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Abstract

The Demand for Health Inputs and the Production of Birthweight:
A Latent Variable Approach

by
Richard Anderson

Adviscor Professor Michael Grossman

This dissertation applies a thecretical model that estimates both
infant health production functions and demand functions for prenatal
care Iin the context of a static economic wodel of the family and
household production. The hypothesis of the model is tested empirically
using data on births and abortions in South Carolina during 1986 which
was provided by the Office of Vital Records and Public Health Statistics
of the South Carolina Department of Health and Environmental Controcl.
The specific aim of the research is to investigate the causes of race-
specific birth outcomes and the sources of differences in these
cutcomes. To accomplish this, race-specific birthweight production
functions and prenatal care demand functions that control for self-
selection in the resolution of a pregnancy as a live birth or abortion
are estimated.

A brief examination of race-specific trends in the problems of
neonatal mortality and low birthweight 1s followed by a review of recent
research Into these questions and a discussion of some of the

methodological problems encountered. The analytical framework is tiien
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discussed with particular emphasis on the source of the dominant
unobserved determinant of repreductive outcomes and how to measure 1it.
The next section details the sources of the data used and describes each
variable that appears in the model. This includes an explanation of the
speciffcation, the test for endogeneity, and the identification of the
model. The empirical results are presented separately for adults and
for teenagers following previous literature. Regardless of race, the
results provide significant evidence of the existence of selectivity
bias in both the estimation of birthweight production funccions and
prenatal care demand functions for adults and teenagers. Additionally,
the sign pattern of the residual covariances suggest a model that
emphasizes the cost of abortion as the dominant unmeasured compenent of
birth outcomes. The results support the importance of recent findings
in the field which have emphasized the imtortance of self-selection in

the resolution of a pregnancy.



Acknowledgements

It would be impossible to truly acknowledge the debt that 1 owe to
Professor Michael Grossman. Since the initiation of my graduate training he
has served as teacher, mentor, motivator and friend.

1 would also like to thank Professor Theodore Joyce for his patience and
assistance Iin constructing the data base and running the regressions.

Finally, the dissertation is dedicated to my parents John and Mary

Anderson who have always provided encouragement and support.



List of Tables

Title

Table #l
Mean birthweight, percentage of light births and birth ratios

Table #2
Means by pregnancy outcome for white and black adults

Table #3
Birth probability and prenatsl care demand estimates for adult
white women

Tahle #4
Birthweight production functions for adult white women

Table ®»5
Birth probability and prenatal care demand estimates for adulr
black women

Tahle #6
Birthweight production functions for adult black women

Table #7
Means by pregnancy outcome for white and black teenagers

Table #8
Birti probabilfty and prenatal care demand estimates for white
teenagers

Table #9
Birthwelght preoduction functions for white teenagers

Table #10
Birth probability and prenatal care demand estimates for biack
teenagers

Table #11
Birthwelight production functions for black teenagers

Page

22

32

33

34

15

49

52

53

54

55



vi

Table of Contents

Abstract . . . . . . . ... e s L
Acknowledgements . . . . . . . . . . . . L. v
Table of Contents . . . . . . . . . . . . . ... vi
List of Tables 2 B |

Chapter One
Introduction . : . . . . . . . . . . ; . . . ; 1

Chapter Two
Analytical Framework . . . . . . . . . . . . . L. 11

Chapter Three
Data and Estimation . . . . . . . . . . . O ... 21

Chapter Four

Empirical Results for Adults . G e e 31
Chapter Five
South Carolina vs New York City . . . . . . . . . . . . 44
Chapter Six
Empirical Results for Teenagers . . . . . . . . . . . . 48
Appendix C e e e e e e 58

Literature Cited . . . . . . . . . . . . . . ) . . 61



Chapter One: Introduction

The problems of neonatal mortality and low birthweight in the
United States have generated a large volume of research and resulted in
new government programs aimed at reducing the incidence of both.
Although infant mortality rates have been falling, there is still a
large gap in race specific rates. Overall, the infant mortality rate
fell from 12.6 deaths per 1000 live births in 1980 to 10.4 {in 1986.
However, +the race specific infant mortality rate In 1986 was 8.9 deaths
per 1000 live births for whites and 18 deaths per 1000 live births for
blacks. In South Carolina, the subject of this study, the rate was far
above the national average at 10.1 infant deaths per 1000 live births
for whites and 18.1 deaths per 1000 for blacks in 1986,

With respect to the prohlem of low birthweight there was no
improvement in the national average between 19B0 and 1986 with it
remaining constant at 6.8%. However, the gap between race specific rates
has been Increasing. In 1980 there were 5.7% of births with low
birthweight (less than 2500 grams) to whites and 12.5% to blacks. By
1986 the gap had widened to 5.7¢% for whites and 12.7% to blacks. South
Carolina {s again above the national average with an overall rate of
8.6% In 1986 [Statistical Abstract of the United States 1990]. These
trends colncide with an increase in the number o¢f pregnant women who
delay the initiation of prenatal care until the third trimester or who
receive no care at all. This rose from 5.1% in 1980 to 6% in 1986.

When separated by race the increase has again been more dramatic for
blacks. In fact, for blacks the number of women delaying care until the
third trimester or receiving no care increased by 26% while the increase

for whites was only 16% [National Center for Health Statistics 1%990].



During this same period there has been a decrease in the percentage of
births to teenage mothers. This fell from 15.6% Iin 1980 to 12.6% in
1986. South Carclina is again far above the national average. In South
Carolina there were 19.8% births to teenage mothers in 1980 and 16.6% in
1986. Finally, during this same period, a large percentage of all
pregnancies were terminated by induced abortions. This rate actually
declined somewhat from 29.3 legal abortions per 1000 women age 15 to 44
in 1980 to 28% in 1985. 1In this case South Carolina is far below the
national average. 1In South Carolina in 198C there were 18.2 legal
abortions per 1000 women age 15 to 44 while in 1985 this fell to 13.7,

These trends all underscore the Iimportance of gaining a better
understanding of the production of birthwelight and the demand for
prenatal care inputs. The specific alm of my research is to investigate
the causes of race specific birth outcomes and the source of differences
in these outcomes. With this in mind, I will estimate race specific
birthweight production functions and prenatal care demand functions that
control for self-selection in the resolutlon of a pregnancy as a live
birth or asbortion. A woman’s decision to terminate a pregnancy, which
may have an important impact on the birthweight distribution, can hardly
be considered & random decision. In fact, it should depend on such
factors as the cost of contraception, the cost of abortion, and the
health endowment of the fetus,

Following an approach pioneered by Crossman and Joyce(1990), 1
will attempt to Incorporate the choice based nature (Heckman 1979) of
micro vital statlstical data Into estimates of birthweight production

functions. By using the household production function approach to



consumer behavior and a model of fertility control which is able to
incorporate information from a woman's declsion to resolve her pregnancy
as a birth or abortion, 1 hope to obtain more accurate estimates of
fnfant health production functions and of the demand for prenatal
medical care.

Previous research in thils area has Included ecological studies
which helped document the relationship between the use of family
planning clinics and reductions in the rate of neonatal mortality
{Grossman and Jacobowitz 1981 and Joyce 1987). Others have shown that
the avalilability of abortion services can be associated with reductions
in neonatal wortality (Corman and Grossman 1985 and Joyce 1987).
Further, it has been demonstrated that a pregnancy described as "wanted”
can be assoclated with the early initiatlion of preratal care and other
healthy behaviors (Marsiglic and Mott 1988; Weller, Eberstein, and Bsily
1987; and (Joyce 1990). 1In addition, there have been comprehensive
government reports on infant health in the United States which recommend
directing efforts at reducing the number of unwanted pregnancies in
order to improve birth outcomes (Institute of Medicine 1985) and (U.S.
Department of Health snd Human Services 1986). 1In fact, a White House
Task Force on Infant Mortality, formed by President Bush in 1988,
recommended additional spending of $500 million a year to reduce the
infant mortality rate by focusing on measures that will increase the
prompt initiation of prenatal care (New York Times, August 6, 1990).

Previous studies of the effect of the availability of abortion

services, contraception, and family planning on infant health have all



encountered the methodological problem of using self-assessments to
measure the wintedness of a pregnancy. Researchers have been forced to
emphasize reduced form as opposed to structural estimates because of the
difficulty of measuring such unobserved blological factors as the
mother’s health endowment, nutrition, exercise, and the avoidance of
stress. If a woman’s behavior is affected by knowledge of her health
endowment or if inputs like putrition and exercise are correlated with
the demand for health care then estimates of the Impact of prenatal care
on birthweight will be blased.

The problem of adverse selection In the demand for health inputs
has heen recognized by Rosenzwelg and Schultz (1982,1983,1988), Corman,
Joyce, and Grossman (1987), and Joyce (1987). These authors argue that
a woman who anticipates a problematic birth, based on conditions unknown
to the researcher, will demand more remedial care while those who
anticipate a problem free birth will demand less care. Each study cited
above attempts to control for adverse selection by using a two stage
least squares technique that employs such instrumental variables as
local area prices, parents income, and education. However, all these
studies have ignored the problem of self selection in piregnancy
resolution.

There are actually three potential sources of bias inherent in any
attempt to measure the effect of prenatal care on birthweight. The
first, as mentlioned above, would be the existence of adverse selection
{in a woman’'s decision as to the appropriate level of input use during
her pregnancy. In other words, a woman who anticlpates having a

difficult or problematic birth may demand more prenatal care while a



woman anticipating a problem free birth will demand less prenatal care.
As a result any measures of the effects of prenatal care on birthweight
will be underestimated.

A second and potentially more serious source of blas would be the
existence of favorable selection in input use {Gortmaker 197%)
(Institute of Medicine 1985). That i{s, a woman’s demand for prenatal
care may be only another manifestation of healthy behavior. Thus a
woman who seeks out prenatal care early in her pregnancy may be inclined
to choose a more nutritious diet, follow an appropriate exercise reglime
and try to aveld stress. If such inputs are left out vecause of the
difficulty in measuring them, then the impact of prenatal care on
birthweight will be overestimated.

Finally, a third potential source of bias would be the existence
of self-selection Iin a woman’'s decision to resolve her pregnancy as a
birth or abortion. There are two possible forms that this self-
selection could take. First, If a woman with a poor health endowment is
wore likely to abort and 1If a woman with a favorable health endowment
(or one who wants to make a large investment in infant health) 1is more
likely to give birth then the resolution of pregnancy will be
characterized by favorable selection. Alternatively, if a woman who
wvants to Iinvest little in infant health is more likely to give birth
than one who desires a large investment in Infant health, then the
resolution of pregnancy is characterized by adverse selection.

The following study will adopt a recent approach pioneered by
Grossman and Joyce (1990) that simultaneously controls for self-

selection in pregnancy resolution and {n the demand for prenatal medlical



care services in estimating infant health production functions. Their
approach is to treat the estimation of infant health pruaurtion
functions and prenatal care demand functions as a general problem in
self-selection. That 1Is, they assume that women who give birth are
actually a self-selected sample from the population of pregnant women.
Because of the widespread availability of contraception and abortion
services, a woman can now control the timing of pregnancy and number of
births. A woman who checoses to give birth will differ from those who
choose abortion in several unobserved ways including "wanting" thelr
pregnancy. Therefore, women who give birth can be considered a censored
sample from the population of all women who become pregnant. It is
therefore possible to apply recently developed econometric techniques
that correct for selectivity bias Heckman (1979) Maddala(1983).

The specific population I will consider iIs the cohort of pregnant
women residing in South Carolina during the year of 1986. South
Carolina is one of 14 vital registration areas in the United States that
submits Information on Induced abortions to the National Center for
Health Statistics. By combining induced abortion records for 1986 with
birth certificates during the same year it i{s possible to generate a
sample of pregnant women, all of whom conceived within a 20 month
period. Since the effect of pregnancy resolution on the demand for
prenatal care is likely to differ by race and age group (as illustrated
by the wide variation in abortion rates as shown in table 1), I divide
the population into subgroups of white adults, black adults, white
teenagers, and black teenagers,

For each of these sub-groups I estimate a three equation model.



TABLE #1

Mean birthweight, percentage of light births and birth ratio

GROUP =~ _DBIRTHWEICHT

WVhite teenagers
White Adulrs
Black teenagers

Black Adults

note: light birth - birthweight less than 2500 grams

(grams)

3292 .58
3410.559
3022.912

3138 .89

.080

.059

.140

.115

EIRTH RATIO

.558
.835
.755

. 805



The first equation is the probability that a woman will give birth given
that slie tias become pregnant. This hecomes the criterion equation
allowing for a test of self-selection In the remaining two equations.
The second equation {s an infant health production function in which
birthweight is used as a proxy feor infant health. The third equation is
a prenatal care demand function which uses the number of months a
pregnant woman delays before seeking prenatal care as the dependent
variable.

The methodology outlined above when combined with the possibility
of using micro vital records on both induced abortions and live births
allows me not only to avoid the necessity of asserting in advance
whether adverse or favorable selection is the appropriate case, but the
sign pattern of the residual covariances will indicate which type of
selection exists 1in the decision to give birth or the declsion to
initiate early prenatal care.

The model specified actually includes three unobservables in the
birth probability equation and the prenatal care demand function. These
include the health endowment of the fetus, the cost of contraception and
the cost of abortion. The birthweight production function also includes
two unobservables including the health endowment and an endogenous input
which reflects such healthy behavior as proper diet, exercise, and
avelidance of stress.

Previous economic models of fertility emphasized the use of
contraception to reduce the uncertainty associated with timing a
pregnancy. Michael and Willis(1975), Heckman and Willis(1975), Holtz and

Miller(1988). However, the legalization of abortion has now provided an



alternative to contraception in controlling the number and timing of
births. Like contraception, induced abortion reduces this uncertainty
only at a positive price. By assuming that this price includes
unmeasured components that vary among women it becomes possible to
improve our understanding of infant health and the resources allocated

to {ts production,
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Chapter Two: Analytical Framework

Following Grossman and Joyce (1990), I will employ an analytical
framework that estimates both infant health productien functions and
demand functions for infant health Inputs in the context of a static
economic model of the family and household production. The utility
function of the parents or parent depends on thelr own consumption, the
number of births, and the survival probability of each birth.
(Birthwelght 1s the primary indicator of survival probability.) The
number of births and the outcome of each birth are treated as endogenous
variables Birthwei{ght 15 asgumed rno depe-d on such endogenous inputs
as the quantity and quality of medical care, the own time of the mother,
nutrition, exercise, avoidance of stress, the reproductive efficlency of
the mother and other aspects of efficlency in household production.

Maximizing the utility function subject to production and resource
constraints generates a demand function for birthweight in which
birthwelght is related to input prices, efficiency, income and taste.
The interaction of birthwelight demand and production functions
determines the demand for prenatal care and cother endogenous inputs,

Following Grossman and Joyce (1990), I specify a three equation
model including an equation for the probability of giving birth once
pregnant (x), an equatjon for the production of birthweight (b) and an
equation for the demand for prenatal care (M). The three equations are

given below:
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(1\ LAY - (< 2} Zi + (=] Ci + ay ai + g el
(2) by = B X + B M + B3q + fie

(3) M - 7MY + vpcy + yya o+ o7, e

In this system of equations, Z,, X,, Y,, c;, a;, and e; represent
exogencus variables or vectors of variables. For example, the birth
probabllity equation (1) includes a vector of variables given by Z;
which control for the determinants of the optimal number of children and
the spacing or timing of births. These deterwminants include mother’s
education, mother's age, marital status and family income. 1In the same
equation the cost of contraception is captured by ¢, and it is assumed
to be directly related to the money price and Indirectly related to {ts
avallability and the efficlency of the mother in its use. The cost of
abortion is captured by a;, and reflects not only the direct and indirect
cost of obtaining an abortion but the physic cost as well. Finally, the
health endowment of the fetus is captured by e,.

The birthweight production function given by equation (2) includes
a vector of exogenous variables given by X,, which controls for the
reproductive efficiency of the mother. These include such determinants
as the mother’s education and marital status to measure efficiency as
well as such bioclogical inputs as mother's age, the sex of the newborn
and parity. The birthweight equation alsc includes two endogenous
variables given by M, and q,. The demand for prenatal care M, controls
for the use of medical Iinputs and uses the number of months a women
delays the initiation of medical care, once pregnant, as & proxy

variable. The endogenous input g, measures such healthy behavior as
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proper diet, appropriate exercise and avoidance of stress.

In the prenatal care demand function (3), the vector of variables
Y, includes determinants of the demand for health inputs such as family
poverty, mother’s education, mother's age, marital status and the number
of previocus live births (or paricty).

In addition, there is an unspecified demand function for healthy
behavior that has the same argument as the demand function for prenatal
care and each equation contains an unspecified random disturbance term.
The observed variables in each of the three equations will be discussed
in detail in the next section.

Assuming that contraception and abortion are alternative methods
of birth control then an increase in the price of contraception or a
decrease in the price of abortion should increase the probability of
becoming pregnant. The implication of this is that an increase in the
price of contraception should decrease the probability of giving birth
(a; < 0) while a reduction In the price of abortion should decrease the
probablility of giving birth (a; >0). We may therefore assume that a
woman who becomes pregnant when she haes a low cost of averting a
pregnancy must "want" that pregnancy. Logically, then a fall in the
cost of contraception or abortion should increase the quantity of
prenatal care demanded (y; < 0, v3 < 0) and raise the level of the
healthy behavior input. The force at work here is that the cost of
averting a pregnancy or birth lowers the optimal number of children and
raises the optimal amount of resources devoted to each birth. Or in
other words, a reduction in the price of averting a birth raises the

level of "wantedness"™.
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It is also likely that a women whose potential or actual fetus has
a favorable health endowment will choose to have more children and are
more likely to give birth {(a, > 0). They also demand less prenatal care
as the favorable health endowment of the fetus causes them to allocate
resources away from the production of infant health. This follows
because an increase in the health endowment of the fetus is equivalent
to an increase in real income. Given the assumption that all
commcdities in the utility function are superior, then the optimal wvalue
of each should rise. With money income fixed, this is achieved by
reallocating some resources away from infant health.

Since variables such as the price of contraception, the price of
abortion, the health endowment of the fetus, and the healthy behavior
input are not observed or are measured Imperfectly it is not possible to
gquantify their effects precisely. We can however measure their impact
on reproductive outcomes by including the impact of these variables in
the disturbance term of each equation (U;;) and then obtaining estimates
of the covariances between disturbance terms across equations.

It is therefore necessary to rewrite the model as follows:

*, =~ ap Z; + Uy
by = £ Xy + BM + Uy
My = 7, Y, + U,
where
Uy = oz ey + aza + a, e
Uy = By q + B, e

Uy = 72 ¢, + vya + 7, e
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1f we denote the covariances between the disturbance terms as oy,

Tyyy 023, then:

a1 += a, B, o + a; By Ige t+ @ B3 q.
2

2 2
O13 = Q@ Y, 0. + a; ¥, 0. t a3 70,

1

23 = Bu Yo + Bavi0g v B3 V3 0q

where:

o, = 1is the variance of variable j§

c = 1is the covarlance between q and }

oy, a, > 0
Tz Yar VYao UQC‘ an < 0

ﬂJl ﬂl.)O

It is also assumed that e, ¢, and 8 are mutually uncorrelated and that q

does not depend on e,

To determine whether the health endowment of the fetus, the cost

of contraception, or the cost of abortien is the dominant unmeasured

determinant of reproductive outcomes, we can use the
covarlances. Consider the following alternatives:

1) The health endowment model (there is no

price of abortion or the price of contraception) {le:

2 2
o, = o0, = 93 = 0ga =20
thus 012 >0 and Ti1a. 723 < 0

In this model only the health endowment of the

sign pattern of the

variation in the

fetus varies and

women who are more likely to give birth will be associated with above

average birthweight and will be less likely teo Inftiate early prenatal
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care. This reflects sdverse selection in Input use since a women whose
fetus has a poor health endowment is likely to demand a large amount of
prenatal care. It alsc reflects favorable selectlon in pregnancy
resolution since a woman whose fetus has a relatively large health
endowment will be more likely to give birth. This particular medel has
been emphasized in previous work by Rosenzwelg and Shultz (1982,1983)
Corman, Joyce and Grossman (1987) and Joyce (1987).

2) The cost of contraception model (there is no variation in

the price of abortion or the health endowment of the fetus) {ie:

G12. 913, 023 > O

Therefore, a reduction in the price of contraception will iIncrease
the likelihood that a pregnant wuwan will give birth and will increase
her demand for prenatal care. This implies that a reduction in the cost
of contraception can have a positive effect on birthweight, It reflects
favorable selection in input use since a woman who is more likely to
give birth will demand more prenatal care. It also reflects favorable
selection in pregnancy resolutlion since a woman with a high value of the
healthy behavior input is more likely to give birth. Note that the
covariance between the disturbance terms in the birth probability and
birthweight equation is positive (o,; > 0) and that the covariance
between the disturbance terms of the birth probability and prenatal care

demand function is also positive ( o3 > 0 ).



16

1H The cost of abortion model (there is no variation in the cost of

contraception or the health endowment of the fetus)

thus gy, 013 < 0 and o,y > 0

In this wodel only the price of abortion varies and women who are
more likely to give birth will be associated with lower than expected
birthweight and less demand for prenatal care. This reflects favorable
selection in input use since a woman who {s more likely to glve birth
will demand less prenatal care. It also reflects adverse selection In
pregnancy resolution since a woman with a relatively low value of the
healthy behavior input is more likely to give birth

Of course, adverse or favorable selection in pregnancy resoclution
is determined by the sign of the correlation between the disturbance
term in the birth probability equation and the disturbance term in the
birthwelight equation:

oy, > 0 favorable selection
o,z <0 adverse selection

Adverse or favorable selection in input use is determined by the
sign of the correlation between the disturbance term in the birth
probability equation and the disturbance term in the prenatal care
demand function:

o153 > 0 adverse selection

o015 < 0 favorable selection
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To summarize, the disturbance terms in the birth probability and
prenatal care demand functions are formed by the effects on the
mother’'s behavior of the price of abortion, the price of contraception
and the health endowment of the fetus. The disturbance term of the
production function is formed by the health endowment of the fetus and
the healthy behavior input. The Ilmportance of these difficult to
measure determinants of birth outcomes can be understood more fully by
examining the sign p.ttern of the pairwise covarlances among the
disturbance terms. The specific pattern, as outlined previously, will
indicate whether the cost of abortion, cost of contraception or the
health endowment of the fetus has the dominant effect on the
determination of reproductive outcomes.

In order to obtaln estimates of the covariances referred to above
I will employ a methodology developed by Heckman (1979). This approach
not only ylelds the needed covarlances o,; and o, but also el{minates
the bias which would be inherent in any estimates of the production
function which ignored the censored nature of the birth sample.
Additionally, the estimate of the impact of the early initiation of
prenatal care on birthweight has controlled for both adverse and
favorable selection in input use. This coefficient would have been
biased downward by adverse selection and biased upward by favorable
selection had these factors been ignored.

In particular, all three equations used in the model apply to
pregnant women while only the last two apply to women who actually give
birth. For women who give birth,

n, > 0 or Uy > -ay 24
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and E(b, | X, My n;, > 0) = A X, + B My + E(Uy | Uy > -a; Z4)

EM, | Yy xy >0) = v ¥, + E@Wy | Uy > -0y Zp)

Heckman(1979) has shown that ordinary least squares estimates will
be biased if U,;; and U,, are correlated. 1f so, then the conditignal
mean of U;, in the first equation above {58 not zero and the regressors
are correlated with the disturbance term. Heckman has shown that if
this is the case then unblased estimates can be obtained as follows:

By assuming that the joint distribution of U;; and U, and the
Joint distribution of U,; and U,, are bivariate normal densities it is
possible to fit the birth probability equation as a probit function and

compute the inverse of Mill's ratio for each woman who gives birth:

11 - f(Qi)/F(Qi)
Q =~ a2,/04

f = the density function for a standard normal variable.
F = the distribution function for a standard normal variable.
When the inverse of Mill’'s ratio is inserted as a regressor the
equation can be written as follows:
by = B Xy + B M, + (o/o)A + Vy
M = m Yy + (o)3/0;) + Vy
The inclusion of the inverse of Mill's ratio as a regressor also
helps reduce the potential problem of the endogeneity of prenatal care
in the birthweight equation. That is , prenatal care and the

disturbance term in the birthwei{ght equation (U,;,;) will be correlated
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unless we control for sample selection by including the inverse of
Mill's ratio as a regressor. Differences in the inverse of Mill's ratio
among women who give birth reflect differences in the health endowment
of the fetus, the price of abortion or the price of contraception.

Since these factors generate some of the correlation between the
prenatal care and the disturbance term (U, ), the biases they introduce
will be reduced by including the Iinverse Mill’s ratio In the birthweight

equation.
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Chapter Three: Data and Estimation

The data base used in estimating the model specified above was
constructed from a variety of sources. The data on births and abortions
in South Caroclina during 1986 was provided by the Office of Vital
Records and Public Health Statistics of the Scuth Carolina Department of
Health and Environmental Control. Both the birth records and induced
abortion records Included information on the mother's county of
residence, the mother’'s age, the mother's education level, the race of
the mother, the number of previous children born alive, and the mother’'s
marital status. The birth records alone included information on the sex
of the newborn infant, the birthweight in grams, and the number of
months the woman delayed before seeking prenatal care. Since both
recor- s of births and abortions provide information on the mother's
county of residence, I was also able to merge local area income, health
program and abortion provider variables with the individual micro data.
The data on variables measuring the availability of reproductive health
services was provided by the Alan Guttmacher Institute. The data
provided was at the county level and included the number of providers of
30 to 390 abortions, the number of providers of 400 or more abortions,
and the number family planning clinics. These measures were adjusted to
reflect the availability per 1000 women age 15 to 44,

The income variable measured by the percentage of families below
the poverty level in each county was taken from the Bureau of Health
Professions Area Rescource File for August of 1989. The Area Resource
File is a county based data file which summarizes secondary data from a

wide variety of sources. I chose not to use a race specific income



21

variable because these measures all had a high percentage of missing
observations., The information on the number of WIC centers operating in
each county was obtained from the Food and Nutrition service of the U.S.
Department of Agriculture. This was used to construct a dichotomous
variable that equals one If the mother lives In a county that operates a
WIC Center and zero otherwise. These are health centers operated by the
Federal Supplemental Food Program for Women, Infants and Children.
These centers provide prenatal and obstetrical care to poor women under
the 1972 amendment to the Child Nutrition Act of 1966.

During the year of 1986 there were approximately 52,237 live
births and 14,287 induced abortions to residents of South Carolina.
From the population of all women who became pregnant I drew randomly
chosen subsamples. The population was divided into four groups
including white adults (over 20 years of age), black adults, white teens
and black teens. For white adults, the sample included 10,34% live
births and 2,041 induced abortions. For black adults the sample included
7.410 lives births and 1,789 induced abortions. With respect to
teenagers, the samples included 3,085 live births and 2,506 induced
abortions to white teenagers and 4,552 live births and 1,477 induced
abortions to bLlack teenagers. The sample sizes were chosen to maintain
the same percentage of live births to total pregnancies that existed for
the entire population of each subgroup.

The analysis is possible because many of the parental
characteristics reported on the birth certificates are also reported on
induced abortion records. After merging the data on births and

abortions along with county level income and availability measures 1 am
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Means by Pregnancy Outcome for White and Black Adults

WHITE

Birth Abortion
Birthwelght 3410.559  --------
I1llegitimacy .069 . 735
Education < 9 .023 .012
High School Education LA04 .395
Education > 12 LG 511
Male )
Age 15-39 .056 .067
Age 40 .005 .016
Delay 2.751 ..o
Parity .B74 .75
Clinics .128 .115
AB 30 per .005 . 006
AB 400 per .008 .012
WIC .671] LT45
Family Poverty 12.374%  12.262%
Lambda .176 -.8961

Observations 10,345

2,042

BLACK
SBirth  _fbortion
3138.89 --------.
A .759
.018 .003
.529 L4696
.280 L4433
5040 - e e
054 .074
.009 .018
3.7 eeeas
1.416 1.376
.168 141
.005 .006
.010 .015
.635 .703
14.94% 14 .009%
.29748  -1.230
7,410 1,789
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able to specify an equation which will predict the probablility of giving
birth once a woman has become pregnant.
A more detailed description of the variables used 1is provided
below: ( see table #2 for the mean values of each variable )
1) Birthweight - the birth weight in grams of the fetus at
the time of delivery.
2) Prenatal Care Delay - the number of months a woman delays
from the date of the last normal menses until she receives
prenatal care.
3) Parity - the number of previous live births now living or
now dead.
4) Age 35-39 - a dichotomous variable that equais one if the
mother’'s age is between 35 and 39 years.
5) Age 40 - a dichotomous variable that equals one if the
mother is 40 vears of age or older.
6) Age 17 - a dichotomous variable that equals one if the
woman is 17 years of age or younger.
7) Education < 9 - a dichoteomous variable that equals one if
the woman completed less than 9 years of schooling.
8) High School Education - a dichotomous varisble that
equals one if the woman completed 12 years of schooling.
9) Education > 12 - a dichotomous variable that equals one
if the woman completed more than 12 years of schooling.
10) Illegitimacy - a dichotomous variable that equals one if
the woman is not married at any time during the period from

conception to birth or induced abortion.
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11) Male - a dichotomous variable that equals one in the
infant is a male.

12) Family Planning Clinics - a county level wvarlable
measuring the number of family planning clinies per 1000
women age 15 to &44.

13) Abortion Providers 30-390 - & county level wvariable
measuring the number of providers of from 30 to 390
abortions a year per 1000 women age 15 to 44.

14) Abortion Providers +400 - a county level variable
measuring the number of providers of over 400 abortions a
year per 1000 women age 15 to 44.

15) Family Poverty - a county level variable measuring the
percentage of families below the poverty level.

16) Lambda - the Inverse of Mill's ratio which is a
monotonically decreasing function to the probability of

giving birth once a woman has bhecome pregnant,

The birthweight of the child is used in this study as a indicator
of Infant health, The infant health outcome variable is linked to
infant survival and to the prospects of subsequent growth and
development in medical literature. There have actually been two
distinct health effects of low birth weight cited in the medical
literature. These include a relatively transitory trauma associated
with delivery and its immediate consequences as well as more permanent
side effects that result in a higher probability of later childhood

morbidity and mortality. (Beck and VanDerBerg 1975),
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Prenatal care is measured by the number of months a woman delays
after her last normal menses before seeking prenatal care. A woman who
does not receive any prenatal care {s assumed to have delayed 10 months.
Thus it should be pointed out that the measure of prenatal care I employ
in my analysis should be negarively related to birthweight.

With respect to the quality of the data used, there was no real
problem. 1In fact, the percentage of observations with missing values or
data reported incorrectly was surprisingly small. The variables
reporting mother’s age, mother’'s race, sex of the infant, birthwelght
and marital status had no missing vaelues {n the birth file. For
mother’s education and county of residence, there were fewer than l%
missing observations. The few observations containing missing varliables
were deleted prior to construction of the data set used.

I have also chosen to specifically focus on whites and blacks and
have thus excluded all other racial groups. This is done Iin an attempt
to make my results more comparable to previously published work.
However, in South Carolina thls does not pose a serious problem bhecause
over 99% of the population of pregnant women falls Into the categories
of white or black,

The main thrust of the model specified is to use the Information
encapsulated In the decision to give birth as an input in the birth
outcome production functien. To accomplish this the first equation
estimated will predict the probability of giving birth once a woman is
pregnant. This is possible hecause many of the characteristics of the
mother that are reported on birth certificates are also reported on the

induced termination records. By combining the birth and abortion files
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it 1is possible to specify a multivariate egquation with a dichotomous
dependent variable which has a value of one If the woman gives birth and
zero if she aborts. Birth probability is a function of a vector of
exogenous varlables (Z,) which Includes such factors as mother’s age,
mother’s education, warital status, income, availabllity of abortion
services and avallability of family planning services. 1In particular,
unmarried women or older women are more likely to abort because the
pregnancy 1s more likely to be unwanted. The price of abortion |{is
measured imperfectly by assuming that price is a negative correlate of
avalilabllity. By the same reasonlng, the price of contraception {s
inversely correlated with the number of family planning clinics. In
both cases I use the number of clinics or sbortion providers per 1000
wom»n age 15 to 44. The mother’'s education Is another measure of the
price of contraception. A woman with more education should be a more
efficient producer of contraception. Thus a woman who becomes pregnant
when she has a low cost of contraception should be more likely to pive
birth.

In the second equation specified, birthweight {s a function of a
vector of exogenous variables (X;) and an endogenous variable (M,). The
birthwelght production function is a structural equation based on the
relationship between the demand for health inputs and the outcome of a
birth as measured by birthweight. The vector of variables (X;) includes
such exogenous variables as mother’'s education, mother's age, marital
status, the number of previous live births and the sex of the infant.
The number of previous live births is used to control for a woman's

reproductive capability, while the mother's education is used to control
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for her efficiency in household production (Grossman 1%72). Prenatal
care is also included 1n the birthweizhi equaticn zn? because it may be
an endogencus Input it reguiies speclal consideration in order to obtain
unbiased estimates of fts effect. In order to test whether prenatal
care {s actually endogenous or exogenous I will use the Wu - Hauseman
Test (Wu 1973) (Hausman 1978) to measure the correlation between the
prenatal care variable and the birthweight equation residuals. If the
null hypothesis of no correlation is rejected then it will be more
appropriate to use the predicted values of prenatal care from equation 3
in the birthweight production function. Consider the model:
(1) by, = ay M, + a; X, + e
(2) 4, = Y, + V = ﬁ + v
where: b, = birthweight
M, = prenatal care
X,,Y, = exogenous variables
e,,V, = disturbance terms
o,,a,,§ = population parameters

Consider the estimated regression:
A
(3) by =a; M + a; X + aV + e

where M and V are obtained from the prenatal care demand function. If e
and V are not correlated then:

E(a,) = E(a;) = a
and If e and V are correlated then:

E(a;} = a;, w E(a,)

The Wu-Hausman test {s a test of the hypothesls that a, = a,. It is
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performed by rewriting equation (3) as follows:

A
b=aM+ aX + a,V+ a,V-a,V+ e

A
b=a;(M+ V) + aj X+ (85-a,}) V + e

() b=~ aM+ aX + cV + e
When equation (4) is fit by ordinary least squares then the Wu-Hauseman
test beccmes a test of whether c differs from zero. Following Nakamura
and Nakamura (198l1) the statistic employed for testing the linear

restriction i{s calculated as follows:

F = RRSS - URSS . N - 2¢ -K,
URSS G

where

RRSS = the restricted residual sum of squares from the regression
of delay on X, and Y,

URSS = the unrestricted residual sum of squares from the regression
of delay on X; and e

N = the number of observations

G = the number of endogenous variables

K, = the number of independent regressors in the birthweight
equation (Including X )
The critical F has (1, n - number of parameters) as the degrees of
freedom.

To implement this strategy 1 fit,

M-dY + 48X + d;2 + V
where

A = Mill's ratio
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and kept the residuals (V). 1 then fit

b=aM 4+ a,X + cV + a3
using the actual values for M in this equation. Since both X and Y are
used in estimating (M) I also included the sex of the newborn infant as
a regressor in the equation. That is, the residuals from the equation
predicting prenatal care corrected for selection are used as right hand
side regressors in the birthweight equation.

Finally, 1 use birthweight (measured in grams) as the dependent
variable in the birthweight production function as opposed to a
dichotomous variable for low birthweight, because Heckman’'s two stage
procedure requires the dependent variable in the structural equation to
be continuous.

The prenatal care demand function, like the birth probability
function, is treated as a reduced form equation. As such it includes
such exogenous determinants as mother's education, mother's age, marital
status, family poverty, the number previous live births and the number
of WIC Centers. In order to achieve identification of the prenatal care
demand equation 1 assume that the avallabllity of family planning
clinics and the availability of abortion providers has no impact on the
demand for prenatal care. Alternatively, ldentification could have been
achieved by the non-linear relationship between the fnverse of Mill's
ratio (A) and the regressors in the birth probability equation. 1In this
case even if the variables in vector Z, and the variables in vector Y,
are the same, the equations are still identified. Of course the model
Is on firmer ground {f there are unique determinants of each equation.

There are also two variables in the prenatal care equation which
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are excluded from the birth probability equation. Tiuey are the number
of previous live births and the number of WIC Centers. Parity is
included Iin the prenatal care equation because it ieflects experience
with pregnancy and birth. Women who have experlenced a previous birch
are more likely to understand the benefits of prenatal care. Parity,
may in fact, control for a woman’s health endowment. The optimal number
of children and parity are governed by command over resources, prices,
efficiency, taste, marital status and mother‘s age. The nunber of WIC
Centers should be a determinant of how much prenatal care 1s received.
The birthwelight production function also meets the rank and eorder
conditions for ldentification since it excludes measures of income and
the availability of abortion and family planning services. At the same

time it includes a unique dichotomous variable for the sex of the child.
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Chapter Four: Empirical Results for Adults

Separate estimates were obtained for four groups including white
adults, black adults, white teenagers and black teenagers. The purpose
of following a strategy that separates teenagers from adults i{s twofold.
First, I am attempting to minimize the potential problems of endogeneity
that apply particularly to teenagers. Second, I am trying to make my
results comparable to previous studles which have adopted the same
approach.

Empirical results of the birth probability and prenatal care
demand functions are presented In Tables 3 and 5. The birth probability
equation predicts the probability of giving birth, glven that a woman is
pregnant. This equation is estimated using a maximum likelihood probic.
The prenatal care demand functlon is estimated twice, once by ordinary
least squares and once after having been corrected for selection by
using the inverse of Mill’s ratio as a regressor and adjusting the
standard errors. (Heckman 1979}

Tables 4 and é present estimates of the birthweight production
function using three alternative approaches. The first approach
estimates the birthweight production function by using ordinary least
squares and does not correct for selectivity or endogeneity. The second
approach estimates the birthweight production function having corrected
for selectivity bias agaln by including the inverse of Mill's ratioc as a
regressor. The final approach estimates the birthweight production
funcrion having not only corrected for selectivity bias but also
correcting for simultaneous equations bias by treating prenatal care as
an endogenous variable. This is accomplished by fitting the equation

using a two stage least squares procedure (Lee, Madalla, Trost 1980).
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Table #3 Birth Probability and Prenatal Care Demand Estimates for Adult

White Women

Intercept

Family Planning Clinics

Family Poverty %

Education < 9

High School Education

Education > 12
Abortion Providers
(30 to 390)

Abortion Providers
(400 +)

Mothers age 35-39

Mothers age 40

Illegitimate

Parity

Women, Infants and

Children Centers

Lambda

F - Statistic
Chi{ - Squared
R - Squared
Observations

Birth

Probability

Probit

2.108
(25.627)

.542
(2.419)

-.004
(-.733)

. 249
(1.739)

-.414
(-7.043)

-.548
(-9.322)

1.642
(.689)

-5.367
(-4.459)

..259
(-3.914)

-.757
(-4.821)

-2.146
(-59.688)

4308.3

12,386

Prenatal

Care
(OLS)

2.88
(41.263)

.010
(2.793)

-.116
(-1.093)

- . 460
(-9.524)

-.820
(-16.758)

-.239
(-3.642)

-.265
(-1.299)

1.453
(24 .456)

.210
(12.896)

.042
(1.343)

160.812

.122
10,345

Prenatal
Care
(Selection)

2.868
(38.125)

.011
(2.957)

.00003
( 0)

- . 654
(10.72)

1.078
(16.296)

-.389
(-5.547)

-.839
{(-4.124)

-.549
(-2.185)

.212
(12.371)

-.014
(-.407)

2.115
(8.331)

149.789

126
10,345



Table #4

Birthweight Production Functions for Adult White women(age>19)

Intercept

Education < 9

High School Education

Education > 12

Mothers age 35-39

Mcothers age 40

Illegitimate

Parity

Male

Prenatal Care Delay

Lambda

F - Statistic
WU Test F

R - Squared
Observations

CLS

3248

{143.319)

-28.303
(-.681)

123.974
(6.565)

187.731
(9.753)

-.708
(-.028)

-110.515
(-1.392)

-96.834
(-4.071)

25.848
(4.037)

132.836
(11.573)

-19.572
(-5.117)

40,376

.033
10,345

OLS

{Selection)

3250

(143.245)

-41.252
(-.976)

145,53
(6.620)

216.99%0
(8.860)

15.915
(.5%2)

-47.417
(-.561)

120.6%4
(1.074)

25.469
(3.981)

132.754
(11.573)

-19.096
(-4.998)

230.359
(-1.983)

36.721

2.058
034

10,345

TSLS

3096 .57
(7.751)

-37.423
(-.825)

172.418
{(2.667)

263.428
(2.372)

30.679
(.741)

-23.455
(-.255)

84 .325
(.387)

14.791
(.522)

133.359
{11.529)

31.548
(.240)

-269.891
(-2.328)

10,345

33

(Selection}
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Table #5 Birth Probability and Prenatal Care Demand Estimates for Adult

Black Women

Intercept

Family Planning Clinics

Family Poverty %

Education < 9

High Schoel Education

Education > 12

Abortion Providers

(30 to 390)

Abortion Providers
(400 +)

Mothers age 35-39
Mothers age 40
Illegitimate
Parity

Women, Infants and
Children Centers

Lambda

F - Statistic
Chi - Squared
R - Squared
Cbservations

Birth

Probability
Probit

2.00

(23.829)

.193
(1.215)

.010
(2.44)

.328
(1.546)

-.662

(-11.716)

-1.02

(-17.284)

-2.15
(-.647)

-5.15
(-4.72)

-.430
(-6.532)

-.857
(-5.966)

-.888
(-26.071)

1153.3

9,199

Prenatal

Care
(OLS)

3.23
(28.820)

-.009
(-1.903)

-.Q75
{-.408)

- 142
(-2.109)

-. 402
(-5.207)

- . 497
(-4.688)

-. 845
(-.331%

.932
(19.097)

.260
{13.942)

047
(.937)

80.2991]

.088
7,410

Prenatal
Care
(Selection)

3.213
(26.909)

.005
(1.041)

.067
(.322)

-. 642
{(-5.817)

-1.248
(-7.649)

- .858
(7.202)

-.857
(3.154)

.158
(1.15%9)

.255
(12.311)

-.294
{-.557)

2,449
(6.386)

76.470

.093
7,410



Table #6

Birthweight Production Functions for Adult Black Women

Intercept

Education < 9

High School Education

Education > 12

Mothers age 35-39

Mothers age 40

Illegitimate

Parity

Male

Prenatal Care Delay

Lambda

F - Statistic
WU Test F

R - Squared
Observations

oLs

3078.25
(112.473)

28.582
(.507)

68.003
(3.298)

104.303
{4.409)

38.853
(1.196)

36.091
(.062)

-65.163
(-4.262)

18.266
(3.161)

158.44
(11.121)

-22.752
(-6.402)

27.675

032
7,410

OLS

{Selection)

3065.19
(108.333)

16.364
(.288)

107.985
(3.677)

173.310

(4.023)

67. 241
(1.889)

98.294
(1.167)

-3.515
(-.099)

18.154
(3.139)

158.392
(11.128)

-22.234
(-6.249)

-196.695
(-1.928)

25.285
. 346
.033

7,410

(age>19)

TSLS

35

(Selection)

3221.96
(6.722)

11.302
(.193)

104 .140
(2.256)

159.1321
(1.697)

44 364
(.677)

99 427
(1.084)

48.409
(.386)

31.042
(.788)

156.995
(10.8856)

-72.302
(-.478)

-213.418
(-1.743)

7,410
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Estimates of the birth probability equaticn for both black and
white adults ylelded the following results. The dichotomous variables
for the completion of 12 years of schouliang and for more than 12 years
of schooling were both statistically significant and lower the
probabilirty of giving birth., The dichotomous varliables for the mothers
age being between 35 and 3% and for the mothers age exceeding 40 were
both statistically significant and lower the probability of glving
birth. The dichotomous variable indicating whether the mother is
married is also statistically significant and lowers the probability of
giving birth. The number of large scale abortlion providers (400+) per
1000 women age 15 to 44 Is statistically significant and an increase In
the number of providers lowers the probability of giving birth, With
respect to the remaining regressors used, the results are as follows.
The areal variable of family poverty has no effect on the probability
that a white woman will give birth while it {ncreases the probability
that a black woman will give birth. A dichotomous variable that equals
one 1f the mother has less than nine vears of schooling increases the
probability of giving birth for both black and white women. However,
this variable is only significant if a two tall test is applied at the
5% level of significance. If a one tall test is applied at the 5% level
of significance then it becomes statistically insignificant. The number
of family planning clinics per 1000 women age 15 to 44 increases the
probability that a white woman will give birth while it has no effect on
the probability that a black woman will give birth.

For white and black women the relationship between the number of

years of completed schooling and the likelihood of aborting a pregnancy
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is approximately monotonic., Since there is more than one dichotomous
variable measuring education the coefficient of each is compared to the
omitted category which is the completion of 9 to 1l years of schooling.
For both blacks and whites there is an inverse relationship between the
number of years of schooling and the probability of giving birth.

Following a national trend, older women aof both races are less
likely to give birth than women between 20 and 34 years of age (Henshaw
et al. 1985)., Older women are more likely to abort because the
pregnancy is wmore likely to be mistimed or unwanted.

When interpreting the results for the birthwelght production
function and the prenatal care demand function it is necessary to focus
on the role of sample selection blas and on the effect of prenatal care
on birthweight. There is strong evidence of sample selection in the
birthweight preduction functions for both black and white adults. In
the birthweight production functions estimated by ordinary least squares
and corrected for selection, the coefficient of the inverse of Mill’'s
rutio{lambda) is both negative and significant at the 5% level of
significance. When the production functions are obtained by two stage
least squares the signs are the same and the estimates are also
significant at the 5% level, For both black and white adults the sign
patterns among the residual covariances suggest a model that emphasizes
the cost of abortion. In particular, women who abort have a lower cost
of abortion and should demand more infant health, Conversely, women who
give birth have a high cost of abortion and therefore allocate fewer
resources to each birth.

In wmy view, the negative coefficient of lambda Iin the birthweight
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production function is due to the high psychic cost of obtaining an
sbortion in South Carolina. In fact, the birth ratios for both blacks
and whites are far above the national averages. This may be one
possible explanation for the fact that South Carolina has the largest
rate of Infant mortality in the country at 14.7 deaths per 1000 live
births.

There is also strong evidence of sample selection bias in the
prenatal care demand function for hoth blacks and wvhites, That 1s, the
unobserved factors which raise the probabllity of giving birth are
negatively correlated with the unobserved factors which decrease delay
in the Initiation of prenatal care. The sign of lambda in the prenatal
care demand function is both negative and significant.

In estimating the prenatal care demand functions there appears to
be little difference of the results by race, However, it seems clear
that fallure to correct for self-selection has resulted in blased
estimates for every statistically significant variable, With respect to
education, the dichotomous variable for less than 9 years of schooling
is statistically insignificant for both blacks and whites. However, for
the remaining education variables there is a direct linear relationship
between the number of years of schooling and demand for prenatal care.
The importance of education increases by approximately 30% when lambda
is included in the prenatal care demand equation,

The results are simiiar with respect to the mother's age. There
appears to be a direct relationship between the mother’s age and the
demand for prenatal care. The effect of the age on the demand for

prenatal care increases significantly when controlled for selection bias
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for whites but remalns fairly constant for blacks.

Parity is used in estimating the prenatal care demand function in
an attempt to control for the mother's health endowment under the
assumption that is serves as a proxy for experience with pregnancy and
birth. Parity is statistically significant for both groups and reduces
the demand for prenatal care. It would appear that women with a
favorable health endowment seek less prenatal care. The results are
fairly constant when contreolled for selection.

Family poverty is statistically significant for whites only
causing a reduction in the demand for prenatal care. An Increase in
poverty will Increase delay and thus reduce birthwelght indirectly.

One surprising result is that the existence of WIC Centers in the
mother’'s county of residence has no effect on the demand for prenatal
care by blacks or whites.

My estimates of the birthweight production function provide strong
evidence of the existence of sample selection bilas for both black and
white adult women. For both groups lambda is both negative and
significant at the 5% level, The results suggest that the unobserved
factors which raise the probability of giving birth are negatively
correlated with the unobserved factors which Iincrease birthweight. The
residual pattern of the covarlances indicates that the shadow price of
abortion is higher for both black and white women who give birth.

With respect to education there appears to be a monotonically
increasing relationship between the number of years of completed
schooling and birthwelght for white adults and a more U-shaped

relationship for black adults. For both blacks and whites, the
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dichotomous variable of less than nine years of education 1s
statistically Insignificant. When corrected for selection the effect of
education on birthweight becomes even stronger. For black adults the
effect of education on birthweight rises by approximately 60% when
lambda {s included in the birthweight equation. For white adults the
effect of education on birthweight in:rease by approximately 16% when
corrected for selection. Since more educated women are more likely to
abort, those who do not may have a much higher cost of abortion. Of
course, education has a direct effect on birthweight as well as an
indirect effect that results from it causing & reduction in delay.

The effects of parity and male are similar in that they both cause
an Increase in birthweight, are statlstically significant, and are
unaffected by the inclusion of lambda as a regressor. Parity has a
slightly larger effect on birthweight for whites while male has a larger
effect on birthweight for whites.

One surprising result is that the mother’'s age appears to have no
effect on birthweight. For both whites and blacks age is statistically
insignificant.

When uncorrected for selection the OLS estimates of the effect of
illegitimacy are statistically significant and indicate that it reduces
birthweight. However, once corrected for selection, illeglitimacy
becomes statistically imnsignificant. This holds true for both white and
black adults.

As expected the OLS estimates of prenatal care delay are negative
and statistically significant. Thus, the longer the period of time

between a woman becoming pregnant and when she first seeks medical care,
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the lower the weight of the infant at birth. For whites, each month of
delay in seeking prenatal care reduces birthwelght by 19 grams and for
blacks by 22 grams. The results are virtually identical after
correcting for selection.

For both black and white adults, the results indicate that the
sample of women who choose to abort would have had a substantially
higher potential mean birthwelght had they carried to term than the
actual mean birthweight of the sample of women who chose to give birth,
This difference between the potential mean birthweight of the abortioen
sample and the mean blirthweight of the birth sample can be attributed to
both observed and unobserved characteristics. For adult black women, If
both factors are taken into account, the potential mean birthweight of
the abortion sample i{s 3417 grams compared to a mean birthweight in the
birth sample of 3139 grams. This represents a difference of 278 grams or
almost a 9% increase. If only the unobserved factors are considered,
then this difference increases to 300 grams or 9.5%. For adult white
women the results are even more dramatic. In fact, when observed and
unobserved factors are taken {nto account, the potential mean
birthweight of the abortion sample is 3728 grams compared to a mean
birthweight for the birth sample of 3411 grams. This represents a
difference of 317 grams or 9.3% relative to the mean birthweight of the
birth sample. To gauge the magnitude of this selection effect consider
that a one month delay in initjating prenatal care reduces birthweight
by 19 grams or .5% for whites and by 22 grams or .6% for blacks. (see
appendix #1)

In order to test whether delay should be treated as an endogenous
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variable in the birthweight equation, I estimated the equation using
two stage least squares. In this case the fitted values of delay were
substituted for the actual values of delay as right hand side regressors
in the birthweight equation. The effects of prenatal care delay on
birthweight were increased twofold for white women and threefold for
blacks, however the estimates were not significant at the 5% level. It
was therefore impossible to reject the null hypothesis of no
correlatlon. To further test for the endogenelty of prenatal care, I
applied a Wu-Hausman test in which the residuals from the delay equation
were used as right hand side regressors Iin the birthweight equation.

For adult white women the relevant F statistic is 2.058 and for adult
black women the relevant F statistic is .346. Since the critical F
statistic at the 5% level of significance is 3.84, 1 could not reject
the null hypothesis of no correlation between the error term In the
delay equation and birthweight.

After considering the unique conditions that exist in South
Carolina, the empirical results outlined above seem to fit the situation
fairly well. The fact that abortion services are not only scarce but
primarily limited to urban areas coupled with the existence of a
relatively poor and largely rural population would imply that these
services are expensive and difficult to obtain for a large portion of
the population. It remains a viable option mainly for the older, more
educated, and more affluent women. The data support this conclusion.
Clearly, women who glve birth have a higher "shadow price"” of abortion
than women who abort. An Increase in the "shadow price" of shortinn

raises the optimal number of children, lowers the optimal anount of



resources allocated to each birth, and lowers the gquantity of the
healthy behavior input demanded. The cost of abortion is the

unobservable which is the driving force.
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Chapter Five: South Carolina vs New York City

In comparing my resnlts for South Carcolina to those obtained by
Grossman and Joyce (1990) for New York City, a pattern emerges which
reflects the demographic differences between the two areas. In
particular, New York City 1s a densely populated urban area whose
residents have easy access to health care or abortion providers while
South Carolina {s sparsely populated, relatively rural in nature, and
whose residents have little access to health care or abortion providers,
For example, the population of New York City In 1988 was 8,567,000 while
in the same year the entire population of South Carolina was only
3,470,000. Further, only 60.5% of the population in South Carolina
lives in a metropolitan area while the remaining 39.5% live in non-
metropollitan areas. (Statistical Abstract of the United States 1990)
With respect to abortion providers, only 4 out of the 46 counties in
South Carclina offer any abortion services at all and only 2 countles
have more than one large scale abortion provider (over 400 per year).
This would appear to indicate that abortion should be the deminant
unmeasured component of health outcomes.

With respect to estimates of the birth probability equation the
following differences emerge. First, education has a much stronger
effect on the probability of giving birth, for both blacks and whites,
In South Carolina. There is a strong linear relationship with more
educated women having a lower probability of giving birth. Clearly,
more educated women have a lower cost of abortion and are therefore less

likely to give birth. In New York City, education has less of an impact
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on the decision to give birth since education Is not as {mportant in
lowering the cost of abortion in an area where abortion services are
readily available.

As expected, the availability of abortion providers has a more
fmportant influence on the decision to give birth in South Carolina than
It does in New York City. 1In both cases the existence of abortion
providers reduces the probability of giving birth.

In South Carolina the mother's age is also more important in the
decision to give birth than it iIs in New York City. Older women, for
whom & pregnancy is likely to be mistimed, are less likely to give birth
in South Carolina than in New York Clty.

Finally, poverty is an Important factor in Increasing the
probability of giving birth for blacks only in South Carclina. It is
statistically insignificant for whites in South Carclina and for both
groups In New York City. Given the large percentage of blacks under the
poverty level in South Carolina, this further emphasizes the important
role of the cost of abortion In a woman'’s decision to give birth. 1t is
obviosusly more difficult for poor black women to access abortion
providers. Since South Carclina remains a poor state, unwanted
pregnancies place Increasing demands on the public health system and
welfare programs.

As far as the prenatal care demand equation and the birthweight
production function are concerned there are several important
differences which emerge when comparing the results for New York City
with those for South Carolina. First, Grossman and Joyce (1990) find

evidence of selectivity blas in the prenatal care demand equation and
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the birthweight production function for blacks only. In South Carolina,
1 found that this is a potential problem for both black and white
adults. More importantly, Grossman and Joyce (1990) find that the
coefficlents of lambda in both equations are positive

{(g,2,0,3 > 0). 1In other words, the unobserved factors which raise the
probability of giving birth are positively correlated with the
uncbserved factors which cause the mother to initlate prenatal care
earlier in her pregnancy. The fact that both coefficients are positive
i1s consistent with a model emphasizing the cost of contraception.

In Scuth Carclina, estimates of the coefficients of lambda in the
prenatal care demand equation and the birthweight production function
are both negative and significant, regardless of race. The unobserved
factors which raise the probability of giving birth are negatively
correlated with the unobserved factors which decrease delay In the
Initiation of prenatal care and increase birthweight. 1In this case, the
fact that both coefficients are negative is consistent with a model
emphasizing the cost of abortion.

In New York Ciry, black women are more likely to experience an
unwanted pregnancy and carry it to term if they have a relatively high
"shadow price’ of contraception than if they have a low 'shadow price’.
They are also likely to consume less prenatal care and invest less in
other healthy behaviors that improve birthweight. 1In South Carolina,
women Wwith a high ’'shadow price’ of abortion are more likely to
experience an unwanted pregnancy and carry it to term than those with a
low 'shadow price’, regardless of race. They are also more likely to

consume less prenatal care and invest less in other healthy behaviors
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that lmprove birthwelght.

A second critical difference Iin the results is that Grossman and
Joyce find that women who abort would have had a lower mean potential
birthweight had they decided to give birth than the mean birthweight of
the sample of women who actually gave birth. In South Carolina, the
women who chose to abort would have had a higher potentlial mean
birthweight had they given birth than the mean birthweight of the sample
of women who actually gave birth. Clearly, in New York City the
availabllity of abortion services has had an important impact on
improving birth ocutcomes. However, in South Carolina this has not been
the case. In fact, the existence of abortion services, as they exist

today, has resulted in a worsening of birth outcomes.
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Chapter Six: Empirical Results for Teenagers

As mentioned previously, the population of pregnant women was
partitioned in order to separate adults {agez20) from teenagers
(agesl9). The purpose of following this strategy was first to make my
results more comparable to previous studies and secondly in an attempt
to minimize the potential problems of endogeneity which apply
particularly to teenagers.

With respect to endogenelty, there are two varlables of particular
concern when considering teenagers. First, the number of years of
school completed will obviocusly be related to time spent pregnant.
Second, & large percentage of pregnancies to unmarried teens can be
expected to be resolved as births after marriage has occurred. To
address the problem of the endogeneity of education among teenagers, I
include a dichotomous varifable that equals one if the mother completed
at least 8 years of schooling and equals zero other wise. By choosing a
low cutoff it is possible to reduce the problem of reverse causality by
capturing these adolescents whose educational problems existed before
they became pregnant. As far as the endogeneity of marital status, the
data reveals that 90% of black teenagers who gave birth were unmarried
while 35% of white teenagers who gave birth were unmarried. Thus, the
endegeneity of marital status is unimportant for blacks but may be a
potential problem for whites.

Despite a national trend indicating a reduction in the number of
births to teenage mothers, it continues to be a particularly difficult

problem in South Carclina. First of all, the percentage of births to
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Table » 7

Means by Pregnancy Outcome for White and Black Teenagers

White Teenagers Black Teenagers

_B.rth  _Abortion _Birth Abortien
Birthweight 3292.587 - --.-. 3022.91 -ee.--
Illegitimacy . 349 .948 .895 .968
Education < 9 .115 .031 .10 .066
Male L5240 eeoo - 506 0 ee-.-
Age 17 .350 478 .438 .532
Delay 4,00} ------- 4.647 0 -----
Parity .190 .082 .352 .219
Clinics .139 .118 .171 .146
AB 30 per . 004 .005 . 004 .0N6
AB 400 per .006 .009 .008 .014
wic .629 .697 .617 .695
Family Poverty 12.496% 11.98% 14.706% 13.895%
Lambda .419 -.636 .400 -1.233

Observations 3,805 2,506 4,553 1,477
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teenage mothers in South Carolina in 1986 is far above the national
average at 16.6%. Among teenagers who chose to resolve their
pregnancies as an induced abortion, 95% of the whites were unmarried
while 97% of the blacks were unmarried. Additionally, 14% of the births
to black teenagers were light births (under 2500 grams) and 8% of the
births to white teenagers were light births. The fact that many of the
births teo unmarried mothers are likely to be unwanted ccupled with the
high cost associated with light weight births underscores the importance
of this problem. 1In fact, many publicly funded programs have recently
emerged which deliver family planning services to the young and poor.

In 1970, Title X was added to the Public Service Act and provided
funding for family planning services. In recent years additional
services have been provided through Medicald or MCH programs. The
impact of these programs on teenage mothers may be especially
significant since "adolescents are largely uninformed about repreoductive
physiology and about many methods of contraception."! Despite this,
recent debates focusing on the values served by planned pregnancies and
women's ability to make cholces affecting fertility have resulted in
increasing limits on services provided through publicly funded programs.
Opponents argue that family planning and abortion services have a

negative impact on teenagers by Increasing sexual license.

1. Morrison D.M. Adolescent Contraceptive Behavior: A
Review,Psychological Review 98(3), 1985: 538.
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Empirical estimates of the birth probability equation, prenatal
care demand equation and the birthweight production function for black.
and white teenagers are presented in tables 8 through 11. With respect
to the birth probability equation, mothers age less than 17, large scale
abortion providers (400+), and the mothers marital status are
statistically significant and thezir existence reduces the probabllity of
giving birth, regardless of race. A dichotomous variable that equals
one 1f the mother has less than % years of schooling is also
statistically significant for both groups, however, its existence
Increases the probability of giving birth. The number of family
planning per 1000 women and the number of small scale abortion providers
(30 to 390) are important only for white teenagers and their existence
Increases the probability of glving birth. Finally, the percentage of
families below the poverty level is insignificant for both blacks and
whites.

As far as the prenatal care demand equations are concerned there
appears to be significant evidence for the existence of self-selection
among black teenagers while there is no such evidence for whites. Fo:x
black teenagers, the unobserved factors which raise the probability of
glving birth are negatively correlated with the unobserved factors which
would cause the mother to initiate prenatal care earlier in her
pregnancy. Furthermore, the sign pattern of the residual covariances
(032,0,3 < 0) indicate that the model emphasizing the cost of abortion is
most appropriate. In other words, black teens with a high cost of
abortion are more likely to give birth and will allocate fewer resources

to each birth. Clearly, failure to correct for self-selection will
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Birth Probability and Prenatal Care Demand Estimates for White Teenagers

(Selection)

Intercept

Family Planning Clinics
Family Poverty %
Education < 9

Mothers age < 17
Abortion Providers

(30 to 390)

Abortion Providers
(400 +)

Illegitimate
Parity

Women, Infants and
Children Centers

Lambda

F - Statistic
R - Squared
Observations

Birth

Probability

Probic

1.512

(19.432;

.606
(2.396)

.004
(.641)

.982
(11.86)

-.095
(-2.377)

S.796
(2.170)

--7.97
{(-5.071)

-1.990
(-41.532)

6,311

Prenatal

Care
(OLS)

3.337

(28.760)

.006
(.760)

.217
(2.074)

.256
(3.592)

L9413
(12.705)

616
(8.244)

.055
(.828)

46,867
.070
3,805

Prenatal

Care

3.254
(25.731)

.007
(1.012)

.401
(2.602)

.235
(3.250)

424
(1.323)

.611
(8.143)

.028
{.431)

.580
(1.657)

40,580
.070
3,805



Table #9
Birthweight Production Functions for White Teenagers (age<20)

oLsS OLsS TSLS
(Selection) (Selection)
Intercept 3323.32 3327.95 4606 .16
(131.378) (117.275) (2.9t3)
Education < 9 -85.915 -97.781 -16.853
(-2.658) {-2.116) (-.137)
Mothers age < 17 -22.05 -20.708 73.688
(-1.00) (-.926) (.620)
Illegitimate -65.08 -31.584 316.499
(-2.988) {-.330) (.719)
Parity -14.822 -14.574 213 .860
{-.636) (-.625) (.769)
Male 108.049 108.040 109.322
(5.479) (5.483) (3.549)
Prenatal Care Delay -11.043 -10.995 -3182.500
(-2.200) (-2.192) (-.83531)
Lambda -37.426 -35.095
(-.359) (-.215)
F - Statistic 10.715 9.201
WU Test F .298
R - Squared .016 .016

Observations 3,805 3,805 3,805
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Birth Probability and Prenatal Care Demand Estimates for Black Teenagers

{Selection)

Intercept

Family Planning Clinics

Family Poverty %

Education <« 9

Mothers age < 17

Abortion Providers
(30 to 390)

Abortion Providers
(400 +)

Illegitimate
Parity
Women, Infants and

Children Centers

Lambda

F - Statistic
Chi - Squared
R - Squared
Observations

Birth Prenatal Prenatal
Probability Care Care
Probit {OLS)
1.339 31.756 3.301
(13.176) (23.223) {16.589)
. 255
(1.471)
.006 .002 .Q15
(1.181) (.267) (2.005)
. 399 .218 .579
(5.832) (1.935) (4.017)
-.233 .293 071
(-6.192) (4.130) (.809)
-1.876
(-.651)
-7.990
(-6.381)
-.642 .537 .067
(-7.957) {4.980) {.415)
.541 .541
(10.201) (10.131)
.070 -.05%3
(1.015) (.710)
2.044
(4.176)
22.924 22.035
253.72
.030 .032
6,030 4,553 4,553
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Birthweight Production Functions for Black Teenagers (age<20)

Intercept

Education < 9

Mothers age < 17

Illegitimate

Parity

Male

Prenatal Care Delay

Lanbda

F - Statistic
R - Squared
Wu Test F
Observations

OLSs OLS
{Selection)
3091 .54 3116.59
(90.456) (81.154)
-25.714 -53 .354
(-.829) {(-1.467)
-42 B6H6 -25.545
(-2.196) (-1.117)
-35,607 .703
(-1.199) (.018)
-33.891 -34 . 044
(-2.296) (2.307)
95.500 95.726
(5.38B5) (5.403)
-11.162 -10.852
(-2.737) (-2.659)
-159.566
{(-1.448)
8.727 7.780
.011 .012
.000
4,553 4,551

TSLS
(Selection)

4662 .46
(2.371)

43.175
{.304)

88.526
(.594)

206.212
(.773)

185.386
(.661)

97.242
(3.079)

-416.592
(-.807)

-114 .62
(-.545)

4,553
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yvield biased estimates in the case of black teens. For example, the
effects of poverty and less than nine years of education not only
increase in magnitude but become statistically significant when lambda
18 included as a regressor in the delay equation. Conversely, the
effects of mothers age less than 17 and wmarital status are reduced in
magnitude and become statistically insignificant. The results for
parity are virtually unchanged after the inclusion of lambda.

With respect to the birthweight equation, it appears that the
problem of self-selection is not important for black or white teenagers.
The coefflicients on lambda are insignificant for both groups. Focusing
on the ordinary least squares estimates which are uncorrected for
selection, the variable measuring prenatal care delay 1s almost
identical for black and white teenagers. Each month of delay in
obtaining prenatal care is expected to reduce birthweight by 11 grams.
The variable male {s also significant and Increases birthweight for both
groups. For white teens the variables of less than nine years of
schooling and marital status are statistically significant and
negatively related to birthwelght while mothers age less than 17 and
parity are statistically insignificant. For black teens, mothers age
less than 17 and parity are statistically significant and negatively
related to birthweight while less than nine years of schooling and
marital status are statistically insignificant.

Finally, when the birthweight equation is estimated by two stage
least squares the effects of prenatal care are increased 35 fold for
whites and 38 fold for blacks. However, the estimates are insignificant

at the 5% level for teenagers of both races. The null hypothesis of no
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effect cannot be rejected for either group.

To substantiate the conclusion that prenatal care should not be
treated as an endogenous variable, 1 applied a Wu test in which the
residuals from the delay equation corrected for selection were used as a
right hand side regressor in the birthweight equation. For white
teenagers the relevant F statistic is .298 and for black teenagers the
relevant F statistic {s 0.00. Since the critical F ,) at the 5% level
is 3.84, 1 camnot reject the null hypothesis of no correlation in elther
the black or white specifications.

Similar to the results obtained for adults, it appears that both
black and white teens who chose to abort thelr pregnancies weuld have
given birth to heavier infants had they chosen to give birth. The
difference between the potential mean birthweight of the abortion sample
and the mean birthweight of the birth sample is 24 grams for whites and
247 grams for blacks. For whites this represents a 1% Increase while it
represents an 8% increase for blacks. Of course, this difference is due
to both observed and uncbserved factors. For whites if we consider
observed factors only then the mean birthweipght of the birth sample will
be almost {dentical to the potential mean birthweight of the abortion
sample. For blacks, the mean birthweight of the birth sample will be 51
grams or 1.6% less than the potential mean birthwelight of the abortion

sample when only observed factors are considered.
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Appendix

1. To calculate the potential mean birthweight of the abortion sample I
will adopt the following strategy. It {s assumed that the equations for
the mean birthwelght in the birth sample (b,), wmean birthweight in the
abortion sample (b,), the mean value of prenatal care Iin the birth
sample (M), and the potential mean value of prenatal care {n the
abortion sample (M,) can be expressed as follows:

by = BiXp + B2y + (012/01) ),

b, = 81X, + B:M, + (052/01)2,

My = MYy + (0,,/0)

Ha - 71Yl

+

(o13/01) 2,
where

Ap = the mean of the inverse of Mill’s ratio for the birth sample

Ay, = the mean of the inverse of Mill’'s ratiec for the abortion
sample Xy, . X, = the mean values of the determinants of
birthweight in the birth and abortion samples

Yp, ¥, = the mean value of the determinants of prenatal care demand
in the birth and abortion samples

Since the values of A, and M, are not observed for women who have
abortions it is necessary to obtain their values through the following
procedure. To estimate A, I take advantage of the following
relationship:

0 = A(1-p) + A(p)

where

p = the proportion of women who give birth

Because A, and p are observed it is a simple matter to obtain 1i,.
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To estimate M, I use the following equation:
My = 1Y, + (033/01)2,
Finally, in order to find b, 1 use the following equation:
by = 81Xy + BMa + (012/01)2,
where
B, = the coefficients of the determinants of birthweight after
correcting for selection Iin the birth sample
Bz = the coefficlent of prenatal care delay in the birthwelight
equation after correcting for selection in the birth sample
The difference in the mean birthweight between the birth and abortion
samples can then be calculated as follows:
by - by = B (X - X + Ba(My - M) + (9,3/0,)(%, - A))
The first twe terms capture the differences due to observed
characteristics while the third term represents the difference in mean
birthweight due to uncbserved characteristies. It should be noted that
the variable "male" in the X, vector was not observed for women who
aborted. It was therefore assumed that the proportion of male infants

was the same for both groups. The values obtalned are given below:

Adults

Yariable White Adults ack ad
b, 3410.559 3138.890
b, 3727.589 3417 .295
Ay 177 .297
A, -.896 1.230
M, 2.751 3.670

M 3.801 5.808



012/0,
v13/0,

bb-bl

Hhite Adults

-230.1359
-2.116

-317.031

White Teens
3292 .59

3364 .085
419
-.6136
4.00
4.312
-230.359
-.380

-24.318

Black Adults
-196.695

-2.450

-278.405

Black Teens
3022.91

3269.972
400
-1.233
4. 647
6.252
159.566

-2.044

-247.062
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