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Abstract

In the last three decades over a million abortions were performed annually in the United States.
Recent empirical studies assess the impact of legalization of abortions on living conditions of
children and argue that legalization of abortions provides better living conditions and human
capital endowments to surviving children. This paper takes seriously the hypothesis that legal-
ized abortion can improve the living conditions of children and hence alter their future labor
market outcomes. The main question of the paper is what are the implications of abortions
for long-term income inequality. A model of marriage, fertility, human capital transmission,
contraception and abortion decisions is built to answer this question quantitatively. Inequality
will be higher in a world without abortions. The main reason for this is the higher and more
unequally distributed number of children across households. Children also receive less human
capital.
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1 Introduction

Unintended pregnancies accounted for around half of the 6.4 million pregnancies in the United
States in 2001. Half of these unintended pregnancies resulted in abdttian Gnd Henshaw
2006." Several recent papers have studied the consequences of abortion access emgirically.

ber, Levine and Staigg1999 ask the following question: Would children who were not born
because of abortion live in different circumstances than the average child in their cohort? The
answer depends on the magnitude of two opposing effects, (i) positive selection: women use abor-
tion to avoid bearing children in adverse circumstances and the marginal child aborted has worse
living conditions than the average child of the cohort or/and; (ii) negative selection: if the most
disadvantaged women are constrained in their abortion access (geographically or financially), the
marginal child aborted has better living conditions than the average child of the cohort. They
discover sizable positive selection:

"[...]the average living circumstances of cohorts of children born immediately after
abortion became legalized improved substantially relative to preceding cohorts, and
relative to places where the legal status of abortion was not changing. Our results sug-
gest that the marginal children who were not born as a result of abortion legalization
would have systematically been born into less favorable circumstances if the pregnan-
cies had not been terminated: they would have been 60 percent more likely to live in
a single-parent household, 50 percent more likely to live in poverty, 45 percent more
likely to be in a household collecting welfare, and 40 percent more likely to die during
the first year of life." (p. 265)

In a similar study,Donohue and Levit(2001) analyze the impact of legalized abortion on
crime. Their analysis suggests that legalized abortion reduced crime rates with a twenty-year lag
and find that an increase of 100 abortions per 1000 live births reduces a cohort’s crime by 10%.

If one uses their estimates to create a counterfactual, it turns out that crime would be 15% to 25%

1The debate on abortion legalization in the U.S. is dominated by two ideological positions. Pro-life supporters
consider the fetus a living being and therefore view abortion as taking life. On the other extreme, the pro-choice
stand views abortion as an essential woman’s right to control her own body. Although these two groups often use
well-rehearsed arguments for the economic consequences of legalizing abortion, the discussion between them is of
moral nature. This paper views abortion access as an economic policy, and its only goal is to gleam some light on the
economic consequences of the legalization of abortion for the agrregates of the economy. For more détailsicsee
(2004.



higher in 1997 if abortions were not legal. They claim that using this counterfactual and previously

estimated cost of crime, the social benefit of reduced crime due to legalization is of order of 30
billion U.S. dollars (about 113 dollars per capita) annually. The explanations for this strong effect

of abortion on crime are either due to reduced cohort size or lowered offending rates per capita.
The effect of abortions on crime comes predominantly from the lower offending rates per capita.

The intuitive explanation for the lower average rates goes through two channels: (i) women who
have abortions are those who are more likely to give birth to children who engage in crime or/and;
(i) women may use abortion to optimize the timing of childbearing, and consequently children can

have better living environment and better human capital endowments.

The empirical studies on abortion access are not able to assess the long-run aggregate implica-
tions of the change in the average living standards of children due to abbrfiamore suitable
framework would be that of a general equilibrium model of fertility and abortion decision which
maps the level of abortion access into a particular intergenerational mobility pattern and ultimately,
into different labor market outcomes. In such a framework, the main mechanism will work through
initial human capital endowments given to children by their parents. Parents’ decisions will be de-
termined by preferences, income levels and availability of methods (contraception and abortion) to
regulate fertility.

The goal of this paper is to examine the quantitative importance of access to abortion for the
income inequality. A dynamic equilibrium model of marriage, abortions, contraception and fer-
tility choice is built to match the fertility and abortions behavior in the US economy for the late
1990s and early 2000s. The model economy is populated by heterogeneous agents and this gives
rise to an income distribution as an equilibrium outcome. First, the benchmark income distribution
is derived in the estimated economy where abortions are available. Then, a counterfactual income
distribution is derived for the case in which abortions are not allowed. The resulting difference in
terms of inequality is interpreted as an evaluation of the role of abortions.

The model economy is populated by males and females who live for 3 periods, one as a child
(teenager), and two as adults. Children are born with a certain ability level that is correlated
with the ability level of their mothers. Parents spend resources on children which determine their
education (skill) level when they are adults. Children (teenagers) are also engaged in premarital

2Another strand of the emprical literature utilizes structural dynamic models of dicrete choice with stochastic
fertility to estimate key structural parameters of the models. See, for exaviplein (1984, Hotz and Miller(1993
andCarro and Mirg(2006. These papers, however, do not focus on how abortions affect investment in chilren.



sex. Female teenagers can put effort to use contraceptives. They can also abort their pregnancy.
Hence, some females start their adult lives with a child that was conceived out-of-wedlock in their
teenage years.

Each adult (male or female) is characterized by an education level and their ability, which
together determine their earnings. Adult females also differ by the presence of premarital children
from their teenage years. At the start of their adult lives, males and females mate and decide
to form married households or remain single. A male receives disutility from the presence of
out-of-wedlock children in the household. After households are formed, married households and
single females decide how many children to have and what amount of resources to spend on them.
Fertility is stochastic, i.e., the quantity of children they desire is not realized with probability of
one. They can use contraception and abortion as instruments to mitigate the risk stemming from
this uncertainty. Contraception is an instrument that reduces the fertility risk before the realization
of the fertility process, while abortion is a tool that can correct the fertility outcome after the final
realization of the process. Households use a particular mix of these two instruments depending on
their costs and the preferences over quantity and quality of children. Human capital endowments
given to children (quality), thus, depend on the cost of abortion. The future income of children is
positively correlated with their human capital endowments, and therefore is conditional on the cost
of abortion as well. Using this link, the model can assess changes in the cost of abortion and their
influence on the future income distribution.

After the first period of adult life, married household members may decide to dissolve the
household unit. Divorced people remain single in their second period of adult life. At the start of
this second period, single males and females in the first period mate with each other again. House-
holds in this period face the same decisions as they do in the first period. Children stay with their
parents only for a period and then they become adults. Their initial conditions as adults are deter-
mined by the decisions of their parents, providing a natural framework to study intergenerational
mobility.

The benchmark economy fits well the pregnancies and abortions behavior of females by their
age, marital status and education in the US. The computational experiment in which access to
abortions is restricted produces a counterfactual economy in which income inequality increases.
In particular, the benchmark economy’s income distribution has a coefficient of variation of income
of 0.987, while the counterfactual economy, in which abortions are not available, has a coefficient
of variation of 1.227. Similar increase is observed for the family income dispersion. These sizable
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changes in inequality might be due to several factors. First, in the counterfactual economy the
fraction of married people increases by 4%. This is due to the fact that the fertility uncertainty in
the model (as in the data) is more pronounced among single people. Thus, marriage is a way to
reduce this uncertainty. Since married households have on average more income than single house-
holds, the children that were born in these new married households in the counterfactual economy
have better and less dispersed human capital endowments compared to the case in which they
were born in single female households in the benchmark world. Therefore, the existence of these
extra marriages can work towards reduction of inequality. On the other hand, the additional mar-
riages formed in the counterfactual economy have lower correlation between the education levels
of husbands and wives. This makes the living conditions of children in married households more
dispersed which can be transferred into higher equilibrium income inequality. The importance of
the family formation channel for the rise in inequality is assessed by inputting the marriage and
divorce decision rules of the benchmark economy to the counterfactual world with no abortions.
The inequality measures decrease only marginally compared to the counterfactual economy with
endogenous marriages and divorces. Thus, changes in family formation patterns do not matter
much for the increase of inequality when abortions are not allowed.

Second, the parental investments in each child in the counterfactual economy with no abortions
are lower and more unequally distributed across households. This might contribute to the increase
in inequality. To assess the relative importance of this channel for the rising income dispersion in
the lack of abortions, the parental investment decisions from the benchmark economy are inputted
into the counterfactual one. Income dispersion is now significantly lower than the one in the
counterfactual economy with benchmark marriages and endogenous parental investment decisions.
The results show that this channel can account for around one third of the rise in inequality when
abortions are not allowed.

Finally, both marriage and divorce and parental investments decision rules from the bench-
mark economy are inputted into the economy with no abortions. The drop of inequality is larger
compared to the benchmark economy and the cases when marriage and human capital investment
channels are explored separately. The remaining unexplained portion of the increase in inequality
is due to the fact that when abortions are not allowed, households have more children and the num-
ber of these children is more unequally distributed across households. These changes in fertility
behavior when abortions are not present can account alone for around half of the rise in inequality.



This paper extends the arguments of the empirical literature from the late 1990s assessing the
consequences of legalized abortion. Works suchaser, Levine and Staig€t999 andDono-
hue and Levit(2001) argue that abortions can improve living conditions of children. This research
paper take these arguments seriously and builds an equilibrium model to assess the importance of
abortions for inequality. The framework used here resembles thatof(2017). He embeds sto-
chastic fertility in a life-cycle model and finds that fertility risk is more spread among less educated
people and thus can be a powerful source of life-time inequality. The economic model in this paper
features uncertainty about fertility outcomes but also incorporates endogenous channels of invest-
ment in children in order to evaluate the importance of abortion access for inequality. This is done
by assuming a quantity-quality trade-off in the preferences for children and allowing educational
achievements to be a function of the resources parents invest in their children. Models of children’s
guality-quantity trade-offs relating intergenerational mobility and income inequality date back to
Becker and Tomegl979. Aiyagari, Greenwood and Gun€2000Q andGreenwood, Guner and
Knowles (2003 use this approach in a search equilibrium framework to analyze the interaction
between the marriage market and investment in childéemamer(2017) studies the link between
rising income inequality and delay in fertility in a Huggett framework with a quantity-quality fer-
tility choice. Restuccia and Urruti§2004) emphasize the role of early children’s education in
the intergenerational persistence of incom&he most important channel for inequality in the
framework presented here is the difference between individuals in terms of their initial ability and
parental investments. There is a large literature that emphasize the role of initial conditions for
inequality. Recently, this approach is takentbygoett, Ventura and Yaro(2006. They use the
human capital accumulation model B&n-Porath(1967) to reproduce the dynamics of the U.S.
earnings distribution. Their results point out that differences in initial learning abilities explain the
bulk of the variation of present value of earnings across individuatsane and Wolpir(1997)
assess the relative importance of initial conditions versus life-cycle shocks to earnings in an occu-
pational choice model with endogenous earnings distribution.

The paper is organized as follows. Sectibpresents basic facts about abortion patients. Sec-
tion 3 develops the model economy. The decision making process is described in Sevtiole
the parameterization of the model and the mapping to data are discussed in Se¢hercompu-

3Cuhna and Heckma(2007) present a formal model of child development that also emphasize the improtance
of early child investments.Cuhna, Heckman and Schenng@010 estimate mutlistage production functions for
for children’s cognitive and noncognitive skills. The estimates point out that optimal intervention policies targeting
disadvantaged children should be situated in the early stages of childhood.
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tational experiments are conducted in Sectioection7 concludes.

2 Facts

History. Roe v. Wadg1973 made abortion legal across the United States. The Supreme Court
held that the constitutional right to privacy extends to a woman’s decision to have an abortion.
The decision also stated that this right should be balanced against the health status of the pregnant
woman and "the potentiality of human life" (Page 410 U. S. 114). These two interests were con-
sidered at their weakest in the first trimester of the pregnancy and the decision of abortion is left to
the pregnant woman (and the attending physician).

The number of induced abortions was consistently increasing in the decades following the
Court’s decision. From around 745 000 procedures performed in 1973, the abortion number
skyrocketed to 1.6 million procedures in 1990in the last twenty years, the total number of
induced abortions decreased but was always above 1.2 million.

Figure 1. Evolution of Abortions, 1975-2005
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When the population structure is taken into account, the abortion practices follow a similar
pattern. The abortion rate defined as the number of induced abortions per 1000 women of age

4All data sources for the figures below are presented in Appehdix
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15-44 is depicted in Figuré It reaches a historical peak of 29 abortions per 1000 women in 1980
and declines in the 90s and 00s. This diminishing trend, however, never reaches levels of less than
19 abortions.

To understand the real extent to which abortions are used to control women’s fertility, consider
the number of interventions as a fraction of all pregnancies occurring to women of age 15-44.
This measure (also shown in Figutg peaks in the early 80s when one third of all pregnancies
are aborted. In recent years the utilization of abortion declines but the fraction of the aborted
pregnancies is never less than 20%.

The historical evolution of abortion practices reveals a major boom of their usage in the years
after the legalization and a minor decline in recent time. The numbers show that the abortions
nowadays are used as much as in the 70s and continue to be a major way of correcting for unfavor-
able fertility outcomes.

Figure 2: Fraction of Abortions by Age, Marital Status, and Education, 2000
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Who has abortions?Figure2 plots the fractions of abortions to women by their age, marital status

and education. The typical abortion patient is young, single and unskilled (defined as non-college
educated). Specifically, one out of every five women (19.5%) having abortions in 2000 was a
teenager. Women in their 20s accounted for more than half of all abortions (58.8%), and 21.7%
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of the abortions occurred to women in their 308n the other hand, the faction of abortions per-
formed by single women (82.2%) is almost 5 times higher than the abortions of married (17.8%).
Finally, the educational division of abortion patients reveal that unskilled women account for
83.8% of all abortions in 2000, while skilled recipients of the medical procedure are only 16.2%.
Figure3 depicts the number of abortions and pregnancies per 1000 women (abortion and preg-
nancy rates) in subgroups of the female population by age, marital status and education. The
pregnancy rate for women in their 20s is much higher than for any other age subgroup of the pop-
ulation. On the other hand, the abortion rate for women of age 20-29 is also the highest. The
pregnancy rate for teenagers is slightly lower than the one for women in their 30s but the abortion
rate for teenagers is much higher than the one for women of age 30-39. Similarly, the pregnancy

Figure 3: Abortion and Pregnancy Rates by Age, Marital Status, and Education, 2000
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rate for married women is higher than the one for singles, but more abortions per woman are
performed in the group of single women. Unskilled women have more pregnancies (per woman)
than the skilled, but also more abortions. These facts point out that it is important to look not only
at abortions but also at pregnancies within each demographic cell.

5The fraction of abortions to women 40 or older is very small and is neglected in this analysis.



3 Economic Environment

Consider an overlapping generations economy with a continuum of individuals, each of which lives
for three periods. Individuals are either males or females, and these groups are of equal size. In the
first period of their lives agents are children (teenagers). They are born with an ability level and
live with their parents who invest in the human capital development of the teenagers. The ability
of teenagers is correlated with the ability of their mother. This emphasizes the intergenerational
transmission of talent. Female teenagers may encounter a sexual contact with their male peers
and face a probability of getting pregnant. They exert effort in avoiding the pregnancy through
contraception. This effort comes at a cost and reduces the probability of getting pregnant. They
also have the option to terminate a realized pregnancy through an abortion at a given cost. If they
do not terminate it, a premarital teenage birth is realized.

At the end of their teenage period, teenagers become skilled (college educated) with certain
probability or else stay unskilled (non-college educated). The odds of becoming skilled for a
teenager are increasing in the human capital investment of the parents, and in the case of the
females, is decreasing in the number of premarital births. The educational level of teenagers,
jointly with their ability, determine their earnings in the labor market.

After the teenage period, individuals become adults. They are fertile for the next two periods
(young and old adults) and are also active workers. During the two periods they have a unit time
endowment per period which they supply inelastically to the labor market in exchange for a wage
per human capital unit. People accumulate human capital between periods. In the case of females
the evolution of human capital is influenced by the number of children present in the household.

Young adult females and males match in a marriage market at the start of the first adult period
and form household units for joint consumption, and making and raising children. These units
can be married, single female, or single male households. Married and single female households
can have children and make decisions about consumption, fertility, and resources spent on their
children’s development while male-headed households cannot have children and care only about
their consumption.

When young married adults turn old, they can divorce at the start of the second adult period.

Divorced agents cannot remarry and spend their last period of life as singles. The household units

This formulation of female human capital accumulation is well-established in the literature. See, for instance,
Olivetti (2009, Attanasio, Low and Sanchez-Marc@909 andMiller (2011).
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that do not experience a divorce continue their lives as old married households. Never-married old
agents can match with each other and form married, single female, or single male households. Old
households make the same decisions as the young ones.

Fertility decision of a household consists of the number of desired children, contraception and
abortion choices. Fertility is stochastic, i.e., the number of desired children is not realized with
probability one. Before making the fertility choice households may decide to purchase contra-
ception treatment which reduces the chances of having more pregnancies than desired. After the
realization of the stochastic process for fertility, households may decide to use abortion to termi-
nate some of the pregnancies. Hence, contraception and abortion are instruments which households
utilize in coping with the stochastic nature of fertility.

3.1 Adults

Human Capital and its Evolution. The level of human capital at the start of the adult life is
determined by the ability level\, and whether the person is skilled= 1, or not,e = 0. The
starting values of human capital are given by

hl - /\Xe

where the subscript denotes that individuals are in the first period of their adult liv8$e pa-
rametersy, andy; indicate the dependence of human capital levels on educational achievements.
Skilled and unskilled workers of the same gender and of same ability levels have different human
capital levels. In particular, the skilled workers operate with higher stock of human capital, i.e.,
X1 > Xo-
Human capital evolution for females over the life cycle is described by

}ﬁ_{gﬁﬁnzo

2 (1—7)en] ifn >0
wheren denotes the number of children of the female in the period. The paragnetérsumma-
rizes the rate at which human capital grows. In the presence of children in the family, the growth
of human capital for the female is taxed at a fdte 7 < 1. This formulation reflects the fact that

human capital accumulation process for females is disrupted in the presence of children. Human

"The life period of the individuals are indexed for the remainder of the pap&fashe teenage period for the
yound adult period, an#l for the old adult period.
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capital for males evolves according to
hyt = ERT.

Income. Male workers receive wage per efficiency unit of human capital. Female workers,
however, receive justw per unit of human capital. The parametex. >« < 1 reflects the gender
gap in wages. A married household income equal%’ + wh™, while a single female household
income isscwh’. Finally, a single male household’s income is giverugy™.

Household Formation and Dissolution.Young adult individuals form households in a marriage
market where they meet other young adults of the opposite gender. Individuals match randomly.
A potential match appears together with a match-specific quality paramdtawn from a distri-
butionT'(~). In addition, all things equal, males prefer females without a teenage premarital birth
(see section on household preferences). Young adults compare the present discounted utilities of
becoming married and staying single and based on that choose to marry or not.

As adults age and become old, the married households formed when adults were young draw
a new match-specific quality from a conditional distributi®fy|y_,). Based on that old married
adults may decide to divorce and stay single for the last period of their lives. On the other hand,
old adults who were single as young match again and may form married households.

Fertility. Married and single female households can have children. Females in the household
choose the number of children which they desire to have {0,1,2,..., N} in a period. In

the first adult period of her life, the female of the household might already have had a birth as a
teenager. Let the variabletake the value of one if this is the case, and the value of zero otherwise.
This potential child is considered to be delivered in the first period of adulthood and its presence
is known whenk is chosen. The probability of having male or female children is the same for
all pregnancies. Due to the stochastic nature of human fertility, the number of realized children
n € {0,1,2,..., N} is described by a + 1-by-N + 1 matrix IT;*. Each row of this matrix
represents the probabilities thathildren will be realized given the choiée Therefore,
Pr(n=0k=0) --- Pr(n=N|k=0)

11" = : :
Pr(n =0k =N) --- Pr(n=NJk=N)

wherej € {1,2} is the age of the fertile householde {sf, mf} indexes whether the household
is single femalgs f) or married(mf), ands € {0,1} is an indicator whether the household has
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purchased contraception treatment or not (discussed shortly). For exﬂﬂ‘ﬁl@s the transition
matrix for young, married household which does not use contraception. The first row of this matrix
represents the probabilities with whiéh1,..., or N births might occur given that the household
has decided not to have children. For example, the first row, first column elartﬁgg?t,: Pr(n =
0|k = 0) is the probability that no birth occurs given that the household has decided on being
childless. Note that each row sums up to o€, Pr(7 = ilk = i') = 1, for everyi’ ¢
{0,1,2,...,N}.

In the first period of adulthood the fertility matricEg® assign relatively higher probabilities
to fertility outcomes higher than the desired, while in the second period, probabilities are relatively
higher for lower fertility outcomes than the desired. This reflects the fact that human ability of
reproduction decreases with age. The fertility matrices are also contingent on the household type.
This reflects the fact that single females experience higher probability of having a unintended
pregnancy than married females.

Contraception and abortion. If contraception treatment is purchased by a householé (1),

then theN + 1-by-N + 1 transition matrix fromk to n is H;?l, otherwise § = 0) it is H;’O. The
purchase of contraception treatment strengthens the diagonal of the transition matrix and comes at
a utility costR,.

Abortion within the household, on the other hand, is defined as a medical procedure that can be
performed after the realization of stochastic fertility process. It can bring back the realization of the
number of children to the original choiéeortok+1,...,nif n > kwithn—korn—k—1,...,0
abortions performed. & < k, no abortions are performed. The final number of children born in
a household per period is= n — a + y for young adults, and = n — « for old adults, whereg
is the number of teenage premarital births (see next subsectiom)iaride number of performed
abortions per periody(> a > 0). Each abortion comes to a utility casy.

Parents’ spending on their children. Once the final number of children in a household per period,
n, is realized, parents chookghe resources spent on the human capital formation of each of their
children.

Preferences.Adult individuals derive utility from consumption. Within the household, consump-
tion is a public good subject to congestion. Its level is decided by the adult members of the house-
hold. They are altruistic towards their children, and therefore if children are present in the house-
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hold, they derive additional utility from the number of children and the resources they spend jointly
on each child for human capital development. Children and investments in them are also public
goods. If adults live in a married household they receive a match-specific quality have a neg-

ative preference towards children coming from a premarital teenage births (in the case of young
adults).

3.2 Teenagers

Teenage premarital fertility, contraception and abortion. Female teenagers may have sex with
male teenagers. The probability of getting pregnant in the procegs)iswheres € {0,1} is a
discrete choice whether the female teenager puts effort into contraception. If effort is exercised
(s = 1), it brings a utility cost to the female teenagey,

If a pregnancy occurs, the female teenager has the option to abort the pregnancy at a utility cost
kq. The variabley, € {0, 1} takes the value of one if the female teenager gets pregnant, and zero
otherwise. If she does not perform an abortion the resulting birth is called a teenage premarital
birth. The variableg € {0, 1} takes the value of one if a female teenager has a teenage premarital

birth, and zero otherwise.

Educational Achievements.Teenagers can be educateds 1, or not,e = 0. Female teenagers
can obtain a college education and become skilled with probalility; ;7). This probability is
increasing in the investment given by the parehtgand it is lower if a teenage premarital birth
is realized, i.e.¢’(b,0) > ¢/(b,1). Male teenagers face a corresponding probability function of
attaining high educational degree and becoming skilled givegi't§y). It is again increasing in

the investment received by the paremts,

Ability. Teenagers are assumed to obtain a labor market ability which they can utilize when
entering the labor market as adults. Denote this labor ability.dyabor abilities are drawn from
a probability distribution functioi\ (A\|A’ ;) which is conditional on the ability of the mothe¥’ ;.

4 Decision Making

The economic environment poses several decision problems for the individuals. Teenagers do
not have a say when determining consumption levels within their parents’ households. They are
given access to the consumption good which is determined by the parent(s). The female teenagers,
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however, have to make a choice in respect to whether to exert a contraception level or not, and
whether to perform an abortion if a teenage premarital birth occurs. These decisions are made so
that the present discounted value of the their future utility streams is maximized.

Young adults have to decide whether they marry or not their potential partners for marriage.
They do so by comparing the expected values of utility streams of single and married life. Adults
derive utility from consumption, the number of children they have, and the resources they invest
in them. Households need to make decisions concerning their contraception treatment, the number
of children they desire to have, the abortions they perform (if needed), consumption levels and
the resources they invest in each of their children. When making their decision choices young
adults maximize the current utility levels they may obtain and the present discounted values of
their utility as old adults. Consumption and investments in children are public goods within the
household. Moreover, their choices do not affect the future utility stream of adults in the household.
Therefore, the wife and the husband in a married household choose the same levels of consumption
and investments in children given the realized number of children in the household. Children are
also a public good but their presence affect the human capital accumulation process of the young
female. At the end of the first adult period young married couples may divorce. The number of
children of these young couples may affect differently the future prospectives of males and females
within the young married households. Based on that, the current decisions for the contraception
treatment, the desired number of children and the number of performed abortions (if needed) may
differ for husbands and wives. Therefore, it is assumed that these decisions are made solely by the
female in a young married household.

Old adults also make a decision of whether to marry or stay single if they were single as young,
and whether to divorce or stay married if they were married as young. Further on, they make the
same decisions as in their young age with the only difference is that here they maximize just their
current utility levels in respect to the decision variables since this is the terminal period in their
lives. Young and old single males do not have any children attached to them and consume their
endowments.

In each period, the sequence of events within single female and married households goes like
this:

1. Households chooseand whether to purchase contraception treatmest ( or s = 0).
2. k is realized as: and households decide whether to perform abortions (f k) and how
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many to performd). n is determined.

3. Households choose investment per teendgand household consumption,

Given the structure of the decision making, it is convenient to start describing the decision
problems in the terminal period of life, and move back to the start of life when individuals are

teenagers.

4.1 Old Adults’ Problems
4.1.1 Old Single Female Adults

Consider the problem of an old single female after the fertility and contraception choices are made,
and fertility outcomen is realized. The single female is about to decide how many abortions to
perform given the number of pregnanciesLet the value function associated with this problem
be V! (hd, 7). Denote byVs! (1), the value of the problem that a household faces before fertility
and contraception choices are made, and the realization of the fertility outcamet yet known.
The subscrip® signifies the second period of adult life, while the superserftands for a single
female.

The problem after the fertility outcome is realized is given by

V3! (hg, ) = max{u3 (c,b,n) — Raa} (1)
subject to
c+bn < whg,
and
n=n-—a,

whereq is the number of performed abortions. The per period utility function for old single
femaIeSqu(c, b,n) has as arguments the consumption leyehe investment in childreh, and

the number of childrem. The utility cost related to the number of all performed abortions is
represented by,a. The per period utility net of the abortion cost is maximized with respect to

the number of abortions, consumption, and the resources spent on each teenager in the household.
The budget constraint of the problem states that the sum of consumption, spending on children
should be feasible given the household’s income. The second constraint of the problem states that
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the final number of children within the family, is derived by subtracting the number of abortions
performed (if any) from the fertility realization in terms of pregnancies,The decision rules
associated with problemi)are A (hf, 7), C57(hf, %) and B (k] 7).

Then, the problem before the realization of the fertility process is

Vel (hd) = max{z W;J;ZVSJC hy. 7)) — Rys), (2)

Wherewgf;’% is the (k + 1,7 + 1)-th element ofiI3* and &, denotes the utility cost of contra-
ception. Here the objective function is maximized with respect to the desired number of children
and contraception. When making these decisions, individuals take into account the value function
IN/;f(hg,ﬁ) and the corresponding decision rules for abortions, consumption and investments in
children. The decisions for problerfi)(are given byk3’ (1)) and S5’ (hi).

There is an important trade-off between contraception and abortion in the two-step decision
procedure utilized by agents in this economy. At the start of the each period, single females and
married females face uncertainty about the realization of their fertility. They choose how many
children they would like to havek] but also decide whether to reduce the fertility uncertainty by
using contraceptionsf. The usage of contraception comes at a cés}.( An alternative (and
complementary) way to cope with fertility risk is to abort some of the realized pregnancies at a
utility cost R, per abortion. Depending on the underlying fertility uncertainty, the cost structure,
and the individual state variables, some females may put their effort into contraception, others may
rely solely on abortions. Moreover, some individuals may both utilize contraception and abortions
to achieve their desired number of children, while others may use neither of these two insurance

techniques.

4.1.2 Old Single Male Adults

Old single males do not have any children attached to them and consume everything they have. Let
the value function associated with the problem of the single males be

Vo™ (h™) = us™ (why'). 3)
4.1.3 Old Married Adults

Old married female adultsai f) solve

V™ (b, b3,y 7) = max{uz (¢,b.n) + 7 — Raa} ©)
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subject to
¢+ bn < whi +why,

and

n=n-—a

before the realization of the fertility process. The per period utility function he«‘é‘fic, b,n)

and the total cost of abortions i&a. The corresponding decision rules ard? (rJ, b7, 7)

for the number of performed abortionss™ (1, hy, ) for the household’s consumption, and

B (n, k. ) for the resources invested in each of the teenagers in the household. The major
difference of the old married single people problem compared to the prol)aestiat the income

level of the household is now given by the joint income of the wife and the hush&brjdqL whi.

The problem before the fertility uncertainty is resolved is

vV (md R ) maX{Zﬂ'Q misyml(pS hE v, W) — Ras). (5)
Wherew;‘kf; is the (k + 1,7 + 1)-th element oflI}** and &, is the utility cost of contracep-
tion. The corresponding decision rules for the desired number of children and contraception are
K3 (hg, hy) and S5 (g, h).

What about old married males? The supersatipt is used for them in the value functions
below. This is the terminal period of the lives of adults. The fertility decisions here do not have
any dynamic effects, that is, there is no differential influence of the fertility choices on the future
of males and females because there are no future values. All goods are public within the family,
and males and females have identical preferences over them. Married males take as given the
fertility decision rules of their wives. Then, it can be shown that the choices over consumption

and investments in children are identical for both spouses. Therefore, the value function for old
married males, after the realization of the fertility equals that of their wives,

Vi (R v, ) = Vo (g, by, 7).

By similar arguments, it follows that the value functions at the start of the period, before the
realization of the fertility process, are identical for husbands and wives,

V2mm(h72nv hg? 7) = Vsz<h£> hgnv 7)'
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4.1.4 Old Adults Matching Decisions

At the start of their old age period, adults make decisions with respect to household formation and
dissolution. Individuals who enter the old age period as singles match randomly and each matched
couple draws a match qualityfrom a distribution(y). Females and males compare the expected
utilities of staying singlé/;/ (h]) and V™ (h™), respectively, and the expected utility associated
with a marriage};™ (hd, ', ).

Individuals who enter old age as married draw a new match-specific qualignditional on
their initial match qualityy_, from a distribution®(~|y_,). They also compare the value of single
life versus the value of continuing being married and make a decision whether to get divorced and
stay single for the rest of their lives, or alternatively stay married to their current match.

Consider a particular match pair of previously single pec@p@ h3*, 7). This couple will get
married if and only if

Vo (13, by, ) > Vil (h)) and Ve (b, hS ) > Vam(h™), (6)

that is, both parties agree on a marriage by comparing the expected utilities of marriage and single
life. Let the indicator functiof,(h], h7", v) take the value of one if both people in the match agree
to marry and the value of zero otherwise.

Take instead an existing married household from the young age whose members turn old. In
the process they draw a new match quality and contemplate on whether to keep their unit or get
a divorce. The couple’s marriage will survive if and only @) (holds. In this case both parties
find keeping their match profitable compared to single life as a divorcee. Therefore, the indicator
functionlg(hg, h3',~) describes the divorce behavior of old people who were married as young. If
this function takes a value of zero, the married household under consideration dissolves, otherwise
it stays intact.

4.2 Young Adults’ Problems

Before starting the description of the young adults’ decision making, a note about the probability
of meeting a partner at the start of the old age is in order. Here the description concerns individuals
who lived as single young adults and passed to the old age period as such.

An old female who was single as young faces a distribution of male pa®ig(s;’) at the

start of the old age period. The number of these partners is not necessarily summing up to one.
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The normalized version of the male partners distribution is given by

Pm(hm) — 2 2 , (7)
2T T PR (b dhg

whereH™ is the set of all possible values for the human capital levels of the old single males in the
marriage market. Under a suitable law of large numbers assumptiofh) gives the individual
probabilities that an old single female will meet a particular type of old single male in the marriage
market.

Likewise, an old male who was single as young faces a pool of female candidates summa-
rized by the distributioP] (). The normalized version of this distribution which also gives the
individual probabilities that an old single male will meet a particular female match is given by

P} (h})

PJ(h3) = , (8)
S PL(h])dhy

where/ is the set of all possible values for the human capital levels of the old single females in
the marriage market. This detour is needed because the probabilities describeand @) will
play a crucial role in defining the present discounted expected utility of the young single adults for
the next period when they are old.

Having at hand the value functions defined in probleg)s (3), (5), the indicator function
for marriage and divorce derived fror)( and the normalized distributions of partners in the old
age marriage market) and @), one can formulate the problems of the young adult people in
the economy. The decision process of single females and married people is the same as in the
case of old age problems but the objective functions have a different structure. Young individuals
maximize their current per period utility and the present discounted expected value of their future
streams of utilities.

4.2.1 Young Single Female Adults

Young single females face the following problem when the fertility realization is already known:

VY (h,y.7) = mazc{uif(c, b,n) — Rua (9)

iy /g / (1 = Ty(hd, b)) Ve ()
+ Lo (hd, W )V (W], b ) PR ()T () dhidy }
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subject to

c—l—bngwh{,

n=y+n-—a,

and
W ¢n] if n =0
2 (1—7)h]ifn>0

The young single females maximize their current utility plus the discounted expected value of the
their future utility (the continuation value). The subjective discount fagtogflects the fact that
the utility stream is discounted to the present day. The continuation value is part of the objective
function because the current decisions of the single female may affect the way she accumulates
human capital (whether or not there are children in the household) and therefore, its evolution.
This part of the objective function is in expected terms because of the random match with a partner
that occurs at the start of the next period, and the random quabissociated with this match.
Therefore, the expectation of the continuation value is with respect to whom she might meet and
what would be the quality of the proposed marriage. The double integral in the second line of the
objective function of problemd) defines formally this expectation.

The young single female will meet a male with human capital stdtlat the start of the old
age period and the match quality of the pair willfaeThe probability of meeting such a male is
given byf’g”(hg”), the probability that a particular match qualifyis associated with this match
isT'(y). The support of the distributioR is given byG. Given the characteristics of the match,
a marriage might occur if the marriage indicator funcﬂ@(*hg, h3*,~y) is one. If this indicator is
one, then both parties of the match find that marrying their mate is better than staying single. The
expression within the double integral &) (consists of two terms. The first term summarizes the
cases in which the future matg® and the match quality are such that marriage does not occur:
Ig(hg, r3,v) = 0. The utility of the female in the old age period is given by the value of single
life, V/(h3). The second term brings the future utility of the female in the cases in which she
marries a malé}" with a qualityy, that is,I,(h3, h7", v) = 1.

The first constraint of problend) states that consumptienand the total investment in children
bn should be less or equal to the budget of the houseﬂnbvfd The second constraint summarizes
the fact that the final number of children within the househalds equal to a possible teenage
birth y, plus the pregnancies conceived by the fema)eninus the number of abortions, finally
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the third constraint deals with the evolution of the human capital of the female. If children are not
present, the human capital stock of the female grows lﬁjzfo If the female has children, then
her human capital evolves o — 7)¢h! .

The decision rules of problen®)in terms of number of performed abortions, household con-
sumption level, and investment per child at&' (h!,y,7), 5/ (h!,y,7) and B (h!,y, 1), re-
spectively.

The problem before the realization of the fertility outcome when the number of pregnancies is

not yet revealed is summarized by
Ve (h],y) max{z mIS VI (B, y, W) — Ras) (10)

with decision rulesk$/ (h!, ) and S/ (k! y) for desired number of pregnancies and contracep-

tion.

4.2.2 Young Single Male Adults

Young single males consume all their income but the present value of their lifetime utility includes
a continuation term which reflects who they might meet at the next round of the marriage market.

Ve (hT) = ui™ (e)+ (11)

iy / / (1= Lok, 1 )V ()
G Jrs
LR, V(R b ) B (W) () dhd )}

subject to

c=wh™,

and

hyt = ERT.
To understand the continuation value of equatibi),(consider a young single male who matches
with a particular single female at the start of the old age period. Who this female might be? Is he
going to marry her? This depends on the characteristics of the female, that is her human capital
stockhg. The realization of the potential marriage is also influenced by the match-specific quality
~. The second line of equatioril) describes the two possible outcomes for the match. If the
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marriage indicator functions has a value of zero, then the match is not realized and the male into
consideration continues to live as single receiving a utility strégfi(h3"). In the case when
marriage is realizedl,(h], h7",v) = 1), the same male obtains a utility stredgt™(h, hi, ~).

The integral in respect of the human capital and the summation over the possible educational levels
of the potential female mate transform the for future benefits for the male into expected terms. The
discount factors brings back the whole expression in present terms.

4.2.3 Young Married Adults

Start solving the problem of the young married female aduig) towards the end of the young
age period when the fertility outcome is already realized. The problem looks like this,

VI (W] y, by, ) = max{u™ (e,b,n,y) + 7 — Kua (12)

+ /g[(l = L(h, b5, 7 ))Vs" () + Ty, by o )Va™ (R, b, 7))@ (Y |)dr'}

subject to
¢+ bn < whi + wh,

n=y+n-—a,

i Enifn=0
2 (1-7)nlifn>0"

and

hyt = ERT.
The continuation value of the problem again describes what would happen in the next period when
the young adults become old and might stay married or get divorced. In particular given a new qual-
ity draw for the couple in old agey, the female and the male may contemplate whether to stay
married or file for divorce. If the marriage indicator has the value of zero, at least one of the part-
ners finds single life as a divorcee more attractive than married life. If however, both partners find
it profitable to continue their common marital lit§, (1], h*,7') = 1), then the female gets the
utility streamV,;™/ (b4, b2, +'). The associated decision rules for the number of performed abor-
tions, consumption, and investments in children 4 (h!, y, b, ~, %), O (B, y, B, ~,7)
andB™ (hd,y, b, ~,7), respectively.
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The problem before the realization of the fertility shock is given by
N ~
Vi (g, b y) = max(Y BV (b T ) — Resh (13)
T A=0

with decision rulesk(™ (n],y, h*,~) and S? (k! y, ", ~) for the desired number of children
and contraception, respectively.

How about young married malesiy(n)? After the realization of the fertility shock, the abortion
decisions are made by the females in the family. The value function of anftal&ho is currently
married to a young femal@h{, y) with match qualityy, fertility shockn, and contraception level
s, IS XN/lmm(hg”, h!.y,~,7). The decisions about consumption and investment in children coincide
for husbands and wives. Their value functions, however, might have different values because in
the next period they may divorce.

At the start of the first adult period, before the realization of the fertility uncertainty, the value
function of the married male is given By™ (k™ h! vy, ~). Here the husband takes as given the
number of children and the contraception level that his wife chooses.

4.2.4 The Young Adults Matching

In the first instance of their adult lives, young individuals have to make a marriage decision. They
randomly mate with a young partner from the opposite gender and draw a quality specific to this
match,~, from distributionI’(y). Clearly, a marriage will be realized if both parties find it prof-
itable relative to single life. That is, a marriage with a match qualityetween a female with
human capital stoclh{ and a possible teenage premarital bigthand a male withh]* will be
realized if and only if

V™ (B, y. i) 2 Vi (R y) and Vi (32 by, ) 2 Ve (R, (14)
Let the marriage decision be summarized in an indicator fundioi(, y, 17", v) which takes the
value of one if conditionX4) is met, and zero otherwise.
4.3 Teenagers’ Problems

Before moving on to the decisions made by the female teenagers, a detour on the probabilities with
which young adults meet each other for marriage is needed. These probabilities are essential for
defining the problems of the teenagers and the equilibrium of the economic model.
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Young female adults searching for a spouse are confronted by a distribution of potential hus-
bandsP?"(h{"). The probabilities of meeting each of those husbands are summarized in the nor-
malized distribution

~ P (R
By (1) = o)

= TP iy (13)

Young male adult individuals face a distribution of potential female partRéta! ). The
normalized version of this distribution, which can be interpreted as the probabilities of meeting a

particular female partner is
_ P{(M.y)

Js PA(R y)dni
Equipped with the probabilities ), we can proceed in defining the female teenagers’ prob-

PJ(h{,y) (16)

lems. The sequence of events in the teenage period is as follows. At the start of the period female
teenagers have to decide whether to exert contraception effort. Based on that, with certain proba-
bility they might become pregnant. If this is the case, they either carry the pregnancy to term, or
abort it. At the last instance of the teenage period, the education level of the teenager is revealed.
The probability of getting skilled is increasing in the amount of parental investments in the child.
The presence of a teenage birth decreases the odds of obtaining higher education for females. Start
solving the problem of the female teenager from the last instance of teenagehood.

At the end of the teenage period when teen pregnancies, births and education levels are re-
vealed, the female teenager is just about to enter adulthood. She has an ability lesaleduca-
tion level (e), and a possible out-of-wedlock birth = 1 if birth is present, ang = 0 if not). Her

life-time utility at that point of time is given by

~f
Vo ey) = 3 /g / L (B, 17 )V (g, ) (17)

+ (1= L(h], y, B )V (B, )PP (BT () dD dry

subject to

h{ = 2\ Xe-

Here the teenager considers the expected discounted stream of utility from her future adult life.
Once the teenager becomes an adult she will pick a partner from the male distriﬁ@“t(h{?)

with a match qualityy. Based on the the marriage decision funcﬂ@("h{,y,h’f‘,y), she will

either marry him, or stay single. In the case she marries, the utility she gets is measured by
V™ (n],y, k™, ~), while if she stays single the appropriate valué/f€ (h{,y). The expression
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within the double integral ofl(7) summarizes this. The integral is needed, because the appropriate
probabilities of whom the female might meet (and what is the leve})a$hould be assigned

when calculating the expected value of the future stream of utility. The discounted factor

there because the the expected utility should be converted in present terms for the teenager. The
constrainth{ = x\x. States how the abilit\ and the education level map into the stock of

human capital of the young female.

Now move back in the teenage period when education levels are still not revealed but the female
teenager knows whether she is pregnant or not. The expected vdﬁénfe, y) at this stage is
denoted bf/of()\, b,y,), whereb is the amount of the parental investment to the teenagery,and
is a variable that takes the value loif the teenager is pregnant, afietherwise. If conception is
presenty, = 1), she has to make a decision whether to abort the pregnancy or keep it:

T by =1) = mas {alb.p)Va A = 1) + (1~ ab.y)Vo(he = 0.) ~ e} (18)
subject to

Y=y —a.

If the female teenager performs an abortian= 1), then the probability of getting educated,
q(b,y), increases sinceg(b,0) > ¢(b,1). The value of educated Iifef/g(k,e = 1,y), is strictly
better than the value when uneducatég(/\, e = 0,y). This creates incentives for teenagers to
abort their pregnancies. However, the abortion procedure comes at,coshe female teenager
weights the benefits of abortion in terms of increased chances of higher education versus this
abortion cost. The abortion decision rule for problei8) (s Ay(A, b, y,).

=~f

If no pregnancy occurs, the expected valué’gf\, e, y = 0) is just its weighted sum,

~ =~f ~
Vi by, = 0) = q(b,0)Vy(M e = 1,4 =0) + (1 — q(b,0)V,(X e =0,y = 0)

Further, consider the problem before the realization of the teenage pregpanklere, the
female teenager has to make a decision whether to use contracgptioh) or not(s = 0). This
decision determines the probability of a teen pregnariey, wherep(1) < p(0). There is a cost
associated to contraception, The teenager weights the benefits of contraception in reducing the

odds of pregnancy versus this cost:
Vi (0,0) = mac {p()V (0,0, 1) + (1= p() Vi (0,,0)) = s} (19)
s€40,

The contraception decision rule is denoted9yA, b).
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4.4 Definition of Equilibrium

The households in the economy at hand make an explicit fertility choice, therefore the economy
can grow or shrink in terms of population size. In such an environment, a steady-state equilibrium
requires the distributions of households of different ages and teenagers, normalized to the measure
of each generation, to be identical over time. This is true if and only if the normalized distributions

of females ?{mg‘, y)) and males]?’fb(h’ln)) entering adulthood are constant over time. Then we

are ready to define the equilibrium.

Definition. A steady-state equilibrium is a set of decision rules:

(i) forteenagersSy(A,b) andAg(A,b,y,);
(i) foryoung adultsT, (b, y. hi", ), K7™ (], y, b, %), ST (] y, b ),
AP (] y, by ), OFY (], By, ), BYY (b, i, ),
K} (k. ), 8V (hl. ), A (b, . 7), CF (b, . 70),
and B/ (hf y, 7);
(iii) forold adults:Iy(h3, hy*,~), K3 (R, ), S5 (hd, hi), AP (RS, by, 70),
C5™ (hg, b, ), By (kg by, ), K57 (hh), S57 (hd), A5 (kg m),
Cs/(h], ), and By (b4, 71);
and a set of distributiorB! (1!, y), P7(h7) such that:
(i) The decision rules solve probleng<{(5), (9)-(13), and (L8)-(19).

(i) The distributions are consistent with individual decisions.

5 Parametrization

5.1 Functional Forms

The economic environment cannot be solved analytically. Instead it is simulated numerically. In

order to do that, specific functional forms should be assumed.

Preferences.The utility functions of single females are specified as

(/A +Gn))™s | (e+n) e
1-& t1-¢,
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for both young and old aged adult individuals, i.¢.€ {1,2}. On the other hand, the utility
functions of people in young married households is specified as

(¢/(14 ¢+ Gn))té o et n)l—tn

N I(n > 0)bt=%
1-— gc " 1- gn

1=6&

ulinf Ormm(C’ b7 n? y) = aC

+(1_ac_an) _Gy
(21)
while the old married individuals derive utility

I(n > 0)bt=%

mf 0rmm<c7 b, TL) = a, (C/<]‘ + Cl + (2,”))17& + (8 + n)lign

Uy +(1—a.—ay)

1-¢, T1oe, -6
(22)
Finally, the utility for the single male households is given by
cl—ée el=tn
ui"(c) = QCT& + Oénq,j e {1,2}. (23)

Several comments are in order on the choice of these functional forms. First, the utility derived
from consumption in the household, which is a public good, is subject to congestion. The relevant
parameters here atg and (;. They represent the equivalence scales due to the presence of a
second adult membec;( or a child in a household{). Second, the altruistic nature of people
toward their children is summarized by the second and third term&0dn (21), and in @2).
Married people and single females derive utility from the number of children they hawand
from the investments in each of these childrenif there are no children present, people cannot
derive utility from children’s investments. Therefore, the indicator funcfion > 0) multiplies
the utility term for investments ir2Q), (21), and in €2). This indicator function takes the value of
one if the number of childrem, is positive, and zero otherwise. The utility terms for consumption,
children, and investments in each child, are separable. This specification can generate a negative
income-fertility relationship with discrete number of children and without any cross-terms in the
utility or time costs of children in terms of inconieFor this purpose, (i) the marginal utilities of
extra units of consumption and investment should be large and decreasing very slowly,ghat is,
and¢, should be small, and (ii) the marginal utility of an extra child should be sufficiently small.
This implies that and¢,, should be sufficiently large. If these conditions are met, a discrete jump
in the number of children from to n + 1 decreases the utility coming from consumption and
investment in children. This decrease is larger for higher levels of income, and can dominate the
extra utility from the increase in the number of children. Formal analysis of the conditions under

8An early discussion of the negative relationship between fertility and income appéarsiiar(1960). Seelones,
Schoonbroodt and Terti{2009 for more details on this stylized fact and economic models which generate it.
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which the negative income-fertility relationship holds in this model are presented in Appeéndix
Finally, the parametet captures the stigma associated with having teenage premarital children in
a married couples.

Distributions for types and match qualities. The ability types\ are assumed to be distributed
log-normally , i.e.In A ~ N(0,0%). Teenagers draw randomly their ability from this distribution
with probability 1 — p,, and may inherit the ability of their mother with probabiligy. On the
other hand, the match specific quality of the prospective marriages is drawn from

v~ N(0,02), (24)

while the future quality for married couple stays the same with probability.,, or may be drawn
again from distributionZ4) with probability p,. For now, sep., = 1, that is, all young couples
draw a new quality leve} at the start of their old age period.

Probabilities of becoming skilled. The probability functions of getting educated are given by

¢’ (b,y) =1 — exp(th1y — ¥2b) (25)

for female teenagers and
g™ (b) =1 — exp(—1)3b)

for male teenagers. These functional forms have all the desirable properties. The odds of education
increase with the investmebtand decrease with a teen bifth.

Fertility matrices. The maximum number of children a household can have within a period is set

to 2(N = 2). Some further assumptions should be put in place in order to parametrize the fertility
matricesII;”. Recall thatj € {1,2} is the index for the age of the household members,{0, 1}

signifies whether contraception is used, arel {s f, m f } indexes whether the household is single
female or married. Suppose that the probability of making a fertility mistake upwards, i.e. having
one more child than desiredds, ;. In addition, assume that the fertility mistakes are independent

of each other. Therefore, the probability of making two consecutive mistakes upwarﬁ%.is

Now assume that the probability of being sterilerjs Note that this probability does not depend on

whether or not the households use contraception. This is so because here the source of uncertainty

9The parameters);, 1, ands are restricted to positive values which allow for upper boundsfoaind ¢™
consistent with their probabilistic interpretation.
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is the possibility of multiple miscarriages, ectopic pregnancies, and different forms of sterility.
With these assumptions at hand and keeping in mind that each row of the fertility matrices should

sum up to one, one can derive the particular shape of the matrices:

2 2
1 - Uj7T7S - Uj,r,s Uj7T7S Uj7r75
TS __ . . P . .
H] - w] 1 wj /U] )Ty S UJ )Ty S
W 0 1-— Wy

5.2 Estimation

The distributions for abilities and marital match quality are discretized and the model is simulated
numerically:° The model period is set to 10 years. Teenagers leave their parents house at the age of
20 and enter adulthood. They obtain their education before they enter into adulthood. This might
sound a bit unrealistic since the university education continues till mid 20s, however, the period
labor income in the model is equivalent to pooled income of individuals between their twenty-first
year and their thirtieth year and it accounts for the fact that educated people (university graduates)
spent some time in their 20s at school instead of working. The period in which each person in the
model is young adult corresponds to real-life age between 20 and 29. The terminal period in the
lives of the model people is equivalent to age 30-39.

The benchmark economy is parametrized so that it represents closely certain features of the
United States economy circa 2000. A few parameters are set directly to their empirical coun-
terparts. The rest of the parameters are chosen so that the benchmark economy fits the demo-
graphic structure of the United States economy in respect to: (i) pregnancy and abortion behavior
by age, marital status, and education; (ii) marriage and divorce patterns, and the proportion of sin-
gle/married young mothers with premarital teenage births, and (iii) educational achievements for

females and males.

Parameters set from data. The parameters;, ; andw; are estimated using data from the Na-
tional Survey of Family Growth (NSFG), Cycle VI, which was conducted by the National Center
for Health Statistics (NCHS) in 2002. The survey consists of interviews conducted with females
15-44 years of age. A female pregnancy file is also compiled, containing a record for each preg-
nancy for all female respondents. This pregnancy file contains basic demographic information
for the females to whom the pregnancy occurs and whether it is intended or not. The discrete

10The outline of the numerical solution algorithm is presented in AppeRndix
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choice formulation of contraception in the model requires the identification of the parameters of
the fertility matrices for the people who use full contraception and the ones who never use. The
pregnancy cases to females who have never used contraception are known in the survey. Take
these pregnancies and divide them according to the age of the females (20-29 and 30-39), and
whether they are single or married the For each of these groups of pregnancies, the probability of
having an unintended pregnancy conditional on not using contraceptjpp) is estimated is as

the ratio of unintended pregnancies to all pregnancies within the group. Furthermore, following
Greenwood and Gun€2010 andFernandez-Villaverde, Greenwood and Gu(2910, assume

that the failure rate of contraceptives in 2000 is 28%. Therefore, the paramgtersre obtained

by augmenting; .. by this failure rate. The parametey is set to the ratio of female respondents

who report sterility to all female respondents within the appropriate age group. The probability of
unintended pregnancy of teenagers when contraception is nofa®edlis calculated in a similar
fashion. Its counterpart when contraception is empldyédl)) is calculated as 28% @f0).

Table 1: Paramters Set from Data | - Fertility

Teenagers
p(0) =0.813,p(1) = 0.228

Young single adults
Visf0 = 0.581,v1 671 = 0.163,w; = 0.073

Young married adults
U,mf0 = 0.451, 01 myfo = 0.126, w; = 0.073

Old single adults
V2,0,sf = 0.575,U2,17Sf = 0.189,W2 =0.277

Old married adults
V2,mf,0 = 0240, V2mf1 = 0067, Wy = 0.277

The fertility matrix for young single females who do not use contraception is

0.081 0.581 0.338
0 = | 0.073 0.346 0.581 |,
0073 0 0.927
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while the fertility matrix for young married females with no contraception is

0.346 0.451 0.203
™0 = | 0.073 0476 0.451
0.073 0 0.927

It is clear from these two matrices that fertility risk is much more pronounced for single females.
The ratio% represents the educational premium in terms of income for agents with identical
ability levels in the first period of their adult life. The parametgris normalized to 1, while,
takes the value of of the average educational premium for male workers of age 20-29 in the 2000
1% census data sample of the Integrated Public Use Microdata Series (IPUNIS).gender
gap parametes is set to the average gender difference in income among agents of age 20-29.
The parametef, which represents the rate of accumulation of human capital is set to the average
growth rate of income for men between age periods 20-29 and 30-39.
The equivalence scale parameters are in accord with the OECD scale which assigns a value of
1 to the first adult household member, 0.7 to the second, and 0.5 to each child. Following:s
(1999 the coefficient which determines the intergenerational persistence of ability is(s@t to

Table 2. Parameters Set from Data Il
Parameter Explanations/Source
£ =0.665 Annual discount rate of 0.96

x1 = 1.713 % premium of education for males 20-29
»=0.799 Gender gap for workers 20-29

£ =1.619 Income growth for men from 20-29 to 30-39
(1=0.7 OECD equivalence scale for a second adult
(;=0.5 OECD equivalence scale for a child

pxr = 0.7 Knowles(1999

Parameters set in equilibrium. The rest of the parameters are set in equilibrium. Several data

targets are chosen and the distance between them and the equivalent statistics produced in the

The 2000 1% census data sample of the IPUMS is used for setting all parameters and targets unless specified
otherwise.
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benchmark model economy is minimized in respect to those parameters. The estimation technique
is a simplified minimum distance estimator in which the squared sum of the difference between
the data and the model moments is minimized.

The parameters left to be set in equilibrium are:

e Preferencesa,, a,, ¢, &, &, &, 0] 7 parameters;

Utility costs: [R,, Rs, ka, ks] 4 parameters;

Probabilities of becoming skilledy, 15, 15] 3 parameters;

Distributions for types and match qualitigs;, o.,| 2 parameters

Tax rate of human capital accumulation due to the presence of childiehpprameters

All'in all, the vector of estimated parameters consistsparameters. Let’s turn our attention
to the chosen targets to be matched by the benchmark economy:

(i) Pregnancy and abortion behavior by age, marital status, and edudaiamgets)

1. Proportions of pregnancies and abortions among teenagers, young adults, and old adults:
6 targets

Proportions of pregnancies and abortions by marital stdttegets
Proportions of pregnancies and abortions by educatidargets

Fraction of pregnancies ending in abortiohgarget

a &~ w DN

Total fertility rate (TFR):1 target

(i) Marriage and divorce patterns and the proportion of single young mothers with premarital
teenage births{(targets):

1. Proportion of never married singlektarget
2. Proportion of divorced singled: target
3. Proportion of young single females with births as teenadetarget

4. Proportion of young married females with births as teenadetarget
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(i) Educational achievements for females and maldargets):

1. Education rates for females and malgsargets
2. Proportion of young unskilled females with births as teenadetarget

3. Proportion of young skilled females with births as teenagetarget

There are24 targets in total. The values of the estimated parameters are summarized in Table

Table 3: Parameters Set in Equilibrium
Preferences
a. =0.5,a, =0.2,6 =10.25
& =01, =04,& =0.2,0 =0.21

Utility costs
R, =0.02, R; = 0.50, k, = 0.0495, Kk, = 0.000016

Probabilities of becoming skilled
1 = 0.02,19 = 0.98,13 = 0.85

Distributions for types and match qualities
ox=0.97,0,=0.75

Tax rate on human capital accumulation (children)
7=0.15

The model moments and the corresponding data moments are presented inl Taldesl6.
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Table 4: Pregnancy and Abortion Proportions - Model and Data

Proportions of Pregnancies

Model Data
By Age of Parents
Teen (15-19) 0.130 0.132
Young (20-29) 0.508 0.550
Old (30-39) 0.362 0.318

By Marital Status of Household

Single 0.597 0.542
Married 0.403 0.458
By Education of Mother

Unskilled 0.809 0.771
Skilled 0.191 0.229

Proportions of Abortions

Model Data
By Age of Parents
Teen (15-19) 0.254 0.195
Young (20-29) 0.445 0.588
Old (30-39) 0.301 0.217

By Marital Status of Household

Single 0.703 0.523
Married 0.297 0477
By Education of Mother
Unskilled 0.725 0.838
Skilled 0.275 0.162

Table 5: Overall Fertility - Model and Data

Pregnancies ending in abortion

TFR

Model Data
0.297 0.250
2.122 2.10
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Table 6: Marital Status and Education - Model and Data

Marital Status Education
Model Data Model Data

Never married 0.352 0.391 Females 0.230 0.247
Divorced 0.112 0.100 Males 0.214 0.218
Young single females Young unskilled females
with teen birth out of all with teen birth out of all
young females 0.166 0.155 young females 0.183 0.207
Young married females Young skilled females
with teen birth out of all with teen birth out of all
young females 0.129 0.148 young females 0.022 0.027

The economic environment presented and parametrized above generates an economy which
closely follows certain demographic features of the United States economy in the 2000s. The
benchmark model economy fits well the pregnancy and abortions behavior for the U.S. and matches
the marital and education statistics observed in the data. The economy is constructed so that it
mimics teenage births occurring to young women by their marital status and education. This is
needed for the identification of the parametefsand® which are responsible for the reduction
of the probability of getting educated because of a teenage birth and the marriage market stigma

associated with a teenage birth.

6 Computational Experiments

6.1 The Importance of Legal Abortions

What is the importance of legal abortions for the U.S. economy in the 2000s? What if the abortions
policy was reversed and no female could use this medical procedure? In order to answer these
guestions, the model economy is simulated in the case in which abortions are not legal. This is
done by setting the cost of abortions for teenagers and adults prohibitively high so that no abortions
occur. The estimated benchmark economy is denoted as "Benchmark” in the tables that follow,
while the counterfactual one (with no availability of abortions) is called "No abortions".

The benchmark economy and the counterfactual economy differ in terms of average individual
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and family income. In particular, individual (family) income declines from the benchmark econ-
omy to the counterfactual economy by 1.9% (1.5%). The main reasons for this are the different
education rates in the two economies due to different levels of parental investments to children and
the changing mean of the ability distribution. The fraction of skilled females (males) out of all
females (males) reduces from 0.23 (0.214) to 0.218 (0.205). Since the mean of the income distrib-
ution changes in the experiment, an appropriate measure of inequality should correct for the mean
of the income distribution. The measure used here is the coefficient of variation which is defined
as the standard deviation over the mean of the distribution.

The lack of abortions increases long-term inequality. The coefficient of variation of individual
income rises from 0.987 to 1.227. Furthermore, the coefficient of variation of family income goes
up from 0.760 to 0.951. Finally, the intergenerational persistence of family income decreases from
0.476 to 0.379? This poses an interesting situation in which cross-sectional inequality increases
along with mobility between generations.

Table 7: Inequality,Benchmark and No Abortions
Benchmark No Abortions

Inequality
CV individual income 0.987 1.227
CV family income 0.760 0.951
Intergenerational
persistence of family income 0.476 0.379

There are several factors that might contribute to the increase of inequality when abortions
are not available. Start with the changes in family formation patterns that occur when we move
from the benchmark to the counterfactual economy. The fraction of married people increased
by 4% (from 54% to 58%). Divorce reduced by 1%(from 11% to 10%). These two changes
may work against the increasing individual income inequality because the women that are now

2The intergenerational persistence of family income is the coeffidieit the regression
log(H') = fo + Brlog(H) + ¢,

whereH' is the family income of individuals anff is the family income of their parents. High persistence, fg.
relatively close to 1 indicates low levels of intergenerational mobility, and lower persistengs, iegdatively close to
0, implies high intergenerational mobility.
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married instead of single or divorced face a reduced amount of fertility risk within the marriage.

At the same time correlation went down from 0.141 to 0.102. Thus, now marriages are a bit
more random in the counterfactual world which could potentially work towards increasing family

income inequality. Overall, changes in family formation patterns are small. This is a first indication
that family formation might not play a significant role in explaining the rise in inequality.

Table 8: Family Formation, Benchmark and No Abortions
Benchmark No Abortions

Family Formation

Fraction of married 0.536 0.577
Fraction of divorced 0.112 0.098
Fraction of never married 0.352 0.325

Correlation of education
between spouses 0.141 0.102

Another mechanism which can amplify inequality with no abortions and the associated higher
fertility risk are the changes in parental investments in children. In the economy without abortions
these investments are lower and more unequally distributed across households9 rEgiulets
investments in children as a fraction of household income and the corresponding coefficient of
variation of this fraction in brackets. Moving to a world with no abortions makes everybody in the
economy to invest less in their children. However, the single households reduce these investments
by around 3% points of family income (from 19% to 16%) compared to 20% points for the mar-
ried households (from 53.60% to 33.40% of family income). At the same time, the coefficient of
variation of investments of married stays the same (0.239), while the one of singles increases from
0.367 to 0.433. Bear in mind that single female households have on average lower income than
married households because the former consist of just one wage earner. The reduction of invest-
ments is of similar magnitude for young and old, and unskilled and skilled but again the young and
unskilled families are on average poorer than the old and the skilled ones. The coefficient of varia-
tion is again larger at the bottom of the distribution. The overall effects of this differential change
in the amounts invested in children is that the intergenerational persistence of family income drops
from 0.476 in the benchmark economy to 0.379 in the new equilibrium with no abortions (Table
7). This change can be explained with the fact that children raised at the bottom of the income
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distribution receive lesser cut in their investments than the children raised at the top of the distribu-
tion. Therefore, the children that were likely to grow as unskilled (and poor) adults receive a minor
decrease in their human capital investments, while the children who were likely to grow as skilled
(and rich) adults in the benchmark get a major decrease in their parents’ investments. Thus, the
new economy is much more mobile between generations. Children born to poor parents have on
average similar (but with higher dispersion) chances of climbing up the income distribution as be-
fore, while children born to rich parents have on average lower chances (but less volatile compared

to the prospects of the poor) of education when abortions are banned.

Table 9: Investments in Children, Benchmark and No Abortions
Benchmark No Abortions

Investments in Children
as a Fraction of Income

(Coefficient of Variation)

Age of Parents

Young 0.334 0.252

(0.251) (0.322)
Old 0.420 0.279

(0.243) (0.264)

Marital Status of Household

Single 0.190 0.160

(0.367) (0.433)
Married 0.536 0.334

(0.239) (0.239)

Education of Mother

Unskilled 0.389 0.274

(0.244) (0.332)
Skilled 0.330 0.230

(0.244) (0.315)

The final channel which might contribute to rising inequality is the changing fertility patterns.
Final number of childrem is reported for the benchmark and the counterfactual economy in Table
10. In parenthesis are the coefficients of variation. The average number of children per household
rises for all types of households. This increase is more pronounced for the young versus the old
(average increase of 0.305 versus 0.035 children), the unskilled versus the skilled (0.156 versus
0.156), and the single versus the married (0.438 versus 0.030). This is consistent with the higher
fertility risk faced by these groups. In terms of variability of children per household, the young,
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the unskilled, and the single have again a lead over the old, the skilled, and the married judging

by the magnitudes of the increasing coefficients of variation.

Table 10: Number of Children, Benchmark and No Abortions
Benchmark No Abortions

Number of Children

(Coefficient of Variation)

Age of Parents

Young 1.294 1.599

(0.263) (0.288)
Old 0.880 0.915

(0.250) (0.262)

Marital Status of Household

Single 1.215 1.653

(0.263) (0.290)
Married 0.987 1.017

(0.253) (0.265)

Education of Mother

Unskilled 1.193 1.334

(0.268) (0.277)
Skilled 0.757 1.114

(0.172) (0.135)

6.2 Decomposing the Rise in Inequality due to the Lack of Abortions

Three mechanisms which might contribute to the rise in income inequality were proposed in the
previous section: (i) changes in family formation patterns between the benchmark and the coun-
terfactual economy, (ii) more volatile investments in children due to the higher fertility risk, and
(i) increasing and more volatile fertility especially for the young, the unskilled, and the single.
Suppose abortions are not available but marriages are formed and dissolved according to the
marriage decision rule for the young,(h{, y, h{*,~), and the marriage and divorce decision rule
for the old, I,(hJ, k7, ~) from the benchmark economy. That is, exogenously insert the rules
as defined by the value functions inequalities of the benchmark econorijiarfd €) into an
economy where abortions are not allowed. What is the resulting level of inequality now? Is it
lower than in the No Abortions economy with endogenous marriage decision rules? If yes, the
amount of reduced inequality towards the benchmark levels must be due to the fact that the family

formation channel is shut down.
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Table11 (Column 2: No Abortions, Fix Marriages) shows that the family formation can account
partially for the rise in inequality of individual and family income. Without endogenous family
formation, the lack of abortions increases inequality from 0.987 to 1.191. When family formation
was endogenous, the increase was from 0.987 to 1.227. In the case of family income, the coefficient
of variation increases from 0.760 to 0.910, which is also slightly less than the number in Column 1,
0.951. Clearly, the family formation has only a marginal contribution for the rise of family income,
and almost none to the increase of individual income disparity.

Now try a different experiment. Take an economy in which abortions are not allowed but
fix the parental investments to those in the benchmark. That is, make parents in this No Abortions
economy invest in their children the amounts they would have invested in the benchmark economy.
Fertility decisions are endogenous. Moving from the benchmark economy to the No Abortions
economy with the parental investments channel shut down increases individual (family) inequality
from 0.987 (0.760) to 1.91 (0.910) (Tahld, Column 3). The parental investments channel can
account for larger fraction of the rise of inequality due to the lack of abortions compared to the
family formation channel. With parental investments channel shut down, inequality rises to 1.145,
while with family formation shut down, it goes up to 1.191.

Further, shut down both of these channels in the No Abortions economy. The marriages and di-
vorce decisions and the parental investments decisions are fixed to the benchmark. Inequality rises
only for 0.987 to 1.116 for the individual income coefficient of variation, and from 0.760 to 0.846
for the family income inequality measure. This shows that there are certain complementarities
between the family formation channel and the parental investment channel for creating inequality
in the lack of abortions.

The residual inequality (from Column 4 to Column 5 in Tablg is due to the fertility channel.
Comparing the magnitudes of the coefficients of variation from Column 1 to Column 5, one can
conclude that increasing and more volatile fertility in the absence of abortions accounts for around
a half of the total rise in inequality.

7 Conclusions

The huge amount of induced abortions performed in the US today stirs intense social discussions
about the moral grounds of the medical procedure. This study takes a more pragmatic stand on
the issue and explores the availability/lack of abortions as a source of changes in the dispersion of
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long-term income in the US economy. The economic environment built here incorporates abortions
and contraception decisions in a quality-quantity fertility model with overlapping generations. The
model is estimated to fit pregnancy and abortion behavior by age, education and marital status of
the population.

The role of abortions for the economic outcomes in the environment is assessed by simulating
the economy under the alternative policy regime of no abortions. The results show that inequality
of income rises in the absence of abortions. There are three mechanisms that may account for this
rise. The first candidate is the changing pattern of family formation. It is shown that the con-
tribution of this channel to the rise in income disparity is marginal. The second channel is more
powerful. This is the changing pattern of parental investments when abortions are not available.
These investments become lower relative to household income (especially at the top of the dis-
tribution) and more unequal across households (especially at the bottom of the distribution). An
interesting implication of this channel is that the intergenerational persistence of family income
falls as the children born at the top of the parental income distribution now have lower chances of
getting education (and higher income), while the children at the bottom of the distribution are as
deprived of education (and income) as before. Finally, when abortions are not available, household
fertility (number of children) increases and becomes more unequal across households. This effect
is more pronounced for the young, the unskilled, and the single. The changing fertility can account

for about a half of the total increase in inequality.
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Appendices

A Data Sources

Figure 1. The annual time series for the abortion rate and the fraction of pregnancies ending in
abortions for 1973-2005 are taken framnes et al(2009.
Figure 2 and 3.The statistics are taken frofmnes, Darroch and Henshé2002) and are adjusted

to the age groups used in the analysis.

B Distributions of Teenagers, and Single and Married House-
holds

B.1 Old Adults

At the start of the old age, there are single females and males and married couples from the previous
period. These are the potential entrants in the secondary marriage market that is to be conducted.
Singles search for spouses and may choose get married to their matches or stay singles. The
married couples from the previous period may decide to separate.

Denote the distribution of single females at the start of the perioﬁfﬂﬁg), and the distribu-
tion of single males b¥?3*(h4"). The married couples from the previous period (that may separate)
is described byP,(h, b, v_1) wherey_; is the match specific quality they have experienced in
the last period.

In the next instance of this period, previously single people meet potential spouses in the mar-
riage market, while married people from the last period find out what the new match specific
quality of their units will be and decide whether to stay married or become single.

The distributions of the old single females and males and the married households after this stage
can be derived from the distributions of the potential wives and husbands in the marriage market,
P/ (h]) andPy (k) and the marrie®,(h], b2, v_,) from last period. The other necessary object
for the derivation of these new distributions is the decision rule for marriage and divorce in the old
periodI,(h3, hy', ~) derived from condition) The old single females distribution is given by
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The first term of equatior8-1) sums all previously single females who decided to stay single
after the old age marriage market, and the second term describes all previously married females
who chose to separate from their husbands and become old singles.

The old single males distributiori(2) is also composed of two terms, the first of which de-
scribes the previously single males who stayed single in the old age period as well, and the second

is for the previously married males who chose divorce in the old age.

Sp(i) = [ [ (- Talhh g )Py )BT () @2
H
s [ - nedag ) Pand g iy
GgJGJH

The old married couples distributio®{3) is also composed of people who were previously
single, met in the marriage market and decided to get married (first term), and people who were
previously married, observed their new match specific quality and chose to stay married (second
term).

Ma(hd, 1) = /g L(h, by, PL () B (h)T (1) dy (8-3)
4 /g /g (1= L(hd, 1 1) Pa(hd b ) (11 )y

B.2 Young Adults

At the start of the young age, all adult people are single and are categorized in distributions of po-
tential mates®? (1!, y) andP? (k7)) in the forthcoming marriage market. Then the distributions

of the single females and males after the marriage market are given by

SI(hf,y) = /g / (1= L, g, i )L, )PP (D) dy  (B-4)
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for females, and

ST Z/ | 0B PR B0 )kl (89

for males.
M, (b, y, B ) = T (k] y, b )P (], )P ()T (7). (B-6)

With these distributions at hand we can express the distributions of these partners when they get to
the start of the old age, just before the secondary marriage market starts. The pool of old potential
husbands is given by

Py (EhT") = Sy (hY"). (B-7)

The expressiorH-7) is derived by the the distribution of the young single males taking into account
that the human capital of the young adult¥,, grows over time tgh}" in their old age. The pool

of young single females who become old and have the chance to find husbands in the secondary
marriage market at the start of the old age is summarized by

1 N
SS s s
Pien) =" ;"st AN (W], y, 1) = 0)SY (k) (B-8)

y=0 =0

for the females who do not have children in their households as young, and by

1 N
thf
PJ((1—7)¢hd) :ZZ 1sth{y (B-9)

y=0 n=0
<1} (b, y, 1) > 0)SY (h],y)

for the females who do have children as young adults. The left-hand side of equ&tiBharfd

(B-9) take the mass of young females of typé,(y) who might have children in the household
(NS (h!,y, 7)) > 0)2 or not V¥ (hd,y, ) = 0) and multiply it by the probability that given a
desired number of childreR®/ (1!, y) and a contraception treatmesiY (1{, y/), these females had

sz((,f? Y is the (3 (h{,y),7)-th element of

the fertility matrix 11 *1¥) The evolution of distributiors? (n/, ) to distributionP} (h]) is

exactlyn pregnancies. Note that this probabﬂﬁy’

13The number of children in a young single female household is

N (B, y,70) =y + 7 — A (R, y, 7).
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described in two separate equations because the human capital of females grows differently for the
ones who had children and the ones with no children in their households.
The young married couples who now enter into old age and are about to choose whether to get

divorced or not, are summarized in a similar way by the distribution

1

Py(¢h], ERT", ) Z S O ) (B-10)

< £ 1K“’fh{yhm V)7

XN (B], y, B, 7)) = 0>M1(h{ Y, B ),
1 N
m mf f m
Po((1— 7)6hi, €t y) =Y Y amioy (eni ) (B-11)

£ 1 Kmf(hf Y, hm,,y)ﬁ
y= 0 n=0

XL(N{ (R],y, B, ~, ) > 0)M, (h],y, AT, 7).

B.3 Teenagers

Teenagers are the children of the living adults in the economy. Their distribution is indexed by the
ability level they own )\, and the amount of resources invested in their human capital development,
b. Denote this distribution by’(\, b) and note that the mass of teenagers of tiypé) is just the

sum of all children of this type born to young single female, young married, old single female, and

old married households. Thus,
T(\ D) = (B-12)

1 N
,S3f (nd, s -
[ GO0 )] / YDAl N (] WS (] p)n]

y=0 n=0

me (hf h’m ) m m .
// /Hf TLK (0 yfyﬂn 77 NP (b, y, 'y, )
m v=0 71

X M1<h1 Y, hi”,v)dhfdh’f‘dv
sf,S s ~
</ fz stf N3 (1], )84 () v}

f m
/ / A ) Nt S L (b R dhd AR,
m ’Hf =

T Niewl (hf h)7

1The number of children in a young married household is

NP (W] y, by, 1) =y + 7 — AT (W] y, T, 7).
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Then, the gender specific distributions for teenagers are given by

1

TY(\,b) = T™(\,b) = 5T\ 0).

This is so because the probability of having female or male children is equal. Take the distribution
for female teenagers. It evolves to
T (A, b, So(A,1))

after the contraception decision is made by the female. Furthermore, after the pregnancy outcome,
y, is revealed and the abortion decisiofy( ), b, y,,) is made, the distribution changes to

TS (X b,y)

having in mind the a premarital birth occugs= 1) if and only if there is a teen pregnanay, (= 1)
and itis not aborted4y(\, b, 1) = 0). Finally, the education outcomes are revealed for both female
and male teenagers. The relevant distributions for female teenagers who are now ready to step into
adult life are

P/(h{,y) = T!(\.y.e)

taking into account thaﬂ{ = x\x.. Similarly for male teenagers,
P (") =T (A e)

with A" = Axe.

C Preferences and the Negative Relationship between Income
and Fertility

The goal of this section is to explain why the preference specification in Sécfidor consump-
tion, number of children, and investments in them can generate a negative relationship between
income and fertility.

Think of a simple static model of a representative female who spends her incomeon-
sumption goods, chooses whether to have one child= 1) or two children(n = 2), and how
much to invest in each child she h@s. The problem to be solved is

01756 (8 + n)lfé.n blféb
c n + 1- c Un )T
I T
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subject to
c+bn <. (C-1)

The indirect utility for a fixed number of childrenis

I — b 1-¢& 1-&n bl_fb
( ") et n) + (1 —ae—ay)——.
1=&

v(n,[):ni%xac - ap ¢,

Then, the problem of choosing fertility is
I). C-2
nf&%}v(n, ) (C-2)
The fertility solution to problem@-2) is denoted by
N(I) = I).
(1) argngl{alrf;}v(n, )

To make the analysis more tractable, assumeg&hat &,. In practice, the results that follow will

hold for &, close tog,,.
The offer curve for consumption and investment is given by
%
.- (—% > neb, (C3)
l—a.—a,
Substitute C-3) in the budget constrainC(1) to get the demand functions for consumption and
investment,
<1—aab—a >?C né
C(n,I) = il I,
<1—aozc—an> - ne +n
and
1
B(n,I) = - I.

(17;:1%)5 né +n
Then, the indirect utility as a function efand/ can be expressed as

1

a & L
1 e (1—%6—%) né + (1 —a. —ay) - (e + n)lfgn
vin ) =1—¢ R L N G
() o o]

When¢, is sufficiently small (close to zero), the fraction

1
Oéc< fe >€Cné+(1—ac—an)

l—ac—an

1 1-&
e e 4
|:<1_Ofc—0én> e + n:|
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is larger forn = 1 than forn = 2. This provides an incentive to choose smaller number of children

(n = 1) in (C-2). This incentive for reducing fertility is stronger for higher incotheChoosing

high fertility (n = 2) may be optimal because of the second termGrd). Suppose that the
parameters and¢,, are large enough so that the two opposing effects described above are close to
offsetting each other. Then, there would be a threshold incomeh that

2if I <7
N(I):{lif1>3' (C-5)

The fertility demand C-5) implies the stylized negative relationship between income and fertility.

D Outline of the Numerical Solution Algorithm
1. Start with a guess fdP{ (1!, y), P7(h'), P (hd), PP (h3), Po(hd, b ).

2. Calculate the value functions” (r], 71), V' (hd), Viem(hm), Vi (hd, ko v, 1), VEL (], y, 1),
V(I y), vEm(km), VL (R y, ey w), V(RS y, ki, ) using the distributions and
the normalized versions of the distributions for potential partners, tﬁ%{t(ils{, Y), 13’1”(111"),
P{(h}), andPy'(hy).

3. Using the decision rules and distributions for singles and married, derive the distributions of
teenagers and update the distributions for adults of the next generation.

4. Compare the resulting distributio®®/ (1{,y), P7(h), P1(nd), andPZ(h7) to the same
distributions but derived from the initial guess (the ones used in Step 2.). If they are the same

declare convergence, if not go to Step 1.
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