females as compared to males. Moreover, while individu-
als are nearly risk-neutral on home production, they are more risk-averse towards
consumption and leisure. We conduct three counterfactual exercises: (i) increasing
payroll taxes proportionately by 10 to 100 percent; (ii) increasing payroll taxes and re-
moving spousal benefits; (iii) removing marriage non-neutral policy — spousal benefits

and joint taxation.
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Further, we decompose two cases (increasing payroll taxes by 50 percent and re-
moving spousal benefits) into three effects: first, a model where only education, work-
life and retirement decisions occur (or when marriage markets are not allowed to ad-
just to policy change); second, a model where marriage, work-life and retirement de-
cisions occur (or when the education distribution is kept policy invariant); and third,
a model where work-life and retirement decisions occur (or when the education and
marital distributions are kept policy invariant). Decomposing the effect of incorpo-
rating education and marriage markets, we find that human capital investment in-
creases by 1.6 percent if payroll taxes are proportionately increased by 50 percent,
when households are not allowed to re-bargain (A is held fixed). At the same time,
singlehood increases by 3.5 percent, and married males increase their participation in
the labor market by 3.1 percent during their work-life. However, when households are
allowed to re-bargain, we find that there is a marginal increase in human capital invest-
ment of only 0.08 percent. Instead, singlehood rates fall by 1.2 percent. The key reason
for the divergence is the incorporation of collective households in an equilibrium mar-
riage market. This allows households to counter the rise in payroll taxes (which makes
working costlier and reduces the labor market returns) by making adjustments within
the household by using other margins such as joint income taxation. Thus, incorporat-
ing marriage households is important while evaluating marriage non-neutral systems
such as the social security system. The estimate of the increase in human capital in
the model without bargaining can be comparable to the model of Fan, Seshadri, and
Taber (2017), which incorporates endogenous wage process through human capital ac-
cumulation and endogenous retirement, where they find an increase of human capital
investment of 2.6 percent and increase in participation by males of 3.1 percent for the
same increase in payroll taxes.

Increasing payroll taxes proportionately by 10 percent to 100 percent, we find that
this still leads to a marginal change in college education, indicating that the above ex-
ample is common. Moreover, singlehood rates decline by 1.6 percentage points. To put
it in perspective, single households have increased from 14 percent to 38 percent, over
nearly 60 years, an average of 0.4 percentage points each year. This is also accompa-
nied by a reduction in the bargaining power of females, as well as increased household
specialization, with married females working less and married males working more
for full-time hours.

Removal of spousal benefits leads to a rise in college education by 1.5 percent and
a rise in singlehood by 6.7 percent. This is not surprising as spousal benefits are an
economic benefit of marriage in the model, and therefore, marriage market benefits of
marriage reduce, and thus, singlehood increases. We find a simultaenous rise in part-
time employment of married females during older ages by 3.4 percent and full-time
employment by 3.8 percent. This is slightly lower compared to Borella, De Nardi, and
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Yang (2019); however, in this paper, education, and marriage both react to the change
in spousal benefits and singlehood rates themselves increase, which might reflect the
lower adjustment in labor force participation of women. Allowing for a marriage-
neutral system leads to similar findings: a rise in singlehood and college education,
with a reorganization of the division of labor. Thus, the crucial takeaway of the paper
is that marriage and household decisions respond to taxation and retirement policy,
and therefore, are important to incorporate in the evaluation of marriage non-neutral
systems.

The two closest papers to this paper are Borella, De Nardi, and Yang (2019) and Fan,
Seshadri, and Taber (2017), and this paper builds on their body of work. Borella, De
Nardi, and Yang (2019) focus on the effect of marriage-related taxes (higher marginal
tax rate) and social security (spousal benefits) on female labor supply, with the key
mechanism that the social security structure depresses labor market participation.
However, human capital accumulation and sorting into the marriage market are taken
as exogenous; and thus, any policy prescription will miss any feedback effects from ed-
ucation or marriage. Moreover, they assume a unitary model of household behavior,
and thus, miss accounting for within-household inequality. On the other hand, Fan,
Seshadri, and Taber (2017) estimate a life-cycle model in which individuals make de-
cisions about consumption, human capital investment, and labor supply (Ben-Porath
framework). They emphasize that human capital accumulation (education, as well as
on-the-job training) along with the endogenous wage process are key to understand-
ing retirement decisions. However, they abstract away from households and estimate
a gender-neutral model using data on males. Thus, in this paper, we allow for en-
dogenous education and marriage decisions, in a collective household setup over the
life cycle, thus integrating human capital, marriage, and household decisions, while
incorporating gender as well.

As this paper focuses on the interplay between education, marriage, within-household
and retirement decisions, this paper contributes to multiple strands of literature. There
is a large literature that focuses on labor supply and retirement decisions, with some
focus on education (Blundell, French, and Tetlow 2016; Manuelli, Seshadri, and Shin
2012; Fan, Seshadri, and Taber 2017). There is growing literature that explores the
link between human capital investment and marital decisions, or the ‘marital col-
lege premium’ (Chiappori, Iyigun, and Weiss 2009; Chiappori, Dias, and Meghir 2018;
Chiappori, Salanié, and Weiss 2017). However, there is scarce literature linking mar-
riage and retirement. While there is descriptive evidence on joint retirement decisions,
most papers tend to focus on males; for example, Gustman and Steinmeier (2009) de-
velop a structural retirement model for married males from HRS. Some papers such as
Borella, De Nardi, and Yang (2019) focus on the effect of marriage-related taxes (higher

marginal tax rate) and social security (spousal benefits) on female labor supply. Goldin



and Katz (2018) assemble research that shows the importance of incorporating marital
status, in addition to education and work experience for women. However, most pa-
pers do not focus on the within-household decisions and assume the household acts
as a representative agent.

The remainder of the paper is organized as follows. Section 2 presents motivating
evidence about the interplay between education, marriage, and retirement earnings.
Section 3 describes the model, and Section 4 shows the data, specification, estimation,
and identification of the model. Section 5 presents the parameter estimates. Section 6

discusses the different counterfactuals. Section 7 concludes.

2 SOCIAL SECURITY AND HOUSEHOLDS

2.1 SOCIAL SECURITY SYSTEM IN THE US

There are three pillars of the retirement system: social security, employment-based-
pensions, and own savings. In this paper, we focus on social security. The social
security system was set up in 1935, with social security being an ‘earned right’ i.e.,
based on employment history. The benefits are based on the average of a worker’s
highest 35 years of earnings (AIME). These benefits are progressive i.e., higher for
lower quintiles. While benefits can be claimed early,! this leads to lower benefits over
the lifetime. This system was then expanded to include wives and widows in 1939
— thus, this is a system that is built on the society that existed then of single-earner
couples (where only one person in the couple works — this was traditionally the male
earner). Under the current setup, spouses receive a maximum of benefits based on
their employment history and 50 percent of the husband’s benefits, once the husband
claims. Although the system is inherently genderless, there is differential treatment

built in due to the gender gap in wages.

2.2 RETIREMENT EARNINGS ARE AFFECTED BY MARITAL STATUS

Although the social security system has undergone many changes over the last few
decades, spousal benefits have persisted. These spousal benefits lead to a system that
favors couples over single households. Figure 1 presents payroll taxes and social se-
curity benefits for three types of households: a single household, a married household
where one earner is not working (NW), a married household with both earners work-
ing and earner 2 earning an annual income of $25, 000, as the annual income of earner

1 varies. All values are presented at the household level.

1. Early retirement age is 62 years.



Figure 1: Social Security Favors Married Households
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First, single and single-earner households (married households where the wife is
not working) pay the same level of payroll taxes. Yet, they receive vastly different
benefits, with the benefits received increasing as a function of the head’s income. Sec-
ond, as the wife participates in the labor market and earns an income, payroll taxes
increase proportionately, but only up until the payroll cap. At the same time, benefits
increase but display a non-linear trend, especially at the lower end of the income dis-
tribution. This graph does not take into income taxes or any other transfers that the
government gives.

The social security system is biased in favor of married households. At the same
time, if social security is an economic benefit for marriage, the existence of spousal
benefits directly impacts the decision to marry, at the extensive (whether or not to get

married) and at the intensive margin (whom to get married to).

2.3 EDUCATION AND MARITAL STATUS AFFECTS RETIREMENT EARN-
INGS

With the current financial situation of the social security system, re-design is an ongo-
ing policy debate. Some of the policies that are often suggested are increasing payroll
taxes, and/or increasing the retirement age. While these will directly help in the sol-
vency of the system, they do impact the individuals who rely on the system the most.
To understand the individuals who are the most dependent on the system, we define
household income using an equivalent scale.> Based on this household equivalent
income, we divide the population into 4 quintiles. On average, for those aged 65-69

2. The equivalent scale is v Number of Adults + 0.5*Number of Children as used in Heathcote,
Storesletten, and Violante (2005).
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Figure 2: Single and Low-Educated Poorest in Old Age
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to single males. For married households, the education of the wife is listed first and then education of
the husband.

years, the bottom 25 percent derives 71 percent of their income from social security.
The equivalent number for the top 25 percent is 11 percent, which depicts the progres-
sive nature of the social security system.

However, the question that then arises is what is the composition of the bottom
quintile, and more importantly, how is it compared to the population? We divide the
population into eight groups: single (or currently not married) females of low and
high education, single males of low and high education, and married households of
low-low, low-high, high-low, and high-high education (where the former education
category is of the wife and the latter of the husband). Figure 2 presents the comparison
between the proportion in the bottom 25 percent and to the entire population for the
1940 — 49 generation.

First, while 32 percent of the bottom quintile comprises single females with low
education, only 15 percent of them exist in the population. This indicates that there are
twice as many single females in the bottom quintile. A similar trend is seen for single
males who are low educated as well. Thus, being single and low educated in old age
affects retirement security. Second, married households where both spouses are low
educated have no disproportionate representation in the bottom quintile, hinting at
the fact that maybe joint production and insurance motives of marriage are playing
a role. Third, married households where at least one spouse has high education are
always underrepresented in the bottom quintile and thus, have less to worry about
retirement security. The income security of single individuals is especially crucial with
the rise of single households over time (from 14 percent in 1962 to 38 percent in 2018).



Figure 3: Within Household Income Inequality Amongst Married Couples
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2.4 MARRIAGE AND WITHIN-HOUSEHOLD DECISIONS AFFECT LA-
BOR FORCE PARTICIPATION AND RETIREMENT

While the impact of education and marital status can be seen on retirement earnings
and vice versa, it is important to understand the variation of household decisions
amongst married couples of different education groups. For this , we take the ratio
of the average income of wife to husband for each of these couples for the 1940 cohort
over their early (25-50 years) and later (51-62 years) working life. We make this split to
ensure retirement earnings do not feed into the ratio of the early working life. Figure
3 presents these calculations for the 1940-49 cohort.

Firstly, in early work-life, holding the education of the wife fixed, the ratio of wife’s
income to husband’s income is higher when married to a low-educated man. This
trend holds in later life as well. Second, when the woman is low educated, then this
ratio is much lower than when the woman is high educated. However, this ratio of
how income is earned within the household is an endogenous decision, and with these
numbers, only the optimal decisions are seen.

From these facts, changes in marriage and education could interact with the existing
retirement system. And thus, it is important to incorporate these while evaluating the

social security system.



3 MODEL OF EDUCATION, MARRIAGE, AND SOCIAL SE-
CURITY

This is a life-cycle model, set in discrete time. There are four stages in an individual’s
life: education (18-25 years), marriage (25 years), work-life (25-62 years), and retire-
ment (62 years till 80 years). Table 1 presents the timeline.

During the education stage, males and females choose low (high school and below)
or high (some college and above) education. They do not differ by their initial hu-
man capital or assets, and thus, the difference in the choice for education arises from
the present discounted value of the future labor market and marriage market returns
(Chiappori, Dias, and Meghir 2018). Based on their education type, males and females
enter into a frictionless marriage market where they choose to remain single or get
married to an individual of the opposite sex with low or high education, which de-
pends on an economic component and a non-economic component (or a love shock,
as in Choo and Siow (2006)). Thus, at the end of the education and marriage stages,
there are 6 types of households: single males, single females, low-low couples, low-
high couples, high-low couples, and high-high couples (where the education of the
female is first and male is second). Once married, there is no divorce or re-marriage.
Households are modeled as formed of distinct individuals, following the collective
model literature by Chiappori (1992) and others. This household is set within an en-
dogenous general equilibrium marriage market where the prices to clear the market
are A or the Pareto weights in the household, following Choo and Siow (2006) and
Gayle and Shephard (2019).

During work-life, single and married households make time allocation (work, home
production, and leisure) and savings decisions and face health (or preference) shocks
every period. Households face joint shocks, as opposed to individual shocks for each
member. Income is a function of time spent in work and human capital (which endoge-
nously accumulates while working), with efficiency in work varying by gender and
marital status. There are fixed costs associated with working, which vary by time spent
working and by gender. Time spent in home production produces a non-marketable
good. In a married household, time spent by both spouses in home production is used
to produce this good, which is a public good for the household. Individuals consume
and save based on their choice of savings rate, where their total income depends on
their labor income along with return on assets less of taxes (payroll, medicare, and
income). Assets are assumed to be joint at the household level. Further, individual
consumption matters and is split according to an endogenous sharing rule.

During retirement, individuals continue to make time allocations (work, home pro-
duction, and leisure) and savings decisions and face health (or preference) shocks ev-

ery period. However, their income is the ?8Cia1 security benefits that they earn based



Table 1: Timeline in the Model

Period t=1 t=2 t=[3, tw] t=[t,, T]
Males Males of type j Single HHs Single HHs
Females Females of type i Married HHs Married HHs
State Human Capital H  Education i (j) HE, HE™ AIME Y}, Yfm
Assets AT Joint Abkm Joint Abkm
Weight AbVkm Weight Abkm
Shocks HC Shock € Love Shock 6}, Choice Shock ek ™ Choice Shock k"™
Choice  Education i (j) Marriage Work Mt, Mkm Home: Qi, Q™
i=1 (low) km=0,7=1,2 Home: Q?[, Q™ Savings: pi’km
i =2 (high) Savings: p*m Sharing Rule: s/*™

1,km

Sharing Rule: s

on their lifetime income. In married households, spouses are eligible for spousal ben-
efits as well. All agents die at the same time in the model 3.
In this model, there are four economic benefits from marriage: public good of home

production, jointness from income tax, spousal benefits, and insurance.

3.1 PREFERENCES

Each individual derives utility from three components: own consumption C{, home

production C?’a, and own leisure L{. Thus, for singles, the utility in a household is:
uSe(CE, CP4, LY, ey X®) = u(CP, C4 LE XY + ef

We assume additive separability of utility from the error shocks, as is standard in dis-
crete choice models. On the other hand, for households, it is the weighted combination

of the individual utilities of the two spouses.

uH,ab(Cgb, CtQ,ab’ Lgb, €€b; Xa, Xb) — 7\abLL( f[l’ C?’ab, La; Xa’ }\ab)
+ (1 —A%)u(Ce, Cg'ab, L2; XY, A00) 4 eab
Asis standard in discrete choice models, each individual (before marriage) and each

household (after marriage, whether married or not) experiences preference shocks,

which are distributed Type 1 Extreme Value.

3. Modelling health over age (and thus, survivor benefits) is ignored in this paper. There is a large
literature on this. See De Nardi, French, and Jones (2015), Jones et al. (2020), Compton and Pollak (2021),
and Sanghi (2019) to name a few.
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Table 2: Time Allocation in the Model

Stage Time Allocation

Education Iy, M, Q¢t=0,L{ =0
Work-Life It = 0, Mt, Qt/ Lt
Retirement I =0, M{ =0, Q¢, Lt

L+Mi+Qi+Li=1

3.2 ENVIRONMENT

The model starts with males and females, who do not differ by their initial human
capital or assets. Let the initial measure of females and males be " and M.

At the start of education, individuals observe their human capital and assets, along
with their preference shock for education. At the start of the marriage stage, individu-
als observe their education type and preference for being single or for being married to
an individual of low or high type. Along with this, they also observe the Pareto weight
A attached to being married. During the work-life period, single households observe
their human capital, assets, and their health shocks; married households observe the
human capital of each spouse, assets of the household, and joint health shocks. During
retirement, single households observe their lifetime income, assets, and health shocks;
whereas married households observe the lifetime income of each spouse, joint assets,
and joint health shocks.

3.2.1 Time Allocation

The core of the model is a time allocation problem. An individual can spend his time
in 4 ways: investing in schooling (I;), working (M), at home (Q¢), and in leisure
(Lt). In each period, time allocation sums up to 1; therefore, agents are choosing the
proportion of time to invest in each activity. For investing in school, there are two types
—low and high. For working and home production, individuals can invest either low,
medium, or high time. Leisure is considered to be a residual good. Table 2 presents

the time allocation available in each stage.

3.2.2 Household Decision-Making

In this paper, married households make decisions in a collective household setup,
as compared to a unitary setup. In a unitary setup, married households act as one
unit, pooling all household resources and having the same preferences. Several papers
have rejected the testable implications of the unitary model, specifically that only total
income should matter in consumption decisions or pooling of household resources
(Bourguignon et al. 1993; Lundberg, Pollak, and Wales 1997).
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Contrary to that, in a collective household setup, it is assumed that household deci-
sions are always efficient, i.e., no one can be made better off without making someone
else worse off (Chiappori 1992). It is modeled as a weighted sum of utilities, where
this weight is referred to as the Pareto weight or AU. However, there is no assump-
tion on the distribution of resources within the household. After making decisions on
public goods within the household, there exists a sharing rule s? which will divide the
household resources. In our setup, while consumption and leisure are private goods,
home production is a public good produced jointly by the two spouses. Further, util-
ity is imperfectly transferable in the model. If utility were perfectly transferable, then
time allocation decisions or taxation and social security benefits would be irrelevant
(Gayle and Shephard 2019).

3.2.3 Home Production

Time spent in home production produces a non-marketable public good in the house-
hold. It is defined separately for single and married households. For single house-
holds, home good is produced as follows:

€ = RaX)QE

where Q¢ is time spent in home production, I'*(X!) is an efficiency scale of home pro-
ductionand a € {i,j}vVie L,j €.

For married households, home production results in a public good, produced as
follows:

C&? =Ty, X QX (Q) e

where Q! Qj[ are the time spent by wife and husband, respectively, I;;(X!, X)) is an
efficiency scale of home production, and « is the returns to scale in home production

time spent by the wife.

3.24 Human Capital and its Evolution

Individuals are born into a household with initial ability y}, which is drawn from
a log-normal distribution with mean uP and standard deviation o},. This does not
vary by gender. After marriage, human capital evolves according to education and
gender. During work-life, it then evolves deterministically according to the following
learning-by-doing model:

tr1 = (1=8)H3 + (M{H{)™ 1
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where § is the depreciation of human capital over time, x; is the returns to human
capital from time spent working, and a € {i,j} Vi € I,j € ]. We assume that a signif-
icant amount of uncertainty arises in the early years of working in the vein of Topel
and Ward (1992) and Guvenen et al. (2021).

3.2.5 Income, Assets, Consumption, and Taxes

Anindividual’s total income Y{' comprises three components: before-tax labor income,
taxes, and return on assets. An individual’s before-tax income yg(Hg, M{, FC®) de-
pends on his/her own human capital H{, proportion of time spent working M{, less
of any fixed cost FC®. An individual pays taxes t(y{) every period that they work.
There are three types of taxes: payroll tax ™ with cap on taxable income for payroll
taxes cP, medicare tax T with no cap, and income tax Tt with bands ¢%(X) and tax

rates T%(X) that vary by marital status. Taxes at the household level for incomes

yi = [y, yl are:

Ty, XT) = minf{ye, P} + yex ™ 41 (yg, c(X), (X))
——

payr?)rll tax medicare tax income tax
where XT = [cP, P, ™, ¢%(X), T¢(X)]. While payroll and medicare taxes are at the

individual level, income tax is at the household level.*
Individuals have no assets before marriage. After marriage, they’re endowed with
assets, based on their gender (if unmarried). Each period, an individual maximizes

the following budget constraint, if unmarried:
Ci+ AL, =Y =y (HE, M{, FCY) —1(yg, XT) + (1 4+ 1)AY (2)
where a € {i,j} Vi € I,j € ], and if married, then:

CY+ AL, =Y = yi(H, ML FCY +yl(H), M}, FO) —1(ye, X) + (1+1)A]  (3)
Vi € I,j € J. Individuals choose how much to save p{ in each stage. And therefore,
C{ = (1—p)Y{. Itis important to note here that married households only have joint
assets. Total consumption CP for married households is then divided as:

Ct+c=cl; ci=sIc) vielje] (4)

Further, once households retire, they will receive social security based on their
lifetime income y7. I take the social security function from the actual policy setup.

bpi, bpy are the cutoffs for social security. The social security function for a single

4. We assume that all married households file joligt taxes.



individual of type a is as follows:

ng (y$) = 0.9 * min{bpy, y7} + 0.32 * min{bp, — bpy, max{0, yT — bp1}}
+0.15 * max{0, yT — bpa}

As noted before, the social security system does not discriminate based on gender.
Incorporating spousal benefits, the social security function for a couple is as follows:

F& (yr) = min{FS (y}), 0.5 % FS (y) )}
FS (yt) = Fi(yt) + B (yT)

3.2.6 Education and Marriage

Males and females choose to get low (high school and below, i,j = 1) or high (some
college and above, i,j = 2) education. The contemporaneous utility depends only
on the consumption in that period. Income in this period is a function of the time
spent working (residual of the time spent in education) and human capital. Once
they choose their education, this is their type (i and j) and the only observable on
which they will match in the marriage market. Let the measure of females who choose
education i be f' and the measure of males who choose education j be mJ.

Individuals then will choose to either stay single (k™ = 0) or get married to an in-
dividual of the opposite gender with low or high education (k™ = j if female). In this
model, there are three economic benefits from marriage: public good of home produc-
tion, jointness from income tax, and spousal benefits. They also draw a love shock for
each type, following Choo and Siow (2006). Therefore, while making the education de-
cision, they are evaluating the additional labor market benefits from getting education
but also the benefits from getting married to someone of higher education. Further,
once they make their marriage decision, they will remain single or married for the rest
of their life cycle. Thus, marriage is a one-time decision and there is no re-marriage or
divorce in the model.

3.3 INDIVIDUAL’S PROBLEM

The timeline is shown in Figure 1. The initial conditions for an individual are their
sex f, m, human capital H;, and assets A;. Thus, the state variables are z; = {Hj, A1, s}
where s is for the sex. A female f’s decision of education defines their type i (equiv-
alently, m, j for male). Therefore, the state space before marriage is zo = {a} where
a is the choice of education i or j depending on sex s. Their marriage decision k™ =
{0,j = 1,j = 2} determines the probability of staying single p;(X) and getting mar-

ried to type j,p}j(X). If unmarried, the state space during work-life is their human
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capital and assets, which follow their evolution process as detailed above; if they are
married, then it includes their spouse’s human capital as well. Therefore, z\ = {H}, Al}
and if married: z = {H}, HJ ?,7\”}. The choices are ki = {M! = {NW, PT,FT},Q} =
{L, M, H}, pi = {L,H}}, if single and kj = {M! = {NW, PT,FT},Q} = {L, M, H}, M} =
{NW, PT,FT}, Q} = {L, M, H},p{ = {L,H}}. In addition, married households need to
choose the division of consumption amongst the couple s?.

Once they retire, the state space is their lifetime income and their assets i.e., z\ =
{Y+ ., Al}if single and zU ={vt YJT "y Ai. AU} if married. The choices are ki = {Q} =
{L, M, H}, pt = {L, H}}, if single and le) ={Qt ={L,M, H}, QT ={L, M, H}, p” ={L, H}.

Let di be an indicator variable where choice k is chosen. The utility u(Cg, C?’a, LX)
can be rewritten as u(k{; z{*) for single households and u(Cg, C?’ab, L% X%) asu(kEP, sb; za0)
for married households.

Therefore, the maximization problem solved by a female at time t = 0 is:

I T+1 Ki
max Z d; [ (1,z1) + e+ B dr.—o IEha{Zdel[ k{,zt +ekl]}
i,km, { £ ~— J,_/

{ki{,ki’k%}z =1 education single t=2 i

T+41 K™
)+B 3 (Ehi,hkm (¥ Z Qo [, stom; 2 e ] |

km=1 household t=2 kl em
)]

)

subject to time allocation constraints (as detailed in Table 2), evolution of human capi-
tal (1), and budget constraints ((2), (3), (4)). Appendix A presents the detailed solution
of the model.

3.3.1 Jointness of Education and Marriage Market

While this is a standard problem during work-life and retirement, it is important to
hone in on certain peculiarities regarding the education and marriage markets. Let
the probability of choosing education i be pf(ilz{,?\,ﬁ)) for a female and choosing
education j for a male be p™(jlz*, A, 9)). Thus, let

p'(i=1lz{,A, 9)) A==

fi=2zf,A,9)) Ai=1=2

pler) = P : A= i
p(j =12, A, 9)) A2

pm(] - 2|Zl IA/ ‘9) }\izz,jzz
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The dependence on A comes from the fact that while making the education decision,
individuals are also analyzing the trade-off of marrying someone with higher educa-
tion, in addition to labor market advantages.

In (5), we suppress the full notation of AU which is: AV (p(eq), M, F,8) where &
refers to all the parameters in the model, including the parameters for the distribution
of human capital and assets. Specifically, the measures of males and females of each
type are important for marriage market clearing, which are a direct function of the

education decisions, as shown below:

fipT(ilz],A), F) = pf(ilz, A) x F (6)
m (p™(ilz", A), M) = p™(§lz], A) x M 7)

The unique feature here is the dependence of A on p(e;) and vice versa as this
shows that the education and marriage markets are intertwined in this paper. This
itself points that a fixed point will be found for the education and marriage markets

together.

3.3.2 Marriage Market Clearing

In addition to the above, the standard conditions of marriage market clearing will still
need to hold, which are: Let H%U\ij) be the measure of type i females who want to
match with type j males (or ‘demand’) and u%(?\ij) be the measure of type j males
who want to match with type i females (or ‘supply’). The marriage market clearing
conditions are characterized by an I x ] matrix of Pareto weights A where the demand

of type i females by type j males is equal to the supply of type i females to type j males.
i (A) = u§(AY = u§(V) ®)

Further, the measures of females (males) of type i (j) married to males (females) of all
types and the measure of single females (males) of type i (j) is equal to the measure of

females of type i (j).
D M)+l = (pf(ilz,A),F) Viel ©)
je2
ie2

3.3.3 Definition of Equilibrium

Theorem 3.1. A stationary equilibrium consists of (i) conditional choice probabilities for sin-
gle women p(ki, z}), single men p(ki, th) and married couples p(k?, z,i[j, Ayj) for work-life and
17



retirement (t € T), respectively; (ii) conditional choice probabilities of marriage for females
p}j (X) and males pij (X) (iii) conditional choice probability of education for males and females
p(e1); (iii) an optimal rule for the Pareto weight A(p(e1), M, F,9) and a sharing rule s?’* (Ay)
such that

1. Males and Females solve (5)

2. Pareto weights satisfy (6)-(10).

Further solution of the value functions are detailed in Appendix A.

4 DATA AND ESTIMATION

4.1 DATA

We use data from the Panel Study of Income Dynamics (PSID) and Health and Re-
tirement Survey (specifically, RAND-HRS Longitudinal File 2018). There are five sets
of variables: (1) Demographics (Education, Marital Status, Age); (2) Income (Own,
Spouse if Married, Father’s); (3) Assets (Joint); (4) Time Allocation (Work, House-
work, and Leisure); (5) Consumption. We condense the life cycle into the following
age groups: Age 18-25 (Education), Age 25 (Marriage), Work Life (25-50 years and
51-61 years), and Retirement (62+ years).

One of the key variables in this paper is marital status. Using the data from the
Marital History file (1985-2019) as well as Family File (for those whose data is missing
in the Marital History file) from PSID, we construct the marital status as the following.
If the individual is married by age 46 and is in a marriage that lasts for at least 10
years, then they are considered married. This is from the social security rules that only
individuals who have been married for 10 years will be able to claim security from
their spouse’s work profile. If two marriages last longer than 10 years, then we take
the longest marriage. For the HRS, we only have information on the current spouse.
Therefore, to ensure we preserve most observations, we focus on the current marriage
and whether this marriage has a length of more than 10 years.

For the HRS, time allocation is taken from the Consumption and Activities Mail
Survey 2001-2019 (CAMS-HRS). This is a sub-survey sent out to respondents of HRS.
Measures of hours spent in work, home production, and leisure are constructed from
this survey. PSID collects information on annual work hours and weekly housework
hours. Leisure is taken as a residual in the PSID and the model as well. In the PSID,
data on food consumption is available from 1968. To construct total consumption,
we use estimates from Guo (2010) °. For the HRS, consumption is taken from RAND

5. For a more careful analysis, we are in the process of using CEX data and then inverting the esti-
mates to get total consumption 18



CAMS Spending Data File 2001-2019 (V1). We use data on the reported age from PSID
and HRS, along with data on their birth year. As retirement age is an important cutoff
for this paper, we plot retirement age by type of household in Figure C.2. Although
62 years is the early retirement age, a significant proportion of individuals retire then.
Labor income is used from the PSID and HRS as the input for income.

All nominal variables are converted into real 2015 $. Appendix C details the impu-
tation process followed for missing values. We restrict the sample for the birth cohort
of 1940 to 1949 for the rest of the analysis. While for single individuals, this is straight-
forward; for married couples, we keep the couple if the husband was born in the birth
cohort of 1940 to 1949. We refer to this as the birth year, as defined by the male head
of the household.

4.1.1 Specification

UTILITY FUNCTION The utility function is defined as follows:

: o (Chlmec —1 (C¥Hlmq —1
u(C et L = 4 +Bo—t
tr t 1_nC Q 1_nQ

(Lhl=me —1
1—mp

+Br (11)

Preferences are unchanged by marital status or by gender or education type i.e. uS* =

uSd = uMt =y, Moreover, in the education stage, we assume that o = 1 =0 as
we only allow for time allocation between schooling and market work.

Moreover, we define the bequest function as in De Nardi (2004):
Vs U(A) = bil(ba + AN 1] (12)

bj captures the relative weight of the bequest motive and b, determines its curvature.
We impose that the bequest function is the same across singles and couples.

HOME PRODUCTION Home production will differ by the type of household (mar-
ried or single). We allow for the efficiency scale of women to vary by type. We
further impose that the single men of lowest education level have efficiency scale
of 1ie. [}(XI71) = 1. We also impose that efficiency scale of a household of any
type is a function of a homophily parameter I_; and women’s education type i.e.
(X, XI) =gy x T

INCOME FUNCTION We assume the labor market is perfectly competitive as in Fan,
Seshadri, and Taber (2017). Therefore, the income function is defined as:

yi(HE, M, FCE) = HE « MY —FC* « M (13)

We assume that the income function does not vary across married or single individuals

nor by type.
ytyp 19



Thus, we have the following parameters, collectively referred to as 9:

2.1 .2 _1_.2 _h fo

1 m f m
U= {T]Q/ nL, BQI BL/ &, nc, Tf/ Tf/ T T Ter Ter Ty Oy pts fcpt/ fcft/ fcft}

In addition, for each 9, there exists an optimal A(9).

4.1.2 Mapping to Model

Low education is mapped into the data as those with high school education or below
(< 12 years) and high education is those with some college education (> 12 years). For
work hours, anyone working less than 400 hours in a year is considered not working
(NW). Those working between 400 and 1400 hours are considered part-time (PT) and
those working beyond 1400 hours are considered full-time (FT). Housework hours
vary significantly by marital status and gender, and therefore, the cutoffs vary as well.
Table D.4 presents these cutoffs.

4.2 IDENTIFICATION

The estimation is of a fully specified parametric model. For identifying the Pareto
weights A, Blundell, Chiappori, and Meghir (2005) and Browning, Chiappori, and
Lewbel (2013) prove that if there exists a distribution factor, then both model prim-
itives and Pareto weights are identified for a collective household model with public
and private goods. Gayle and Shephard (2019) show that sufficient variation in popu-
lation vectors (along with some minimal conditions) will pin down the Pareto weights.
Their identification strategy follows here; additionally, the variation of spousal bene-
fits across households due to their income level provides us with a distribution fac-
tor as well. Once the Pareto weights A are identified, the identification of the utility
parameters, home production technology and fixed costs follows from standard semi-
parametric identification results for discrete-choice models from Matzkin (1992) and
Matzkin (1993).

Further, we formally show how the variation in the choices across individuals and
households helps us pin down the parameters using Arcidiacono and Miller (2011).
The utility parameter on consumption (n¢) is identified from the retirement stage
of singles by varying the saving rates chosen while keeping the home production
and leisure decisions fixed. The utility parameters on home production and leisure
(B, B, ML, N@) are jointly identified by varying the home production choices while
keeping leisure fixed and vice versa during the work-life of singles.

Home production parameters of single individuals are identified from the variation
in home production choices and education by gender (T}, T%, T]ln, T%) ; for married cou-

ples, by varying within the types of couples (”c(l:, T%, r‘g, «). Fixed costs (fcf, fcm fc]ft, fcit)

ptr " pts
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are identified from the variation in choice of work across couples. The variance of love
shock oy, is identified from the comparison of the model generated singles with the
data. Appendix E gives details on the equations that identify each of these parame-

ters.

4.3 ESTIMATION

The estimation strategy followed is that of a nested fixed point. For each set of pa-
rameters O, the Pareto weights that clear the marriage market need to be found A(9).
Therefore, the model is solved iteratively solved till a solution is found which clears
the marriage market. The optimal set of parameters is used to construct the condi-
tional choice probabilities, which form the objective function. This process is repeated

till a minimum is found for 9, and with it, A(9).

4.3.1 Parameters Set Outside the Model

The following parameters are set outside the model. Appendix F details the values
of the set parameters. Payroll tax parameters are calculated using Payroll Tax and
Cap data from the Social Security Administration, for the years as they match the
age profile of the 1940s cohort. The income tax parameters as well as social security
bend points are calculated, following a similar process, using historic Income Tax Rates
and Brackets data. The distribution of the father’s income is condensed to a 2-point
distribution®. Mapping into the education is a deterministic human capital in T = 2, as
opposed to a distribution”. Returns to human capital are calculated using a non-linear
regression from the merged PSID-HRS dataset.

5 RESULTS

5.1 PARAMETER ESTIMATES

Table F.9 presents the estimated parameters and Figure 4 presents the model fit with
the data for the relevant moments and Figure F.1 presents all the full model fit. Fo-
cusing on the home production parameters, there is high gains from homogamy in
marriage. Moreover, there is a high weight on the time spent by a woman in home
production in a married household (& ~ 0.8)%. This implies that return of time spent
by a woman in home production in a married household is significantly much higher

than that of a man, which feeds back to a discussion of household specialization. For

6. This is being converted to a log-normal distribution.
7. This is being converted to a log-normal distribution.
8. In Gayle and Shephard (2019), « is 0.832.
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single females, there is a marginal difference in returns to home production, and is
much higher than of females. As children are not modelled, the efficiency scale is
essentially an average for those with and without children.

In terms of fixed costs associated with working, the fixed cost with part-time work
is lower than that of full-time work for both males and females. However, there is a
non-linear trend, indicating that the incentives for part-time and full-time work are
significantly different. Moreover, the fixed cost of part-time work for females is nearly
6 times that of males, and for full-time work, this number falls to approximately 4
times. This is not surprising given the labor force participation of the women of the
1940s cohort.

In terms of the utility parameters, the weight on leisure and home production are
nearly the same; although individuals are nearly risk-neutral on home production,
they are more risk averse towards consumption and leisure. This is similar to the
estimates from Gayle and Shephard (2019).

Figure 4: Model Fit
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Notes: NC refers to Not-College and C refers to College. LEPR refers to labor force participation over
the ages of 25 to 62. Please refer to Section 4 for further details.
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5.2 DISCUSSION

Focusing on the fit, the model does a good job of fitting the education and marriage
trends, central to this paper. Male and female home production trends are fairly well-
matched. Although married female fit of their work decisions is fairly close, the fit
on the married male work decisions, especially for full-time work, leaves more to be

desired. A reason for this could be the lack of inclusion of fertility - a large literature
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shows that married males work more than single males, and the cost of a child or the
cost of marriage is not incorporated in this analysis. Due to this, we focus primarily

on education and marriage decisions as the model fits that well.

6 EFFECT ON EDUCATION AND MARRIAGE

The key focus of this paper is to understand how does including endogenous educa-
tion and marriage lead to different outcomes when we make changes to retirement

and taxation policy.

6.1 DECOMPOSITION OF EDUCATION AND HOUSEHOLD DECISIONS

Before I explore the counterfactuals in further detail, I focus on two counterfactuals:
increasing payroll taxes proportionally by 50 percent and removing spousal benefits. I
then compare these estimates with 4 other sets of models: (a) models where education
can vary but fixed in their household bargaining (A); (b) models where education is
tixed but households can re-bargain; (c) models where both education and household
bargaining is fixed; (d) models where education and singlehood rates are fixed.

When payroll taxes are increased proportionately by 50 percent (i.e. a baseline of
approximately 6 percent to 9 percent), for the model when A is fixed (M1), college
education increases by 1.6 percent, as compared to this paper where the education in-
creases marginally by 0.08 percent. More importantly, while singlehood increases by
3.5 percent in M1, singlehood rates fall by 1.2 percent when within-household bargain-
ing is incorporated. This depicts the adjustment within the marriage markets when it
is costlier to work. The increasing cost of work is adjusted by education and marriage
markets - higher education implies higher wages which can ensure the post-tax in-
come of the household is similar to before the policy change. Moreover, through joint
income taxation, there is an additional margin to adjust for married couples.

A rise in married male LFPR of 3.1 percent and a fall in married female LFPR by
0.8 percent is seen. Similar but smaller levels are seen for this paper as well. M1
is similar to models where human capital accumulation and retirement are endoge-
nous, but within household decisions are not taken into consideration. Fan, Seshadri,
and Taber (2017) have a rich model of endogenous human capital accumulation along
with endogenous wage process and retirement; however, they focus only on males.
Comparing their results for the same policy change, they find a 2.6 percent increase
in college education and a 3.1 percent increase in labor force participation rate, which
are similar in magnitude to M1. Thus, not incorporating within household decisions
would lead to a larger adjustment in labor supply and education, than in a model

where households are accounted for. When education is held fixed (M2, M3), then
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Table 3: Decomposition of Education and Household Decisions

Model College Single Married LFPR  Single LFPR
Female Male Female Male

Baseline 0.52 0.32 0.54 0.78 087  0.84

Increasing Payroll Taxes by 50 percent

M1 1.65 347  -085  3.10 052 035

M2 -198 468 226 118 -0.33

M3 167 -48 -1.73 118 -042

M4 533 -1279 110 -0.30

This Paper  0.08 -1.18 -0.54 0.99 0.52 0.65

Removing Spousal Benefits

M4 -17.06 -17.27 078  -0.93
This Paper 1.50 6.45 48.84 2.74 035 -0.36

Notes: Baseline is the estimated model. Each line denotes the
percent change from the baseline. M1: Pareto weights A are
held fixed. M2: Education is held fixed. M3: Education and
Pareto weights A are held fixed. M4: Education and single is
held fixed. LFPR is the labor force participation of individuals
over the ages of 25-62 years. Please refer to Section 3 for further
details regarding the model setup.

the substitution effect dominates for married couples and participation falls. How-
ever, when A is allowed to vary (M2), a fall in singlehood similar to this paper is seen;
whereas if is held fixed (M3), then a rise in singlehood is seen to accommodate for the
higher cost of working.

Lastly, keeping education and singlehood fixed, then household specialization re-
duces, and married female LFPR rises by 5 percent while that of married males falls
by 12.8 percent. These are significant changes, indicating that not allowing for ad-
justment on the margins of human capital accumulation and marriage can overstate
the adjustment by labor force participation. Using the same model to remove spousal
benefits, married males and females both reduce their labor force participation rate,
while marginal change for single males and females. A comparison of M4 with this
paper shows a completely different scenario: removal of spousal benefits leads to a
rise in education by 1.5 percent, a rise in singlehood by 6.5 percent, and a rise in mar-
ried labor force participation by 48 percent, with relatively small increases for married
males, single males, and females. While M4 is comparable to Borella, De Nardi, and
Yang (2019), they find a 5-10 percentage point increase in married LFPR, varying by
age. However, their paper would miss the adjustment by education and singlehood,

which leads to an even more dramatic rise when spousal benefits are removed.
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6.2 MARRIAGE-NEUTRAL POLICIES

In this counterfactual, we remove joint income taxation (and only allow for individual
income taxation) and then remove both spousal benefits and joint income taxation -
essentially, allowing for a marriage-neutral system. Figure 5 present the four different
scenarios: increasing payroll taxes proportionately by 50 percent, removing spousal
benefits, removing joint income taxation, and a marriage-neutral system for education,

marriage, and work participation.

Figure 5: Effect of a Marriage Neutral System
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Notes: No SB refers to the case where spousal benefits are removed. No IT is when the jointness in
income taxation is removed, or when we move to only individual income taxation. No IT+5SB is when
the jointness in income taxation is removed as well as the spousal benefits. Please refer to Section 4 for
details.

A surprising finding is that the rise in payroll taxes leads to a marginal change
in college education. The mechanism behind the no change in education is that the
marriage market adjusts to absorb the negative push on college education by adjust-
ing the bargaining power and pushing for household specialization. Thus, married
households can reap economies of scale, and thus, the proportion of people single
falls as payroll taxes increase. Thus, this implies that we would overestimate the effect
of taxes and retirement policy when marriage markets are not included. Further, this
change in bargaining power leads to a fall in the matches where the male is of high
school education and a rise in the matches where the male is of a college education.
This is also seen in the fall of bargaining power for the female, across all matches.

At the same time, eliminating spousal benefits results in individuals marginally
investing more in college education, since the higher wage benefits will help to save for
more during retirement. As one of the benefits of marriage disappears, there is a rise

in singlehood. However, assuming payroll taxes stay the same, only the removal of



spousal benefits would imply that the types of marriages are different. The bargaining
power of a female falls as the pecuniary benefit from marrying a female has fallen;
however, college-educated females still enjoy higher bargaining power. Therefore, a
rise in marriage is seen amongst those with a college education.

Focusing on work participation, an increase in payroll taxes with or without spousal
benefits leads to household specialization, with the married male working more. The
rise in full-time work is stronger during early work-life, as compared to late work-life
for married males. There is a rise in single male full-time work as well, as payroll
taxes increase; however, the rise is lower when there are no spousal benefits as there
is a change in the composition of who is single as well.

With the removal of joint income taxation, married males will reduce their full-time
work, as they will pay higher taxes as the gains from jointness have been removed.
Therefore, married females will engage in more full-time work as due to the gender
gap, they will pay fewer taxes. This leads to a re-shuffle in the division of labor within
the household. With spousal benefits, it influences both spouses to work more, relative
to the baseline. Therefore, although removing spousal benefits and jointness of income
taxation are removing benefits from marriage, their impact within the household is
very different - a factor we will not see if we do not include a collective household
setup.

Thus, the impact on singlehood as well as college education is dramatically dif-
ferent as well - removing spousal benefits leads to a rise in singlehood and a rise in
college education, whereas removing jointness of income taxation leads to a fall in
singlehood and a fall in college education. Further, removing spousal benefits leads
to an increase in matches where both spouses have a college education as well as a
fall in the bargaining power of females across all types of matches; whereas removing
the jointness of income taxation results in a rise of matches where both spouses are

high-school educated and overall bargaining power of women increases.

7 CONCLUSION

The social security system and joint income taxation in the US are examples of mar-
riage non-neutral systems i.e. systems where the treatment varies by marital status.
Under the social security system, married couples are entitled to at least 150 percent of
the benefits based on the primary earner’s work profile. This paper seeks to answer as
to how do changes in tax and retirement policy affect education and marriage. This pa-
per follows a two-step methodology: I first document data trends that are relevant to
the social security system and household structure. Specifically, education and marital

status affects retirement earnings, with low-educated and single individuals the most
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dependent on the social security system - the bottom quintile of the population at ages
65-69 years derives 71 percent of their income from social security.

I then substantiate this by building a structural model to disentangle the mecha-
nisms underlying these trends. I develop a life-cycle model with endogenous human
capital accumulation, consumption, savings, labor force participation, and marriage.
Specifically, households are modeled in a collective household setup (as compared to
the unitary model) and thus, effects on intra-household bargaining can be analyzed as
well.

Focusing on the effects on education and marriage, increasing payroll taxes has no
effect on education and leads to fall in single-hood. This implies that individuals ad-
justed to the higher taxes by getting married more often to enjoy gains from economies
of scale in marriage. Moreover, higher household specialization is seen as well. Com-
paring with models where household decision making is not considered, a 1.6 percent
rise in education would be seen, as compared to 0.08 percent rise in this paper.

Removal of spousal benefits in the social security system leads to higher college
education and more people choosing to remain single, which is not surprising as, in
the model, social security benefits are an added advantage of being married. How-
ever, despite the rise in singlehood, there is a rise in the proportion of people who get
married who are both with a college education; yet, there is a fall in intra-household
bargaining power for the female in such matches.

The implications of this research are particularly relevant where there are talks of
reform to the social security system due to the concern about the current financial state
of the social security system - after the year 2033, the full level of scheduled benefits
cannot be paid out. However, most retirement models and papers still focus on either
only males, or if they do take into accounts males and females, they focus on modeling
the household as a setup with a unitary decision maker, whose testable implications
have been debunked by many different papers. Thus, this paper brings into light the

importance of including females and collective households in retirement analysis.
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A SOLVING THE MODEL

We will describe the model for singles and couples separately first, and then describe
the marriage and education markets.

We will also describe the solution at each stage. Given we assume Type 1 Extreme
Value errors, the ex-ante value function, conditional on the states, has a closed form
solution, as noted by Rust (1987). Moreover, the ex-ante value function can be written
as the sum of the conditional value function for an arbitrary choice k with a correction
term, which adjusts for the fact that k may not be the optimal choice (Arcidiacono and
Miller 2011) i.e.,

Vix) = Jvm, e0)df(er) = v(ke, xt) +v — o loglp (kelxy]

where v(xy, k¢) is the conditional value function, vy is the mean of Type 1 extreme value
distribution and log[p(k¢/xt)] is the adjustment term. Therefore, we can write out the

ex-ante value function of singlehood using this equation.

A.1 SINGLES

Retirement Single females with lifetime income Y ,, assets AL and demographic
characteristics X' choose k- comprising of a time allocation component and a savings
component i.e., ki = [er = {L, M, H}, pir = {L, H}] where Q} is time spent in home
production and pt is the savings rate. Their income Y} comprises of the social security
(as calculated from their lifetime income YiT) as well as their savings with its return
(1+ r)AiT. Individuals consume 1 — p} of their income. The remaining amount A} "
is saved to leave bequests on their assets, which is defined by V?il (A141;X). Let the
feasible set of allocations be K}. With each discrete allocation, an additive state specific
eITOT €)1 is associated. In addition, we define the state space as z"} = [Yinl, Ai“r, Xi] and
21,1 = [A}, 1, X!]. The single female’s utility maximization problem is as follows:

max u¥(Ch, CF, LX) + BV, (2h4) + €
kb ekt T
subject to: Q% + Lt =1
AT =V = R + (T4 mAY
F=01-phY
CF' =1X)QY
I;(X!) is the efficiency scale of home production which depends on their type i as well

as on demographics X'. This stage can be written analogously for males of type j. The
utility uS*(Ck, C?’l, LL;X!) can be rewritteglas uSt(kk; zL).



Therefore, the conditional value function is:

VKL 2D =KL )+ B ) V)R K = 1)

z EZTH

where F(z/ IziT, kiT = 1) is the transition function for state variables, conditional on
choice kir. Therefore, the Bellman is then:

Vit (zh ek, ) = rri?x{vs Yk, ZY) + ekir}
T

and the solution to the problem is given by:

e B Sird i
Ky (z1,€x,) = argm?x{v Yk, z1) + ekiT}
ky
As ey, is unobserved to the econometrician, therefore, we can define the ex-ante valu-
ation function for single females Vj *(z}), as the continuation value of being in state z}
before €,; is revealed:
4

V?’i(zir) :J VTS-’i(ziT,ekT)dfekT
€

where fey, is the continuously differentiable density of Fe (e ).
Assuming Type 1 Extreme Value errors with a zero location parameter and scale

parameter o, we have:

Ve ooy oclog{ Y exphikd /e
klekl
expv>i(kk, ZiT)/ffe]
Y wexi explvi(k!, zp)/oc]
pS,i(kiT :k2|ziT)} _ 1
pSi(kk =kqlzh) ) oe

pPKH k) =

log — VS0 = ko, 2 v =K, 2|

where vy is the Euler’s constant.

Work-Life For work-life stage t, single females of type i with human capital in-
vestment H!, assets Al and demographic characteristics X! choose ki comprising of
a time allocation component and a saving component i.e., ki = [Q} = {L, M, H}, M} =
{(NW, PT, FT}, p; = {L, M, H}]. In this period, income y;(H};, M;, FC') is a function of
time spent working M}, and human capital accumulated thus far H!. Taxes are paid
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on income T(yi, XT). We also allow for a fixed cost of working FC!, which is positive
only if she works and varies by their type. However, time spent working not only
generates more income today but also leads to higher human capital accumulation
tomorrow (learning-by-doing).

The maximization problem is as follows:

max S (C CRL LX) ey B Y Jvtia(z’, v ) df(ex,,) | F2/lz K = 1)
z Ezt+1
subject to: M + Qi + L =1
Ci+ At = Y1 = yi(H, M, FCH —t(y) + (1 +1)A}
Ci=(1-p})Y}
g = (1= 8)H} + (M{H})™
cdt = n(xHQt

where ¢ is the depreciation of human capital over time, while o is the returns to
human capital from time spent working. This stage can be analogously written for
males of type j.

Rewriting the utility as before, the conditional value function is:

vs’i(k'{,zi) k{,zt +p Z Vtsjfl F(z Izt,kt =1) (14)

z EZt+1

where F(z'|z}, ki = 1) is the transition function for state variables, conditional on choice
ki. Therefore, the Bellman is then:

Vit (zy,€x,) = mziax{vs Ykt zi) ek%}
t

and the solution to the problem is given by:

/9% *(zt,ekt) =arg max{vs 1(k}[, zt) + ekl}
kl

As ey, is unobserved to the econometrician, therefore, we can define the ex-ante valu-
ation function for single females VtS "'(z}), as the continuation value of being in state z}
before € is revealed:

V5 (2) :J Vo' (2 e, ) dfe,
€

where fey, is the continuously differentiable density of F(ey,).
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Assuming Type 1 Extreme Value errors with a zero location parameter and scale

parameter o, we have:

VtS,i(Z}C) = 0c.Y + oc log { Z eXP[VS’i(kitr Z}c)/%]}
kieKi
explv>i(ki, z}) /o]
Zk/eKi expVSi(K/,zt)/ o]

R CE

where vy is the Euler’s constant.
In addition, applying Arcidiacono and Miller (2011), we can write for an arbitrary

choice k3:
V3 (2) = vS(k8, 24) + oy — o loglp3 (K3lz})

At the start of work-life, at t = 2, individuals draw human capital and assets from
a distribution. Therefore, we further define:

Vit = J V5 (zh) dfz
z

A.2 COUPLES

Married households take decisions in a collective household setup that assumes ef-
ficient allocation of intra-household resources (Chiappori 1992). We will describe the
maximization problems for a couple with a female of type i married to a male of type j.
Let A;j € [0, 1] be the Pareto weight on the female’s share of utility; therefore, the share
on male utility is 1 — Aj. As this is a collective household setup, the household chooses
a time allocation vector, savings rate and division of consumption amongst spouses by
maximizing household utility. Moreover, the preference shocks at the household level

are assume to be additively separable — this will be explained clearly below.

Retirement Couples of type ij with wife’s lifetime income Y, and husband’s life-
time income Y-jrfl, joint assets A? and demographic characteristics X and XJ choose k?
comprising of a time allocation component for both husband and wife, and a savings
componenti.e. kiTj = [QiT ={L,M, H}, QjT ={L, M, H}, piTj = {L, H}] where Qir, QjT is time
spent in home production by wife and husband respectively and p? is the savings rate
of the household. Their income YiTj comprises of the social security for the household
(as calculated from their lifetime income Y}_l and Y%_l) as well as their joint savings
and its return (1 + r)A?. We assume savings to be joint as in Chiappori, Dias, and
Meghir (2018). Households consume 1 — p? of their income, of which s? is the share
consumed by the wife. The remaining amount AiTj 1 is saved to leave bequests on their



assets, which is defined by VF ﬂ (AT Y : X1 XJ). Let the feasible set of allocations be K}r)

C

With each discrete allocation, an additive state specific error € 18 associated with the

household, which is assumed to be additively separable In aTddition, we define the
state space as z] = [Y}_ 1,Y]T 1,A?,X X] and z} 0= [AT +1,X1 X/]. The household’s
utility maximization problem is as follows:
max Agut(Ch, e, LX) + (1 — ap)ut (L, e, 1 X)
k” EK” €[0,1]
+ ekw + BV?J:{(ZTH)
subject to: Q% + Lt = 1; Ql + L]T =1
CY+AL, =V =FS(VE |, Y )+ (1+1)AY
c= 1)V
T+Cr=C §=s7C}
CPY = ¢y(X, X) o (QY, Q))

It is important to note that the social security function varies from that in the single
setup to incorporate that both husband and wife’s lifetime income matter to the social
security received by the household. In addition, Fij(Xi,Xi) is the efficiency scale of
home production which depends on both the wife’s type and the husband’s type. The
utility ut(CL, C?’ﬁ, LL; X1) can be rewritten as uH'i(kT] sT}, ZT))

Therefore, the conditional value function is:

VA, s, 20 Ay) =u O sT ) + B > V(2 Ay K] = 1)

zlezy,

H,j H,i

A% ](k?st/ZT/AU) ( TISTIZT + B Z V l] Z|Zl]z)\1]/kT—1)
z'ezy

Hl](ku ST/ZT/}\U) }\i]VHl(kU ST/ZT/}\U) (1_7\1)') /](k}IJ’ST/ZT/?\U)

where F(z’ IzT, , Aij, k’LJ 1) is the transition function for state variables, conditional on
choice kTJ and Ajy;. It is important to note here that this does not depend on s? The key
argument is that we assume assets to be joint in the households (community property).
Therefore, s? only affects the share of consumption by each spouse and is not affected
by the level of consumption — if consumption changes, the share consumed by each
couple will change in the same ratio. Therefore, the Bellman is then:

Hi H g
VT 1LJ(ZT/ }\1]/ €kt ) = max,{vH U(k}l!, ST, ZT, }\1]) kij}
kY57 T

As eET is unobserved to the econometrician, therefore, we can define the ex-ante valu-
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ation function for households VH (gt

H
zr Y before ekiszL

ZT, Aij), as the continuation value of being in state

is revealed:

Vit (2, Ay) = J Vi (2, Ay, efd ydfefl
€

where f eET is the continuously differentiable density of Fe(ekw.

Further, we assume that the utility function is additively separable in consumption
and has a CRRA form. This is particularly useful as it gives us that the consump-
tion will depend only on relative Pareto weights and not on the income level itself.

Therefore, to solve for s?, we have:

aVHU(k}]J/ST/ZT/}\U) . alei(k?/ST/ZT/ 1)) ov ')(k?/ST/Z'T/ 1))

=0 = A;; _|_(1_)\..) =0
as}lz D) aS}Iz 1 as¥

Given the additive separability and the independence of the future utility from siTj,

therefore, the optimal s7* is:

Ak 1_ Y Ci]' fe . A —1/m¢c -1
v — (( ..ST.). T) = s77(Ay) = K _l) ) +1}

1—Ay s7CY

Thus, we can rewrite the Bellman as:

H,i H,ij , H
VT ! (ZT/)\ljlek ) = mkian{v E (k"[! S}|2 /ZT/}\U) k}rj}
T

and the solution to the problem is:

k™ (zT,Al),ek ) = arg max{v'" 11(kT],slTJ’ ,ZT,AU) ]'jij}
i

K
Assuming Type 1 Extreme Value errors with a zero location parameter and scale
parameter o, we have:

H”(ZT, 11) = 0cY + 0¢ log{ Z exp[vH,ij( 1] S}rJ/ /ZT/7\1))/G€ }

ki]‘EKij
expvi (i, sV /ZT17\1])/G€

Zk’eK” eXP[VH U(k/ U/ ZT’ 7\1))/66

Hl]( U’ZT/ 1])

pH'ij(kU = k2|ZT/ 1))
pHi (kY = K|z, Ay)

1
}:G [Hll(k =k, 57,29, Ay) =V (k] =K, s77, 27, u)]
€

log
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Let us also define the married male and female valuation functions:

H i 7 7
VT 1(ZT/}\urekT) :{VH'I( }g /5}[] /ZT/7\1))+€ 1; N

H,j i (11
VT (ZTI)\I]/ek ) _{ HI](k’}[]I S'llz, /ZT/AU) +€ 1)*}

where kU (ZT, Aij), s sUr (Ayj) are the solution to the household optimization problem.

Therefore, as eET is unobserved to the econometrician, therefore, we can define the

ex-ante valuation function for married female Vy 't (zT, Ajj) and married male VH (zT, Aij),

as the continuation value of being in state z7 before e]tlij

T

is revealed.

V—}——l ‘L(ZT/A‘L]) J{VH 1( }|2, Vi S?’ /Z’}lg/ 1)) + EEL],*}dfeET

:J YA = kI, s, 2 A) + el arel)

ki ek
= Z pHU 1]|ZT/7\1J) (k$/51T)//ZT/}\1))
k”eK”
+ 3 pMIdIE], Ay o[y — log p™ I (K] 120T, Ay))]
K exd
=ocy+ »_ pMII), Ay KL V7, 21, Ay) — oc log pMU (K1), Ay)]
K ek

Similarly, for the married male:

Vil = oy + > pMIIZY, Ay IR, sY7, 2 Ay) — o log pM I (K120, Ay)]
Kk ek

Work-Life For work-life stage t, households of type ij with human capital invest-
ment Hi, Hjt, assets AE and demographic characteristics X!, X} choose kij comprising
of a time allocation component for both husband and wife, and a saving component
ie,kJ =[Q! ={L,M,H}, Mi ={NW,PT,FT}, Q) ={L, M, H}, Ml = {NW, PT,FT},pJ =
{L, H)]. We also define the state space as z) = [H}, H}, A, Aij]. The maximization prob-
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lem is as follows:

max AyuH(CL CRY, LX) + (1 —Ag)ul(C), cY, U, X0) + el

kLJ GKU t

+BZ

z eth

subject to: Mi + Qi + ]_1 =1; Mi + Qi + ]_1 ~1

J Erlf (z/ ?\U,e}jt 1)df(ekt J|F(Z |z }\Wkt =1)

41 = (1= 0)HE + (M{HD™
Hl,, = (1—o)Hit+ (MJH)™

CVU+ Al =W = i(H, My, FCY -y (Hy, My, PO —wlye, XT) + (14 1A
CY = (1—p))Y)
Ci+cl=cl; ci=sich
Y =Ty, X))o QL Q)

Rewriting the utility function as before, the conditional value function is:

H,i
YHA (k{],st,zt,?\l)) =uMi(x t,st,zt )+ B Z Vv, A Izt,AU,k? =1)
’Ez
VI (D, 58,20, Ay) = u (i), 88, 20) + B Z VAU (2 )F (220, Ay, KD = 1)
Z623

Hij (i L v CHi G Wi A i
vk, s, 20 Ay) = Ay kY, sP L 20 Ay) + (1= Mg v (K, s, 2, Ay)

where F(z’ Izt , A, k” — 1) is the transition function for state variables, conditional on
choice kY, as before.

Therefore, the Bellman is then:

H,i H
V; Y (ztl,e]'j ) = max{vtV (kt] st), zt)) ekij}
t

As e]';l is unobserved to the econometrician, therefore, we can define the ex-ante valu-

ation function for households VH Y(t

2J before e,
Kl

z{, \ij), as the continuation value of being in state
is revealed:

Vi (2, ) = J Vit (2], Ay el )dfel

where f eEt is the continuously differentiable density of Fe(eky).
Further, as mentioned earlier, we assume that the utility function is additively sep-

arable in consumption and has a CRRA form. Thus, s? only depends on Aj;. It can be
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written as sY due to this, although we do not do so.

Thus, we can rewrite the Bellman as:

H,i ij (11 , H
Vi (2], Ay efl) = mgx{vH 0, 507,20, ) + el
k t

and the solution to the problem is:

k" (Zt,7\w€k ) = arg max{v'" ”(k?,s?'

Y
kt

H
Zt ’ }\1) )+ ki)‘ }
t

Assuming Type 1 Extreme Value errors with a zero location parameter and scale
parameter o, we have:

VtH’ij( J) = 0¢Y + 0c log Z exp[vH'ij(k.] Yrx zt,?\l))/cr€ }
Kk ekl
expVH (K, sV, 20, Ay)/oe]

Zk/GKitj exp[vH'ij (k// ?l /Zt /7\1])/06]

pM() 120, Ay) =

Pk = kalzd, Ayj)

lo — 5
PP = Kklz{, Ay)

1 *
| = =0 = ke, s, 20, 4) = 0 = 1, 507, 2, 0)|
€
Let us also define the married male and female valuation functions, following the
same procedure as before:

Vit (2], Ay ekl ) = A, 8P 20, A + e U*}

VH (Zt ,7\1J,€k ) = {\)H/j(k‘tj/ 1]/ Zt /A‘LJ) + e 1) *}

where k- (zij ), sU* (Ajj) are the solution to the household optimization problem.

Therefore, as ebt is unobserved to the econometrician therefore, we can deﬁne the

ex-ante valuation function for married female VtH’i( )} and married male V ( ) as

the continuation value of being in state z;! before e]'jij

t

is revealed. Following the same

procedure as before:

Vi zd Ay = oy + Y pM Iz, Ay VK, sV, 2, Ay) — o log pP Y (12, Ay)]
k”eK”

Vi), Ag) =oev+ Y pMIIzd, Ay Y (K, s, 20, Ay) — o log pMY (K 12, Ay )]
K ekt

Further, at the start of work-life, at t = 2, individuals draw human capital and
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assets from a distribution. Therefore, we further define:
\_/J:—l'ij (7\11') = J Vy’i(zitjﬂ\ij)deZ
Z

A.3 MARRIAGE

Following Gayle and Shephard (2019), we embed our model into a frictionless empiri-
cal marriage matching model. As in Choo and Siow (2006), each individual will draw
a type-specific preference shock for the opposite sex before making their marriage de-
cision i.e., for a female g of type i, who can match with j € ] types of men, she will
draw 8%.9 . The choice set will be the ki, = {0, 1,2} where choice 0 refers to that of

remaining single.

VI2(AE 949) = max {\725'i +09, Vo (M) + 982, ViV (o) + 9% }
Compared to existing literature, the gains from marriage are two-fold: first, the pub-
licness of home production; second, the spousal benefit from retirement.

Let the measure of males and females be M and J, respectively. Further, M =
Zj e m and F = Y il f' where i and j are types of women and men, as determined
in the education stage. Let the probability of choosing a specific education or type be
pe(ilz{) Va=m,f. Then,

f(p'(ilzf), F) =p'(ilz]) x F
m (p™(jlzM), M) = p™(jlz) x M

Let At = [\, ...,Ai]] be the | x 1 vector of Pareto weights associated with different
spouses for female of type i. Similarly, N = [Ayj, ..., A] is I x 1 vector of Pareto weights
associated with different spouses for male of type j. Let p%(?\ij) be the measure of
type i females who want to match with type j males (or ‘demand’) and ujj(Ay) is the
measure of type j males who want to match with type i females (or ‘supply’). The
marriage market clearing conditions are characterized by an I x ] matrix of Pareto
weights A where the demand of type i females by type j males is equal to the supply

of type i females to type j males.
hi(A) = pS (A = p(V) (15)

Further, the measures of females (males) of type i (j) married to males (females) of all

types and the measure of single females (males) of type i (j) is equal to the measure of

40



females of type i (j).

D M) +ufp =1 Viel (16)
i€]
2 uiA) +uf=m vie] (17)
iel

From the above equations, it is clear that the Pareto weights depend on: distribu-
tion of economic gains from alternative marriage pairings, the distribution of idiosyn-
cratic marital payoffs, and the relative scarcity of spouses of different types. There-
fore, when we write A, we suppress the notation: A(p(e1),F, M, 0) where p(e1) =
{pf(ilz‘;),pm(jlz}“)}ﬁ € I,j € J, and the parameter vector ©.

A.4 EDUCATION STAGE

Females choose education i € I, which determines time invested in education and
time worked. Each individual draws a father’s income y} from a distribution. An
individual can earn a function of the father’s income and time spent working. Time
spent in schooling will lead to higher human capital tomorrow (Ben-Porath 1967), al-
though there is foregone consumption today. The state space is defined as z; = [y}, s]
where s is gender. Therefore, the maximization problem for a female is:

max u'(Chz)+el 48 J VIZ(A(p(er), T, M, 8),99)df(949)
1€ 0

subject to: M{ +Tf (i) =1
Ci =yi(M,y})

This can be analogously written for males.

Rewriting the utility function as before, the conditional value function is:
Vili,z1,A) = u'(i,21) + B J Vo (A(p(e1), T, M, 8), 849) df(8+9)
0
Further, this emphasizes that the women’s choice today does not affect the man’s
choice directly; however, it indirectly affects it through the equilibrium marriage mar-

ket. Therefore, the Bellman is then:

Vi(z1, M ei) = max{v'(i,z1, A) + €l}
1
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and the solution to the problem is:
‘LT (Zl/ Alei) = arg m_ax{vf(i, Z1, }\) + Ei}
1

Assuming Type 1 Extreme Value errors with a zero location parameter and scale

parameter o, we have 2.

Vi(z1,A) = oey + oc log { > expbv(i,z1,A) /ae]}

iel
f. expl(i,z,A) /0] filp'(ilz],A)
Pz Aplen), 5,00.0)) = == E =

where v is the Euler’s constant. From the above equation, the dependency of educa-
tion and marriage markets on each other is clear.
Adding the male’s choice of education, we have a system of educations, where we

have p(ep) on the left and right hand side.

vi(i=1,21,

A)/oel

_Pf(iz 1lz1, A(p(e1),F, M, 0)) = expl
explv

Y irer expvi(i/,z1,A)/oe]
f(izzlz'l/)\

)/0el

)

(eq) P (i =2z, A(p(e1)
PR omG = 1120, Alp(en)
)

P™( = 2|z, A(p(e1

M, 0)) =
,F,M, 0))
,F,M, 0))

D ircrexplvi(i/,zi,A)/oc]
expv™ (j=1,z1,A)/0¢]

T e e (N /o]

exp[ ™ 221?\)/(75]

= X exphT( 21 A) o]

B SKETCH OF EXISTENCE

The individual utility functions ul(C Q, L5 XY and W (CJ, Q, UJ; XJ) are assumed to be
increasing and concavein C, Q, L and with limi_, ul(CHLQ, LX) = limgj_,, W(0,Q,U; X)) =
— 00 10

We will define the excess demand functions as:
e1))) — e1)))

ED;j(A(p(e1))) = u§ (M (p( u (A (p(

The above equation will need to hold for a given p(eq). Properties of ED: (i) —5y-— aED ( )

0 (i) EHEN < 0if k £ (i) TN < 0if i £ k (i) SN = 0if i £ K L £
To prove existence, we follow Gayle and Shephard (2019) For 1y > 0, define:

k(A(p(e1))) =VED(A(p(e1))) +A(p(e1))

9. Link 1, Link 2
10. This holds by the additive separability and CRRA form of the utilities, along with imposing ¢ >

1.
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We appeal to Brouwer’s Fixed Point Theorem. We know that the domain of k is [0, 114

We need to prove:

1. Continuity: We assume that V;“(z2 ,Aij) and VH) (sz)‘u) are continuously dif-
ferentiable in Aj; 1

2. Range of k to be [0, 17

e First, we can show that ED(014j) > 0ixj and ED(11yj) < 0ixj. This comes
from assuming lim)\ij =0 EDU (}\ijr}\—ij) > 0 and lim)\i)._ﬂ EDU (Aijrh—ij) <0
and from the properties of ED.

e Now, we want to show that this function is an increasing functioni.e. w >

0, or ww +1 > 0. We know that from the properties of ED, that

O0EDy (A(p(e1))
0

D]

the equation holds. For 9Dy (a)\(p( ) , we know this sign is negative from
Y

> 0 where k # iand/or | # j, therefore, as long as { > 0,

our properties, therefore, we will impose that 1 is small enough that the

. .. OED;
overall term is positive. In other words, as long as < I—%)\LI 1
ij

we can show that W

> 0. This gives us that k(01xj) < k(A)) <
K(1rxy). Then from the continuity argument, we can show 01xj < k(01x7)

and k(0rxy) < 11xj-

However, all of this is conditional on p(e1). For p(e1) to be a fixed point, we need to
show:

f(p(e1)) =pler)

expf(el, zf, p(e1), X,) /0]
Y erce expbvfle’, zi, p(e1), X)) /o]

where f(p(e1)) =

We will appeal to Brouwer’s Fixed Point Theorem again. We need to prove:

1. Continuity: We assume that vf(ef,z{,p(e;),X!) are continuous. This follows

from the utility functions being concave and increasing.

2. Range of f to be [0, 1]2*E: By construction, as it is a logit function, range of f to be
[O, 1]2><E.
C DATA CONSTRUCTION

We use data from the Panel Study of Income Dynamics (PSID) and Health and Re-
tirement Survey (specifically, RAND-HRS Longitudinal File 2018). There are five sets

11. This follows from the utility functions being i%ncave and increasing.



of variables: (1) Demographics (Education, Marital Status, Age, Ability); (2) Income
(Own, Spouse if Married); (3) Assets (Joint); (4) Time Allocation (Work, Housework
and Leisure); (5) Consumption.

C.1 DATA SOURCES
C.1.1 Demographics

Education: Using data on completed education from PSID 2, we construct the com-
pleted education as the highest grade completed over their life-cycle. For HRS, we use
the completed years of education as given.

Age: We use data on the reported age from PSID, along with data on their birth year.

For the birth year, we take the birth year that is the mode over their life-cycle and if
birth year is missing, we impute it from the reported age. Then, we calculate the age
from the year and birth year. For HRS, we use the age as given and is filled in for
any missing years. As retirement age is an important cutoff for this paper, we plot
retirement age by type of household in Figure C.2. Although 62 years is the early
retirement age, a significant proportion of individuals retire then.

Marital Status: Using the data from the Marital History file (1985-2019) as well as Fam-
ily File (for those for whom data is missing in the Marital History file) from PSID, we

construct the marital status as the following. If the individual is married by age 46 and
is in a marriage that lasts for at least 10 years, then they are considered married. Age
at first marriage from both the Family File and Marital History is primarily in the 30s
for the 1940-49 cohort. Moreover, most marriages last more than 10 years. We further
show this by understanding the division of those married by the length of marriage
and age at marriage (Figure C.1) . If there are two marriages which last longer than 10
years, then we take the longest marriage. There are many discrepancies in the Marital
History file between spouses and care is taken to clean this.

For the HRS, we only have information on the current spouse. Therefore, to ensure
we preserve most observations, we focus on the current marriage and whether this
marriage has a length of more than 10 years. Therefore, an individual is considered
to be married if they’re currently married and the marriage had lasted for 10 years for

the survey years.

C.1.2 Income

In the PSID, income is composed of three components: labor income, labor portion of
business income, and labor portion of asset income. From 1968 to 1993, the income of
the head and wife of the household already included these 3 components. From 1994

12. The question used is: ‘What is the highest grade (he/she) finished?’
44



onwards, these 3 components were given separately and therefore, were summed to
have comparable incomes to before 1994. Farming income was provided as a joint in-
come of the head and wife and it was divided in half to construct individual incomes.
We also use data on individual money income and taxable income to construct a vari-
able on taxable income. All nominal variables are converted into real 2015 dollars. In
the HRS, prior to retirement age, we assume it to be the labor income. After retirement
age, this is set to social security income only. Therefore, even if someone is earning

labor income, we do not consider that after retirement.

C.1.3 Assets

For the PSID, three variables are used: house value (1968-2019), wealth without home
equity (1984, 1989, 1994, 1999-2013), and wealth with home equity (1984, 1989, 1994,
1999-2013). All variables were converted into real 2015 dollars.

For the HRS, assets are the sum of all assets less of debt. This includes value of
primary residence, net value of other real estate, net value of vehicles, net value of
business, net value of IRA, Keogh accounts, net value of stocks, mutual funds, and
investment funds, value of checking, savings, or money market accounts, value of CD,
government savings bonds, and T-bills, net value of bonds and bond funds, net value
of all other savings, less of value of all mortgages/land contracts (primary residence),

value of other home loans (primary residence) and value of other debt.

C.1.4 Time Allocation

For the HRS, time allocation is taken from the Consumption and Activities Mail Sur-
vey 2001-2019 (CAMS-HRS). This is a sub-survey sent out to respondents of HRS.
Measures of hours spent in work, home production, and leisure are constructed from
this survey. In this survey, individuals can double count activities — if an individual
walked to the store, they might report it as walking and shopping. Further, any ac-
tivity is adjusted to be capped at 112 hours for weekly reporting and 480 hours for
monthly reporting. Lastly, due to the double counting, we sum the total time spent at
the monthly level (weekly hours are multiplied by 4.3), and then normalize the cate-
gories of time allocation.

Work Hours: For the PSID, work hours is collected from 3 different variables: an-
nual hours worked by the head of the household for money (1968-2019), annual hours
worked by the wife of the household for money, (1968-2019), and annual hours worked
by an individual (1968-1993). In the CAMS-HRS, working for pay is considered as
hours spent working.

Housework Hours: In the PSID, housework hours is collected from 5 different sources:

annual housework hours by the head of the household (1969-1974, 1976-1993), weekly
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(or other unit) housework hours by the head of the household (1976-2019), annual
housework hours by the wife of the household (1969-1974, 1976-1993), weekly (or
other unit) housework hours by the wife of the household (1976-2019), and weekly
hours by the individual (1969-1974, 1976-1986). We construct a harmonious variable
for annual housework hours by the individual by using annual housework hours
wherever available, and then for missing values, using the annualized weekly (or
other reported unit) hours.

In the CAMS-HRS, the following activities are classified as home production: (weekly)
house cleaning, washing, ironing, or mending clothes, yard work or gardening, shop-
ping or running errands, preparing meals and cleaning up afterwards, caring for pets,
(annual) taking care of finances or investments, such as banking, paying bills, balanc-
ing the checkbook, doing taxes, etc., doing home improvements, including painting,
redecorating, or making home repairs, and working on, maintaining, or cleaning your
car(s) or vehicle(s).

Leisure Hours: In the PSID, leisure hours are a residual i.e., the total hours spent in

leisure are total time available to an individual (16 x 365 = 5840 hours) less of work
and housework hours.

In the CAMS-HRS, the following activities are classified as leisure: (weekly) watch-
ing programs or movies/videos on TV, computers, etc., reading newspapers or maga-
zines, reading books, listening to music, walking, participating in sports or other exer-
cise activities, visiting in-person with friends, neighbors or relatives, communicating
by telephone, letters, e-mail, Facebook, Skype, or other media with friends, neighbors,
or relatives, using the computer, praying or meditating, personal grooming and hy-
giene, such as bathing and dressing, physically showing affection for others through
hugging, kissing, etc. (annual) helping friends, neighbors, or relatives who did not live
with you and did not pay you for the help, taking care of grandchildren, doing volun-
teer work for religious, educational, health-related, or other charitable organizations,
attending religious services, attending meetings of clubs or religious groups, treating
or managing an existing medical condition of your own, playing cards or games, or
solving puzzles, attending concerts, movies, or lectures, or visiting museums, singing
or playing a musical instrument, doing arts and crafts projects, including knitting, em-
broidery, or painting, and dining or eating outside the home (not related to business
or work).

C.1.5 Consumption

In the PSID, data on food consumption is available from 1968. Three components
of food consumption are recorded — food at home, food outside, and food delivery.
All three are summed to construct total food consumption. This is adjusted to 2015
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dollars to convert to real terms. To construct total consumption, we use estimates
from Guo (2010). For a more careful analysis, we are in the process of using CEX data
and then inverting the estimates to get total consumption. For the HRS, consumption
is taken from RAND CAMS Spending Data File 2001-2019 (V1). This is the sum of
all of the consumption in the household, including durable consumption, housing

consumption, transportation consumption, and nondurable spending.

C.2 MERGING AND CLEANING DATA

For each dataset, we merge all the variables from the above subcategories using the
unique ID. Further, we also merge the same variables using Spouse ID to get the same

variables at the spouse level as well.

C.2.1 Sample Selection

We restrict the sample for the birth cohort of 1940 to 1949 for the rest of the analysis.
While for single individuals, this is straightforward; for married couples, we keep the
couple if the husband was born in the birth cohort of 1940 to 1949. We refer to this as
the birth year, as defined by the male head of household.

C.2.2 Imputing Labor Income

For the PSID, we run individual regressions for males and females and by marital sta-
tus for the ages 25 to 58 to impute these values. Further, we restrict the regressions to
values of income that are below the 99th percentile, as well as for positive values of in-
come. We use these regressions to predict labor income for those whom labor income
is missing or negative. If work hours are known, then we substitute labor income as
0 for those individuals for whom zero hours are worked. For the HRS, we follow the
same procedure — however, we run separate regressions when the individual is work-
ing and retired. For when the individual is retired, we include average pre-retirement

own and spousal income as that contributes to social security income.

C.2.3 Imputing Time Allocation

In the PSID and HRS, for imputing hours, we first interpolate hours by running a
regression of hours on age for each individual. Then, for the missing values, we con-
struct hourly wage rate by taking a ratio of the imputed income and existing hours.
We then run a regression of wage on age, education and its interaction for the ages
of 25 to 58 years in the PSID and for working individuals in the HRS, for values less
than the 99th percentile. We then use the regressions to impute wage for the miss-

ing values. Hours are then constructed ]ADJ; taking the ratio of imputed income and



the hourly wage rate. Hours are capped at 5840 hours (16 hours a day * 365 days in
the year). For housework hours, we follow a similar methodology. In the PSID, we
tirst interpolate housework hours by running a regression of hours on age for each
individual. Then, for the missing values, we run a regression of housework hours on
age, education and its interaction for values less than the 99th percentile. Predicted
hours from these regressions are used to impute housework hours. In the HRS, we
run a similar regression, however we allow variation by retirement and work hours
and spousal variables (if married). As we have leisure data in the HRS, we do run

similar regressions for leisure hours too (more as an exercise to understand the hours).

C.2.4 Imputing Assets

In the PSID, we have two relevant variables for assets — value of house which is avail-
able from 1968 to 2019 and real wealth with home equity from 1984 onwards but at
sparse intervals. Therefore, since there is sparse data, we first run regressions of asset
on value of house, age, education and its interaction for single individuals by sex. For
married couples, we include the spouse education, spouse age, interaction of spouse
age and education, as well as an interaction of both spouses’ education. In case house
value is missing, we run the same regressions but using income and spouse income (if
married) instead. We first replace missing values by running an interpolation over age
by individual and then fill in the missing remaining values with the predicted values
from the regression from Model 1 and if there are still missing values, then from Model
2.

In the HRS, we run regressions of assets on age, education, its interaction, and own
income for single individuals. For married individuals, in addition to these variables,
we add spousal income, age, education and its interaction, along with interaction of
education of spouses. We first replace missing values by running an interpolation over
age by individual and then fill in the missing remaining values with the predicted

values from this regression.

C.2.5 Imputing Consumption

For both HRS and PSID, we run regressions of constructed consumption on age, edu-
cation, interaction of age and education, own income and spouse income (if married).
We first replace missing values by running an interpolation over age by individual and

then fill in the missing remaining values with the predicted values from the regression.
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Figure C.1: Proportion Married - 1940-49 Cohort
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Figure C.2: Retirement Age for 1940-49 Cohort
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Source: RAND Health and Retirement Survey, 1992-2018.

C.2.6 Father’s Income

For father’s income, we impute it by running a regression of father’s income on income

of the individual in the ages of 18 to 25.

D CoOMBINING HRS AND PSID

After the imputation, we convert the existing data to map into our model. We model
T =2 as the ages 25 to 50 and T = 3 as the ages 51 to 61 and T = 4 as the ages 62+.

D.1 MAPPING TO MODEL

D.1.1 Education

As we use a discrete choice model, a key consideration will be that we have enough

individuals in each category space. Thus, we settle with 2 education categories — HS or
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Table D.4: Cutoffs for Housework Hours

Period Household Low Medium High
T=2 Single Male <50 (50,100) > 100
T=3 Single Male < 250 (250, 300) > 300
T=4 Single Male < 830 (830, 870) > 870
T=2 Single Female < 200 (200, 400) > 400
T=3 Single Female < 600 (600,700) > 700
T=4 Single Female < 1050 (1050,1200) > 1200
T=2 Married Female <500 (500,1000) > 1000
T=3 Married Female <800 (800,1000) > 1000
T=4 Married Female < 1000 (1000,1200) > 1200
T=2 Married Male < 100 (100, 300) > 300
T=3 Married Male < 250 (250, 400) > 400
T=4 Married Male < 800 (800,900) > 900

below (< 12 years of education) and College (> 12 years of education). Allowing for
three categories (HS, SC, College or LHS, HS, College) leads to some sets of married
couples with less than 5 percent.

D.1.2 Time Allocation

The cutoffs for work hours are taken to be 400 and 1400 hours. The cutoffs for house-
work hours are given in Table D.4. There is a significant difference between the house-
work hours for the ages that overlap between the PSID and HRS — this probably stems
from the way the time diary is collected (Hurd and Rohwedder (2007)).

E IDENTIFICATION

At this point, we normalize o, to 1.

E.0.1 Identifying nc

If we set by, by from outside the model, then the following equation from the retire-
ment stage of singles is a function of n¢. As the CCP is identified from data, we can

identify nc.
SAind i 1(,1))1—
P~ (k4=4|z4,e)} 1 {(Y4(z4)) ne . L
1 — . =47 (11— e _ (1 — ule
%8 | pSifi = 1l 8 ool 1—ne (P e

by
1—mc

" b -+ (o} Y ()1 — [ba + (P} V(251 7¢] }
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E.0.2 Identifying 31,n

Once we have identified nc, then the following equations from the late work-life of

singles helps us pin down 1 and 1y jointly.
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E.0.3 Identifying Bg, Mg

Once we have identified n¢, then the following equation from the late work-life of
single males with the lowest education (j = 1) helps us pin down 3¢ and ng jointly.

Sind — a2yl Ly1-
p3 (k3 —3|23,9)} _ 1 {M[(y&(;\/{éﬂ,%))lnc _(Y;(M?,Z%))linc]
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Pi’]:(kil - 2|z;(kz;) —3 Zg;})) }
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E.04 Identifying I' - Males

Once the utility parameters are identified, we can identify the home production pa-
rameters (I) for single males by varying the education level - it will be relative to the
lowest education level. Any equation can be used for this where there is variation in
home production choice, for example:
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We can write down a similar equation for j = 2.

E.0.5 Identifying I' - Females

For females, we will first pin down the home production efficiency parameter for fe-
males with less than high school education.

| pSi=1(Kim1 = 21z, 0) | P10 = 217, 0)
0g Si=1(i=1 — 1|zi=1 9)| 08 | s (11
P 4 zy,9) pSI=l(, ! =112, 8)

1 -
- E{l E%Q [(QIY = (Q@) el x (M — 1]}

We can then use any equation like the one used for single males in context of single
females, or we can use the above equation and vary it by education type. Both will
help us pin down I'=2 and I'=3.

E.0.6 Identifying «

Before we identify the efficiency scale, we need to identify the returns to home produc-
tion for female . We identify this by comparing households with different husband

53



types but the same female type (and not of the same education level as the wife) and
varying the home production choice.

log [pH U1 (k) 1=2l2.)1, Ul(e),e)} _ BiAy, (0)
1 (121201 A, (0),0) =
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As 1 is already identified, we are able to identify « from the above equation.

E.0.7 Identifying I' - Households

We will follow the same procedure as with single females and compare households
with single males as well. We will compare households of typei=1,j=2,i=2,j =1
and i = 3,j = 2 with single males with education less than high school education
(essentially not for couples with the same education level):
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For identifying the homophily parameter, we compare within couples (LHS-LHS
with LHS-HS, for example):
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Table F.1: Parameters Set Outside the Model

Parameter Meaning Value Source

B Discount Factor 0.98 Voena (2015)

T Rate of Return on Assets 0.03 Voena (2015)

by Weight on Bequest -107.6  De Nardi and Yang (2014)
by Curvature of Bequest Function  16.5 De Nardi and Yang (2014)

Table E.2: Payroll Tax Parameters

Variable

Age25—-50 Agebl—62

Cap on Earnings (in 1000 Dollars)
Payroll Tax
Medicare

75.53 104.97
5.31 6.20
1.13 1.45

Note: These are calculated using Payroll Tax and Cap data from SSA. For
ages 25-50 years, the years 1965-1999 are averaged, and for ages 51-62

years, the years 1991-2011 are averaged.

Table F.3: Income Tax Parameters

Variable Age 25—50 Ageb51—62
Married Couples
Income <65,000 0.18 0.17
Income >65,000 and < 200,000 0.35 0.29
Income > 200,000 0.53 0.36
Single Households

Income < 32,500 0.16

Income >32,500 and < 100,000 0.32

Income > 100,000 0.52

Income < 32,500 0.14
Income >32,500 and < 100,000 0.28
Income > 100,000 0.36

Note: These are calculated using income tax rates and brackets over
the years. For ages 25-50 years, the years 1965-1999 are averaged, and
for ages 51-62 years, the years 1991-2011 are averaged.

Table F.4: Social Security Bend Points

Bend Point

Value

Bend Point 1 (in 1000 Dollars)
Bend Point 2 (in 1000 Dollars)

9.75
58.78

Note: These are calculated using Social Secu-

rity bend points over the
years 2002 onwards.
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Table F.5: Human Capital in T=1 by Father’s Income

Male Female
Low 13.30 15.84
High 86.70 84.16

Source: Author’s calcula-
tions from Panel Study of
Income Dynamics, 1968-
2019 and Health and Re-
tirement Survey, 1992-
2018

Table F.6: Consumption in T=1 by Father’s Income

Low Ability High Ability
HS and below College HS and below College
Male 39.74 39.74 70.83 70.83
Female 37.11 37.11 71.13 71.13

Source: Author’s calculations from Panel Study of Income Dynamics,
1968-2019 and Health and Retirement Survey, 1992-2018

Table F.7: Human Capital in T=2 by Education

Male Female
HS and below College HS and below College
Wage, Age 25-50 27.05 30.50 20.28 24.85

Source: Author’s calculations from Panel Study of Income Dynamics, 1968-2019
and Health and Retirement Survey, 1992-2018

Table F.8: Returns to Human Capital
Variable Value

Depreciation 0.00
Returns to Human Capital  1.13

Source:  Author’s calculations from
Panel Study of Income Dynamics, 1968-
2019 and Health and Retirement Survey,
1992-2018

F PARAMETERS

F.1 PARAMETERS SET OUTSIDE THE MODEL
F.2 ESTIMATED PARAMETERS

F.3 MODEL F1T
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Table F.9: Estimated Parameters

Parameter Type Estimate
noQ Utility Parameter 0.10
o Utility Parameter 1.15
Bo Utility Parameter 1.21
Br Utility Parameter 1.46
@ Home Production 0.76
il Utility Parameter 2.16
F{ Home Production 15.11
i Home Production  14.09
o Home Production 13.40
Flc’f Home Production 2.03
Ff’f Home Production 1.40
rh Home Production 1.92
On Marriage 1.00
FCq Fixed Costs 8.09
FCg}[ Fixed Costs 1.39
FCL Fixed Costs 17.40
FCIt Fixed Costs 4.64
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Figure F.1: Model Fit

Married Female, Work

[ IData
[ IModel

'\ A

N
é ,\‘7/ {I/Q

NN <<"
/\fb AR

Single Female, Work

HH 1l e HH HH

RN
SO @ ,\ryé /\‘b /€°

Married Male, Home

alualihn

P\ N X N R

'\% PN '\Q’ PEAREAR PP

0.5

oL mH ImEl HH

/\"/'e

1

0.5

o

NG

0.5

0

Married Male, Work

A A

Q
/\‘7/52 /\‘UQ

SRR
,{b’e AR

Single Male, Work

@H Hﬂ in HH 1]

AN SN
Single Male, Home

N A

X RS
N7 (DQ&Q/ < ,{‘DQ'\QJ b(é,\\k

[
,§\

Notes: NC refers to Not-College and C refers to College. NW refers to Not Working; PT is Part-Time
and FT is Full-Time. L refers to Low, M refers to Medium and H refers to High. Please refer to Section
4 for details referring to definition of NW, PT and FT as well as L, M and H.
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