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ABSTRACT

This dissertation consists of three chapters. The first chapter addresses the
roles of changes in assisted reproductive technologies, returns to female experience and
abortion rates in explaining the historical trend of child adoption. The second chapter
assesses the effects of increased income inequality and decreased income mobility on
timing of births and marriages and on the single motherhood rates. The third chapter
establishes the importance of accounting for marital state in the models of indirect
income uncertainty inference.

Chapter 1 aims to explain the p-shaped historical trend of child adoption in
the US by emphasizing the role of the changes in the demand side of the market for
child adoption. I argue that changes on the demand side such as increasing returns to
female human capital and innovations in Assisted Reproductive Technology (ART)
have played a major role in shaping the historical adoption trend along with the
changes in the supply side, namely, increase in the abortion rates. I present a life-cycle
model, in which an agent makes a fertility-timing decision based on the returns to
her human capital and age-specific probability of conception. Under the assumption
that adoption is an alternative to childbearing, i.e. an agent chooses to adopt after
she fails to conceive, the presented model uses historical trends of returns to human
capital and success rate of ART to explain changes in adoption trends. According
to the model, increasing returns to female human capital were responsible for the

delay in childbearing and therefore the increase in the demand for adoption until
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the 1970s. After 1970, the legalization of abortion decreased the supply of orphans,
while innovations in ART decreased the demand by allowing women to have biological
children at later ages. Around 1980, the effect of increasing returns to human capital
overturned the one of advances in ART, which resulted in a slow recovery of the
adoption trend.

Chapter 2 studies the dramatic transformation that the typical American fam-
ily has undergone since the 1950s. Marriage and fertility have been delayed, while
single-motherhood rates have increased. The link between these facts emanates from
the greater delay in marriage than that in first births. As “the Gap” between the
age at first birth and the age at first marriage becomes negative for some women,
out-of-wedlock first births increase. In my analyses I focus on the increase in income
inequality and the decrease in income mobility — observed across two National Lon-
gitudinal Survey of Youth (NLSY) cohorts of women — to account for the above facts
using an equilibrium two-sided search framework in which agents make marriage and
fertility choices over the life-cycle. Marriage is a commitment device for consumption-
sharing, providing spouses with partial insurance against idiosyncratic earnings risk.
Agents derive utility from children, but children also involve a risky commitment to
future monetary and time costs. According to my model, two observed trends in the
income process produce these changes in the respective timings of marriage and fer-
tility. First, the increase in income inequality produces incentives to delay marriage.
Since single women tend to face higher income risk than do married women, all else

being equal, a decline in marriages when young implies delayed births, which are per-
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ceived to be risky. Second, the decrease in income mobility also delays marriage as
the insurance value of marriage decreases but accelerates fertility because it becomes
less risky to have a child. The model qualitatively matches the observed changes in
family formation and quantitatively accounts for a significant portion of the observed
changes in marriage and fertility timing between the two NLSY cohorts.

In Chapter 3 I aim to add to the indirect income uncertainty inference liter-
ature. The currently existing models used to infer earnings uncertainty from con-
sumption decisions of individuals either use married couples as a unit of analysis or
treat married individuals as singles. Income pooling and less than perfect correlation
of earnings in marital unions provide spouses with marital income insurance. Not
accounting for the marital insurance biases the uncertainty estimation results. In
this chapter I demonstrate some properties of the marital insurance bias in a stylized
analytical model. In order to access the potential magnitude of the marital bias I
build a structural model which accounts for marital insurance. 1 then compare the
estimation results of the model which accounts for marriage with the results of one
that does not after using them on the simulated data set. In addition I introduce
a non-parametric income process in the structural model used for the indirect un-
certainty inference. The main advantage of the resulting model is that, unlike the

typical models in this area, it can be used on short-term panel data.



PUBLIC ABSTRACT

This dissertation consists of three chapters. The first chapter addresses the
roles of changes in assisted reproductive technologies, returns to female experience and
abortion rates in explaining the historical trend of child adoption. The second chapter
assesses the effects of increased income inequality and decreased income mobility on
timing of births and marriages and on the single motherhood rates. The third chapter
establishes the importance of accounting for marital state in the models of indirect
income uncertainty inference.

Chapter 1 aims to explain the historical trend of child adoption in the US
by emphasizing the role of the changes in the demand side of the market for child
adoption. I argue that changes on the demand side such as increasing returns to female
human capital and innovations in Assisted Reproductive Technology (ART) have
played a major role in shaping the historical adoption trend along with the changes
in the supply side, namely, increase in the abortion rates. I present a model, in which
an agent makes a fertility-timing decision based on the returns to her human capital
and age-specific probability of conception. Under the assumption that adoption is an
alternative to childbearing, i.e. an agent chooses to adopt after she fails to conceive,
the presented model uses historical trends of returns to human capital and success rate
of ART to explain changes in adoption trends. According to the model, increasing
returns to female human capital were responsible for the delay in childbearing and

therefore the increase in the demand for adoption until the 1970s. After 1970, the
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legalization of abortion decreased the supply of orphans, while innovations in ART
decreased the demand by allowing women to have biological children at later ages.
Around 1980, the effect of increasing returns to human capital overturned the one of
advances in ART, which resulted in a slow recovery of the adoption trend.

Chapter 2 studies the dramatic transformation that the typical American fam-
ily has undergone since the 1950s. Marriage and fertility have been delayed, while
single-motherhood rates have increased. The link between these facts emanates from
the greater delay in marriage than that in first births. As “the Gap” between the
age at first birth and the age at first marriage becomes negative for some women,
out-of-wedlock first births increase. In my analyses I focus on the increase in income
inequality and the decrease in income mobility — observed across two National Lon-
gitudinal Survey of Youth (NLSY) cohorts of women — to account for the above facts
using an equilibrium two-sided search framework in which agents make marriage and
fertility choices over the life-cycle. Marriage is a commitment device for consumption-
sharing, providing spouses with partial insurance against idiosyncratic earnings risk.
Agents derive utility from children, but children also involve a risky commitment to
future monetary and time costs. According to my model, two observed trends in the
income process produce these changes in the respective timings of marriage and fer-
tility. First, the increase in income inequality produces incentives to delay marriage.
Since single women tend to face higher income risk than do married women, all else
being equal, a decline in marriages when young implies delayed births, which are per-

ceived to be risky. Second, the decrease in income mobility also delays marriage as
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the insurance value of marriage decreases but accelerates fertility because it becomes
less risky to have a child. The model qualitatively matches the observed changes in
family formation and quantitatively accounts for a significant portion of the observed
changes in marriage and fertility timing between the two NLSY cohorts.

In Chapter 3 I aim to add to the indirect income uncertainty inference liter-
ature. The currently existing models used to infer earnings uncertainty from con-
sumption decisions of individuals either use married couples as a unit of analysis or
treat married individuals as singles. Income pooling and less than perfect correlation
of earnings in marital unions provide spouses with marital income insurance. Not
accounting for the marital insurance biases the uncertainty estimation results. In
this paper I demonstrate some properties of the marital insurance bias in a stylized
analytical model. In order to access the potential magnitude of the marital bias I
build a structural model which accounts for marital insurance. I then compare the
estimation results of the model which accounts for marriage with the results of one
that does not after using them on the simulated data set. In addition I introduce
a non-parametric income process in the structural model used for the indirect un-
certainty inference. The main advantage of the resulting model is that, unlike the

typical models in this area, it can be used on short-term panel data.
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CHAPTER 1
ART VS ABORTION: EXPLAINING TRENDS IN CHILD ADOPTION

1.1 Introduction
The adoption of a child is an important socio-economic phenomenon which has
a significant impact on the welfare of both adopted children and parents. Although
the share of adoptions is small relative to the overall U.S. birthrate (about 3-3.5% in
recent years!), since most adoptive parents are part of the top educational and income
layers of society (the part of the population having the least number of children per
capita), adoption constitutes up to 25% of live births of this social group.?

Despite the socioeconomic importance of adoption, few economists have
studied it. The main areas of adoption research are the market for adoptions and
its policy implications,® and using data on adoption to study nature versus nurture
contributions.* The most notable work in collecting and analyzing adoption data was
done by Moriguchi (2012).

This study aims to advance the understanding of trends in child adoption
by studying the supply and demand sides of this market with a special emphasis

on the latter. To achieve this goal, I first develop an analytical model where the

"Moriguchi (2012) used CWIG 2011a data to estimate that in 2000-2008 adoption rate
was from 32 to 36 per 1000 births

2Rough estimation can be made by combining numbers from NSAP 2007 and Caucutt,
Guner and Knowles (2002).

3Landes and Posner (1978), Medoff(1993), Hansen and Hansen (2006)

4Case et al. (2000), Sacerdote(2002), Plug and Vijverberg (2003)



agent chooses the timing of a birth and quantity of children. The agent faces the
following trade-off with regard to the birth timing: the benefit of delaying fertility
is accumulating human capital through on-the-job training to receive higher wages.
At the same time, the disadvantage of fertility delay is the decreasing probability
of conception. The failure to conceive a child in this model leads to adopting one.
In the second step of this project, I simulate historical trends of adoption using the
solution of the agent’s problem at different returns to human capital and success rate
of Assisted Reproductive Technologies (ART).

The main finding of this paper is that the major changes in patterns of
adoption rate in the U.S. which took place from 1950-2010 can be explained by the
demand side factors such as the increase in returns to human capital, combined with
a breakthrough in ART which took place around 1970, rather than the supply side

factors, such as the legalization of abortion.

1.2 Stylized Historical Facts
Nowadays, the U.S. government has a variety of special programs related to
child adoption. Celebrities adopt children from all over the world. This, along with
many other conditions, makes adoption not only more affordable and socially accept-
able, but even trendy. Nevertheless, recent absolute and relative adoption numbers
have been significantly below their historical peak in 1970.> Figure 1 represents the

adoption rate per thousand births based on data found in Moriguchi (2012). To de-

®See Moriguchi (2012)



scribe adoption trends, I specify two periods: prior to 1970 and after. During the first
period, the adoption rate was growing exponentially, whereas in the second period the
trend is parabolic. The main goal of this paper is to provide a possible explanation

for those changes between the periods.

Figure 1.1: Child Adoption Rate per 1000 Births
B0 . . . . . . . . . . .
| lpper Bound
A5 | — oyver Bound -

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Source: Moriguchi (2012)

The exponential growth of the adoption rate observed in 1950-1970 can be
explained by increasing returns to female work experience. A number of studies show

that both female and male returns to work experience have significantly increased



over the last 70 years, with females experiencing a steeper increase. To the best of
my knowledge, unfortunately, research on the earlier period (1950-1970) produces
estimations only for male returns to experience.® More recent papers studying female
returns to experience found that during the last 40 years returns for women have
been growing faster than for men.” Thus, it seems plausible that female returns to
experience had been growing before 1970 as well, but were not an object of economists’
interest. In addition to this intensive margin, female participation in the labor force
was permanently growing in the post-WWII period constituting an extensive margin.

But how can we explain the behavior of the adoption rate in the second pe-
riod of the data range? The most popular explanation of this phenomenon originates
from the supply side. Moriguchi (2012) argues that the primary cause of the fall of
the adoption rate is the rise of abortion rate. Indeed, the shape of the abortion rate
in the U.S. during the second half of the Twentieth Century may support this ex-
planation. But people respond to incentives: if women who previously were delaying
fertility due to increasing earnings and the possibility to substitute childbearing with
adoption started to lose this option, it should have motivated them to have children

earlier, when the probability of conceiving is higher. Rather, as in Figure 2, we see

6Jacob Mincer’s (1974) paper is considered a cornerstone work in this area, another
modern revisitation of which was made by Heckman, Lochner and Todd in 2003.

"Many authors studied this question using PSID data. O’Neill and Polachek (1993) found
that during 1970-1980 female returns to experience increased more than male, Blau and
Kahn (1997) got similar results and also found that that in 1989 returns to women experience
where 25% higher than for men. In a more recent paper, Olivetti (2006), after correction
for selection bias, found that during 1970-1990 period marginal returns to experience for
women grew by 25%



that the median age of women at first birth increased faster after 1970.

Figure 1.2: Mean Age at Birth
EE I I I I I 1 1 1

Mean Age at First Birth
m— ldean Age of Mather

21 1 1 1 1 I I I I
1955 1860 1965 1970 1975 1880 15985 1950 1995 2000

Source: National Vital Statistics Reports, Vol. 55, No. 1, 09/29/2006

I argue that both the rapid decrease of the adoption rate and faster increase
of the median age at first birth in the early 1970’s were, at least partially, due to a
breakthrough in the methods of ART which took place several years before 1970 and
became widespread in the early 1970’s. The first commercial sperm bank in the U.S.

opened in New York in 1970, with several others opening around the country in the



following years.® In 1973, the Commissioners on Uniform State Laws approved the
Uniform Parentage Act, standardizing legal issues of artificially inseminated births.
This kind of ART, while not curing female infertility, increases the probability of
conception and mitigates all problems related to male infecundity, and many other
methods including IVF were developed in the following years. Moriguchi (2012) uses
SART and CDC data® to show that the ART success rate increased from 6% in 1985
to over 30% in 2009; these numbers are conservative since artificial insemination is
not included.

In sum, the general idea of this project is to combine the facts about returns
to experience and change in ART described above to explain the big change in the

adoption pattern which happened in 1970-1973.

1.3 The Model
I use a life-cycle model similar to those in Razin (1980), Happel et al. (1984),
Cigno and Ermish (1989), Blackburn, Bloom and Neumark (1992) and others. In
these models, the fertility timing choice is related to on-the-job investment in human
capital (or “learning-by-doing”) and returns to accumulated human capital (returns
to experience). In particular, I use a modification of the age-specific human capital
accumulation function from Olivetti (2006). A distinctive feature of this specification

is that the rate of accumulation of human capital is higher for young agents and lower

$Barney (2005)

9SART stands for Society for Assisted Reproductive Technology, and CDC for Center
for Disease Control and Prevention



for older ones. The key distinction of my model from previous research is the use of an
age-related probability of conception based on one estimated in Van Noord-Zaadstra
et al. (1991) instead of a constant fertility window bound. This approach allows me
to introduce an indirect choice of an agent between adoption and childbearing. In
other words, the agent is not making an explicit decision whether to adopt or have a
biological child, but instead influences the probabilities of these outcomes by choosing

the time of a conception attempt. A detailed description of the model follows.

1.3.1 Model Setup

The agent in my model is a woman who lives from time 0 — the beginning
of her career — to time R — an exogenous retirement date. The agent maximizes
her expected lifetime value of consumption V'(-) and utility from having children U (-)
by making two ex-ante decisions. She chooses T" — the time when she will make
an attempt to conceive and/or adopt and K — the number of attempts that she is
going to make. All biological (k;) and adopted children (k,) are assumed to appear
simultaneously in the agent’s life. Note that K is the maximum number of children
K = ky+k, that the agent will have if all of her conception and/or adoption attempts
are successful.

Given the assumptions, agent solves:

max EKV(T, K) +Ekb,kaU(kb7 ka) (11)

TK



1.3.1.1 Family Formation
When the agent chooses to make an attempt to conceive a child at period 7', she

succeeds with probability 7,(T") (probability of being fertile at a given age, ag(bg) <0).

If she fails to conceive, the agent adopts a child with probability m, or finishes the
current attempt child-free otherwise. If an agent appeared to be infertile at the
previous attempt, during the next one she will only try to adopt a child. For example
if the maximum number of attempts K = 1, probabilities that she ends up with a
biological, adopted child or child free are p;o(1) = m(T), po1(1) = (1 — m(T))7a
and poo(l) = (1 — m(7))(1 — m,) respectively. Probabilities that the agent will have
one or zero children in this case are Py(1) = p1o(1) + po1(1) and Py(1l) = poo. In
such a way, by choosing T, K, the agent implicitly chooses probabilities of having a
certain number of children P (T, K) and distribution over composition of adopted

and biological children py, 4, (7, K). Then the expected utility agent derives from

parenting is:

By 6, U (Ko, kg, T) = > Piyi (T, K)U (K, ke, T) (1.2)

{kp,ka}: kb+kagf

I allow the utility from a child to be a function of length of the time when a
child is present in the agent’s life and the type of the child. In particular, I assume

that

Ulky, ko, T) = Mu(ky, R — T) + u(ka, R — T) (1.3)



where A > 1. The assumption that the agent draws higher utility from her
biological children produces incentives to attempt conception earlier in life even when
the probability of adoption in case of failure is 7, = 1.

Given the probabilities of the various family formation outcomes, adoption
rate (AR) can be computed as a ratio of the expected number of adopted children to
the expected number of all children born to a representative agent. For example if

the optimal number of attempts to become a mother is K = 1, the adoption rate is:

AR(T, 1) _ po,l(l) _ (1 —m)m, (1.4)

poi(1) +pio(l) (1 —my)me +m

In sum, the cost of fertility delay (increase in T") originates from the decreasing
probability of having biological children, the decreasing probability of having children
and the decrease in the utility the agent draws from being a parent as the agent enjoys

being a parent for less time.'°

1.3.1.2 Life-Time Earnings

In each period, the agent receives an exogenous market rental rate (normalized
to 1) per unit of her current level of human capital (experience). Following Olivetti
(2006), the agent accumulates human capital through a learning-by-doing process
(i.e., current stock of human capital depends on its past value and the number of

hours worked in the previous period). The agent is endowed with H hours per period.

10Note that the assumption that utility derived from parenting decreases with the age at
birth is just a shortcut to the usual notion of receiving that utility during lower number of
periods u(k, R — T) ~ SR a(k).
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While the agent is childless, she devotes all her time to work since she does not value
leisure. Once she becomes a mother, each period she spends an exogenously given
fraction of her time 7 per child. Since the choice of the time allocation is degenerate
in my model, I can rewrite human capital accumulation function in a non-recursive
form © = ©(t,0) before the agent attempts to become a mother and © = O(t, T, K)
once she starts to take care of K children.

The only source of uncertainty about the agent’s future earnings is the re-
alization of number of children K so the expected value of a life-time consumption

1s:

ExV(T,K)=> v (00)+ Y P(T.K)| Y pv(OFT K)) (1.5)

where v(-) — per period utility of consumption.

There are two benefits of delaying motherhood in terms of the value of life-time
consumption. First, delaying motherhood results in fewer periods of not working full
time. Another benefit of later motherhood arises from the decreasing accumulation
rate of human capital. The intuition behind this property of the income process
borrowed from Olivetti (2006), is that the amount of human capital accumulated
from an additional hour of work declines as an individual ages. In other words,
the human capital accumulation rate a la Olivetti is age-specific as opposed to the
commonly used tenure-specific human capital accumulation a la Mincer. Figure 1.3
demonstrates the difference between the two processes for an individual who has been

absent from the labor force for ten years. Analytically, the difference between the life
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Figure 1.3: Experience Accumulation
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time earnings depicted on the left vs right panels of Figure 1.3 is:

T R
/ o)t + / 54 Ot — 10)dt
0 T+10

Vs /T O(t)dt + /R —§+O(t) + O(T) — O(T + 10)dt

+10

1.4 Simulation of the Historical Trend

The main purpose of this paper is to explain the changes in the adoption rate
through the changes in the human capital accumulation function (©), innovations in
ART (m,) and changes in the abortion rate. The latter is represented by changes in the
probability of adoption 7,. In order to assess the plausibility of such explanation and
the quantitative importance of those changes, I use my model to simulate the 1950-
2010 U.S. adoption trend. Whenever possible, I use the parameter values estimated
in the other papers; for periods when numbers are unavailable, I use extrapolations

of known trends.
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1.4.1 Parameters
Since I model the behavior of individuals in a life-cycle perspective, the sim-
ulation includes predictions of the adoption rates of successive generations of repre-
sentative agents. Each generation is characterized by the specific parameters of the

©, 7, and m,(g) functions.

1.4.1.1 Human Capital Accumulation ©

As mentioned in Section 2, to the best of my knowledge, there are no pub-
lished estimates for female returns to labor experience prior to 1970. To obtain these
numbers, I assume that trends in female experience returns observed after 1970 were
present before as well. A possible source of bias from this assumption is that if the
increase in returns to female experience had been growing slower before 1970, my sim-
ulation will produce a higher increase in the adoption rate during the pre-1970 period.
Olivetti (2006), after fixing selection bias problems, used PSID data to estimate an
age-specific human capital accumulation function where the rate of accumulation de-
pends on both the age of the agent and hours worked in the previous period. The
degenerate choice of labor hours in my model allows me to interpolate Olivetti’s re-
cursive human capital accumulation specification in a non-recursive, fertility timing

and number of children —specific functions of a form:

O, T,N) = e +n " tam e (1.6)
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for the 1970 and 1990 cohorts,'t where § = 0.2277—depreciation rate of human
capital. Estimations for the 1970s are: 7y = —0.0499,n; = 0.0429, 7, = —0.0015; for
1990s cohort: 1y = —0.0886,7n; = 0.0948,n, = —0.0017. For the simulation, I use

linear extrapolations of these coefficients.

1.4.1.2 Probability of Being Fertile 7,

Van Noord-Zaadstra et al. (1991), in their study of women in artificial insemi-
nation programs, estimated a critical age probability of successful pregnancy function;
i.e. their function is constant until age 30 and starts to decrease exponentially after
this critical age. To obtain a differentiable probability function, I re-estimated it with

a new functional form:

mt) = ——— (1.7)

a1 + agest

The parameters of this function are: a; = 1.0887, ap = 0.0046, and “natural”
(before 1970) value of ag = 0.2821. There are two ways to think about the post-1970
evolution of ag; the first is to assume that from that point the success rate of ART
started to grow linearly though 2008, where the 32% of ART success is equivalent to
as = 0.1813. The second possible trend is some breakthrough in 1970 and a gradual
increase after that. The latter version is supported by historical evidence. Barney
(2005), for example, points out that donor insemination also solved the problem of

“social” infertility giving the opportunity of maternity to unmarried women, widows

"UThe 1970 cohort consists of women who started their career (where 20 years old) in
1970
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and lesbians. It also provided the same opportunity to couples suffering from male
infertility, which, according to various studies,'? accounts for 40% to 50% of all cases
of couple’s infertility. Of course, not all couples can agree on such an option (in this
case spouses may have different levels of altruism towards a child), and we also do not
know the size of “social” infertility. Therefore, I assume the size of the breakthrough
to be a 4% increase in the probability of conception. I simulate the latter version of

ART success rate evaluation.

1.4.1.3 Availability of Adoption Opportunity =,

The popular statement that the adoption market is capacity constrained is not
fully correct — the number of children in foster care system was never close to zero
during the time period of interest. Rather, during some periods, children meeting
specific preferences of adoptive parents are not available.!® In such a case, the reader
may think about 7, as some measure reflecting the tightness of the adoption market.
Also, for the purposes of my project, I am rather interested in changes in 7 than in

its absolute level. I construct the values of this parameter as the following:

Wazl—N[—NL—f-N[A (18)

where N; and N, are illegal and legal abortions per thousand live births re-

spectively, and Nj4 is the number of intercountry adoptions per thousand live births.

12Sharma et al. (1999), Poongothai, Gopenath and Manonayaki (2009) etc.

13For example, most adoptive parents look for a healthy white girl without cases of cancer
or alcoholic addiction in her biological family history.
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I use the number of legal abortions compiled in Johnston (2011). The number of
illegal abortions is estimated from number of deaths caused by this procedure in Ti-
etze (1975). Finally, the number of intercountry adoptions is taken from Moriguchi

(2012).

1.4.1.4 Extensive Margin

Another factor that has changed significantly over time and is related to the
adoption rate is female labor force participation. Toossi (2002) found that female la-
bor force participation experienced a practically linear growth between 1950 and 1990.
To be able to account for extensive margin I, therefore, take labor force participation

rate in 1950 to be equal to 32.58% with an annual growth of 0.61%.

1.4.1.5 Relative Value of Children A

I choose values of altruism. Intuitively, A\ should be greater than or equal
to one, since the majority of people prefer to have biological children rather than
adopted. There could be several reasons for such preferences, one measurable differ-
ence between these two types of children is their expected health. Various studies
show that adopted children have higher health risks; for example, the 2007 National
Study of Adoptive Parents (NSAP) shows that while the percentage of all children
with special health care needs is 19%, the same number for adopted children is 39%
which suggests A = 2. However, disparity between the adopted and biological chil-
dren is likely to be the highest exactly in terms of health, which means that A = 2 is

rather an upper bound. For the simulation I assume the midpoint A = 1.5.
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1.4.1.6 Utility Functions and Parameters
Finally, I assume utility functions over consumption and children of the fol-

lowing forms:

v(c) = (1.9)

Ulkp, ko, T) = (R — T)(Akp + ko)

Parameters v and p = are chosen such that the model matches the adoption

rate in 1950.

1.4.2 Simulation

Figure 1.4 demonstrates that the changes in returns to experience, ART and
abortion rate used in the developed stylized model are able to match the shape and
the general magnitude of the historical trend. The simulated trend allows to precisely
track the pre-1970 increase in historic rates. It somewhat overshoots the peak level
but further quite closely reflects the decrease. Following a slight overshoot in the
1980s, it levels out, although at a lower magnitude than the data. The kink in the
simulated trend right before the 1970 is due to the discrete maximum birth parity
choice assumed in the model and is produced by agents switching from K = 3 to

K = 2 as the time cost of children increases.
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Figure 1.4: Simulation of the Adoption Trend
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1.4.3 Counter-Factual Experiments

Since all the exogenous changes in the model interact with each other, in
order to grasp the idea of their relative importance, I run several counter-factual
experiments.

Figure 1.5 shows the model’s prediction if the only exogenous change was
increasing returns to experience. Since such a change only increases the benefit of
fertility delay, the adoption rate continues to grow throughout the entire period and
reaches 16% by 2008.

In the second experiment, I combine changes of increasing returns to experience
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Figure 1.5: Only Returns to Experience Change
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with the effect of the increase in abortion rate (represented by 7,). As one can see in
Figure 1.6, when it becomes harder to adopt a child, the adoption rate first declines
slightly (1970s) but later the increase in the demand side overturns its effect.
Finally, Figure 1.7 presents the simulation of the model when the only sources
of exogenous change are returns to experience and innovations in ART. Out of the
three counter-factual experiments, this one most closely resembles the data. The
simulation captures the shape of the historical trend while consistently over-predicting
it since the supply of children for adoption (probability of adoption) does not decrease

in this case. Still, this suggests the major role of the demand side changes in shaping
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Figure 1.6: Returns to Experience and Abortion Rate Changes
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Figure 1.7: Returns to Experience and ART Changes
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1.5 Conclusion

In this study, I examined the roles of changes in demand and supply sides
of the child adoption market in producing the historical child adoption trend. First,
I developed a life-cycle model of a woman’s optimal fertility timing conditional on
returns to her work experience, the current state of ART development and availability
of adoption. Intuition behind the process is that, if the effect of the innovations in
reproductive technologies is higher than the age-related decline in fecundity due to an
increasing optimal fertility timing, then it produces a decline in adoption while still

increasing the age of mothers. I treated adoption as an alternative means of family
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formation for women who are unable to conceive. I used the model to simulate the
1950-2010-s adoption trend. I found that increasing returns to female work experience
and the development of ART during the latter half of the Twentieth Century can
explain the shape of adoption trends in the U.S.. The alternative hypothesis that the
adoption market in the U.S. was mainly driven by the “supply” side — i.e., the fall
of adoption rates after 1970 is due to the increase of the abortion rate — was also
considered in a counter-factual experiment but failed to either produce the observed
shape of the historical trend or come close in magnitudes to it. The “demand side”
hypothesis presented in this paper is also consistent with the observed higher rate of
increase of the median age of women at birth as well. The logic of this explanation

was shown analytically and quantitatively
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CHAPTER 2
MIND THE GAP: WHAT EXPLAINS CHANGES IN THE RELATIVE
TIMING OF MARRIAGE AND FERTILITY?

2.1 Introduction

Over the past half-century, the American family has seen dramatic demo-
graphic shifts. Marriage and fertility have been delayed while single-motherhood
rates have been increasing. The three trends are bonded together through the de-
crease in “the Gap,” i.e., the difference between the timing of first birth and first
marriage, which emanates from the greater delay in marriage than that in fertility.
As the Gap between the timing of birth and marriage decreases and even becomes
negative, the share of women giving birth out-of-wedlock increases. This paper aims
to account for the four closely-related trends using observed changes in income in-
equality and mobility. To do this, I use an equilibrium two-sided marriage search
framework where agents make marriage and fertility choices over the life-cycle. In my
model, marriage provides partial insurance against idiosyncratic earnings risk, while
children represent a monetary and time commitment. In the model, I highlight two
key mechanisms: the first links an increase in income inequality first and foremost
with the delay in marriage timing, while the second mainly establishes a positive
relationship between income mobility and fertility timing. In a nutshell, increasing
income inequality produces incentives to delay marriage, which in turn makes women
postpone fertility since single women, lacking partial insurance from marriage, face a

higher level of earnings risk. Moreover, the decrease in income mobility also delays
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marriage as the insurance motive for marriage weakens but accelerates fertility since
it becomes less risky to have a child. The model qualitatively matches the observed
changes in family formation and quantitatively accounts for 42% and 40% of the ob-
served changes in marriage and fertility timing, respectively, between the National
Longitudinal Survey of Youth cohorts of women.

A substantial amount of research devoted to marriage and fertility delay — as
well as to the increase in single motherhood — tends to treat the trends separately.’
As a result, those theories aiming to explain changes in only one of them often fail
to match qualitative facts related to the others. Although a number of papers ac-
knowledge a fundamental interdependence between the marriage and fertility timing
choices, this paper is the first to explicitly link them to out-of-wedlock fertility through
the (overlooked by the literature) decrease in the Gap phenomenon, to the best of my
knowledge. Of course, the decrease in the Gap is related to non-marital first births
first and foremost, but most of the recent increase in overall out-of-wedlock fertility
can be attributed to this very category.?

One way to depict the facts about marriage and fertility timing described
above is shown in Figure 2.1. Here, I use the two cohorts from the National Longitu-
dinal Survey of Youth (NLSY). The first consists of women born between 1956 and
1964 (labeled “60s”) and the second of women born between 1980 and 1984 (labeled

“80s”). As can be seen in Figure 2.1, the fraction of ever-married women by age (red

!The few exceptions are Caucutt, Guner & Knowles (2002); Regalia, Rios-Rull & Short
(2011); Santos, Weiss (2016)

2Wu, Bumpass & Musick (2001)
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lines) decreased by more than the share of mothers (black lines) did across the two
cohorts. These shifts can be summarized by the change in the conditional medians.
In particular, the median age at first birth was delayed from age 22.5 to age 23.6,
while the median age at first marriage was delayed from age 21.2 to age 24.3. Hence,
the Gap as described by the difference between the medians decreased by almost two
years. As the Gap becomes negative and, hence, first births occur before marriage
for some, it tends to translate into an increase in the share of women who gave birth
to their first child out-of-wedlock (blue lines). In Section 3, I show that these facts
hold more broadly: for example, the Gap decrease is robust to redefining it in terms
of mean ages and to the exclusion of all “shotgun marriage” observations. I also show
that it is applicable to all major socio-economic groups of women and qualitatively
present in Current Population Survey data (CPS).

Studying the three trends together with an emphasis on the Gap gives a wider
perspective compared to studying marriage, fertility and single motherhood sepa-
rately. As documented in Section 3, the decrease in the Gap is relevant to all major
socio-economic groups of US women. Single motherhood is often attributed to poor,
low-educated and black women. The difference is that for more affluent women, the
Gap was initially much more substantial than that of their less advantaged counter-
parts. One implication of the universality of the decrease in the Gap is that although
we do not currently observe high levels of out-of-wedlock births among educated
women, the share of educated women who give birth before marriage has more than

tripled. Hence, if the Gap continues its trend, single motherhood will no longer be a
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sub-group phenomenon.

Figure 2.1: Decrease in the Gap from a Life-Cycle Perspective
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Note: Throughout the paper, National Longitudinal Survey of Youth (NLSY) is
my primary data source. Since the data for the later cohort (NLSY97) are only
available through the age of 33, what I refer to as median age is, in fact, the median

age conditional on making fertility /marriage choices prior to age 33.

The two trends in the income process that this paper argues are important
drivers of changes in marriage and fertility timing are the increase in income inequality
and the decrease in income mobility over the last 50 years. To estimate these changes,
I use a non-pararametric income process similar to that in De Nardi, Fella & Paz-
Pardo (2016), which, among other benefits, allows me to clearly distinguish changes in
income inequality from those in income mobility. The basic structure of the process

is that at every age, agents receive one of N age-specific wages, which represent
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quantiles — i.e., the share of agents receiving this particular wage is exactly 1/N. In
the beginning of the next period, wages evolve according to an age-specific transition
matrix. In such a setting, income inequality, defined as the variance of log of age-
specific wages, is disentangled from income mobility as represented by transition
probabilities. I find that inequality mainly increased among men, especially at higher
ages. This is similar to the findings in Heathcote, Perri, & Violante (2010) and other
recent papers using various data sets and methods.? With regard to income mobility,
I find that its decrease was especially pronounced among women. This decrease
in income mobility and female mobility in particular is also confirmed by Orzag &
Director (CBO 2007), who used Social Security Administration data (SSA), and a
number of other studies (see the discussion in Section 2).

The nature of marriage and fertility is closely related to the notions of risk, in-
surance and commitment — the classic wedding vow starts with the words “for better
or for worse, for richer, for poorer...” Moreover, we traditionally regard families with
children, and single mothers especially, as the most vulnerable (i.e. most exposed to
risk) members of society. It is probably for this same reason that marriage and fertil-
ity have traditionally been viewed as inherently related demographic choices. After
all, an additional exposure to risk due to the future expenditure commitments asso-
ciated with child-rearing was compensated by marriage, a social institution providing

informal insurance. Until relatively recently, the conventional wisdom supported by

3Katz & Murphy (1991); Heathcote, Perri, & Violante (2010); Debacker et.al. (2013)
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available empirical evidence* suggested that the ongoing increase in income inequality
has also implied an increase in income risk. Indeed, as the variance of log earnings
increases, all else being equal, so does the conditional variance of log earnings growth;
therefore, an increase in income inequality produces an increase in income risk. Since
an increase in volatility makes single motherhood riskier and marriage insurance more
desirable, if both moments of the income process were rising, then explaining the de-
crease in the Gap and the associated increase in out-of-wedlock fertility would be
problematic. This puzzle has motivated researchers to seek alternative mechanisms
unrelated to the risk-insurance link between marriage and fertility; several of them
are discussed in Section 3. The results of this search were often unfruitful, as stated
by Ellwood & Jenks (2004): “Indeed, it is only a slight exaggeration to say that quan-
titative social scientists main contribution to our understanding of this change has
been to show that nothing caused single-parent families to become more common.”
In the current paper, I show that, what is missing in the conventional logic is
the fact that income risk (volatility) is a function of both income inequality — how
far apart the potential conditional earnings realizations are — and income mobility
— how likely the transitions to those realizations are. Therefore, a secular decrease
in income mobility can more than offset the effect of income inequality on income
volatility. For example, if the income of an individual can grow by either $100 or
$200 with equal probabilities in the next period, the income risk that she faces would

increase with the variance of the outcomes (say, if the new values were $100 and

4See the discussion of the PSID in Section 2.
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$210). If, however, in addition her income mobility were to decrease (say, if the
probability of a $100 outcome became 99%), the resulting income risk may actually
decline. Moreover, according to recent findings in the Social Security Administration
data, this is exactly what happened. Given that, in my proposed model, an increase in
income inequality produces a delay in both marriage and fertility timing. Meanwhile,
decreasing income mobility produces a decrease in the Gap and an increase in the
out-of-wedlock fertility by making childbearing less risky while the insurance provided
in marriage less desirable. That is, it accelerates fertility while enhancing the delay
in marriage.

In order to relate changes in the timing of first birth and marriage to changes in
income inequality and mobility, I build a model similar to that of Aiyagari, Greenwood
& Guner (2000), who consider a two-sided marriage search equilibrium framework.
Agents live for a predetermined number of periods and make choices with respect to
consumption and marriage, while couples and single females also decide on fertility.

In my model, marriage represents a long-term commitment to consumption-
sharing. Agents, therefore, value marriage because this commitment partially insures
them against idiosyncratic income risk. On the other hand, the requirement to split
consumption incentivizes agents to decline marriage if the prospective partner is rel-
atively poor. In addition, agents derive utility from children, but being a parent
means committing oneself to future monetary and time costs associated with child-
rearing. In order to decrease the complexity of the model, I assume that marriage is

an absorbing state and marriages happen only within a cohort. I also assume that
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there are no savings and no borrowing. Because all agents are 21 to 31 years old,
the no-savings assumption is not crucial since this is a period of a rapid earnings
growth. The no-borrowing assumption is important for the agent’s behavior, but, on
the other hand, it is not too unnatural: the real-life ability of young individuals to
borrow against their uncertain future income is very limited as well. Married agents
enjoy consumption economies of scale and the choices of a married couple are the
collective outcome of a Kalai-Smorodinsky bargaining process with exogenously fixed
equal bargaining powers.

In the model, I highlight two key mechanisms: Mechanism 1 links an increase
in income inequality with the delay in marriage timing, while Mechanism 2 establishes
a positive relationship between earnings mobility and fertility timing. According to
Mechanism 1, when earnings inequality increases, agents at the top of the earnings
distribution become more selective in choosing whom they want to split their con-
sumption with, and thus delay marriage. Agents who are still viewed as marriageable
by the top-earners, will delay marriage because they become more likely to meet
a single top-earner in the future and value of being married to him also becomes
higher. In a two-sided environment, this causes a chain reaction as other types of
agents also delay marriage because the best of their potential spouse-types do the
same. Hence, marriage is delayed throughout the earnings distribution. The intu-
ition behind Mechanism 2 is that high earnings mobility means (1) increased chances
of low future earnings, where the monetary costs of a child outweigh the benefits, and

(2) increased chances of high earnings, where the opportunity cost of time spent on
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child-rearing outweighs the benefits of (additional) children. Hence, an increase in
income mobility makes agents delay fertility until later in life, when income mobility
becomes lower.

According to my model, the observed changes in the income process are com-
bined with the two mechanisms as follows. First, the increase in income inequality
delays marriage in accordance with Mechanism 1. Since single women tend to face
higher income risk than do married women, all else being equal, a decrease in mar-
riages when young immediately implies delayed births according to Mechanism 2.
Second, the decrease in income mobility also delays marriage as the insurance value
of marriage decreases but accelerates fertility since it becomes less risky to have a
child; that is, Mechanism 2 undoes part of the initial delay in birth.

Taken together, the increase in income inequality delays both marriage and
fertility and the decrease in income mobility delays marriage further. It accelerates
fertility, however, producing the decrease in the Gap between the two and therefore
increases the incidence of single-motherhood.

Finally, I perform several quantitative experiments. First, having estimated
the income process described above for the two cohorts of agents from the National
Longitudinal Survey of Youth (NLSY79 & NLSY97), I calibrate the model to match
age-specific shares of (1) ever-married women, (2) women who gave birth and (3)
never-married mothers from age 21 to 31 of the initial cohort of women (NLSY79).
I then simulate the change in the aforementioned age-specific shares by changing

the income process to that estimated for the later cohort (NLSY97). I find that
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changes in the income process can account for 42% and 40% of the changes in the
timing of marriage and fertility, respectively, between the two cohorts across ages.
To decompose these responses into the effects of changes in income inequality and
mobility, I simulate the model while changing only one feature of the income process
at a time. I find that the change in income inequality accounts for 35% of the delay
in marriage and 335% of the observed changes in fertility behavior. The latter effect
is large because the increase in income inequality delays fertility through both delay
in marriage and increasing income risk. The decrease in income mobility accounts for
14% of changes in marriage behavior between the two NLSY cohorts of women and
for -124% of the observed changes in fertility.

Hence, income inequality and mobility jointly delay marriage. Their inter-
action suggests that for a given increase in income inequality, the effect of income
mobility on the timing of marriage is weakened (42% < 35% + 14%). On the other
hand, while the increase in income inequality delays fertility markedly, the decrease
in income mobility tends to accelerate it appreciably. Unlike the case of marriage,
given the increase in income inequality, the effect of the decrease in mobility on the
timing of birth is actually more potent. The intuition for the interaction effect on
marriage timing is related to the fact that when income inequality is high, there are
more types of agents whose incomes are so far apart that they would not agree to
marry each other. This additional decrease in the value of marriage brought by de-
cline in mobility would not be able to thwart those marriages. The intuition for the

interaction effect on fertility, however, relates to the share of singles, which differs
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across low versus high income inequality environments. I analyze these interactions
in more detail in Section 6.

The rest of the paper is organized as follows: In Section 2, I review the related
literature; Section 3 presents empirical evidence related to the decrease in the Gap
and tests the ability of several other hypotheses to explain it; Section 4 presents
the model; Section 5 presents intuition for the two key mechanisms; in Section 6, I

calibrate the model and run several counterfactual experiments; Section 7 concludes.

2.2 Related Literature
In the first part of this section, I overview the papers partially overlapping with
my own in terms of the object of study, highlighting the differences and similarities in
our approaches. In the second part, I review the literature that serves as a foundation

of the model I develop.

2.2.1 Marriage, Fertility and Single Motherhood:
Separately & Together
Marriage, fertility and out-of-wedlock childbearing are inherently related, and
should therefore be studied together because theories aiming to explain changes in
only one of them naturally cannot be used to study their interactions. For example,
the papers by Happel, Hill & Low (1984); Blackburn, Bloom & Neumark (1992);
Kohler & Kohler (2002); Kreyenfeld (2010); Adsera (2004, 2005, 2006); Sommer
(2014) and Vanderbroucke (2014) etc. can be used to explain delay and decline in

fertility but cannot be applied to the Gap since they treat marriage exogenously. On
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the other side of the spectrum, Keeley (1974); Loughran (2002); Gould & Paserman
(2003); Coughlin & Drewianka (2011) etc. focus predominantly on marriage tim-
ing, and, therefore, are incapable of explaining the decrease in the relative timing as
well. Finally, scholars of out-of-wedlock fertility such as Wilson (1987); Ellwood &
Jencks (2004); Charles (2010); Lundberg & Pollak (2014, 2015, 2016) often consider
income/education or race-specific mechanisms since most out-of-wedlock births oc-
cur among women of a low socio-economic status. Although such mechanisms can
contribute to the share of single mothers among certain population groups, they are
unlikely explanations for the decrease in the Gap, which, as [ document, exists among
all races and educational groups of women.

A number of theories produce simultaneous delay in marriage and fertility
by elaborating on Becker’s (1974) limits to the household specialization hypothesis.
According to Becker, the value of marriage comes from household specialization of
labor, which typically assumes that the husband has a comparative advantage in the
labor market, while the wife is more efficient in home production (including child-
bearing). Typically, in such theories some exogenous innovation delays fertility by
decreasing the incentives of individuals to have children. Since having children is seen
as part of the value of being married, the undesirability of children also delays mar-
riage. Examples of such innovations are an increase in income volatility as in Santos
& Weiss (2012, 2016), an increase in the general income level and decrease in the
gender-wage gap as in Regalia et al. (2008) and the invention of orally-administered

birth control medication as in Goldin & Katz (2002). Although such mechanisms
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are indeed able to produce delays in both marriage and fertility, they naturally fail
to also account for the decrease in the Gap and increase in single motherhood, since
the decreased desire to have children was the original reason for marriage being less
attractive and, hence, delayed. Because out-of-wedlock fertility is disproportionately
concentrated among low-educated and black women, researchers often propose race
or socio-economic class-specific mechanisms, such as hypothesis of black incarcera-
tion, unmarriageable men, etc. I show that the decrease in the Gap is relevant to all
major socio-economic groups of women, and therefore the group-specific mechanisms
may contribute to but cannot explain the observed trends for the whole population
of women.

Closely related to my work, Santos & Weiss (2012, 2016) used PSID as their
primary data source and were therefore using an increasing trend in volatility as a
driving force for their mechanism (see the following discussion of the PSID). The
authors proposed an explanation of the marriage and fertility delay in the spirit of
Becker’s (1974) specialization hypothesis. Given that an increase in income mobility
disincentivizes childbearing, Santos & Weiss argued that it will also delay marriage
by limiting the degree of potential specialization. But even if income mobility indeed
increased, such a theory would still fail to explain the increase in single motherhood.
If it is too risky to have a child while being married, it should be even riskier to have
a child in the absence of marital insurance.

Another relevant paper, Regalia, Rios-Rull & Short (RRS) (2011), explains

the increase in single-motherhood and decrease in marriage with the closing of the
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gender-wage gap. The intuition behind their explanation is yet another rendition of
Becker’s limits to specialization hypothesis — richer females can now afford to spend
more time searching for a better partner. As argued before, this type of mechanism
usually cannot produce an increase in single motherhood since the factors delaying
marriage are exactly those demotivating fertility — in the case of RRS, higher fe-
male wages also should make the time cost of child-rearing binding. RRS overcome
this problem by making special assumptions forcing some fraction of women to have
children independently of their desire to be a mother. The current paper is com-
plementary to RSS in that the gender-wage gap margin is also present here, but
my income process also incorporates other important margins such as richer income
inequality and income mobility. These appear in RRS in a rather reduced form.
This paper is also related to Caucutt, Guner & Knowles (2002), who showed
how a delay in marriage provides incentives for fertility delay. However, studying
relative changes in the timing of marriage and fertility, as well as focusing on the
effects of income inequality and mobility in a unified framework of marriage and

fertility choices, was beyond the scope of their research.

2.2.2  Mechanisms, Trends and Modeling
The validation of the crucial assumption that marriage provides partial insur-
ance, among others, can be found in Hess (2004), who showed that income insurance
arising through the marriage commitment plays an important role in marriage for-

mation as well as in marriage longevity.
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The hypothesis that there is a link between income inequality and age at first

® was initially

marriage, both of which have been increasing for the last 50 years,
proposed by Keeley (1974). This result was derived in a one-sided search model (a
version of a reservation wage model). Keeley’s intuition was that increased earnings
inequality increases the mean value of potential spouses whose wages are distributed
above the reservation value. Therefore, under some conditions, returns to search in-
crease as well as search duration. The fact that increasing inequality is associated
with delay in marriage has been empirically confirmed by a number of papers.® How-
ever, Keeley’s original intuition cannot be applied in the two-sided search case. For
example, when men can reject marriage proposals, increased inequality of the upper
tail of the male distribution does not necessary increase the gains to search for all
females: rich males who are becoming even richer may now reject marrying some
poorer women to avoid sharing their consumption with them.

To the best of my knowledge, this paper is the first to provide intuition about
the way in which income inequality affects marriage timing in a two-sided search
framework. Although increasing income inequality does not alw