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1. Intreduction

Between 1970 and 1983, the first birth rate in the U.S. declined by 19
percent. In addition, according to survey data collected by the Census
Bureau, the preoportlon of childless women increased substantially between
1976 and 1985 in the age groups 25-29, 30-34, and 35-39 (see Table 1). 4&n
extensive body of previous research has established that these trends
reflect both (1) an increased tendency to permanently forego childbearing
and (2) an increasing tendency to delay the initiation of childbearing,
among those women who do ultimately bear children, (see Blcom, 1982, 1984,
and 1987; Bloom and Pebley, 1982; Bloom and Trussell, 1984; O'Connell,
1985; and Rindfuss, Morgan, and Swicegood, 1988) After many years of
remarkable stability, the female/male wage ratic also began to increase in
the 1980s (from 0.60 in 1980 to 0.64 in 1984). There is some evidence that
this latter change is assoclated with relative increases in human capital
accumulation on the part of women (see Smith and Ward, 1984; 0'Neill,
1985).

This paper develops some explicit theoretical linkages concerning the
relationship between a woman's fertility-timing behavior and her human
capital acquisition and wage profile, We develop a simple model in which
women make thelr human capital Investment and fertility timing decisions
conditional on preferences over the timing of their first birth. By
simplifying the nature of the fertility/work decision, we are able to
describe the conditions under which a woman who prefers (and therefore
expects} to be a delayed childbearer will invest more heavily in her human
capital than a woman who prefers to have an early first birth. The model
suggests that these conditions are fairly general: if the discount rate is

greater than the economy-wide growth rate of wages for workers who are not




Table 1

Percent Childless Women, 1976-85, by Age

Year

1976 1580 1982 1984 1985
Age Group:
18-24 69.0 70.0 72.2 71.4 71.4
25=-29 10.8 36.8 38.8 39.9 41.5
30-34 15.6 19.8 22.5 23.5 26.2
35-39 10.5 12.1 14.4 15.4 16.7
40-44 10.2 10.1 11.0 11.1 11.4

Source: U.S. Bureau of the Census, Current Population Reports,
Series P-20, No. 406, Fertility of American Women: June 1985,
U.S. Government Printing Office, Washington, D.C., 1986.




human capital investors, then delayers will be more likely to invest in
human capital. Our empirical analysis indicates that data for white women
aged 28-38 in 1982 provide some support for our theoretical model. There
exists a strong positive relationship between several proxies for human
capital investment and the age at which a woman bears her first child.
However, the emplrical analysis does not support the proposition that the
usual proxies for human capital represent more Investment for women who

choose to delay their childbearing.

11. Stylized Facts

Qur empirical analysis uses the Natlonal Longitudinal Survey of Young
Women (NLS). This NLS survey has been conducted every year (or every other
year in some periods) since 1968, when it started with 5,159 wemen aged
14-24., The main purpese of this survey has been te gather information on
the labor market experiences of young women. Questions on ages of children
in various years of the survey enabled us to calculate age at flrst birth.
We have used the NLS data through 1982 to construct & data set with wage,
labor market and fertility timing data for a sample of working women aged
2B-38 in 1982. Like many longitudinal data sets, the NLS Young Women's
Cohort has suffered from sample‘attrition.over time; still, the 1982
reinterview includes roughly 70 percent of the criginal respondents.

The NLS data offer a number of advantages compared to other data sets used
to study the correlates of fertility timing. For one, the longitudinal
structure provides a methoed of accounting for unobserved heterogeneity.
More importantly, perhaps, the richness of the NLS data permit us to
construct typically unavailable measures of several key determinants of

earnings. The variables used in this study whose construction relies on




data from a large section of women's work lives (in many cases their entire
career to date) include actual labor market experience,l tenure, and
occupational training.

Table 2 reports statistics descriptive of wages, human capital, and
other characteristics of white women2 classified into four groups on the
basis of the age at which they bore their first child: (1) women who had
their first birth before the survey in which they were age 22 {"early"
childbearers),; (2) women who had their first birth between ages 22 and 26
(inclusive); (3) women who first gave birth after age 26 ("late"
childbearers); and (4) women who had not given birth by the time of the
1982 survey ("childless” women).3 Only individuals with no missing data
for any variables (except the training, occupation, and early wage
variables) are used to compute the statistics reported in Table 2.“ The
statistics are reported separately for women who were currently employed on
the date surveyed in 1982, and for women who were not employed at that

time; the differences in the reported statistics across age-at-first-birth

lThis is preferable to potential experience, usually approximated as age
minus education minus 5, which is known to be a poor indicator of actual
experience for women (see Garvey and Relmers, 1980).

2The sample excludes all nonwhites. Initial investigations suggested that
the estimated effect of age at first birth on wages in wage regressions for
blacks was very different from the estimated effect for whites. Also, the
percentage of blacks who delayed childbearing past the age of 26 was very
small.

3Hany of the women who are classified as childless in 1982 will eventually
become late childbearers. We would like to separate these women from those
who will remain permanently childless, but are of course unable to do so
with our data.

aThe tralning variable i1s missing for some individuals, and otherwise
seemed to contribute little independent information. Consequently, we
retained observations for which this wvariable could not be constructed.
The training and other variables are explained more fully in the footnotes
to Table 2.




Table 2

Wages and Other Characteristics of White Working Women Aged 28-38, by Age at First Birth
(National Longitudinal Survey of Younq Women: 19!;2]l

Non-working women
Age at first birth ige at first birth
<22 22-26 21t (hildless L2 22-26 27+ hildless
Wage® 575  6.59  8.23 7.93
‘ (1) (200 (.32} (.18)
Pducation’ 1196 13.5  15.01  14.66 1120 13.25 .00 1.7
(.08)  (13) (.2 (.12) (.12} (.16)  (.26)  (.50)
Bxperjence’ 7.00 7.5 8.09 7.77 .67 406 5.95 4.9
(17 (.25) (.33} (.18) (19) (19 (31 (L51)
Tenure’ 465 5.27 550 6.04
(16} (.27} (a1 (.23
Age 33.39 3335 33.06 37 3,16 3246 LM 2.4
() (200 (L2 (.29) (21)  (.22) (.28) (.3)
¥umber of children 2.31 1.90 1.37 2.90 2.2 1.64
‘ . (.04 (.05)  {(.08) (.07)  (.06) (.07
% 1n occupations: .
Nanager .08 07 A1 .14 .03 .03 06 07
Professional .1 .29 .45 Al .05 21 A2 15
Muinistrative .48 41 .26 .28 .29 A6 A0 3l
Service 17 13 11 1 25 17 12 .22
Blue collar .15 .10 .06 .07 .l 12 .10 4
¥o eccupation reported .07 .01 00 W11
Farly vage' 435 5.0 597 572 .81 5.03 578 4.68
(M) () (.21) (.13 C9) (15) (19) (.22)
Training® 15 15 .25 17 .10 07 13 .26
(.02)  (.02)  (.06)  {.02) (02)  {.02)  (.03) (.07
¥ 67 2% 115 172 252 192 104 59

i, §tandard errors of means are reported in parentheses. Sample veights were not used in computing the estinates.
2. The hourly wage is constructed from reported rates and time units of pay.

1, Righest grade completed.

4. Actual experience I5 constructed from 2 combination of saaple-peried and retrospective job bistory questions.

5. Por each year in the survey, the respondent indicates vhether or not she is with the same employer &s in the previous survey. This
inforastion is combined with occasional questions on when the respondent beqan ber last job to construct a measure of years vith the

current eaployer. Temure is reset to zero when a woman is not working at the time of the survey.
6. Par the non-working vomen, this is occupation of last job, for those who report an occupation.

7, Pirst available observation prior to 1982 when woman was childless. Mjusted for inflation and productivity to 1982 base using

PCE fixed-veight index and index of nonfarm business productivity.

§. Constructed from survey uestions on duration of cccupational and on-the-job training. Meastred in year-equivalents (units of 2,000

hours ).

§. Cell sizes are smaller for early wage and training measures,




categories tend to be very similar for these two samples. With the
exception of the early wage variable, all values are for 1982,

Table 2 reveals a pattern of increases in the 1982 wage, and in all of
the human capital measures, as age at first birth increases; childless
women tend to have values of these variables that are close to those of the
late childbearers. These are raw means, of course, and therefore do not
control for the influence of some of the variables in the table on others.
For example, a natural explanation for the positive association between
wages and age at first birth is that educational attainment 1s positively
related to age at first birth.5 Also, the small experience and tenure
differences in Table 2 actually do represent a substantially more intensive
rate of imvestment in experience- and tenure-related human capital for
delayed childbearers, since their greater investment in education leaves
them with relatively less potential time for accumulating experience and
tenure.6 The training measure does not follow as consistent a pattern as
education, tenure, and experienmce, but it does reveal a weak tendency to
increase with age at first birth. Finally, later childbearers and
childless women are more likely to be in professional and managerial
occupatlons than earlier childbearers, who are more likely to be in
administrative, service and blue collar occupations.

The early wage variable reported in Table 2 represents an attempt to

SWhile it is not noted in Table 2, it is also true that later childbearers
are not delaying simply because they spend more years in school. In fact,
higher education is associated with more delaying net of the extra years
spent in school. This follows from calculations that show that the
difference between age at first birth and the age at completion of
schooling is greater for those women with more education,

6 .
This is clear from the fact that educational attainment increases with age

at first birth, while the average age in each age-at-first-bircth category
i1s roughly the same (except for the childless, for whom it is the lowest).




measure the hourly rate of pay at which women begin thelr labor market
career following the completion of their schooling. In selecting this
variable, we found the earliest wage (in 1968 or later) for each woman in a
year in which she was not in school, and had not previously had her first
birth. We were able to find such a wage for 988 of the 1,817 women in our
sample.7 The differences in the average level of the early wage across
age-at-first-birth categories are similar in patterm to those for the 1982
wage. However, the differences tend to be somewhat larger with the 1982
wage. For example, the average early wage of "late" childbearers is 37
percent higher than the average early wage for "early” childbearers, while
the 1982 wage for late childbearers is 43 percent higher than the 1982 wage
for early childbearers, For the childless compared te the early
childbearers, the difference grows from 31 perceht in the early wage to 38
percent in the 1982 wage.8

Some of the relationships revealed in these descriptive statistics
replicate results found in other studies. Previous analyses of the
covariates of age at first birth uniformly reveal that educational
attainment varies positively and strongly with first birth timing and the
likelihood of being chlldless (Bloom, 1982, 1984; Bloom and Trussell,
1984}, A related literature documents and studies the relationship between
teen childbearing and scheoling (e.g., Furstenberg, 1976; Furstenberg, et
al., 1587; Geronimus and Koremman, 1990; Hofferth, 1984; McCrate, 1989;

Upchureh and McCarthy, 1989}). However, there is considerably less research

7Since this variable is from different years for different women, we make
corrections for differences in the price level and the level of labor
preductivity across the years,

BThese comparisens are made using the early wage averages for the part of
the sample that was working in 1982.




on the direct relationship between a woman's wages or earnings and the
timing of her child‘bearing.9 Bloom (1987) finds that in the younger of two
cohorts analyzed in the June 1985 CPS, there is a positive relationship
between age at first birth and wages, even controlling for schooling, time
out of the labor force, and several other determinants of earnings. While
a great deal has been written about the impact on wages of interruptions in
labor force attachment for childbearing and childrearing, this research has
not focused on the timing of these interruptions per se (Polachek, 1975;
Mincer and Ofek, 1982; Corcoran, et al., 1983; O0'Neill, 1985).

Cne line of research that does explore specific links between wages
and fertility timing is the "business cycle"™ work of Butz and Ward (1979).
The idea underlying this work is that working women will tend to have
children when real wages are relatively low, as during a recession. This
theory could also have implications for the cross-section relationship
between fertility timing and wages, although there have been few attempts
to test these implications.lo

What appears to be lacking in the existing literature is a
model that explains all of the relatlonships in Table 2 in a reasonably

unified manner. In the next section we offer a theoretical medel in which

gTo our knowledge, the only prior empirical studies of thils subject are
Trussell and Abowd (1980), Bloom (1987), and Lundberg and Plotnick (1989).
Both Lundberg and Plotnick, and Trussell and Abowd, focus on the effects of
teenage childbearing only.

10Macunovich and Lillard (1989) attempt to apply the Butz and Ward model to
micro-data. In contrast to fertility responses to aggregate wage
movements, however, they identify effects of wages on fertility timing from
cross-section wage varlation and time-series wage changes in a panel data
set. It seems that a complete test of the Butz and Ward model using
micro-data, however, should distinguish expected from unexpected wage
changes, and examine the effects of unexpected changes.




human capital and fertility timing decisions are made jointly. Our modeil
suggests that women who prefer to delay the initiation of childbearing will
invest more in human capital than women who prefer teo begin their
childbearing earlier. After presenting this model, Sections IV and V

explore more fully some of its empirical implications.

IT1. Theoretical Model

The defining feature of the standard human capital model 1g that
individuals have the oppertunity to invest in training that enhances their
productivity but that is costly to obtain. Workers find it desirable to
obtain training when its benefits -- higher wages after the training is
completed -- outweigh its costs. In this section, we extend a simple human
capital model to allow childbearing to affect the human-capital investment
decision through the effect that withdrawal from the labor force after
childbearing has on the benefits of the human capital investment. The
key implication of the model is that relatively late childbearing is
associated with greater human capital investment; factors that lead to
relatively late childbearing alsc lead to greater human capital investment,
and vice versa.

In analyzing the human-capital/fertility-timing decision for women, we
make several simplifying assumptions.ll First, we assume that all women are
equally productive in the labor market at the start of their working

career. Second, all women bear one, and only one, child. Third, all women

llA simpler version of our model, due to Edelfson (19B0), is presented in
Montgomery and Trussell (19B6). Happel, Hill, and Low (1984) and Razin
(1984) and Cigno and Ermisch (1989) also present economic models of
fertility timing decisions, but only Cigno and Ermisch have treated human
capital accumulation as determined jointly with fertility timing.




work from time 0 to time R, except for a peried of length r following
childbirth when women leave the work force and have no earnings; women must
choose to have their child at some time between time 0 and time R-r.
Fourth, all women have the option of investing in one type of human capital
which increaces a woman's productivity (and thus her wage), at the rate

s, while she is working; the cost of the human capltal Investment 1s C (at
time 0) and is the same for all women. Finally, the only source of income
for a woman is her own earnings.

We also assume that a woman's lifetime utility depends both on the
present value of her lifetime income and on the time period in which she
has her child, i.e. U=U(Y,T) where Y is the present value of lifetime
income and T is the time period of childbirgh; women prefer both higher
incomes and earlier periods of childbearing (i.e., we assume Uy>0 and
U}<0). For tractability, we use & linear utility function, U=Y-aT, with
a>0., Women differ in their preferences toward early childbearing, so that
2 varies across women.

At the start of her working career, a woman has two choices to make:
one, whether she should invest in human capital; and, two, when she should
have her first child. We seek a description of these two choices in the
following way: first, we derive an expression for the optimal age at first
birth conditiconal on either investment (with optimal age T?) or
non- investment (T:); second, given that the women is optimizing in her
choice of time of childbirth, we ask whether her lifetime utility would be
higher under investment or under non-investment.

The complete details of the solution for these two decisions are quite
cumbersome (due to the possibility of boundary solutions for time of birth)

and therefore are presented Iin the appendix. Here we highlight the nature




of the solution by focusing on the case where all women choose an interior
solution for time of birth (i.e., O<T*<R-r). If a woman chooses to invest
in human capital, then the present value of her lifetime income is

T R
Y - J we(s+q-r)tdt + f we(q-r)tes(t-f)dt - C
I
0 T+r

vhere w is the initial wage, q 1s the economy-wide rate of growth of wages,
and r is the discount rate. U(YI,T) is maximized with respect to T, for

which the first-order condition for a utility extremum is
HBI(T) - we(s+q~r)T[1_e(q—r)f] - a . (1)

The left-hand side of (1) represents the marginal benefit from delaying
childbirth, and equals the present value of the wage received prior te
childbirth minus the present value of the wage received when returning to
the labor market after childbirth. The right-hand side of (1) is the
marginal cost of delaying. It follows thaf the marginal benefit of
delaying will only be positive if q<r, which we assume throughout. The
condition will represent a maximum if s+q-r<0, which we also presently
assume. (If s+q-r>0, the optimal time for the birth will be either 0 or
R-7r; this case is discussed in the appendix).

1f the woman chooses not to invest in human capital, her lifetime
income is

T R
YN - I we(q'r)tdt + f we(q'r)tdt .
0 T+r

The condition for a utility extremum is

HB“(T).we(q‘r)Tu-e(q'r)’} - a . (2)




which is also the condition for a maximum when gq<r. The left-hand side of
(2) represents the marginal benefit of delaying for a non-investor.

It follows from equations (1) and (2) that a woman who has invested in
human capital will choose to delay her childbearing more than if she had
not invested in human capital. This fact is illustrated in Figure 1, which
graphs the marginal beneflt and marginal cost functions for both investors
and non-investors. While the two marginal benefit functions are equal when
T=0, at any time T the slope of the investor’s marginal benefit function is
larger (less negative) than the slope of the noninvestor’s function. As a
result, T¥>T: must hold. As & decreases (as in the fall from a, to ay in
Figure 2), the larger slope of the investor’s marginal benefit functionm
implies that the difference between T? and T? will increase, as long as T?
has not reached R-r, the upper boundary for childbearing ages.l2

The next step in our analysis of the decision process is the human
capital investment decision. Given that the woman will be cptimizing on her
fertility timing once she has chosen whether or not to invest, we can
derive the indirect utilitieé of cthe two choices as functions of the
parameters of the problem, i.e., Vj-Vj(w,q,r,a,s,C), 3=I,N. Then a woman
will choose to invest in human capital if VI>VN. As is demonstrated in the
appendix, the indirect utility from investing grows more quickly as a
declines than does the indirect utility from not investing; this means that
women with less strong preferences for early childbearing are more likely
to find V.>V  to be true than women more desirous of an early birth.

I"'N

This result is illustrated in Figure 2 for the case where both

12Note also that as s increases, the investor’s marginal benefit function
will grow less steep (swinging out to the right but keeping the same
y-intercept), which increases T?, and the difference between T: and T:.

10
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investors and non-investors choose an interior solution for T*. Define the
surplus from delaying childbearing as the total additional benefits
associated with delaying childbearing past T=0 minus the total additional
(utility) costs. For instance, with childbearing preference parameter

-4 the surplus from delaying for noninvestors is S'(ao) = area{ABC) in

ol
Figure 2, and the surplus for investors is SI(ao) - area(ABD). While it is
obvious that SI(sOJ > Sn(ao), a woman with utility parameter a, will choose

to invest only if
51{80) - SH(BO) > -(VI-VI)IT*-O ' (3

i.e., 1f the additional surplus associated with investing is greater than
minus the difference in indirect utility between investors and
non-investors 1f both were to have their child at time O. (VI-VH)|T*_0
does not depend on the value of a2 (see case 1 of the appendix).13

Consider another woman with utility parameter a=a,, where a,<a,. Her
surplus from delaying will be Sn(al)-area(AEF) if she does not invest, and

Sl(al)-area(AEG) if she does. Going from 8, to a the change in both

1
surpluses will be positive, i.e. ASI-SI(al)-SI(aO)-area(BEGD) and
ASN-SN(al)-Su(ao)-area(BEFC) are both greater than zero. But as is clear
from Figure 2, ASI>ASN, implying that it is more likely for a woman with
the lower value of a2 to find investing optimal than for a woman with the
higher value, since the left-hand side of (3) increases as a decreases but

the right-hand side remains unchanged.

What does this imply for the earnings of women who choose to delay

LBinis difference may be positive, though in this case all women would end

up choosing to make the human capital Investment,

11
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childbearing? As discussed earller, we expect women with lower values for
a to delay their childbearing more, while we also expect them to be more
likely to invest in human capital.lh With human capital investment
increasing the wages of investors relative to non-investors at all times
after T=0, we expect to observe delayed childbearers having higher wages
than otherwise similar women (in terms of initlal productivity) who choese
to bear their child earlier. 1Tt also follows that the difference in the
wages of delayed and early childbearers will grow over time due to the
higher rate of human capltal investment among delayed childbearers.

While the model has been discussed In terms of variation in the taste
parameter & being only the difference between women, it 1s also true that
increases in s, or decreases in C, make it more likely both that women will
delay childbearing and that they will invest In human capital. Futhermore,
slight changes in the model do mnot alter the basic conclusions. For
example, if the model is changed to reflect the fact that women have more
difficulty continuing their investment in human capital after having their
first child, so that wages grow at the rate q (and not at the rate g+s)
after returning from childbirth even for women whe were earlier investing
in human capital, our primary conclusions still held. Likewise, 1if there
is depreciation of humap capital while a woman is out of the labor force,
delayers will still invest more in human capital, as depreciation merely
increases the difference between the leaving and returning wages and so
"swings out" the HBI(T) curve,

Differential investment in human capital is not the only reason why

laln contrast, Clgno and Ermisch (1989) suggest that higher human capital

accumulation (prior to marriage} should lead to earlier births.

12




delayed childbearers might be expected to have higher wages. Suppose there
vere no possibility to invest in human capital, and that all women had the

same value for the childbearing utility parameter a. Instead, women differ
in their initial level of productivity (and so their wage) at the time they
enter the labor force From equation (2) we know that a higher initial wage
will shift upwards the marginal benefit curve, as from HB' to HB; in Figure
3. As a result, women with higher initial wages will more often choose to

delay, and so delayed childbearing will be assoclated with higher wages at

all points in the woman’s lifetime. Differences in initial wages may alsc

be part of the explanation for the fact, discussed in section 1II, that more
educated women tend to delay their childbeering more after completing their
schooling.

The empirical implications of our model are that women who choose to
delay childbearing will accumulate more education, and, to the extent that
labor market experience and tenure represent human capital investment, will
also accumulate more experience and tenure. This greater inmvestment will
raise the relative earnings of later childbearers. We might expect two
additional findings, because we may not be able to perfectly measure human
capital investment, but rather must regard variables such as education,
experience, tenure, and even our training measure, as proxies. First, we
may find that fertility timing has an effect on wages after controlling for
measurable human capital, though such residual effects could also be due to
unobserved heterogeneity in the initial productivity of workers. Second,
we may find higher returns to education, experience, and tenure, for
delayed childbearers, in wage regressions. We explore these possibilities

in the next section.
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IV. Wage Equation Estimates and Fextility Timing

It is difficult if not impossible to measure human capital directly.
As a result, labor ecconomists often interpret wage variation attributable
to observable variables as resulting from differences In investment in
human capital, relying on a theoretical structure that relates the
observable variables to human capital investment. One famous example Is
Mincer’s interpretation of labor market experience as representing
investments In on-the-job training (see Mincer, 1974). In the present
context, this approach suggests Including age-at-first-birth wvariables in a
wage Tregression as potentially reflecting differences in human capital
investment not captured by other human capital proxies that are included in
the regression. In this section, we consider this approcach, as well as
more explicit tests of the human capital model.

Table 3 presents least squares estimates of log wage equations for the
NLS sample of working women considered in Table 2. The wage variable is
the reported hourly wage and salary income usually earned in the
respondent's primary job at the time of the survey. In all of our
regressions, we include as independent variables dummy variables for the
same classification of age at first birth as was used for Table 2; age at
first birth less than 22 is the omitted category.15 In column (1), we
report coefficient estimates from a least-squares regression of the natural
logarithm of the wage on these timing dummy variables, as well as dummy

variables for living in the South and living in an SMSA (crude controls for

151n unreported results, we experimented with linear, quadratic, and other
specifications of age-at-first-birth effects. A linear specification was
clearly inadequate, and the dummy variable specification 1s more readily
interpretable than other non-linear specifications that appeared to fit the
data equally well.

14




Table 3

Wage Equation Estimates for White Working Women,

Ordinary Least Squares
(Dependent Variable: Natural Logarithw of Hourly Earninqs)l

(1) (2) {3) (4)
first birth:
22-26 1 .01 -.03 -.03
(.03) (.03} (.03) (.03)
27+ .32 Jd .07 .06
{.05) {.05) {.04) (.04)
Childless L Y 06 .06
(.on (.04) (.04) {.04)
Joint sign%'ficance

(p-value): .00 .00 .06 .08
Years of education .06 07 .06
(.01) {.01) (.01)
Post-college -.06 -.05 -.06
dummy variable (.04) {.04} {.04)
Erperience e - .04 04
(.01) {.01)
Experience? ¥ 107 -1l -1
{.07) (.07}
Tenure . . .05 .04
(.01) (.01)
Tenure? x 107 .13 -.12
(.08) {.05)
R 15 .22 Ry 7

Occupation dummy variables
included: No ¥o Neo Yes

1. There are 1210 observations. Standard errors of estimates are reported in parentheses. Controls included
in all specifications include: dummy variables for two children and three or wore children; dummy variables for
aarjtal status (married, spouse present and divorced, widowed or separated); and dummy variables for residence
in the South and in an SMSA.

2. Computed from standard F-test.

3. The occupation categories in Table 2 are used to define dummy variables for occupation.




cost-of-living differentials). 1In addition, we include dummy variables for
whether the woman was married with spouse present, or was instead divorced,
widowed or living apart from her spouse (never married is the omitted
category).l6 Since the number of children a woman has given birth to is
correlated with age at first birth (see Table 2}, we alsc include dummy
variables for two children, and for three or more children, as independent
variables. The choice of omitted category for the number of children
classification implies that the childless coefficlent measures the
difference between childless women and early childbearers with one child,
As the estimates in Table 3 make ¢lear, substantial wage differentials by
age at first birth persist once these controls are added. Women with age
at first birth between 22 and 26 earn on average 1l percent more than early
childbearers, and these differentials rise to about 30 percent-for late
childbearers and childless women.

Because few (if any) controls for human capital investment are
included in the specification in column (1), these estimates of wage
differentials due to age at first birth may reflect differences in the
observable proxies for human capital such as education and experience. 1In
column (2), we add education to the regression.17 Not surprisingly, the
wage differentials by age at first birth fall considerably. WNonetheless,

sizable and statistically significant differentials remain for late

16Uomen‘s marital status has been linked theoretically to differential human
capital investment (Becker, 1985), though Koremman and Neumark (1990} find
evidence to the contrary.

17The education variables are years of schooling, and a dummy for
post-college (i.e, more than 16 years of schooling). Specifications
including dummy variabies for high school and college degrees were also
estimated, but the ccefficient estimates were statistically insignificant
and small.
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childbearers and childless women, consistent with differences in human
capital investment above and beyond education.

Human capital investment may alsc occur on the job. Following Mincer
(1974), in column (3) we add linear and quadratic terms for experience and
tenure to the regression. The coefficlent estimates for experience and
tenure are statistically significant, and of the expected sign and
magnitude, The age-at-first-birth coefficlents are further reduced by the
inclusion of experience and tenure, and though individually are
statistically insignificant, remain marginally significant in a jeint
F-test. 1Inclusion of occcupational dummy variables -- which may reflect
human capital investment differences -- further reduces the coefficient for
"late" childbearers, and leaves the three age-at-first-birth dummy
coefficients jointly Iinsignificant (at the .05 level).

The estimates in Table 3 yield two findings. First, differences in
observed proxies for human capital investment (schooling, experience, and
tenure} can explain a sizeable portion of wage differentials associated
with fertility timing. Second, wage differentials remain once account is
taken of these proxies, consistent with there being differences in
uncbserved human capital investment (although the statistical evidence on
this point is not strong). We next attempt to determine whether these
remaining fertility-timing effects actually reflect further differences in
human capital investment.

Including dummy variables for fertility timing may be a crude way to
estimate effects of differential human capital investment that remaln once
our proxies are included. A better specification may be teo let the
coefficients of these proxies vary with age at flrst birth. These types of

effects could arise if the education of women who intend to delay
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childbearing consists of more human capltal investment (thus giving rise to
higher returns to education}), or if later childbearers invest more per unit
of labor market experience or tenure. In column (1) of Table 4, we let the
coefficient on the years of schooling variable differ for late childbearers
and childless women by including interactions of education with the 27+ and
childless dummies.18 In column (2), we let the linear experience and tenure
coefficients vary by age-at-first-birth category, while in column (3) we
let the returns to all three human capital proxies vary. Focusing on
column (3), we see that the point estimates of the education interactions
are consistent with greater human capital investment for each year of
education for later childbearers. For example, the return to education is
almost 60 percent higher for the the late childbearers (27+) relative to
the <22 category.19 But these differences are not statistically
significant. While the point estimates of the experience interactions are
small and insignificant, the tenure interactions are jointly significant.
The tenure coefficient estimates suggest that late childbearers receive a
higher return to tenure, but also provide the ancmalous result that
childless women receive lower returns to tenure {(this latter inference
supported by a marginally significant t-statistic). Oversll, the patterns
of these interactions do not support the proposition that our human capital
measures represent more human capital investment for women who delay their

childbearing.

8An interaction for the 22-26 category was not included because the
estimates in Table 3 provided no evidence that these women earn higher
wages than early childbearers once observable human capital proxies are
included in the wage regression.

191n unreported results, we verified that these differences do not simply
reflect nonlinearities in education effects entailing higher returns to the
higher levels of education of later childbearers.
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Table 4

Wage Equation Estimates for White working Women,
Interactive Specifications and Incorporating Training Neasures,
Ordinary Least Squares
{Dependent Variable: Natural Logarithw of Hourly Banu'nqs)1

Intaractive B, Afications Jraining Bpeclfications
!l; l!i [43]

A at first birth:

22~26 -.02 -.03 ~.02 -.02 -.c1
{.-03) {.03) (.03 [.03) {.03)
27+ .04 .07 .04 .07 .07
(.05) {.04) {.08) {.04) {-04)
childlans -0& 06 .07 D6 - D6
[.04) {.04) {.04) (.04} (.04}
Jeint .lqnitleanc.
(pevalue)1 - 20 .05 .16 .09 .10
Years of sducation 1) LO5 .08 06 -08
{-0L) [(-OL) (-0L) (-01) [-01)
Post-college -.08 -.06 -.08 -.04 -.04
dumy variabla (.04) {.048) (.0d) (.08) (.0a)
Experisnce a7 .08 .04 -04 N.7)
(.01) {.0L) {31} {.01) {.01)
rxparienced ¥ 1077 -.10 ~.10 ~.10 ~-.123 -1
(.07} {.07) {-07) (.07} (.07}
Tenure .04 N1 LOd .04 -1
(.01} {-01) (.01) (.01 (.01}
Tenure? x 1072 -.13 -.11 -.11 -.12 -, 13
{.08) [-08) (.05} (-086) [ .08}
Tralning P ana . a.. .05
i-03)
Age at first birth » sducation:
27+ 027 . .027
(.017T) (019}
Childlesa D14 R .0l2
(.011) {.012}
Joint llqnltlcanc.
{(p=valua): .20 . e
£ I 1] L 1]
27 P =-.012 - .DO05%
(.011) (.012})
Childiesa aar -. 003 - .00
{-007) (.008)
Joint -lqniticuncc
(p~valual: -55 .92
Age at fliret birth ¥ tanure:
27 . .0L2 .0x1
{.0L0) [-0L0)
Childiess - -.0l1 =.0l1
{ -0086) ({-CD8}
Joint -lqn*licanc.
{p-value): . .05 .04
nd .37 .37 .37 .37 .37
L] 13x0 1210 1210 1132 1133

1. Standard errors of estimates are reported in parentheses. Controls included in all specifications Include:
dummy variables for two childrer and three or wore children; dummy variables for marital status (married, spouse
present and divorced, widoved or separated); dummy variables for residence in the South and in an SMSA; and
occupation dummy variables.

2. Computed from standard F-test,




As a final attempt ro better capture human capital differences, we
utilize the training measure presented in Table 2 as a more direct measure
of human capital investment. In column (4) of Table 4 we repeat the
estimation of the specification in column (4) of Table 3 using the smaller
sample with nonmissing training. Then, in column (5), we add to this
specification the training measure., The estimates suggest that each
additional year of training leads to a 5 percent increase in wages.
However, inclusion of training does mot affect the fertility timing
coefficient estimates, or the coefficient estimates for experience and
tenure.20

Our next step in the empirical work is to explore whether these
conclusions are affected by the failure to contrel for two other potential
influences on the relationship between wages and fertility timing: the
direct effect of wages on fertility timing; and the effect of fertilicy
timing on labor force participationm.

The idea that wages may directly affect fertility timing was
illustrated in the discussion of Figure 3 in Section III. This discussion
sugpgested that fixed omitted variables in a wage equation (e.g., ability,
aggressiveness, and "spunk"), which would tend te increase starting wages,

should also lead to delayed childbearing.21 To examine this possibility, we

2OOne interpretation of these results is that much of the human capital
investment undertaken by delayed childbearers does not occur in the formal
settings captured by the training variable.

21The presence of fixed effects in the wage equation error is a plausible
explanation for why there may be a correlation between the wage equation

error and the age-at-first-birth variables, leading to biased coefficient
estimates. However, since current wages should have little direct effect
on past childbearing behavior, a correlation between the current wage and
the age-at-first-birth variables is unlikely to arise from a correlation

between age at first birth and the current-period innovation in the wage

equation errcer.
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include as a regressor the residual from a regression of the early (log)
wage on characteristics of women at the time of the early wage observation,
this residual should control for any fixed effects in the wage equation
error term.22 In columns (2}, (5), and (7) of Table 5, we re-estimate three
specifications from Tables 3 and 4, using the smaller sample for which the
early wage variable was available. In columns (3}, (6), and (B) we add the
early wage residual to each of the specifications.23 The rTesults suggest
that there is some persistence in wages over time; the coefficient on the
early wage residual (which is measured, on average, 1l years prior to 1982)
ranges from .27 to .30. The coefficient estimates for the fertilicy timing
dummy variables fall when the early wage residual is included, although the
decline in the coefficients is small relative to the standard errors of the
coefficient estimates. The implication is that heterogemeity in initial
wages does not affect to any great extent the measured relatiomships
between wages and fertility timing. In cclumns (1) and (4}, we report
coefficient estimates for the age-at-first-birth dummles when they are
included as regressors in the early wage equations.za These estimates also
do not reveal a strong correlation between starting wages and the timing of

{later) fertility once the effects of human capital on wages are removed.

2
We cannot calculate a standard fixed-effects estimator because the
age-at-first-birth dummy variables are fixed over time.

23The early wage residuals differ by specification. 1In column (3), the
early wage residual is from a regression that does not included experience
and tenure (since the 1982 regression does not Include these variables),
while in columns (6) and (8) the early wage regressions do include
experience and tenure. However, the early wage regressions for column (8)
do not include the age-at-first-birth interactions with education.

4

2 The age-at-first-birth dummies were not included in the early wage
regressions used to generate the early wage residuals in columns (3), (6),
and (8).
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Table 5

Wage Equation Estimates for White Working Women,
Incorporating Barly Wage Residual,
Ordinary Least Squares
(Dependent Variable: Natural Logarithm of Hourly Earninqs}l

Early 1982 Earl ivaz 1eaz
(B3] [£3] {3y (EY] (1)) 3] [&A) FL Y]
Age at first birth:
22-26 .1} 01 -.01 <00 -. 08 - O -.04 -.04
(.04} (.06) (.05} (. O4) {.08) {.0%) {.D6) {.05)
274+ .06 .14 .11 -.00 D% 05 .03 .03
(.0%) (.07 (-06} {.04) {.06) {.08) {.07) (.07
Childlass o7 -15 «11 » 03 31 .06 B .06
{.04) (.06) {.06) {-04) (.D86) D6 - .
Joint .iqnifin-nca ¢ ! f-06) t-o81
(p~value): .25 .oL .o4 72 .4 08 o7 13
.72
Early wage residual R . -1} - - .27 - 37
[.05) {05} {.05)
Age at firat birth r education:
27+ P P . . [ Pae .031 028
(.023) (.021)
Childleas - - - caa . PR .Ol& Q1S
(.o17) (.0186)
Joint significanca (p~value):? a N vea - en PN =1 .50
t IEL T
274 P - . e . .- -010 006
{-014) {0141}
Childleas - v a [— .- e P -008 011
(.010} f.o11)
Joint niqnificunc.
(p-value): .69 .59
Age _at flret birth x tenure:
27+ e e .- Pea Pes — 001 =. 001
(-o12) €.012)
Childless . P . - - I -.021 -.022
{.00%) (,0UD}
Joint niqn%ticance
{p=value}r - .05 04 . .. - .02 .0l
Rz .22 .20 .25 .47 .22 .35 .33 13

Experience and tenure
tlinear and squared) and
accupatjion dummy varlables
incluged: Ho No Mo Ves Yoo Yea You Yam

1. There are 698 observations. Standard errors of estimates are reported In parentheses. Controls included
in all specifications include: dummy variables for two children and three or more children; dummy variables for
marjtal status (married, spouse present and divorced, widowed or separated); and dusmy variables for residence
in the South and in an SMSA. In columns (1) and (4) dummy variables for the year from which the early wage
observation were drawn are included,

2. Computed from standard F-test.




S5ince the estimates in Tables 3 through 5 are based on samples of
women that exclude those women not working in 1982, Iinferences from these
estimates may suffer from sample selection bias (see Heckman, 1979). The
nature of our sample definition implies that our estimates are conditional
on women working, and so may not correspond to the population of all women.
In particular, it seems plausible that the age-at-first-birth coefficients
may be affected by our sample selection, since from Table Z there are clear
differences in the proportion of women working acress age-at-first-birth
categories. (This propertion varies from 53 percent among the late
childbearers to 86 percent among the childless.) This difference may be
due to reservation wages varying systematically by womens' age at first
birth, so that late childbearers have higher reservation wages, and
childless women lower raservation wages, than earlier childbearers.25 If
so, then we would expect equations estimated with the complete population
(i.e., not conditional on working in 1982) to exhibit larger differences in
wages between early childbearers and the childless, and smaller differences
between the early childbearers and the later childbearers, than we observed
in earlier tables.

To study the influence of selectivity on our wage equation estimates,
we re-estimated specification (2) in Table 3 -- where education, but not
experience and tenure are included -- using a maximum-likelihood procedure

for the two-equation model suggested in Heckman (1979).26 In column (1) of

5Reservations wages would follow this pattern if the presence of children
{and especially young children} raised the opportunity cost of market time
for women.

Experience and tenure were not included in the wage equation or the probit
equation for working in our selection-corrected estimations. Tenure could
not be included, since it is zero if and only if the woman is not working,
while past labor market experience is very likely to be correlated with
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Table 6, we present estimates from a model where several variables are
included as determinants of working status (husband’s income and
unemployment, alimony and child support, and several family background
variables) but are assumed not to belong in the wage equation
specification. Compared to Table 3, these results suggest that --
consistent with ocur expectations -- the 27+ effect was overstated in our
earlier estimations, while the childless effect was understated; but the
change in the coefficients due to the selection correction is not very
large. Since it is also possible to correct for selectivity without
imposing the restriction that the additional variables (mentioned above) be
excluded from the wage equation, we re-estimated our selectiot model
without imposing these restrictions.27 These alternative estimates are
presented in column (2). 1In contrast to the previous results, with this
specification the 27+ coefficient estimate increases while the childless
coefficient drops, relative to the least-squares estimates, and the changes
are larger than observed in ¢olumn (1). However, there are two reasons to
prefer coluan (1)} and the conclusion that selectivity is not important to
the relationships we observe between wages and fertility timing: one, the
likelihoed-ratio statistic (x2-14. with 13 degrees of freedom) for testing
the exclusion restrictions in column (i) is not slgnificant; and, two, the

8
positive sign of the error correlation in column (1) is more plausible.2

the error term in the probit equation for currently working.

27In this specification, identification comes from the nonlinearity

associated with the assumption of bivariate normality for the error terms.

BThe negative correlation coefficient found in specification (2) suggests
that low-wage women are more likely to be working than high-wage women, all
else the same. Given that exogenous income variables are included in the
probit equation, this seems unlikely.
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Table 6

Wage Equation Estimates for White Working Women,
Selectivity Corrected, Xaximum Likelihood
{Dependent Variable: Natural Logarithm of Bourly Earmings)!

(1) (2) (3) (4)

tirst birth:
22-26 -.01 04 -.01 .06
(.03} (.04) (.03} {.00)
27+ .11 .18 .09 .18
{.05) (.08) (.05) (.05)
Childless 14 .08 14 .09
(.04) (.05) {.04) (.05)
hge at first birth x education:
27+ . cee .019 016
(.017) {.018]
childless .003 .009
(.012} (013}
p .29 -.52 .29 -.52
(.16) (.12} {.16) (.11}
Log-likelibood -1556.1 -1549.1 -1555.5 -1548.3
Exclusion restrictions
imposed on wage equation: Yes ¥o Yes No

1. Standard errors of estimates are reported in parentheses. Controls inciuded in wage and employment equations
include: dumpy variables for two children and three or more children; dumey variables for marital status
{narried, spouse present and divorced, widowed or separated); dummy variables for residence in the South and
in an SMSA; years of education; and a dumey variable for post-college education. In columns (2) and (4) the
following family background variables are included in both equations: husband’s income and weeks husband spent
unesployed (both set to zero for unmarried women); the sum of income from alimony and child support (set to zero
for never married women); father’s education; wother's education; number of siblings; a dummy variable equal
to one if the respondent’s mother worked when respondent was age 14; a dummy variable equal to-one if the
respondent lived with both a father and a mother at age 14; and dwmey variables corresponding to each of these
varjables, equal to one when the variable was missing (in which case the variables were set equal to zero).
In columns (1} and (3) these variables were excluded from the wage equation.




Column (3), however, shows that the education interactions are reduced

when selection corrections (with exclusion restrictions) are made,

V. The Relationship Between Human Capital and Fertility Timing

The results in the previous section indicate that wages are higher for
delayed childbearers because they have greater accumulation of observable
proxies for human capital. As mentioned, this 1s consistent with our model
of joint human capital and fertilicy timing decisions. In this sectiom, we
explore the alternative possibility that the correlation between human
capital and fertility timing is spurious, in the sense that human capital
and timing appear to be related because both are primarily determined by
the family background of the woman.29

We would like to be able to disentangle the structural relatiomnship
between timing and human capital, but the exclusion restrictions necessary
te identify such a model appear to be so arbitrary that an Interpretation
of the results as valid structural estimates would be highly dubious.
Instead, we focus on the "equilibrium" relationship between fertility
timing and human capital. 1In particular, we consider whether the positive
relationships between age at first birth and the human capital variables in
Table ? are to any extent due to uncbserved heterogeneity associated with
family background. We estimate regressions of education, experience, and
tenure on the same set of age-at-first-birth dummy variables used earlier.
We then add an extensive set of family background variables available in

the NLS.30 We do not assert that these variables capture all sources of

2gLundberg and Plotnick (1989), McCrate (1989), and Geronimus and Korenman
(1990) have considered this possibility for education.

30Geronimus and Korenman (1990) take this a step further by leoking at
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unobserved heterogeneity. Indeed, if we find that the inclusion of these
variables partially reduces the assoclation between fertility timing and
human capital, we would have to allow for the possibility that a more
complete set of variables could explain the entire relationship. However,
if we find no diminution in fertility timing effects once we control for
background, it seems more reascnable to conclude that heterogenelty does
not underlie the results.

The first two columns of Table 7 report results with education as the
dependent variable. In column (1) the background variables are excluded,
while in column (2) they are included. When these variables are added, the
coefficients of the fertility tiﬁing dummy varlables decline by 20 to 25
percent. Thus, we cannot decisively reject the view that the
education/fertility-timing differentials reflect uncbhserved heterogeneity
rather than human capital Iinvestment choices.

In columns (3) and (4) we estimate regressicns with experience as the
dependent variable, and with education included as an independent variable.
The equation is identified by assuming that the errors of the education and
experience equations are uncorrelated.31 In the equation for experience in
column (4), we also add the early wage residual, to allow for the
possibility that delayed childbearers accumulate more experience because

they start off with (and possibly continue to have) higher wages. The

differences in schooling completion, conditional on whether or not a teen
birth occurred, for a sample of siblings. By looking at within-family
differences, they may be able to control more thoroughly for differences in
family background and other sources of heterogeneity.

3 With this restriction, our two-equation model follows the classical
recursive-system form. Qualitatively similar results were found using
reduced-form experience equations, although the changes in the coefficient
estimates when the age-at-first-birth variables are added are more
difficult to interpret in this case.
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Table 7
Years of Education, Experience, and Tenure Regressjons for White Working Women,
Ordinary Least 5quaresl

Years of Fducation Experience Tenure
(1) (2) (3) (4) (5) {6)
22-26 1.60 1.27 1.06 1.01 A9 39
(.16) (.1%) {.39) (.39) (.57) (.57)
Y 3.03 .77 2.02 2.09 1.05 .94
(.22) (.20} (.44 {.44) {.64) (.64}
Childless .79 2.20 2.06 2.03 1.71 1.58
(.14) (.14 (.37) (.37 {.53) (53]
Years of educaticn -.70 =72 -2 =20
{.05) (.05) (.07) {.08)
Barly wage .79 1.0l
(.33) {.47)
¥ .27 .39 37 29 .10 12
¥ 1210 1210 698 698 693 698

Family background

variables included:’ Mo Yes ¥o Yes No Yes

1. Standard errors of estimates are reported in parentheses. Single-year age dummy variables are included in
all reqressions.

2. Fapily backqround variables include: father’s education; mother's education; number of siblings; a dummy
variable equal to one if the respondent’s mother worked when respondent was age 14; a dummy variable equal té
one if the respondent lived with both a father and a mother at age 14; and dummy variables corresponding to each
of these variables, equal to one when the variable was missing {in which case the variables were set equal to
Tero).




addition of the early wage residual and the family background variables
leaves the estimated age-at-first-birth effects on experience unaltered.
In columns (5) and (6) we use tenure rather than experience as the
dependent variable;, with tenure, inclusion of family background and the
early wage residual reduces the 27+ and childless coefficient estimates by
10 percent or less.

We are therefore quite comfortable concluding that heterogeneity
related to family background does not explain the estimated experience and
tenure differences associated with fertility timing. Our theoretical model
of the relationship between fertility timing and human capital investment
offers an explanation of these differences. It may also partially explain
the correlation between education and fertility timing, although our
results suggest that this empirical relationship is at least partly due to

heterogeneity associated with family background characteristics,

V. Summary and Conclusions

This paper has developed a model of a woman’s optimal human capital
investment behavior over the life cycle conditional on her preferences over
the timing of her first birth. In the context of this model we show that
late childbearers will tend to invest more heavily in human capital than
early childbearers. Our model also suggests that women with higher initial
wages will choose to delay their childbearing more. Our empirtical analysis
explores the validiey of these theoretical linkages between fertilicy
timing and the wages that women earn while in their late 20's and 30's.
Fertility timing is stromgly associated with differences in wages, as well
as differences in education, experience and tenure, The wage differences

are largely explained by difference in these latter variables, which appear
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to be quite good proxles for human capital. We find that the differences
in the human capital proxies with respect to age at first birth can be only
partly attributed to underlying heterogeneity. Thus, the human capital
differences seem to explain an important component of the overall
relationship between labor market outcomes and fertility timing.

We wish to emphasize that our results are consistent with the human
capital hypothesis, but cannot be said decisively to confirm this
hypothesis. In fact, what may be a stronger test of our theory -- that the
usual human capital proxies represent greater investment for delayers -- is
given little support by the evidence. Still, our model does provide a
unified explanation of the relationships we observe between human capital
and fertility timing. We take it as a challenge for future research to
develop and test alternative, encompassing models that also explain these

empirical relationships.
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APPENDIX:
An Age-at-First-Birth/Income Model with Endogenous Fertility Timing

Notation:

YI ~ present value of lifetime income for a woman who invests iIn human

capital
YN = present value of lifetime income for a woman who does not invest im

human capital
- wage received at beginning of work career
= point in time at which woman bears her first (and only} child
=~ length of period spent out of the labor force after childbirth
time of retirement
= growth rate of (real) wages due te investment in human capital
= growth rate in wages due to general wage growth
- discount rate

H.o w XN HE
]

Assumptions:

{i) all women are identical (in terms of productivity-related
characteristics) at the start of their working career;

(1i) all women work from time 0 to time R, except for the peried of
length r folliowing childbirth. r is the same for all women; in
particular it does not depend on T.

(iii) all women have identical discount rates;

(iv) all women have the option of investing in one type of human capital
by paying C (at time 0) and receiving a higher growth rate of their
wage over time, with the difference in the growth rate of wages
between investors and non-investors equaling s,

{v) a woman's lifetime utility depends only on the present value of her
lifetime income and the age at which she has her first child, i.e.
U=U{Y,T), with 8U/8¥>0 and aU/8T<0. 1In particular, we assume U=Y-aT,
with a>0.

A. Fertllity Timing Decisjons
(1) Optimal timing for human capital investors
From text equation (1), we know that the first order condition for a

utility extremum conditicnal on a woman investing in bhuman capital is:

MB_(T) - eSO DT (e )y (A.1)

Note that if q<r, the optimal timing is always T*=0. For there to be an
interior solution for T#*, it is necessary that (A.l) represent the
conditions for a maximum and not a minimum, This will be the case if
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3MB_(T)/3T - w(s+q-r)e(s+q-r)T[l-e(q-r)r] <0

i.e., if s+q<r. If s+q>r, then either T#=0 or T*=R-r.
Assuming s+gq<r, we have the following description of T* for investors:

a
- 0 if —“'——?—j—j‘- z 1
wil-e a-r r]

e(s+q-r)(R-r)

1 a a
T (svq-T) 1°F w[1-e(3°0I7y it 1> w“_e(q-r)f] g

&
- R-r if e(s+q-r)(R-r) >

w{l-e(q-r)T]
The condition fer T?-O is that MB(0)<a; the condition for T?—R-f is that
MB(R-r)za. Note that aT;/aaso, i.e., the lower the preference for early
childbearing the longer the delay before first birth.

If s+g>r, then the woman chooses to delay until R-r as long as
-

MBI(s)ds z a(R-r). This leads to the optimal timing decision:
0

v

psta-n)(R-7)

a
- 0 if (q-137 >
wil-e'9 ) (s+q-T)(R-7}
T+
1
- R-r otherwise.
The upper boundary for T? will hold for lower values of a. [Notice that

e(s+q-r)(R-f) 21

when a-w[l-e{q'r)f] , the woman is indifferent between

(s+q-r)(R-r)

choosing T*=0 or T#=R-r, since the utility of both choices is equal.]

(2) Optimal timing for non-investors
The first-order condition for a utility extremum (text equation (2}) is
we @ DTy )y (4.2)

The second-order condition for a maximum is satisfied if:




w(g-0e 8T < o0

which holdé under the assumption gq<r. The description of the age at first
birth choice 1is:

a

(q-r)r]

w[l-e

1 a a
log if 1> ————
w[l-e(q-r)r] w[l-e(q-r)r]

> e(q-r)(R-f)

LA TIR-TY 8

w[l-et97 107,

As with T?, ar:/aaso. The condition for T:-O is the same as for T?-O

{assuming s+q<r); however, T:-R-f is less likely than T?’R-f. The

expression for the difference in optimal fertility times between

investors and non-investors {(assuming an interior solution for both) is:
-5 a

T?-T: - log (9-0)7 >0
(s+g-1) (g-1) wlil-e'd ]

so that investors will wait longer until their first birth. In addition,
T?-R-r is more likely than T:-R-f, which also supports the idea that

investors are more likely to delay. It also follows that 8(T?-T;)/aa<0, 50

that changes in timing preferences have a larger effect on investors’
timing decisions than on non-investors'.

B. Human Capital Investment Decision

" Given that boundary solutions to the age at first birth decision are
possible, it is necessary that we analyze the investment decision under
several cases (corresponding to whether or not an investor or non-investor
would be at one or the other boundary). There are five separate cases that
are exhaustive of the possibilities. (Again, throughout this section we
will assume that gq<r). Under each case, we derive the following: one, the
conditions under which the case holds: and two, an expression for the
difference in the indirect utilities Vj-Vj(w,q,r,a,s,C), j=1.,8 , between

investors and non-investors. The discussion assumes that the only

characteristic that varies across women is the value for a in the utility
function.
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Case (1): TE-O : TE-O

Conditions: (A) i1f s+g<r, then this case holds if

a

w{l-e(q-r)f]

or (B} if s+g>r, then this case holds if

a e(s+q-r)(R-r) -1

>
w[1-e$97007, (s+q-1) (R-7)

Difference in Indirect Utilities:

V = IRwe(q-r)tes(t-r)dt - C
T

VN - IRwe(q'r)tdt ; 50
T
WE-ST W
VoV = — [e(s+q-r)R_e(s+q-r)r] [e(q-r)R-e(q—r)r] S
1 N (s5+q-1r) {(q-r)

The difference in utilities does not depend on a, but lower values of a
make this case less likely.

Case (2): Tf-R-r ; T§=0

Conditions: (A) s+q>r

a e(s+q-r)(R-r) o1

and (B) 1 = <
(a-)7, (s+q-1) (R-7)

w[l-e
Kote that (ex-l)/x > 1 as long as x>0 (the proof follows from L‘HOpital’s
Rule and the fact that d[(ex-l)/x]/dx>0 when x>0), so that this case is
possible if s+g>r.

Difference in Indirect Utilities:

w
(q-T)R__(g-rir
(q-r)[e © ]

w

v, -V

- [e(s+q-r)(R-r)_l]
1 N (s+q-1)
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- a{(R-r) - C

It follows that B(V&-VN)/33<0.
Case (3): 0<T}<R-r H 0<T§<R-r .
Conditions:

This is the case where neither investors nor non-investors would be at
a boundary. This happens if s+q<r, and if

Ls o (s¥qr)(ReT)
wil-ef37 707,

Difference in Indirect Utilities:

-5T (s+q-T)r (q-T)7
— we e(s+q-r)R_ ae w e(q-r)R_ ae
10N (s+q-1) w[.-L_e(q-r)-rl (q-1) w[l-e(th)f]
sW a sa a
— 11 . + log
{s+q-r)(g-1) w[l_e(q-r)r] {s+q-T){g-1) w{l-e(q'r)']

- C.

The difference in indirect utilities increasec as a decreases, since:

BV -V )

s a
da " (s+g-1)(g-1) 1°g[u[1-e(q'r)']] “°

Case (4): TE-R-r ; 0<T§<R-r

This can happen under one of two sets of conditions:

a

(A) if s+g<r , and LA IRT) o (st r)(Rer)
w[l-e(q-r)f]
(q-T)(R- 2
or  (B) if s+q>r , and e 9 DR <1
U[l'e(q-r)r}

30




The difference in indirect utilities is:

w w
V- (s+q-r)}(R-7) — f.(q-mIR_
W - g 1 - et
a a
(9-7) l-log ;?Ij;?ajgg;; - a(R-r) - C.

Again, lower values for a will be associated with & greater likelihood of
investment in human capital, since:

a(vx'vn) 1 a
- 1 —_— R- < .
3 e I TW e 1Y I
Case (5): T¥-R-f ; TE-R-T
2 R
Condition: —o S ela-T)(R-1)
w[l-e*97T/7)
Difference in Indirect Utilities:
W W
v oo (s+q-1)(R-71) _ (g-x)(R-1) .| _

VI VH (s+q-1) [e 1] - (q-0) [e 1 C

Conditional on this case holding, the likeliheood of investing does not
depend on a.

Combining cases where appropriate, it follows that there will exist a
single value for a=a* such that women with a>a* will choose not to invest
in buman capital while those women with a<a* will choose to invest. The
Appendix table summarizes how the difference in indirect utilities is
affected by changes in a. The value for & such that V1'VN-0 will be a*;

with lower values of a making higher-numbered cases mere likely, it follows
that as & is decreasing below ax, VI-VN must be monnegative and

nondecreasing, while as a increases and is greater than a%*, VI-VH must be

cos : 1 . .
nonpositive and moninereasing. Lower values of a will thus be associated
with more delaying and greater investment in human capital.

1 . . s i
For this reascning teo heold, it is also necessary that VI-VF net experience

discrete downward jumps when moving from one case to another. Contimnuity
of VI-VN rules out any such discrete downward jumps. If s+gq<r, we know
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Appendix Table
Effect of Change in Utility Parameter a2 on Differences
in Indirect Utilicy

Case s+q<r sHg>T
(1) (V. -V )/3a = 0 (v -V )/8a = 0
(2) -- 3(V,-V )/8a < 0
(3) B(V,-V,)/8a < 0 ..

(6) 3(V -V )/3a < 0 3(v -V.)/0a < 0
(5) 3(V_-v )/3a = 0 8(V -V )/8a = 0

UI-VN is a continuous funcrion of a, since T? and T: are continuous
functions of a, and VI and VNare continuous functions of T? and T:. If
s+Q>r, T? is no longer a continuous function of a2; but since the indirect

utility of T#*=0 and T*=R-r is the same at the point where the investor
switches from case (1) to case (2), it follows that VI is still a

continuous function of
a.
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